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Abstract. Pythium-induced damping-off is a disease that causes the decay of germinating seeds and young 
seedlings of tomato, and it is one of the most significant yield constraints for farmers in both nurseries and 
fields. Conventional fungicides are widely used to manage this disease, leading to two major consequences. 
Excessive fungicide use not only endangers human health and raises environmental concerns but also 
promotes the emergence of pesticide-resistant microorganisms in the environment. Consequently, there 
is growing interest in developing long-term damping-off management strategies that minimize reliance 
on conventional pesticides. To facilitate decision-making, a better understanding of pathogen biology and 
disease epidemiology is required. The major findings of this review works are as follows: i) Pythium-induced 
damping-off is an emerging disease that affects tomatoes in nurseries and fields and causes economic loss; 
ii) Epidemiological factors identified as most favorable for disease development include high soil moisture 
(70% or higher), low light, and moderate soil temperatures around 25°C.; and iii) Considerable research 
efforts in recent years have focused on developing bio-control solutions for damping-off, showing promising 
future prospects. To ensure higher tomato production, researchers and growers should manage Pythium-
induced damping off in their fields. This review serves as a useful guide for the management of this disease.
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Introduction

Tomato production is seriously hampered by 
pests and diseases, including microorganisms 
such as bacteria, nematodes, and fungi, leading 
to significant production losses (Barone and 
Frusciante, 2007). Anthracnose fruit rot, early 
blight, septoria leaf spot, and late blight are all 

prevalent tomato diseases, with damping-off 
being the most frequent disease (Buchenauer, 
1998). Damping-off affects nearly every crop 
grown across all countries (Ben-Yephet and 
Nelson, 1999). Damping-off has been regarded 
as the most challenging issue encountered in 
raising nursery seedlings, making it one of the 
most actively researched topics since its initial 
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description (Hartley and Pierce, 1917). Damping-
off of seedlings is a soil-borne disease caused by 
Fusarium, Pythium, Rhizoctonia, and Verticillium 
(Pretorius et al., 2003) and is widely distributed 
around the world. Damping-off disease caused by 
Pythium species kills more than 60% of seedlings 
in the nursery and main field (Manorantitham et 
al., 2001). Damping off causes 25-75% losses per 
year, depending on the host type and environmental 
variables. A variety of microorganisms, including 
Pythium, Phytophthora, Rhizoctonia, and Fusarium, 
as well as Alternaria, Botrytis, Phoma, Sclerotinia, 
Sclerotium, Aphanomyces, Pyrenochaeta, Ozonium 
Glomorella, and others, can induce damping off 
(Gupta and Paul, 2001).

 Pythium species such as P. aphanidermatum, 
P. spinosum, P. myriotylum, and P. echinogynum 
have been linked to damping-off disease in tomatoes 
(Salman and Abuamsha, 2012; Balghouthi et al., 
2013). The microorganisms that induce damping-
off can be found in almost any soil and can 
survive for extended periods. The best conditions 
for damping off are usually cool and rainy, and 
seedlings are struggling (Bhandari et al., 2021). 
Epidemiological factors such as high soil moisture 
(60-70%) and moderate soil temperature of 25°C 
were found to be most favorable for the development 
of this disease (Kumar et al., 2018). Damping-off 
of tomato occurs in two stages: pre-emergence 
and post-emergence. Seedlings are killed just 
before they reach the soil surface during the pre-
emergence phase. The young radical and plumule 
are killed, and the seedlings decay completely. 
The infection of the young, juvenile tissues of the 
collar at the ground level characterizes the post-
emergence phase. The diseased tissues soften and 
become water drenched. The seedlings collapse or 
topple over. 

Understanding the symptoms, losses, and 
management of Pythium-induced damping-off 
is crucial for tomato production. Given the high 
economic impact of damping-off, alternative and 
sustainable damping-off management solutions are 
required. The goal of this review was to i) highlight 
the major characteristics of damping-off diseases 
caused by Pythium spp.; ii) report and discuss 
current disease management strategies and 
knowledge gaps; and iii) suggest key challenges 

and future priorities for the management of 
damping-off disease.

Distribution of Pythium species

Pythium has been found in Australia, Canada, 
Brazil, China, Korea, Japan, South Africa, and many 
other countries in the world including most states 
within the United States of America (Allen et al., 
2004). Pythium spp. has a diverse host range that 
includes grasses and a variety of dicotyledonous 
plants (Navi et al., 2019). The genus Pythium is one 
of the largest genera in the class Oomycete, with over 
130 recognized species dispersed throughout the 
world (Van der Plaats-Niterink, 1981; Paulitz et al., 
2006). Pythium spp. reduces seedling development, 
kills  seedlings, and reduces plant life (Kirkpatrick 
et al., 2006; Broders et al., 2009). In India, about 
20 Pythium species have been identified, of which 
only seven are recognized as parasites, producing 
disease primarily in the seedbed and occasionally 
in the fields, such as “damping-off,” “seedling 
blights,” and “foot rots” (Rao, 1963). Belonging to 
the family Pythiaceae, the genus Pythium comprises 
damaging root parasites (phylum oomycete, domain 
Chromista) with filamentous sporangia, smooth-
walled spherical oogonia, and following antheridia 
that are frequently responsible for true disease such 
as damping-off and decay (Mendoza et al., 1996). 
Pythium spp. mycelium is occasionally glossy and 
faintly yellowish or grayish lilac in color (Owen-
Going et al., 2008). The oogonia are sub globose, 
lemon-shaped, or ellipsoidal, and can be terminal 
or intercalary, with smooth or decorated divider 
antheridia ranging from 0 to a few per oogonium, 
monoclines, diclinous, or hypogynous, followed, or 
sessile, and of various forms. Oospores are normally 
single, but occasionally 2-4 in an oogonium, plerotic 
or aplerotic, and have a thin or thick (inspissate) 
wall. The male organs, the antheridia, are made 
up of an antheridia cell, which can be sessile on 
a hypha, intercalary, or terminally generated on 
an antheridial stalk (Postma et al., 2009). During 
sexual reproduction, the antheridial cell strikes 
the oogonium and creates a fertilization tube that 
penetrates the oogonium (Van der Plaats-Niterink, 
1981). The genus Pythium was first introduced by 
Nees von Esenbeck, but it was given its current 
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sense by Pringsheim (1858).
The genus Pythium Pringsh. has traditionally 

been classified as “Phycomyetes,” with 305 
recognized species, together with other filamentous, 
coenocytic, sporangia-producing fungi (Fitzpatrick, 
1930). Pythium species (phylum Oomycota; class 
Oomycetes; subclass Peronosporomycetidae; 
order Pythiales; and family Pythiaceae) are fungal-
like microorganisms known as water molds. They 
can be found in a variety of habitats, including 
terrestrial and aquatic areas, as well as cultivated 
and fallow soil. Pythium species are cosmopolitan 
in nature, ranging from tropical to temperate (Van 
der Plaats-Niterink, 1981), and even in the Arctic 
(Hoshino et al., 1999) and Antarctic regions (Knox 
and Paterson, 1973). With over 130 known species 
isolated from diverse regions of the world, Pythium 
is one of the largest genera within the oomycete 
genus (Van der Plaats-Niterink, 1981; Paulitz et al., 
2006). Although widely acknowledged, Pythium 
species are not particularly well-known for hosting 
specific relationships.

Host range, epidemiology, 
and disease cycle of Pythium species

Pythium survival is favored by conditions such as 
excessive soil moisture (70% or higher), low light, 
poor nutrient availability, and certain temperature 
ranges. Pythium species thrive in moist soils. The 
movement of spores requires the presence of 
water. Moist soils, due to their low oxygen levels, 
promote the development of Pythium-related 
diseases. Saprophytic species such as Pythium 
ultimum Trow, Pythium irregulare Buisman, and 
Pythium debaryanum Hesse live on crop residues 
in cool, moist soils (Van der Plaats-Niterink, 1981; 
Ben-Yephet and Nelson, 1999).

Pythium spp. are excellent soil saprophytes that 
can grow indefinitely as vegetative mycelium in soil 
on a variety of organic substrates. Pythium species 
can survive in soil saprophytically because they do 
not compete with other plant diseases (Hendrix and 
Campbell, 1973). Tomato fruits that encounter soil 
or have soil splashed onto their surfaces in very 
wet conditions may be invaded by certain Pythium 
spp. The separation of host cells caused by the 

breakdown of the middle lamella allows fungus 
to spread from sick seedlings, and the breakdown 
of these cells is the consequence of pectinolytic 
enzymes produced from Pythium hyphal points 
(Goodwin, 1997). When conditions are ideal, 
sporangia and zoospores are formed particularly 
in terms of free moisture (Jones, 1991). During 
asexual reproduction, the coenocytic mycelia 
within the host produce sporangia containing 
multiple nuclei. The cytoplasm is transferred to 
the vesicle formed on top of the sporangium, and 
cytoplasmic cleavage results in the formation of 
many zoospores within minutes (Goodwin, 1997). 
Damping-off disease is caused by Pythium spp. 
and typically begins as root rot. This water molds 
survives in the soil as oospores, which germinate 
and attack root hairs and tips, gradually deteriorating 
the root system. The seedling is withering, with 
lesions above ground that may rot later. Pythium 
spp. are typically responsible for pre-developing 
Damping-off, and it can also contaminate lower 
stem and cause soft, water-soaked stem rot, which 
is commonly associated with Damping-off disease.

According to (Waterhouse and Waterston, 
1964), the plant pathogen infects a wide 
variety of plant species from various families, 
including Amaranthaceae, Amaryllidaceae, 
Araceae, Basellaceae, Bromeliaceae, Cactaceae, 
Chenopodiaceae, Compositae, Coniferae, 
Convolvulaceae, Cruciferae, Cucurbitaceae, 
Euphorbiaceae, Gramineae, Leguminosae, Linaceae, 
Malvaceae, Moraceae, Passifloraceae, Rosaceae, 
Solanaceae, Umbelliferae, Violaceae, Vitaceae and 
Zingiberaceae. Pythium, the largest genus within 
the family Pythiaceae, is a microscopic organism 
commonly classified within the class Oomycetes. 
Oomycetes differ from real fungi (Eumycota) in that 
they have coenocytic hyphae with cell walls made of 
cellulose and β-1–3 glucans (Cheung et al., 2008).

Damping-off of tomato seedlings in nurseries is 
a significant disease in the country, with disease 
incidence ranging from 41.3 to 85.0% due to 
favorable epidemiological conditions for disease 
development, such as high soil moisture (60-70%) 
and moderate soil temperature (25°C) (Kumar et 
al., 2018). Pythium spp. are most active in the 
spring when soil temperatures are still cool and 
soil moisture is abundant (Flint and Dreistadt, 
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1998; Yang, 2001). It was discovered that Pythium 
damping-off increased progressively as soil 
moisture rose (Hansen et al., 1923; Roth and Riker, 
1943). Pythium spp. flourished well at temperatures 
ranging from 18°C to 30°C, with the highest 
growth occurring at 24°C. Warm temperatures are 
thought to promote either the amount of damping-
off or the rate at which it appears (Roth and 
Riker, 1943; Kailidis and Strong, 1960). Pythium 
species require different circumstances for disease 
development, with Pythium ultimum requiring 
chilly, wet soils and P. aphanidermatum requiring 
warmer soil temperatures (32-37°C). Seedbed 
density also influences damping-off; denser and 
more overcrowded seedbeds suffer greater disease 
damage. Beds that do not receive enough light 
appear to incur bigger losses (Hartley and Pierce, 
1917; Hansen et al., 1923).

Symptoms of Damping-off 

Pythium spp. contribute to both pre-emergence 
and post-emergence damping-off (Weindling and 
Fawcett, 1936). Pythium often attacks the root 
tips and the soil line, where damaged plants may 
exhibit moldy fungal growth. Typically, affected 
plants emerge in patches within nursery beds 
or fields at lower elevations (Olson et al., 2016). 
Infected seeds may not germinate and may turn 
brown and decompose. Young seedling stems 
become constricted near the soil line, develop a 
soft, dark lesion, and frequently topple over. Brown 
discoloration and root thinning are visible on the 
roots. The prevalence of top lateral root growth 
may increase due to the rotting and degradation of 
lower roots. A less severe root infection in older 
plants may only cause stunted growth. In severe 
cases of sickness, the entire root was discovered to 
be rotted, and the plants were dried (Jiskani et al., 
2007). Pythium myriotylum has been associated 
with dark lesions on aerial parts of tomato plants, 
such as stems and leaves. Pythium spp. fruit rot 
usually begins as a small water-soaked lesion on 
mature green or ripe fruit in contact with or near 
the soil. Pythium myriotylum has been linked to 
dark, aerial lesions on tomato stems or leaves.

Pre-emergence Damping-off

Pre-emergence damping-off occurs before 
seed germination, caused by biotic stressors that 
destroy the seeds and their tissues while still 
underground (Horst, 2013). Infected seeds may 
become brown and disintegrate, and they may or 
may not germinate. In the first scenario, seeds 
become mushy, decay, and fail to germinate, but 
in the second scenario, emerging seed stems 
exhibit unique water-soaked sores below the soil 
line (Cram, 2003; Landis, 2013). Pre-emergence 
damping-off is another term for germination loss. 
The organisms attack the roots of the seedling 
not long after they emerge from the seed coat and 
before the seedlings appear on the dirt surface, 
causing their mortality.

Post-emergence Damping-off

When seedlings rot, wilt, and die after 
emergence, this is a sign of post-emergence 
damping-off (Horst, 2013). Seedling stems exhibit 
water-soaked, indented damage, typically at or 
below ground level (i.e., on the roots), causing the 
plant to fall over (Wright, 1957). Post-emergence, 
also known as typical damping-off, occurs when 
organisms attack the tasty seedlings after they 
have emerged from the soil’s outer layer. Young 
seedling stems are constricted close to the dirt 
line, causing a delicate, dim damage, and causing 
them to overturn. It is possible to see earthy 
colored stains and shrinking roots. As prominent 
symptoms, leaf spotting and full root rot may occur 
(Lamichhane et al., 2017). Lower segments of the 
stem at ground level or a short distance under this 
line are polluted, whilst the higher portions of the 
stem and roots are healthy. The parasite multiplies 
swiftly, and the attacked tissues degrade, become 
water splashed and flabby, and are currently unable 
to assist the plant’s higher portion. In this fashion, 
the seedling falls and bites the dust. The other post-
emergence symptom damping-off occurs when 
surviving plants grow in a stunted and uneven 
manner (Lamichhane et al., 2017).
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Loss caused by damping-off

Tomatoes are sensitive to several biotic and 
abiotic diseases, which can result in severe losses 
for growers. One of them is damping-off disease, 
which costs producers a lot of money. Soda is 
responsible for 90% of plant mortality in nurseries 
and fields, either as pre-emergence or post-
emergence damping-off (Sowmini, 1961). These 
vegetable and field crop diseases are frequently 
recognized as a substantial hindrance to effective 
crop plant production around the world. Overall, 
economic losses from damping-off include both 
direct costs from seed or seedling damage and 
indirect costs from higher replanting costs and 
reduced yields because of later planting dates 

(Babadoost and Islam, 2003; Bacharis et al., 2010; 
Horst, 2013). Although a precise global economic 
assessment of damping-off’s impact in monetary 
terms is lacking, a careful examination of the 
literature revealed that damping-off can impact 
anywhere from 5% to 80% of people (Table 1). 
Pre-emergence damping-off losses typically range 
from 5% to 40% of planted seed, with additional 
post-emergence losses ranging from 10% to 
20%. Growers frequently over sow to produce a 
high yield. Several cases of damping-off and root 
rot diseases have been reported in Pakistan, with 
incidences ranging from 13% to 46% (Hyder et al., 
2018; Ali et al., 2019; Dubey et al., 2020).

Table 1 presents the percentage of yield loss 
attributable to Pythium-induced damping-off.

Table 1. Yield loss by Pythium-induced damping-off in tomato 

S.N. Yield loss (%) Country References
1 30 Kenya Muriungi et al., 2014
2 10-50 Sri Lanka Gunaratna et al., 2019
3 45 India Ramyabharathi et al., 2012
4 90-95 Tunisia Hibar et al., 2006
5 13-46 Pakistan Arora et al., 2021
6 30-40 China Yangui et al., 2008

Management of damping-off

Preventive methods
Damping-off spreads quickly, so seedlings 

should be identified as soon as possible. Efficient 
methods for controlling damping-off include using 
disease-free plots, sterilizing soil, sowing seeds 
at proper distances and depths, employing good 
cultural practices, maintaining appropriate soil 
moisture levels, and applying suitable fungicides. 
Annually, there are severe losses due to damping-
off disease (Zaki, 2007). Seed treatment, soil 
application, and foliar spraying with systemic 
chemical fungicides have long been the pillars of 
disease management (Kazempour, 2004). Several 
researchers have developed unique biocide 
approaches using essential oil compositions 
(Bowers and Locke, 2000). According to Stephens 
and Stebbins (1985), there are numerous methods 
in use and costly for farmers, such as disease 
prevention, which has been strengthened by the 
present overview of soilless potting media. In 

nurseries, using good quality seeds and pathogen-
free substrates are helpful techniques for reducing 
damping-off disease of fruit seedlings (Botelho 
et al., 2014). Platinum 701 F1 and Rajitha are 
resistant to damping-off disease, but Thilina and 
Money Maker are sensitive kinds. K.C. 01 appears 
to be mildly resistant to this disease (Komahan and 
Prasannath, 2017).

Chemical method

Chemical fungicides have been used for a long 
time because they provide quick and effective 
control most of the time, but they also pose 
environmental and health risks. Aktar et al. (2009) 
note that fungicides may pose risks to human 
health and the environment, and their effectiveness 
can diminish as crop plants develop resistance 
to diseases. Captan was suggested by Gupta and 
Kumari (2018) for papaya seed protection, while 
Posse (2005) reported that benomyl and the 
mixture (iprodione + benomyl) were effective in 
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the reduction of papaya damping-off. Campo et 
al. (2009) evaluated the ready-to-use details of 
the fungicides captan, tolylfluanid, thiabendazole, 
difeconazole, pencycuron, and fludioxonil and 
concluded that they were not harmful to papaya 
seeds and seedlings at the tested concentrations. 
The increased usage of synthetic information 
sources has a few negative implications, including 
the expansion of microorganism protection 
from applied professionals and their non-target 
environmental effects (Gerhardson, 2002). 
Because Pythium species develop resistance to 

Table 2. Dose of fungicides to control Pythium-induced damping-off in tomato

S.N. Common Name Trade Name
Rate of application 
g/kg seed

Reference

1 Thiram Thiram SD 75% WP 3 Zagade et al., 2012

2 Captan Captan 75% WP 3 Zagade et al., 2012

3 Carbendazim Bavistin 50% WP 3 Sharma et al., 2022

4 Metalaxyl Apron 35 SD 3 Lamichhane et al., 2017

5 Cyamoxanil Curzet 3 Zagade et al., 2012

6 Mancozeb Diathane M-45 2 Muthukumar et al., 2016

Biological method

Because of increased public concern about the 
health risks and polluting impacts of pesticides, 
biological management of soil-borne plant 
diseases has attracted great interest on a global 
scale (Ooijkaas et al., 1998). Biological control of 
a plant disease has long been thought to be the 
greatest disease management control measure. 
Biological management is essential in sustainable 
agriculture, particularly when soil-borne disease 
is present (Harman, 2007). As biocontrol agents, 
seed treatment with microorganisms such as 
Talaromyces variabilis, Trichoderma viride, and 
Pseudomonas aeruginosa has proven successful. 
Biocontrol measures offer a safe, sustainable, 
and eco-friendly approach to disease control. 
Trichoderma strains are important biocontrol 
agents because they are more stress tolerant than 
the plant pathogens against which they can be 
used for biological control in the field. Trichoderma 
has previously been used to successfully manage 
damping-off caused by Pythium species in various 

crops (Jayaraj et al., 2006). The use of the biological 
agent Trichoderma also resulted in a significant 
reduction in pre- and post-emergence disease 
incidence and a greater germination percentage, 
as well as higher dry root and shoot weight 
(Sharma et al., 2022). Trichoderma has a variety of 
properties, including growth promoter, which aids 
in raising plant height and dry weight, as well as 
a broad antifungal mechanism. Trichoderma spp. 
are hostile to other fungi (Papavizas, 1985) and are 
particularly strong bio-control agents of various 
soil-borne plant pathogenic fungi in greenhouse 
(Inbar et al., 1994) and field conditions (Sivan 
and Chet, 1993). Pseudomonas fluorescens and 
other bacterial species are commonly reported as 
effective in preventing damping-off (Martin and 
Loper, 1999). The main objective of the study is to 
evaluate the effectiveness of treating tomato seeds 
with biological agents against damping-off disease.

The various biological control organisms used 
in controlling damping off in tomato are listed in 
Table 3.

the fungicides, their use for disease control is 
discouraged (Whipps and Lumsden, 1991). In 
some species populations, resistance to fungicides 
such as metalaxyl, mefenoxam, and propamocarb 
has been observed (Garzón et al., 2011). Certain 
systemic fungicides are commonly believed to be 
at risk of resistance development if used frequently 
(Bardin et al., 2004). When the first signs appear, a 
0.1% bavistin drench can be applied to protect the 
nursery from damping-off (Sharma et al., 2022).

The doses of fungicides to control Pythium-
induced damping off is given in Table 2.
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Table 3. Biological control against Pythium spp.

Pathogens Host Biological Control References
Pythium aphanidermatum Cucumber Paenibacillus spp. with organic 

compounds; Streptomyces 
griseoviridis, Trichoderma spp., 
Gliocladium catenulatum

Bai et al., 2011

Pythium spp. Chilli Bacillus megaterium Arora et al., 2021
Pythium aphanidermatum Tomato Pseudomonas fluorescens Arora et al., 2021
Pythium aphanidermatum Tomato Trichoderma harzianum strain Jayaraj et al., 2006

Pythium ultimum Cucumber Different bacterial and fungal isolates
Carisse et al., 2003; 
Georgakopoulos et al., 
2002

Pythium ultimum and 
Rhizoctonia solani

Bedding 
plants

Gliocladium catenulatum Mcquilken et al., 2001

Rhizoctonia solani Tomato Streptomyces
Sabaratnam and Traquair, 
2002

Pythium spp. Tomato Trichoderma harzianum Sharma et al., 2022

P. graminicolum Tomato Trichoderma viride
Padmanaban and 
Alexander, 1984

Pythium Spp. Pea Trichoderma harzianum Lifshitz et al., 1986
Rhizoctonia solani and 
Fusarium solani

Tomato Olive mill wastewater and its 
indigenous bacteria

Yangui et al., 2008

Botanical method

Various botanicals are often proposed as 
alternative strategies for disease control. Several 
plant species have been found to have fungitoxic 
effects against a variety of diseases (Grayer and 
Harborne, 1994). Botanicals and bio-products 
are more environmentally friendly than chemical 
pesticides because they break down quickly in 
the presence of heat, light, and bacteria. Neem 
leaves, garlic cloves, and neem oil can be used 
to treat tomato seeds for damping-off disease. 

Due to increasing resistance to antifungal drugs 
and a scarcity of treatment options, we explored 
novel antifungal possibilities in aromatic plants and 
their essential oils. The antifungal activity can be 
attributed to components like carvacrol, cymene, 
thymol, pinene, and linalool, which are known for 
their antimicrobial activity against plant diseases 
(Cimanga et al., 2002).

The essential oils and their antifungal compounds 
for controlling Pythium-induced damping off is 
given in Table 4.
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Table 4. Essential oils and their antifungal compounds for controlling Pythium-induced damping off in tomato

Common name Scientific name Antimicrobial compounds References

Basil
Ocimum sativum Thymol Soliman and Badeaa, 

2002Ocimum basilicum Thymol

Celery Apium graveolens
Angelicin, bergaplant, columbianctin, 
xanthotoxin

Afek et al., 1995

Clove Syzygium aromatium Eugenol Paranagama, 1991

Datura Datura metel
Enzyme, peroxidase, β-1,3-glucanase, 
and chitinase

Devaiah et al., 2009

Eucalyptus Eucalyptus citriodora Essential oil Pattnaik et al., 1996
Himalayan 
May Apple

Podophyllum hexandrum
4′-O-demethyldehdropodophllotoxinand 
picropodophllone

Atta-ur-Rahman 
et al., 1995

Long Pepper Piper longum
Eugenol, piperine, piper longumine 
and piperettine

Lee et al., 2009

Lemon 
Eucalyptus

Eucalyptus citriodora Citronellal, isopulegol Chuang et al., 2007

However, some research has been conducted in 
suppressing a wide range of seed-borne pathogens 
by diverse botanicals, and little research has been 
done at the field level to examine the effectiveness of 
botanicals against soil-borne diseases. Antibacterial 
activity of neem extract has been demonstrated 
against clinical bacteria such as Pseudomonas 
aeruginosa, Escherichia coli, and Staphylococcus 
aureus, as well as phytopathogenic bacteria and 
fungi such as Xanthomonas vesicatoria, Ralstonia 
solanacearum, Pythium aphanidermatum, 
Alternaria alternata, and Bipolaris soro (Sukanya et 

al., 2009; Al-Hazmi, 2013). Treatment with Lantana 
camara and neem cake extract resulted in the 
greatest control of pre-emergence rot in the case of 
pre- and post-emergence damping-off of tomatoes 
under field conditions (Hooda et al., 2011). The 
essential oils of peppermint, caraway, and thyme 
demonstrated the most antifungal efficacy against 
the identical species studied, Rhizoctonia solani 
(Helal, 2017).

Botanicals, their parts used, and fungal inhibition 
percent are given in Table 5.

Table 5. Botanicals, their parts used and mycelium inhibition percent of Pythium spp.

Botanical Control Part used Inhibition percent (%) on growth References

Garlic Clove 100 Begum et al., 2015

Adulsa Leaf 75 Gholve et al., 2014

Datura Leaf 60 Gholve et al., 2014
Neem Extract Leaf and oil 32 Sharma et al., 2022
Pepper mint Leaf 100 Helal, 2017

Bio-products are livestock waste materials such 
as cow dung, urine, and so on. Cow urine inhibits 
the vegetative growth of R. stolonifer, Sclerotium 
rolfsii, and F. oxysporum. Several researchers have 
discovered that cow urine has inhibitory action 
against fungal infections (Basak et al., 2002). 
Fresh and dry leaf mass, fresh and dry stem mass, 
stem length, fresh root mass, fresh head mass, 

and commercial yield are all increased by cow 
urine. Cow urine is a more sustainable alternative 
to costly synthetic chemicals and can be used as 
a bio-pesticide (Sharma et al., 2022). Many other 
researchers have looked into the impact of utilizing 
compost to manage soil-borne disease, with some 
claiming success in decreasing Pythium species 
(Chen et al., 1988; Ben-Yephet and Nelson 1999).



11

Integrated management 

Under field conditions, seed treatment, seedbed 
treatment, and the addition of T. viride and T. 
harzianum to farmyard manure may give a better 
damping-off solution for cauliflower, as well 
as boost seedling vegetative development and 
health (Lawrence et al., 2012). To fight damping-
off diseases, chemical seed treatments are still 
frequently employed in agriculture (Babadoost and 
Islam, 2003; Bradley, 2007; Howell, 2007; Dorrance 
et al., 2009; Kandel et al., 2016). T. harzianum 
consortium seed treatment reduced damping-off 
incidence while enhancing shoot length, chlorophyll 
content, and yield (Kipngeno et al., 2015).

Resistance and cultural management methods 
are crucial strategies for organic growers in 
dealing with disease challenges (Fernandez-
Cornejo et al., 1998; Koike et al., 2000; Sullivan, 
2004). As a management strategy, resistant and/or 
tolerant plant cultivars that have reduced disease 
populations or can withstand pathogen damage 
can be used. Platinum 701 F1 and Rajitha were 
discovered to be resistant to damping-off disease, 
whilst Thilina and Money Maker were discovered to 
be sensitive. K.C. 01 appears to be mildly resistant 
to this disease (Komahan and Prasannath, 2017). 
Since most Pythium species thrive in moist 
conditions, controlling irrigation to avoid excessive 
soil moisture is a straightforward strategy to 
reduce damping-off (Rao et al., 1978; Gaskell et al., 
2000). Organic manure is extremely significant in 
damping-off control since it not only gives nutrients 
and organic matter to the soil, but also enhances 
microbial population, biodiversity, and activity 
while also changing soil structure and physical, 
chemical, and biological properties (Subedi et al., 
2022). One of the most significant techniques 
for preventing damping-off and root diseases is 
fertilization. Higher vigor and faster emergence 
may be attained with sufficient nitrogen availability 
in the soil, reducing the time pathogens can infect 
seeds and seedlings during the autotrophic stage. 
Fertilizer treatment has previously been shown to 
promote seed germination and seedling emergence 
(Cook et al., 2000). Fertilizers put directly under 
or slightly to one side of the seed at the time of 

planting or sowing promote seed germination and 
emergence since relatively immobile minerals like 
phosphorus are not easily available for plants, 
especially those with few or no lateral roots.

Conclusion

Damping-off caused by Pythium spp. is a 
destructive tomato disease. The high economic 
value of disease prevention and the growing 
interest in finding long-term solutions to this 
problem suggest that opportunities to develop 
IPM strategies exist. This will necessitate a 
better understanding of the ecology, genetics, 
and pathogenicity of disease-causing microbes. 
The management of damping-off appears to be 
more difficult than one might expect. Given that 
several pathogenic organisms interact and cause 
damping-off, it is critical to have prior knowledge 
of the interaction in question, as even a very low 
population density of soil-borne pathogens can 
lead to severe epidemic development. As a result, 
preventing or controlling one pathogen may not 
solve the interaction problem. There is an urgent 
need for a better understanding of the interactions 
between plants, the environment, and naturally 
resident microbial agents or communities under 
the influence of cropping practices. 
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