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Chapter-1

INTRODUCTION

Tomato Golanum lycopersicurh.) is one of the most important and remunerative
vegetable crop all over the world, known as protectood because of its nutritive value and
availability round the year. It belongs to familgl&iaceae having chromosome number 2n
=24. It is originated in Mexican and Peruvian regidt is considered as the second most

significant vegetable crops in the world next téagpo (Mohamedbt al, 2010).

Tomato provides taste palatability as well as iases appetite. Large quantity of
tomato is used to produce soup, juice, ketchupegupaste, pickles and powder. From the
nutritional point of view, calorific value of tomatanges from 20 to 40 calories per 100g. It
is an excellent source of antioxidants includingmwiins C, E, and K, lycopene, betacarotene,
flavonoids and lutein (Doraist al.,2008) and contains high amounts of trace elemékds |
Mn, Zn, Fe, and Cu (Ahmeet al, 2011). The ripe fruits have 94.5 per cent waied, per
cent carbohydrate,1 per cent protein, 0.1 per senéral matter (0.02% phosphorus, 0.01%
calcium, 0.0001% magnesium) and 0.1 per cent fat{§ 2014).

Worldwide production of tomatoes reached 183.9iamltonnes in 2016 over an area
of 7.6 million hectares (FAO, 2018). China is th@jon producer of tomato followed by
India, USA, Turkey and Egypt (FAO, 2017). India kansecond in area as well as in
production of tomato with about 7.97 lakh ha aréih whe production of 20.7 million tonnes
(NHB, 2017). Madhya Pradesh is the leading stateovied by Andhra Pradesh and
Maharashtra in terms of area under tomato cromdia| however, in Himachal Pradesh, the
annual production is 5.02 lakh tonnes from an aferl070 ha (Department of Agriculture,
2019).

Tomato is generally grown as winter crop in plashdndia but in Himachal Pradesh,
it is cultivated as an off-season crop during AmilOctober. It is prone to attack by various
fungal, bacterial, viral and nematode diseases lwhiay be seed borne, soil borne, wind
borne or vector borne. Among soil borne diseasesnpihg-off, which may be pre-
emergence or post-emergence, is serious at nustagg. It is responsible not only for the

poor seed germination but also for carryover ofghthogens to the field where transplanting



is done for raising the crop. Infected seedlings/jale an ideal avenue for rapid and efficient
spread of disease caused by soil and seed boimegeats (Shyam, 1991).

In tomato nurseries, damping-off is mainly caused Hythium aphanidermatum
(Edson) Fitz. (Singh, 1985; Srivastava and Tiwa003) andRhizoctonia solaniKuhn
(Katanet al, 1980; Khareet al, 2000). Singh (1987) reported the associatiodifférent
fungi like Pythium, Phytophthora, Fusarium, Rhizoctonia, Suieam, Phomopsis,

Colletotrichumetc. with damping-off in vegetable nurseries.

Prasadet al (2017) reported soil borne fungal pathogens sasPythium spp.,
Rhizoctonia solanand Sclerotium rolfsiinfecting the tomato crop and causing damping-off
disease. Species blisarium Rhizoctoniaand Sclerotiniafungi persist in soil because they
produce resistant survival structures such as nzadrhyphae, chlamydospores and sclerotia
which make it hard to control.

Damping-off of tomato can be managed successfyllyding cultural and biological
methods. Among various cultural methods, soil s$oddion is most important. It is carried
out by moist soil with polythene sheet during summenths for 4-6 weeks (Kataat al.,
1976). Rajet al (1997) first flood irrigated nursery bed soil atien covered with
transparent polythene sheet (25 pm) for 40 daysiwtgsulted in killing oPythiumspp. and
Fusariumspp. up to 30 cm soil depth. This lowered the ieoak of pre-emergence damping-
off and gave better seedling vigour. Higher tempegeaduring soil solarization resulted
either in killing of propagules or it inactivatetet pathogen by various other mechanisms
(Katan, 1981; Negi and Raj, 2013).

Antagonists of fungal or bacterial origin have betidied well for the management
of plant diseased.richodermais commonly found in soil and decaying organic erats a
saprophytic fungus. Species dftichodermahave been extensively tested and used as
biocontrol agent against wider range of plant pgéms viz., Rhizoctonia, Fusarium,
Sclerotium, Macrophomina, Sclerotinia, Pythispp. etc. (Papavizas, 1985; Chet, 1987;
Hornby, 1990; Deacon, 1991). Similarly, useBrassicaplants as biofumigant, application
of biocontrol agents likeTrichodermaand Pseudomonasvere found best in reducing
damping-off incidence in tomato nursery (Thakur dnigathi, 2015).



Environmental concern for management of soil-bgpaghogens has lead to more
interest in searching eco-friendly alternativestuxa products isolated from plants causes
minimal environmental impact and danger to conssnercontrast to synthetic pesticides
(Varma and Dubey, 1999). The use of plant extrhats been shown to be ecofriendly and
effective against many plant pathogens (Saadalbg;2Gachomo and Kotchoni, 2008;
Thobhunluepop, 2009; Duru and Onyedineke, 2010)stnaf these substances were

evaluated in order to find a safe alternative adntrethods to human and environment.

Induced host resistance has also emerged as antanptol for disease management
with minimal negative impact on the environmentclstret al. (1997) reported that induced
systemic resistance or systemic acquired resistdBee or SAR) offers a viable alternative
for eco - friendly management of plant diseasesudtion of systemic or localized resistance
(ILR) has been successfully attempted in seversishagainst different pathogens. Kessmann
et al. (1994) and Hammerschmidt and Kuc (1995) reported itiduced resistance can be
triggered by certain chemicals, non-pathogens,tgeswth promoting rhizobacteria (PGPR)

and avirulent forms of pathogens.

Keeping in view, the importance of the crop and themage caused by the

pathogen(s), the present studies were envisagedheétfollowing objectives:

Objectives:

1) To isolate and identify the associated pathogen(s)

2) To evaluate the efficacy of biological contragents, botanicals and resistance
inducing chemicals against the pathogen

3) To devise suitable integrated disease manadesttegies against the disease by
using solil solarization and different combinatiafi$io control agents, botanicals and

resistance inducing chemicals



Chapter-2

REVIEW OF LITERATURE

The pertinent literature on various aspects of dagipff of tomato has been

reviewed under the following headings:

2.1 Geographical distribution
2.2 Symptomatology

2.3 Causal organism

2.4 Morphological characters
2.5 Pathogenicity

2.6 Disease management

2.1 GEOGRAPHICAL DISTRIBUTION

Damping-off of tomato is a widely distributed diseathroughout the world. This
disease in nurseries have been reported from Biméps (Ramos, 1926), Kent, Britain
(Salmon and Ware, 1931) and Ohio, USA (Alexareteal., 1931), Nelspruit, South Africa
(Wager, 1933), Germany (Chamberlain and Brien, 1 9Bgypt (Matta, 1971) and Cameroon
(Fontem, 1993).

In India, Pythium aphanidermatuncausing damping-off was found to occur in a
parasitic form on chilli seedlings (McRae, 1928ndgh and Shrivastava (1953) found that
damping-off caused heavy damage to tomato seediinggeenhouses and open fields at
Kanpur and reported it as a serious problem intéh@ato nurseries. Whipps and Lumsden
(1991) reported that pre- and post-emergence dapgdirdisease caused Bythiumspp. in
vegetable crops is economically very important dwrtle. Similarly, Moulinet al (1994)
observed that damping-off is a serious problemplant producers and has caused severe

economic losses in commercial greenhouse veggbatdiiction.

Among the various diseases in vegetab&derotium rolfsii, Fusarium oxysporum
and Rhizoctonia solancausing damping-off has been reported as the ntajostraints of
vegetable cultivation in our country (Singh, 198fs et al, 2000). In tomato nurseries,
damping-off is mainly caused biythium aphanidermatunEdson) Fitz. (Singh, 1985;

Srivastava and Tiwari, 2003) amthizoctonia solanKuhn (Katanet al, 1980; Khareet al.,



2000). The genu#ythium includes a number of readily recognized species witde
distributions and host ranges (Singh, 1985; Sraxastand Tiwari, 2003) reported the
association of different fungi likePythium, Phytophthora, Fusarium, Rhizoctonia,
Sclerotium, Phomopsis, Colletotrichwatt. with damping-off in vegetable nurseries. laeia
al. (1997) also reported the association of variousispeofFusarium, Verticillium, Pythium
andRhizoctoniaresponsible for the soil borne fungal diseaseg, afiflora and damping-off

of seedlings.

Rhizoctonia solanfteleomorphThanatephorus cucumeyican affect germination
and emergence in tomatoes and causes basal re¢difrggs (Riverat al, 2004). Jiskanet
al. (2007) observed thaR. solani Kuhn was isolated with highest frequency (60.0%)
followed by F. oxysporunt.sp. lycopersicifrom root portion of infected tomato seedlings
while the fungi with lowest frequency welkdacrophomina phaseolina, Alternaria solaamd
Verticillium albo-atrum.Siddiquiet al.(2016) reported th&usarium oxysporum, Sclerotium
rolfsii and Macrophomina phaseolinare more common fungal pathogens among hundreds

of soil-borne microorganisms which cause diseasedarge number of plant species.

2.2 SYMPTOMATOLOGY

Symptoms of the disease appear in two phases pre-emergence and post-
emergence. Pre-emergence damping-off causes see@d®ang seedlings to rot before they
emerge from the growing medium and results in patgiowth while ‘post-emergence’
damping-off kills newly emerged seedlings by cagsinwater-soaked, soft brown lesion at
the stem base, near the soll line, that pinchethefstem causing the seedling to topple over
and die.In the first case, seeds become soft, rotten, aihdof germinate. In the second case,
stems of germinating seeds are affected with chenatic water-soaked lesions formed at or
below the solil line(Cram, 2003; Landis, 2013). Post-emergence dampihgymptoms
occur when seedlingdecay, wilt and die after emergence. Seedling steansbecome thin
and tough (commonly known as “wirestem”), whicheoftleads to reduced seedling vigor.
These symptoms can also be accompanied by leafirgp@nd a complete root rot may
occur. Overall, the symptoms on the stem of thallsegs include water-soaked, sunken
lesion at or slightly below the ground level andnetime also belowground line (i.e., on the
roots) causing the plant to fall over (Wright, 19&4der and Peterson, 1975).



Anwar (1989) described diseases of seedlings ssdtamping-off, seedling blight,
seed rot and hypocotyl rot. It is the complex spnu including pre-germination decay of
seed, post-emergence damping-off and seedling ratoDifferent types of symptoms are
associated with damping-off that bring about thatkeof at least some seedlings in any
particular population. Symptoms start with rounatspon seedlings and then having stem
abrasions at surface level. Seedling vigor is redumecause stems may additionally grow to
be skinny and hard. Occasionally, leaf spottingbagzanies further symptoms, as ensured by
a grey mildew boom on leaves and stems (Cletna., 1997). Mary (1998) reported that
damping-off is caused by several different orgasiemd described symptoms of damping-
off of the stems and roots of seedlings were bkauk rotted. Often entire root system was
soft and the outer root sloughs off and stems ofiestie or become water soaked and soft
causing damping-off.

In symptoms of damping-off caused Bhizoctonia solaniplants become stunted
with typical discoloration at roots in early staged form small lesions on roots near to soil
level. The spots coalesce together and form largasa In severe infection, the entire root
was found rotted and plants were dried (Jiskatnal., 2007). In mature plant$ythium
causes crown and root rot, where plants suddertywhien weather turns warm and sunny
and when plants have their first heavy fruit lobdthe root system, initial symptoms appear
as brown to dark-brown. Radical and plumule of ypuweedlings undergo decay before
emerging out of soil line and a water soaked zozar the soil surface is observed in soft
succulent seedlings. They soon become necroticsanken which later topple down often
before wilting Crous,2002; Akhtaret al, 2012;Horst,2013).

2.3 CAUSAL ORGANISM

The damping- off disease of seedlings was firstetimvestigated in Germany by
Atkinson (1895) andythiumspp. were considered as causal organism. The ganbgimis
cosmopolitan in its distribution with wide host gen The most of the species are soll
dwellers and are found in aquatic habitats. Thoogtinarily they are saprophytes in nature.
Many become destructive pathogen inciting variepgetyf diseases viz. damping-off of
seedlings, seed rots, seedling blight, root raiBacrot and fruit rot, etc. both in the field and
under storages during favourable weather conditiboarteen species &ythiumhave been

found to be associated with vegetable and fruipsi®Vvaterhouse, 1967).



Seed rot and damping-off of seedlings are inciteniy by P. aphanidermatum
(Edson) Fitz.,P. adhaerensSparrow,P. acanthicunDrechsler,P. angustatunSparrow,P.
irregulare Buisman,P. daroecandrunbrechslerP. rostratumButler, P. splenden8raun,P.
vexonsde Barry, P. ultimum Trow (Hooker, 1953). Edson (1915) also descrilded
aphanidermatunas the causal organism of damping-off of sugarsb@atta vulgarisL.) as
well as radishRaphanus sativjisn Wisconsin, USA. He was the earliest workerreport
the causal organism of tomato seedlingsPgthium spp. Later on, Humbert (1918) and
Berkley (1925) as well as Weber and Ramsay (199&)rtedP. debaryanunto be the causal
organism of damping-off in tomatoes. From India, y&y (1929) reported thaP.
aphanidermatunisolated fromOpuntia delleniican cause the blight in tomato seedlings.
Similarly, Alexanderet al. (1931) reportedP. ultimumto cause severe damping-off of
seedlings.

Damping-off caused blfusarium oxysporuis one of the most prevalent diseases of
tomato (Rieset al., 2005; Sudhamot al., 2009). The pathogen occurs throughout most
tomato growing areas worldwide causing a vasculiétr that can severely affect the crop
(Moretti et al, 2008) and the disease is considered as oneeaitin soil borne systemic
diseases (Schwarz and Grosch, 2003). SimilarlyM&tamedyet al (2014) reported that
tomato plants are also infected by several soik®dungal pathogens likEusariumspnp,
Rhizoctonia solanand Sclerotium rolfsiiwhich cause serious diseases such as wilting and
rotting of the roots, the very thing that finalhgduces crop yield and quality. The occurrence
of Fusariumis one of the problems that are the most limitimghe growth of seedlings in
nurseries. This cosmopolitan pathogen is a natikabitant of soil and is difficult to control.
Rhizoctonia solanis an active mycelium in the soil and attacks ntben 2000 species of
plants. This fungus also causes considerable lodgesto damping-off disease annually
(Dawar et al., 2007). With a wide host rang&hizoctoniacan cause a variety of diseases
including stem rot, root rot, damping-off in seads and aerial blight of leaves. This
pathogen can be found across all areas of the igodrite severity of infection can vary from
high to low resulting in major yield losses (frorb B 100%).R. solaniprimarily attacks
seeds of plants below the soil surface, but camiafect pods, roots, leaves, and stems. The
most common symptom dhizoctoniais "damping off", or the failure of infected sedds
germinate. It may invade the seed before it hasnigated to cause this pre-emergence

damping-off, or it can kill very young seedlingsoscafter they emerge from the soil. Seeds



that do germinate before being killed by the fungase reddish-brown lesions and cankers

on stems and roots.

Sclerotium rolfsiiis a widespread phytopathogenic fungus affectitegge number of
agricultural plant§Bateman and Beer, 1965). Tomato plants are higidgeptible to it. It is
a soil-borne pathogen that attacks over 500 difteptant species. The fungus infects the
lower stem near the soil surface and for some glaht roots may be infected. Similarly,
stem and root rot disease of tomatoes causetl byifsii,are serious diseases as they greatly
reduce the yield of the crop. This pathogen is gpny@oblem in tomato crops in the warm,
moist tropical regions of the world (Aycock, 1966ausing damping-off of nursery seedlings
as well as stem rot, wilting and blight in adulamis (Flores-Moctezumet al, 2006) with
consistent loss of production (De Cusisal, 2010).lt was first observed by Peter Henry
Rolfs in the year 1892 on tomato plants withper cent lossg®wivedi and Prasad,
2016).

2.4 MORPHOLOGICAL CHARACTERS

2.4.1 Pythium ultimum

The mycelium ofPythium consists of slender, coenocytic, hyaline hyphaeckwhi
survive in the soil saprobically on dead organidtereor parasitically on the young seedlings
of many susceptible species of different host.dsthissues, the hyphae are both intercellular
and intracellular, no huastaria are produced. Togasmgia of the organism constituting the
asexual stages are globose to oval and one eithexinal or intercalary on the somatic
hyphae and germinate by producing generally zoesp@ermination is either by zoospores
or rarely by germ tubes, production of zoosporexgded by the formation of bubbles like
vesicles at the tip of a tube that issues fromsgimangium. The sporangial protoplasts flows
into the vesicle through the tube and differendiatof zoospores takes place in the vesicle
which are later on liberated. Zoospores come tg mxgyst and germinate by germ tubes.
Polyplanetism, however, has been reported in soerabars of the genus and zoospores of
some species show a positive chemotoxic towards rtawd of their host. InP.
aphanidermatunthere is evidence that specific sugar residuesnamved in recognition of

root surface by zoospores (Longman and Callow, 1987



2.4.2 Fusarium oxysporum

The colony colour oFusariumvaries from white to pink. The hyphae are septate a
branchedFusariumspecies features three types of conidia: microéanimacroconidia and
chlamydospores. The micro and macroconidia are ddrnexternally on hypha-like
conidiophore, which categorizésisariumas a Hyphomycete. Chlamydospores are formed
from normal hypha which undergoes increased groaviti thickening of their cell wall.
Kelaniyangodaet al. (2011) reported white to pink colour colony of tlkelture and
macroconidia which were hyaline and sickle shapEdrniah et al. (2014) reported
morphological characters &t oxysporunas, colony with white cottony aerial mycelium and
purple on the reverse side with 4-5 cm diametér ddys incubation on potato dextrose agar
medium. Conidia were grown from short phialid wighfalse head. Macroconida were
straight fusiform, pedicellate basal cell, 27-48-4.5 um in size, 3-5 septate. Microconidia
were abundant, ellipsoid or fusiform without or lwit-2 septa, 5-15 x 2.2-3;fn in size.

Chlamydospore was formed terminally or intercallaiggle or in pairs.

2.4.3 Rhizoctonia solani

It was originally described by Julius Kihn whicloleted it from potato in 185&.
solaniis a soil-borne Basidiomycete occurring world-wigéth complex biology (Carling
and Sumner, 1992). Because of the lack of conidd the scarcity of the sexual spores,
R.solaniexists as vegetative hyphae and sclerotia in natutas representative of order
"Agonomycetales which is often referred to as tWgcelia sterilia'. It has light brown
vegetative, septate hyphae of 5-14 um wide andleetith over 100 um. The branching
occurs almost at right angles to the hyphal calhnBhed hyphae have a constriction at the
point of branching. Fungus also produces sclentich are barrel shaped, comparatively
smaller cells in groups, which are more than twasewide as the vegetative cells ranging
from 10-20 um in length. The individual sclerotiusnless than 2 um in diameter, rounded
and light brown coloured. Colonies are fast growingtially dull white in colour and

become brown coloured later on (Kodaru, 1998).

2.4.4 Sclerotium rolfsii

The basidial stage of this fungus falls in the sgggeofAthelia Initially, the mycelium
of the fungus in pure culture is first silky whibeit gradually it loses its luster and becomes
somewhat dull in appearance. The hyphae are hyalwe walled, sparsely septate when



young. The cells are 60- 350 um long and 2-8 pmewmBroader hyphae show clamp
connections, which are absent in thin hyphae. 8itdrinitials are formed from hyphal
strands that consist of 3-12 hyphae lying paraflespherical shape is soon assumed even if
it is only a loose mass of hyphae. With furtherdm&ning, differentiation takes place and the
sclerotium shows the outer layer of polyhedral scallirrounding the compacted hyphae.
Mature sclerotia are dark brown but variation froghter brown to darker colour may be
found. These are small about the size of radisk,segd and usually round (Gupta and
Thind, 2006).

The white mycelial growth forms over the infected tissua often radiates over the
soil surface. The fungus does not produce aseyaaés and perpetuates as sclerotia on plant
debris and in soil (Cilliergt al, 2000). If the plants lodge and heads touch tike seed
infection is possible; otherwise seed transmisssonegligible (Lakshmidevet al., 1991).
Sclerotia disseminate by cultural practices (irddcsoil and contaminated tools), water
(through irrigation), wind and contaminated sedlde wide host range, prolific growth and
ability to produce persistent sclerotia contribidehe large economic losses associated with
this pathogen (Kokubt al.,2007).

2.5 PATHOGENICITY

Fungi like Pythium, Rhizoctonia, Sclerotiuamd Fusariumcan cause serious diseases
on greenhouse vegetable crops resulting in sigmficrop losses. Their infection leads to

damping-off in seedlings and crown and root rotature plants.

Pythiumis a common soil borne pathogen that attacks wsedlings (Reddst al,
2006). Pythium species are fungal-like organisms (Oomycetes), contynreferred to as
water molds, which naturally exist in soil and wass saprophytes, feeding on organic
matter. Sparrow (1932) gave the methods of condgigtathogenicity tests of various species
of Pythium includingP. dictyosporum, P. angustatuandP. adhaerensnd out of these.
adhaerengvas found highly virulent and also affected ripée gneen tomato fruits. Similarly,
Middleton (1943) reported that 10 different spea¢$ythiumwere found to infect more
than 80 species of higher plants. Sowmini Rajagop&l961) conducted pathogenicity tests
with 15 species oPythiumon 12 different hosts and found that tomato andliclere
infected by a number of isolates and 75 to 80 pat damping-off was noticed when the soil

was infected withlP. aphanidermatum.
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Tripathi and Grover (1976) found that all the thtgees of inoculunviz., zoospore
suspension, oatmeal: sand and homogenized mycelam almost equally effective in
causing damping-off in tomato. They further repodrtdhat post-emergence damping-off
increased with increase in zoospore concentratighile increase in oat meal: sand
concentration lead to increase in pre-emergencegigroff. Chamswrang and Cook (1985)
proved the pathogenicity of ten differeRiythium spp. includingPythium ultimumusing

medium containing cornmeal (5g), sand (485g) an@m@20 ml)

Pathogenicity test dRhizoctonia solamvas conducted by artificially inoculating the
steam sterilized soil. The maximum number of irddgblants emerged from the infested soil
after 30 days of sowing as compared to 15 daysowfirg (Jiskaniet al, 2007). Five
pathogens viz. Fusarium solani, Rhizoctonia solani, Sclerotium fs] Pythium
aphanidermatum and Phytophthora megaspemase inoculated to soil for pathogenicity
test in cole crops seedlings and fouhdaphanidermatunto be the most destructive as it
caused more than 75 per cent seedlings death bagabbroccoli, knol-khol and cauliflower.
Ismael and Mahmood (20163olated Fusarium oxysporun{Schlecht),F. solani (Mart.)
Sacc.,F. acuminatum(EIll. and Ev.),F. equiseti(Corda) Sacc.FF. compactumRhizoctonia
solani (Kuhn), Macrophomina phaseolina(Tassi), Phoma lycopersici (Kleb), and
Cephalosporiunmsp. from the infected tomato plants and proved quhicity on tomato
seeds (cv. Super Queerusarium oxysporumnand R. solanishowed the highest level of

seedling damping-off, with largest effect on desneg the quality of seedling's vigor.

2.6 MANAGEMENT

Damping-off of tomato can be managed successfyllyding cultural, biological and

chemical methods.

2.6.1 Cultural methods

Cultural control involves practices and farminghieiques that will help to increase
the quality and quantity of the yield and also m@&the influence of pests and diseases. It
involves manipulation of the environment in non-tmacal ways to control plants pests and
diseases. It includes altering farming practicesiéike the environment unfavourable for the
growth of disease pathogens and pests (Islam, 280d9ng various cultural methods, soil
solarization is the most important. It is a phybsidsinfestation method of disease control

which aims to eradicate or reduce the soil borrqugens prior to sowing (Kataet al,
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1976). Soil solarization is a non-chemical approactsoil disinfestation and one of the most
promising methods to control soil-borne pathogdins performed by placing polyethylene
sheets over soil surface after sufficient irrigati®Goil-borne pathogens, pests and weeds
become inactivated by high temperature and excessoisture during the hot season in July
and August (Al Karaghouli and Al-Kayssi, 2001). léndsuitable climatic conditions,

solarization can successfully control a wide raofgoil-borne diseases and pests.

Chaubeet al. (2002) reported that the polyethylene mulching eased daily soil
temperature by 10 tol5°C, while Mathat al (2002) recorded an increase of 15°C in
solarized soils than that at the non-mulched sarfaloen solarization was done for 20 days
in the month of June. Akhtagt al (2012) carried out a study regarding impact af so
solarization on some solanaceous crops nurseryepuited eight weeks of solarization had
better results in all the treatments compared teerodurations of solarization. Higher
temperature during soil solarization resulted eitheilling of propagules or inactivating the
pathogen by various other mechanisms (Negi andZ2®4aj3). Soil solarization carried out as
transparent polyethylene plastic placed on moisdswming the hot summer months increases
soil temperatures to levels lethal to many soilAegoplant pathogens, weeds and nematodes
(Abd El Kareemet al, 2004; Culmaret al, 2006; Farrag and Fotouh, 2010; Saied-Nehal,
2011).

2.6.2 Biological control

Bio-control is widely practiced as an alternativisedise management strategy to
conventional fungicides especially when the latiee not effective or cause secondary
problems such as seed phytotoxicity from fungicigBsrns and Benson, 2000). Thus,
application of biocontrol agents/formulations is snmportant substitute to conventional
fungicides with lower negative impacts. In recemicades, several microbial biocontrol
agents have been reported for suppression of eailelpathogens.

Species offrichodermahave been extensively tested and used as bioccayeoit
against a wide range of plant pathogewz., Rhizoctonia. Fusarium, Sclerotium.
Macrophomina, Sclerotinia, Pythiuspp.etc (Papavizas, 1985; Chet, 1987; Hornby, 1990;
Deacon, 1991).

The efficacy ofGliocladium virensand Trichoderma longibrachiatunas bioagents

are economically important for soil-borne pathogems. R. solani, S. rolfsiiand P.
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aphanidermatumThe antagonistic potential of seven bioagefs Trichoderma viride, T.
harzianum, T. koningii, T. hamatum, Gliocladiumewis, Bacilius subtilisnd Pseudomonas
fluorescensgainstP. ultimumTrow. was evaluateoh vitro by dual culture technique (Stack
et al, 1986). Dast al. (2000) evaluated. harzianum, T. virideand T. koningii in vitro
againstS rolfsii, causing collar rot of tomato afd harzianumwvas found the most effective
biocontrol agent in inhibiting the mycelial grow61.5%) and sclerotial production in dual
cultures. El-Abbaset al (2003) reported thafrichoderma harzianummhibited Pythiumby
62.4 per centSclerotium rolfsiiby 54.3 per centylacrophomina phaseolinly 36.7 per cent
andRhizoctonia solanby 36.0 per cent. Similan vitro efficacy of Trichodermaspp. against
soil borne pathogens was reported by Kapoor (2@08) observed that maximum inhibition
of mycelial growth ofRhizoctonia solani, Pythium debaryanum, Sclerotiroéfsii and

Fusarium oxysporurh sp.pisi was shown by. harzianum.

Rajput et al (2010) evaluated fungalT{ichoderma harzianumT. viride) and
bacterial Pseudomonas fluoresceanad Bacillus subtili antagonists against chickpea wilt
complex pathogenwiz., Fusarium oxysporunf. sp. ciceri, Rhizoctonia bataticolaand
Sclerotium rolfsiiand found thal. harzianungave the maximum inhibition of radial growth
of F. oxysporunt. sp.ciceri (65.23%),R. bataticola(89.67%) and. rolfsii (86.00%) under
dual culture tests. Kavitha and Nelson (2013) regabrthe antagonistic activity of
Trichodermaspp. isolated from rhizosphere soil of sunflowerevgin Trichoderma viride
showed maximum growth inhibition of 72.20 per cemainstF. oxysporumwhereas,
Trichoderma koningieffectively inhibitedP. debaryanun{57.42%) in dual culture method.
Theradimani et al. (2018) evaluated yeasfTrichoderma viride T. harzianum and
Pseudomonaspp. collected from tomato growing areas of Tamaldl, India againsF.
oxysporunf. sp.lycopersici(FOL) using a dual culture technique. Yeast 1 veamfl the best
in inhibiting mycelial growth of FOL (69.59%) foleed byTrichoderma viridel (68.50%).

Decurtiset al. (2010) studied the efficacy of bacterial isolatgaiastS. rolfsiiandR.
solani causing damping-off of tomato. Among the 43 baatasolatesBurkolderia cepacia
and Pseudomonasp. were the most effective antagonistsvitro againstS. rolfsiiand R.
solani. These bacterial isolates were further testedivo for their effect on disease aiil
cepaciasignificantly inhibited damping-off caus&l rolfsii reducing the disease index by 81
per cent compared to the untreated control (pathadene), whereas it did not yield a
significant disease reduction agaif&t solani. Pseudomonap. was ineffective again§.
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rolfsii, whereas, it significantly reduced the incidende Ry solaniby 47.45 per cent

compared to the untreated control.

Biological control has become a promising and egicklly friendly alternative to
chemical control in the management of soil-bornanpldiseases and several biological
control agents have been introduced as potentia-fusigicides. Dinakaran and
Ramakrishnan (1996) conducted studies on the damittomato damping-off withl. viride
and reported that seed treatment Wittviride (4g/kg) significantly reduced disease incidence
and increased seedling emergence of tomato. Seaiinient with the conidial suspension of
T. harzianum, T. virideandGliocladium virensvas also found effective in protecting tomato
seedlings from damping-off (Hazarikaet al, 2000). Soil application oF.
viride andPseudomonas fluoresceresfectively controlled the pre-emergence and post-
emergence damping-off of tomato caused Pbyaphanidermatumander pot -culture
experiments. Talc based formulation of antagorsgisificantly reduced the soil population
of Pythiumand increased the shoot length, root length agdraatter production of tomato

seedlings.

Bio-priming of seeds with fungal antagonistviride andT. harzianumand bacterial
antagonisP. fluorescensignificantly improved the germination behaviortomato seeds as
compared to untreated controBacillus pumilus INR7, Trichoderma harzianumand
Rhizophagus intraradicesvere used individually or in combination agair®hizoctonia
solani root rot disease of common bean. Treatments congaB. pumilusINR7 were the
best treatments for suppression of the diseadeeisitnultaneous application method, where
B. pumilusINR7 + T. harzianumreduced the disease up to 54 per cent, howeveaen
inoculation methodT. harzianumalone was the only treatment that reduced diseassity
up to 49 per cent compared to the control (Husseat, 2018).

2.6.3 Plant extracts

Plant extract is decoction of different herbal, momdl, aromatic and poisonous
plants. The toxic substances in decoction readt Wibchemical and metabolic reagents of
microorganisms after application and this toxicchiemical can be achieved by extraction
processes such as like crushing, filtration, pcaifion and maintaining the optimum
concentration of such compounds. A number of madigplants found in India have been
successfully used both for the therapeutic as agetiurative purposes (Chopraal.,1965)
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Earlier reports suggest suppressive propertiedaoit pils like those from cinnamon
(Cinnamomum zealanicynchaulmoograHydnocarpus kurzjj karanja Pongamia glabrg
neem Azadirachta indica mohua Madhuca indicgand citronella Cymbopogon nardjs
against soil borne pathogens liklacrophomina phaseolina, S. roljsii, S. hydrophyl|uR.
oryzae sativandF. oxysporun{Mukherjee, 1979).

The Plant extracts have assumed special signifcamt¢he present day strategy of
developing ecologically safe method of plant diseamnagement. The use of plant extracts
has been shown to be eco-friendly and effectivanaganany plant pathogens by various
workers (Saadabi, 2006; Gachomo and Kotchoni, 200&bhunluepop, 2009; Duru and
Onyedineke, 2010) and most of these substances ewaleated in order to find a safe

alternative control methods to the human and the@r@mment.

Manian et al. (1988) screened ten leaf extracts from commonlyilave plants
around Coimbatore for antifungal propertiesvitro against three soil borne plant pathogens
like S. rolfsii, R. solanand P. aphanidermtumThey reported that extracts frobantana
camaralL. var. aculeataand Cassia auriculariainhibited the sclerotial production of S.
rolfsii, though there was no significant suppression in ilcegrowth. Similarly,,
Azadirachta indicaand Piper betlereduced the number of sclerotia Rf solani,whereas,
there was no effect when these plant extracts tested againg®. aphanidermatunKumar
et al. (1996) reported that the leaf extractL@intana camargossesses six phenolic acids in
substantial quality which on decomposition possaspotentially fungitoxic substances

against~. oxysporunandP. debaryanum.

Jacob and Siva Prakasan (1994) and Astyal. (1995) studied the antifungal activity
of the extracts of various plant species agaifgsarium pallidoroseumand reported
inhibitory effect of extracts of garlic bulbs amignonialeaves on the mycelial growth of
Fusariumsp. Leaf extract oPiper bete (Alice, 1984) andE. microtheciawas reported to
control Pythiumsp. when applied as soil drench. Various workerse hasted the potential
benefit of the plant extracts for the control oamt diseases in vegetables (Rodriguez and
Montilla, 2002; Babuet al, 2000).Seventeen locally available plant extracts, threemm
based commercial formulations, one botanical fudgi¢Biotos), raw neem oil, neem cake
extract, cow urine and cow dung ash were assessdtitd management of damping-off of
tomato under the mid hill conditions of North Westélimalayas. Among them, extracts of

Lantana camaraneem cake extract, cow urindrtica parviflora, Sapiumsp., Ligustrum
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nepalensis Eucalyptussp., Azadirachtin (Achook ®) were found most preimg for the
management of pre-emergence damping-off and alswltsineously improved seedling

emergence and seedling vigour (Hoedal, 2011).

Pattnaiket al. (2012) reported thaA. marmelos, Tagetes patula, Piper nigramd
Ageratum conyzoideshowed high inhibition of mycelial growth éfythium debaryanum
Similarly, bioefficacy of ten botanicals/ plant ettsviz., mehandi (awsonia innermis
ginger Eingiber officinalg, datura Datura meta), tulsi (Oscimum sanctum parthenium
(Parthenium hysteriphorisneem Azardirachta indicg, garlic @Allium sativun), turmeric
(Curcuma longg satawari Asparugus racemosuwas evaluated againBythium ultimunmat
10, 15, and 20 per cent undevitro conditions (Gholvest al, 2014).

Chandel and Sharma (2014) reported that diseaséecaontrolled with application
of different plant extracts (botanicals), biofummgaeleasing crop residues and biocontrol
agents both unddn vitro and field conditions. Out of 11 botanicals testeduding two
commercial formulations of neem (neemgold, neemaeakaled that seed extractshdélia
azedarachand leaf extract oAdhatoda vasicashowed maximum inhibition in mycelial
growth within the range of 44.38 to 44.25 per deitibwed by Murraya koenigii(37.77%)
and Tagetes erectd37.62%). The commercial formulations of neem cared to other
treatments were found statistically superior iniliiting the mycelial growth oR. solani
Essential oil ofArtemisia herba albavas found effective in inhibiting conidial germtiwan,
mycelial growth and sporulation &. oxysporumBouzidi and Mederbal (2016). Similarly,

fungicidal activity ofLantana camaragainstP. aphanidermaturwas also observed.

Banakaret al (2017) reported the efficacy of botanicaig., neem leaf extract,
eucalyptus leaf extract, jathropa leaf extracsitidaf extract, garlic bulb extract, onion bulb
and marigold leaf extract screened at three diftecencentrations (5, 10 and 15 %). Among
the botanicals tested agairgt rolfsii underin vitro conditions, onion bulb extract showed
100 per cent inhibition at all the three concentreg followed by garlic bulb extract (97.77
%, 98.88 % and 100% at 5, 10 and 15% concentratespectively) while least mycelial
inhibition was observed (22.55, 24.44 and 44.0hBtbition at 5, 10 and 15% concentration,

respectively) in jathropa leaf extract.

Sanaullahet al. (2018) evaluated the leaves extract of three meaicplants,

cinnamon Cinnamomum verum)moringa Moringa oleiferg and clove $yzygium
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aromaticum) against R. solani causing damping-off of tomato at three different
concentrations (1%, 2% and 3%) and found that tlaximmum growth inhibition was
observed at 3 per cent concentration followed bgn@d 1 per cent of each plant extracts.
Clove leave extract showed highest antifungal agtigiving complete mycelial inhibition.
Efficacy of plants extracts was also examined @eate incidence as well as plant growth
development in greenhouse and field experiment.ve&lteave extract at 3 per cent
concentration recorded highly significant in diseagduction and other plant growth
parameters. Thus, clove leaves are the best climicmanagingrR. solani associated with

damping-off disease of tomato.

Nasrin et al. (2018) screened nine plant extrac@alptropi sprocera Curcuma
domestica Moringa oleiferg Tricosanthes dioicaNigella sativa Wedelia calendulacea
Andrographis paniculatalrigonell afoenurgraceumand Momordica charantiaand found
that almost all plant extracts at 25 per cent cottaéon were effective in reducing the
mycelial growth off. oxysporunt. sp.lycopersici.The highest inhibition (87%) of mycelial
growth of this pathogen was observed when treati#d the plant extract ofCalotropis

proceraonl2 days after inoculation at 25 per cent concepotrat

2.6.4 Resistance inducing chemicals

The excessive use of chemical fungicides to corglaht diseases is a problem for
today’s plant production systems and research ipesrcall for novel protection methods
which are compatible with sustainable agriculturerefore, favours the use of alternative
methods such as the applications of chemical induokresistance (Kuc, 2001). Chemical
inducers of resistance usually have no direct aatohial activity and can be divided into
three types: inorganic compounds, natural orgammspounds and synthetic compounds. The
benzithiadiazoles (BTH) are the best known repragimes of synthetic compounds, which
activate host resistance via salicylic acid (SA)dmed defense signaling pathways
(Oostendorpet al.,2001). A wide range of chemical compounds sasloligosaccharides
(Yokoshiwaet al, 1993), glycoprotein and peptides (Benham®92) and salicylic acid
(Yalpani et al, 1991) has been used for induction of systemesistance in different

plants.

The plants possess numerous defense mechanismeotertpthemselves against

pathogens attack; some of these mechanisms areileluand become activated after

17



pathogen infection including synthesis of phytoalexand production of anti-pathogen
proteins (Mehdy, 1994; Jackson and Tylor, 1996; Moimedet al, 2017). This resistance is
referred to as systemic acquired resistance (SAR)ydlset al, 1996). The resistance
induced may be localized at the site of applicabormay be transmitted systemically to

other plant tissues (Walters, 2007).

Some substances such as potassium- and sodiumzdtbizolylthioglycolate, 4-
chloro-3,5-dimethyl-phenoxyethanol induced theistasice mechanism of tomato plants and
reduced Fusarium wilt symptoms (Davis and Diamdfh2; Diamond and Davis, 1953).
Later, it was found that many different plant-growggulating substances induced resistance
of tomato plants against Fusarium wilt. Salicylicida(SA), a phenolic compound, also
regulates plant growth and confers resistance amtplagainst some viral, bacterial and
fungal diseases (Raskin, 1992). Therefore, it plesrimultiple disease protection with only
one application. In tobacco, SAR activation resulte a significant reduction of disease
symptoms caused by the fun@ihytophthora parasitica, Cercospora nicotianaand
Peronospora tabacinahe viruses tobacco mosaic virus (TMV) and tobaeecrosis virus
(TNV), and the bacteri@seudomonas syringaer tabaciandErwinia carotovora(Vernooij
et al, 1995).

Benhamou and Belangé€t998) reported that benzo (1,2,3) thiadiazole+bathioic
acid ester (BTH, CGA 245704), a non-toxic, synthehemical, was applied as a foliar spray
to cucumber S-methyl plants and to induce defensehanisms against the soil borne
pathogerPythium ultimum Trow.Benzo-(1,2,3)-thiadiazole-7-carbothioic acid S-nyedster
(BTH), a synthetic chemical, was applied as a fokpray to tomato L{ycopersicon
esculentumplants and was evaluated for its potential tofeomcreased resistance against
the soil-borne pathogdn. oxysporunt. spradicis-lycopersici In non treated tomato plants,
all root tissues were massively colonized by patindg hyphae. Pathogen growth was
restricted to the epidermis and the outer cortad, fangal ingress was apparently halted by
the formation of callose-enriched wall appositi@atssites of fungal penetration (Benhamou
and Belanger1999).

Karmakaret al (2003) reported that soaking of rhizome seedsof@ hr in 5 mM
salicylic acid (SA), DLB-aminobutyric acid (BABA) or 2,1,3 benzothiadiazolBTH)

significantly reduced the disease in ginger causgdP. aphanidermatumMandal et al.,
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(2009)observed that application of salicylic acid2@0 mM, through root feeding and foliar
spray, led to reduced vascular browning and lebidweng caused byusarium oxysporurh
sp.lycopersicion tomato plants. Akram and Anjum (2011) reporteat salicylic acid (SA) is
helpful in controlling fungal and bacterial disea®¢ tomato plants.

2.6.5 Integrated management

Damping-off can be successfully managed by integgatifferent eco-friendly
management strategies including soil solarizatiolpgical control agents, use of botanicals
and SAR chemicals. Haritha (2003) evaluatedvivo different treatmentwiz., bioagents,
organic amendments and soil solarization (alone Bndcombinations) for integrated
management dPythium aphanidermatuntausing damping-off of tobacco. Champawat and
Sharma (2003) evaluated various treatmewits, soil solarization, bioagents, organic
amendments and cultural methods in brinjal, chiibbage and onion. Bioagents used were
T. virideandT. harzianunas a seed dresser and soil inoculation @ 4 g/kd) e 500 g in
50 kg FYM/ha respectively?seudomonas fluorescewas applied @10 g/kg seed and 2.5 kg
in 50 kg FYM/ha as soil inoculation, whikzotobacter chrococcumms seed treatment @15
g/kg seed and soil inoculation in 50 kg FYM/ha. Meeake was applied @150 kg/ha as soil

amendment. All treatments were found effectiverinjal and cabbage.

Pandayet al (2005) studied the integrated disease manageaggihst multiple
diseases of tomato caused®ythium, Rhizoctonia, Sclerotium, AlternasadMyrothecium.
For damping-off management, neem cake @ 50 ghena P. floresceng® 5g/nt area and’.
viride @10 g/nf area were applied just prior to seed sowing. Toepd that pre-emergence
and post-emergence damping-off was reduced inrattegd) disease management schedule in
comparison to control in both open pollinated (C#)d hybrids cultivars. Thus, they
developed IDM module which was successful in realyiggre and post-emergence damping-

off in OP and hybrid tomato duririharif and winter season.

Jayaraj and Radhakrishnan (2008) reported thatsstdlrization combined with the
soil inoculation of biocontrol agents lik& fluorescengndT. harzianunresulted in efficient
control of damping-off of tomato seedlings. Simyarseventeen locally available plant
extracts, three neem based commercial formulations, botanical fungicide (Biotos) and
raw neem oil were assessed for management of dgroffin of tomato under mid hill

condition. Five biocontrol agent3.(harzianum, T. hamatum, T. asperellum, Bacillustiis
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andP. fluorescensand four botanicalsQatharanthus roseus, Lantana camara, Eucalyptus
globolusandLawsonia intermiswere tested against damping-off disease of cillthe pot
and field conditions caused by. aphanidermatumand resulted in maximum disease
reduction (Pandegt al, 2016). Mahatet al. (2017) conducted an experiment to develop a
sustainable management strategy in tomato and fthaidhe least disease incidence (4.17
%) and highest fruits yield (250.67 g/ha) was obsérin treatment with mulching by
transparent polythene + neem seed cake @ 150 (gghapplication) +T. harzianum@ 2.5
kg/ha (soil application) followed by mulching + gygom @ 4 tonne/ ha. F. harzianum@

2.5 kg/ha treated field with 5.56 per cent disgas&lence in comparison to 27.78 per cent

disease incidence and 200.67 g/ ha fruits yielshimeated control.
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Chapter-3
MATERIAL AND METHODS

3.1 Symptomatology
3.2 Isolation and Identification
3.3 Pathogenicity

3.4 Disease Management

3.1 SYMPTOMATOLOGY

The symptoms of damping-off of tomato seedlingsuiding above ground and below

ground symptoms were studied on the diseased samgllected from tomato nurseries

3.2 ISOLATION AND IDENTIFICATION
3.2.1 Isolation of the pathogen(s)

Repeated isolations were made from diseased sgedtollected from different
locations on oat meal agar fBythium spp and potato dextrose agar medium for species of
Fusarium, Rhizoctonia and Sclerotium. A pinch of Streptocycline was added to the basal
medium to avoid bacterial contamination. Small wfs2-3 mm size were cut from the
juncture of diseased and healthy tissues with #ip bf sterilized scalpel. The bits were
surface sterilized by dipping in sodium hypochlerit% solution for 30 seconds and then
washed thrice in sterilized distilled water. Thésts were then placed on a sterilized filter
paper to remove excess moisture. Finally, these Wire transferred to the slants and
Petriplates containing oat meal agar (OMA) and tooteextrose agar (PDA) medium under
aseptic conditions forPythium spp, Fusarium spp, Rhizoctonia spp, Sclerotium spp
respectively and incubated at 25+1°C. Cultures h&f fungus so obtained were further
purified by hyphal tip method and maintained at #°€. Stock cultures were sub-cultured at

intervals of 20-25 days.
3.2.2 Identification on the basis of cultural andmorphological characters of the
pathogen(s)

The morphological characters of the pathogen wieidied on the host, sections from
diseased portions from infected seedlings as veetimculture of the associated fungi raised

on the oat meal and potato dextrose agar mediumxbgnination under microscope in the



laboratory. Septation and diameter of hyphae aageland size of spores present, if any and
sclerotia were recorded. The morphological characté the isolated fungi viz. colony
growth, its color, pigmentation, size, shape angta®n of conidia, presence of
chlamydospores and sclerotial formation were remwrdsing Olympus microscope and
Promagnus software. These characters were thenarethpvith the standard authentic
descriptions and taxonomic keys (Waterhouse, 1®4th, 1971; Saccardo, 1911) and
associated fungi were identified &ythium ultimum, Fusarium oxysporum, Rhizoctonia
solani andclerotiumrolfsii.

3.3 PATHOGENICITY

Pathogenicity tests of the associated fungi weradgoted under greenhouse
conditions in two different sets to check that fwated pathogens were responsible for both

pre and post emergence damping-off of tomato.

3.3.1 Mass multiplication of pathogens

The mass culture of isolated fungi was preparec¢an: sand medium. The maize
grains were boiled till they get softened. Excesdgew from grains was removed. Maize
grains were air dried and mixed with sand (3 parééze grains and 1 part sand) along with
two per cent sucrose (Plate 3.1a). To avoid badteontamination, Streptocycline (100 ppm)
was added in the mixture. The medium, thus, prepasas filled in autoclavable
polypropylene bags (150 g per bag) or conical 8ag60 ml), plugged with non-absorbent
cotton and was sterilized by autoclaving at 1.0f1kg for one hour for three consecutive
days. The sterilized medium was inoculated undeptas conditions with seven days old
culture of isolated pathogens if. ultimum, F. oxysporum, R. solani and S rolfsii. Five to
six bits (4 mm size) of the fungi were placed iffeent sides of each bag/ flasks. The
inoculated flasks were incubated at 2%34n BOD incubator for fifteen days. These flaks
were shaken regularly after three days so thatifgrayv uniformly (Plate 3.1b). Two weeks

old mass culture of fungi was used for carryingoas pot experiments.

3.3.2 Soil inoculation method/Preparation of theisk soil

Mass culture of isolated pathogens Pe.ultimum, F. oxysporum, R. solani and S
rolfsii was mixed @ 10g/pot in steam sterilized soil indirally as well as in combination

contained in pots 10 cm diameter upto 5 cm deptitéR3.1c). After inoculation, the soil was
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Plate 3.1.Pictroial flow chart showing pathogenicit tests

Plate 3.1a.
Corn sand meal medium

Plate 3.1b.
Preparation of mass culturg

Plate 3.1c.
Addition of inocuato the pot

Plate 3.1d.
Transplanting of seedlings to th¢
sick pots

1%

Plate 3.1e.
Symptoms of pre-emergence and
post-emergence damping- off




sprayed with sterilized distilled water and allowtedestablish under polythene cover for 6

days.

3.3.3 Sowing of seeds

After six days of inoculation, eight seeds of tomev. “Solan Lalima” were sown in
pots. A treatment without inoculum served as cdnfrothis set, pots were transferred to
poly house after sowing the seeds and observegréeemergence damping-off symptoms,
seed rotting and patchy germination. To confirm ithentity, the re-isolated fungi were

compared with the original.

3.3.4 Transplanting of seedlings

In another set for post- emergence damping offisgiden healthy juvenile seedlings
were transplanted in each pot containing sick @tate 3.1d). Pots were kept in poly house
conditions at 25°C. The plants were periodicallysextved for the appearance of post-

emergence damping-off symptoms (Plate 3.1e).

34 DISEASE MANAGEMENT
3.4.1 Soil solarization

The effect of soil solarization was examined as-pamting treatment for the
management of damping-off of tomato in naturalfiegted soils at University Research Farm
of Department of Plant Pathology at Nauni.

3.4.1.1 Thermal sensitivity of inocula of isolategpathogensin vitro

To study the thermal sensitivity of inocula of s@d pathogens i.€. ultimum, F.
oxysporum, R. solani and S rolfsii underin vitro conditions, the mass culture of these
pathogens grown on corn sand media (5g) (Plate #:@s placed in a piece of muslin cloth
which (Plate 3.2b) were then placed at three diffetemperatures 35, 40C and 45C in
the hot water bath for three different duratioms b, 10 and 20 minutes (Plate 3.2c). After
exposure, small bits of test pathogens were placesterilized PDA Petriplates under aseptic
conditions and were incubated at 25+1°C for onekw@date 3.2d). Observations on the

growth of the fungi were recorded till the expernre/as over.
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3.4.1.2 Effect of soil solarization on soil tempature under field conditions

The experiment was carried out during May-Juneiar consecutive years i.e. 2018
and 2019 at experimental farm of the Departmer®laht Pathology, UHF, Nauni. Raised
beds (1 x 1 m) were prepared and covered with fofiene sheet (2bm) after irrigation up
to the field capacity one day prior to mulching.ddlarized beds were kept as control. The
edges of the sheets were buried in the soil to ntiadm airtight. The polythene sheet was
removed after 45 days and the temperature at tlepths (5, 10 and 20 cm) was measured in

solarized and nonsolarized beds by dial soil theneter at 2:00 PM daily.

3.4.1.3 Effect of soil solarization on viabilityof the pathogens under field conditions

To study the effect of soil solarization on thebiiidy of the pathogens in soil, the
mass culture of the pathogens Peultimum, F. oxysporum, R. solani andS rolfsii grown on
corn sand media and placed in nylon sieve bags/§a@y which were then placed at 5 cm
depth in the plots prior to mulching with polyetbge sheets and also in unsolarized plots.
One nylon bag each contained fungal culture whiels vetrieved after 10, 20 and 30 days.
The viability of these test fungi was monitoredddgcing fungal cultures onto sterilized PDA
petriplates under aseptic conditions and was inewabat 25+1°C.

3.4.2 Biological control

3.4.2.1 Procurement and maintenance of fungal anacterial bio-control agents

Fungal {richoderma viride, T. hamatum, T. harzianum and T. virens) and bacterial
(Bacillus subtilis, Bacillus licheniformis, Bacillus sp, Pseudomonas fluorescens,
Pseudomonas sp.) bio-control agents (BCAs) were procured fromp&rtment of Plant

Pathology, Dr YS Parmar University of Horticultwred Forestry, Nauni.

Fungal antagonists were grown on PDA slants wlalddrial antagonists i.Bacillus
spp. andPseudomonas spp. were maintained on nutrient agar and King’smBdium,

respectively. These cultures were maintained@tid a refrigerator.

3.4.2.2 In vitro evaluation of BCAs

Effect of various fungal and bacterial biocontrgkeats Trichoderma harzianum, T.
viride, T. virens, T. hamatum, Bacillus subtilis, Bacillus licheniformis, Bacillus sp,
Pseudomonas fluorescens, Pseudomonas sp.) on mycelial growth of test fungi ie. ultimum,
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Plate 3.2 Thermal sensitivity of pathogens of dampg-off under in vitro conditions

Plate 3.2a.
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Plate 3.2c.
Exposed to temperature i.e. 35
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duration

Plate 3.2d.
Plating of inoculum on PDA plates and incubated=C




F. oxysporum, R. solani andS. rolfsii was studied by dual culture method (Huang and Hoes,
1976) and streak plate methods, respectively, umddg@tro conditions. The experiment was

conducted in completely randomized design witheéheplications each.

Culture discs (5mm) each of fungal antagonist &edést pathogens were taken from
the margins of the actively growing cultures arahs$ferred to potato dextrose agar medium
contained in Petri plates (90mm) on opposite saggwoximately one cm away from the wall
of the plate. Similarly, bacterial BCAs were stredkopposite to mycelial disc of the
pathogens. A check having the test pathogens g, also kept for comparison. The Petri
plates were subsequently incubated at 25+1°Chidldheck plates were completely covered
by colonies. Each treatment was replicated thmeedi Colony diameter of the test fungi as
well as each antagonist up to the zone of inhibiticas recorded and the per cent growth
inhibition of the test pathogens over control wakalated according to Vincent (1947) as

under:

1 =%=Tx 100
C
Where,
|
C

T

Inhibition (%)

Linear growth in control (mm)

Linear growth in treatment (mm)
3.4.2.3 Evaluation of BCAs and natural bioresoures under pot conditions
3.4.2.3.1 Preparation of mass culture of antagasts

The mass culture of fungal antagonists was prepare@heat bran: saw dust: tap
water (3:1:1 W/W/V) medium and autoclaved at 1.§%&kt for 1h on two consecutive days.
Flasks (250 ml) containing autoclaved medium weseptcally inoculated with mycelial
discs (5 mm diameter) of fungal antagonists takemftheir actively growing 3 days old
cultures. Inoculated flasks were incubated at 26+fi5r 14 days. The bacterial antagonists
were grown on nutrient broth and 48 h old bactesidture was used for inoculation (Plate
3.3).

3.4.2.3.2 Inoculation and transplanting

Plastic pots (10 cm dia.) containing sterilizeddsaloam soil were inoculated with

wheat bran: saw dust culture @ 10g/pot of each durmmgtagonist and after two days
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inoculated withP. ultimum, F. oxysporum, R. solani andS. rolfsii separately @ 10g/pot. After
two days, pots were transplanted with ten tomaeallgggs of cv. “Solan Lalima” and pots
were kept in glasshouse. For bacterial antagoni€isseedlings were dipped in 48h old
bacterial suspension (d¥u/ml) for 30 minutes, transplanted in the sick sad kept in the
glasshouse. Each treatment was replicated thrice saitable control without culture of
antagonists was maintained. For evaluating natbhi@esources, the seeds were surface
sterilized with 1.0 per cent sodium hypochloritéuson for five minutes, rinsed thrice with
distilled water and dried under laminar air flowboeet on blotting paper. The surface
sterilized and dried seeds were soaked in beejamdt jeevamrit (100 ml each) for 30
minutes and again dried under laminar air flow charmfor 2 hours by using filter paper.
These seeds were, then, sown in the pots contasigkgsoil of test fungi separately and
watered regularly. Data on number of plants infécteere recorded after 10 days and

incidence of the disease was recorded and peldcdse was calculated.

3.4.4 Evaluation of plant extracts
3.4.4.1 Preparation of extracts of botanicals

Different parts of botanicals including leaves dndbs were first washed, surface
sterilized (2% sodium hypochlorite), followed byw&shings with sterile distilled water and
kept in sterilized covered flasks and air driede fant materials weighed (100g), crushed
with 100 ml of sterilized distilled water (1:1 w/\ip warring blender. The mixture was
filtered through two fold muslin cloth and the fdte was centrifuged at 5000 rpm for 15
minutes. Clear extract was diluted with sterilizistilled water to make volume of 1:1 (w/v).
This was considered as 100 per cent concentratiocivwas used for further experiments.

3.4.4.2 |n vitro evaluation of botanicals

Water extracts of different plant species (Tabl&) 3vere evaluated at different
concentrations (i.e. 2, 5, 10, 15%) undevitro conditions against the test pathogen(s)R.e.
ultimum, F. oxysporum, R. solani and S. rolfsii by poisoned food technique (Falck, 1907)
(Plate 3.4a).

The poisoned medium was poured in the sterilizetli R#ates under aseptic
conditions. The Petri plates were inoculated intreewith mycelial bit (3 mm dia) of fresh
culture of the test pathogen. Separate controkplatere maintained to evaluate the relative
in vitro efficacy of botanicals. Each treatment was repdid three times and inoculated

plates were incubated at 25€lin BOD incubator. Inoculated plates were obserdaitly
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Plate 3.3.Mass culture of fungal and bacterial bicontrol agents
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and the colony diameter of test pathogens was deddtill the control plates were full with
mycelium of the test pathogen. The mycelial inhdoit(%) was calculated by the formula

given by Vincent (1947) as described earlier.

Table 3.1.List of the botanicals and their part used

Common name Botanical name Plant part used
Drake Melia azedarach Leaves
Bougainvillea Bougainvillea glabra Leaves
Lantana Lantana camara Leaves
Kaddu Vitex nigundo Leaves
Garlic Allium sativum Cloves
Ginger Zingiber officinale Rhizomes
Kaddipatta Murraya koenigii Leaves

3.4.4.3 Evaluation of botanicals on disease in@dce under pot conditions

The water extracts of botanicals were further eatagld under pot conditions. The
culture of the pathogens were added to the stedilpot soil (10 g/pot) at the rate of 1:20 w/w
ratio of the test pathogens separately and weogvadl for multiplication for seven days. The
seeds were sown in 6 earthen pots at the rate s¢@fs per pot. Then these pots were kept in
poly house conditions and watered regularly. When deedlings came to two to four leaf
stage, these were dipped in water extracts of mEsnnamely, drakeMelia azedarach),
bougainvillea Bougainvillea glabra), lantana I(antana camara), kaddu Yitex nigundo),
garlic (Allium sativum), ginger Zingiber officinale) and kaddipattaMurraya koenigii) for 30
mins (Plate 3.4b). Thereafter, these treated gegsllivere transplanted in the sick soil. One
set of control with pathogens separately was alamtained for comparison. Each treatment
was replicated three times. Data on number of plenfiécted were recorded after 10 days and

incidence of the disease was recorded and pedcsadse control was calculated.

3.4.5 Management through systemic acquired resigtae (SAR) inducers

3.4.5.1 Evaluation of systemic acquired resistancdSAR) inducers under pot culture
conditions
To study the efficacy of systemic acquired resis¢afSAR) or abiotic resistance
inducers, namely, salicylic acid, oxalic acid, msiam dihydrogen phosphamotassium
chloride and potassium oxalate, against the fotinqueens . ultimum, F. oxysporum, R.
solani and S rolfsii) causing damping-off of tomato under protecteddaions. SAR

inducers and their concentration are given belothénTable 3.2.
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Table 3.2. Resistance inducing chemicals and thaoncentration

Sr. No. | Treatments Concentration

1 Salicylic acidCsHa (OH)COH} 10mM

2 Oxalic acid (HC20a4) 20mM

3 Potassium dihydrogen 200mM

phosphate (KEPO:)

4 Potassium chloride (KCI) 300mM
5 Potassium Oxalate ¢K20a) 50mM

6 Control -

The experiment was conducted in sick pots by iredowy with test pathogens as
described earlier. The respective concentratiorSAR inducers were prepared in sterilized
distilled water. Ten seedlings (15-25 days oldjamhato cv. ‘Solan Lalima’ were treated by
dipping their roots in solutions of SAR or abiot&sistance inducers for each treatment for
20 minutes before transplanting. Treated seedliugee transplanted in sick pots of all
pathogens separately. Experiment was conducted @ompletely Randomized Design
(CRD) and each treatment was replicated thrice. gdte were incubated in plant growth
chamber. The data on disease incidence was recaftigden days of transplanting and per
cent disease control was calucated.

3.4.6 Effect of soil solarization, bio-control ag®, botanical extract and resistant

inducing chemical on damping-off of tomato under tle field conditions

To study the effect of soil solarization and itsndmnation with most effective BCA
(T. harzianum), botanical Lantana camara) and SAR chemical (Potassium chloride), found
bestin vitro, on pre and post-emergence damping-off of tomatsexh byP. ultimum, F.
oxysporum, R. solani andS rolfsii, a field experiment was laid out at the experiraefarm
of Department of Plant Pathology, Nauni, during 2@top season. The experiment was
conducted in randomized block design (RBD) and égedtment was replicated three times.
First of all, nursery beds (1x1 m) were prepared B¥iM @ 5kg/bed was applied. To make
these beds sick, the culture of the above patho@@bsg/bed,) was mixed and a light
irrigation was applied. Soil solarization of thdssls was done during the months of March-
April while, BCA (T. harzianum) was raised on well decomposed FYM containing 20%
moisture, maintained by mixing 2 It of water contag 400 g molasses. Seeds of cultivar
‘Solan Lalima’ were sown in four lines in each bédter the emergence of seedlings, these
were drenched with théantana camara and Potassium chloride either alone or in the
combinations. Beds without any treatment were swith seeds and kept as control. Data
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Plate 3.4. Evaluation of botanicals under pot contibns

Plate 3.4.a Water extracts of botanicals used undgrot conditions




was recorded as seedling mortality and per ceefdis incidence was recorded and per cent

disease control was calculated.

3.5 STATISTICAL ANALYSIS

The data recorded from various vitro and field experiments were subjected to
statistical analysis. The differences exhibited tlsatments in various experiments were
tested for their significance at 5 per cent leveing standard procedure as described by
Gomez and Gomez (1984).
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Chapter-4

RESULTS AND DISCUSSION

Results of present investigations are being desdnumder the following headings:

4.1 Symptomatology
4.2 Isolation and Identification
4.3 Pathogenicity

4.4 Disease Management

4.1 SYMPTOMATOLOGY

Symptoms of the disease appeared in two phsaises pre-emergence and post-
emergence. Pre-emergence damping-off caused seeddsang seedlings to rot before they
emerged from the growing medium and resulted ictpagrowth (Plate 4.1a) while ‘post-
emergence’ damping-off killed newly emerged seedlithy causing a water-soaked, soft
brown lesion at the stem base, near the soil lihat pinched off the stem causing the
seedling to topple over and die (Plate 4.2b)the first case, seeds became soft, rotten and
failed to germinate. In the second case, stemseomigating seeds were affected with
characteristic water-soaked lesions formed at dowbethe soil line. Post-emergence
damping-off symptoms occurred when seedlidgsayed, wilted and died after emergence.
Seedling stems became thin and tough (commonly &resv‘wirestem”), which often led to
reduced seedling vigor. These symptoms were alsongganied by leaf spotting and
ultimately a complete root rot. Overall, the sympsoon the stem of the seedlings included
water-soaked, sunken lesions at or slightly belogvground level and sometimes also below

ground line (i.e., on the roots) causing the ptarfall over.

The characteristic symptoms of damping-off as olekin pre-emergence and post
emergence phases in the present investigationgaecordance with those described by
earlier workers (Wright, 1944; Filer and Petersi®#7/5; Cram, 2003; Landis, 2013).

4.2  ISOLATION AND IDENTIFICATION
4.2.1 Isolation of the pathogen(s)

Repeated isolations were made from diseased sgedtiollected from different

locations on oat meal agar fBythium sp. and on potato dextrose agar medium for speties



Fusarium, Rhizoctonia and Sclerotium. Small bits after sterilization were transferredtiie
slants and Petri plates containing oat meal agstA)Ofor Pythium sp. and potato dextrose
agar (PDA) medium for species &lusarium, Rhizoctonia and Sclerotium under aseptic
conditions and incubated at 25+1°C. Cultures offthmgi so obtained were further purified
by hyphal tip method and maintained at 4 + 1°Cclstultures were sub-cultured at intervals
of 20-25 days.

In vegetable nurseries, damping-off is caused Wferént fungi like Pythium,
Phytophthora, Fusarium, Rhizoctonia, Sclerotinia, Phomopsis, Colletotrichum, Sclerotium
andPhoma etc. (Singh, 1987).

4.2.2 ldentification on the basis of cultural andmorphological characters of the
pathogen(s)

The morphological characters of the associatedogeatiis were studied on the host,
sections from diseased portions from infected segsllas well as on culture of the associated
fungi raised on the oat meal and potato dextrossw agedium by examination under
microscope in the laboratory. The cultural and rhotpgical characters of the isolated fungi
viz. colony growth, its color, pigmentation, sizhape and septation of conidia, presence of
chlamydospores and sclerotial formation were remwrdsing Olympus microscope and
Promagnus software. These characters were thenarethpwith the standard authentic
descriptions and taxonomic keys and associated fuage identified afythium ultimum,
Fusarium oxysporum, Rhizoctonia solani and Sclerotium rolfsii. The cultural and
morphological characters of the pathogens assaciith damping-off of tomato have been
presented in Table 4.1.

4.2.2.1 Pythium ultimum

Mycelial colonies of isolated fungus were whitecolour with fluffy or cottony dense
aerial growth on oat meal agar (Plate 4.2a). Funvgass fast growing and took 72-96 h to
completely cover the Petri plate (90cm) with myaedi Microscopic studies (400X
magnification) revealed that the hyphae of the gpg&im were hyaline and coenocytic (Plate
4.2b) but a few septa were also observed in oltiied. Hyphal diameter ranged from 4.65
to 8.67um with an average diameter of 6 9. Sporangia were mostly round and somewhat
ovoid in shape without any papilla (Plate 4.2c) aodspore production was also observed.

The average size of sporangium was 27.54 x 2@arB%nd it ranged from 23.08-34.87 x
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Plate 4.1. Symptoms of damping —off of tomato
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Plate 4.2 Cultural and morphological characters oPythium ultimum

Plate 4.2aCulture ofP.

ultimum on oat meal agar

Plate 4.2bCoenocytic
mycelium
(400x magnification)
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Plate 4.2c Sporangia
(400x magnification)

Plate 4.2dOospore
(400x magnification)




22.3-33.56um. Oospores were round, smooth, thick walled, pieand hyaline (Plate 4.2d).
Size of the oospores ranged from 18.58-26.95 x6186378 um with an average size of
23.09 x 22.91um. On the basis of coenocytic hyphae, absence pillgga sporangia,
production of oospores and other morphological attaristics, this isolated pathogen was
identified asPythium ultimum which was confirmed on the basis of morphologatedracters

documented in standard authentic descriptions awhbmic keys (Waterhouse, 1967).

Table 4.1. Cultural and morphological characters b pathogenic fungi associated with

damping-off of tomato

Cultural and Pythium Fusarium Rhizoctonia Sclerotium
morphological ultimum oxysporum solani rolfsii
characters
Septation Absent present Present Present
Mycelium colour | white or hyaline at first brownish on White
cottony becoming cream | maturity
coloured with age
Size of mycelium | 7 um - 25um | 9.3-29.7um long 6.19- 9.29 um | 60- 350 um
(um) longand 5.5 - | and 2.7- 6.Qum long and 5-14 | long and 2-8
22 um wide wide um wide um wide
Shape of round and - - -
sporangium somewhat
ovoid
Shape of oospores round, smoath, - -
thick walled
size of 27.54 x 26.59 | - - -
sporangiumm)
Size of oospore | 23.09 x 22.91 | - - -
(nm) pm
Shape of - hyaline, 3-5 septate,- -
macroconidia falcate having
gradually pointed
and curved ends
Shape of - ellipsoid, straight tg - -
microconidia the curved,
Size of - 27-46 x 3-4.5umin | - -
macroconidia size if three septate
(um) or 35-60 x 3-5um
if five septate
Size of - 5-15x 2.2-3.5um | - -
microconidiafim) in size when one to
two celled and
hyaline
Shape of - - rounded round or
sclerotium elongated
Size of sclerotium| - - 1.0-3.0 mm 0.5-2.0 mm
(mm)
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4.2.2.2Fusarium oxysporum

The colony ofF. oxysporum showed white cottony aerial mycelial growth andswa
with a purplish tinge on the reverse side havirlgetn diameter after 5 days of incubation on
potato dextrose agar medium (Plate 4.3a.). Thedgpphhe fungus was septate (Plate 4.3b).
The fungus produced macroconidia, microconidia enidmydospores. Macroconida were
the typicalFusarium spores, hyaline, 3-5 septate, falcate having gildpointed and curved
ends (Plate 4.3c) and appeared on sporodochiatlmout formation of such fruiting bodies
and measured 27-46 x 3-4u/ in size, if three septate or 35-60 x 34h, if five septate .
Microconidia were abundant, ellipsoid, straighttte curved, 5-15 x 2.2-3,8m in size when
one to two celled and hyaline. Chlamydospores baotboth and rough walled characterized
by thick walls formed terminally or intercallaryjngle or in pairs (Plate 4.3d). These
characters were then compared with the standaipigsns given by Booth (1971) in key

"The Genus Fusarium".

4.2.2.3 Rhizoctonia solani

The mycelium was septate, colour of the hyphaeedaiiom hyaline when young to
brownish on maturity (Plate 4.4a). The size of taghkaried from 117.7-173.4 x 6.19- 9.29
pum, and cell length over 100 um. The branching medualmost at right angles to the hyphal
cell Plate (Plate 4.2b). Branched hyphae have atgotion at the point of branching. Fungus
also produced sclerotia which were barrel shapethparatively smaller cells in groups,
brown to black and unlike other fungi sclerotia &vendifferentiated into rind and medullae,
ranging from 10-20 pum in length. The individualesotium was less than 3 mm in diameter,

rounded and light brown coloured.

Mycelial branching at right angles and productidrebundant brown sclerotia is a

known feature for the identification & solani (Snehet al., 1991).

4.2.2.4 Sclerotium rolfgi

The fungal mycelium was first silky white in coltater turned to dull white with
radial spreading giving fan like appearance (Plata). The hyphae were hyaline, thin
walled, sparsely septate when young (Plate 4.5m¢. Gells were 60- 350 um long and 2-8
pum wide. Broader hyphae showed clamp connectiohsshwwere absent in thin hyphae.
Sclerotia initially were formed from hyphal strarttiat consist of 3-12 hyphae lying parallel.
Mature sclerotia were dark brown but variation frbghter brown to darker colour may be

found. These were small about the size of radield,deard and usually round (Plate 4.5c).
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Plate 4.3. Cultural and morphological characters of Fusarium oxysporum

Plate 4.3a. Culture of F. Plate 4.3b. Septate hyphae
oxysporum on PDA (400X magnification)
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Plate 4.3c. Macroconidia and Plate 4.3d. Chlamydospores
microconidia (400X magnification)
(400X magnification)




Plate 4.4. Cultural and morphological characters oRhizoctonia solani
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Plate 4.4a. Culture ofR. solani on Plate 4.4b. Septate hyphae
PDA (100X magnification)

Plate 4.5. Cultural and morphological characters ofsclerotium rolfsii

Plate 4.5b. Septate hyphae 08. Plate 4.5c. Sclerotial formation in
rolfsii (400X magnification) culture of S. rolfsii




Similar morphological characters 8f rolfsii were reported by Subramanian (1964),
Barnett and Hunter (1972), Mahmoetal, (1976), Singh (1987), Mirza and Aslam (1993),
Mohanet al (2000).

4.3 PATHOGENICITY

In order to test the pathogenicity of the assodigiathogens, seeds of tomato cv.
“Solan Lalima” were sown in plastic pots (10 cm.pahich were already inoculated with
corn: sand culture of the test pathogens in sepamats six days prior to sowing of seeds for
pre-emergence damping-off. Similarly, for post-egesice damping-off, seven to eight
healthy seedlings were transplanted in each pdagong sick soil as above. Pots containing
sterilized soil without any inoculum served as coltEach treatment was replicated thrice.
After seed sowing and transplanting of seedlinggs pvere kept at ambient temperature
(25+1°C). The observations on incubation period disgase incidence were recorded and

have been presented in Table 4.2.

Table 4.2. Pathogenicity of pathogenic fungi assiated with damping-off of tomato

Fungal pathogens Incubation period Disease incidence (%)
(h) Pre- emergence Post- emergence
damping-off damping-off
Pythium ultimun{(P) 96 88.88 50.00
(73.94) (45.00)
Fusarium 144 61.11 49.99
oxysporuniF) (51.49) (45.00)
Sclerotium rolfsiS) 120 33.33 11.10
(34.79) (16.06)
Rhizoctonia solafR) 144 50.00 38.89
(45.00) (38.51)
S +R 120 50.00 16.66
(45.00) (19.78)
R+P 96 88.88 22.21
(73.94) (27.81)
P+F 96 50.00 27.77
(45.00) (31.54)
F+S 120 61.11 27.77
(51.49) (31.54)
P+F+S+R 96 94.44 22.21
(81.97) (27.77)
Control - 100.00 100.00
(90.00) (90.00)
CD (0.05) - (17.34) (15.33)

Figures in parentheses are arc sine transformegyal
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It is evident from the data (Table 4.2) that a#l fangi were pathogenic in nature and
caused damping-off disease either alone or in coatioin, however, out of these funé,
ultimumwas the most pathogenic in nature developing desearliest with incubation period
of 96 hours either alone or in combination withestfungi. This was followed b$. rolfsii
exhibiting an incubation period of 120 hours whilevas the highest fdf. oxysporunandR.
solani showing 144 hours of incubation period. In combimgglication of inocula of these

fungi, presence d?. ultimumhastened the disease development (96 h).

Data presented in Table 4.2 further revealed timatlas trend was observed for
disease incidence of pre-emergence damping-off post-emergence damping-off aid
ultimum resulted in highest incidence of pre-emergence @sl- emergence damping-off

giving 88.88 and 50.00 per cent disease incidelespectively.

P. ultimum F. oxysporumR. solaniandS. rolfsii have been found to be pathogenic
on tomato which caused pre-emergence and post-energlamping-off. These results are
in corroboration with the studies conducted by masi workers such asliddleton (1943),
Tripathi and Grover (1976), Sowmini Rajagopalan6l)9 Jiskaniet al, (2007), Ismael and
Mahmood (2016) who reported that these fungi tpdtbogenic in nature.

4.4 DISEASE MANAGEMENT
4.4.1 Soil solarization

4.4.1.1 Thermal sensitivity of inocula of isolatd pathogensin vitro

Thermal sensitivity of inocula of four isolated pagens was studied under vitro
conditions by exposing these fungi at three difietemperaturesiz., 35°C, 40C and 48C
for 5, 10 and 15 minutes and data was recordedyaelial growth and has been presented in

Table 4.3 in terms of per cent mycelial growth mton.

Data (Table 4.3.) showed that with the increastné temperature from 35 to 40C
and 45C, there was a general increase in percent myagialth inhibition of all the four
fungal pathogens, however, highest inhibition wWaseoved at 4 temperature giving 6.59,
6.84, 5.70 and 4.03 per cent inhibition withultimum, F. oxysporum, R. solamdS. rolfsii,
respectively.

35



Table 4.3. In vitro thermal sensitivity of inocula of four pathogens b damping-off of
tomato on mycelial growth inhibition at different temperatures and
exposure durations

Exposure time (min)
Temperature _ _ Mycelial growth inhibition of fu_ngal pg\thogehs (%) _ _
(°C) Pythium ultimum Fusarium oxysporum | Rhizoctonia solani Sclerotium rolfsii
5110 20| Mean 5 | 10| 20| Meann 5 | 10| 20| Mean 5 | 10| 20| Mean
35 0.883.33/5.99 3.4 |1.554.33/4.66| 3.51| 0.662.88/2.77| 2.10 | 0.220.99/2.99| 1.40
40 5.786.43/8.43| 6.88 | 2.884.55/6.21| 4.54 | 1.223.88|5.10] 3.40 | 0.220.99/2.88| 1.36
45 4.466.66|8.66| 6.59 | 5.667.10/7.77| 6.84 | 5.335.33|6.44| 5.70 | 3.114.33/4.66| 4.03
Mean 3.70|/5.47|7.69] - |3.36/5.32/6.21] - |2.40/4.03/4.77] - (1.88/2.10{3.51| -
CD (0.05
Temperature 1.58 1.55 0.81 0.65
(A)
Exposure 1.37 1.34 0.82 0.56
time (B)
AXB 2.74 2.07 141 1.12

Data further revealed that similar trend of gtowhhibition was observed for
exposure durations exhibiting an increase in grawfiibition with the increase in exposure
time from 5 to 10 and 20 min. All the exposure tioress were statistically different from

each other for all the four pathogens.

Interaction studies showed tHat oxysporumexhibited highest growth inhibition at
45°C temperature for 20 minutes giving 7.77 per celibfved by exposure to 10 minutes,
though statistically at par with each other. Heatsgtivity of artificially inoculated wheat
seeds and naturally infected root segments expgosaifferent durations 1 to 4 hours showed
the survival of the pathogen and it was directlgpartional to the age of the inoculumn and
inversely proportional to both temperature and tlomaof exposure. Thudpematophora
necatrixwas much more sensitive to heat abov&CA4@hereas temperature below’@0can
be lethal if maintained for longer periods. (Munkeet al, 1976, Pullmaret al, 1976 and
Cartia and Asero, 1994).

4.4.1.2 Effect of soil solarization on soil tempature under field conditions

Effect of soil solarization on soil temperatureniniched and unmulched beds at three
depths (5, 10 and 20 cm) was recorded for two cutse crop seasons i.e. 2018 and 2019

and data obtained are presented in Table 4.4a.dhd 4
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Table 4.4a. Effect of soil solarization on soil teperature during 2018 and 2019 in
solarized nursery beds

Duration Temperature (°C) in solarized nursery beds
(week) 5cm 10 cm 20 cm Overall
2018 2019 Mean 2018 2019 Mean 2018 2019 Mean mean
1 46.14 | 29.78| 37.96 | 41.71 | 26.71| 34.21 | 37.64 | 23.85| 30.74 34.10
2 43.92 | 31.42| 37.67 | 40.07 | 27.92| 33.99 | 3450 | 25.07| 31.10 34.25
3 40.71 | 33.78| 37.24 | 3850 | 31.21| 34.85 | 33.64 | 28.57| 31.02 34.38
4 41.14 | 34.00| 37.57 | 37.57 319 | 34.73 | 3455 | 27.50| 33.30 35.20
5 42.00 | 37.21| 39.60 | 38.21 | 34.00| 36.10 | 35.35 | 31.25| 35.57 37.09
6 46.07 | 39.14| 42.60 | 42.35 | 36.07| 39.21 | 37.50 | 33.65| 36.82 39.54
7 47.11 | 39.75| 43.43 | 43.20 | 37.25| 40.22 | 38.78 | 34.87| 29.78 37.81
Mean 43.87 | 41.68 - 40.23 32.15 - 35.99 29.p5 - -
Overall 39.43 36.18 36.05 -
mean

Table 4.4b. Effect of soil solarization on soil teperature during 2018 and 2019 in non-
solarised nursery beds

Duration Temperature (°C) in non-solarized nursery beds
(week) 5cm 10 cm 20 cm Overall
2018 | 2019 | Mean| 2018 2019 Meanp 2018 2019  Mean Mean
1 4135 | 27.14| 34.24 | 37.78 | 24.21| 30.99 | 34.42 21.07| 27.74 30.99
2 3450 | 28.78| 31.64 | 32.50 | 24.78| 28.64 | 31.00 | 21.57| 26.28 28.85
3 38.07 | 30.92| 34.49 | 35.68 | 28.21| 31.94 | 32.35 | 25.28| 28.81 31.74
4 38.64 | 34.14| 36.39 | 35.71 | 26.42| 31.06 | 33.78 | 23.71| 28.74 32.06
5 39.87 | 35.00| 37.43 | 34.85| 30.21| 32,53 | 31.71 | 26.28| 28.99 32.98
6 40.07 | 36.28| 38.17 | 37.28 | 32.92| 35.10 | 3445 | 29.42| 31.93 35.06
7 41.71 | 36.75| 39.23 | 38.71 | 32.25| 35.48 | 35,50 | 30.00| 32.75 35.82
Mean 39.17 | 32.71 - 36.07 28.42 - 33.31 25.82 - -
Overall 35.94 32.45 23.32 -
mean
Temperature range (°C)
Year Solarized nursery beds Non solarized nursery beds
2018 | 34-47 31-41
2019 | 23-39 21-36
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The data (Table 4.4.) indicated that there wasgaifstant increase in soil temperature in
nursery beds covered with polythene mulch (#% as compared to the unmulched beds at
all depths. Maximum increase in the mean weeklypenature was recorded at 5 cm depth
followed by 10 and 20 cm. During the year 2018case of mulched nursery beds highest
average/ mean weekly temperature of (43.87°C) eesrded at 5 cm depth while the lowest
(35.99°C) was at 20 cm depth. While in the year92Gfhaximum increase in the mean
weekly temperature of (41.68°C) was recorded ahSlepth followed by 10 and 20 cm with
the temperature of 32.15°C and 29.25°C, respegtiMelble 4.4a). Nursery beds mulched
with polythene sheet showed an increase in averagah weekly temperature. In general,
with increasing soil depths, there is rise in terapge progressively. Maximum temperature
of (37.81°C) was recorded in the seventh week whielowest (34.10°C) was in the first
week.

In the present investigations, maximum rise of G.#4% mean soil temperature was
attained in mulched beds at 5 cm depth over unredidieds. The rise in soil temperature
due to soil solarization is in consonance with masi workers (Kataret al, 1976; Al
Karaghouli and Al-Kayssi, 2001; Chaukee¢ al., 2002; Mathuret al, 2002; Akhtaret al,
2012; Negi and Raj, 2013; Farrag and Fotouh, 28t0;Saied-Nehal, 2011).

4.4.1.3 Effect of soil solarization on viability bthe pathogens causing damping-off of
tomato under field conditions
Effect of soil solarization was studied on vialyildf the pathogen by placing the mass
culture of the pathogen at 5 cm depth and platmé&DA plates after 10, 20, 30 and 40 days
in both solarized and non-solarized beds ((Pl&g 4nd results are presented in Table 4.5.

Table 4.5. Effect of soil solarization on viabily of the pathogens causing damping-off
of tomato under field conditions

Viability of the pathogens
Solarized nursery beds Non solarized nursery beds
Duration © ©

daysy |ee |E5 |8 |E |ee |EE |8 e
S5 S = Q Q _ O .— = = Q Q . _ O .—
EE |Bg8 |R§ |z3@ |EE |§& |N§ |3®
£ |28 |&®% |88 |[&€S |28 |&8 [B¢°
10 + + + + + + + +
20 + + + + + + + +
30 + - - + + + + +
40 - - - + + + +

w
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+ denotes viable pathogen
- denotes non-viable pathogen

It is clear from the data (Table 4.5) that viagilof the pathogens has an inverse
relationship with duration of the soil solarizatioWNith the increase in the duration of soil
solarization, viability of the pathogen decreas®dil solarization for 10 to 20 days resulted
in the survival of all the pathogens. Soil solatizma for 30 days resulted in killing of the
pathogeng-. oxysporumandR. solaniwhile all the pathogen were found dead after 4xda
of soil solarization. In case of non-solarized cohtpathogens were viable at all the depths
even after 40 days. Therefore, it was observedsihidisolarization for 30 days was sufficient
to reduce the viability of pathogens to some extarit40 days were required for complete

loss of viability.

Soil solarization for 30 days was sufficient to ued the viability of
F. oxysporum and R. solani but 40 days were required for complete loss of
viability of all the pathogens. These results aragreement with findings of various workers
(Pullmanet al, 1979; Rajet al, 1997; Reddyet al, 2006) who have already reported the

effectiveness of soil solarization against pathegeausing damping-off.
4.4.2 BIOLOGICAL CONTROL
4.4.2.1 Invitro evaluation of BCAs

Effect of various fungal and bacterial biocontrgkats Trichoderma harzianum, T.
viride, T. virens, T. hamatum, Bacillus subtilisacBlus licheniformis, Bacillussp,
Pseudomonas fluoresceasd Pseudomonasp.) on mycelial growth of test fungi i.e.
ultimum F. oxysporum, R. solamindS. rolfsiiwas studied by dual culture method (Huang
and Hoes, 1976) and streak plate methods, respBgtiunderin vitro conditions. The
experiment was conducted in completely randomizsigth with five replications each. Data

on per cent mycelial inhibition was calculated agresented in Table 4.6.

The data (Table 4.6.) revealed that all the fuagal bacterial antagonists were able to
inhibit the mycelial growth of the tested pathog@Psultimum, F. oxysporum, R. solani and
S. rolfsii to varying levels ranging from 28.84 to 63.93 pent exhibiting minimum in
Pseudomonas fluorescenedile maximum inT. harzianum yrespectively. Further, out of
fungal antagonistsT. harzianum(63.93%) was statistically superior (Plate 4.7onf other

treatments followed byT. viride (59.76%). Among the bacterial antagonists, maximum
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Plate 4.6. Effect of soil solarization on viabilityof the pathogens

Plate 4.6a.
Mass culture of the associated
pathogens

Plate 4.6b.
3-5 g inoculum of each pathoge
added to nylon mesh

=)

Plate 4.6c¢.
Plating of inoculum on PDA plates and incubated=C




mycelial growth inhibition was shown bgacillus licheniformis(37.45%)while minimum
mycelial was observed withseudomonas fluorescen@s.84 %) against the pathogens.

Table 4.6. In vitro evaluation of fungal and bacterial antagonists onm@wth inhibition

of associated pathogens of damping-off of tomato

Growth inhibition (%)
Treatments Associated fungal pathogens

Pythium Fusarium Rhizoctonia | Sclerotium Mean
ultimum oxysporum solani rolfsii

Bacillussp. 26.11 40.73 50.00 18.51 33.84
(30.42) (39.66) (45.00) (25.39) (35.12)

Bacillus subtilis 23.14 42.03 42.22 33.33 35.18
(28.67) (40.41) (40.52) (35.07) (36.17)

Pseudomonas 18.54 42.40 44.25 10.18 28.84

fluorescence (25.11) (40.63) (41.69) (18.57) (31.50)

Bacillus licheniformis 23.14 40.18 57.40 29.07 37.45
(28.67) (39.34) (49.31) (32.62) (37.48)

Pseudomonasp. 15.36 41.66 62.96 17.59 34.39
(23.06) (40.20) (52.60) (24.70) (35.14)

T. harzianum 42.77 81.48 73.14 58.33 63.93
(40.83) (64.61) (58.87) (49.83) (53.53)

T. hamatum 34.63 52.96 77.22 66.66 57.87
(36.05) (46.70) (61.80) (54.83) (49.84)

T. viride 26.66 52.22 81.48 78.70 59.76
(30.80) (46.28) (64.56) (62.59) (51.06)

T. virens 29.07 66.85 67.59 59.25 55.69
(32.38) (54.86) (56.04) (50.33) (48.41)

Mean 26.60 51.17 61.81 41.29 -
(34.74) (48.40) (54.17) (42.53)

Figures in the parentheses are arc sine transfovalads

CD (0.05

Pathogens (P) (2.08)

Concentration (C) (3.29)

PxC (6.59)

Data (Table 4.6) further showed that irrespectifeth® antagonistsP. ultimum
exhibited minimum mycelial growth inhibition (26 %) (Plate 4.7a) followed b§. rolfsii
(41.29%) (Plate 4.7d}. oxysporum(51.17%) (Plate 4.7b) and. solani(61.81%) (Plate
4.7c)

Interaction studies have showed thatharzianunresulted in highest inhibition d¥.
oxysporumgiving 81.48 per cent inhibition followed bly. hamatumgiving 77.22 per cent

growth inhibition ofR. solanj though statistically at par with each other.

Species offrichodermahave been extensively tested and used as biocaayeoit

against a wide range of plant pathogewg., Rhizoctonia, Fusarium, Sclerotium.
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Macrophomina, Sclerotinia, Pythiuspp.etc (Papavizas, 1985; Chet, 1987; Hornby, 1990;
Deacon, 1991). El-Abbasit al. (2003) reported thak. harzianumninhibited Pythiumby 62.4
per centSclerotium rolfsiiby 54.3 per centylacrophomina phaseolinby 36.7 per cent and
Rhizoctonia solanby 36.0 per cent. Similan vitro efficacy of Trichodermaspp. against soll
borne pathogens was reported by Kapoor (2008) vidsereed that maximum inhibition of
mycelial growth of Rhizoctonia solani, Pythium debaryanum, Sclerotivoifsii and
Fusarium oxysporum sp. pisi was shown byl. harzianumRajputet al (2010) evaluated
fungal (Trichoderma harzianumT. viride) and bacterial Fseudomonas fluorescersd
Bacillus subtili3 antagonists against chickpea wilt complex pathegez., Fusarium
oxysporumf. sp. ciceri, Rhizoctonia bataticolaand Sclerotium rolfsiiand found thafT.
harzianumgave the maximum inhibition of radial growth Bf oxysporumf. sp. ciceri
(65.23%),R. bataticola(89.67%) ands. rolfsii(86.00%) under dual culture tests.

4.4.2.2 Evaluation of BCAs and natural bio resowes under pot conditions

Fungal and bacterial antagonists evaluated uirdeitro conditions and natural bio-
resources namely, beejamrit and jeevamrit werehdurevaluated against the associated
pathogens under pot conditions by mixing theirunal$ in the sterilized soil. Data on disease
incidence were recorded and calculated per cepagéscontrol has been presented in Table
4.7.

Data presented in Table 4.7 showed that all thgdumand bacterial antagonists
reduced the incidence of post emergence dampingrefpective of the associated fungal
pathogen, however, minimum incidence of dampingeasftomato was recorded with soll
application of mass culture &f. harzianum(15.83%) followed by jeevamrit application
(18.33%), though statistically at par with eacheotiData further showed that out of four
associated fungal pathogens, mass cultu. afitimumresulted in the highest incidence of
post-emergence damping-off (40.83%) (Plate 4.8dpvied by F. oxysporum(35.83%)
(Plate 4.8b)R. solani(35.55%) (Plate 4.8c) arf. rolfsii(35.27%) (Plate 4.8d), which were
statistically different fronP. ulimum

Interaction studies showed that harzianum beejamrit and jeevarit gave minimum
incidence ofF. oxysporumandT. viride resulted in minimum incidence &. solaniandS.

rolfsii under pot conditions.
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Plate 4.7.Effect ofTrichoderma harzanum on growth inhibition of the
associated pathogens of damping off of tomato

4.7a.Pythium ultimum

4.7b.Fusarium oxysporum

4.7¢c.Rhizoctonia solani

4.7d.Sclerotium rolfsii
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Plate 4.8. Effect of Trichoderma harzianum on the associated pathogens in pg
conditions

4.8.aPythium ultimum 4.8.bFusarium oxysporum

4 .8.cRhizoctonia solani 4.9.dSclerotium rolfsii




Data further revealed that the percentage diseasteot ranged from 46.67 to 84.17
percent exhibiting highest disease control Withharzianum(84.17%) followed by jeevamrit

andT. viridegiving 81.67 and 79.17 per cent disease control.

Table 4.7. Evaluation of fungal and bacterial antgonists and natural bio-resources on
post-emergence damping-off of tomato under pot coritibons

Incidence of post-emergence damping-off (%) Percent
Treatments _ A§sociated _fungal _pathogens_ disease

Pythium Fusarium | Rhizoctoni | Sclerotium Mean control
ultimum | oxysporum a solani rolfsii

Bacillussp. 30.00 43.33 43.33 43.33 40.00 60.00
(33.00) (41.16) (41.16) (41.16) (39.12)

Bacillus subtilis 40.00 30.00 30.00 30.00 32.50 67.50
(39.15) (33.00) (33.00) (33.00) (34.54)

Pseudomonas fluorescence 26.66 33.33 33.33 33.33 31.66 68.34
(31.00) (35.01) (35.01) (35.01) (34.01)

Bacillus licheniformis 50.00 46.66 46.66 43.33 46.66 53.34
(45.00) (43.08) (43.08) (41.16) (43.08)

Pseudomonasp. 70.00 53.33 43.33 46.66 53.33 46.67
(57.00) (46.92) (41.16) (43.08) (47.04)

T. harianum 13.33 13.33 20.00 16.66 15.83 84.17
(21.15) (21.15) (26.07) (23.86) (23.05)

T. hamatum 36.66 20.00 23.33 20.00 25.00 75.00
(37.23) (26.07) (28.78) (28.78) (29.54)

T. viride 16.66 40.00 13.33 13.33 20.83 79.17
(23.86) (39.15) (21.15) (21.15) (26.32)

T. virens 43.33 23.33 30.00 30.00 31.66 68.34
(46.16) (28.78) (33.00) (33.00) (33.59)

Beejamrit 40.00 13.33 26.66 26.66 26.66 73.34
(39.15) (21.15) (31.00) (31.00) (30.57)

Jeevamrit 23.33 13.33 16.66 20.00 18.33 81.67
(28.78) (21.15) (23.86) (26.07) (24.96)

Control 100.00 100.00 100.00 100.00 100.00 -
(90.00) (90.00) (90.00) (90.00) (90.00)

Mean 40.83 35.83 35.55 35.27 - -
(40.54) (37.22) (37.27) (37.05)

Figures in the parentheses are arc sine transfovalads

CDh (0.05

Antagonists (A) (4.06)
Pathogens (P) (2.34)
AxP (9.50)

Krishnamoorthy and Bhaskaran (1990) evaluated reiffiespecies of richodermaas
seed treatment againBythiumspp. and reported that virideandT. harzianungave good
control of pre-emergence damping-off causedPayindicumwhich supports the present
findings pertaining to application of BCAs espédgial. harzianumand T. viride for the

management of damping off of tomato as seed tredtrReduction of seedling diseases in
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green house caused by various soil borne pathagehsling Pythiumspp. byT. viride and
B. subtilishave already been reported (Yehtal, 1981; Salman, 2010).
4.4.3 PLANT EXTRACTS

4.4.3.1 Invitro evaluation of botanicals

Aqueous extracts of seven botanicals namgipngiber officinale Vitex nigundu
Melia azedirach, Murraya koeningi, Lantana camaigugainvillea glabraand Allium
sativumwere tested at different concentrations (2, 5, 40 45%) against the associated
pathogens of damping-off of tomato undervitro conditions. Data on mycelial growth
inhibition was calculated and after statisticallgsia is presented in Table 4.8a and 4.8b.

Table 4.8a. In vitro evaluation of botanical extracts on growth inhibiton of associated
pathogens of damping-off of tomato

Treatments Growth inhibition of associated pathoges
Concentration (%)
Pythium ultimum Fusarium oxysporum
2 5 10 15 | Mean 2 5 10 15 Mean
Zingiber 0.00| 0.00| 0.00f 0.00 0.0(¢ 38.88 | 42.59 | 44.44 | 33.33 | 39.81
officinale (38.55) (40.73)| (41.80)| (35.21) (39.07)
Vitex nigundu 0.00| 0.00| 0.000 0.00 0.0¢ 57.40 | 49.99 | 64.81 | 61.11 | 57.33
(39.27) (45.04) | (53.63)| (51.45) (49.85)
Melia azedirach | 0.00| 0.00| 0.00 0.00 0.0( 48.15 | 35.18 | 46.29 | 57.40 | 46.75
(43.94) (36.37) | (42.87)| (49.27) (43.11)
Lantana camara | 0.00| 0.00| 0.00] 0.0(¢ 0.0( 31.48 | 44.44 | 40.73 | 50.00 | 41.66
(34.11) (41.80) | (39.65)| (45.00) (40.14)
Murraya 0.00| 0.00| 0.00f 0.00 0.0(¢ 5.55 9.25 | 18.52 | 50.00 | 20.83
koeningii (11.03) (14.52) (25.24) | (45.00) (23.95)
Bougainvillea 0.00| 0.00| 0.00f 0.00 0.0¢ 11.11 | 12.96 | 22.22 | 35.18 | 20.37
glabra (19.47) (21.01) | (28.01)| (36.32) (26.20)
Allium sativum 0.00| 0.00| 0.00f 0.00 0.0¢ 14.81 | 22.22 | 33.33 | 4259 | 28.23
(22.55) (28.01)| (35.21)| (40.73) (31.63)
Mean 0.00| 0.00| 0.00f 0.00 0.0(¢ 25.92 | 27.08 | 33.79 | 41.20 -
(27.36) (28.43) | (33.30)| (37.87)

Figures in the parentheses are arc sine transfovalads

CD.05

Treatment (T) - (3.32)
Concentration (C) - (2.34)
TxC - (6.65)
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Plate 4.9.Effect ofLantana camara on associated pathogens
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Plate 4.9.b Effect ofLantana camara on Fusarium oxysporumm
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Plate 4.9.c Effect olLantana camara on Rhizoctonia solani
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Plate 4.9.d Effect ofLantana camara on Sclerotium rolfsii




It is evident from data (Table 4.8a.) that theresw® reduction in the growth of
mycelium in P. ultimumwith any of the extract of the botanicals whileegpective of
concentration, (Plate 4.9.a)itex nigunduresulted in 57.33 per cent mycelial growth
inhibition of F. oxysporum(Plate 4.9.b) which was followed yelia azedarach(46.75%)
and Lantana camara(41.66%) In case ofR. solani, Zingiber officinalggave maximum
mycelial growth inhibition (24.07%) (Plate 4.9.dpllowed by Melia azedarach(20.82%)
and Lantana camara(15.27%), whereas, in case 8tlerotium rolfsii, Lantana camara
resulted in 25.00 per cent mycelial growth inhtniti (Plate 4.9.d) followed bwelia
azedarachandLantana camaragiving 20.82 and 15.27 per cent mycelial growthibition
(Table 4.8b).

Table 4.8b. In vitro evaluation of botanical extracts on growth inhibiton of associated
pathogens of damping-off of tomato

Growth inhibition (%)
Concentration (%)

Treatments Rhizoctonia solani Sclerotium rolfsii
2 5 10 15 Mean 2 5 10 15 Mean
Zingiber officinale 20.37| 12.96 | 33.33| 29.62| 24.07| 0.00 | 0.00 | 0.00 | 0.00 | 0.00
(26.45)| (21.00)|(35.14)| 32.83)|(28.86)| (1.00) | (1.00) | (1.00) | (0.00) | (0.00)
Vitex nigundu 740 | 3.70 | 9.25 | 7.40 | 6.94 | 9.25 | 7.40 | 22.22| 22.22| 15.27
(15.56)| (6.48) [(17.51) 15.57)|(13.79)| (2.89) | (2.65) | (4.79) |(28.01)|(20.88)
Melia azedarach 1.85 | 14.81| 27.77| 38.88| 20.82| 3.70 | 7.40 | 14.81| 11.11| 9.25
(4.54) |(22.34)((31.71)| (38.55)| (24.29)| (2.04) | (2.86) | (3.86) |(19.47)|(16.52)
Lantana camara 1.85 | 3.70 | 24.07| 31.48| 15.27| 3.70 | 14.81| 24.07 | 57.41 | 25.00
(4.54) | (9.08) [(29.16)| (34.09)| (19.22)| (2.04) | (3.96) | (5.00) |(49.28)|(27.57)
Murraya koeningii 185 | 3.70 | 1.85 | 555 | 3.23 | 1.85 | 7.40 | 20.37| 31.48| 15.27

(4.54) | (9.08)| (4.54) |(13.63) (7.94)| (1.52) | (2.86) | (4.61) |(34.11)[(20.25)

Bougainvillea glabra 0.00 | 000 | 3.70 | 7.40 | 277 | 0.00 | 0.00 | 555 | 11.11| 4.16
(1.00) | (1.00) | (9.08) |(15.57)| (6.16) | (1.00) | (1.00) | (2.34)|(19.47)| (7.62)

Allium sativum 0.00 | 0.00 | 3.70 | 7.40 | 2.77 | 0.00 | 0.00 | 7.40 | 11.11| 4.62
(1.00) | (1.00) | (6.49) |(15.57) (5.51)| (1.00) | (1.00) | (2.86) |(19.47)| (8.76)
Mean 4.16 | 4.86 | 12.96 | 15.97 - 231 | 462 | 11.80| 18.05
(6.95) | (8.50) |(16.71)[(20.73) (4.65) | (8.33) [(16.59)|(21.23)
CD(O.OS'
Treatment (T) (4.42) (3.89)
Pathogen (P) (3.11) (2.75)
TxP (8.83) (7.80)

With regard to the concentration of the extractited tested botanicals, data further

revealed that concentration of the extracts wasctyr proportional to the mycelial growth
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inhibition and therefore, with the increase in cemication, there was an increase in mycelial
growth inhibition of the tested fungi such asFnoxysporumincreasing the concentration
from 2 to 15 per cent, mycelial growth inhibitiorasvincreased from 25.62 to 41.20 per cent,
respectively. Similarly, irR. solanj 4.16 per cent growth inhibition was observed gteP
cent concentration of botanicals while it was 15T cent at 15 per cent concentration.
Similar trend was observed 8 rolfsii wherein, increase in concentration from 2 to 16 pe
cent, there was a corresponding increase in myagbavth inhibition giving 2.31 per cent at
2 per cent and 18.05 at 15 per cent concentrafittimedootanicals.

Interaction between concentration and growth irtlmbiof pathogens revealed that
nigunduat 10 per cent concentration resulted in highesivth inhibition of F. oxysporum
(64.80%) followed by 15 per cent concentration\of nigunduinhibition F. oxysporum

(61.11%), though statistically similar to each othe

Leaf extracts from commonly available planta gitro) against soil borne plant
pathogens liké. rolfsii, R. solanandP. aphanidermaturhave been found to be effective by
earlier workers (Maniaret al, 1988; Kumaret al, 1996; Jacob and Siva Prakasan, 1994;
Arya et al, 1995; Rodriguez and Montilla, 2002; Babtial, 2000;Hoodaet al, 2011,
Pattnaiket al, 2012.

4.4.3.2 Evaluation of botanicals on disease in@dce under pot conditions

Aqueous extracts of botanicals were further evallisat 15 per cent concentration
under pot conditions against the associated patisogedamping-off of tomato. Plastic pots
filled with sterilized soils were inoculated withass culture of pathogens which were
multiplied on corn: sand meal medium. In each petien to eight seedlings (15 to 25 days
old) treated by root dip treatment were transpldnBata on disease incidence were recorded

and is presented in Table 4.9.

Data presented in Table 4.9 showed that all thercdl extracts reduced the
incidence of damping-off of tomato caused by allrfeested pathogens, however,camara
gave the minimum incidence (37.50%), (Plate 4.ik€eppective of the pathogens, followed
by V. nigundu(39.16%), though statistically at par with eacheot

Data further revealed that out of four pathogensoasated with damping-off of
tomato, F. oxysporumand S. rolfsii were equally sensitive to the botanical extractd a

exhibited 49.58 per cent disease incidence. This fetbowed byR. solaniandP. ultimum
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Plate 4.10. Effect olLantana camera (15 %) on the associated pathogens in pot

Pythium Fusarium
ultimum oxysporum

Rhizoctonia Sclerotium
solani rolfsii




giving 57.08 and 76.25 per cent incidence, respelgti which were statistically different
from each other.

Interaction studies showed tHatcamararesulted in minimum incidence & rolfsii
(20.00%) followed by. nigundugiving minimum incidence o$. rolfsii (23.33%), though

statistically similar to each other.

L. camaragave highest per cent disease control (62.50%Jaoiping-off to tomato
under pot conditions followed by. nigundu(60.84%), whereas, minimum disease control

was achieved by soil application of extracBofglabra(33.34%).

Table 4.9. Evaluation of botanical extracts on disese incidence and per cent disease
control of damping-off of tomato under pot culture conditions
Disease Incidence (%) Per cent
Treatment _ A_ssociated_ fungal_ pathogens_ disease
Pythium Fusarium | Rhizoctonia | Sclerotium Mean control
ultimum oxysporum solani rolfgii
Zingiber officinale 70.00 46.66 43.33 56.66 54.16 45.84
(57.00) (43.08) (41.16) (48.85) (47.52)
Vitex nigundu 66.66 30.00 36.66 23.33 39.16 60.84
(54.78) (33.00) (37.23) (28.78) (38.45)
Melia azedarach 66.66 46.66 30.00 50.00 48.33 51.67
(54.78) (43.08) (33.00) (45.00) (43.97)
Lantana camara 60.00 30.00 40.00 20.00 37.50 62.50
(50.85) (33.00) (39.15) (26.07) (37.27)
Murraya koenigii 80.00 40.00 76.66 30.00 56.66 43.34
(63.93) (39.15) (61.22) (33.00) (49.33)
Bougainvillea glabra 90.00 50.00 66.66 60.00 66.66 33.34
(75.00) (45.00) (54.78) (50.85) (56.41)
Allium sativum 76.66 53.33 63.33 56.66 62.50 37.50
(61.22) (46.92) (52.78) (48.85) (52.44)
Control 100.00 100.00 100.00 100.00 100.00 -
(90.00) (90.00) (90.00) (90.00) (90.00)
Mean 76.25 49.58 57.08 49.58 - -
(63.45) (46.66) (51.16) (46.43)

Figures in the parentheses are arc sine transfovalads

CD (0.05

Treatments (T) (4.25)
Concentration (C) (3.01)
TxC (22.79)

Various workers such as Chandel and Sharma (2@bdizidi and Mederbal (2016),
Banakaret al (2017), Sanaullahkt al(2018) and Nasriet al. (2018) have reported that soil
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borne diseases can be controlled with applicatfatifterent plant extracts (botanicals), both

underin vitro and field conditions.

444 MANAGEMENT THROUGH SYSTEMIC ACQUIRED RESISTA NCE (SAR)
INDUCERS

4.4.4.1 Evaluation of systemic acquired resistand&SAR) inducers under pot culture
conditions
Five different systemic acquired resistance (SARatmotic resistance inducers were
evaluated under pot culture conditions against diagapff of tomato. Plastic pots filled with
sterilized soils were inoculated with mass cultafepathogens which were multiplied on
corn: sand meal medium. In each pot, seven to sggdlings (15 to 25 days old) treated by
root dip treatment were transplanted. Data on desé&acidence and per cent disease control
were recorded and after statistical analysis has peesented in Table 4.10.
Table 4.10. Evaluation of systemic acquired resistge (SAR) inducers on disease

incidence and per cent disease control of dampingfoof tomato under pot
culture conditions

Conc. Disease Incidence (%) Percent
Treatments (mM) Associated fungal pathogens disease
Pythium Fusarium | Rhizoctonia | Sclerotium| Mean | control
ultimum oxysporum solani rolfsii
Oxalic acid 20 28.57 42.85 38.09 47.61 39.28 | 60.72
(31.80) (38.09) (38.03) (43.63) | (38.56)
Potassium 50 42.85 28.56 38.09 66.66 44.04 | 55.96
oxalate (40.77) (38.09) (38.03) (54.83) | (41.36)
Potassium 300 4.76 9.52 19.04 33.33 16.66 | 83.34
chloride (7.40) (19.04) (25.57) (34.54) | (19.37)
Salicylic 10 85.71 85.71 76.18 85.71 83.32 16.68
acid (71.83) (76.18) (61.05) (71.83) | (69.13)
Potassium 50 14.28 4.76 61.90 11.52 20.24 79.76
dihydrogen (18.17) (61.90) (52.60) (21.04) | (19.54)
phosphate
Control 100.00 100.00 100.00 100.00 100.00 -
i (90.00) (90.00) (90.00) (90.00) | (90.00)
Mean - 35.23 34.28 46.66 46.66 - -
(33.99) (32.51) (43.06) (40.96)
Figures in the parentheses are arc sine transfovaleds
CD (.05
Treatment (T) (8.68)
Pathogen (P) (9.70)
TxP (18.34)
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Plate 4.11. Effect of potassium chloride on the assiated pathogens in pot conditions

Pythium ultimum Fusarium oxysporum

Rhizoctonia solani Sclerotium rolfsii




It is evident from the data presented in Tabl®4ltht all the SAR inducer treatments
resulted in disease reduction, whereas, seedlipgrdatment of potassium chloride (Plate
4.11) and potassium dihydrogen phosphate whenezppli 300 and 200 mM concentration
were found effective and resulted in 16.66 and 2@&r cent disease incidence, respectively,
though statistically at par with each other. Oxamd (20 mM) also reduced the disease
incidence to 39.28 per cent while Salicylic acidri was least effective with maximum

(83.32%) disease incidence.

Data (Table 4.10) also showed that out of four &lrmmathogens testeH, oxysporum
gave minimum disease incidence followed Byultimumand were statistically similar to
each other. FurtheR. solaniand S. rolfsii exhibited equal sensitivity to the SAR inducer

chemicals by giving 46.66 per cent disease incidenc

Interaction studies showed that potassium chlorf@880 mM) and potassium
dihydrogen phosphate (50 mM) resulted in minimusedse incidence &f. ultimumandF.
oxysporumgiving 4.76 per cent followed by potassium chleriéxhibiting 9.52 per cent

incidence ofF. oxysporum

With regard to per cent disease control, it wasifbthat potassium chloride resulted
in highest disease control (83.34%) of damping-offf tomato followed by potassium
dihydrogen phosphate (79.76%) and oxalic acid (&®)7

SAR chemicals provide multiple disease protectiathvenly one application as
described by earlier workers (Raskin, 1992; Verpebal, 1995) and Janjaet al, 1996). A
wide range of chemical compounds such a®sdigcharides (Yokoshiwet al,1993),
glycoprotein and peptides (Benhamou, 1992) aalicylic acid (Yalpanet al, 1991) has
been used for induction of systemic resistamcalifferent plants.

4.4.5 Integrated disease management under the fletonditions

In order to study the effect of soil solarizatiomdabio-control agent, botanical extract
and resistant inducing chemical, found best undevitro andin vivo conditions, on the
incidence of damping-off of tomato, an experimeitsviaid out during 2019 crop season in
randomized block design (RBD) and each treatmesstneplicated thrice times. The data on
disease incidence of damping-off were recorded aaidulated per cent disease control is

presented in Table 4.11.
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Data (Table 4.11) revealed that a significant réduacin incidence of damping-off
was observed in all the treatments in comparisarotdrol. The minimum disease incidence
of damping-off was recorded in the combined treatnod soil solarization+ soil application
of T. harzianum: soil application of_antana camarat soil application of potassium chloride
which exhibited minimum disease incidence (13.11Pdate 4.12h) followed by treatment
comprising of soil solarization k. camara+ potassium chloride with 30.27 per cent disease
incidence Plate 4.12f), though statistically diffiet from each other.

Combined application of soil solarization¥. harzianum Lantana camara+
potassium chloride also gave maximum disease doofr&v4.88 per cent followed by
treatment including soil solarizationl+ camara+ potassium chloride giving 42.02 per cent

disease control.

Table 4.11. Effect of soil solarization, bio-contrbagent, botanical extract and resistant
inducing chemical on damping-off of tomato under tle field conditions

Disease incidence| Percent disease
Treatments
(%) control
Soil solarisation 45,55 12.75
(42.34)
Soil solarization . harzianun{TH) 35.82 31.39
(36.14)
Soil solarization +.antana camargLC) 40.55 22.33
(38.49)
Soil solarization + potassium chloride (PC) 41.38 20.74
(40.40)
Soil solarization + TH + LC 40.55 22.33
(38.49)
Soil solarization + LC + PC 30.27 42.02
(32.41)
Soil solarization + TH + PC 31.94 38.82
(46.09)
Soil solarization + TH + LC + PC 13.11 74.88
(21.39)
Control 52.21 -
(46.27)
CDoos (15.12) -

Figures in the parentheses are arc sine transfovalads

It can be clearly seen that integration of différeantrol measures had an additive
effect in disease management over the individuashttnent alone. These results are in
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Plate 4.12. Integrated disease management under field conditian

4.12a.
Soil solarization

4.12hb.
Soil solarization +
biocontrol agent

4.12c.
Soil solazisation +
botanical

4.12d.
Soil solarization +
resistace inducing
chemical

4.12e.
Soil solarization +
biocontrol agent +
botanical

4.12f,
Soil solarization +
botanical + resistance
inducing chemical

4.12g.
Soil solarization +
biocontrol agent +
resistance inducing
chemical

4.12h.

Soil solarization +
biocontrol agent+
botanical + resistance
inducing chemical

(4.12i) Control




agreement with findings of various workers suchdastha (2003), Champawat and Sharma
(2003), Pandat al (2005), Jayaraj and Radhakrishnan (2008), JagadjRadhakrishnan
(2008), (Pandewgt al, 2016), Mahatet al. (2017).

50



Chapter-5

SUMMARY AND CONCLUSION

The present investigations on damping-off of tomatre undertaken in relation to
the isolation and identification of the associagpathogens, symptomatology, morphological
and cultural studies, pathogenicity and manageroktite disease through soil solarization,
biological control, botanicals and resistance imdgichemicals alone and their integration.

The results obtained are summarized as under:

The disease appeared in the two phases pre-emergence and post-emergence. In
pre- emergence, growth of the seedlings appearquhiches which act as characteristic
symptom of the disease. Patchy growth among thdliege in nursery beds were also
observed. This was due to the infection of the sesal germinating parts like plumule and
radicle which resulted in rotting of the seeds befine emergence of the seedling. In case of
post- emergence, small water soaked lesions apgpearéhe stem portion near the soil line
which later enlarged in size and became brown ghtlibrown in colour, resulted in
constriction of the stem and toppling over of teedling on ground due to the weight of the

upper part of the young seedlings.

Identification of the isolated pathogens was done the basis of various
morphological and cultural characteristics. Morglyatal studies revealed that pathogens
were fast growing on artificial medium with initiglwhite, cottony and profusely growing
mycelium attaining a colony diameter of 90 mm witl8-6 days. In case &. ultimum,
hyphae of the pathogen were hyaline and coenodyticsepta were also observed in some
old cultures. Pathogen produced sporangia whicle werstly round in shape. In old cultures,
production of oospore was also observed and theg veeind in shape. IR. oxysporumthe
mycelium was hyaline at first becoming cream cadduwith age and had branches and
septations. The fungus produced macroconidia, maenolia and chlamydospores.
Macroconida were hyaline, 3-5 septate, falcateritagradually pointed and curved ends and
appeared on sporodochia or without formation otsfraiting bodies. Microconidia were
abundant, ellipsoid, straight to curved and hyali@klamydospores were both smooth and
rough walled characterized by thick walls formeaiti@ally or intercallary, single or in pairs.
In R. solani,the mycelium was septate, colour of the hyphargdrom hyaline when young



to brownish on maturity. The branching occurred adtmat right angles to the hyphal cell.
Fungus also produced sclerotia which were barrapat, comparatively smaller cells in
groups, brown to black and unlike other fungi, smi@ were undifferentiated into rind and
medullae. InS. rolfsii the hyphae was hyaline, thin walled, sparsely $eptden young.

Sclerotia initially were formed from hyphal strarttiat consist of 3-12 hyphae lying parallel.
Mature sclerotia were dark brown but variation frdighter brown to darker colour was

found. These were small about the size of radiell,deard and usually round.

Pathogenicity of the associated pathogens with dagrpif were proved on tomato
cv. “Solan Lalima” for both pre and post emergepbkase either alone or in the combination.
It was done by sowing the seeds and transplanfitizecseedlings in the pots containing sick
soil, after seven days of inoculation of the pagmagncubation period was shorter i.e. 96 h in
case ofP. ultimumwhile it was maximum in case df. oxysporumi.e. 144 h. Disease
incidence was more in pre-emergence phase (94.44%g it was 50.00 per cent in post-

emergence phase.

During in vitro thermal sensitivity of inocula of fungal pathogefsdamping-off of
tomato, it was observed that with the increaseh temperature and duration, mycelial
growth inhibition of fungal pathogens also increhsglaximum mycelial growth inhibition
was recorded irP. ultimum (5.56%) followed byF. oxysporum(4.95%) andR. solani
(3.73%).

Soil solarization increased the mean soil tempesahy 3.49°C at 5 cm depth as
compared to nonsolarized control at the same déapthement in temperature decreased with
increase in soil depth in both solarized and ndars®d nursery beds but temperature
recorded was comparatively high in solarized be&sil solarization for 10 to 20 days
resulted in the survival of all the pathogens. Solbrization for 30 days resulted in killing of
the pathogen§. oxysporumandR. solaniwhile all the pathogens were not viable after 40

days of soil solarization.

Among different fungal and bacterial antagonistaleated against the pathogeifs,
harzianumcaused maximum mycelial growth inhibition (63.93%)lowed by T. viride
(59.76%). Among the bacterial antagonists, maximonycelial growth inhibition was
recorded byBacillus licheniformis(37.45%) followed byB subtilis (35.18%) undem vitro

conditions.
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There was a significant reduction in the inciden€edamping-off of tomato when
fungal and bacterial antagonists were applied & ghil during the pot experiment. The
antagonist. T. harzianumresulted in minimum disease incidence (15.83%) avabk
significantly superior from other treatments folledvby Jeevamrit (18.33%). Among the
bacterial antagonistsPseudomonas fluorescencesulted in minimum disease incidence
(31.66%) followed byBacillus subtilis(32.50%).

Among the different botanicals used at differennaantrations undein vitro
conditions, there was no reduction in the growtimgtelium inP. ultimumwith any of the
botanical while inF. oxysporummycelial growth inhibition was 57.33 per cent Witex
nigundufollowed byMelia azedaraci{46.75%) and.antana camerg41.66%). InR. solani,
maximum mycelial growth inhibition was (24.07%) Bygiber officinalefollowed byMelia
azedarach(20.82%) and.antana camarg15.27%), whereas, i8 rolfsii, maximum mycelial
growth inhibition was 25.00 per cent lantana camarafollowed by Melia azedarach
(20.82%) and/itex nigundy15.27%).

In the pot conditions, when botanicals were appdiedl5 per cent concentration, there
was a significant reduction in the disease incidenith Lantana camarg37.50%) followed
by Vitex nigundu39.16%).

Among the resistance inducing chemicals, all thenubal treatments resulted in
disease reduction, whereas, seedling dip treatrobBmgotassium chloride and potassium
dihydrogen phosphate when applied at 300 and 200 coiMentration respectively, were

found effective and resulted in 16.66 and 20.24cpeet disease incidence, respectively.

In integrated disease management study, significaeduction in incidence of
damping-off was observed in all the treatments amgarison to control. The minimum
disease incidence of damping-off was recorded éncthmbination of all the treatments (soill
solarization + soil application of. harzianum+ soil application ofLantana camarat
seedling treatment of potassium chloride) resultedl3.11 per cent disease incidence
followed by treatment (soil solarization + botamicaesistance inducing chemicals) with
30.27 per cent disease incidence.
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Therefore, the results of present investigatiomshEaconcluded as:

P. ultimum, R. solani, F. oxysporuand S. rolfsii were found associated with
damping-off of tomato.

T. harzianum, Lantana camaead potassium chloride were found the best agalhst
pathogens under pot conditions.
For the management of damping-off of tomato ungid tonditions, soil solarization

along with soil application of. harzianum, Lantana camaend seedling treatment
with potassium chloride were found effective
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APPENDIX-I

Composition of Media Used

Oat meal agar medium

Oat 40049
Agar 2009
Distilled water 1000 ml

Potato dextrose agar medium

Potato 250.0¢9
Dextrose 20.0¢g
Agar 20.0g
Distilled water 1000 ml
Nutrient agar

Peptone 509
Yeast extract 209
Beef extract 3.0¢
NacCl 50¢g
Agar 15.0¢9
Distilled water 1000 ml
Beejamrit (Per bigha)

Water 20 |
Cow urine 51

Cow dung 5 kg
Lime 509
Jeevamrit (Per acre)

Water 2001
Cow dung 10 kg
Gram Flour 1 kg
Jaggery 1 kg
Cow urine 51



6.

Wheat bran saw dust

Wheat bran
Saw dust

Sucrose
Corn sand meal medium
Corn

Sand

Sucrose

30 kg
10 kg
2%

30 kg
10 kg
2%



APPENDIX-II

ANOVA TABLES
ANOVA 1: Pathogenicity of pathogenic fungi assoctad with damping-off of tomato
4.2)

Sogrc_e of DF Sum of Mean F-Calculated Signficance

Variation Squares | Squares
Factor A 9 25,169.350 2,796.594 20.831 0.00000
Factor B 1 14,519.049 14,519.049 108.146 0.00000
Intraction AXB| 9 7,426.844 | 825.205 6.147 0.00002
Error 40 5,370.182 134.255
Total 59 | 52,485.425
ANOVA 2: Invitro thermal sensitivity of inocula of four pathogens bdamping-off of

tomato on mycelial growth inhibition at different temperatures and

exposure durations (4.3.)

A. Pythium ultimum

Sogrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 2 150.624 75.312 28.022 0.00000
Factor B 2 133.863 66.931 24.904 0.00000
Intraction AXB| 4 15.542 3.885 1.446 0.23904
Error 36 96.752 2.688
Total 44 396.780
B. Fusarium oxysporum
Soqrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 2 116.640 58.320 9.604 0.00045
Factor B 2 67.717 33.859 5.576 0.00777
Intraction AXB| 4 3.284 0.821 0.135 0.96829
Error 36 218.601 6.072
Total 44 406.242
C. Rhizoctonia solani
Sogrcg of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 2 99.268 49.634 41.379 0.00000
Factor B 2 44.042 22.021 18.358 0.00000
Intraction AXB| 4 15.210 3.803 3.170 0.02655
Error 32 38.384 1.200
Total 44 203.881




D. Sclerotium rolfsii

source of pF |Sumof| Mean F-Calculated Signficance
Variation Squares| Squares
Factor A 2 70.182 35.091 33.830 0.00000
Factor B 2 41.344 20.672 19.929 0.00000
Intraction A X B 4 4.630 1.158 1.116 0.36415
Error 36 37.342 1.037
Total 44 | 153.499
ANOVA 3: In vitro evaluation of fungal and bacterial antagonists on m@wth
inhibition of associated pathogens of damping-offfdomato (Table 4.6.)
Soqrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 8 18,087.51% 2,260.989 51.494 0.00000
Factor B 3 18,158.027 6,052.6/6 137.854 0.00000
Intraction A X B| 24 8,169.191| 340.383 7.752 0.00000
Error 72 3,161.264 43.904
Total 107 | 47,575.996
ANOVA 4: Evaluation of fungal and bacterial antagonsts and natural bio-resources
on post-emergence damping-off of tomato under potonditions (Table
4.7)
Sogrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 11 | 68,685.417 6,244.1p9 108.332 0.00000
Factor B 3 757.639 252.546 4.382 0.00618
Intraction A X B| 33 5317.361| 161.132 2.796 0.00005
Error 96 5,533.333 57.639
Total 143 | 80,293.75(
ANOVA 5: Invitro evaluation of botanical extracts on growth inhibiton of associated

pathogens of damping-off of tomato (Table 4.8.)

A. Fusarium oxysporum

Sogrcg of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 6 14,320.48(0 2,386.747 83.275 0.00000
Factor B 3 4,086.603] 1,362.201  47.528 0.00000
Intraction A X B| 18 3,888.819| 216.04% 7.538 0.00000
Error 56 1,605.020 28.661
Total 83 | 23,900.921




B. Rhizoctonia solani

source of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 6 5,970.198] 995.03B 43.689 0.00000
Factor B 3 2,847.111 949.037 41.669 0.00000
Intraction A X B| 18 2,490.939| 138.386 6.076 0.00000
Error 56 1,275.429 22.776
Total 83 12,583.677
C. Sclerotium rolfsii
Sogrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 6 5,305.607| 884.268 58.710 0.00000
Factor B 3 4,210.071] 1,403.3p7 93.174 0.00000
Intraction A X B| 18 3,529.019| 196.057 13.017 0.00000
Error 56 843.453 15.062
Total 83 | 13,888.151
ANOVA 6: Evaluation of botanical extracts on diseae incidence and per cent disease

control of damping-off of tomato under pot culture conditions (4.9.)

Sogrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 7 32,929.167 4,704.167  80.643 0.00000
Factor B 3 11,412.500 3,804.167 65.214 0.00000
Intraction A X B| 21 7,187.500| 342.262 5.867 0.00000
Error 64 3,733.333 58.333
Total 95 | 55,262.50(
ANOVA 7: Evaluation of systemic acquired resistance(SAR) inducers on disease
incidence and per cent disease control of dampingfaf tomato under pot
culture conditions (Table 4.10.)
Source of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 4 3.3922 8480.6 44.52 0.0000
Factor B 3 2132.1 710.71 3.73 0.0187
praction Ao 9720.3 | 810.02 4.25 0.0003
Error 40 7619.0 190.48
Total 59 5.339




ANOVA 8: Effect of soil solarization, bio-control agent, botanical extract and
resistant inducing chemical on damping-off of tomat under the field
conditions (Table 4.11.)

Sogrc_e of DF Sum of Mean F-Calculated Signficance
Variation Squares | Squares
Factor A 8 4731.7 591.46 3.08 0.0264
Factor B 2 1002.9 501.4% 2.61 0.1043

:gtractlon A X 16 3072.0 192.00

Total 26 8806.6

vi
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ABSTRACT

In the present investigations on damping-off of &mn characteristic symptoms of the disease
first appeared in two phases i.e. pre- emergendepast- emergence. In the first phase, infectedsee
failed to germinate while in second phase, smatkwaoaked lesions on the stem appeared at seil lin
leading to toppling over of the seedling on grodexkl. Four fungal pathogens namély ultimum F.
oxysporum R. solaniand S. rolfsii were isolated from infected seedlings. Identifmatof the isolated
pathogens was done on the basis of various morgitaloand cultural characteristics. Morphological
studies revealed that pathogens were fast growmngrtificial medium with initially white cottony ah
profusely growing mycelium attaining a colony didgaereof 90 mm within 3-6 days days. In casePof
ultimum, hyphae were hyaline and coenocytic, produced sg@aand oospore. If. oxysporumthe
mycelium was hyaline and had branches and prodozemioconidia, microconidia and chlamydospores.
In R. solani,the mycelium was septate, colour of the hyphaelwawn. The branching occurred almost at
right angles to the hyphal cell and produced stikerdn S. rolfsii, the hyphae was hyaline, thin walled,
sparsely septate when young. Sclerotia were dakrbbut variation from lighter brown to darker aato
was found. Pathogenicity test revealed that diseasdence was more 94.44 per cent in pre-emergence
phase while it was 50.00 per cent in post-emergphese. Duringni vitro thermal sensitivity of inocula of
fungal pathogens of damping-off of tomato maximurycetial growth inhibition was recorded in.
ultimum (5.56%) followed byF. oxysporumn(4.95%) andR. solani(3.73%). Soil solarization increased the
mean soil temperature by 3.49 °C at 5 cm depttoagpared to nonsolarized control at the same depth.
Solil solarization for 30 days resulted in killingtbe pathogen&. oxysporumandR. solaniwhile all the
pathogen were not viable after 40 days of soil rimdtion. Among different antagonists evaluaté&d,
harzianumcaused maximum mycelial inhibition undier vitro conditions and was also found effective
under the pot conditions. There was significanuotidn in the disease incidence withntana camara
(37.50%) followed byitex nigundu(39.16%) in the pot conditions. Among SAR chemigadgassium
chloride and potassium dihydrogen phosphate whplheapat 300 and 200 mM concentration were found
effective and resulted in (16.66%) and (20.24%gake incidence, respectively. The minimum disease
incidence of damping-off was recorded in the fietthditions with the combination of all the treatrisen
(soil solarization + soil application of. harzianum+ soil application ofLantana camara+ seedling
treatment of potassium chloride) resulted in 1321 cent disease incidence and 74.88 per centsdisea
control.
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