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Sustainable tomato protection in the Mediterranean greenhouse requires the balanced adoption of 

monitoring strategies and effective means and techniques to prevent the spread of diseases. Early 

intervention is the main objective to ensure a standard level of plant health in the greenhouse without 

seriously compromising productivity and quality. Visual inspection of the crop is essential to achieve 

these objectives through early detection of any pathogenic events, eradication and/or isolation of the 

infection outbreak and adoption of the best technical strategy to counteract its spread. Therefore, 

monitoring must be effective and examine the entire crop at a medium frequency (at least once a week 

during the most susceptible stages). Random inspection of plants in those areas of the greenhouse that 

are more susceptible due to physical factors (i.e., northern exposure, shading) and/or 

phytopathological ones (i.e., previous infections), on the other hand, can be done more frequently. 

A general monitoring scheme that takes these considerations into account can be detailed as follows:  

 

- Periodic inspection of the crop: possible detection of phytopathological events 

- Monitoring limited to the outbreak area to prevent spread 

If infected plants are detected, the risk to the crop must be analysed and appropriate measures taken: 

- In the case of pathological attack of an isolated individual it may be useful to eliminate the plant 

and/or completely remove its infected parts to reduce the risk of contamination.  

- In the case of a moderately spread infection, a general treatment of the crop will be necessary with 

curative measures on the infected plants and preventive measures on the healthy ones. 

 

In addition, to make the integrated approach more effective, it is useful that the phytopathological 

management protocol is mainly based on preventive methods that can increase the level of plant 

protection and counteract the development of primary attacks and secondary infections. 
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INTEGRATED TOMATO DISEASES MANAGEMENT 

The development of integrated pest management protocols for tomato against fungal diseases is based 

on the combined use of agronomic, chemical biological and digital tools and means. The control of 

the main diseases that can occur in the Mediterranean greenhouses will be carried out with particular 

attention in the preventive phase with non-synthetic and low environmentally impacting means. The 

adoption of curative remedies will be relegated to cases of extreme necessity or to phytopathogenetic 

events otherwise difficult to manage. Therefore, general prophylactic measures (e.g., hygiene of 

substrates and tools; use of non-infected agronomic materials; biological vacuum in the absence of 

vegetation) and specific measures (avoidance of excess water and humidity, climate control in the 

greenhouse) should be taken immediately. The use of forecasting models based on the real trend of 

the main microclimatic parameters is able to decisively support the farmers’ choices related to 

phytosanitary treatments, ensuring timeliness and effectiveness, especially if carried out at an early 

stage. The use of biological remedies, such as the use of antagonistic microorganisms, is a primary 

objective to be pursued in an integrated and/or organic farming system. Similarly, the use of resistance 

inducers of biological origin (e.g., chito-oligosaccharides/oligo-galaturonides, chitosan, microbial 

antagonistic agents) can be a winning strategy to prevent disease outbreaks by limiting dependence 

on synthetic fungicides. An important element of pest management in greenhouses is the ability to 

monitor, and consequently isolate, outbreaks of infection when they are imminent. On this point it is 

important to be able to recognise the first symptoms of the disease and to intervene with the most 

appropriate means, preferring in order agronomic, biological and finally chemical actions. 
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Disease symptoms and biological control 

Hereafter, symptoms, and indication about the possible application of biological remedies for the 

main greenhouse tomato diseases are reviewed. In addition, for each disease, the characteristics of 

the disease cycle that are particularly relevant for climate monitoring are also reported. 

1. Grey mould 

Pathogen: Botrytis cinerea 

Disease: grey mold  

Symptoms: Brownish necrotic spots on the affected organs (e.g., stems, leaves), rot of berries and 

flowers. Formation of grey mould due to massive sporulation of the fungus under conditions of high 

relative humidity. 

Disease cycle: The establishment of the fungus (germinated hyphae) occurs by direct penetration or 

through natural or accidental wounds, from which the fungus is then able to infect all other tissues. 

Favorable environmental conditions for the pathogen are temperatures between 15 and 25 °C and a 

relative humidity more than 90%. 

Biological control: Use of microbial formulations based on antagonistic fungi and/or bacteria as a 

preventive measure on the substrate and/or the plants capable of antagonize the pathogen or of 

inducing resistance in the host; and/or bio-based active ingredients as resistance inducers. Continuous 

monitoring is important for the early intervention at the onset of symptoms. 

2. Alternaria leaf spot 

Pathogen: Alternaria alternata / A. solani 

Diseases: Alternaria Stem Canker/ Black Mold / Early Blight 

Symptoms: dark brown concentric cankers on the stems and necrotic spots on leaves. In particular, 

under favourable situations, the fungus is also able to infect fruit trough accidental/mechanical 

wounds or previous parasitisation openings. 

Pathogen cycle: The fungus spreads via conidia and/or infected material. Hyphae and germinating 

conidia can penetrate the host through accidental wounds and/or natural openings, from which cell 

colonisation takes place with the formation of circumscribed necrotic areas.   

Biological control: Use of microbial formulations based on antagonistic fungi and/or bacteria with 

phyllosphere competence as a valuable preventive measure. Continuous monitoring is important, for 
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the early intervention at the onset of symptoms. Use of microbial agents and/or bio-based active 

ingredients capable of inducing resistance in the host. 

3. Powdery Mildew 

Pathogen: Leveillula Taurica / Oidium neolycopersici 

Diseases: Powdery Mildew 

Symptoms: formation of white powder, due to fungal sporulation at the ectoparasitic stage, on all 

aerial parts of the plant with exception of the fruit.  

Pathogen cycle: They are obligate biotrophic fungi and therefore need attacking living plants to 

survive. The spores germinate on the leaves and directly penetrate the cuticle after the formation of 

the appressorium. From there, endophytic colonisation of the tissues begins and, as soon as the right 

environmental conditions are met, the hyphae emerge from the leaf surface and sporulate, covering 

the upper leaf page with conidia looking like a white powdery substance. 

Biological control: Products based on the specific biocontrol agent Ampelomyces quisqualis are also 

indicated for use in combination with other compatible products in integrated protocols.  

4. Cladosporium leaf mould 

Pathogen: Cladosporium fulvum 

Disease: Cladosporium leaf mould 

Symptoms: It mainly attacks the leaves with the appearance of rather large, discoloured spots on the 

upper side, while on the lower side, in correspondence with the spots, a typical olive-grey mould can 

be observed. 

Pathogen cycle: The pathogen spreads via conidia or infected material, which, under favourable 

microclimatic conditions (temperature ranging between 22-24 °C, no aeration and relative humidity 

above 90%) germinate and penetrate the host.  

Biological control: use of microbial agents and/or bio-based active ingredients capable of inducing 

resistance in the host. 
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5. Late blight 

Pathogens: Phytophtora infestans 

Disease: Late Blight 

Symptoms: The disease affects all aerial organs of the plant, i.e., stem, leaves and fruit. Symptoms 

appear on the upper page of the leaf and can be traced back to translucent discolored spots. If the 

environmental conditions are favourable, a white mould forms on the corresponding lower page. On 

the fruit, infections occur mainly on the still green berries. Translucent spots form on the stems, which 

gradually turn brownish and then desiccate. 

Pathogen cycle: The pathogen spreads via spores and/or infected plant material. The propagule 

germinates and directly penetrates the host after the formation of an appressorium. The hours of foliar 

wetting and reaching the optimal temperature are necessary factors for the progression of the 

infection. 

Biological control: use of microbial agents and/or bio-based active ingredients capable of inducing 

resistance in the host. 

6. White rot 

Pathogens: Sclerotinia sclerotiorum / S. minor 

Disease: White Mold 

Symptoms: the disease mainly affects the base of the stem, but rarely also the stems, leaves, flowers, 

and fruit, which is affected by rotting. Under conditions of high humidity, rotted tissues can be 

covered with a white mould. In addition, small round black formations known as sclerotia, which are 

the conservation form of the fungus, can also appear in advanced stage. 

Pathogen cycle: the pathogen spreads mainly in the growing substrate from which the infection 

originates through contact with the susceptible organs of the plant. 

Biological control: Use of products containing the specific biological antagonist agent Coniothyrium 

minitians or other fungal and/or bacterial biocontrol agents. Use of suppressive soil conditioners (i.e. 

composts). 
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7. Southern blight 

Pathogens: Sclerotium rolfsii 

Diseases: Southern blight 

Symptoms: The telluric fungus causes basal rots and lesions near the soil line which can spread along 

the stem causing the plant to wilt. Under favourable conditions it is common for whitish mycelial felt 

to appear on the attacked organs, on which small dark brown corpuscles called sclerotia can be 

formed. 

Pathogen Cycle: This is a soil-borne organism with good saprophytic capacity that can attack the 

collar and stem of plants under high humidity. The fungus is particularly favoured by temperatures 

over 26 °C. 

Biological Control: preventive soil treatments with products based on biocontrol microbial agents 

and/or suppressive soil conditioners. 

8. Root, stem and fruit rots 

Pathogen: Rhizoctonia solani, Pythium spp. 

Disease: Dumping – off 

Symptoms: Browning of roots and collar developing into rot and/or extensive necrotic lesions. 

Pathogen Cycle: These are soil-borne pathogens that live in the soil with good saprophytic capability 

and, under conditions of excess moisture, are able to attack plant parts in direct contact with them. 

Biological Control: preventive soil treatments with products based on biocontrol microbial agents, 

i.e, Trichoderma spp., Pythium oligandrum, Streptomyces spp., etc. and/or suppressive soil 

conditioners. 

 

 

 

 

 

 



8 
 

 

 

9. Tracheofusariosis 

Pathogens: Fusarium oxysporum f. sp. radicis–lycopersici/ F. oxysporum f. sp. lycopersici 

Diseases: Fusarium Crown and Root Rot/ Fusarium wilt 

Symptoms: infected plants show stunted growth and spreading foliar chlorosis, which can sometimes 

affect only isolated part of the plant. As the infection progresses, the plant can wilt, wither and 

desiccate. 

Pathogen Cycle: These are soil-borne organisms that overwinter as durable spores and/or mycelium 

in the soil. When the ideal conditions for pathogenesis are met, the hyphae penetrate from 

microwounds on the roots, invade the host and colonize the xylem vessels. The plant's reaction to the 

infection causes occlusion of the vessels at the root and collar level, thus limiting the water and 

nutrient supply. 

Biological Control: Use of products based on biocontrol microbial agents and suppressive soil 

improvers for treating the telluric environments. 

10. Corky root 

Pathogen: Pyrenochaeta lycopersici 

Disease: Corky root 

Symptoms: appearance of typical dark brown suberose banded lesions on the roots that swell in an 

advanced state. Affected plants can became stunted and show slight yellowing 

Pathogen Cycle: The pathogen survives in the soil with microsclerotia that are able to infect the young 

roots of the tomato plantlets favored by mild temperatures (15-20 °C). 

Biological Control: Use of products based on biocontrol microbial agents and suppressive soil 

improvers for treating the telluric environments. 
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11. Bacterial diseases 

- Bacterial Leaf spots 

Pathogens: Pseudomonas syringae pv. tomato (Disease: bacterial speck) 

Symptoms: the bacterium enters the host through natural and/or accidental openings and cause the 

occurrence of dark necrosis on leaves and fruits. 

Pathogen: Xanthomonas campestris pv. vesicatoria (bacterial spot) 

Symptoms: the bacterium enters the host through natural and/or accidental openings and cause the 

appearance of brownish necrotic spots on leaves, fruit, and stem, sometimes surrounded by chlorotic 

areas. 

Biological Control: use of microbial agents and/or bio-based active ingredients capable of inducing 

resistance in the host. 

- Bacterial stem necrosis 

Pathogen: Clavibacter michiganensis subsp. michiganensis (Bacterial canker) 

Symptoms: is a pathogen transmissible through seeds, but also natural and/or accidental openings, 

and spreads through vascular tissues, becoming systemic and causing wilting. 

Pathogen: Pseudomonas corrugata (Pith necrosis) 

Symptoms: Typical symptoms are external necrotic lesions of the stem and rot of the vascular system 

with hollow pith. 

Biological Control: Use of products based on biocontrol microbial agents (i.e., Bacillus spp.). 
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Biological control means for key diseases of tomato. 

Pathogen Biological control means Application notes 

Botrytis cinerea 
(Grey mould) 

Pythium oligandrum, Bacillus 
spp., Trichoderma spp., 

Saccharomyces cerevisiae 
 

Cerevisane (Saccharomyces 
cerevisiae cell wall extract),  

Aerial spray in prevention with 
favourable environmental conditions
for pathogen; root application of 
microbial resistance inducers 
 
Application as resistance inducer 

Phytophthora infestans 
(Late blight) 

Pythium oligandrum, Bacillus 
amyloliquefaciens 

Root application of microbial 
resistance inducers 

Alternaria spp. 
(Alternariosis) 

Bacillus subtilis, Bacillus 
amyloliquefaciens 

Aerial spray in prevention with 
favourable environmental conditions 

Septoria lycopersici 
(Septoria spot) 

Bacillus spp. 
Aerial spray in prevention with 
favourable environmental conditions
for the pathogen 

Leivellula taurica,  
Erysiphe spp. 

(Powdery mildew) 

Ampelomyces quisqualis 
Bacillus spp. 

Chito-oligosaccharides/oligo-
galaturonides 

Aerial spray at the onset of 
symptoms 
 
Aerial spray in prevention with 
favourable environmental conditions
for the pathogen 

Pyrenochaeta lycopersici 
(Corky root) 

Pseudomonas spp., Bacillus 
spp., Trichoderma spp. and/or 

their consortia 
Suppressive organic 

amendments 

Treatment of the soil/growing media 
in pre-transplanting and/or by drip-
irrigation 

Verticillium spp., 
Fusarium 

oxysporum ff. sspp. 
(Vascular wilt) 

Pseudomonas spp., Bacillus 
spp., Trichoderma spp., 

Streptomyces griseoviride, 
Pseudomonas sp. and/or their 

consortia 
Suppressive organic 

amendments 

Treatment of the soil/growing media 
in pre-transplanting and/or by drip-
irrigation 
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Rhizoctonia solani, 
Sclerotinia sclerotiorum, 

Sclerotium rolfsii, 
Pythium spp.  
(Basal rot) 

Pseudomonas spp., Bacillus 
spp., Trichoderma spp., 

Coniothyrium minitans and/or 
their consortia 

Suppressive organic 
amendments 

Treatment of the soil/growing media 
in pre-transplanting and/or by drip-
irrigation 

Clavibacter 
michiganensis subsp. 

michiganensis 
(Bacterial canker) 

Bacillus spp. 
Aerial spray in prevention with 
favourable environmental conditions 
for the pathogen. Seed treatments. 

Pseudomonas corrugata 
(Pith necrosis) 

Bacillus spp. 
Aerial spray in prevention with 
favourable environmental conditions 
for the pathogen. 

Pseudomonas syringae 
pv. tomato, Xanthomonas 
campestris pv. vesicatoria 

(Bacterial leaf spot) 

Bacillus subtilis 
Aerial spray in prevention with 
favourable environmental conditions 
for the pathogen 
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Grey mould - Botrytis cinerea: Botrytis begins on leaves as light tan lesions (with concentric rings. 
Elliptical, concentric tan lesions develop at the site of pruning wounds completely girdling the stems. 
Senescing flower petals are also very susceptible and as they fall, this contributes to the botrytis 
developing on the leaves. Tomato plant killed by enlarged wound infected by Botrytis cinerea. 
(A) Tomato blossom with sporulation of leaf mold fungus. (B) Lesion of gray mold (brown spots) on 
tomato leaf. (C, D) Botrytis on tomato stems. (E, F) gray mold lesions on a tomato. 

 

 

A B 

E F 

C D 
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Tomato leaf mold: caused by the fungus Passalora fulva (previously called Fulvia fulva or 
Cladosporium fulvum). Foliage is usually the only tissue affected. Symptoms begin as pale green or 
yellowish spots without well-defined margins on the upper leaf surface which turn a distinctive 
yellow. Lesions coalesce when disease is severe, and the foliage dies. Symptoms of leaf mold on leaf 
underside. (A, B) Symptoms of leaf mold on tomato leaf underside of: Passalora fulva appears on 
the undersides of the foliage as an olive-green to brownish grey velvety growth but can also cause 
pale green and chlorotic lesions visible on upper leaf surfaces. (C) Symptoms on the upper of tomato 
leaf. (D) Symptoms on tomato fruit. 

 

 

A B 

C D 
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Tomato late blight: caused by the oomycete pathogen Phytophthora infestans. (A, B) Symptoms on 
leaves: Lesions begin as indefinite, water-soaked spots that enlarge rapidly into pale green to 
brownish-black lesions and can cover large areas of the leaf. (B, C) Lesions on the petioles and stems. 
(E, F) Lesions on tomato fruits are dark, olivaceuos greasy spots developing on green fruit; a thin 
layer of white mycelium may be present during wet weather 

 

B 

D 
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The tomato powdery mildew fungus Oidium neolycopersici: It causes powdery white lesions on 
the adaxial tomato leaf surface. The fungus can also infect abaxial surfaces, petioles, and the calyx 
but the fruit remains uninfected. In severe outbreaks the lesions coalesce, and disease is debilitating. 
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Septoria leaf spots: caused by the fungus Septoria lycopersici: It start off somewhat circular and 
first appear on the undersides of older leaves, at the bottom of the plant. They are small (1.6 to 3.2 
mm) in diameter, with a dark brown margin and lighter gray or tan centers. As the disease develops, 
the spots will get larger and may merge. The symptoms usually occur in the older, lower leaves, the 
disease can develop at any stage in the tomato plant's life. They may also appear on the stems as well 
as the blossoms and calyxes. They rarely affect the fruits. 
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Early blight (Alternaria leaf blight): caused by the fungus Alternaria solani. Symptoms of early 
blight occur on fruit, stem, and foliage of tomatoes. Initial symptoms on leaves appear as small 1-2 
mm black or brown lesions and the lesions will enlarge and are often surrounded by a yellow halo. 
Lesions greater than 10 mm in diameter often have dark pigmented concentric rings. This so-called 
“bullseye” type lesion is highly characteristic of early blight. As lesions expand and new lesions 
develop entire leaves may turn chlorotic and dehisce, leading to significant defoliation. Lesions 
occurring on stems are often sunken and lens-shaped with a light center and have the typical 
concentric rings. 
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Sooty mold is caused by not-parasitic saprophytic fungi colonizing leaves, stem and, infrequently, 
fruits, due to the presence of the honeydew secreted by insect (such as whitefly) feeding. The soot 
formation starts as faint patches (A), which then expand and become color dark-olivaster (B) covering 
a large area (C). In particular, under greenhouse systems, sooty mold infestation may significantly 
reduce the photosynthetic surface of plants and cause aesthetical defects on the yield.  
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Fusarium wilting is a soil-borne disease caused by the pathogenic fungi Fusarium oxysporum f. sp. 
lycopersicy, or F. oxysporum f. sp. radicis-lycopersici. The fungus can survive in soil for long periods. 
It enters the root systems via wounds, as germinating conidia or mycelia, and develops endophytically 
by colonizing vascular vessels (therefore causing tracheomycoses), which collapse causing blockage 
of water and nutrient absorption (D). Diseased plants show symptoms from yellowing, withering and 
definitively wilting (A-C).  

A 

B C C 

D 


