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AbstractAbstractAbstractAbstract    
    
Tomatoes (Solanum lycopersicum L.) are some of the most popular vegetables in the world. The 

productivity of crops is determined by a detailed knowledge of the natural environment, the correct application 
of the knowledge related to the specific technology, and the interaction between species and the environment. 
The environment itself influences the crops and they may be beneficial to the normal development of the plant 
or may induce different sensitivities to the cultivated plants. The main objective of this article was to identify 
the most resistant tomato varieties to Alternaria alternata attack, in natural and artificial infection conditions. 

The biological material used was five varieties of tomatoes with large-fruit: ‘San Marzano’, ‘Marmande’, 
‘Romus’ and with cherry-type fruit: ‘Perun’ and ‘Bajaja’. The varieties were chosen due to large scale cultivation, 
resistance to various stress factors (disease and pest), and different organoleptic qualities. In the present events 
of climate change, it is necessary to continue testing the genetic material on the resistance and tolerance to the 
action of pathogens. The aim of the research was to test a group of tomato varieties to A. alternata attack. The 

pathogens can cause plant populations to evolve into an extremely varied set of immune receptors with differing 
ways of responding. In the Transylvanian Plain area, Romania, 2021 was a favourable year for this pathogen 
due to suitable infection conditions. Among the varieties of tomatoes, the cherry-type fruit ‘Perun’ (14.73%), 
was one of the most resistant to A. alternata. At the same time at the opposite end, the ‘Bajaja’ variety (25.33%) 

was the most affected cherry-type tomato in case of natural infection in 2022. The differences between the 
varieties reinforce the fact that climatic conditions significantly impact the dispersion of the pathogen on the 
field cultivated in both types of infection. 
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IntroductionIntroductionIntroductionIntroduction    
 
Tomatoes (Solanum lycopersicum L.) are some of the most popular vegetables in the world. They were 

originally used as ornamental plants or as pharmaceutical plants because they were thought to be poisonous. 
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Today is known that tomatoes have many therapeutic properties such as: detoxification, inhibition of cancer, 
lowering blood pressure and preventing hypertension and cardiac arrest (Indrea et al., 2012; Collins et al., 2022; 

Ma et al., 2023). 

The productivity of vegetable crops is given by a detailed knowledge of the natural environment, the 
correct application of the knowledge related to the specific technology and the interaction between species and 
environment. The environment itself influences the crops and they may be beneficial to the normal 
development of the plant or may induce different sensitivities to the cultivated plants.  In the interaction 
between the biotic and abiotic factors, the action of each element cannot be accurately established. One of the 
main biotic factors that can influence the production and the quality of tomatoes are phytopathogens, which 
can produce different symptoms on all the organs of the plant. One of the main pathogens that can affect 
tomato crops is the species that originate from the Alternaria genus (Indrea et al., 2012; Gannibal, 2016; 

Lawrence et al., 2016). 

The genus Alternaria (Fungi, Ascomycota, Pezizomycotina, Dohideomycetes, Pleosporales, 

Pleosporaceae) includes saprophytic and parasitic species. Most species of this genus are devoid of sexual form, 
except for a few species, which can have in addition to the anamorphic form, the telemorphic form given by the 
presence of the asci and ascospores (Lawrence et al., 2013; Singh et al., 2016). Currently the pathogenic species 

that can produce a complex of diseases are: A. alternata Keissler (Fries)- The fruit rot on tomatoes, A. linariae 

E.G. Simmons- Early Blight of tomatoes, A. solani Sorauer- Alternariosis of tomatoes, A. tomato Jones (Cooke)- 

Nail stain shape of the tomatoes and A. arborescens E.G. Simmons - Black cancer of the tomato stem (Lawrence 

et al., 2016; Ramezani et al., 2019; Nishikawa and Nakishima, 2020). 

A. alternata (Fr.) Keissler belongs to the category of species that have small dimensional spores. 

Conidiophores can be curved or erect, simple or branched dark brown with a length of up to 50 μm. Conidia 
are multicellular, ovoid or dark brown clavate and they are usually chained. The length of the conidia is between 
20 and 60 μm, and the width is between 8 and 12 μm. On their surface can appear between 3-11 transverse 
septa and 1-2 longitudinal. The ascomate are formed solitary or grouped and they can have globular or 
obovoidal shape, the colour is brown, and they are small in size (170-200 μm length, 190-240 μm width). The 
ascomate shell is between 38-50 µm coloured brown. The asca has a cylindrical form, bitunicate, with 
dimensions between 170-190 μm length and 23-30 μm width. They can range from 4 to 8 ascospores. The 
ascospores are ellipsoids, with 3 to 7 transverse septa and 1-2 series of longitudinal septa passing through the 
centre of the ascospore. Dimensions can vary between 37- 43 μm length and 13-14 μm width (Akhtar et al., 

2004; Ariyawansa et al., 2015; Landschoot et al., 2017; Soomro, 2019).  

A. arborescens E.G. Simmons and Alternaria alternata are part of the Alternaria section. The difference 

between these two species is the branching of the conidiophores. The branching is given by the secondary 
conidiophores which they give a tree like appearance. The conidia have dimensions between 20-60 μm length 
and 8-12 width. On the surface of the conidia can appear a number of 3 to 7 transverse septa and 1-2 
longitudinal. Conidia are formed in simple or branched chains (Hu et al., 2015; Landschoot et al., 2017; 

Choudhary et al., 2020). 

A. solani Sorauer has dark brown to brown or yellowish conidia with sizes ranging from 40-143 μm 

length to 18-26 μm width. Conidia are formed solitary, rarely chained. They have various forms: ovoid, 
obovates or ecliptics. On the surface of the conidia there are between 9-11 transverse septa and 1-4 longitudinal 
septa. The conidiophores are short and rarely branched (Marak et al., 2014; Rahmazai et al., 2016; Zhao et al., 

2021; Nasr-Esfahani, 2022). 
A. tomato (Cooke) L.R Jones is devoid of sexual form and is categorized as a species with large conidia. 

The conidiophores are brown and have sizes between 4 and 130 μm. The conidia have the obovate shape, brown 
to black colour, chained with dimensions ranging from 35 to 90 μm length and 3 to 14 μm width. On the 
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surface of the conidia there are several longitudinal septa and 2-7 transverse septa (Patel et al., 2005; Gannibal, 

2015; Gannibal, 2016;). 
A. linariae (Neerg.) E.G. Simmons has the symptomatology and the morphological characteristics of 

conidia similar to those of A. solani. The differences between these species are the dimensions that make it a 

little smaller in size than A. solani and the branching of the beak. The dimension of the conidia is between 20-

128 μm length and 16-23 μm width. The length of the cone beak is between 100-306 μm long and the number 
of branches range between 1 and 4 (Woudenberg et al., 2014; Kokaeva et al., 2022; Schmey et al., 2022; Wang 

et al., 2022). 

This complex of pathogens produces symptoms on all the green organs of tomato plants, affecting their 
growth and development. The characteristic symptom appeared on the organs of the plants are the circular 
brown-grey necrotic stain, surrounded by a chlorotic ring. During the periods with high humidity the spots will 
grow in diameter and deepen into the tissue. The surfaces of the spots become dark brown to black colour with 
concentric areas where can be found the conidia and the conidiophores. In the case of a strong infection, it 
could appear a massive defoliation and cause the prematurely falls of the fruit (Marak et al., 2014; Rahmatzai 

et al., 2016; Rodrigues and Furlong, 2022). 

In order for the pathogens to produce infections, the climate needs to be alternately wet and dry. The 
optimum development temperature is between 25-31 °C and the relative humidity between 70-80%. In the 
case of favourable climatic conditions, the infection occurs within 1 to 18 hours and the first symptoms appear 
within 4-6 days. The penetration of the pathogen is also favoured by the presence of lesions that already exist 
on the plants. In addition to injuries, conidia can penetrate the tomato plants through the stomata onto a 
healthy tissue. With the infection the pathogen releases toxins that help to weaken the healthy tissues. The 
mycelium of the pathogen is mainly found on the surface of the affected tissue along with the conidia. Conidia 
are usually spread by wind, water, animals, insects, etc. Spores that reach the other plants or organs of the 
tomato plant can cause secondary infections (Hussain et al., 2022; Schmey et al., 2022; Rodrigues and Furlong, 

2022; Tian et al., 2023). 

The varieties studied show different characteristics related to the resistance to pathogen attack. Some 
varieties are more resistant (‘Marmande’, ‘Romus’, ‘Bajaja’) (Burpee Homegardens; Biokiskert; Garden seed; 
‘Podaja’ Semena; Fontem, 2003), and others show different sensitivities, or were not created for resistance to 
the attack of certain diseases (‘San Marzano’) (Gardeners Basic; Bonnie Plants). The varieties prefer a warm 
climate with direct exposure to sunlight. Although San Marzano is resistant to the attack of pathogens, it was 
not designed mainly to resist their attack, but to withstand drought condition, so it becomes susceptible in 
conditions of abundant precipitation. The Romus variety has a good resistance to the attack of aphids, due to 
the content of toxins in the stem and leaves; the variety is resistant to the attack of rodents, especially rabbits 
(The National Gardening Association). Together with the Perun variety, it shows increased resistance to the 
attack of viruses (Masheva, 2014). From the soil point of view, they prefer a sandy soil, which does not retain a 
large amount of water. The damage caused by Alternaria genus to tomatoes crops is significant causing loses 

between up to 50-86%, in favourable infection conditions (Severin and Cornea, 2009; Pârvu, 2010; Yigal and 
Ilaria, 2014).  

Because the environment significantly influences, directly or indirectly, plants, pathogens and their 
antagonists, climate change is strongly associated with different levels of losses caused by a pathogen and is often 
involved in the emergence of new physiological races. For these reasons, changes associated with global warming 
(high temperatures, changes in rainfall, increased CO2 and ozone levels, drought, etc.) may affect the incidence 
and severity of plant diseases and may influence the coevolution of plants and pathogens (Boland et al., 2004; 

Beaumont et al., 2011; Pautasso et al., 2012; Yanez et al., 2012; Yigal and Ilaria, 2014; Sadeghi et al., 2022). 

Many factors intervene in determining the resistance of plants to the action of pathogens, and one of 
the most important is the climate. Climatic conditions can affect the development of plants in a negative sense 
(the moment when the climatic factors are outside the optimal intervals of the plants), but also in a positive 
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sense. The same principle is equally valid in the case of pathogens. Pathogens being permanently 
interdependent with climatic conditions, they are affected by any anomaly that appears in the climatic 
environment, especially that of the climate warming phenomenon. So, changes also occur at the level of 
pathogens, which evolve due to their own mechanisms. Climate changes can directly affect: the phenophases 
of plant growth, the normal climatic structure of the area, the distribution of pathogens, the interaction 
between plants and pathogens, ecosystem management, the genetic diversity of host plants and even migration 
to other host plants. In addition to these direct influences, previously presented, they are also interdependent 
in the biological cycle of plants. Many factors determine the health status of plants, whether they act directly 
or indirectly. The appearance of diseases can result from a permanent coevolution between the plant and the 
parasitic systems of the pathogens. The gene for gene hypothesis claims that for each pathogen virulence gene, 
there is a corresponding gene for plant susceptibility (Beaumont et al., 2011, Pautasso et al., 2012; Ramadan 

and Elkafrawy, 2014; Yigal and Ilaria, 2014).  
The aim of the research was to test a group of tomato varieties to A. alternata attack. The main objectives 

of the research were to identify the resistance of tomatoes varieties, in natural and artificial infection and to 
establish the differences induced by climatic conditions in the relation of plant to the pathogen.  

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Site and climatic parameters 

The thermal regime and rainfall presented in this paper come from the Turda Weather Station. The 
Turda Weather Station is a subunit of the Northern Transylvania Regional Meteorological Center, part of the 
Romanian National Meteorological Administration. The weather station records data every hour and data 
reporting is done at daily values. Subsequently, the data is processed for three monthly decades. 

The thermal regime of the Transylvanian Plateau records average annual temperatures of 9 ℃. Extreme 
values can be recorded that constitute climate risks having a negative impact on crop plants. The most extreme 
temperatures are recorded between the months of July and August, which are between 30-35 °C, imposing 
restrictions on the development of crop plants due to the lack of breathing and transpiration. The average 
values of multiannual precipitation are between (500 and 520 mm). Both precipitation and temperatures can 
register extreme values, so that in a short period of time, the maximum amounts, in 24 hours, can exceed the 
average monthly amounts (Mărculeț and Mărculeț, 2016). 

 
Experimental description 

The preparation of the experimental field was done through an autumn plowing and with a tiller, before 
planting. The soil was not treated or sterilized. Total area of the experimental field was 75 m2 and systematized 
in the split-split-plot arrangement. The field was divided into three replications. The length of each replication 
was 6.5 m, the width of 3 m, and between the replications was left 3 paths with a distance of 80 cm. The 
experimental surface contained a total of 300 tomato plants, with each repetition consisting of 100 plants. Out 
of these, 50 plants underwent artificial infection. 

The tomato seedlings were obtained from untreated seeds, purchased from specialty stores. Tomato 
seedlings were placed randomized. The planting was carried out in an intensive crop system. The planting 
distance between rows was 40 cm, and between plants at a time was 20 cm. The three repetitions were divided 
into two equal parts, half of which were artificially infected and the other half was naturally infected. During 
the experimental year were made 3 observation where was monitored the evolution of the disease (Nichifor 
and Negulescu, 1983; Praklash et al., 2022). The observations were conducted every 15 days following the 

artificial infection by repeating the measure each time.  
Artificial infections were performed when tomatoes reached phenofase 6 and respectively the phenofase 

7 (Meier, 2001). The infection technique used is that of spraying with a pump with a rare sieve. This technique 
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had the disadvantage since the application of spores was not carried out evenly on the surface of the plant, 
(Severin and Cornea, 2009). 

 
Biologic material and cultivation  

The biological material used to achieve the main objectives were 5 varieties of tomatoes: with large-fruit: 
‘San Marzano’, ‘Marmande’, ‘Romus’ and with cherry-type fruit: ‘Perun and ‘Bajaja’. The motivation for their 
use was to diversify and cover a broad spectrum of the genetic variability of tomatoes. This was due to the 
different morphological characters of the varieties. The plants were grown using an intensive cultivation 
system, and specific techniques were applied to promote their growth. During months with a high precipitation 
deficit, 0.67 m3 of water was supplemented to prevent the plants from wilting due to dehydration. 

 
Fungal isolation, identification, storage and inoculation  

The identification of the pathogens present in the tomato culture was carried out through macro and 
microscopic examinations of the symptoms present on the plant. To identify the species of Alternaria the 

surface of the attacked organs was examined for characteristic symptoms. Specific stains on the surface of plants 
are slightly immersed in brown or brown-black tissue with a well delimited edge and concentric rings are 
highlighted on their surface. Also, on the affected area a brown to black puff is present which was represented 
by the conidiophore and the conidia fungus (Hulea, 1969; Severin and Cornea, 2009). 

After identifying the symptoms of the pathogen, samples were taken from the plant by which we attest 
and accurately identify the presence of the pathogen with the help of microscopic examinations. To identify 
the pathogen more accurately the affected biological material was sterilized in alcohol solution with a 
concentration of 5% and distilled water for 1 minute. The sampled symptomatic tissue was placed on the wet 
chamber at a temperature of 25 °C for 48 hours to stimulate the fructification of the pathogen (Parvu, 2010; 
Somappa et al., 2013). 

With the help of the microscopic examination, the main morphological characteristics (length, width, 
number of longitudinal and transverse septa were measured. The presence or absence of tails and the presence 
or absence of secondary conidiophores on the affected tissue was used to establish the species of the genus 
Alternaria. To study the morphological characteristics and obtain pure cultures, to perform artificial infections, 

it was necessary to prepare an artificial culture media. The media used was PDA (potato, dextrose and agar) 
and PCA (potato, carrot and agar) (Alvarenga et al., 2016; Aung et al., 2020). 

The culture media was poured in Petri dishes up to 0.2-0.5 mm thickness and then was added the 
antibiotics to prevent the growth of the bacteria. Antibiotics used were in the form of sulfamethoxazole and 
trimethoprim. They are part of the class of metabolic inhibitors, which inhibit the synthesis of nucleic acids of 
bacteria. 

To isolate the pathogen, a portion of the affected tissue or parts of the mycelium from the surface of the 
tissue was taken and placed slightly immersed in the culture medium, inside the Petri dishes. The entire 
isolation process is carried out under sterile conditions in the biological safety cabinet. At the end, the plates 
were close tightly to maintain a favourable environment for the development of the pathogen (Severin and 
Cornea, 2009; Parvu, 2010). 

To provide a favourable development environment for species of the Alternaria, they were introduced 

into the thermostat at 25 °C for 7 days considering the circadian cycle, exposing the Petri dishes alternately to 
8 hours of light and 16 hours of darkness (Rodrigues et al., 2010; Singh et al., 2014; Kong et al., 2023). 

In order to use the isolated pathogen to perform artificial infections, they were stored at temperatures 
between 4-6 °C until the pathogen was used. To maintain the viability of mycelium and conidia, the whole 
process explained above will be repeated every 6 to 7 months. If the process is done too often, the pathogen will 
lose its morphological, biological and physiological characteristics. The Alternaria genus is known to have 

problems maintaining the viability of the culture due to morphological instability. On the surface of the 
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medium instead of the typical mycelium is found a tufted white-grey sterile mycelium (Severin and Cornea, 
2009). A. alternata was identified by the characters of the colony on the culture medium and the microscopic 

identifications. No infectivity tests were performed. 
In order to achieve natural infections, the tomatoes were planted and maintained from a technological 

point of view, and no protection method was applied against the Alternaria infections. 

The preparation of the spore suspension, used in the artificial infection in the field, was obtained from 
the pure isolates. On the surface of the Petri plates is added 10 ml of distilled water and with the help of a fine 
brush the mycelium is removed with the formed spores. To remove impurities the water together with the 
spores, detached from the media seeps through gauze. From the liquid obtained, a known quantity is taken and 
the number of spores was determined by counting them with the help of the Thoma chamber (Severin and 
Cornea, 2009). 

The number of spores on a Petri plate was 2,308 X 105. To obtain the suspension for infection, 10 ml 
of the spore concentrate was taken and diluted in 500 ml of distilled water. 10 ml was applied to each plant by 
spraying 484, 68 spores on a single plant (Vloutoglou et al., 2000). 

The number of spores applied on the plant was approximately 3231. Upon completion of the operation, 
the plants were covered for 48 hours with plastic film to maintain high humidity. The infection occurred 
between 19:00-21:00, when the temperature was lower, the risk of water evaporation and the lens effect was 
also reduced. 

 
Disease monitoring 

To test the resistance of the varieties to the attack of Alternaria in the plantation was monitored the: 

Attack frequency (F%) is the relative value of the number of plants or plant organs affected by the 
pathogen (n), reported to the total plants or organs attacked (N) and is calculated by the formula: 

F %= (n x 100)/N (Puia, 2005). 
 The Intensity of the attack (I%) it is the index that appreciates the extent of the attack on the plant by 

referring to the area attacked to the total area observed. The calculation formula for determining the intensity 
is: 

I % = [(i x f)]/n (Puia, 2005). 
i - note or the percentage of coverage of the attack 
f - number of affected plants 
n - the total number of plants. 
The degree of attack (G.A. %) is the extension of the disease process of the culture or plants under 

observation. It is calculated by the percentage report between the frequency (F%) and the intensity (I%) of the 
attack by the formula. 

G.A. % = (F x I)/100 (Puia, 2005). 
 
Data analysis 

All data analysis was carried out with R Studio (RStudio, 2019), version 1.4.1106, with packages “psych” 
(Revelle, 2019) and “agricolae” (De Mendiburu, 2019). Means and standard errors were calculated with the 
formulas available in the “psych” package. ANOVA was used to analyse the overall impact of each experimental 
factor (experimental year, type of infection and tomato variety) on the attack parameters (Corcoz et al., 2022). 

For the detection of differences between the attack parameters, related to the experimental protocol, the Tukey 
tests were performed (Pop-Moldovan et al., 2022).  
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ResultsResultsResultsResults    
 
The retrospective isolation of the pathogen on the culture medium determined the presence of A. 

alternata species on the harvested plant material, which was further used to prepare the inoculum required for 

artificial infection. 
 
Climate conditions in the two years of experimentation 

From the data presented in Table 1 it can be seen that the differences between 2021 and 2022, in terms 
of recorded temperatures (in the five experimental months of 2021, the temperature was higher than in the last 
65 years) by approximately 0.86 ℃, the warmest month being July with an average of 22.7 ℃. 

 
Table 1.Table 1.Table 1.Table 1. The temperature regime at Turda 2021-2022 

TemperatureTemperatureTemperatureTemperature    

((((°°°°C)C)C)C)    

2021202120212021    Mean on 5 Mean on 5 Mean on 5 Mean on 5 
monthsmonthsmonthsmonths    MayMayMayMay    JuneJuneJuneJune    JulyJulyJulyJuly    AugustAugustAugustAugust    SeptemberSeptemberSeptemberSeptember    

Monthly mean 14.1 19.8 22.7 19.7 15.0 18.26 

Mean on 65 years 
(5 months) 

15.0 17.9 19.7 19.3 15.1 17.40 

TemperatureTemperatureTemperatureTemperature    

((((°°°°C)C)C)C) 

2022202220222022    Mean onMean onMean onMean on    5 5 5 5 
monthsmonthsmonthsmonths    MayMayMayMay    JuneJuneJuneJune    JulyJulyJulyJuly    AugustAugustAugustAugust    SeptemberSeptemberSeptemberSeptember    

Monthly mean 16.3 21.1 23.1 22.3 14.3 19.42 

Mean on 65 years 
(5 months) 

15.0 18.0 19.8 19.5 15.2 17.50 

(Source: Meteorological station Turda (longitude: 23`47’; latitude 46`35’; altitude 427 m) 

 
In 2022 the temperatures recorded during the experimentation period were higher by approximately 

1.92 ℃ compared to the average for 65 years. In contrast to 2021, in 2022 four of the five months higher 
temperature values were recorded, the warmest being July (23.10 ℃) (Table 1). 

Regarding the rainfall regime from the two experimental years, from the data presented in table 2 the 
precipitation was different during the experimental period, in both years. In May more than 80 mm of water 
fell, comparable with the amount recorded exceeding the average for 65 years. In June, the rainfall in the 
experimental years had close values, but these were lower compared to the monthly amount recorded in June 
in 65 years, month considered dry from this point of view.  

The next three months of the experimentation period differ greatly (Figure 1) in terms of rainfall. July 
2021 was an excessively rainy month with 121.1 mm of rainfall during this period. In 2022 this month was 
excessively dry with only 25.2 mm of rainfall. In this month the water intake required for plant development 
was provided by additional watering 3l per plant. For August, 2021, the rainfall regime was normal, with values 
close to the 65-year average. In 2022 in August, the rainfall made the month excessively rainy, the precipitation 
being about 95 mm. In 2021 a normal month follows, in terms of rainfall recorded and in 2022, with a + 77.5 
mm precipitated we have an excessively rainy month (Table 2). 

The climatic data recorded in the three experimental years influenced the Early Blight attack differently, 
an aspect also found in the degree of attack values and the productions obtained. 
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Table 2Table 2Table 2Table 2. The rainfall regime at Turda 2021-2022 

Rainfall (mm)Rainfall (mm)Rainfall (mm)Rainfall (mm)    
2021202120212021    Amount of rainfall on Amount of rainfall on Amount of rainfall on Amount of rainfall on 

5 months5 months5 months5 months    MayMayMayMay    JuneJuneJuneJune    JulyJulyJulyJuly    AugustAugustAugustAugust    SeptemberSeptemberSeptemberSeptember    

Monthly amount 80.8 45.0 123.1 52.9 39.1 340.90 

Mean on 65 years 
(5 months) 

68.7 84.8 77.1 56.5 42.5 330.50 

Rainfall (mm)Rainfall (mm)Rainfall (mm)Rainfall (mm)    
2022202220222022    Amount of rainfall on Amount of rainfall on Amount of rainfall on Amount of rainfall on 

5 months5 months5 months5 months MayMayMayMay    JuneJuneJuneJune    JulyJulyJulyJuly    AugustAugustAugustAugust    SeptemberSeptemberSeptemberSeptember    

Monthly amount 82.9 41.8 25.2 94.6 119.9 364.40 

Mean on 65 years 
(5 months) 

69.4 84.6 78.0 56.1 42.4 330.50 

 

 
Figure 1.Figure 1.Figure 1.Figure 1. Interaction of the average temperature and rainfall in 2021 and 2022  

 
The influence of experimental factors on the attack parameters by Alternaria alternata 

Regarding the influence of experimental factors Table 3 presents the influence of experimental factors 
and their interaction on the indicators of the Early Blight attack. 

Each experimental factor had a very significant positive influence on the frequency of the A. alternata 

attack. According to the values of p (p˂ 0.001) the frequency of the attack in the double interaction between 

the experimental factors had very significant differences on the attack of A. alternata. The significant 

interactions observed are: in between year x variety (p = 0.001), year x observation (p = 0.000) and type of 
infection and the time of observation. (supplementary Table 1). 

In case of intensity of the attack by A. alternata each experimental factor had a very significant positive 

influence, according to the values of p (p˂ 0.001). Regarding the double interaction between experimental 

factors have very significant differences on the attack of A. alternata is observed in the case of the interaction 

year × variety (p < 0.001), year × observation (p = 0.000), variety × observation (p = 0.005) and type of 
infection interacting with observation time (p = 0.000) (supplementary Table 2). 

The same trend was maintained in the case of the degree of attack all experimental factors having a very 
significant positive influence on the degree of attack by A. alternata, according to the values of p (p˂ 0.001). 

Regarding the double interaction between experimental factors, they have very significant differences on the 
attack of A. alternata it was observed in the case of the interaction year x variety (p < 0.001), year x observation 

(p = 0.000), variety x observation (p = 0.012) and type of infection interacting with observation time (p = 
0.000) (supplementary Table 3). 

 
 

https://www.notulaebotanicae.ro/index.php/nbha/article/view/13574/9793
https://www.notulaebotanicae.ro/index.php/nbha/article/view/13574/9793
https://www.notulaebotanicae.ro/index.php/nbha/article/view/13574/9793
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Table 3.Table 3.Table 3.Table 3. The analysis variance table for frequency, intensity and degree of Alternaria attack 

InteractionInteractionInteractionInteraction    
Frequency (%)Frequency (%)Frequency (%)Frequency (%)    Intensity (%)Intensity (%)Intensity (%)Intensity (%)    Degree of attack (%)Degree of attack (%)Degree of attack (%)Degree of attack (%)    

StatisticsStatisticsStatisticsStatistics    P.P.P.P.    valuevaluevaluevalue    StatisticsStatisticsStatisticsStatistics    P.P.P.P.    valuevaluevaluevalue    StatisticsStatisticsStatisticsStatistics    P.P.P.P.    valuevaluevaluevalue    

Year 95.28 0.000 116.48 0.000 133.24 0.000 

Variety 4.45 0.002 5.66 0.000 6.67 0.000 

Infection 43.89 0.000 100.34 0.000 109.47 0.000 

Observation 363.86 0.000 1381.27 0.000 1498.18 0.000 

Year: Variety 4.66 0.001 7.65 0.000 8.39 0.000 

Year: Infection 2.71 0.101 2.37 0.126 1.84 0.177 

Variety: Infection 0.89 0.471 0.92 0.454 0.67 0.612 

Year: Observation 55.10 0.000 24.39 0.000 22.15 0.000 

Variety: Observation 1.92 0.110 3.85 0.005 3.36 0.012 

Infection: Observation 38.81 0.000 29.24 0.000 26.73 0.000 

Year: Variety: Infection 0.54 0.703 0.59 0.670 0.66 0.621 

Year: Variety: Observation 2.18 0.074 6.00 0.000 6.33 0.000 

Year: Infection: Observation 0.38 0.541 0.58 0.448 0.40 0.526 

Variety: Infection: Observation 0.56 0.695 0.27 0.897 0.06 0.993 

Year: Variety: Infection: Observation 1.37 0.245 0.50 0.733 0.46 0.766 

 
The influence of experimental factors on the Frequency of the Alternaria alternata attack. 

According to the data presented in Table 4, in 2021 the values of the attack frequency were higher in 
artificial infection condition compared to the natural infection, in all varieties studied, at the time of the first 
observation. The climatic conditions influence, from 2021 favoured the A. alternata attack, the values of the 

frequency of the attack being higher this year, in most varieties, in both conditions of infection. Against the 
background of climatic conditions in 2021, under natural conditions of infection the variety with the lowest 
frequency of the attack was ‘Marmande’ (60%) and in 2022 the ‘Perun’ variety was observed with an attack 
frequency of 43.3% under conditions of natural infection and with the lowest frequency (60%) in high pressure 
of infection. At the second observation in the most majority of varieties and in both experimental years the 
frequency of the attack reached 100%. However, the varieties of ‘Romus’, ‘San Marzano’, ‘Marmande’ and 
‘Perun’, in which the frequency of the attack was between 70% and 93% in both conditions of infection in 
2022. 

The differences between frequencies recorded in the 3 observations are an extremely useful tool in 
assessing the dynamics of the presence of the pathogen in the tested varieties. An important observation is the 
frequency of 100% in all varieties, regardless the type of infection, at the third observation. Compared to this 
value, significantly lower levels are found at the ‘Marmande’ and ‘San Marzano’ varieties (2022) natural 
infection. When comparing the last and first observation, there are significant differences between both 
varieties in response to the method of infection. The biggest difference is found in the ‘Perun’ variety, which in 
2022 and in natural infection has an increased frequency of 56.67%. The ‘San Marzano’ variety has a similar 
behaviour in conditions of natural infection, with a frequency of the attack more than 50% from the first to 
the last observation. Overall, there were an increase in the frequency between 16-40% compared to the first 
observation (natural infection) and 3-30% respectively in case of artificial infection. In most cases, the 100% 
frequency level is reached at the second observation, which means a rapid dispersion of the pathogen on plants 
of each variety. There are a number of 4 varieties that showed a frequency below 100% in the second 
observation, but only in the climatic conditions of 2022. The ‘Marmande’ variety has a pathogen frequency of 
70% under conditions of natural infection and increases with 20% in the case of artificial infection. Similarly, 
the ‘San Marzano’ and ‘Perun’ varieties have a difference of only 10-13% between the two types of infection, 
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and the ‘Romus’ variety only 7%, which indicates approximately the same resistance of plants to the pathogen 
attack. 

 
Table 4Table 4Table 4Table 4. The early blight Frequency of the attack depending on the climatic conditions and the infection type 

VarietyVarietyVarietyVariety    YearYearYearYear    InfectionInfectionInfectionInfection    
Frequency %Frequency %Frequency %Frequency %    

Observation 1Observation 1Observation 1Observation 1    
Frequency %Frequency %Frequency %Frequency %    

Observation 2Observation 2Observation 2Observation 2    
Frequency %Frequency %Frequency %Frequency %    

Observation 3Observation 3Observation 3Observation 3    

Difference Difference Difference Difference 
frequency frequency frequency frequency 

% 1% 1% 1% 1----2222    

Difference Difference Difference Difference 
frequency frequency frequency frequency 

% 2% 2% 2% 2----3333    

Difference Difference Difference Difference 
frequency frequency frequency frequency 

% 1% 1% 1% 1----3333    

Marmande 

2021 
Natural 60.00±0.00c-g 100±0a 100±0a 40.00a 0c 40.00a-e 

Artificial 89.17±0.83a-c 100±0a 100±0a 10.83b-d 0c 10.83e-g 

2022 
Natural 53.33±16.67e-g 70±10c 100±0a 16.67a-d 30a 46.67a-c 

Artificial 66.67±8.82a-g 90±0ab 100±0a 23.33a-d 10.00b-c 33.33a-g 

Romus 

2021 
Natural 76.67±3.33a-f 100±0a 100±0a 23.33a-d 0c 23.33b-g 

Artificial 93.33±3.33a-b 100±0a 100±0a 6.67c-d 0c 6.67f-g 

2022 
Natural 56.67±3.33d-g 86.67± 67a-c 100±0a 30.00a-c 13.33a-c 43.33a-d 

Artificial 63.33±3.33b-g 93.33±3.33a-b 100±0a 30.00a-c 6.67b-c 36.67a-f 

San 
Marzano 

2021 
Natural 81.11±5.88a-e 100±0a 100±0a 18.89a-d 0c 18.89c-g 

Artificial 96.67±3.33a 100±0a 100±0a 3.33d 0c 3.33g 

2022 
Natural 46.67±6.67f-g 70±5.77c 100±0a 23.33a-d 30a 53.33a-b 

Artificial 70.00±5.77a-g 83.33±3.3a-c 100±0a 13.33b-d 16.67a-c 30.00a-g 

Bajaja 

2021 
Natural 76.67±6.67a-f 100±0a 100±0a 23.33a-c 0c 23.33b-g 

Artificial 86.67±3.33a-d 100±0a 100±0a 13. 33b-d 0c 13.33d-g 

2022 
Natural 63.33±3.33b-g 100±0a 100±0a 36.67a-b 0c 36.67a-f 

Artificial 86.67±3.33a-d 100±0a 100±0a 13. 33b-d 0c 13.33d-g 

Perun 

2021 
Natural 77.33±3.33a-g 100±0a 100±0a 26.67a-d 0c 26.67a-g 

Artificial 90.00±5.77a-c 100±0a 100±0a 10.00c-d 0c 10.00e-g 

2022 
Natural 43.33±3.33g 80±5.77b-c 100±0a 36.67a-b 20a-b 56.67a 

Artificial 60.00±5.77c-g 90±0a-b 100±0a 30.00a-c 10.00b-c 40.00a-e 

Note: Means±s.e. followed by different letters present significant differences at p<0.05 (Tukey test) 

 
The influence of experimental factors on the Intensity of the Alternaria alternata attack 

The intensity of the A. alternata attack, under artificial infection conditions, throughout the 

experimental period, had higher percentage values than the natural infection. According to the data presented 
in Table 5, the intensity of the A. alternata attack, at the varieties monitored, at the first observation, did not 

show statistically significant differences, except for the ‘Romus’ variety which in conditions of artificial 
infection presented the highest intensity value in 2021 (6.57%). In 2022, at the opposite end is the ‘San 
Marzano’ variety with the lowest attack intensity value of 0.97% under natural infection conditions. 

During the growing season the situation changes, so the intensity of the attack on all varieties increases 
in both conditions of infection, especially in artificial infection. Thus in 2021 the varieties which had the lowest 
percentage of intensity, now have the highest values, the highest attack intensity values up to 36.80% in ‘San 
Marzano’. The ‘Romus’ variety, in 2021, maintains the growth trend throughout the vegetation period, 
registering one of the highest attack intensity values (36.38%). 

In 2022, regarding the ‘San Marzano’ variety, it presents the lowest assessment of the intensity of the 
attack, maintaining its lowest values throughout the vegetation period. (first observation 0.97%- last 
observation 14.7%). The ‘Perun ‘variety at the first observation, the values, in the case of artificial infection, are 
slightly lower than those from the natural infection (1.5%), but at the third monitoring, the values rise to 
21.67% from the first reading with significant differences compared to the natural infection.  

The difference between the intensity of the attack recorded in the 3 observations is an instrument that 
effectively determines the degradation of the plant, following the presence of the pathogen, in the tested 
varieties. An important observation is that the intensity of the attack, in all varieties, is significantly influenced 
by climatic conditions. At the recorded values, there is a significantly higher level of intensity in 2021 than in 
2022.  
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Comparing the two experimental years, in terms of intensity, for the ‘Marmande’ and ‘Romus’ varieties, 
in both conditions of infection, at the second observation the values of the intensity of the Alternaria attack 

were higher in 2021. So, between the intensity of the attack in 2021 and 2022 at the second observation shows 
that the ‘Marmande’ variety has the intensity with 4.3% in natural infection and 8.12% in conditions of 
artificial infection higher in 2021. In the case of ‘Romus’ variety, the difference is 6.5% in natural infection and 
11.46% in artificial infection. 

When comparing the last and first observation, there are significant differences both between varieties 
and in response to the method of infection. 

The biggest difference is observed in the ‘San Marzano’ variety, which in 2021, in a high-pressure 
infection, has an increase intensity of the attack (32.99%) compared to the year 2022. ‘Perun’ variety exhibits 
similar behaviour in conditions of artificial infection with increases in attack intensity of more than 21.67% 
from the first to the last observation. Overall, there were increases in intensity of 0.5-17.5% comparing the 
differences between the first observation and the last observation at all varieties in the both experimental years 
(natural infection) and 14.2-25.5% respectively in the case of artificial infection. 

In 2021, in case of high pressure of infection the intensity of the attack was higher in the ‘San Marzano’ 
varieties (32.99%), ‘Romus’ (29.8%), ‘Marmande’ (29.68%), ‘Bajaja’ (25.23%) and ‘Perun’ (22.97%) This 
impact can be attributed to the fact that after the time of artificial infections, precipitation favoured the 
evolution of the attack by Alternaria alternate (Table 5). 

 
Table 5.Table 5.Table 5.Table 5. The early blight Intensity of the attack depending on the climatic conditions and the infection type 

VarietyVarietyVarietyVariety    YearYearYearYear    InfectionInfectionInfectionInfection    
Intensity%Intensity%Intensity%Intensity%    

Observation Observation Observation Observation 
1111    

Intensity%Intensity%Intensity%Intensity%    
Observation Observation Observation Observation 

2222    

Intensity%Intensity%Intensity%Intensity%    
Observation Observation Observation Observation     

3333    

Difference Difference Difference Difference 
intensity% intensity% intensity% intensity% 

1111----2222    

Difference Difference Difference Difference 
intensity% intensity% intensity% intensity% 

2222----3333    

Difference Difference Difference Difference 
intensity% intensity% intensity% intensity% 

1111----3333    

Marmande 

2021 
Natural 1.20±0.6b-c 8.43±1.38d-h 25.43±1.37c-e 7.23a-d 17.00a-c 24.23a-e 

Artificial 4.58±1.58a-c 15.69±0.93a-b 34.26±2.44a-b 11.12a 18.57a-c 29.68a-c 

2022 
Natural 1.17±0.48b-c 4.10±1.30h 17.13±1.42e-h 2.93d-e 13.03c 15.97d-g 

Artificial 1.67±0.36b-c 7.57±0.49e-h 25.37±0.77c-e 5.90a-e 17.80a-c 23.70a-e 

Romus 

2021 
Natural 2.07±0.03b-c 11.43±0.55b-e 26.60±0.37c-d 9.37a-c 15.17b-c 24.53a-d 

Artificial 6.57±0.50a 17.63±0.97a 36.38±4.82a 11.07a 18.73a-c 29.80a-c 

2022 
Natural 1.37±0.08b-c 4.93±1.33g-h 15.83±1.42f-h 3.57-b-e 10.90c 14.47e-g 

Artificial 1.87±0.24b-c 6.17±0.95f-h 23.83±1.92c-f 4.30b-e 17.67a-c 21.97c-f 

San Marzano 

2021 
Natural 2.81±0.05a-c 10.63±0.35b-f 26.98±0.57b-d 7.82a-d 16.34a-c 24.17a-e 

Artificial 3.81±0.46a-c 11.50±1.04b-e 36.80±0.98a 7.69a-d 25.30a 32.99a 

2022 
Natural 0.97±0.08c 3.90±0.70h 14.17±0.44h 2.93d-e 10.27c 13.20f-g 

Artificial 1.80±0.1b-c 5.13±0.43g-h 19.33±0.44d-h 3.33c-e 14.20b-c 17.53d-g 

Bajaja 

2021 
Natural 2.50±0.4a-c 10.6±1.7c-f 25.00±1.89c-e 8.10a-d 14.40b-c 22.50b-f 

Artificial 5.13±0.66a-c 15.00±0.40a-c 30.37±1.69a-c 9.87a-b 15.37b-c 25.23a-d 

2022 
Natural 2.13±0.48a-c 7.80±1.05e-h 25.33±0.44c-e 5.67a-e 17.53a-c 23.20a-e 

Artificial 3.27±0.24a-c 11.97±0.71b-e 35.33±.16a-b 8.70a-d 23.37a-b 32.07a-b 

Perun 

2021 
Natural 2.80±0.43a-c 9.00±0.34d-g 24.50±1.66c-f 6.20a-e 15.50b-c 21.70c-f 

Artificial 5.27±0.76a-b 13.03±0.58a-d 28.23±0.99a-c 7.77a-d 15.20b-c 22.97b-f 

2022 
Natural 3.67±2.66a-c 4.17±0.08h 14.73±0.62g-h 0.50e 10.57c 11.07g 

Artificial 1.50±0.2b-c 5.50±0.62g-h 23.17±1.20c-g 4.00b-e 17.67a-c 21.67c-f 

Note: Means±s.e. followed by different letters present significant differences at p<0.05 (Tukey test) 

 
The influence of experimental factors on the degree of attack by Alternaria alternata 

The degree of attack gives us an overview of dynamics of the pathogen presence, because it is calculated 
based on the values of frequency and intensity of the attack, expressed as a percentage. Given that the frequency 
value is 100 % for most monitored varieties, regardless of the type of infection, in the second and third reading, 
the value of the degree of attack, is equal to the intensity of the attack. Under these conditions the differences 
between the varieties are given by the values of the first observation.  

Regarding the degree of attack by A. alternata under conditions of artificial infection throughout the 

experimental period, they had higher percentage values than natural infection. Comparing with the climatic 
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conditions of experimental years during the growing season, the Marmande variety in natural conditions of 
infection, showed a slight resistance to the attack of A. alternata, but over time, the variety yields to the pressure 

of infection, reaching a percentage of 25.43% of the degree of attack. The highest values were recorded for the 
San Marzano and Romus varieties, which in 2021 reached values of 36.80% under conditions of high infection 
pressure. 

According to the data in Table 6, it can be seen that the year 2021 was much more favourable to the 
Alternaria attack. In 2021 the ‘Perun’ (24.5%) variety, under natural infection conditions, shows the lower 

degree of attack throughout the growing season than ‘Bajaja’ (25.0%) and ‘Marmande’ (25.43%). The ‘San 
Marzano’, at the end of the growing season shows the highest level of the attack degree 26.98%, de differences 
were statistically significant between the two varieties. In 2022, the varieties ‘San Marzano’, ‘Perun’ and 
‘Romus’ show the lowest values of the degree of attack compared to the other varieties observed in the condition 
of natural infection. It retains its characteristic until the end of the vegetation period. The biggest increases in 
the degree of attack are recorded in the varieties ‘Marmande’ (30.18%), ‘Romus’ (30.23%), ‘San Marzano’ 
(33.09%) in 2021 and in 2022 in ‘Bajaja’ (32.51%) which were artificially infected. 

This indicator reinforces the fact that climatic conditions have a very significant impact on the 
dispersion of the pathogen on the surface cultivated in both types of infection.  

 
Table 6.Table 6.Table 6.Table 6. The early blight Attack degree depending on the climatic conditions and the infection type 

VarietyVarietyVarietyVariety    YearYearYearYear    InfectionInfectionInfectionInfection    
Degree of Degree of Degree of Degree of 
attack %attack %attack %attack %    

Observation1Observation1Observation1Observation1    

Degree of attack Degree of attack Degree of attack Degree of attack 
%%%%    

Observation2Observation2Observation2Observation2    

Degree of attack Degree of attack Degree of attack Degree of attack 
%%%%    

Observation 3Observation 3Observation 3Observation 3    

DifferencDifferencDifferencDifferenc
e degree e degree e degree e degree 
of attackof attackof attackof attack    

% 1% 1% 1% 1----2222    

DifferencDifferencDifferencDifferenc
e degree e degree e degree e degree 
of attackof attackof attackof attack    

% 2% 2% 2% 2----3333    

DifferencDifferencDifferencDifferenc
e degree e degree e degree e degree 
of attackof attackof attackof attack    

% 1% 1% 1% 1----3333    

Marmande 

2021 
Natural 0.72±0.36f 8.43±1.38d-g 25.43±1.37c-e 7.71a-f 17.00a-c 24.71a-e 

Artificial 4.08±1.42a-d 15.69±0.93a-b 34.26±2.44a-b 11.61a 18.57a-c 30.18a-c 

2022 
Natural 1.02±0.53e-f 3.13±1.19h-i 17.13±1.42e-h 2.11g 14.00b-c 16.11e-h 

Artificial 1.16±0.38e-f 6.81±0.44f-j 25.37±0.77c-e 5.65b-g 18.56a-c 24.21a-f 

Romus 

2021 
Natural 1.58±0.06e-f 11.43±0.55b-f 26.60±0.37c-d 9.85a-b 15.17b-c 25.02a-e 

Artificial 6.14±0.55a 17.63±0.97a 36.38±4.82a 11.50a 18.73a-c 30.23a-c 

2022 
Natural 0.77±0.03f 4.45±1.23g-i 15.83±1.42f-h 3.68d-g 11.38c 15.06f-h 

Artificial 1.17±0.09e-f 5.75±0.86g-i 23.83±1.92c-f 4.58c-g 18.08a-c 22.67c-h 

San Marzano 

2021 
Natural 2.29±0.21b-f 10.63±0.35c-f 26.98±0.57bd 8.35a-d 16.34a-c 24.69a-e 

Artificial 3.71±0.55a-e 11.50±1.04b-f 36.80±0.98a 7.79a-f 25.30a 33.09a 

2022 
Natural 0.46±0.10f 2.81±0.68i 14.17±0.44h 2.35g 11.36c 13.71h 

Artificial 1.27±0.17e-f 4.31±0.54g-i 19.33±0.44d-h 3.04e-g 15.03b-c 18.06d-h 

Bajaja 

2021 
Natural 1.94±0.41c-f 10.6±1.70c-f 25.00±1.89c-e 8.66a-d 14.40b-c 23.06b-h 

Artificial 4.43±0.54a-c 15.00±0.40a-c 30.37±1.69a-c 10.57a-b 15.37b-c 25.94a-d 

2022 
Natural 1.38±0.39d-f 7.80±1.05e-g 25.33±0.44c-e 6.42a-g 17.53a-c 23.95a-f 

Artificial 2.83±0.21b-f 11.97±0.71b-e 35.33±.16a-b 9.14a-c 23.37a-b 32.51a-b 

Perun 

2021 
Natural 2.08±0.40c-f 9.00±0.34d-g 24.50±1.66c-f 6.92a-g 15.50a-c 22.42c-h 

Artificial 4.82±1.00a-b 13.03±0.58a-d 28.23±0.99a-c 8.22a-e 15.20b-c 23.42b-g 

2022 
Natural 0.42±0,4f 3.34±0.30h-i 14.73±0.62g-h 2.92f-g 11.39c 14.31g-h 

Artificial 0.92±0.20f 4.95±0.56g-i 23.17±1.20c-g 4.03c-g 18.22a-c 22.25c-h 

Note: Means ± s.e. followed by different letters present significant differences at p<0.05 (Tukey test) 

 
    
DiscussionDiscussionDiscussionDiscussion    
 
In the event of climate change, it is necessary to continue testing the genetic material on its resistance or 

tolerance to the action of pathogens, because the environment influences, directly or indirectly, plants, 
pathogens and the antagonists. Climate change is highly associated with different levels of losses caused by a 
pathogen, and are often involved in the emergence of new races. For these reasons, changes associated with 
global warming (high temperatures, changes in rainfall, drought, etc.) may affect the incidence and severity of 
plant diseases and may influence the coevolution of plants and pathogens (Andersen et al., 2018). Climate 

influences the incidence as well as the spatial and temporal distribution of plant diseases. The main factors that 
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promote the evolution and development of diseases are temperature, light and water; similarly, these factors 
influence the host plant as well. The environment acts positively or negatively on the pathogen, through the 
following aspects: its survival, vigour, multiplication rate, sporulation, spore dispersion distance, germination 
speed and tissue penetration. Plant diseases develop under an optimum of well-defined climatic variables such 
as: temperature, rain, relative humidity, etc.; however, the occurrence and severity of a disease in a culture is 
defined by the deviation of each climate variable in the optimal range for development of the disease, thus the 
climate affects all stages of the life of the host plant and pathogen (Brosi et al., 2011; Yanez and Ilaria, 2012). 

Early Blight is the major disease symptom caused by the fungus A. solani (Ellis & Martin) Sorauer. This 

disease, which in severe cases can lead to a complete defoliation, is most damaging on to tomatoes (Solanum 

lycopersicum L.) (Chaerani and Voorrriprs, 2006) in regions with heavy rainfall, high humidity, and high 

temperatures (24 - 29 °C). Epidemics can also occur in semiarid climates where frequent and prolonged nightly 
dews occur (Chaerani and Voorrriprs, 2006). Factors that may contribute to the course of the disease include 
extensive cultivation of sensitive varieties and hybrids, increasing use of fungicides for controlling late blight or 
gray mould and which are not effective against Early Blight, but also the tomato monoculture (Vloutoglou and 
Kalogerakis, 2000). 

The varieties taken in this study were chosen due to large scale cultivation (‘San Marzano’) (Rao et al., 

2006), resistance to various stressors (‘Marmande’) (Alsafari et al., 2019) different organoleptic qualities or 

resistance to disease and pests. According to data obtained in the two experimental years, the frequency of 
attack was lower in 2022, in both conditions of infection. Exception when the ‘Bajaja’ variety which in artificial 
conditions of infection reached a value of 86.67%. The most significant differences in frequency can be 
observed at the beginning of monitoring, so that during the growing period the values are uniform. No 
significant differences between varieties were observed between the two types of infections. In the case of 
natural infections, the Perun variety has a statistically significantly lower frequency in 2022 than 2021 
comparing to the other varieties (supplementary Table 5). 

The behaviour of the varieties in the attack by A. alternata it was different, the most resistant or tolerant 

varieties to the Early Blight attack were the ‘Perun’ varieties (2022) and ‘Romus’ (2022) in natural condition 
of infection Even if a low frequency value was recorded in the ‘San Marzano’ variety, at the first observations, 
it almost doubles to the second observation, which confirms that this variety has a susceptibility to the attack 
of A. alternata (Bozine-Pullai et al., 2021). 

In case of intensity of the attack, differences can be observed only at the beginning of the growing period 
in 2022 where the varieties ‘San Marzano’ (0.97%), ‘Marmande’ (1.17%) and ‘Romus’ (1.37%) showed the 
most favourable reaction, in the case of natural infection. At the opposite end the varieties that were most 
affected by natural infection was the variety ‘Bajaja’ (2.13%) and ‘Perun’ (3.67%). During the growing season, 
in case of attack intensity, the values of the intensity of ‘Marmande’ variety (Natural: 25.43%/Artificial: 
34.26%) in 2021 were almost the same as the highest values in the ‘Bajaja’ variety (Natural: 25.33%/Artificial: 
35.33%) in both condition of infection in 2022 (Table 5). 

Recent research (Nekoval et al., 2022) on the influence of climatic conditions on the degree of attack of 

A. alternata, confirms that the degree of attack of alternariosis is influenced by climatic conditions in the 

vegetation period. In the research carried out, during the experimental period 2018-2020, the attack rate 
reaches 49% (2018), 67.2% (2019), 58.3% (2020), exceeding the attack rate, and, obtained in our experiences, 
in some varieties 36.8% (2021) and 35.33% (2022).  

The highest value of the degree of attack, calculated after the first observation, was obtained in the 
‘Romus’ variety in 2021, at high pressure of infection (6.14%). In the same year the lowest attack value is 
recorded in the case of natural infection of the ‘Marmande’ variety (0.72%). 

As expected, the degree of attack differs depending on the type of infection. Under conditions of natural 
infection, varieties with a degree of attack of less than 1% were ‘Marmande’, in 2021 and ‘Perun’ and ‘San 
Marzano’ and ‘Romus’, in 2022. 

https://www.notulaebotanicae.ro/index.php/nbha/article/view/13574/9793
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 These varieties have stability in terms of the attack of Early Blight, in natural conditions of infection. 
Favourable climatic conditions and increased amount of inoculum (artificial infection) lead to variety 
sensitization, thus, in the climatic conditions of 2021 and in conditions of artificial infection, the variety in 
‘San Marzano’ has the highest value of the attack, after the last observation (36. 80%). 

The varieties studied behaved differently depending on the experimental year and the inoculation 
conditions. The evolution of the degree of attack was different (supplementary Table 12) but the identification 
of the most valuable varieties, with resistance to pathogen attack, can be done after assessing the degree of attack 
in favourable conditions for the realization of infections and the evolution of the disease. Given that in our 
experience the favourable conditions for the attack by the A. alternata were in 2021, a classification of the 

resistance of the studied varieties was made according to the values of the degree of attack and of course in the 
artificial conditions of infection. 

The climatic factor may or may not favour the attack of A. alternata Most of the cultivars studied 

become susceptible to pathogen attack under rainfall conditions, except ‘Bajaja’, which has some resistance to 
high humidity. The area of the Transylvanian Plains often exhibits sudden climatic changes, especially the 
precipitation. Precipitation can be one of the factors increasing the frequency of attack during the growing 
season, targeting the second observation of most varieties in both experimental years, reaching values of 100%. 
The rapid dispersion of the pathogen in the experimental field can be caused by several factors such as the 
sensitivity of the variety, the presence of more resistant physiological races of genus A. alternata etc. (Andersen 

et al., 2018).  

Indeed, we cannot say exactly the percentage of action of each biotic and abiotic factor, because they act 
in a complex way, but this study can raise a series of questions that can be debated and deepened, such as climate 
change can cause changes in genetics A. alternata so that in the current conditions experienced by climatic 

extremes can lead to the evolution of pathogens thus producing physiological races resistant to climatic 
variations that can overcome the natural barriers of plant protection. It is in the nature of creation to evolve, 
perpetuate and defend itself in order to survive. Currently, there is a specific resistance for each variety of 
tomato to meet the needs of producers and more.  

It is necessary that at the moment the continuous retesting of the varieties. Can old varieties with 
tradition and history cope with new climatic and biological demands? 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
Based on our findings, it can be concluded that Alternaria complex remains one of the most significant 

diseases affecting tomato crops, despite the uncertainty surrounding the pathogenicity of species within this 
genus. Early Blight remains one of the most important diseases in tomato cultivation. 

In the Transylvanian Plain area, 2021 was a favourable year for this pathogen due to suitable infection 
conditions. Among the varieties of tomatoes, the cherry type fruit ‘Perun’, was one of the most resistant to 
Alternaria alternata with 28.23% int the case of artificial infection and 24.5% in natural infection. At the same 

time at the opposite end the ‘Bajaja’ (2021: Natural: 25.0%, Artificial: 30.37%; 2022: Natural: 25.33%, 
Artificial: 35.33%) variety was the most affected cherry type tomato in both experimental years, in both types 
of infection. ‘San Marzano’ variety has the highest susceptibility in the case of artificial infection with 36.8% in 
the category of tomatoes with large fruits followed by the ‘Romus’ variety (36.38%) that has a behaviour similar 
to San Marzano but the degree of attack is slightly elevated from ‘Marmande’ (34.26%) variety by 2.11%. 

In 2022, the order changed as ‘San Marzano’ (14.17%) had the lowest intensity and degree of attack in 
the case of natural infection, followed by ‘Perun’ (14.73%), ‘Romus’ (15.83%), ‘Marmande’ (17.13%), and 
‘Bajaja’ (25.33%). In the case of artificial infection ‘Bajaja’ (35.33%) had the highest value of the degree of 
attack. 
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It is evident that the climatic factor is crucial in the emergence and development of pathogens. 
Therefore, a deeper understanding of the climatic factor is required to have a phytopathological point of view 
for the future. 
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