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ABSTRACT

The status and management of wet bubble diseaséitd button mushroom
(Agaricus bisporuswas studied at Mushroom Research and Traininghtr€eof the
SKUAST of Kashmir during spring and autumn seasufnthe year 2008 and 2009. An
extensive survey conducted revealed that wet bubidease was prevalent in all
mushroom growing districts in the range of 33.@1a0 per cent. With the overall mean
disease incidence of 9.09 per cent over yearsr@ethdistricts, the disease incidence was
more (10.55-14.25%) in spring than in autumn sea@f1-8.05%). Similarly, the
overall disease intensity was 17.82 per cent dveryears in these districts with more
(16.86 - 28.31%) in spring than in autumn seasdBil{25.46%). The per cent yield loss
over the years due to the disease ranged from 132531 per cent with maximum loss
reported in district Pulwama and minimum in didtiSrinagar. With an overall yield
loss of 16.97 per cent over the years, the losshigigest (15.88-26.01%) in spring than
in autumn season (8.63-14.92%). The fungal pathagerstantly associated with the
disease was established Mgcogone perniciosaThe pathogen produced typical and
characteristic symptoms of wet bubble disease.ifitial source of inoculum was traced
in contaminated casing before it reached the fammpn the farm during storage and
mixing. Garden soil and spent compost were founkaidour the wet bubble pathogen.
Air currents, sciarid flies and water splashes wetad to facilitate pathogen dispersal
and spread from one production tray to anotherushmoom farms. Thim vitro efficacy
of ten fungitoxicants againdA. bisporusand M. perniciosarevealed that captan and
prochloraz manganese with the mean inhibition of 9&nd 99.52 per cent, respectively,



were highly inhibitory to the pathogen among nostegnics. Prochloraz manganese
completely inhibited the mycelial growth of the pagen at 50-50Q,g ml* with least
inhibition (10.83%) ofA. bisporusmycelium, whereas captan did so at only fgomi*
concentration, with 15.41 per cent inhibitionAf bisporusmycelium. Among systemic
fungicides carbendazim proved highly inhibitoryttee pathogen (97.35%), , with the
least inhibition (1.45%) oA. bisporusmycelium. Bitertanol and myclobutanil with the
inhibition percentage of 93.05 and 93.70 per cestewthe next best with least (7.08 to
9.78% ) inhibition ofA. bisporusmycelium. Then vitro evaluation of aqueous extraut
eight different locally available plant species igaded that all the tested botanicals
inhibited growth of the pathogenic fungus, Butrcuma longawith inhibition percentage
of 65.19 per cnet proved to be the best botanicti \east( 6.52%) inhibition oA.
bisporus mycelium. Metricaria spp. with the inhibition percentage of 61.49 pentc
against the pathogen was the next best botanigbitlihe same time it also inhibited the
growth of the host mycelium to 24.12 per cent. Tést botanicals were highly effective
at 3 per cent concentration. The ethanol extraciCoflongg Metricaria spp. and
Lavendulla officinalisalso behaved in a similar way exhibiting the intidvi percentages
of 98.83, 89.80 and 66.72 per cent, respectivelpwéver the ethanol extract of
Azadirachta indicatoo exhibited appreciable levels of inhibition @5.%) againsi.
perniciosa with the least (9.89 %) inhibition of host myceliumdmong bacterial
antagonists evaluatdd vitro, all the test antagonist®. flourescens B. subtilisand
Azotobactersp., exhibited stimulatory effects of varying dezgeon A. bisporus
mycelium. Beudomonas flourescet®3, Bacillus subtilis116 andAzotobactersp.-106
gave the highest mycelial growth inhibition of 1M098.88 and 98.51 per cent of the
pathogen fungus, respectively. The spraying of systemic or systemic fungicides or
incorporation of powdered formulation of both baiete antagonists or botanicals in
casing mixture gave a good control of the pathdgegus when applied separately in
vivo. The integration of one or more of these companesduced the disease to a level
significantly lower than check and appreciably emdeal the early pinhead formation,
weight and number of healthy fruit bodies anduhienate mushroom vyield, as compared
to check.
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Chapter — 1
INTRODUCTION

Mushroom production represents one of the commibrcinportant
microbial technologies for large scale recycling agfro wastes and relieves
pressure on arable land owing to its cultivatiodemcontrolled conditions. In the
present scenario of economy, it has opened up nstasvof export earnings.
Present world production is around 16 million tos\ndmong commercially
cultivated mushroomsigaricus bisporugLange.) Imbach. popularly known as
white button mushroom or European mushroom is extely cultivated
throughout the world. Its large scale productiorcémtered in Europe (mainly
western part), North America (USA, Canada), andti$mast Asia (China, Korea,
Indonesia, Taiwan and India).

The production of white button mushroom accounts3te to 45 per cent
of total world production. In India export orientéarge units with production
capacities between 2000-3000 tonnes per annum bege set up mainly in
southern, western and northern regions. A largeb®uraf small production units
without the temperature regulation equipment etistughout India and function

mostly during the autumn and winter months only.

In India the annual production of mushrooms isnested to be around
1,20,000 metric tonnes with 85 per cent of thisdpation being of button
mushrooms (Anonymous, 2010). Commercial productimin white button
mushroom in India picked up in nineties and sevhrgh-tech export oriented
farms were setup with foreign technology collabiors. But still a major share of
mushroom production comes from small farms. Of, latach emphasis is being
laid in production of mushrooms in the state of danand Kashmir where 79,277
spawn bottles for laying about 150,000 trays/ dadgs were distributed in 2009-
2010 and about 5051.61 quintals mushroom harvesteér Rashtriya Krishi
Vikas Yojna (RKVY) alone (Anonymous, 2011).
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The main constraints in the speedy developmentisfdrop in the valley
to the cottage level industry are mushroom diseaBes crop is infested by a
number of fungal, bacterial, and viral pathogensctvinesult either in the partial
or total failure of the crop or to the least dedeates the quality of the produce.
The cultivation of button mushrooms in the JammK&shmir state is usually
carried out in few rooms in residential housesibwt few isolated cases specially
built mushroom houses without any environmentatr@bisystem and without the
provision of compost pasteurization have also hesad for the cultivation, thus
providing the conditions conducive for the growttdanultiplication of pathogens
and competitor moulds associated with mushroonuraltAlthough new farms
with environmental control system and compost pastation facilities are
coming up in the state, the number of such farms very few
(Munshi and Ghani, 2003). By the end of 2010, thesimoom production of
Jammu & Kashmir state has reached 950 metric topeeannum of which valley
contributed 250 metric tonnes. The mushroom ingustrthe valley is in the
revival phase and more and more people and entreyre are taking up this
venture to earn their livelihood by adopting tharyeund cultivation.

The increase in the number of mushroom productioits uvithout the
facilities of pasteurization coupled with the yegaund cultivation lead to the
growth in the populations of a few fungal and baategathogens, thus posing a
serious threat in the profitable production of ttiep. Major fungal disease®z.,
dry bubble, wet bubble and cobweb are responsdslénflicting varying degree
of crop losses in mushroom farms (Foet¢ral, 1974; Sharma and Vijay, 1996;
Jandaik and Gularia, 1999; Bhat and Singh, 2008gIset al, 2010). Among
these wet bubble diseaskl.(perniciosd causes extensive damage by bringing
soft rot or decay of whole fruiting body. If not doolled well in time, the
pathogen causes havoc damaging the entire croppuSeoutbreaks have been
recorded in various farms in many mushroom grovaogntries including Serbia
(Potocniket al, 2004). The disease is most prevalent in Indiemperate areas
although few reports are available from subtropissvell (Sharma and Kapoor,
2000; Bhatt and Singh, 2000). In Haryana it was ittean problem and the

2]



incidence up to 30 and 25 per cent in 2008-20092809-2010, respectively, in
14 mushroom farms of the state was reported (SanghSharma, 2010).

In 1998 the disease spread to almost all the maoshronits located in
Solan district of Himachal Pradesh recording a Hegrel of incidence (Sharma
and Singh, 2003).

The disease is characterized by the developmenmhibsh mouldy growth
of mycelium on portions of fruit bodies. It spreadsvering the entire cap
eventually reducing the sporophore to a foul smglivhite mass (Garcha, 1978).
If the infection takes place before the differetia of stipe and pileus the
sclerodermoid masses are formed, whereas infeaftendifferentiation results in
the production of thickened stipe with deformatiaingills (Smith, 1924). The
disease causes pathological changes in fruit badids bisporusafter a latency
period of about one day. The reaction of undifféegad primordia smaller than 6
mm at the time of inoculation were of a vastly hypastic, tumerous character.
They produced large, irregular, confluent lumpsAofbisporuswith no sign of
differentiation or organogenesis (Unetral, 2000). These tumerous bodies often
showed dripping amber liquid as teardrops. Wet lubifected fruit bodies were
often found to be infected by various types of baataround day 6 of infection
and this bacterial infection was the actual causdeath of mushrooms which
occurred around day 10 of infection (Fletckeal, 1995; Umaset al, 2000).

Keeping in view the destructive nature of the digean growing
mushrooms crop, especially in temperate climatieddmns of the valley, the
disease warrants control through effective managérmsiace any single method
lacks the flexibility necessary to suppress dynapathogen population for a
longer time, studies are taken up for the harmaiose of various botanicals,
bio-control agents and chemicals for efficientlynmaging the disease with the
following aims and objectives :

1) To ascertain status for the disease in importarghmaom growing

areas of Kashmir;
2) To assess influence of various factors on disgargad; and

3) To develop an integrated management strategy éodigease.

2l



Chapter — 2
REVIEW OF LITERATURE

The cultivated white button mushroomgaricus bisporusL.) is an
important cash crop which utilizes large quantibé$arm residues, additives, and
supplements for its cultivation and harbour a \tgragd microbial pathogens and
competitor moulds. As in most farms seasonal cafitin of this mushroom is
being practiced, where unpasteurized compostedtratdsis used and poor
hygiene and insanitary practices are prevalerdratér’s level, invite a number of
parasitic diseases which take considerable talhefproduce each year (Fletcher
et al, 1986; Vijay and Gupta, 1997; Bahl 2000;). Thelgem of this pathogenic
fungus is a serious impediment in the planned dgveént of mushroom
cultivation and expansion programme in our state @f these the incidence of
wet bubble diseaseMfycogone perniciogaof white button mushroom causes
extensive damage by bringing soft rot or decayvhble fruiting bodies. The
disease is most prevalent in India in temperat@asa@though reports of its

occurrence exist in subtropics also.

An attempt has been made to review the availalbdeature about wet
bubble diseaséM. perniciosa of white button mushroom under the following

headings:
2.1 Disease status and losses
2.2 Symptomology
2.3  Pathogen morphology
2.4  Hostrange
2.5 Pathogen survival and dispersal
2.6  Pathogen physiology
2.7 Disease epidemiology

2.8 Disease management
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2.1 Disease status and losses

Wet bubble disease of white button mushroom aldlectas La mole,
white mould, bubbleMycogonedisease has been reported as one of the serious
diseases from almost all major mushroom growingntiees of the world. The
disease was first described from Paris in 1888, isrstiated to be responsible for
the heaviest losses in mushroom beds in Francelafshgand United States
(Nielson, 1932). The disease has also been reprtassume serious proportions
in other major mushroom growing countries of therldiosuch as Hungry,
Netherlands, China, Taiwan, South Africa, Braziliséalia and Poland from time
to time. In India this disease was reported for ftret time in 1978 from some
mushroom farms in Jammu and Kashmir (Ketuhl, 1978), later this disease was
reported from the states of Himachal Pradesh, Hiargend Maharashtra (Sharma,
1996; Sharma and Kumar, 2000; Bhatt and Singh, 2@@&rma and Singh,
2003). Nielson (1932) stated that wet bubble dmseesused heaviest losses

among all diseases in mushroom beds in Franceaktigind United States.

Mycogone perniciosaMagn. a mycoparasite responsible to cause this
disease was isolated from 3.7 per cent samplesatetl from various mushroom
farms. Foreret al (1974), while estimating qualitative and quanm&tiosses
caused by wet bubble and dry bubble in Pennsylvas&A) reported that these
two diseases caused $ 2.2 million as qualitative$®49.7 million as quantitative
loss to mushroom. Nair (1977) conducted a surve3d4aiushroom farms in New
South Wales during 1975-76 and observed that & economically important

disease in these farms include wet bubble disease.

The natural incidence of wet bubble disease ofobuthushrooms ranged
from 1 to 100 per cent in northern India. Lossigld/in A. bisporugS-11) due to
this disease under artificial inoculation condisdmas been reported to vary from
15.72 to 80.13 per cent. Bhatt and Singh (2000g aported the yield loss up to
100 per cent as a result of artificial inoculatadrM. perniciosa All the strains of
Agaricus bisporudJ-3, S-11, S-791, S-910 arA. bitorquis NCB-6, NCB-13
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were found susceptible tigl. perniciosaunderin vivo conditions (Sharma and
Kumar, 2000).

2.2  Symptomology

The symptoms of wet bubble disease at differergestaof development
have been described by many workers (Smith, 19¢her and Ganney, 1968;
Bechet al, 1982; Geijan, 1977; Zaayen, 1982; Figueiredo lliodci, 1985;Tu
and Liao, 1989;Sharma and Kumar, 2000; Urataral, 2000). Smith (1924)
recognized two main symptom types, infected spasogg and sclerodermoid
masses. Garcha (1978) described the symptoms &s mibuldy growth on the
mushroom fructifications leading to their putrifiam, with emission of foul
odour and exudation of golden brown liquid. Hsu &tah (1981) reported that
the infected sporophores are recognized by twostygfesymptoms, one is a
tumerous form arising as a result of infectionspof heads and the other is a
malformation arising as a result of infection atlader stage of sporophore
development. Both types of infections exude someidi droplets on the surface
of infected sporophores. These droplets later alhantp amber color. Tu and
Liao (1989) observed that when young pinheads afected they develop
monstrous shapes which often do not resemble mostsoSharma and Kumar
(2000) described the symptoms as short, curly, pinige fluffy mouldy growth
of the pathogen on malformed mushrooms which caedsly observed by the
naked eyes. Cross section of deformed sporophorg®w cottony growth
showed black circular area just beneath the uppgerl Fletcher and Ganny
(1969) reported that infection in the form of blatkeaks sometimes also occurs
at the base of stipe in apparently healthy sporgshoThe hyphae of
M. perniciosahave been found to coil around host hyphae witim fadhesions
eventually penetrating the host cells (Uretal, 2000). The intra-hyphal growth
is believed to have some important consequencethéohost in particular when

the invading parasite is already infected with s&@siand mycoplasmas.
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Umar et al. (2000) described dramatic cytological changea assult of
infection when young (up to 6 mm) pinheads weredtdd. Large, very irregular,
nodular, tumerous fungal masses are formed and ifi@ereshtiation or
organogenesis of the cell masses takes place. Myfvogen grew on the surface
as fluffy mycelium but was absent deep in the lesidransmission EM revealed
two kinds of cell wall reactions, Fletchet al (1995), focal swelling like cushion
at the site of adhesion d¥l. perniciosaor focal lytic changes with swollen
mitochondria. Mycogone-infected fruit bodies wefteo found to be infected by
various types of bacteria and mycoviruses around &laf infection and this
infection was the actual cause of death of mushradrich occurred around day
10 of infection (Albouyet al, 1973; Fletcheet al, 1995; Umaret al, 2000).
These viruses containing strains BE perniciosagrew slower and induced
typical, pathological features of developmentabetin growing fruit bodies of
mushrooms (Chaze and Sarazin, 1936; Fleteheal, 1995). The mycoviruses
trigger the hyperplastic process which result itresre increase of the hyphal
reserve cells of the host (Umetral, 2000).

2.3 Pathogen morphology

Mycogone perniciosaMagn. (Perfect stateHypomyces pernicio3a
belongs to division Eumycota, sub-division Deuteyoatina, class Hypomycetes,
order Moniliales and family Moniliaceae. Its teliorph i.e.Hypomyceselongs
to division Eumycota, sub-division Ascomycotinaasd Pyrenomycetes, order
Sphaeriales and family Hypomycetaceae. Myceliunwhge compact, felt-like.
The hyphae are branched, interwoven, septate, neyadind 3-5u broad. It
produces conidia and chlamydospores. Conidiophaes short, slender,
branched, hyaline measuring 200 x 3-5um and habeesticillate to verticillate
branches, which bear thin walled, one celled canideasuring 5-10 x 4-5 pm.
Large two-celled chlamydospores are also produdéd wpper cell warty, thick
walled, globose, bright coloured measuring 15-30x20 um and the lower cell
hyaline, smooth and measuring 5-10 x 4-5um (ShamadaSingh, 2003).
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2.4 Host range

Although Mycogone perniciosas not species specific but the cultivated
mushroomA. bisporusseems to be its main host worldwide. This mycopgein
has been reported to attack large number of wadhfy fungi (Sharma, 1995).
Figueiredo and Mucci (1985) revealed that perniciosais capable of infecting
other mushroom species lilke compestrisAmong pleurotusspeciesP. eryngii
and P. nebrodensisare reported to be susceptible (Sistoal, 1997). All the
strains (most commonly cultivated in India)AfbisporusandA. bitorquis(K-32)
were found to be susceptible M perniciosainfection undelin vivo conditions.
Sharma and Kumar (2000) reported that U-3, 7911G&hd S-11 strains .
bisporusand NCB-6 and NCB-13 strains é&f bitorquisare susceptible ti.

perniciosa
2.5 Pathogen survival and dispersal

The spread oM. perniciosaoccurs primarily through casing soil but the
introduction of the pathogen through other agenciée spent compost and
infection trash, is not ruled out. The infectiomdae air-or waterborne or carried
mechanically by mites and flies (Garcha, 1978). ldad Hans (1981) reported
water splash as an important factor for wet buldpleead on beds. Bedt al.
(1982) reported that the spread through contaatiroed readily during watering
and especially harvesting. They also observedcirataminated containers can be

a source of spread over greater distances.

Tu and Liao (1989) reported that the spore$/ofperniciosacan also be
spread by air currents. Kumar and Sharma (1998)rieq that transmission
percentage oM. perniciosaunderin vitro conditions by sciarid and phorid flies
was 100 percent on MEA medium and 4-12 per cent campost.
Chlamydospores have been reported to survive fongtime (up to 3 years) in

casing soil and may serve as the primary sourdgacaulum. The aleuriospores
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produced on the surface of monstrous structurespeosbably responsible for
secondary infection.

2.6 Pathogen physiology

Like other organisms the growth and developmemi operniciosais also
influenced by various external factors. Hsu and $H&t©81) and Singh and
Sharma (2000) reported that optimum temperature roycelial growth,
sporulation and conidial germination Mf perniciosawas 25C. He also recorded
pH 6.0 as optimum for conidial germination. Lambgr®30) showed that the
mycoparasite is quite sensitive to prolonged exposo high temperatures. The
cardinal temperature for growth of the organismTtiaxter’'s agar are 8, 24 and
32°C. He also reported that in agar cultuksperniciosawas killed by exposures
to temperatures of 42 (106F) or higher for 6 hr or more. The thermal death
point for M. perniciosawas established at 48 (Zaayen and Rutigens, 1981).
However, the agueous suspensionVyfcogonespores was found to withstand
exposure to 42 and 38 for 10 and 60 min respectively (Beehal, 1982). Hsu
and Han (1981) and Singh and Sharma (2000) alswded pH 6.0 as optimum
for growth and conidial germination. On an averag®H range of 5-6 was
reported optimum for overall growth (Sharma and l&un2000).

The pH of the substrate is also known to signifiyaalter the growth and
sporulation ofM. perniciosa As reported by Tu and Liao (1989) pathogen is
tolerant to a wide pH range in acid side and &blgrow at pH 4.4, however, the
growth becomes weaker or rather restricted to gH 8.

The availability of the nutrients in the substrégealso important and
determines the growth and sporulation of the mycagie/pathogen. According
to Liao (1981), chlamydospore failed to germinatevarious median vitro even
after heat (40-7AT) treatment or application of chemicals and sdlvelowever,
germination occurred on potato dextrose agar (PDAgJlium exposed to the gas

produced by mushroom mycelia in compost for 36&tr84C. In another study
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Bech and Kovacs (1981) found that aleuriosporesusale to germinate in
water, Richard’s solution, pressed mushroom juicenoPDA, but verticilloid
spores showed a certain degree of germinationlunedi mushroom juice and on
PDA. The fact that PDA medium sustained maximum ehgt growth of M.

perniciosawas also demonstrated by Singh and Sharma (2000).

The mycelia oM. perniciosaexposed to different temperatures for 30 min
lost its viability beyond 4%C. Conidia failed to germinate after treatment4iC4
whereas chlamydospores treated afCAdailed to germinate, thus clearly
indicating that thermal death points of myceliumnidia and chlamydospores are
between 40 to 42, 42 to 44C and 46 to 48C, respectively (Sharma and Singh,
2002).

Holland and Cooke (1991) reported however, in rgltact agar medium,
M. perniciosaformed abundant thin walled, hyaline phialo-coaidind thick
walled pigmented verrucose conidia. During nutriéepletion, other propagules
namely lateral smooth conidia, infected intercalagfls, chlamydospores and
orthoconidia appeared. Mannose and asparagine bage reported as best
sources respectively of carbon and nitrogen forpddogen (Singh and Sharma,
2000). Compost extract agar medium was found bmst $ustaining mycelial
growth whereas spore production was maximum ont exédlact peptone dextrose

agar medium (Sharma and Kumar, 2000).

2.7 Disease epidemiology

The primary source of infection on most farms issimg material
containing dormant thick walled chlamydospores.id&s this infection can also
occur through air infected trash and spent comp@stce the pathogen is
established in the crop the secondary spread isdégns of conidia which are
carried by water splashes and run off water. Pgkeay also spread the

disease/pathogen through their hands. Conidia getmiwithin 4-6 hours in
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water (Sharmat al, 2001) and the latency period is about one daydkét al.,
2000). The pathogen remained viable up to 3 yearshé post mushroom
substrate under natural day conditions in the fofnthlamydospores (Tu and

Liao, 1989; Sharma and Singh, 2002).

Attempts to induce germination of chlamydosporesdeunin-vitro
conditions was not successful until 2000, when ®haat al(1999) reported 15
percent germination in 3 months old chlamydospofldmar et al, 2000)
demonstrated that pieces of pileal tissudgéricusspecies incubated with spore
suspension oM. perniciosainduced germination of the dormant, thick walled
chlamydospores. Water borne spores may eitherbsplaspread through runoff
water from infected spores and Watering the cuitivasurface/tray/bag with a
high pressure water pump and/or excess wateringd do& a very important
means of disease spread (Sharma and Singh, 20eg)hér and Ganny (1968)
and Hsu and Han (1981) have reported the spreacthushroom pathogens
through water splash and surface runoff water. Winesulum was contacted
with casing material of the healthy bag, diseaseptgms appeared on the fruit
bodies after 12-13 days, whereas the stipe of theshrooms showed infection
after 10-11 days (Sharma and Singh, 2002). Cravdfrgushroom flies (Sciarids
and Phorids) and mites over pure culturdvbfperniciosaresults in its hundred
per cent transmission to the agar slants (Kumar&matma, 1998). Transfer of
these pests over casing material of mushroom bamysesl very less transmission;
a maximum of 30 per cent transmission was obsewitd Phorids. Beclet al
(1982) also reported that mushroom flies transnat tabble disease to distant
places. Fletcher and Ganny (1968) concluded thaidine spread of wet bubble
disease did not appear to be very important. Phitisd captured from fluffy
surfaces (growth oM. perniciosa showed presence of aleuriospores in their
gastro-intestinal tract and on their extremitidgréby indicating the spread of
disease (Umaet al, 2001).
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2.8 Disease management
2.8.1 Management through physical methods

Wuest and Moore (1972) suggested that aerated saé&d.4C for 15
minutes can eliminat®l. perniciosafrom casing soil. Munns (1975) suggested
the use of plastic pots to cover mushroom showiaghubble symptoms during
the cropping season to prevent spread of diseaseandl Liao (1989) while
working to find out an integrated approach for thanagement of wet bubble
disease revealed that the use of clean compogtypasition or sterilization of
casing soil, good peak heating and fumigation osimoom house and use of
Benomyl or Mertect-40 per cent were effective imaigingM. perniciosa Zhang
(1990) suggested three methods of prevention of budible disease which
include steam sterilization of mushroom beds, fodelayde fumigation and

fungicidal application.
2.8.2 Management through chemicals

A resounding success in the control of mushroom gdilin
diseases/pathogens has been achieved with theduction of Benomyl
containing fungicides. Fletcher (1971) found benbragyd thiabendazole as
possible materials for the control of important hme®m diseases. The
application of benzimidazole derivatives againktted fungal pathogenic diseases
of Agaricus bisporusn cropping rooms has therefore been recommendiab$t
and Cole, 1970; Gandy, 1971). The pathogenic furgiicillium malthouseli
Mycogone perniciosandTrichoderma viridewere sensitivén vitro to Benomyl
and MBC (Methyl 1-2 benzimidazole carbamate) fuitlgis whereas several

edible fungi, includingAgaricus bisporusvere tolerant (Kim, 1975).

Benomyl spray at 0.5-4 g fimmediately after casing has been reported
very effective for protecting the crop (Gandy, 19Btanek and Vojtechovska,
1972). Fletcher (1975) reported that adequate cbatrwet bubble was obtained
by benomyl or thiophanate methyl at 10 g a.i. @irg@ while thiobendazole was
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less effective. Satisfactory control of wet bublhlas also been obtained by
spraying benomyl @ 0.5 g a.in8 days after casing (Kim, 1975). Geijn (1977)
suggested the control of wet bubble disease byysgathe crop with
carbendazim, benomyl or thiophanate methyl at 1®R®{pm immediately after
casing. Basamid (Dazomet) and vapum (Methane sqQdapplied @ 100 ppm to
casing has been reported very effective (Katral, 1978). Jandialet al. (1978)
reported that benomyl and MBC did not exert anyeask effect on the growth of
mushroom mycelium even at high concentrations & ppPm. Similarly, Thapa
and Raina (1989) tested carbendazim, thiophanatieyie vitro andin vivo and
found that 50 and 500 ppm concentrations had recefinA. bisporusmycelium
and also observed that the spawn run in treated Wed found to be faster more
whitish and luxuriant as compared to control. Apation of carbendazim,
benomyl, chlorothalanil, TBZ, prochloraz manganesmplex (Sportak 50 WP)
into casing mixture have been reported very effector the management of wet
bubble by several workers (Hsu and Han, 1981; Zaayel Adrichem, 1982;
Fletcher, 1983; Zaayest al, 1983; Eicker, 1984; Jhuret al, 1991; Sharma and
Kumar, 2000; Singh and Sharma, 2001). It was tedothat if casing is
contaminated control can be achieved by treatingitlh 1 per cent formalin.
Alternatively a spray of 0.8 per cent formalin dw tcasing surface, immediately
after casing can be effective. However, this cotra¢ion can be injurious if used
at a later stage in crop development. Shaetma. (1999) have reported 62.5-100
per cent inhibition onM. perniciosain culture when inoculum discs were
drenched in 0.5-2 per cent formalin solution fors&conds. Exposure d¥l.
perniciosacultures to vapours of 1-4 per cent formalin fe24hrs also resulted
in 100 per cent inhibition of fungal growth on stddturing. Maszkiewicz, (2001)
reported that chlorothalanil (Gwarant 500 SC; atl@, 50 and 100 mg/liter)
significantly controlled the mushroom pathogens aidl not reduce yield nor
delayed occurrence of first mushroom flush. Bhaitl &ingh, (2002) screened
different fungicides unden vitro conditions at various concentrations and found

that bavistin, captan, sporogon, ridomil MZ andnatfin in addition to inhibiting
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the growth of the pathogen did not inhibit thevgito of Agaricus bisporusThey
further found fromin vivo studies that bavistin (0.075%) was found mostotiffe

in controlling the disease caused Werticilium fungicolaas well as giving
significantly higher yields as compared to captadomil MZ and check.
Similarly Singh and Singh (2005) reported that clvahfungitoxicants, sporogon
and bavistin (0.05%) were effective in controllilge wet bubble disease in
mushroom beds as compared to check, without efiggt¢hie yield of mushrooms.
Katyal et al.,2008 tested the efficacy of carbendazim (bavistit%o3NVP) against
three competitor and parasitic mould®pulaspora byssina, Trichodernspp
and Verticillium fungicola of button mushroomAgaricus bisporusby adding it

in sick compost. Artificial inoculation of these oopathogens @ 0.1% revealed
yield losses on inoculations wit. fungicola(15-20%), Trichodermaspp (16-
17%) andP. byssina(8-9%). A comparison of yields in untreated and un
inoculated or inoculated controls revealed that uke of carbendazim (25-50
ppm) improved the total yields (14-33%) and numizérisuit bodies when mixed
at both spawning and casing stages in strain Pdl1&40% in strain U-3 of
button mushroomln vitro experiments showed that sodium bicarbonate (SBC)
was effective in inhibiting the growth dflycogone perniciosalhe inhibition of
radial growth, germination and germ tube elongatidnchlamydospores was
100%, 73.9%, 79.1%, respectively, at 4% SBC. heivo efficacy of sodium
bicarbonate and reduced dose of Prochloraz mangaagker alone or in
combination was applied to casing soil twice byndreng 2 hours before casing
and 2 days after casing. The efficacy of combimatb SBC with reduced dose
(10% of label dose) of Prochloraz manganese was significantly and
consistently different from that of the label dosie Prochloraz manganese in
inhibiting the disease and increasing the yieldthree repeated experiments.
Similarly, in the bags treated with the combinat@hsodium bicarbonate and
reduced dose of Prochloraz manganese, the amosnlenbdermoid masses were
reduced to 309 g from 1048 g in the control. Sodnicarbonate treatment neither
impaired the quality of sporophores nor reducedytblel (Karabulutet al.,2007).
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Three different fungicidesviz., Derosal, Sporogon and Indofil M-45 were
evaluated each @ 25 ppm and 50 ppm as prophylkaetitments for control of
mycopathogens o&garicus bisporudy incorporating these in the compost at the
time of spawning and in the casing mixture, at time of casing. All the
fungicides used were effective in improving theldi®f Agaricus bisporus
strains, P-1 and U-3. Derosal @ 50 ppm was the gftesttive, resulting in yields
of 11.93 kg and 12.42 kgs per 100 kg on wheat shased compost, prepared in
24 days, compared to yields of 9.9 kgs and 10.52 pey 100 kg compost in
control for strains P-1 and U-3, respectively. Imyad yields were also obtained
with the wheat straw + paddy straw (1:2, w/w) costdor both the strains with
the same prophylactic treatments used. A correspgndcrease in the number of
fruit bodies harvested and average weight of fsady was also observed with the

treatments (Kapoast al.,2008).
2.8.3 Biological management

Literature revealed that mycelial growth and spbmp formation of
Agaricus bisporusan be stimulated by diverse range of bacteriaulsameously,
these can be inhibitory to mushroom pathogens (B®&3; Urayama, 1967; Park
and Agnohotri, 1969; Haye=t al, 1969; Stanek, 1972; Curoto and Favelli, 1972;
Fermor and Wood, 1981; Sparlieg al, 1982; Arkanet al, 1994; Ahlawat and
Rai, 2000; Ahlawatet al, 2002). Jhunet al. (1990) screened 12 isolates of
bacteria and 91 isolates of actinomycetes from moosh compost and casing
mixture and observed different strains AJ-117, B68-and AJ-139, as promising
bioagents againstM. perniciosa. Gandy (1979) has made an interesting
observation and reported th&tcremonium strictumproduces a heat stable
antibiotic possibly a cephalosporin, which is intaby to M. perniciosabut no
attempts have been made to explore this approaobthghe fungi are pathogenic
to mushrooms. The control dfl. perniciosa through bacterial antagonist,
however, seems to show some promise and its effibas been reported by
number of workers (Flierman, 1973; Michal and Judil975). It has been
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reported that the microbes present in casing eixaiiiagonistic potential against
pathogenic fungi oA.bisporus(Trogoff and Ricard, 1976; Ganddt al, 1980).
The bacterial isolates present in casing soil iihhilile mushroom pathogens by
means of ferric ion competition instead of spafiad and Baker, 1985). The
usefulness of bacterial flora in control of pathugeaffecting yield ofAgaricus
bisporuswas also supported by (Kleopper, 199Pkeudomonads constitute a
sizeable part of microbial populations of casingcnoflora and many of them
produce siderophores which improve the growttAobisporusand also reduce

mushroom parasites (Byer and Sikora, 1990).

Fermor et al (1991) isolated 100 potential antagonistic Flsoent
pseudomonadg$rom mushroom farms, screened them undervivo against
bacterial blotch ofA. bisporusand reported 50 per cent reduction of the disease.
Siderophore producing pseudomonads contributed arying degree in the
inhibition of P. tolaasii causing bacterial blotch &. bisporus The isolates of
P. fluorescendV. 15 andP. putidaare effective again&ladobotryum dendroides
(Henryet al, 1991).

Singhet al (2000) observed that théerticillium fungicolavar. fungicola
causing dry bubble disease was reduced by bactssiates (Cic, Clib, and CVa)
and suggested that the micro flora existing in dtasing could be used for
management of different fungal disease# obisporus. Ahlawat and Rai (2000)
documented that the bacterial inoculants used undetro stimulates the growth
of mushroom mycelium and under mushroom house tiondi enhance early
pinning, yield and reduce the false truffle diseas®dence. Boraet al (2000)
demonstrated that the Fluorescent pseudomonadtesolaere successful in
inhibiting Papulaspora byssinaa competitive pathogen by 86.6-92.5 per cent,
and colonized the compost faster than the pathoganous bacterial isolates
tested undein vitro againstV. fungicolainhibited the growth of pathogen by
40-60 per cent and on treating Mefungicola infested casing soil, with bacterial

isolates BIV and BIl under mushroom house cond#ieuppressed the growth of
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V. fungicolaand enhanced the yield of white button mushrod®@haft and Singh
2000). While studying the affect of different cagisolates against. fungicola,
observed that most of the isolates suppressed rihetly of the pathogen and
increased the yield dk. bisporus.Fluorescent pseudomonads and actinomycetes
were also found antagonistic kb. perniciosa enhancing the yield @&&. bisporus
Mishra and Singlf2003)

2.8.4 Control through botanicals

The control ofM. perniciosathrough botanicals has shown some promise
(Flierman, 1973; Micheal and Judith, 1975). Theseiffof incorporation of neem
leaf extract in malt extract agar (MEA) medium be tnycelial growth of various
competitors/pathogenic fungi @&garicus bisporusand reported 30-60 per cent
inhibition of Rhizopus speciesliocladium deliquescens, Sclerotium rolfand
Trichoderma viridewhereasCephalosporium speciesd Chaetomium globosum
were inhibited to the extent of 10-15 per centpeesively (Anonymous, 1985).
Sohi and Grewal (1987) reported that incorporatbsome dried plant leaves in
compost and casing inhibited the mycelial growth Tafchoderma viride,
Penicillium oxallicumandGliocladium deliquescensRoot extract of (10%) water
hyacinth was highly inhibitory to the growth @bprinus kimuriand increased the
production ofVolvariella volvaceadruit bodies (Chakraborty and Purkayastha,
1987). Grewal (1988) observed that incorporatiordioéd leaves of Neem and
Eucalyptus in mushroom compost reduced the populaif competitor moulds
including Fusarium solanand Sepedoniurspeciesin second related experiment,
Sarkaret al. (1988) treated the compost with extracts of casueaves and water
hyacinth which reduced the incidence of weed fuagiurring inPleurotusbeds
and also increased the yield of mushroom. GrewdlGrewal (1988) found that
incorporation of dried leaves of some botanicalmely; Azadirachta indica,
Cannabis sativa, Eucalyptus hybridad Ricinus communiat 3kg/100kg of dry
wheat straw in mushroom compost before compostiisplayed differential

fungicidal properties against various weed moulfisnashroom.Sharma and
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Jandiak (1994) evaluated 5 plant materials nanmedyds of Neem, Eucalyptus,
Tagetes, Water hyacinth and garlic cloves agairdifférent competitor moulds
such asTrichoderma viride, Papulaspora byssina, Myceliapth lutae and
Chaetomium globosuin Agaricus bisporusAll the plant materials inhibited the
mycelial growth of these weed fungi by 0.8 to 29.@milarly, Sharma (1998)
documented that water hyacinth resulted in drastitiction in the incidence of
false truffle and significantly increased the yelof bothAgaricus bisporusand
Agaricus bitorquis.In vitro evaluation of different botanicals indicated thaitev
hyacinth, neem cake and neem leaves resulted mifisant inhibition of false
truffle (Diehliomyces microsporlisn AgaricusbisporusandAgaricus bitorquis
(Sharma and Jarial, 2000). Methanol extracts of pl&ht spp. that include
Erigron bonariensis, Erigron karvinskianus, Cleomscosa, Lepidium apetalum,
Mentha longifolia, Origanum vulgare, Valeriana \Welii and Vitex negundo
screened,n vitro, for their fungicidal activity against two mushroofungal
pathogensviycogone perniciosand Verticillum fungicolashowed that the 12 of
the plant extracts, were inhibitory againdt perniciosa(Arora et al., 2003).
Fungicidal activity of essential oil obtained fraime exocarp ofCitrus sinensis
against 11 fungi, isolated from wheat straw basechpost was used for the
culture ofAgaricus bisporugRaina, 2004). The essential oil was effectiversia
Curvularia lunata (Cochliobolus lunatys Fusarium oxysporum and
Helminthosporium oryza€Cochliobolus miyabeanysat 1000 ppm. Complete
inhibition of Alternaria alternataand Aspergillus flavuswas recorded for the
essential oil at 2000 ppm. Complete inhibition ofcelial growth was obtained in
Aspergillus niger, Apergillus fumigate§/erticillum fungicola and Fusarium
solani with essential oil at 1500 ppm. He also reportest £ssential oil showed
negligible toxicity againsfgaricus bisporusnycelia, indicating the possibility of

its use against pathogenic fungi in mushroom celtur

The water-methanol-and glycerol diluted plant estsaof 27 botanicals

were evaluatedn vitro against Trichoderma viride and Agaricus bisporus
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Among these water diluted extract (5%) lafntana camaraWDELc) reduced
the radial growth ofl. viride by 28.57% along with 38.61% growth promotion of
A. bisporug(Mishra and Singh, 2005). The antifungal actiwafyleaf extract of at
least 6 angiospermic plants such Asgle marmelos, Berberis aristata, Cannabis
sativa, Cleome viscose, Erigeron karvinskianus,nbéie nepetaefoliavas used
against the fungal pathogen of mushrooms (SinghSangh,2005)Among them
E. karvinskianuswas highly effective against the pathogen andntushroom

yield was enhanced from 11.69-13.25 kgs/q compost.

Glamociligeet al. (2006) analyzed the plants savo§atureja thymbra
and sage Salvia pomifera using GC and GC-MS and reported that the main
components o§. thymbrawere gamma-terpinene (23.2%) and carvacrol (48.5%)
and inS. pomiferawere alpha-pinene (20.4%) and alpha-thujone (36.1I%@g
components were assayed for antifungal activityirejdMycogone perniciosa
causing wet bubble disease of white button mushraoch it was found that
gamma-terpinene and carvacrol&fthymbrashowed complete inhibition of the
pathogen. Essential oils detricaria chamomilla, Mentha piperita, Lavendulla
augustifolia, M. spicata, Ocimum basilicum, Thynaukgaris, Origanum vulgare,
Salvia officinalis, Citrus limonand Limonene, alpha-pinene, beta-pinerigg,
cineole camphgrcarvacro] thymol and menthol were assayed for inhibitory
activity against three major pathogens of the uttaushroom (Agaricus
bisporug i.e. Vetricillium fungicola, Trichoderma harzianuand the bacterium
Pseudomonas tolaassThe highest and the broadest antifungal activitys
shown byOriganum vulgareoil and Carvacrol among the components tested
(Sokovic and Griensve2006).
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Chapter — 3
MATERIALS AND METHODS

The present studies on the integrated managemevdétdsubble disease of
Agaricus bisporus (Lange.) Imbach. were conducted during 2008 andd 280
Mushroom Research and Training Centre, DivisioRlaht Pathology, SKUAST-
Kashmir, Shalimar, Srinagar. The details of theanals used and methodology

adopted in achieving the set objectives of stugydmscribed as under:
3.1 Disease status

Survey of the mushroom units located in three idistviz., Srinagar,
Budgam and Pulwama, of Kashmir Division was conediah both spring and
autumn crop seasons of 2008 and 2009, to ascdltairstatus of wet bubble
disease Nlycogone perniciogaof white button mushroomAgaricus bisporus
(Lange) Imbach. Nine representative locations/mastr farms were randomly
selected in each district. The frequency of prevaeof wet bubble disease was
recorded on the basis of the number of mushroons umiected out of the total

units surveyed, as per the method adopted by SindiSharma (2002).

For working out the disease incidence for each mogsh farm, the
number of infected bags/trays out of the total nendf bags/trays observed was
recorded, and the per cent disease incidence iadatad by the formula given

by (Fletcheret al, 1983).

No. of infected trays/bags

Total No. of trays/bags 100

Disease incidence =
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For working out the disease intensity, the numbdrealthy and infected
sporophores in each randomly selected tray/bag faram was counted and

categorized on the following 0-5 scale.

Grade No of infected sporophores (%)
0 0
1 1-5
2 6-10
3 11-25
4 26-50
5 More than 50

The percentage of the disease intensity was caééclissing the formula:

Y disease score
Disease intensity (%) = Total No. of observations x X 100
maximum grade value

From each infected mushroom farm surveyed, yietdinbd was recorded
and the percent yield loss due to disease was latduusing the following

formula given by Zaayen and Adrichem (1982).

Per cent yield loss = Expected yield — ylgld obtained X 100
Expected yield

Where,
: Total No. Fruit Average weight of
Expected yield bodies formed X healthy fruit body
. . No. of healthy fruit Average weight of
Yield obtained bodies X healthy fruit body
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During the survey, diseased material (sporophotesgawith infected
casing soil) was collected in paper bags/contaiapdskept in a refrigerator at (2-
5 °C) for further studies.

Diseased samples were also preserved in formalkicaacid alcohol

(FAA) solution for microscopic examinations.
3.2 Isolation, identification and establishment opure culture
3.2.1 Isolation of pathogen

Isolation of the associated micro-organism was nfeat@ the mushroom
sporophores, showing typical symptoms of wet buldidease following routine
pathological techniques (Holliday, 1980). The dsssh sporophores/
sclerodermoid masses were first examined for theaated fungus by teasing the
diseased portion with the help of a teasing neadteobserved under microscope.
For isolation of the causal fungus, 5 mm smallHlelssc segments were taken
from the infected sporophore, with the help of iBsd cork borer, surface
sterilized with 0.1 per cent mercuric chloride 8% seconds followed by rinsing
thrice with sterilized distilled water, blotter dd and inoculated under aseptic
conditions on Rose Bengal-amended potato dextrgse @DA) medium in
sterilized petri-dishes, incubating the plates3#2°C.

3.2.2 Purification and maintenance of pathogen

The culture was purified by hyphal tip (Pathak, 29@nd single spore
isolation (George, 1947) methods. The pure cultuteys obtained, was
maintained by repeated sub-culturing at monthlgridls. The stock culture in
PDA slants was stored al@in a refrigerator. The isolations were made &fies
each cropping season to avoid possible loss ofopatiic behaviour of the

isolated fungus by repeated sub-culturing.
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2.2.3 ldentification of pathogen

The isolated micro-organism was identified on thasi® of its
morphological and cultural characteristics comparith with the standard
descriptions oMycogone perniciosgiven by Hsu and Han (1981) and Singh and
Sharma (2002). The identity of the pathogen wa® a@et confirmed from
National Bureau of Agriculturally Important Micraganisms (NBAIMS)
New Delhi, and the culture deposited under accadsm 7493.09.

3.3 Pathogenicity test
3.3.1 Invitrotest

The isolated micro-organism and tAgaricus bisporusvas grown in dual
culture in petri-plates at 23+2Z and observed for the type of interaction. The
slower growingA. bisporuswas inoculated first and the colony was allowed to
reach a diameter of 15 to 20 mm before the fastigup pathogen was inoculated
on apposite sides of 90 mm petri-plates. The ragliaivth of the pathogen and
host was measured at the time of colony contacbnUmntact between the host

and the pathogen, the interaction between the tyeehal colonies was noted.
3.3.2 Invivo test

In order to prove the pathogenicity of the isolat@dro-organism and also
to record the symptoms and development of infeadimthe sporophores, two sets
of experiments were carried out in plastic baskéts kg compost capacity. The
baskets were disinfected with 2 per cent formatid ansed thrice with sterilized
distilled water. The baskets were filled with pasized compost, spawned and
kept in spawn run room at 24%2. In the first set of experiment, chlamydospore
suspension (2 x £p chlamydospores il was inoculated in sterilized casing

mixture at the time of casing.

In the second set of experiment, the isolated mocganism was
inoculated on healthy pinheads and fruit-bodieghie form of chlamydospore

suspension (2 x fachlamydospore i) and the mycelial discs from the culture
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plate, to observe the wet bubble symptom developmf&iter inoculation the
baskets were kept in an isolated room at a temyeré21+£C with relative
humidity of more than 85 per cent. An un-inoculabedket was also maintained
under similar conditions to serve as check and keptt to avoid contamination.
Both the sets of pathogenicity tests were closelgnitored for symptom

development.

Re-isolations of the micro-organism from the aidlly inoculated
sporophores/sclerodermoid masses and diseasedafgsiveere made and the
resultant cultures compared with the original idant to satisfy Koch’'s

postulates.
3.4  Morphological characters of the isolated pathcen

The morphological characteristics of the causaboigm on host and in
artificial culture were studied in the laboratomhe important characters studied
were the cultural characters such as mycelial coland growth and the
morphological characters such as shape, size, rcalod septation of hyphae,

conidiophores, conidia and chlamydospores.
3.5 Assessment of factors responsible for diseasevdlopment and spread
3.5.1 Contaminated compost

The pathogen was mixed with compost at differeagesviz., on stacking
(0 day), and 2 39 4" 5" 6" 7" and & turnings on B, 1d", 13" 16",
19" 229 and 24' day of composting. At each stage 10 mMbfperniciosaspore
suspension (1x107 spores/ml) prepared in sterilifistilled water from 7-day old
culture, was admixed with 100 grams of compostingtune. The inoculated
compost was filled in sterilized glass bottleshtitidded, labeled and then kept in
the centre of the pile. Five such bottles were taamed for each composting
stage. The bottles were taken out from the compeap on the filling day. For
examining the presence of live pathogen in the astyne gram of the compost

was taken out from each bottle, serially dilutedsierilized distilled water and 1
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ml aseptically poured on PDA in petri-plates. Thatgs were incubated at
23+2°C for 6 hours and the germinating conidia/chlamydoss counted.

3.5.2 Contaminated casing soil
3.5.2.1 Presence of pathogen in casing materials

Composite samples of different casing material$ &cpeat, garden soil,
virgin soil, spent compost, farm yard manure (FY&id sand were collected,
sieved through a 200 mesh sieve and put in préister plastic vials. One gram
of the material was separately used for assesbi@adlt perniciosapropagules

using serial dilution method (qg.v. Section 3.5.1).
3.5.2.2 Spent compost as inoculum source

500 g of composite samples of spent compost wdtected in triplicate
from the production trays, showing the signs of Wwebble disease soon after
termination of spring and autumn cropping seasoR088 and placed separately
in plastic jars. The jars were kept outdoors uneiural conditions and 5 g of
compost samples drawn at monthly intervals for ss8g the presence of

pathogerM. perniciosausingserial dilution method (g.v. Section 3.5.1).
3.5.2.3 Pathogen survival in casing material

Sterilized casing material comprising of soil arehpin the ratio of 2:1
was admixed with spore suspension of test pathbgeimg spore load of 6 x 10
spore mif* and prepared from 7 days old culture in distilterilized water. The
inoculated casing mixture was filled in perforat@dstic jars and kept outdoors
under natural conditions. From each jar sample®weawn at monthly intervals
and examined for presence of the pathogen by diiluplate technique (q.v.
Section 3.5.1)
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3.5.3 Air currents

The infected fruit bodies/sclerodermoid massesrgaabundant conidia
were placed 15 cm away from a small electric fathminoculation room. Petri-
dishes containing PDA, amended with Rose Bengakvesposed for 5 sec at
right angles to air flow at various distances frdtto 100 cm away from infected
sporophores, the plates were incubated at Z2#hd the data on number of the

pathogen colonies developed recorded after 48flmcabation.
3.5.4 Spread through water splash

water was sprayed on to the mushroom trays contaiMi. perniciosa
infected sporophores/sclerodermoid masses and #ter \8plashes collected in
pre-sterilized petri-plates at different distansesh as 0, 10, 20, 30, 40, 50, 60,
70, 80, 90, 100 cm. The water collected was latangned for spore density by
the method adopted by Hsu and Han (1981) and SanghSharma (2002) and

expressed as number of spores per microscopic field
3.5.5 Flies

To assess the influence of sciarid flies infestatom dispersal of wet
bubble disease different population (10, 20, 50a@& 100) of flies collected from
infested Pleurotus bags were allowed to acquire inoculum from wet bddeb
infected sporophores on diseased trays (kept iectnsages) for varied periods
(30, 60, 90 and 120 minutes) and subsequentlysetean healthy trays also kept
in insect cages. The percentage of infestatiorachdray was calculated by the

following formula :

Percentage of infested sporophores = No. of infested sporophores X100
Total number of sporophores per tray
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3.6 Management studies
3.6.1 Invitro fungitoxicants

Five non systemic and five systemic fungitoxicanese assayeth vitro
against M perniciosaandA. bisporusmycelium using poisoned food technique
Nene and Thapliyal (1979). Each non systemic fuxgsant was evaluated at
concentrations of 25, 50, 100, 200 and 500 pg',mbhereas the systemic
fungitoxicants were evaluated at concentrations, df0, 25, 50 and 100 pg Thi
25 ml double strength sterilized PDA in 150 ml Brieyer flask, was amended
aseptically with 25 ml double strength test fungitant concentration. The
contents were thoroughly but gently shaked and tmsdly poured in pre-
sterilized petriplates. Mycelial discs of 7 anddaly old culture, respectively, of
M. perniciosaandA. bisporuswere separately and aseptically placed at theeent
of each petriplate and incubated at 2%32Each treatment was replicated thrice.
M. perniciosaandA. bisporusallowed to grow separately on PDA amended with
sterilized water in petriplates served as checksal®n radial mycelial growth
were recorded when the test pathogen nearly coukeegetriplate in check. The
mycelial growth inhibition as index of fungicidafieacy was computed using the
formula given by Vincent (1947).

(C-T)
Pl = x 100
C
Where PI = Percent inhibition
C = Growth of pathogen in control (mm)
T = Growth of pathogen in treatment (mm)
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Systemic and non-systemic fungitoxicants used witheir chemical names

Common name Trade name Chemical name

a) Non systemic

1. Prochloraz Sportek WP Manganese, dichlorotetrakis [N-propyl-
manganese N-[2-(2,4,6-trichlorophenoxy) ethyle]-
1H-imidazole-1-carboximide]
2. Chlorothalanil Kavach 75 WP 2, 4, 5, 6 tetrachlisaphthalonitrile

3. Mancozeb Dithane M-45 Manganese ethylene bis iaddith
carbamate plus zinc

4. Captan Captaf 50 WP N-(trichloromethylthio)-4-aychexane-
1, 2-dicarboximide

5. Propineb Antracol 70 WP 3-(2-methylpirperidinno)rojpyl-3, 4-
dichloro-benzoate

b) Non systemic

1. Carbendazim Bavistin 50 WP [2 (methoxy-carbambghzimidazole]

2. Bitertanol Baycor 25 WP 1-(1, 1-biphenyl)-1 H-l, £triazole-1-1
ethanol

3. Myclobutanil Systhane 10 WP A-butyl-a (4-chlorophenyl)

4. Triademiphon Bayleton 25 WP  1-(4-chlorophenoxy3-8imethyl-1
(1H-1, 2,4-trizol-1-yl)-2-butanone

5. Diniconazole Sumi 25 WP 4-dimethyl-2-(1, 2, 4-z0&l-yl)-1)-1-
pentene-3-|

3.6.2 Invivo evaluation of fungitoxicants

Fungicides which have shown promising results duinnvitro evaluation
and were least inhibitory to mushroom mycelium, avevaluatedn vivo during
the present studies. The systemic fungicides vearbendazim 50 WP,
myclobutanil 10 WP and bitertanol 25 WP were evadaat 0.025, 0.05 and
0.1% concentrations, whereas the non-systemic ¢iwdeg viz., prochloraz
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manganese 50 WP, chlorothalonil 75 WP and captadVBOwere evaluated at
0.05, 0.1 and 0.2% concentrations. Each fungictdaicentration was admixed
with casing mixture at the rate of 100 ml/kg casmigture before inoculation of
the pathogenM. perniciosa. Casing was done by spreading 2-3 cm thick layer
casing mixture on spawn-run compost in 10 kg pajgb&ach bag received about
2 kg casing soil. Inoculation of the pathogen wamed by spraying spore
suspension (1 x £&pores mt) obtained from 10 day old culture, on casing soil
at the rate of 20 ml/bag of 30 cm diameter. Eaeatinent represented by a single
bag was replicated three times. The control was without any fungicidal
treatment with and without inoculation of pathogBer cent disease intensity and
yield for a cropping period of one month and al$leeo quality characters were

recorded during first flush as per the proceduvemiearlier (g.v. Section 3.6.1).
3.7 Evaluation of bacterial antagonists
3.7.1 Invitro evaluation

The pure culture®seudomonas fluorescersolates PS-103, PS-104 and
PS-105,Bacillus subtillisisolates BS-101, BS-115 and BS-116 #&mbtobacter
sp. isolates Azt-106, Azt-108 and Azt-117 were woilgtd from the Division of
Environmental Sciences, SKUAST-K Shalimar, theased were maintained and
mass multiplied by subculturing on nutrient AgarAjias well as on King's —B
medium, incubating the culture at 25+2°C for 48 isouThe antagonistic
potentialities of these bacterial isolates werdettsagainst the growth oA.
bisporusandM. perniciosausing dual culture technique (Ahlawat and Rai, 3997
The PDA was prepared, autoclaved and poured in pleties and the bacterial
strains were separately streaked on PDA in thereeoft the petri plate. After
streaking, 5mm discs of botil. perniciosa(7-day old culture) and\garicus
bisporus (10-day old culture) were equidistantly placed evo tsides of the
bacterial streak and incubated at 23+ 2°C for thdags. The petri plates with
pathogenM. perniciosaand hostA. bisporusonly served as controls. Each

treatment was replicated thrice. The petri platesewincubated at 23+ 2°C.
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Observations on colony diameter of biMh perniciosaandA. bisporusin treated
plates was recorded and the per cent inhibitiorr ovatrol calculated according
to the formula given by Vincent (1947).

Percent mycelial growth inhibition '(Cc_:T) x 100

Where C = Radial mycelial growth (mm) in check
T = Radial mycelial growth in the treatment (mm)

Based on the growth of the host and the pathodpenbacterial isolates
were grouped into various categories as proposethkgwat and Rai (1997) with
slight modifications (Munshet al.,2008) as | — Antagonistic, 1l. Neutralistic, Ill.

Stimulatory, IV. More stimulatory.
3.7.2 Invivo evaluation

The test bio-control agents, which have shown marimn vitro
antagonism again$il. perniciosaand noin vitro, inhibition againstA. bisporus
were evaluateth vivo against wet bubble diseadée antagonists (1 x f@fu/g*
soil) were admixed separately with casing mixtur¢ha rate of 0.5, 1 and 2 per
cent before inoculation of the pathogen. The pahogas inoculated and the
antagonist admixed casing mixture spread over sgawrcompost, filled in 10
kg polythene bags. For each treatment three rejgitsawere run, each replication
comprising a single bag. Treatments without inaooaof pathogen and/or bio-
control agents served as controls. The per ceetsdésintensity and yield were
calculated for one month cropping period, wherdhagroquality characters were

recorded only during first flush (g.v. section 3)7.
3.8 Evaluation of botanicals
3.8.1 Invitro evaluation

The aqueous and ethanol extract of the followirghtelocally available

botanicals were evaluated vitro by poisoned food technique for their efficacy
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against bottA. bisporusandM. perniciosaat three different concentrations of 1, 2
and 3 per cent (Plate-1 and 2).

Botanical name Common/local name Part used for

Metricaria sp. Metricaria Whole plant (leaves and
tender shoots)

Curcuma longa Turmeric Rhizome
Mentha longifolia ‘Ven’ Whole plant
Artemesia annua ‘Tethwan’ Foliage
Juglans regia Walnut Hull
Levendulla officinalis Lavender Whole plant
Azadirachta indica  Neem Leaves
Urtica dioca Nettle ‘soi’ Whole plant

3.8.2 Preparation of botanical extracts
3.8.2.1 Aqueous extract

The aqueous extracts of the botanicals were prégar¢aking one kg of
medium sized leaves & tender shoots of each babakcept for turmeric where
rhizomes were used (Plate-3). The botanicals ussaé thoroughly washed with
tap water and shade dried. Walnut hull and turmdrizcomes were dried until
brittle and crushed in electric grinder. The matsrwas diluted by adding one
litre of distilled sterilized water and straineddhgh four folds of muslin cloth.
The filtrate was again filtered through Whatmanigef No. 41 under aseptic
conditions and passed through bacteria proof 3iletz. The filtrate thus obtained
was taken as 100 per cent aqueous extract. Doubdmgth of the test
concentrations of 1, 2 and 3% were obtained byraddppropriate amount of the
extract in 50 ml sterilized distilled water and atseally amended in 50 ml double
strength molten PDA medium in 250 ml Erlenerejask. The amended PDA
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was then aseptically poured in sterilized petrgdatA 5 mm diameter disc M.
perniciosa(7-day old culture) as well a. bisporus(14 days old culture) were

aseptically placed separately in the centre op#teplates.

In both the cases treatments were replicated thfiéee comparative
efficacy of the aqueous extract of the test bot&dsigvas calculated as per cent
mycelial growth inhibition of the test fungus inchatreatment. The per cent

inhibition was calculated by the formula :

Percent mycelial growth inhibition '(Cc_:T) x 100

Where C = Radial mycelial growth (mm) in check
T = Radial mycelial growth in the treatment (mm)
3.8.2.2 Ethanol extract

The ethanol extracts of the botanicals were obtaibg the method
adopted by Deshpand al (2004). The plants/plant parts were washed veith t
water rinsed with sterile distilled water and thgmde-dried. Walnut hull and
turmeric rhizomes were also dried till brittle. Thkade-dried plants/plant parts
were ground with the help of electric grinder taab the fine powder of each

botanical. The dried powder was then stored intiglasntainers for further use.

The dried powder of the plant parts (20 g) was chiweh 200 ml solvent
(70% ethanol) in 250 ml conical flask. Turmericadmes were also crushed in
electric grinder and then 20 g mixed with 200 mivent. All the flasks were
tightly plugged with sterile cotton plugs, their atb wrapped with aluminum foil
and kept on a shaker for 36 hrs. After keepingfldeks undisturbed for 6 hours
to allow suspended plant material to settle dowa extract was decanted, filtered
and centrifuged at 500 rpm for 15 minutes. The swgdant was collected and the
solvent allowed to evaporate at 42600 make the final volume one-fourth of

the original volume. The extract now taken as 1@@8&ndard extract was stored in
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air tight containers/bottles for further use. Tha@ol extract of each botanical
was bioassayed for fungitoxic activity at 1, 2 &% concentration against both
A. bisporusand M. perniciosa by employing poisoned food technique.(q.v.
Section 3.7.3).

3.9 In vivo evaluation

The effective botanical extracts such@s&cuma longaArtemesia annua
and Lavendullaofficinalis which were most inhibitory tM. perniciosaand least
inhibitory to A. bisporuswere evaluatedh vivo against the wet bubble disease.
The botanicals were dried under shade after cadledill brittle and crushed into
a fine powder in a grinder. The powder was passexigh double layered muslin
cloth and mixed with the casing mixture at the &t@.5, 1 and 2 per cent before
inoculation of the disease. The botanical-admixasing mixture was spread over
the spawn-run compost (10 kg poly bags) beforeutladion of the pathogen as in
previous section (g.v. Section 3.7.2). For eachtinent three replications were
run, each replication represented by a single Bdwe bags were kept in
production room at a temperature of 22Q4or four days after casing and 15-
18°C for rest of the period till cropping was overe@ments with no botanical
admixture with and without pathogen inoculationvser as controls. Per cent
disease intensity and yield per bag were calculmtiedne month cropping period,

whereas other quality characters were studied ddiist flush only.
3.10 Integrated management

Integrated management of wet bubble disease wasnpitd in two
separate sets of experiments. In one set of inEdr@anagement most efficient
systemic fungicide carbendazim 50 WP at 0.05% aanagon, the most effective
botanicalCurcuma longaat 1% concentration and a potential bio-contr@rag.
flourescens-103at 1% concentration with minimum inhibition agdinil.
perniciosawere evaluated in combination. In second set peament, the most

effective non-systemic fungicide captan 50 WP wadsized in treatment
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combinations. Treatment combinations in these tats sf experiments were as

under:

Treatments in set-| Treatments in set-ll

Carbendazim 50 WP 0.05% Captan 50 WP 0.1%

Curcuma longdl % Curcuma longd %

P. flourescengPS-103) 1% P. flourescengPS-103) 1%
Carbendazim 0.05% &. longal% Captan 0.1% &. longal%
Carbendazim 0.05% x PS-103 1% Captan 0.1% x PS%03

C. longal% x PS-103 1% C. longal% x PS-103 1%
Carbendazim 0.05% £. longal% x Captan 0.1% >C. longal% x PS-103
PS-103 1% 1%

Control-1 (sterilized casing soil) Control-1 (stezed casing soil)
Control-11 (Infested casing soil) Control-11 (Infeegl. casing soil)
Control-11l (un-infested . casing soil) Control-(Un-infested casing soil)

3.11 Screening of various button mushroom strainagainst wet bubble (.
perniciosa) disease

Seven strains viz., S-176, S-11, U-3, RRL-89, RRIL-8-737 and NCS-
102 of button mushroomA( bisporu¥ obtained from Mushroom Research &
Training Centre (SKUAST-K) and Indian type cultuellection (IARI) Pusa,
New Delhi through Dr. P.N. Choudhray, Ex. Princi@ientist were evaluated
for their tolerance/susceptibility to wet bubblisehse caused byl. perniciosa
under epiphytotic conditions during spring seasb2a®9 and 2010. The spawn
from these cultures was prepared on wheat graimerashe procedure given by
Manjal (1973). Long method of composting (Margehl.,1972) was adopted and
the ingredients as per SKI-4 formula (wheat str&®® 8g; chicken manure 150

kg; rice bran, 50 kg; molasses 12 ¥ kg; linseed m2& kg; urea 5 kg; potash 2
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kg and gypsum 15 kg). The fully prepared compass Willed in polythene bags
at the rate of 10 kg per bag. Layer spawning wasedtd the rate of 0.6%. After
complete spawn run, 3-4 cm thick casing was unifprad on each tray. The

casing consisted of a mixture of sick soil and pedhe ratio of 2:1. The soil was
made sick by admixing spore suspension (1’X pér ml water) of the pathogenic
fungus at the rate of 10 ml/kg soil. For each tremtt, three replications were
maintained, each replication represented by desimgg of 10 kg compost. After
casing, the bags were kept at 22@4in incubation room at 75-80% relative
humidity (RH). On & day onwards, the temperature and the relative dityni

were maintained at 10-2€ and 75%, respectively.

The data on per cent disease intensity and theratshroom weight and
yield per quintal compost were recorded for 1%z mentvhereas the other quality
parameters were recorded only durirfyflush. The per cent decrease in fruit
body weight due to the disease was calculated bgrdeng the difference in
weights obtained in the diseased bags and thehlyemihtrols maintained for each

strain through the use of pathogen-free casingnmahte
3.12 Statistical analysis

The data collected were subjected to statistinalysis wherever needed.
The differences exhibited by the treatments inotaiexperiments were tested for
their significance as per the methods suggestgddmgez and Gomez (1984). The
‘Minitab’ computer software was used for data asisly
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Chapter — 4
EXPERIMENTAL FINDINGS

The studies on wet bubble disease of white buttoshmom Agaricus
bisporus(Lange) Imbach] were carried out at Mushroom Reteand Training
Centre, Division of Plant Pathology SKUAST-K, Shadir, Srinagar Kashmir
during 2008 and 2009 with the objectives of asaartg the status of the disease

and developing an integrated management strategty fo
4.1 Status of wet bubble Disease

Survey for ascertaining the status of wet bubbseake of white button
mushroom was conducted in three districts-SrinaBadgam and Pulwama-of
Kashmir Division in both spring and autumn cropsee®s of the year 2008 and
2009. In each district, nine mushroom farms wenglomly selected for assessing

the disease incidence, disease intensity and kistes.
4.1.1 Disease incidence

Data presented in Table-1 illustrated in Fig. lesds that wet bubble
disease on white button mushroom was prevalenhguroth the years (2008 and
2009) and its prevalence ranged from 33 to 67 pet in mushroom farms in the
three districts. The disease was most prevaleb)6i district Budgam followed
by that (56%) in district Pulwama, whereas distBecinagar exhibited the least
disease prevalence (33%). On an overall basigjifease incidence was more in
spring (12.75%) than in autumn (5.22%) season. ds Wwighest (11.07%) in
district Pulwama and the lowest (7.27%) in distBetdgam. The overall mean
disease incidence over the years in all the thretiads was 9.09 per cent. The
disease incidence observed in spring seasons gfetdre2008 and 2009 revealed
maximum incidence of 14.10-14.25 per cent in dist8rinagar and Pulwama,
while as minimum incidence of 10.55 per cent wamged in district Budgam.

In spring 2008, wet bubble incidence was maximur.6%) in Bandzoo
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Table-1 : Incidence of wet bubble disease of whiteutton mushroom at different
mushroom units of district Srinagar, Budgam and Pulvama during
2008 and 2009

Wet bubble incidence (%)

Location/unit Spring Autumn Overall
surveyed Mean
2008 2009 Mean 2008 2009  Mean
A) Srinagar
Saidpora 60.0 35.0 47.5 11.0 12.0 115 295
Brain 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Batmaloo 16.67 60.0 38.33 5.83 17.5 11.6 24.99
Zainakote 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nishat 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mehjoornagar 28.75 56.25 42.5 5.0 13.75 9.37 2.59
Botakadal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harwan 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amdakadal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 11.717 16.80 14.25 2.42 4.80 3.61 8.93
B) Budgam
Pakherpora 19.0 20.0 19.5 3.0 9.0 6.0 12.75
Zaloowa 135 22.0 17.75 6.5 8.5 7.5 12.62
Parnewa 11.33 26.66 18.99 4.67 0.0 2.33 10.66
Shamsabad 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sonarkolipora 10.5 18.0 14.25 55 8.5 7.0 10.62
Arigam 14.0 15.0 145 4.5 7.0 5.75 10.12
Kanir 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surasyar 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bandepora 8.30 11.65 9.97 5.30 9.5 7.4 8.68
Mean 8.51 12,59 10.55 3.27 4.72 3.99 7.27
C) Pulwama
Parigam 13.5 19.0 16.25 43.5 6.0 24.75 20.5
Ladoo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Batapora 34.0 14.0 24.0 44.0 8.0 26.0 25.0
Midoora 0.0 12.85 12.85 0.0 0.0 6.42 9.63
Batpora 24.28 20.0 22.14 25.71 0.0 12.85 17.49
Bandzoo 66.67 36.67 51.67 5.0 0.0 2.5 27.08
Achhan 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tral 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tandwal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 1538 11.39 14.10 13.13 15 8.05 11.07
Grand Mean 11.87 1359 12.75 6.27 3.67 5.22 9.09
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Fig.1 : Incidence of wet bubble disease of white tion mushroom at different mushroom units of district Srinagar,
Budgam and Pulwama during 2008 and 2009



Pulwama and Saidpora Srinagar (60%) followed by thaBatapora Pulwama
(34%) and Mehjoornagar Srinagar (28.75%). Wheriea®)09 spring the disease
was more in Batamaloo (60%) and Mehjoornagar (5@828rinagar followed by
Bandzoo (36.67%) in Pulwama district.

The disease incidence observed in Autumn seasotieofear 2008 and
2009 revealed maximum incidence of 8.05 per cewlistrict Pulwama followed
by minimum 3.99 and 3.61 per cent recorded inidisBBudgam and Srinagar. In
Autumn 2008, wet bubble was maximum (44%) in BatagPulwama followed
by 43.5 and 25.71 per cent in Parigam and Batpespectively, of the same
district, whereas in Autumn 2009 the disease inmmdevas maximum (17.5%) in
Batamaloo Srinagar followed by that in Mehjoorna@magar (13.75%) and
Saidpora, Harwan (12.0%) . The minimum diseasaderge of 6 to 8 per cent

was recorded in Parigam and Batapora village oiv&ula district.
4.1.2 Disease intensity

The data presented in the Table-2 illustrated . Ri reveals that the
intensity of wet bubble disease ranged from 0.83® per cent in 2008 and 2009
at different mushroom farms in the three distri@s. an overall basis, the disease
intensity was more (22.58%) in spring than in autyi?.18%) season. It was the
highest (21.86%) in district Budgam and the low@8t33%) in district Srinagar.

The overall mean disease intensity in all the tllistricts was 17.82%.

The average disease intensity observed in spriagpss of the year 2008
and 2009 was maximum in district Budgam (28.31%) Ralwama (22.59%) and
minimum in district Srinagar (16.86%). In 2008 sigri wet bubble intensity was
maximum (56.67-66.67 %) in Parigam and BandzoosacdaPulwama district
followed by that in Batpora Pulwama, Saidpora Syaraand Zaloowa and
Sonarkalipora villages of district Budgam (46.676886) whereas in 2009 spring
the disease intensity was maximum (80.00-83.33 dylehjoornagar Srinagar

and Parnewa Budgam followed by that in SaidpochBatmaloo Srinagar and
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Table-2 :

2008 and 2009

Intensity of wet bubble disease of whitbutton mushroom at different
mushroom units of district Srinagar, Budgam and Pulvama during

Per cent disease intensity

Location/unit . Overall
surveyed Spring Autumn Mean
2008 2009 Mean 2008 2009 Mean
A) Srinagar
Saidpora 46.67 60.00 53.33 33.33 26.66 29.99 41.66
Brain 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Batmaloo 23.53 63.33 43.33 26.67 26.67 26.67 35.00
Zainakote 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nishat 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mehjoornagar 30.0 80.00 55.0 13.33 50.00 31.66 #3.3
Botakadal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harwan 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amdakadal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 11.13 22.59 16.86 8.14 11.48 9.81 13.33
B) Budgam
Pakherpora 43.33 50.00 46.66 26.67 20.0 23.33 34.99
Zaloowa 46.67 66.33 56.5 33.33 23.33 28.33 39.91
Parnewa 40.0 83.33 61.66 23.33 0.0 11.66 36.66
Shamsabad 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sonarkolipora 50.0 60.0 55.0 33.33 36.67 35.0 45.0
Arigam 23.33 46.66 34.99 20.0 26.67 23.33 29.16
Kanir 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surasyar 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bandepora 36.67 23.33 30.00 18.33 16.67 17.50 23.75
Mean 26.67 29.96 28.31 17.22 13.70 15.46 21.86
C) Pulwama
Parigam 56.67 46.67 51.67 50.0 20.0 55.0 43.33
Ladoo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Batapora 43.33 53.33 48.33 30.0 33.33 31.67 39.99
Midoora 0.0 33.33 16.66 0.0 0.0 0.0 8.33
Batpora 46.67 43.33 45.0 33.33 0.0 16.67 30.83
Bandzoo 66.67 16.67 41.67 36.67 0.0 18.33 30.0
Achhan 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tral 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tandwal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
__________ Mean 2370 2148 2259 1667 592 1129  16.94
Grand Mean 20.49 24.67 22.58 14.01 10.36 12.18 17.82
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Fig. 2 : Intensity of wet bubble disease of whiteliton mushroom at different mushroom units of district Srinagar,

Budgam and Pulwama during 2008 and 2009



Zaloowa Budgam (60.00-60.33%). The disease interdiserved in autumn
seasons of the year 2008 and 2009 revealed maxinmtensity of 11.29 to 15.46
per cent in district Pulwama and district Budgard emnimum intensity of 9.81%
in district Srinagar. In autumn 2008, wet bubblensity was maximum (50%) in
Parigam Pulwama followed by that in Saidpora SrmagZaloowa and
Sonarkalipora Budgam and Batapora Pulwama (33.38%autumn 2009, the
disease intensity was maximum (50%) in Mejoornggyamagar followed by that
in (36.67%) Sonarkalipora of district Budgam. Theimum disease intensity
(20.00 %) was recorded in Parigam village of Pulaatistrict.

4.1.3 Yield Loss

Data presented in the Table-3 illustrated in Figev&als that the extent of
yield loss due to wet bubble disease ranged from33L10 65.00 per cent in
different mushroom growing units in the three dis$r of the valley. On an
overall basis, the yield loss was the highest @)in spring than in autumn
season (11.58%). It was the highest (22.41%) imicdi$?ulwama followed by that
(14.99%) in district Budgam, and the lowest (13.%3Podistrict Srinagar. The
overall mean yield loss over the years in all tire¢ districts was 16.97 per cent.

The vyield loss observed in spring seasons of trer 808 and 2009
revealed maximum vyield loss of 21.35 to 26.01 pertan district Budgam and
Pulwama and minimum yield loss of 15.88 per centligtrict Srinagar. In 2008
spring, the yield loss due to wet bubble disease maximum (65%) in Parigam
Pulwama followed by that (50.00-53.33%) in Batp&alwama and Saidpora
Srinagar, whereas in spring 2009 the yield loss waximum (60.67%) in
Saidpora Srinagar followed by that (52.00-54.671&6Mehjoornagar Srinagar
and Parigam Pulwama. The per cent yield loss obddrvAutumn seasons of the
year 2008 and 2009 revealed maximum yield losslof9 to 14.92 in districts
Srinagar and Pulwama and a minimum of 8.63 pet icedistrict Budgam. In
autumn 2008, the per cent yield loss due to webleuwyas maximum (55.00%) in
Saidpora Srinagar followed by that (43.67 %) inidgan Pulwama and minimum
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Table 3: Yield loss of white button mushroom inficted by wet bubble disease at
various mushroom units of district Srinagar, Budgamand Pulwama
during 2008-2009

Yield loss (%)

Location/unit . Overall
surveyed Spring Autumn Mean
2008 2009 Mean 2008 2009 Mean
A) Srinagar
Saidpora 53.33 60.67 57.00 55.00 49.00 52.00 54.5
Brain 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Batmaloo 27.54 42.67 35.10 24.33 17.50 20.91 28.00
Zainakote 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nishat 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mehjoornagar 49.75 52.00 50.87 28.67 27.0 27.83 3:39.
Botakadal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harwan 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amdakadal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 14.51 17.26 15.88 12.0 10.39 11.19 13.53
B) Budgam
Pakherpora 23.00 34.67 28.83 11.33 9.00 10.16 19.49
Zaloowa 30.67 45.00 37.83 16.67 20.33 18.50 28.16
Parnewa 40.00 27.67 33.83 18.67 0.0 18.67 26.25
Shamsabad 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sonarkolipora 15.16 34.0 24.58 18.5 12.00 15.25 9mno9.
Arigam 28.67 36.67 32.67 8.0 14.67 11.33 22.00
Kanir 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surasyar 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bandepora 40.0 28.83 34.41 24.58 18.67 21.62 28.01
Mean 19.72 22.98 21.35 9.97 7.29 8.63 14.99
C) Pulwama
Parigam 65.00 54.67 59.83 43.67 24.00 33.83 46.83
Ladoo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Batapora 50.29 49.67 49.98 37.00 40.67 38.83 44.40
Midoora 0.0 35.00 35.00 0.0 0.0 0.0 35.00
Batpora 51.67 48.33 50.0 25.67 0.0 25.67 37.83
Bandzoo 38.67 40.0 39.33 36.00 0.0 36.0 37.66
Achhan 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tral 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tandwal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 22.84 25.29 26.01 15.81 7.18 14.92 22.41

Grand Mean 19.02 21.84 21.08 12.59 8.28 11.58 16.97
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Fig. 3:

Yield loss of white button mushroom inflited by wet bubble disease at various mushroom unitsf district
Srinagar, Budgam and Pulwama during 2008-2009




(11.33 %) in Pakherpora Budgam, whereas in Autu@@92he per cent yield loss
was maximum (49.00 %) again in Saidpora Srinagbovied by that (40.67 %)
in Batapora Pulwama. The minimum (9.00%) per cegitlyloss was recorded in

Pakherpora location of district Pulwama.
4.2  Symptomology

The symptoms of wet bubble disease included dewsop of whitish
mouldy growth of the mycelium on the casing surfacel on portions of fruit
bodies, which eventually spreads covering the emip and causing distortion of
the affected mushrooms (Plate-4). These distortextses or sclerodermoid
masses are upto 8-10 cm across. When young pinsheatk infected, they
developed amorphic shapes, not at all resembliadgygical mushrooms. Similar
types of symptoms were produced on inoculation iohgads and mature fruit
bodies with mycelial bits of spore suspension spray inoculation with agar
culture discs of the pathogen. However, the appearaf symptoms and the
subsequent disease development was much quicken vh# bodies of the
mushroom A. bisporu$ were inoculated with mycelial bits. Characteadsti
symptoms in this case appeared within 1 to 2 daysoculation. The reactions of
undifferentiated primordia were vastly hyperplasind of tumerous nature.
Finally, large irregular lumps of mushroom tissuwesre formed with no sign of
differentiation or organogenesis. Dripping out otilf smelling amber liquid as
teardrops on the tumerous bodies was consistetyiyieal sign of the wet bubble

disease.
4.2.1 Pathogenicity

Observations recorded on the response of whitemuttushroom to the
isolated fungus (Plate-5) inoculated in sterilizeasing mixture at the time of
casing indicated its pathogenic behaviour, whicimately resulted in the
development of typical symptoms (Plate-6). The syms started appearing as

white fluffy patches of mycelium on the surfafecasing from the 7 day after

il
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Plate-4 : Symptoms of wet bubble disease of whiteition mushroom



Lysis of Agaricus bisporus mycelium

Plate-5 : In vitro pathogenicity test
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Plate-6 : In vivo Pathogenicitytest



inoculation, whereas when inoculation was done oung pinheads, symptoms
started appearing within 1 to 2 days after inoeoilatMushrooms attacked before
differentiation looked as a blob. Inoculation of tora@ stages of mushroom
showed an initial browning. A large portion of th# tissue got colonized when
the mature mushrooms got infected, well after tifferéntiation of stalk, cap and
gills. When the infected mushrooms were incubated&to 206C at a high
relative humidity of 95 per cent maintained, enousiaumber of spores appeared
on the mycelial mat of the pathogen. The large maghs when inoculated also
showed swollen stipes or deformed caps with tisssieolouration and also fuzzy
growth on mushroom cap. The blobby surface of nahr became wet, and
slightly tinted matericeal fluid was discharged.-iRaations from these infected
sporophore masses yielded typical culture of tiigdis and satisfied the Koch’s

postulates.
4.2.3 Morphology of the fungus

The cultural and morphological characters of ththggen were studied

both in culture and on host.
4.2.3.1Morphology of fungus in culture

The isolated fungus cultured on potato dextrose agadium (Plate-7)
produced copious flocculent mycelium with even newen edges. The amount
of aerial mycelium varied from dense to sparse,levthie colour of colonies
turned from white to pale brown and finally darkown after 12-14 days of
incubation at 24+C (Plate-8). The maximal radial growth (90 mm) wesorded
on compost agar medium after 15 days, followed ot dextrose agar (75.5

mm) and malt extract agar (72.0 mm).

The pathogen in culture produced septate and leyatiycelium. The
hyphae were branched and interwoven, @g¥bbroad. Conidiophores were short,
slender, branched, hyaline sub-verticillate to icgldate with apical conidium

measuring 150 to 180 x 3 toufm. Conidia were oval, single, 2-celled, thin
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Mycelial growth on MEA

Plate-7 : In vitro growth of Mycogone perniciosa



Sub-verticillate to verticillate conidiophores Chlamydospores on host

Terminal chlamydospore

Plate-8 : Morphological characters ofMycogone perniciosa



walled, 12-14 x 4-5um and relatively short lived. Chlamydospores or
aleurospores were bi-celled with upper cell thicklled, warty, globose, bright
coloured, measuring 12-15 x 24-26n and lower cell hyaline, smooth and

measuring 12 x 1dm. The chlamydospores are produced terminally.
4.2.3.2Morphology of fungus on host

The mycoparasite is both inter and intra-cellutae conidiophores are
erect, long and verticillately branched. Under hdimonditions, aerial growth of
mycelium continued over the surface of infectedt fioodies. However, there was
no variation in the colour, size, shape and septaif conidiophores, conidia and

mycelium either on the host or in culture medium.
4.3 Factors affecting disease development and sptea
4.3.1 Contaminated compost

The recovery and re-isolation of the pathogenigéunfrom the infested
compost samples kept in the central core of comipeap at stacking and during
various turnings were made through dilution plathhique. The results (Table-4)
reveal that the pathogen admixed with compost eittestacking (0 day of
composting) or at 1st {6day of composting), 2nd (T0day of composting), 3rd
(13" day of composting), 4th (Y6day of composting) or 5th turnings {18ay of
composting) could not be re-isolated. However,gathogen was successfully re-
isolated when admixed with the compost at 6th, 6ftith turnings i.e. on 9%
25" and 29" day of composting. The pile temperature recordethd composting
indicated that the temperature was minimum at &tgcK0-30 C), which
increased to 65-7C from 1st to 3rd turnings and gradually decreabegeafter

reaching minimum (25-3€) at 8th turning, when the pile was ready foirfil
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Table 4 : Isolation of M. perniciosa incorporated in compost at different stages
of composting

Pathogen incorporation

stage Temperature of pile  (C) Isolation status
Stacking (0 day) 0-30 B
1% turning (8" day) 65-70 B
2" turning (14" day) 65-70 _
3 turning (13 day) 65-70 _
4" turning (16 day) 60-65 _
5" turning (19" day) 50-55 _
6" turning (22° day) 40-45 N
7" turning (2% day ) 30-35 N
8" turning (29' day) 25-30 N

Successful isolation

+
1]

Pathogen could not be isolated

il



4.3.2 Contaminated casing soil
4.3.2.1 Pathogen presence in casing mixture (soricpeat)

Samples were drawn from the pathogen-infested gasit kept outdoors
under shade at monthly intervals starting from N2®)8 to March 2009, and
examined for the presence of viable pathogen prdpaghrough dilution plate
technique. It is evident from the Table-5 that gaghogen was present in viable
form in all the test samples in varied populatiohlse population was maximum
(6 x 10" cfu g* soil) in the first month of sampling i.e. in MayY@ which
decreased gradually as the season advanced reaohiilgum (3 x 16 cfu g*
soil) in February 2009. Thereafter, the popula@ain increased slightly (1.0 x
107 cfu g* soil) in March and April, 2009.

4.3.2.2 Spent-compost as a source of inoculum

The spent compost collected from healthy and deskasiushroom
production trays at the end of spring crop of 2008s kept outdoors and
examined for the presence and population dynaniité perniciosaat the end of
each month by dilution plate technique. It is clsEam Table-6 that the pathogen
was continuously present in samples from spent osmpf diseased trays
compared to samples from spent compost of heallyg tvhere no pathogen was
detected. However, the pathogen population was maxi (3 x 10 cfu g*
compost) immediately after placing outdoors in Ma@08, the population
gradually decreased every month reaching appraciabl (6 x 16 g* compost)
in October 2008 and the lowest (3 X &08) in March-April 2009.

4.3.2.3Population of M. perniciosa in different casing materials

Composite samples of different casing materializatl for preparation of
casing mixture, collected from growers houses, vex@mined for the presence
and population density &fl. Perniciosa The result (Table-7) reveals that only the
garden soil and the spent compost carried the wlagblb pathogen in populations

varying each year. The garden soil harboured maxipathogen population of 2
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Table 5: Population of Mycogone perniciosa propagules in samples drawn at
monthly intervals from casing mixture (soil and ped) placed outdoors
under natural conditions during May 2008 to April 2009

Pathogen population

Month in which sample drawn PR )
(cfug™ casing mixture)

May 2008 6 x 1¢
June 2008 4x10
July 2008 8 x 10
August 2008 3x10
September 2008 6 x 10
October 2008 25x 16
November 2008 2 x 10
December 2008 2 x 10
January 2009 1x1¢
February 2009 3x10
March 2009 1x1¢
April 2009 1x1¢
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Table 6 : Population of M. perniciosa propagules in samples drawn at monthly
intervals from mushroom spent-compost collected fnm apparently
diseased and healthy production trays of spring cqe 2008 and placed
outdoors

Pathogen population

Sampling month (cfug™ compost)

May 2008 3x 10
June 2008 3x10
July 2008 6 x 10
August 2008 4x10
September 2008 3.5x10
October 2008 6 x 10
November 2008 5x 10
December 2008 3x 10
January 2009 8 x 10
February 2009 4x 10
March 2009 3x1C
April 2009 3x10

No pathogen propagule was detected from spent cetngdfohealthy production trays
placed outdoors
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Table-7 : Population ofMycogone perniciosa in different casing materials during
2008 and 2009

M. perniciosa population (cfug™ casing mixture)

Casing material

Spring 2008 Autumn 2009
Peat soil - -
Garden soil 2x10 5.5x 16
Virgin soil _ _
Spent compost 45x10 3.5x 16

Farmyard manure - —

Sand - -

- = Not isolated
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x 10" and 5.5 x 10cfu g* soil, compared to 4.5 x @nd 3.5 x 18cfu g* during
2008 and 2009, respectively. The peat soll, viggih, farm yard manure and sand
did not yield anyM. perniciosapropagules during both the years.

4.3.3 Air currents

The dispersal oM. perniciosaspores from the site of production with the
help of varied air currents was assessed by cayrthe number of pathogen
colonies developed on PDA plates exposed to thecairents at different
distances. The results (Table-8) revealed an ageragximum dispersal (7
colonies/plate) occurring at high air current vep¢7 m/sec) followed by that (3
colonies/plate) at medium air current velocity (et), with minimum dispersal
(0.87 colonies/plate) occurring at low velocityr{#sec). The high air velocity (7
m/sec) could drifivl. perniciosaspores to a distance of upto 80 cms; however, the
spores were dispersed upto a maximum distance €0406m only with air

currents of low to medium velocity.
4.3.4 Sciarid fly infestation

Different populations of sciarid flies were allowéadl acquire inoculum
from wet bubble infected sporophores for variediquey and subsequently
released on healthy mushroom trays to assessinifiagnce on the spread of the
disease. The results (Table-9) revealed an averag@num sporocorp infection
(39.80%) occurring with the maximum acquisition ipdr of 120 minutes
followed by that (31.33%) with 90 minutes acqugsitiperiod. Least average
sporocorp infection (12.33%) was recorded with &itjan period of 30 minutes.
The population of sciarid flies also influenced ttsease spread symptoms
significantly. On an average, the maximum test pafpan of 100 flies/tray
yielded maximum sporocorp infection (35.83%) folemvby a population of 75
flies/tray (31.25%); the minimum fly population df0/tray even resulted in
15.25% sporocorp infection. A significant interactialso existed between fly

population and acquisition period in spregdihe wet bubble disease. The
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Table-8 : Number of Mycogone perniciosa colonies developed on PDA plates
exposed to air currents of different velocities atlifferent distances

Distance from inoculum source

Mean
Air current velocity 20cm 40cm 60cm 80cm 100cm
High (7 meters/sec.) 15.67 11.33 7.00 1.00 0.007.00"
Medium (5 meters/sec.) 9.33 3.67 2.00 0.00 0.003.00°
Low (2 meters/sec.) 2.67 1.33 0.33 0.00 0.00 0.87
Mean 9.2 544 311 033 0.00
SE+ CD(p=0.05)
Distance 0.53 1.08
Speed 0.41 0.83
Distance x Speed 0.91 1.87

*Figures are the number M. perniciosacolonies
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Table-9 : Per cent Agaricus bisporus sporocorps infected with Mycogone
perniciosa after release of different populations of sciaridflies fed on
diseases sporocorps

Sciarid fly population

_Acqws_ltlon Mean
time (minutes)
10 20 50 75 100
30 min 5.33* 8.33 11.00 18.00 19.00 12.33
60 min 12.00 15.67 16.67 23.00 29.67 19.40
90 min 16.67 25.00 3500 37.33 42.67 31.33
120 min 27.00 31.33 42.00 46.67 52.00 39.80
15.25  20.08 26.16  31.25 35.83
S.Ex CD(p=0.05)
Fly population ( FP) 1.09 2.20
Acquisition time (AT) 0.97 1.97
Pop. x Time (FP x AT) 2.18 4.40

*Figures are the per cent infected sporocorps
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maximum fly population of 100/tray with the maximwequisition time of 120
minutes resulted in the maximum sporocorp infecdrb2% followed by a fly

population of 75/tray with the same acquisitioniq@er(46.67%). The least fly
population of 10-20/tray with minimum acquisitioerpd of 30 minutes resulted

in the least sporocorp infection (5.33-8.33%).
4.3.5 Water splashes

The influence of water spray on the dispersailoperniciosaspores was
observed by collecting water splashes at diffeidistances from the infected
mushroom sporophore and counting the spores pefThd. result (Table-10)
reveal that the population was maximum (176 cfudimdplash water) nearest the
source (0 cm) and minimum (2 cfu/ml) at a distaoE&80 cm from the infected
mushroom sporophore. None of the pathogen spores obaerved in water
splashes collected beyond 80 cm distance from tifected mushroom

sporophore.

4.4  Management of wet bubble disease
4.4.1 Use of fungicides

4.4.1.1In vitro evaluation of non-systemics

Five non-systemic fungicideaz., prochloraz manganese, chlorothalonil,
mancozeb, captan and propineb were evaluated &®5100, 200 and 500 pug
ml™ concentrations by poisoned food technique for tliibitory effects on
pathogen Mycogone perniciosaand the hostAgaricus bisporusmycelium
(Plate-9).

a) Effect on mycelial growth of pathogen

Prochloraz manganese proved most effective andided a growth
inhibition of 99.52% followed by captan exhibitimthibition percentage of 95.71
per cent. Mancozeb was the next best fungicide stgoan inhibition of 86.56 per

cent, whereas propineb was the least inhibitory2@%) fungicide against the test
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Table-10 : Effect of water sprays on dispersal d1. perniciosa spores from infected sporophores of white button mshroom

Distance from infected
mushroom sporophores 0 10 20 30 40 50 60 70 80 90 100
(cms)

No. of aleurospores/
chlamydospores/ml water 176.00  149.33 94.67 74.33 42.67 29.00 12.00 8.0000 2. 0.0 0.0
splash

S.Et CD(p=0.05)

Distance 2.16 4.47




Table-11: In vitro evaluation of different non-systemic fungitoxicans
against Mycogone perniciosa, the causal agent of wet bubble
disease of white button mushroomAgaricus bisporus)

Conc. (ug m?) Growth inhibition over control (%)

Mean

Fungicide 25 50 100 200 500

Prochloraz manganese 97.46 100.00 100.00 100.00 100.00 99.52
50 WP (80.63) (90.00) (90.00) (90.00) (90.00) (88.12}

Chlorothalonil 75 WP 59.58 68.64 76.75 80.75 9551  76.24
(50.18) (55.75) (60.89) (63.67) (77.07) (61.51}

Mancozeb 75 WP 78.07 82.31 85.85 88.68 97.91 86.56
(62.07) (65.12) (67.90) (70.33) (81.68) (69.42f

Captan 50 WP 86.79 9410 97.91 99.76 100.00 95.71
(68.03) (75.48) (81.43) (88.08) (90.00) (80.60Y

Propineb 75 WP 19.84 27.15 3210 51.19 7571  41.20
(25.82) (31.08) (34.02) (45.38) (60.23) (39.30f

Mean 7235 7359 7781 8351 91.98
(56.08F (62.82f (66.25F 70.92f (77.40%

S.E+ CD(p=0.05)
Fungicide (0.50) (0.83)
Concentration (0.50) (0.83)
Fungicide x Concentration (1.13) (1.89)

Means of three replications; figures in parenthesesangular transformed values; means
followed by similar letter(s) are statistically itecal
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Plate-9 : In vitro evaluation of non-systemic fungicides

a, b, c = Against pathogem. perniciosa
d = Against hostA. bisporus



pathogen (Table-11; Fig. 4). A significant interaotbetween fungicides and their
concentrations also existed. The results furthereaked that an increase in
fungicide concentration resulted in a correspondimgease in per cent growth
inhibition of test pathogen, such that a maximurarall inhibition of 91.98% was
obtained at the highest concentration of 500 i mhereas 25 pg mfungicide
concentration exhibited overall growth inhibitioh7®.35%.

Prochloraz manganese at a concentration of 50 igamél more and
captan at a concentration of 500 pg'mbmpletely restricted the growth of the
test pathogen. Captan at 200 pg'naoncentration was next best fungicide
exhibiting a growth inhibition of 99.76 per centlléoved by again prochloraz
manganese at 25 pg Tlcaptan at 100 pg fhland mancozeb at 500 pg 'l
Propineb was the least effective fungicide in ciegkhe growth of the test

pathogen.
b) Effect on mycelial growth of host

The results (Table-12; Fig. 4) revealed that tbst fungicides varied
significantly in their inhibitory effects on the $ib mycelium. In overall
comparison, prochloraz manganese recorded minimu®.83%) growth
inhibition of A. bisporusmycelium followed by chlorothalonil and captan @3
15.41%), whereas propineb exhibited maximum grawtibition (38.01%) of the
test fungusOn an average, the per cent growth inhibition iasegl with increase
in fungicide concentration such that minimum (1.§7&hibition was obtained at
25 pg mit and maximum (54.36%) at 500 pg MIA significant interaction
between fungicides and their concentrations alsstexk Prochloraz manganese,
chlorothalonil, mancozeb and captan at upto 50 [lijand mancozeb at 25 pg
mi™ did not show any growth inhibition of host mycefiuProchloraz manganese
and captan at 100 pg thland mancozeb at 50 pg hivere the next least
inhibitory (3.15-3.64%) fungicide concentrationdldaved by chlorothalonil 100
ng mi* (7.29%) and propineb 25 pg™(9.37%). Mancozeb and propineb at 500
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Table-12 : In vitro evaluations of different non-systemic fungicides gainst
Agaricus bisporus mycelium

Conc. (ug mi?) Growth inhibition over control (%)
Mean
Fungicide 25 50 100 200 500
Prochloraz manganese 0.0 0.0 3.64 12.49 38.02 10.83
50 WP (2.86) (2.86) (10.94) (20.67) (38.06) (15.07}
Chlorothalonil 75 WP 0.0 0.0 7.29 15.10 43.74  13.22

(2.86) (2.86) (15.63) (21.53) (41.40) (16.85Y

Mancozeb 75 WP 00 362  14.06 39.06 6822 24.99
(2.86  (10.55) (21.99) (38.68) (54.07) (25.63f

Captan 50 WP 00 0.0 315 1457 5937 1541
(2.86) (2.86) (10.21) (22.35) (50.40) (17.73)

Propineb 75 WP 9.37 2239 4322 5260 6249 38.01
(17.71) (28.22) (41.10) (46.48) (52.23) (37.14y

Mean 1.87 5.20 14.27  26.76  54.36
(5.83)  (9.47F (19.97F (29.94f (47.23)

S.E+ CD(p=0.05)
Fungicide (0.61) (1.23)
Concentration (0.61) (1.23)
Fungicide x concentration (1.22) (2.46)

Means of three replications; figures in parenth@sesangular transformed values;
means followed by similar letter(s) are statisticalentical .
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png mit exhibited maximum inhibition (62.49-68.22%) of thest fungal

mycelium.
4.4.1.2In vivo evaluation of non-systemics
a) Effect on disease development

The data (Table-13) revealed that all the fungicideatments reduced the
per cent disease intensity as compared to pathodgested and untreated check-I.
Compared to a wet bubble intensity of 16.67 pert agtained in pathogen
infested and untreated check-I, the disease wasceddto 0.0-0.37 per cent by
application of captan 50 WP at 0.1-0.2% or prod@#omanganese 50 WP at
0.2%, exhibiting the disease control of 97.78-100#tich was statistically at par
with uninfested and untreated check-Il. Captan 5B W 0.05%, prochloraz
manganese 50 WP at 0.1% and chlorothalonil 75 WR28%6 were the next best
treatments exhibiting wet bubble intensity of 1185 per cent with a disease
control of 88.90-93.34 per cent. Prochloraz mangar¥® WP and chlorothalonil
75 WP at 0.05 and 0.1% were the least effectivgitidial treatments exhibiting
wet bubble intensity of 4.07-5.92 with a diseasetia® of 64.48-75.58 per cent.

b) Effect on yield and yield components

It is evident from the (Table-14) that the applicatof captan 50 WP at
0.2% concentration exhibited minimum (90.16) numbérfruit-bodies per kg
mushroom followed by prochloraz manganese 50 WPchtatothalonil 75 WP
at 0.2% and captan 50 WP at 0.1% yielding 91.56@®Zruit-bodies per kg
mushroom, lesser than 94.16 and 92.83 fruit-bgoeedkg mushroom obtained in

infested-untreated and un-infested, untreated cheekpectively.

The average fruit-body weight also varied signfiita with different
fungicidal treatments. Prochloraz manganese 50 WiPcaptan 50 WP each at
0.2% concentration exhibited maximum (10.86-10.8@\gerage weight of single
fruit-body similar to that obtained in uninfestedtteated check (10.93 g). Captan
50 WP (0.10%) and chlorothalonil 75 WP (0.20%) wibee next best treatments
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Table-13 : Effect of non-systemic fungitoxicants icorporated in casing on
per cent intensity of wet bubble diseaseMycogone perniciosa) of
white button mushroom (Agaricus bisporus) during spring 2009

and 2010
Spring Spring Disease
Treatments 2009 2010 Mean c%}gol
5.18 6.66 5.92
o)
0.05%  (1300) (1482 (@396f ©448
1.48 1.48 1.48
0,
P. manganese 50 WP 0.1% (6.66) (6.66) (6.66}’ 91.12
0.0 0.74 0.37
0,
02%  gs)  (476) (381 0778
4.44 7.41 5.92
o)
0.05% 1216y (15.75) (13.96f 0448
. 3.70 4.44 4.07
0,
Chlorothalonil 75 WP 0.1% (10.96) (12.16) (11.56§ 75.58
2.22 1.48 1.85
0,
0.2% (8.56) (6.66) (7.61) 88.90
0.74 1.48 1.11
0]
0.05% 476)  (665) (s5.71p 9334
0.00 0.0 0.0
0,
Captan 50 WP 0.1% (2.86) (2.86) (2.86) 100
0.0 0.0 0.0
0,
02%  gs) (286  (286f 19
. 16.29 17.04 16.67
Check I (infested - untreated) (23.73) (23.24) (24.03
. 0.0 0.0 0.0
Check Il (uninfested - untreated) (2.86) (2.86) (2.86}"
S.E+ (1.05) (1.26) (0.94)
CD(p=0.05) (2.14) (2.57) (1.89)

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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Table- 14 :  Effect of non-systemic fungicides inc@orated in M. perniciosa
infested casing on the number and weight of fruibodies and
button yield during spring 2009-2010 (pooled overgars)

No. pf fruit Weight of  Button yield
.. bodies per :

Fungicide kg fruit (kgs/q
mushroom bodies (g) compost)

0.05% 95.83 10.38 8.8d

P. Manganese 50 WP

0.1% 94.08° 10.60 10.59

0.2% 91.58 10.86 14.2%

0.05% 96.00 10.36 8,51

Chlorothalanil 75 WP
0.1% 94.50 10.59 10.90
0.2% 92.68° 10.77 13.48
0 d

Captan 50 WP 0.05% 94.38 10.62 13.47

0.1% 92.58 10.69° 14.23

0.2% 90.18 10.89 14.83

Control | (infested - untreated) 94716 10.68 6.18

Control Il (uninfested - untreated) 92°83 10.93 12.84
SE+ (0.62) (0.04) (0.50)
CD (p=0.05) (1.25) (0.08) (1.01)

Means of three replications; means followed by lsinietter(s) are statistically identical.
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showing average fruit-body weight of 10.69-10.77cgmpared to 10.68 g

obtained in infested-untreated check.

The button yield per quintal compost also improseghificantly with the

application of non-systemic fungitoxicants. Capta® WP (0.10-0.20%) and

prochloraz manganese 50 WP (0.20%) exhibited maxiroutton yield of 14.23-

14.83 kg / quintal compost as compared to that.H8 &nd 12.84 kg / quintal

compost obtained in infested-untreated and uniedeshtreated checks,
respectively. Prochloraz manganese 50 WP (0.10%gaptan 50 WP (0.05%)
were the next best treatments with the average wie(12.59-13.48) kg / quintal

compost. Prochloraz manganese 50 WP and chloroihd@® WP each at 0.05%

concentration were the least effective fungicides.

c)

Effect of quality parameters of sporophores

The non-systemic fungicidal applications on infdsteasing also

significantly affected the quality parameters obsphores such as pileus weight,

pileus dia, stipe weight and stipe dia (Table-15)

Pileus weight :- The pileus weight of 5.32 g as obtained in infested
untreated check was found to significantly impreee5.01-6.02 g in the
treatments receiving captan 50 WP (0.20%) or porelal manganese 50
WP (0.20%). Chlorothalonil 75 WP (0.10%) or cap&nhWP (0.10%) or
Prochloraz manganese 50 WP (0.10%) were the nestt tbeatments
providing the pileus weight of 5.70-5.79 g.

Pileus dia :- The maximum pileus dia (3.54 cm) among different
fungicidal treatments was exhibited by captan 50 @W.R0%) which was
statistically at par with uninfested-untreated &é®.56 cm). Prochloraz
manganese 50 WP (0.20%), chlorothalonil 75 WP @)28nd captan 50
WP (0.05-0.10%) were the next best treatments gnoyipileus dia of
3.50-3.51 cm.
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Table: 15 Effect of non-systemic fungicides incograted in M. perniciosa
infested casing on quality parameters of white buttn mushroom
(Agaricus bisporus) during spring 2009-2010 (pooled over years)

Weight Diameter  Stipe Stipe
Fungicide of pileus of pileus Weight Diameter

(9) (cm) (9) (cm)

0.05%  5.62 3.29 457 1.26'
P. manganese 50 WP 0.1% 5.79 3.37 4.62 1.29
0.2%  6.02° 3.50 4.7¢ 1.3F
0.05%  5.28 3.37 457 1.23
Chlorothalanil 75 WP 0.1%  5.7¢" 3.44 4.64 1.28'
0.2%  5.58° 3.57 47?7 1.28'

0.05% 5.63 3.48° 4.61¢ 1.1

Captan 50 WP 01% 572 3.5¢° 4.68 1.27
0.2% 6.0% 3.54 4.80' 1.24
Control | (infested - untreated) 5%2  3.2¢ 4.29 1.23
Control Il (uninfested - untreated) 6.26" 3.56' 4.26 1.25
s 016) (002 (002 (003
CD (p=0.05) (0.31)  (0.05)  (0.05) (0.07)

Means of three replications; means followed by lsinfetter(s) are statistically identical
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. Stipe weight - The stipe weight was maximum (4.80 g) in treatmen
receiving captan 50 WP (0.20%) as compared to(thd® g) in infested-
untreated check. Captan 50 WP (0.10%) or chlorotiila?5 WP (0.20%)
or prochloraz manganese 50 WP (0.20%) were the Ioestt treatments
providing stipe weight of 4.68-4.779g. The averageight of stipe in
uninfested-untreated check was 3.56 cm.

. Stipe dia:- The maximum stipe dia of 1.31 cm was exhibited by t
treatments receiving captan 50 WP (0.20%) and pwoeth manganese 50
WP (0.20%), as compared to that of 1.23 cm obseinedhfested-
untreated check.

4.4.1.3In vitro evaluation of systemics

Five systemic fungicidesiz., carbendazim, myclobutanil, bitertanol,
triademephon and diniconazole were evaluated 40525, 50 and 100 pg il
concentrations by poisoned food technique for timiibitory effects on pathogen

M. perniciosaand hosh. bisporusmycelium (Plate-10).
a) Effects on pathogen

On an average, carbendazim proved most effectidepaovided growth
inhibition of 97.35 per cent followed by myclobutiaand bitertanol exhibiting
inhibition percentage of 93.05-93.70, respectivéllys also clear from Table-16
and Fig. 5 that with increase in concentration,gle cent inhibition over control
also increased significantly, such that a maximuowgh inhibition of 99.02 per
cent was obtained at 100 pghdoncentration and a minimum of 81.39 per cent
at 5 ug mif concentration. A significant interaction betweendicides and their
concentrations also existed. Myclobutanil at 50-f1@omi* and carbendazim and
bitertanol at 100 pg il concentration exhibited maximum (100%) growth
inhibition of the test pathogen. Carbendazim artdrtsinol 50 pg mit were the
next best fungicide concentrations exhibiting thewgh inhibition of 99.16-99.53

per cent followed by again carbendazimp@smi* giving the inhibition

il



Table-16: In vitro evaluation of different systemic fungicide against
Mycogone perniciosa, the causal agent of wet bubble disease of
white button mushroom (Agaricus bisporus)

Conc. (ug mih)

Growth inhibition over control (%)
Mean

Fungicide 5 10 25 50 100

93.70 95.80 98.13 99.16 100.00 97.35

Carbendazim S0 WP 75 09)  (77.53) (80.63) (84.76) (90.00) (81.60)a

84.61 85.31 98.60 100.00 100.00 93.70

Myclobutanil LOWP 56 42)  (67.39) (82.040 (90.00) (90.00) (79.17)b

Bitertanol 25 WP 83.94 87.41 9440 9953  100.00 93.05
(60.90) (68.87) (75.84) (86.17) (90.00) (65.17)e

Triademiphon 68.76 7505 81.81 87.41 9580  81.76
(55.54) (59.56) (64.39) (68.87) (77.53) (65.17)e

Diniconazole 75.98 82.27 89.74 97.43 99.30 88.94
(60.22) (64.89) (70.76) (99.50) (85.37) (72.18)d

Mean 81.39 8516 9253  96.70  99.02
(63.63)° (67.64)° (74.77)° (81.86)° (86.58)"

S.E+ CD(p=0.05)
Fungicide (0.69) (1.15)
Concentration (0.69) (1.15)
Fungicide x concentration (1.55) (2.59)

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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Plate-10 : In vitro evaluation of systemic fungicides

a, b, c = Against pathogem. perniciosa
d = Against hostA. bisporus



percentage of 98.13 per cent. The other fungicidesrder of their increasing
inhibitory effect were triademephon at 10 pg'rir5.05%) < diniconazole at 5 pg
ml™ (75.98%) < triademephon at 25 pug™n{B1.81%) < diniconazole 10 pg Tl
and bitertanol 5 pg il1(82.27-83.94) < myclobutanil at 5 pg hénd 10 pg mt
(84.61-85.31%) < triademephon at 50 pg'mhd diniconazole 25 pg t(87.41-
89.74%) < carbendazim at 5 pghand 10 pg mt (93.70-95.80%) and bitertanol
25 pg mi* (94.40%) < carbendazim pg ™(98.13%) and bitertanol 50 pg l
(99.53%).

b) Effects on host mycelium

All the test fungicides varied significantly fohdir inhibitory effects
against host mycelium (Table-17; Fig. 5). In ovemparison, carbendazim
recorded minimum (1.45%) growth inhibition &&. bisporus followed by
myclobutanil (7.08%). Bitertanol was the next leasibitory (9.78%) to the host
fungus, whereas triademephon and diniconazole #gHibmaximum inhibition
(56.34-56.55%). The mycelial inhibition was foummdshow a continuous increase
with increase in fungicide concentration. A sigraint interaction between
fungicides and their concentrations also existeatbéndazim at upto 25 pg Ml
and bitertanol at 5 pg fidid not show any inhibition of the host fungus.eTh
same fungicides respectively at 50-100 and 10-25njigand bitertanol at 5-10
g mi* were next least inhibitory (2.60-4.68%) to thet temgus. The other
fungicides in order of their increasing inhibitogffects onA. bisporuswere
bitertanol 25 pug mt < bitertanol and myclobutanil 50 pg it myclobutanil 100
Hg mit < bitertanol 100 pug r triademephon 5 pg Mland diniconazole 10pg
mi™ < triademephon and diniconazole 25 ug'mil diniconazole 50 pg i<

triademephon 50 pg ik triademephon 100 pg thk diniconazole 100 pg ml
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Table-17 : In vitro evaluation of systemic fungicide againstAgaricus
bisporus mycelium

Conc. (ug mih) Growth inhibition over control (%)
Mean
Fungicide 5 10 25 50 100
0.0 0.0 0.0 2.60 4.68 1.45

CarbendazimS0WP 56y (286)  (2.86) (9.27) (12.38) (6.91)

2.60 3.64 7.29 12.49 22.91 9.78

Myclobutanil I0WP g 57)  (10.73) (15.65) (20.69) (28.59) (16.98§

Bitertanol 25 WP 00 260 4.68 1145 16,67  7.08
(2.86)  (9.27) (12.38) (19.74) (24.00) (13.63)

Triademiphon 2291  36.97 55.72 78.12 88.02 56.34
(28.55)  (37.40) (48.30) (62.08) (69.75) (49.21f

Diniconazole 2291 4114 5416 7239 9218  56.55
(28.55) (39.89) (47.39) (58.30) (73.81) (49.58f

Mean 9.68 16.87 2437 3541  44.89
(14.41F  (20.03 (25.31f (34.01f (41.70%

S.E+ CD(p=0.05)
Fungicide (0.80) (1.62)
Concentration (0.80) (1.62)
Fungicide x concentration (1.61) (3.24)

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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4.4.1.41n vivo evaluation of systemics
a) Effect on disease development

The data on the effect of systemic fungicides ipoaaited in casing on wet
bubble disease of white button mushroom (Table-fie8)ealed that all the
fungicidal treatments reduced the per cent diseasmnsity as compared to
pathogen infested-untreated check-l. Comparedwetébubble intensity of 16.67
per cent obtained in pathogen uninfested-untreateeck-1, the disease was
reduced to 1.11-1.48 per cent by applications dieradazim 50 WP or bitertanol
25 WP at 0.1%, exhibiting the disease control 0f12403.34 per cent.
Carbendazim 50 WP or bitertanol 25 WP @ 0.05% corlobytanil 10 WP @ 1%
were the next best treatments exhibiting wet bubtiensity of 2.59-3.70 per cent
with a disease control of 77.80-84.46 per cent. Iblyatanil 10 WP @ 0.025 -
0.05% and carbendazim 50 WP and bitertanol 25 WB.@5% were the least
effective fungicidal treatment exhibiting wet bubbhtensity of 5.55-7.41 per
cent with a disease control of 55.54-62.62 per.ddoivever, a wet bubble-free
crop without any disease intensity was obtainepatihogen uninfested-untreated

check-II.
b) Effect on yield and yield components

The fungicidal application on pathogen-infestedrgasvas found to show
significant effects on yield and yield componenishsas number and weight of
fruit-bodes. It is evident from Table-19 that minim (88.83-91.67) number of
fruit-bodies per kg mushroom was recorded in treatism which received
carbendazim 50 WP or bitertanol 25 WP as compavddfésted-treated check
(92.16). Myclobutanil 10 WP (0.05%) and carbendastn WP (0.05%), were
next best fungicides providing as many fruit-bodps kg mushroom (93.17-
93.50) as obtained in uninfested-untreated checkrb&hdazim 50 WP
and bitertanol 25 WP each at 0.025% did mptifscantly influence this yield
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Table- 18 Effect of systemic fungitoxicants incorpated in casing on per
cent intensity of wet bubble diseaseMycogone perniciosa) of
white button mushroom (Agaricus bisporus) during spring 2009

and 2010
Spring Spring Diseases
Treatments 2009 2010 Mean ccz(%;ol
6.67 5.92 6.92
0,
0.025%  1a96) (14.02) (14497 9226
. 5.18 2.22 3.70
0,
Carbendazim 50 WP 0.05% (13.09) (8.56) (10.82 77.80
1.48 0.74 1.11
0,
0.1% (6.66) (4.76) (5.71F 93.34
7.41 7.41 7.41
0,
0.025% (15.75) (15.75) (15.7551 55.54
. 5.92 5.18 5.55
0,
Myclobutanil 10 WP 0.05% (14.02) (13.09) (13.56f 66.70
2.96 2.22 2.59
0,
01%  ©76) (7.86) (881 o440
6.67 5.92 6.23
0,
0025%  (1406) (14.02) (14.40fc %62
. 4.44 2.96 3.70
0,
Bitertanol 25 WP 0.05% (11.89) (9.06) (10.48§ 77.80
1.48 1.48 1.48
0,
0.1% (6.66) (5.96) (6.31F 91.12
. 16.29 17.04 16.67
Check I (infested - untreated) (23.73) (24.34) (24.03] -
) 0.0 0.0 0.0
Check Il (uninfested - untreated) (2.86) (2.86) (2.86}" -
S.E+ (1.17) (1.51) (1.08)
CD(p=0.05) (2.40) (3.08) (2.16)

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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Table-19: Effect of systemic fungicides incorporad in M. perniciosa
infested casing on the number and weight of fruitbodies and
button yield during spring 2009-2010 (pooled overegars)

No. of fruit

Fungicide bOdLGQS per fmflggctjizfs kglsjltgogoﬂleplgst
mushroom @)
0.025%  96.3% 10.33 9.18
Carbendazim 50 WP 0.05% 93.56f 10.57" 10.28
0.1% 88.83 11.08 12.28
0.025% 95.67 10.57 6.43
Myclobutanil 10 WP 0.05% 93.17 10.78" 8.00'
0.1% 90.06 11.12 10.49
0.025% 97.50 10.23 8.25"
Bitertanol 25 WP 0.05% 95.50 10.48° 10.23
0.1% 91.67 10.96 12.97
Control | (infested -untreated) 9683 10.23 6.18
Control Il (uninfested -untreated) 92°16 10.83 12.84
""""""""""" se: @48 (0200 (047
CD (p=0.05) (2.93) (0.40) (0.95)

Means of three replications; means followed by lsimiletter(s) are statistically
identical.
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component compared to infested-untreated checB39®7.50 fruit-bodies per kg

mushroom).

The application of systemic fungicides M. perniciosainfested casing
significantly affected the average weight of friodedies. The average weight of
fruit-body of 10.23 g as obtained in infested-uateel check was found to
improve significantly to 10.46-11.12 g, with thepépation of myclobutanil 10
WP (0.05-0.1%), carbendazim 50 WP (0.1%) or bitert25 WP (0.1%) similar
to that (10.83 g) obtained in infested-untreateditrad. The application of
carbendazim 50 WP (0.025-0.05%), myclobutanil 10 \(0F025-0.05%) or
bitertanol 25 WP (0.05%) were the next best funigidreatment providing fruit
body weight of 10.46-10.69 g.

The button yields (kgs per quintal compost) als@rioned significantly
with the application of fungicides; carbendazim8® and bitertanol 25 WP each
at 0.1% concentration exhibited maximum vyield 121297 kg/qtl compost, as
good as that obtained in uninfested-untreated kcki®2.84 kg / qtl. compost).
Bitertanol 25 WP, carbendazim 50 WP each at 0.06&8onayclobutanil 10 WP at
0.1% concentration were the next best fungicidesvelg the average yield of
10.23-10.49 kg ¢ compost compared at 6.18 kg gompost obtained in infested-
untreated check. Of all the evaluated fungicidalosmtrations, myclobutanil 10
WP application at 0.025% did not significantly irope the button vyield
compared to infested-untreated check.

C) Effect on quality parameters of sporophores

The fungicidal application on infested casing digantly affected some
of the sporophore quality parameters such as pdeuand stipe weight, whereas
the pileus weight and stipe dia did not experieacg significant change (Table-
20).

. Pileus weight:-The fungicidal application in pathogen-infestedingglid

not significantly change the pileus weight of thebisporussporophores.
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Table-20 : Effect of systemic fungicides incorporad in M. perniciosa-
infested casing on quality parameters of white btion mushroom
(Agaricus bisporus) during spring 2009-2010 (pooled over years)

W%'?ht Diameter  Stipe Stipe
Fungicide pileus of pileus Weight Diameter
) (cm) (@) (cm)

0.025% 5.69 3.36 4.66° 1.27
Carbendazim 50 WP  0.05% 5.83 3.29 4.69° 1.30

0.1% 6.06 3.63 4.80° 1.32

0.025% 5.32 338  4.60° 1.22
Myclobutanil 10 WP 0.05% 5.74 3.4% 461 1.25

0.1% 5.97 3.53 4.72% 1.26

0.025% 5.70 3.48 4.63° 1.20

Bitertanol 25 WP 0.05% 5.91 3.47 469 1.23
0.1% 6.10 358  4.83° 1.26
Control | (infested - untreated)) 5.69 336 4.23° 1.24
Control Il (uninfested- untreated) 6.20 382 4.59° 1.26
""""""""""" St (048 (009 (005  (0.00)
CD (p=0.05) (NS) (0.18)  (0.11) (NS)

Means of three replications; means followed by kimletter(s) are statistically
identical.
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. Pileus dia-The pileus dia of 3.36 cm as obtained in infestetteated
check was found to significantly improve to 3.583.cm in treatments
receiving bitertanol 25 WP (0.025-0.1%) or myclabt 10 WP (0.05-
0.1%) or carbendazim 50 WP (0.1%). Carbendazim 90 {.025 -
0.05%) or myclobutanil 10 WP (0.025%) applicatiamsre the next best
treatments providing the pileus dia of 3.36-3.39, gmilar to that
obtained in infested-untreated check. However, nohé¢he fungicidal
applications provided the pileus dia of 3.82 cmaoi®d in uninfested-

untreated check.

. Stipe weight:-The stipe weight significantly improved to 4.72-3g8 in
treatments which received carbendazim 50 WP or obwyténil 10 WP or
bitertanol 25 WP each at 0.1% as compared to thdt23 g obtained in
infested-untreated check and 4.59 obtained in astafl-untreated check.
Carbendazim 50 WP (0.025-0.05%), myclobutanil 10 YW®5%) and
bitertanol 25 WP (0.025-0.05%) were the next besdtments providing
the average stipe weight of 4.61-4.00g.

. Stipe dia:-The fungicidal application did not significantlyarge the stipe
diameter ofA. bisporussporophores

4.4.2 Use of bacterial antagonists
4.4.2.1 Invitro evaluation

Perusal of the data (Table-21) reveals that nont@etest isolates of the
three bacterial genera exhibited any antagonisnthéogrowth ofA. bisporus
mycelium. WhileP. fluorescenssolate PS-103 andzotobactesp. Isolate, Azt-
106 were more stimulatorpzotobacter spsolates Azt-108 and Azt-117 showed
stimulatory effect onn vitro growth A. bisporus(Plate-11). TheP. fluorescens
isolates PS-104, PS-105 aBd subtillis isolate BS-101 exhibited neutralistic
effects on A. bisporusgrowth. On the contrary, all the test isolatexegxB.

subtillisisolate BS-101 andzotobactessp. isolate Azt-117, exhibited antagonism
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Table-21 : Invitro mycelial growth of Agaricus bisporus and Mycogone perniciosa in presence of bacterial antagonists

Radial mycelial Radial mycelial Interaction
- Per cent growth Per cent growth
Bacterial isolate growth (mm) of imulati growth (mm) of inhibiti M
A. bisporus stimulation M. perniciosa Inhibition - A. bisporus
' ' perniciosa

P. flourescens103 53.15 (39.79) 0.50 (98.88) A MS
P. flourescensl104 34.50 (07.07) 2.50 (94.44) A N
P. flourescens105 36.17 (11.49) 5.33 (88.14) A N
B. subtilis-101 34.0 (05.69) 11.16 (75.18) N N
B. subtilis-115 38.13 (26.55) 4.0 (91.11) A S
B. subtilis-116 41.13 (22.09) 0.0 (100) A S
Azotobacter106 50.47 (36.50) 0.67 (98.51) A MS
Azotobacter108 38.18 (26.45) 5.5 (87.77) A S
Azotobacter117 40.50 (28.08) 115 (74.44) N S
Control 32.0 - 45.0 -
S = Stimulatory; MS = More stimulatory; N = Neaalistic; A = Antagonistic — with clear inhibitiorone



Plate-11 : In vitro evaluation of bacterial antagonists



of varying degrees againgk perniciosa.The isolate BS-101 and Azt-117 showed
only neutralisticeffects on the growth of the pathodgdnperniciosa

4.4.2.2In vivo evaluation
a) Effect on disease development

The data (Table-22) reveals that all the bactemahgonists reduced the
per cent disease intensity as compared to pathodested-untreated check-I.
Compared to a wet bubble intensity of 16.23 pert adtained in pathogen
infested-untreated check-I, the disease was redteweld85 per cent, with the
disease control of 88.60 per cent in treatmentivexe P. flourescensat 2.0%,
followed by disease intensity of 4.81-5.18, witk ttisease control of 68.08-70.36
per cent in the treatments receiviRg flourescensat 1% orB. subtilisat 2%
concentrations.P. flourescensat 5% andAzatobactersp. at 2% concentrations
were the next best treatments exhibiting wet beibbtensity of 7.04-7.41 per
cent, with the disease control of 54.34-56.62 pent.cOut of all the bacterial
antagonist treatment#zatobactersp. at 0.5% concentration was least effective
treatment showing disease intensity of 13.33 pet, seith the disease control of

37.76 per cent.
b) Effect on yield and yield components

The incorporation of bacterial antagonists in pgérwinfested casing was
found to show significant effects on yield and giebmponents such as number
and weight of fruit bodies. It is evident from t{lable-23) that minimum number
(82.83 - 83.00) of fruit bodies per kg mushroom weorded in treatments which
received B. subtilis116 or P. fluorescend03 each at 2% concentration as
compared to that (92.83) in uninfested-untreatedckhB. subtilis116 and
P. fluorescend03 each at 1% concentration aAdotobactersp.-106 at 2%
concentration were the next best treatments pnogi&4.33 - 84.50 fruit bodies

per kg mushroom, compared to 94.16 obtained ireated check.
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Table-22:  Effect of bacterial antagonists incorpoated in  Mycogone
perniciosa- infested casing on per cent intensity of wet bub®
disease of white button mushroomAgaricus bisporus) during
spring 2009 and 2010

Sori Spri Diseases
Treatment ;Orgg ;O”lng Mean control
(%)
7.41 6.67 7.04
o)
05%  557)  (1496) (@536f 002
5.18 4.44 4.81
0
P. flourescengd-03 1.0% (13.00) (12.16 (12.62§ 70.36
2.22 1.48 1.85
0
2.0% (8.56) (5.96) (7.26) 88.60
9.63 10.37 10.0
o)
05%  (1805) (1876) (1840f 838
- 6.67 8.15 7.41
Z 0
B. Subtilis -116 1.0% (14.82) (16.54) (15.68)’ 54.34
5.18 5.18 5.18
0
2.0% (13.09) (13.09) (13.09¥ 68.08
15.56 11.11 13.33
o)
05%  2323) (19.47) (o138) 3770
Azotobacter106 1.0% &g'%) (19565’5) (1%304%)3 38.38
8.15 6.67 7.41
0
2.0% (16.54) (14.96) (15.75)j 54.34
Check I (infested - untreated) ég%g) éggg) (215 72% -
Check Il (uninfested - untreated) (20 '806) (20 £6) (zoé%)a
S.E+ (1.16) (0.90) (0.73)
CD (p=0.05) (2.37) (1.83) (1.47)

Means of three replications; figures in parenthesesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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Table: 23 Effect of bacterial antagonistsincorporated in M. perniciosa-
infested casing on the number and weight of fruit bdies and
button yield during spring 2009-2010 (pooled overgars)

No. of fruit Weight of Button yield

Bact. antagonists bodies per kg  fruit bodies kgs/q
mushroom (9) compost
0.5% 88.16 11.38 8.78¢
P. flourescend03 1.0 % 84.50 12.04 10.99
2.0% 83.00 12.14 12.42
0.5% 88.66 11.33 7.83
B. subtilis116 1.0% 84.3%° 11.93° 9.58¢
2.0% 82.83 12.0F 10.09°
0.5% 90.58 11.08 5.14
Azotobactert06
1.0% 88.50 11.33 6.7¢
2.0% 84.66 11.74 7.94"
Control | ( infested-untreated) 9426 10.68 6.18
Control Il (uninfested-untreated) 92°%83 10.93 12.84
""""""""""" se= o069 010 045
CD (p=0.05) 1.38 0.21 0.90

Means of three replications; means followed by simietter(s) are statistically
identical.
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The application of bacterial antagonist treatmentgathogen-infested
casing significantly affected the average weightfrofit-bodies. The average
weight of fruit-body (10.68 g) as obtained in uatexl check was found to
improve significantly (12.01 - 12.14g) in treatmeméceiving P.fluorescend 03
at 1 and 2% concentration Br subtilis116 at 2% concentration8zotobacter-
106 at 2% concentration arigl subtilis116 at 1% concentration were the next
best treatments providing the fruit-body weightldf74 - 11.93 g. The average
weight of fruit-bodies in next treatments rangemirirl1.05 - 11.38 g compared to
10.93 g in uninfested-untreated check.

The button yields also improved significantly withe application of
bacterial antagonist treatmenk. fluorescend.03 at 2% concentration exhibited
maximum vyield (12.42 kg/quintal) as good as thatawmied in uninfested-
untreated check (12.84 kg/quintal compost).The san&agonist @ 1.0%
concentration or B. subtilis116 at 2.0% concentration were the next best
treatments  with the average yield of 10.09 - 1Kg@§uintal compost.
Applications ofAzotobactersp at 0.5-1.0% concentration was the least effecti
antagonist providing button yield of 5.14-6.70 kg /compost similar to that
obtained in infested-untreated check (6.18 kgfgmast).

C) Effect on quality parameters of sporophores

The incorporation of bacterial antagonists in pgdminfested casing
significantly affected the sporophore quality paesens such as pileus weight,
pileus diameter, stipe weight and stipe diametabld-24).

. Pileus Weight:-The maximum pileus weight (6.11 g) among the déifer
bacterial antagonist treatments was exhibitedm®yfluorescend-03 at 2%
concentration followed by pileus weight by that3g%5.51 g) in the
treatments receiving. fluorescensat 1.0%, Azotobactersp-106 andB.
subtilis116 at 2.0% concentration, compared to the pieeight (5.32 Q)

obtained in untreated check.
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Table-24: Effect of bacterial antagonists incorporéed in M. perniciosa-
infested casing on quality parameters of white butin mushroom
(Agaricus bisporus) during spring 2009-2010 (pooled over years)

Bacterial We_ilght of Diameter Stipe Stipe
antagonist piieus of pileus  Weight  Diameter

Q) (cm) (@) (cm)

0.5% 5.34 3.2¢ 4.66¢ 1.25

P. flourescens103 1% 5.38 3.35% 4.69° 1.28°

2% 6.1% 3.48° 4.8¢ 1.3F

0.5% 5.28 3.24° 4.60 1.27

B. subtilis116 1% 5.38 3.37¢° 4.67 1.37P

2% 5.57% 3.4% 4.72 1.32

0.5% 5.28 3.2TF 4.63 1.24

Azotobacter106 1% 5.38 3.26' 4.69° 1.27F

2% 5.47 3.33¢ 4.83 1.3F

Control (untreated) 5.82 3.42° 4.29 1.23

Control Il (uninfested- untreated) 626  3.56 4.26 1.25¢
SE+ 0.16 0.05 0.02 0.01
CD (p=0.05) 0.32 0.10 0.05 0.03

Means of three replications; means followed by simietter(s) are statistically
identical.
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. Pileus dia:-The maximum pileus dia (3.45 - 3.48 cm) among the
treatments was exhibited IB/subtilis106 andP. flourescend 03 both at
2.0% concentration statistically similar to thattabed in uninfested -
untreated check (3.56 cm). The next best pileutd&29 - 3.35 cm was
obtained in the treatment receivirigy flourescend03 at 0.5 - 1.0%

concentrations.

. Stipe weight:-The stipe weight of 4. 29 gas obtained in untreateeck
was found to significantly improve to 4.80 - 4.8&greatments receiving
P. fluorescensl03 or Azotobactersp-106 each at 2.0% concentration.
P. fluorescensl03 and Azotobacter sp-106 each at 1.0% condentra
were in the next best treatments showing stipe w#.69-4.72g. The
average weight of stipe in uninfested-untreatedkhes (4.26 g).

. Stipe dia:-The maximum dia of stipe 1.35 cm was exhibitedré@atment
receiving B. subtilis116 at 2.0% concentration as compared to that
(.23 cm) obtained in untreated check. fluorescend03 and
Azotobacterl06 each at 2.0% concentration were the nexttbesiments
providing the stipe dia of 1.31 cm compared toestgpa of 1.25 cm
obtained in uninfested-untreated check.

4.4.3 Use of botanicals
4.4.3.11n vitro evaluation against pathogen

Eight botanicalsviz., Metricaria sp., Curcuma longaMentha longifolia
Artemesia annualuglans regia Lavendulla officinalis Azadirachta indicaand
Urtica dioca, were evaluatedh vitro for their possible inhibitory action against

the pathogeM. perniciosaand hos®garicus bisporusnycelium (Plate-12)
a) Aqueous extract

The aqueous extract of the botanicals evaluateth#r inhibitory effects
on mycelial growth oM. perniciosaat 1, 2 and 3 per cent concentration through

poisoned food technique (Table-25; Fig. 6) reeg@alignificant inhibitory effects

ﬂ



Table-25:  Evaluation of aqueous extract of botanals againstMycogone
perniciosa causing wet bubble disease @&garicus bisporus

Conc. (%) Per cent inhibition over control
, Mean
Botanical 1 > 3
51.15 59.48 74.99 61.49

Metricaria spp. (45.66)  (50.47)  (60.00)  (52.04%

54.16 64.58 76.84 65.19

Cureuma longa (47.38) (53.48) (61.24) (54.03}

13.88 59.48 70.13 47.83

Mentha longifolia (21.81) (50.46) (56.87) (43.04f

47.91 59.02 69.90 58.94

Artemesia annua (43.80) (50.19) (56.73) (50.24¥

Juglans regia 27.08 54.16 63.88 48.37
(1.34) (47.38) (53.05) (43.92f
46.29 63.88 69.67 59.94

Lavendulla officinalis (42.87) (53.05) (56.59) (50.83§

28.23 36.11 72.68 45.67

Azadirachta indica (32.08) (36.93) (58.48) (42_49)j

Urtica dioca (1%?555) (132411}1) (22%25; (21;1.'(5335)e
Mean 34.28 50.97 65.79
(34.81} (45.17§ (54.385
"""""""""""""""""""""""""""" SEt  CD(p=0.05)
Botanical 0.53 0.89
Concentration 0.33 0.55
Botanical x concentration 0.93 1.56

Means of three replications; figures in parenthesesngular transformed values;
means followed by similar letter(s) are statisticalentical.
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-- Aqueous extract - Ethanol extract

120 T~

100

Mean mycelial growth inhibition (%)

Metricaria spp. Cureuma longa Mentha longifolia Artemesia annua Juglans regia Lavendulla officinalis Azadirachta indica Urtica dioca

Botanical extracts

Fig. 6 : In vitro evaluation of aqueous and ethanol extract of botacals againstMycogone perniciosa




Ur 11,

Against hostA. bisporus

Plate-12 : In vitro evaluation of Botanicals extracts



of the test botanicals. On an average, the aqueduascts ofC. longg Metricaria
sp., L. officinalis exhibited maximum inhibition (59.94-65.19%) Mt perniciosa
mycelium. Aqueous extract é&. annuawas next maximum inhibitory (58.94%),
whereasA indica and M. longifolia showed the average inhibition of 45.67-
47.83%. The test fungud). dioca was least inhibitory (14.96%) against
M. perniciosaout of all the tested botanicals. The mycelialvgto inhibition
significantly increased with increase in the extraoncentration such that a
minimum average inhibition (34.28%) was recorded the lowest test
concentration of 1% and the highest average inbibi{65.79%) was recorded at
the highest test concentration of 3 per cent. gxificant interaction between
botanicals and their agueous extract concentrata®ss existedC. longa and
Metricaria sp. at 3% concentration provided maximum growttikition
(74.99-76.84%) oM. perniciosa A.indicaat 35 concentration was the next best
botanical providing a growth inhibition of 72.68%llbwed by M. longifolia,
A.annuaand L.officinalis at the same concentration with growth inhibition of
69.67-70.13%U.diocaat 1% concentration provided the least growth it

of 5.555 only.

b) Ethanol extract

The ethanol extract of the botanicals evaluatedifeir possible inhibitory
effects againgtl. perniciosaat three different concentrations of 1, 2 an 3qast
through poisoned food technique revealed thathallltotanicals at each level of
concentration have shown significantly varied imoity effects (Table-26;
Fig. 6). In overall comparisor;. longaandMetricaria sp. exhibited maximum
mycelial growth inhibition of 98.83 and 89.80 pent followed byL. officinalis
and A. indica with the inhibition percentage of 66.32 and 64 4r cent,
respectivelyJuglans regisshowed the inhibition percentage of 55.24, wheteas
dioca was least inhibitory (5.39%) against the test pgém. On an average, the
lower concentrations exhibited minimum inhibitiod9(01%) and the higher

concentrations the maximum inhibition (734&. A significant interaction
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Table-26 : In vitro evaluation of aqueous extract of botanicals agaih$ost
Agaricus bisporus mycelium

Conc. (%) Per cent inhibition over control
, Mean
Botanical 1 > 3
8.33 19.26 44.78 24.12

Metricaria spp. (16.47)  (26.00)  (42.00)  (28.16f

04.16 06.24 09.16 06.52

Cureuma longa (11.38)  (14.40)  (17.56)  (14.44f

20.30 29.16 41.14 30.20

Mentha longifolia (26.74) (32.68) (39.89) (33.10f

04.68 06.76 10.93 07.45

Artemesia annua (12.04) (14.98) (19.18) (15.40%

Juglans regia 21.35 33.33 43.74 32.80
9 9 (27.49) (35.25)  (41.40)  (34.71f
03.95 14.58 17.18 11.90

Lavendulla officinalis (11.09) (22.35) (24.76) (19_405,

04.29 07.80 14.06 8.71

Azadirachta indica (11.86) (16.13) (22.00) (16.66}

Urtica dioca (31152) (3324118) (ﬁgg) (gg.'?%
Mean 12.35 19.91 28.74
(18.92}  (25.28¥ (31.40f
"""""""""""""""""""""""""""""" SE+  CD(=005)
Botanical (1.12) (2.26)
Concentration (0.68) (1.38)
Botanical x concentration (1.94) (3.91)

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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between the botanicals and their ethanol extraotscentrations also existed.
C. longaexhibited maximum inhibition of 100% at 3% concetitn followed by
the same botanical at 2% concentration providing6®8per cent growth
inhibition. C. longa even at 1% concentration providing a growth infoi of
97.91% proved better than the next best botaMedticaria sp. evaluated at 3%
concentration and providing only 93.74% growth Iition of M. perniciosa
Urtica dioca at 1% concentration was the least inhibitory batanhagainst the

pathogen providing only 1.84% growth inhibition.
4.4.3.2In vitro evaluation against host mycelium
a) Aqueous extract

The aqueous extract of botanicals evaluated far thkibitory effect on
mycelial growth ofA. bisporusat 1, 2 and 3 per cent concentration through
poisoned food technique (Table-27; Fig.ré@yealed significant inhibitory effects
of the test botanicals. On an average, the aquexiuact ofC. longg A. annua
and A. indica exhibited minimum inhibition (6.52-8.71%) oOA. bisporus
mycelium. Aqueous extract oL. officinalis was the next least inhibitory
(11.09%), wheread). dioca extract showed the maximum average inhibition
(40.96%) ofA. bisporusmycelium. The inhibition significantly increased tiwi
increase in the extract concentration such thatirmmm average inhibition
(12.35%) was recorded at the lowest test conceémtraif 1 per cent and the
highest average inhibition (28.74%) was recordeth@highest test concentration
of 3 per cent. A significant interaction betweentamicals and their aqueous
extract concentrations also existéd.annuaat concentration of upto 2 per cent
and L. officinalis & A. indicaat 1 per cent concentration resulted in the least
mycelial inhibition (3.95-6.76%) oA. bisporusfollowed byMetricaria at 1%,A.
indica at 2% and Clonga & A. annuaat 3% each showing mycelial growth
inhibition of 7.80-10.93 per centrtica dioca exhibited maximum inhibition of

Agaricus bisporusnycelium at all the test concentrations.
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Table-27 : In vitro evaluation of ethanol extract of botanicals agairs
Mycogone perniciosa causing wet bubble disease oAgaricus

bisporus
conc. (%) Per cent inhibition over control
_ Mean
Botanical 1 2 3
85.41 90.27 93.74 89.80

Metricaria spp. (67.54) (71.83) (75.53) (71.63%

97.91 98.60 100.00 98.83

Cureuma longa (81.77) (83.36) (90.00) (85.04}

44.44 53.24 68.05 55.24

Mentha longifolia (41.80) (46.85) (55.59) (48.08§

49.53 63.42 78.94 64.96

Artemesia annua (44.73) (52.78) (62.68) (53.39¢

Julans redia 35.18 51.84 70.09 52.37
9 9 (36.37) (46.05) (56.84)  (46.42)
51.38 71.17 76.42 66.32

Lavendulla officinalis (45.79) (57.52) (60.94) (54.75§

26.39 76.38 91.66 64.81

Azadirachta indica (30.89) (60.94) (73.25) (55.02F

Urtica dioca (%:%1) (fé?szg) (fé.7123) (1%.?%?1?
Mean 49.01 62.72 73.57
(44.57% (53.37f (61.62%"
'''''''''''''''''''''''''''''''''' SEx  CD(p=0.05)
Botanical (0.53) (0.89)
Concentration (0.33) (0.55)
Botanical x concentration (0.93) (1.56)

Means of three replications; figures in parenthesesngular transformed values;
means followed by similar letter(s) are statisticalentical.
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—€— Agueous extract - Ethanol extract

45

Mean mycelial growth inhibition (%)

Metricaria spp. Cureuma longa Mentha longifolia Artemesia annua Juglans regia Lavendulla officinalis ~ Azadirachta indica Urtica dioca

Botanical extracts

Fig. 7 : In vitro evaluation of aqueous and ethanol extract of botarals againstAgaricus bisporus mycelium



b) Ethanol extract

The ethanol extract of the botanicals evaluatedheir possible inhibitory
effect agains®. bisporusat three different concentrations of 1, 2 and Bqant
through poisoned food technique revealed thathallltotanicals at each level of
concentration have shown significantly varied imtoity effect (Table-28; Fig. 7).
In an overall comparisonC. longg A. annua and L. officinalis exhibited
minimum mycelial growth inhibition (7.70-9.22%) éf bisporusfollowed byA.
indica (9.89%).Urtica dioca exhibited minimum inhibition of (35.48%). On an
average, the lower concentrations again exhibitednmum inhibition of 12.42%
and the higher concentrations maximum inhibition 28.18%. A significant
interaction between the botanicals and their ethamtract concentrations also
existed.A. annua L. officinalis andA. indicaeach at 1% concentration exhibited
minimum growth inhibition of 2.70-3.33 per centléaed byC. longaat upto 2
per cent concentration ad annuaat 2 per cent concentration exhibiting growth
inhibition of 5.20-7.18 per cenletricaria sp.,M. longifoliaandU. diocaeach at
3 per cent concentration exhibited maximum growtiibition of 43.74-44.26 per

cent.
4.4.3.3In vivo evaluation
a) Effect on disease development

The data (Table-29) revealed that all the botartiegtments reduced the
per cent disease intensity as compared to untredeck-l. Compared to a wet
bubble intensity of 20.0 per cent obtained in uatted check-1, the disease was
reduced to 1.85-3.70 per cent by the incorporadio@. longaor A. annuaat 3%
concentration in casing material exhibiting theedse control of 81.50-90.75 per
cent.C. longaat 2.0%and L.officinalisat 3.0% concentrations were the next best
treatments showing disease intensity of 5.55-6.20 qent, with the disease
control of 68.55-72.25 per cer®. longa and A. annuaat 1.0% concentration

and L. officinalis at 2.0% concentration were the leadiectfle botanical
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Table-28 : In vitro evaluation of ethanol extract of various botanica
against hostAgaricus bisporus mycelium

Conc. (%) Per cent inhibition over control
, Mean
Botanical 1 > 3
21.14 28.12 44.26 31.17

Metricaria spp. (27.69) (32.01) (41.70) (33.80%

05.20 07.18 13.01 8.46

Cureuma longa (12.97) (15.54) (21.09) (16.53}

16.14 32.80 43.74 30.89

Mentha longifolia (23.68) (34.92) (41.40) (33.33f

03.33 06.76 13.01 07.70

Artemesia annua (10.29) (14.98) (21.09) (15.45}

Juglans regia 20.72 35.31 37.49 31.17
(27.39) (36.41) (37.75) (33.85§
L 02.70 10.41 14.57 09.22
Lavendulla officinalis (09.09) (18.74) (22.36) (16.735°
. . 03.12 10.93 15.62 09.89
Azadirachta indica (00.95)  (19.27)  (23.26)  (17.49§
. . 27.08 35.63 43.74 35.48
Urtica dioca (31.34)  (36.75)  (41.40)  (36.50f
Mean 12.42 22.13 28.18
(19.05f (27.19% (31.25%
S.E+ CD(p=0.05)
Botanical (0.96) (2.93)
Concentration (0.58) (1.18)
Botanical x concentration (1.66) (3.35)

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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Table-29:  Effect of botanicals incorporated in casig on per cent intensity
of wet bubble disease Nlycogone perniciosa) of white button
mushroom (Agaricus bisporus) during spring 2009 and 2010

Spring Spring Diseases
Treatment 2009 2010 Mean c%%ol
11.11 9.63 10.37
0,
05% 1940y (805 @872y B
7.41 5.18 6.29
)
C.longa LO% 45750  (13.09) (14427 6855
2.22 1.48 1.85
0,
2.0% 856)  (6.66) (761  07°
10.37 1037  10.37
0,
05%  (1876) (1869) (1869)  &1°
6.67 7.41 7.04
0,
A. annua 1.0% (14.96) (15.75) (15.36§ 54.80
4.44 2.96 3.70
0,
20%  (1216)  (9.06) (1061f 10
1481 1407 1444
0,
05%  2262) (2201) (2319 2780
o 9.63 8.89 9.26
0,
L. officinalis 1.0% (18.05) (17.34) (17.695 53.70
5.92 5.18 5.55
0,
20% (4020 (1282) (13428 @ %%
2296  17.04  20.00
Check-| (23.73)  (23.34)  (24.03Y ]
0.0 0.0 0.00
Check-Il (2.86)  (2.86)  (2.86} -
S.E+ 0.77 1.23 0.96
CD(p=0.05) 1.57 2,50 11.91

Means of three replications; figures in parenthe@sesangular transformed values;
means followed by similar letter(s) are statisticalentical.
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treatments exhibiting wet bubble intensity of 9¥37 per cent with a disease
control of 48.15-53.70 per cent. However, a wethbeildfree crop without any

disease intensity was obtained from pathogen ustedfeuntreated check-Il.
b) Effect on yield and yield components

It is evident from the (Table-30) that the applicatof L. officinalis, A.
annuaor Curcuma longaeach at 2.0% concentration exhibited minimum numbe
(86.00-86.66) of fruit-bodies per kg mushroom foled byL.officinalis and C.
longaeach at 2.0% concentration yielding 88.00 and@8auimber of fruit-bodies
per kg mushroom, lesser than 94.16 and 92.83 bndl per kg mushroom
obtained in un-treated and uninfested-untreatedksheespectively.

The average fruit-body weight also varied sigaifity with the
application of different botanical treatmenfsannuaand L. officinalis each at
3.0% concentration exhibited maximum (11.16 -11)28grage weight of single
fruit-body followed byC.longa and L. officinalis (10.87-10.90), each at 2.0%

concentration.

The button yield also improved significantly witlhet application of
botanicalsC. longaandA. annuaeach at 2.0% concentration exhibited maximum
button yield of 10.84 - 11.06 kg/quintal compostcampared to that of 6.18 and
12.84 kg/quintal compost obtained in untreated amihfested-untreated checks,
respectively.C. longa and A. annua each at 1.0% and. officinalis at 2.0%
concentration were the next best treatments wethatlerage yield of 9.09 - 9.75
kg/quintal compost.L. officinalis at 0.5% was the least effective botanical

yielding only 7.33 kg mushroom/quintal compost.
C) Effect on quality parameters of sporophores

The application of botanicals in pathogen-infesteding material also
significantly affected the quality parameters obsphores such as pileus weight,
pileus diameter, stipe weight and stipe diametabld-31).
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Table-30: Effect of botanical biocides incorporatd in M. perniciosa
infested casing on the number and weight of fruit bdies and
button yield during spring 2009-2010 (pooled overears)

No. of fruit Weight of

Botanical bodies per kg  fruit bodies kglsj}(tqogoﬁleplgst
mushroom (9)
0.5% 91.38 10.63° 8.3¢
C. longa 1.0 % 89.00 10.7¢ 9.09'
2.0% 86.68" 10.96 10.84
0.5% 91.83 10.47 8.67
A. annua 1.0% 88.50 10.88 9.75¢
2.0% 86.18 11.16 11.08
0.5% 92.06° 10.52" 7.33
L. officinalis 1.0% 88.08° 10.87 8.47
2.0% 86.00 11.26 9.21%
Control | (Infested-untreated) 94116 10.68' 6.18
Control Il (uninfested -untreated) 92.83 10.93 12.84
"""""""""" st o0es 006 045
CD (p=0.05) 1.37 0.13 0.90

Means of three replications; means followed by sinfetter(s) are statistically identical.
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Table-31: Effect of botanical biocides incorporatd in M. perniciosa-
infested casing on quality parameters of white buttn mushroom
(Agaricus bisporus) during spring 2009-2010

Weightof  piameter  Stipe Stipe
Botanical pileus of pileus  Weight  Diameter
(@) (cm) ) (cm)
0.5% 5.8% 3.34 477 1.258'
C.longa 1.0 % 5.98° 3.44 4.87° 1.28
2.0% 6.17 3.53¢ 4.98 1.37°
0.5% 5.31 3.47 4.64 1.27
A. annua 1.0% 5.78 3.50¢ 4.76¢ 1.37°
2.0% 6.14 3.62 4.9¢° 1.35'
0.5% 5.608 3.4% 4.83 1.24'
L. officinalis 1.0% 5.706 3.47¢ 459 1.27
2.0% 6.07 3.57° 4,78 1.3P
Control | (infested-untreated) 5%2 3.42 4.29 1.238
Control Il (uninfested-untreated) 626 3.56 4.26 1.2%
- see 016 002 002 00l
CD (p=0.05) 0.32 0.05 0.05 0.02

Means of three replications; means followed by Ilsimiletter(s) are statistically
identical.
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4.4.4

Pileus Weight:-The pileus weight 5.32 g as obtained in untreatestk

was found to significantly improve to 6.14-6.17 iy the treatments
receivingA. annuaor C. longaat 2.0% concentratiorC. longaat 0.5%

and 1.0%, an@\. annuaor L. officinalis both at 1.0% concentratiomsere

the next best botanicals providing the pileus wegdb.70 - 5.95 g.

Pileus dia:-The maximum pileus dia 3.62cm among different bic&ln
treatments was exhibited @y annuaat 2.0% concentration followed by
treatment receivind\. annuaat 1.0% orC. longa orL. officinalis each at
2.0% concentration with the pileus dia of 3.50 73¢fn as compared to

3.42 cm pileus dia obtained in untreated check.

Stipe weight:-The stipe weight of 4.29g as obtained in infestedreated
check was found to significantly improve to 4.83.95g in the treatment
receivingL. officinalis, A. annuaor C. longaeach at 2.0% concentration.
The same botanical treatments at 1.0% concentratbiibited the stipe
weight of 4.73 - 4.81 g as compared to average iweaifj4.26g obtained

in uninfested-untreated check.

Stipe dia:-The maximum stipe dia of 1.35cm was exhibited bg th
treatment receivingh.annuaat 2.0% concentration followed by stipe dia
of 1.31cm obtained in treatments receivih@nnuaat 1.0% orC. longa

and L. officinalis each at 2.0% concentration, as compared to 1.23 cm

untreated check.
Integrated Management

A botanical C. longa 1%) and a bacterial antagoniBt flourescend.03

1%) were admixed with pathogen infested casing mixture individually and

also in combinations with each other, together wither a non-systemic (captan)

or systemic (carbendazim) fungicidal spray for thanagement of wet bubble

disease of button mushroomA.( bisporu¥ (Plate-13). Treatments without

admixtures of any management agents was maintametieck.
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Pseudomonas 1%

X:

Curcuma longa 1%

In vivo bio-assay of fungitoxicants botanicals and bacteria
antagonistis

Plate-13 :

a,b) = Layout plan of experiment

c,d = Production bags applied with P. managanasd
carbendazim

e f,g) = Integrated management components

h) = Un-infested casing soil



4.4.4.1 Integration with non-systemic fungicide
a) Effect on disease development

It is evident from the data (Table-32) that all theee management agents
applied individually or in different combinationsduced the disease intensity as
compared to the control. Minimum disease inteng&y9%) was recorded in
treatment which received all the three managemganhta, whereas maximum
disease intensity (73.42%) was observed in conitdth did not receive any
management application. However, treatments whedeived captan 50 WP
(0.1%) +C. longa(1.0%) or captan 50 WP (0.1%) B fluoresceng1.0%)
recording 9.45% and 9.57% disease intensity, résedc were identical with
treatments which received all the three agentsomkgnation. Captan 50 WP
0.1% individually orC. longa(1.0%) +P. fluoresceng1.0%) orP. fluorescens
(1.0%) andC. longa (1.0%) recording 11.38, 13.96, 16.56 and 17.1Geydr
disease intensity were statistically inferior thettreatments.

b) Effect of yield and yield components

The results (Table-33) revealed that the incorpamadf C. longa (1%)
and P. flourescens103 (1%) in the casing mixture resulted in thenimum
number of fruit bodies per kg mushroom. Incorpamatof P. flourescend-03
alone and in combination with captan were the rmedt treatments yielding
92.17 - 92.33 fruit bodies/kg mushroom similar tdested check (92.67 fruit
bodies/kg mushroom)

The highest weight of fruit body (12.21g) was exieith by the treatment
whereC. longaandP. flourescend 03 were incorporated with captan spray in the
casing soil followed by the treatment receiviAgflourescend03 alone and in
the combination withC. longaand (sterilized casing soil) check-I (10.84-10,97)
compared to that of obtained in infested Checlad aninfested Check-I1l (10.31
and 10.68). The treatment receivi@glongal% with captan (0.1%) spray proved
the next best treatment with fruit body weight 6f78 g.
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Table-32:  Effect of integration of some managementomponents with
captan sprays on per cent disease intensity of wddubble
disease during spring 2009-2010

Disease intensity (%)

Treatment Mean
2009 2010
11.06 11.71 11.38
0,
Captan 50 WP 0.1% (19.38)  (19.95)  (19.66)bc**
17.82 16.51 17.16
0,
Curcuma longal.0% (24.95) (23.93) (24.44)e
Pseudomonas flouresceh®3 1.0% (%4718?1) éggg) (2é69'2§5 de
9.31 9.84 9.57
Captan 0.1% €. longa 1.0% (17.72) (18.25) (17.98)ab
Captan 0.1% +P. flourescend03 9.63 9.27 9.45
1.0% (18.06) (17.72) (17.89)a
C. longa 1.0% +P. flourescend 03 15.43 12.49 13.96
1.0% (23.11) (20.68) (21.89)cd
Captan 0.1% €. longa 1.0% +P. 9.11 7.47 8.29
flourescensl03 1.0% (17.54) (15.83) (16.68)a
Control (untreated infested casing 73.30 73.54 73.42
soil) (59.90) (59.34) (59.17)f
Mean 20.43 19.51
(25.58) (24.83)
SE+ SEM= CD(p=0.05)
Treatments 1.40 0.99 2.37
Year 0.85 0.60 NS
Treatments x year 1.98 1.40 NS

*Figures in parenthesis are angular transformedesl**means fallowed by similar letter(s) are
statistically identical ; Curcuma longa and Pseudoas fluorescens-103 were incorporated in
casing mixture as dry powder at the time of casingan per cent disease intensity recorded in
pathogen un-infested sterilized casing soil andnfested- unsterilized casing soil were recorded
as 0.00 and 2.0 respectively.
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The data (Table-33) further revealed that nontheftreatments provided

as much button yield as obtained in check-l (stea casing soil) and check-lll

(uninfested casing soil). However, the incorporatiof C. longa and P.

flourescens-103 in casing soil along with a spray of capéhibited highest
(14.08kg / g compost) button yield. Spray of capbf®WP (0.1%) along with
incorporation ofC. longaor P. flourescens103 in casing were the next best

treatments with regard to button yield (11.45-1%&84/ g compost).

C) Effect on sporophore quality parameters

The

integrated management components significamtiiected the

sporophore quality parameters such as pileus wepgleus dia, stipe weight and

stipe dia.

Pileus weight: The data (Table-34) revealed maximum pileus
weight (5.90-5.95 g) exhibited by the treatmentenang bothC.
longa and P. flourescens103 1% with or without captan 0.1%
spray. Applications of captan (0.1%) Grlonga (1.0%) singly or

in combination were next as good as check | (I&ted casing

soil) with respect to pileus weight ( 5.74-5.799).

Pileus dia: The dia of pileus did not vary much in different
treatments and their combinations, and thus prdeetie non-

significant.

Stipe weight: The maximum stipe weight 4.85-4.92 g was
exhibited by the treatments receivir® flourescens-103 or
C.longaalone and in the combinations. The next best stigight
(4.70-4.73 g) was provided by the treatment kecgi captan
(0.1%) in combination with eithéZ.longaor P. flourescens103.

Stipe dia: The maximum stipe dia (1.43 cm) was exhibited in
treatment receiving. flourescend.03 (1%) compared to that (1.27
cm) obtained in infested check Il. The next bagpestia of (1.36
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Table-33: Effect of integration of some managementomponents with
captan 50 WP spray on the yield parameters of whitdutton
mushroom (Agaricus bisporus) during 2009 and 2010 (data
pooled over years)

No. of fruit Weight of

Treatment bodies per kg fruit bodies kgglt(tqocr:]oﬂ]eplgst
mushroom (9)
Captan 50 WP 0.1% 9590 10.49 11.97
C. longa 1.0% 94.1% 10.62 9.95
P. flourescens-103.0% 92.1%7 10.97 10.2f
Captan 50 WP 0.1%@. longa 1.0% 94.08" 10.70 11.4%
Captan 50 WP 0.1% x PS- 103 1.0% 92.33 10.90 12.21
C.longa 1% x PS-103 1.0% 90767 10.98 10.36
Captan50 WP 0.1%@. longa 1.0% x 94.17 12.2¢ 14.08
PS-103 1.0%
Control | (Sterilized casing soil) 93.83 10.61 17.97
Control Il (infested. casing. soil) 92157 10.84° 4.66
Control Il (uninfested casing. soil) 9350 10.68 15.30
""""""""""""" s« @M (1 (038
CD (p=0.05) (1.49) 0.20) (0.81)

Means of three replications; means followed by kimletter(s) are statistically
identical.
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Table-34 : Effect of integration of some managementomponents with
captan 50 WP spray on quality parameters of white btton
mushrooms @garicus bisporus) during 2009 and 2010 (data
pooled over years)

Weight  Diameter Stipe Stipe
Treatment of pileus of pileus  Weight Diameter
(9) (cm) (9) (cm)
Captan 50 WP 0.1% 594 3.30 4.61 1.24
C. longa 1.0% 5.76 3.34 4.8% 1.29
P. fluorescens103 1.0% 551 3.35 4,92 1.43
Captan 0.1% <. longa 1.0% 5.74 3.40 4.78 1.27
Captan 0.1% x PS- 103 1.0% 5%8  3.34 4.78 1.34
C. longa 1% x PS-103 1.0% 5.80 3.36 4.85 1.36
Captan 0.1% )C. longal.0% X . g 3.34 4.78 1.32
PS-103 1.0%
Control | (sterilized casing soil) 5.%9 3.39 4.68 1.27
Control Il (infested. casing. soil) 5%7 3.30 4.43 1.38
Control IIl (uninfested casing. soil) 557 3.34 4.47 1.37
s 008 (006 (004  (000)
CD(p=0.05) (0.12 (NS) (0.09) (0.01)

Means of three replications; means followed by kimletter(s) are statistically
identical.
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cm) was obtained in treatments receiving Bitongax P. flourescend.03.
4.4.4.2 Integration with systemic fungicide
a) Effect on disease development

It is evident from the data (Table-35) that all ttleee management
components applied individually or in different domations significantly
reduced the disease intensity as compared to thieotoThe minimum disease
intensity (8.77%) was recorded in treatment whigteived all the three
management agents, whereas maximum disease igt€rn3ii2%) was observed
in control which did not receive any management liapfion. However,
treatments which received carbendazim 50% WP 0.85¢ longa (1%) or
carbendazim 50% WP (0.05%) R. flourescens or carbendazim 50% WP
(0.05%) alone recorded 9.55%, 10.39% and 10.96%eade intensity,
respectively, were identical with treatment whielceived all the three agents in
combinationsC. longal% +P. fluorescensogether oP. fluoresceng1%) and
C. longa (1%) individually recording 13.96%, 16.56% and 16B6 disease

intensity were statistically inferior to other ttegents.
b) Effect of yield and yield components

The results (Table-36) revealed that the incorpamaof P. flourescens
103 (1%) in the casing mixture resulted in the munm (84.33) number of fruit
bodies per kg mushroom, following by the combimattceatment receiving..
longa (1%) with P. flourescend 03 (1%) providing 86.83 number of fruit bodies
per kg mushroom. Incorporation Gf longa(1%) alone or in combination with
carbendazim ané. flourescensn the casing mixture recording 89.33- 90.44
fruit bodies per kg mushroom was the next bestrreat compared to that of

96.33 fruit bodies per kg mushroom obtained iestéd check II.

The highest weight of fruit body (12.01 g) was ibxled by the treatment

receiving P. flourescend 03 (1%) following by treatments receiviii@ longa
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Table-35:  Effect of integration management compomgs with
carbendazim sprays on the per cent disease intengibf wet
bubble disease during spring 2009-2010

Per cent disease

Treatment control Mean
2009 2010
. 11.78 10.14 10.96
0,
Carbendazim 50 WP 0.05% (20.06)* (18.53) (19.29)a*
17.82 16.51 17.16
0,
Curcuma longal.0% (24.95) (23.93) (24.48)c
17.83 15.30 16.56
o)
Pseudomonas flouresceh®3 1.0% (24.94) (22.98)  (23.96)bC
: 9.57 9.53 9.55
0] o)
Carbendazim 50 WP 0.05%Ck longa 1.0% (17.99) (17.93) (17.96)a
Carbendazim 50 WP 0.05% P. flourescens  9.08 11.70 10.39
103 1.0% (17.53) (19.98) (18.75)a
15.43 12.49 13.96
0, 0,
C. longa 1.0% +P. flourescens103 1.0% (23.11) (20.68) (21.89)b
Carbendazim 50 WP 0.05%GC: longa 1.0%  8.78 8.76 8.77
+ P. flourescend 03 1.0% (17.23) (17.21) (17.22)a
73.30 73.54 73.42

Control (pathogen infested casing soil) (59.00)  (59.34) (59.17)d

20.45 19.74

Mean (25.60)  (25.07)
SE+ SEMtz  CD(p=0.05)

Treatments 1.35 0.96 2.28
Year 0.68 0.47 NS

Treatments x year 1.92 1.40 NS
. . : . 0.00 0.00 0.00
Uninfested-sterilized casing soil (2.86) (2.86) (2.86)
. . . . 2.50 150 2.00
Uninfested-unsterilized casing soil (9.09) (7.03) (8.06)

* Figures in parenthesis are angular transformedega;**means fallowed by similar letter(s) are
statistically identical ; Curcuma longa and Pseudoas fluorescens-103 were incorporated in
casing mixture as dry powder at the time of casingan per cent disease intensity recorded in
pathogen un-infested sterilized casing soil andnfested- unsterilized casing soil were recorded
as 0.00 and 2.0 respectively.
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(1%) alone or in combination with eithd?. flourescen$1%), orP. flourescens
103 and carbendazim 11.00-11.23 g compare tdlthd6 g obtained in infested
check 1.

The data (Table-36) further revealed that nontheftreatments provided
as much button yield as obtained in check-1 (skedl casing soil) or check Il
( un-infested casing soil). However, the incorporatof C. longa (1%) andP.
flourescensl03 in casing soil with the spray of carbendazih®$%) exhibited
highest (14.27 kg/g compost) yield, followed by thhecorporation of P.
flourescensl03 only and with the spray of carbendazim (1Xk@8 g compost)

compared to the yield (4.53 kg/q compost) obtainadfested check Il
C) Effect on sporophore quality parameters

. Pileus weight: The data (Table-37) revealed that maximum pileus
weight (5.96g) among the different treatment corathans was
exhibited by the treatment receiving oty flourescens.03 (1%)
followed by that (5.87 g) obtained in the treatmesteivingP.
flourescensl03 along with carbendazim 50 WP (0.05%) spray,
compared to pileus weight (5.46 g) obtained instéd casing soil
check I.

. Pileus dia : The diameter of pileus did not vary significantly
among different treatments and their combinationshe present

studies,.

. Stipe weight : The maximum stipe weight of (4.86-4.91 g) was
recorded in the treatment receiviRg flourescend.03 (1%) alone
and in combination witlC. longa(1%) followed by stipe weight
of (4.79-4.80 g) obtained in the treatments rangi\C. longa
(1%) alone and in combination with carbendazim BOW.05%)
andP. flourescend03 (1%) compared to a stipe weight (4.46 Q)

obtained in infested check II.

il



Table-36: Effect of integration of some managementomponents with
carbendazim 50 WP spray on the yield parameters oWwhite
button mushrooms Agaricus bisporus) during 2009 and
2010 (data pooled over years)

ﬁgagsfrgcietr Weight .Of Button yield
Treatments kg fruit Z}(;dles C(Ijr%sp/gst
mushroom
Carbendazim 50 WP 0.05% 97'%7 10.34 11.04
C. longa 1.0% 89.33 11.00° 10.25%
P. flourescend 03 1% 84.33 12.0% 10.29
Carbendazim 0.05% xC. long1.0% 9350 10.67 10.80
Carbendazim 0.05% x PS- 103 91.0¢ 11.08 12.83
1.0%
C.longa 1% x PS-103 1.0% 86.33 11.23 10.7G
Carbendazim 0.05%&. longa 90.44¢ 11.17 14.2F
1.0% x PS-103 1.0%
Control | (Sterilized casing soil) 94%7 10.75¢ 17.97
Control I (infested casing soil) 96.33 10.36 453
Control lll (uninfested casing soil) 99.90 10.51 15.47
s 08 01 047
CD(p=0.05) (1.37) (0.29) (0.99)

Means of three replications; means followed by kimletter(s) are statistically
identical.
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Table-37: Effect of integration of some managementomponents with
carbendazim 50 WP spray on the quality parameters fowhite
button mushrooms @Agaricus bisporus) during 2009 and 2010
(data pooled over years)

Wt. of Diameter  Stipe Stipe
Treatments pileus of pileus Weight Diameter

(9) (cm) (9) (cm)

Carbendazim 50 WP 0.05% 576 3.31d 4.68 1.26
C. longa 1.0% 5.38 3.38 4.86° 1.29
P.fluorescens103 1.0% 5.9 3.37 4.91 1.43
Carbendazim 0.05% . longal.0%  5.57 3.28 4.78 1.28
Carbendazim 0.05% x PS- 103 1.0%  5.87 3.36 4.67 1.35
C .longa 1.0% x PS-103 1.0% 567 3.38 4.86" 1.37°
Carbendazim 0.05% €. longal.0% . -« 3.35 4.79 1.33
x PS-103 1.0%
Control | (Sterilized casing soil) 583  3.39 4.78 1.27
Control 1l (infested. casing. soil) 546  3.42 4.48 1.35
Control lIl (uninfested casing. soil) 583 3.48 4.7¢ 1.39
"""""""""""" s+ (003 (004 (005 (001
CD(p=0.05) (0.06)  (NS) (0.10) (0.02)

Means of three replications; means followed by kimletter(s) are statistically
identical.
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. Stipe dia : The maximum stipe dia (1.45 cm) was exhibited in
treatments receiving. flourescend03 (1%) alone followed by
stipe dia of 1.35-1.37 obtained in treatments kecgi
P. flourescend03 in combination with either carbendazim
50WP(0.05%) orC. longa as compared to (1.27 cm) obtained in
infested casing check 1.

4.5  Screening ofA. bisporus strains

All the seven strains of button mushroom screened their
tolerance/susceptibility to wet bubble diseadé. (erniciosa during spring
season of 2009 & 2010 were found equally and highBceptible to the pathogen
(Table-38; Plate-14). The per cent disease intgmnsitied non-significantly and
ranged from 58.81 to 67.14% among different strastsain U-3 recording
comparatively lesser disease intensity and theinstRRL-80 the maximum
intensity. The yield of mushroom per quintal contpeas highly influenced by
the disease in all the test strains. The yield magimum (4.92 kg § compost)
in strain S-176 compared to all other test str&h86-3.32 kg d compost). The
per cent decrease in yield over control ranged fr@®i31 to 79.23% with
minimum in strains S-176 and maximum in strain 3-7Bhe test strains did not
vary significantly in other quality characters (T&f39) viz., number of fruit
bodies kg mushroom, weight of single fruit body and weightialiameter of

pileus and of stipe.
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Table-38: Evaluation of different strains of Agaricus bisporus with regard
to wet bubble (Mycogone perniciosa ) intensity and button yield
during 2009 and 2010 ( pooled over years)

A. bisporus Wet bubble Button yield Yield loss
strain intensity (%) (kg gt compost) (%)
S-176 61.95 4.92 68.31
(51.94)
S-11 61.65 3.07 76.18
(51.76)
U-3 58.81 3.18 78.97
(50.14)
RRL-89 65.11 3.32 74.55
(53.87)
RRL-80 67.14 2.92 76.60
(56.01)
S-737 64.50 2.86° 79.23
(53.45)
NCS-102 63.09 3.28 77.67
(52.78)
CD (0.05) NS (0.71)

*Figures in parentheses are angular transformedegalmeans followed by similar
letter(s) are statistically identical.
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Table-39: Quality parameters of different strains d& button mushroom
(Agaricus bisporus) recorded in 2009 and 2010 ( pooled over

years)

A biSOOrUS Fruit bodies ;Y]ellghftrgii Weight Diameter Weight  Diameter
- ISP (No. /kg g of pileus of stipe of stipe

Strain mushroom) b((zgy (9) p(iéi;‘)s (9) (cm)
S-176 77.0 20.33 10.66 6.06 6.30 1.30
S-11 70.33 19.00 11.0 6.50 6.06 1.16
U-3 70.33 18.66 10.0 6.10 6.16 1.20
RRL-89 69.0 19.0 10.0 6.13 6.13 1.16
RRL-80 74.0 21.0 9.66 6.16 5.80 1.23
S-737 65.67 18.67 10.66 5.76 5.36 1.36
NCS-102 70.00 20.67 11.33 6.0 6.06 1.26
"""" sex 205 13 095 00s 028 o1
CD (p=0.05) (NS) (NS) (NS) (NS) (NS) (NS)

Means of three replications
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Plate-14 : Sreening ofA. bisporus strains againstM. perniciosa



Chapter -5
DISCUSSION

Wet bubble disease is a severe impediment in thitadle cultivation of
white button mushroomA@aricusbisporusL.). It is incited by an important and
cosmopolitan fungal pathogelycogone perniciosédMagn. which is responsible
for frequent crop failures in Kashmir valley. Thesehse has been reported to
assume serious proportions in mushroom growing tei@snof the world like the
United Kingdom (Nielson, 1932; Russel, 1984), Ndtmds (Zaayen, 1983),
USA (Nielson, 1932; Gray and Morgan, 1981), Frafldelson, 1932), China
(Zhi et al, 1995), Taiwan (Tu and Liao, 1982), South Afrigacker, 1987),
Brazil (Figueiredo and Mucci, 1985), Hungry (Szalktyal., 1982), Australia
(Nair and Baker, 1978) and Poland (Maszkiewicz,2)9% was reported for the
first time in the Jammu and Kashmir state in 1908nf Pinglin area of Pulwama
(Kaul et al, 1978). It is believed that the frequent incidermf mould disease
including that of wet bubble disease in Kashmirlexaland the resultant crop
failure of maximum frequency, owing to lack of knedge to effectively and
efficiently manage the disease led to abandoningtofcultivation in early
eighties. The mycoparasite parasitizes the frulidgisporophores and/or growing
mycelium and causes variable yield losses depengiog the stage of infection,
amount of inoculum and the prevailing ecologicatdas inside the production
rooms. This disease was later reported from thtesstaf Himachal Pradesh,
Haryana, and Maharashtra (Sharma, 1994; Sharmaamdr, 2002; Bhatt and
Singh, 2000) as well.

Establishing the status of the disease and thétaesyield losses due to it
are the pre-requisites for deciding at the adoptiosisease management practices
and form the basic components of decision makingintegrated disease
management. The objective was achieved by undagakurveys of three

predominant mushroom growing distrieig., Srinagar, Budgam, and Pulwama,
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of Kashmir valley during the present investigatiorhe disease was found
prevalent in varying proportions in all the distsi@and locations across seasons
indicating thereby the presence of the mycoparasiteulum in abundance in the
valley throughout the year, emanating most prob#oign the infections of wild
mushrooms growing in the forests and also fromitibensive cultivation ofA.
bisporusin production rooms which provide to the pathogduongus the readily
available host round the year. The disposal arization of spent compost could
also account for the primary spread of infectiondifierent production houses
across districts in different villages / locationghe spent compost from the
production houses infected with wet bubble pathpgeavide inoculum for the
infection of future mushroom crops. There are repaf pathogen remaining
viable upto 3 years in the post mushroom substnadier natural conditions in the
form of chlamydospores (Tu and Liao, 1989; Sharmd &ingh, 2002). The
levels of sanitation adopted and the method of astipg followed by different
growers in different villages, as observed durimg present surveys, also seem to
have contributed to variations is wet bubble innmke and intensities in those
locations. That the incidence and intensity vageer different locations surveyed
was also observed by several other workers in ladd abroad (Nielson, 1932;
Foreret al, 1974; Nair and Baker, 1978; Zaayen, 1983; &thal, 1995; Sharma
and Kumar, 2000; Singh and Sharma, 2002).

It was also observed during the present surveyshkeavet bubble disease
incidence was more in spring season compared toithautumn season. The
onset of pathogen-favourable environmental conuiticelating to temperature
and high relative humidity outside mushroom proauchouses seem to promote
M. perniciosagrowth and proliferation in contaminated spent post, casing
materials and wildA. bisporugWood, 1958; Sinden, 1971). The initial source of
the pathogen on most farms is often traced in coim@ed casing (Fletcher and
Gaze, 1989). Generally symptoms in the first-flusticate contamination of the

casing ingredients either before it reaches orfaha or on the farm itself during
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storage or mixing. The absence of wild mushroomspen fields and forests in
summers, reducing in chances of availability ofhpgen inoculum in autumn

coupled with the prevalence of temperatures reduitia pathogen populations in
spent compost and casing materials lying outsideymtion rooms seem to have
resulted in reduced availability of pathogen inooulin mushroom production

rooms in autumn crop (Gandy, 1972; Fletcher andn&tkn, 1977; Fletcher and
Ganny, 1969; Cross and Jacobs, 1969; Hsu an H&2; 1% and Liao, 1989;

Umar et al, 2000; Sharma and Singh, 2002) also reportedribans of spread

and variations in wet bubble incidence in differgrawing seasons.

Like other diseases, the wet bubble of button nawhs is also identified
by the manifestations of certain characteristic piygnms. Two main types of
symptoms were observed during the present studiested sporophores and
brown tumerous undifferentiated sclerodermoid nm@msséiich resulted due to
infection at different stages in the developmentspbrophores. Sporophores
inoculated with pathogen culture bits developedrattaristic symptoms within
24 hours, whereas the infestation with spore andefial suspension symptoms
developed in symptoms in 9 to 12 days after indmnadepending upon the time
of infestation of casing soil. Shortest incubatpmriod of 4-5 days was recorded
when the inoculum was sprayed at pinhead formatiage and the longest of 12
days when sprayed one day after casing. The fisdimglicate maximum
susceptibility and vulnerability of pinheads andtbns. The symptoms produced
in inoculated material were similar to those reedrdunder natural conditions
during survey. The undifferentiated primordia whielere less than 5-6 mm in
diameter, responded to the inoculation with hypesial and tumour induction.
Large, irregular confluentA. bisporus lumps developed with no signs of
differentiation or organogenesis. These tumeroulesowere often studded with
coloured tear drops especially in conditions ofyveigh humidity. Sometimes
partial differentiation of the primordia resulted partly formed caps showing

protuberances on their surfaces. At later stagesl? day of infections, these
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tumerous masses were found infected the variousstygf bacteria. Similar
description of the disease was also given by seweheer researchers (Smith,
1924; Bech and Kovacs, 1977; Geijn, 1982; Zaay882 1Figueiredo and Mucci,
1985; Korovljev, 1986; Ruan, 1990; Garcha, 1978;ahd Liao, 1989; Fletcher
and Ganny, 1968; Sharma and Kumar, 2000; Ushat, 2000).

Isolation of the pathogen was made from infectedrgphores and

pathogenicity proved in accordance with the Kogtostulates botln vivo and

in vitro. The pathogen was found to attack all the growdges of this mushroom
but the immature stages were found more suscertible the mature ones, and
characteristic symptoms developed on all the iretedl sporophores. The
morphological characters of the associated pathegee studied and compared
its the standard authentic description from therditure (Smith, 1924; Atkins and
La Touche, 1948; Hsu and Han, 1981; Kauhl, 1978), establishing its identity
as Mycogone perniciosauthority etc. and re-confirming through from ITCC
New Delhi, India under Accession No 7493.09

The in vitro interaction betweer\. bisporusand M. perniciosamycelia
indicated the collapse @&. bisporushyphae at the point of its contact with
perniciosa hyphae without production of any zone of inhibitioindicating
thereby operation of mycoparasitism between the fumgi. Hyphal collapse at
the point of contact between the two fungi was akguorted earlier (Gary and
Morgan, 1981; Sharma and Vijay, 1996). Khaethal (2003) also reported that
no clearing zone of inhibition occurred betwe&n bisporusand Verticillium

fungicolamycelium.

The effective management of wet bubble diseaseushnoom production
houses requires preferably the use of component®r othan chemicals
(fungicides) such as botanicals and bio-controhtgeéSome fungicides can also
be used for economical management of the diseasavevér, all these
applications and amendments aim at checking orbiihg the growth and

proliferation of M. perniciosawith no or least such effects @& bisporus These
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components were, therefore, evaluated lnowitro andin vivo against both these
fungi to select the most suitable ones for contgnihe disease. During the
present investigations, prochloraz manganese fellovby captan showed
maximumin vitro inhibition againstM. perniciosaand least againgt. bisporus
amongst non-systemic fungicides; whereas amongersyst carbendazim,
bitertanol and myclobutanil weri@ vitro most inhibitory toM. perniciosaand
least inhibitory toA. bisporus in vitro These fungicides, therefore, show promise
for controlling wet bubble disease of white buttemushroom. Similarly,
inhibitory effects of these fungicides have als@rbeeported by several other
workers (Jandialet al, 1978; Thapa and Raina, 1989; Dhar and KapoorQ;199
Bhat and Singh, 2002; Bhardwaj, 1983; Sharma andlJ2000; Butt and Singh,
2002).

Of the botanicals, the aqueous extractCoflongg Metricaria sp. and
L. officinalis were least inhibitory té\. bisporusmycelium and most inhibitory to
M. perniciosamycelium. The ethanol extracts Gf longaandMetricaria as well
behaved in a similar way. However, the ethanolaettof A. indicatoo exhibited
appreciable levels of inhibition againgt perniciosaand least inhibition against
A. bisporus The findings indicate usefulness of tBelonga Metricaria sp. and
A. indicaas sprays or as amendments in compost or casintp deep the wet
bubble disease at low ebb. Similar results wittabimials have also been reported
by other workers Sharma and Jandiak (1994), GramalGrewal (1988), Sharma
and Kumar (2005), Rairet al (2003) reported differential fungicidal propediy
leaf extract ofA. indicg Chrysenthemiunindicum and Tagetes erectagainst

weed moulds of mushroom.

Another component of wet bubble management suchbaerial
antagonists, evaluated under the present investigatevealed that all the test
antagonists -Pseudomonaspp.,B. subtilisand Azotobacterspp. — exhibited no
adverse effecten vitro on A. bisporuswith simultaneous inhibitory effects of

varying degrees om. perniciosaexcept forB. subtilis isolate BS-101 and
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Azotobacterisolate Azt-117 which were neutral towards thehpgen. Attempts
have been made by several workers to comtrgberniciosaand other pathogens
of the A. bisporusunderin vitro conditions and almost all of them have reported
similar findings (Henryet al, 1991; Bora and Ozaktan, 1996; Bataal, 200;
Bhatetal., 2000; Mishra and Singh, 2003; Ahlaveatal, 2002).

The effectiveness of any disease management compcae better be
assessed by thdm vivo evaluation against these diseases. ihavo evaluation
of the fungitoxicants revealed the efficacy of @artbazim and bitertanol
(systemic) or captan and prochloraz manganese gystemic) incorporated in
pathogen infested casing material in controllingt weibble disease with
concomitant increase in mushroom button yield. To®rporation of bacterial
antagonists suclas P. fluorescensB. subtilis or Azotobactersp. at different
concentrations in pathogen-infested casing alsddgie appreciable disease
control with corresponding yield gains. Similarhetincorporation o€. longaor
A. annua in pathogen-infested casing soil also exhibited kubble control with
corresponding yield gains. The incorporation o€efiive fungicides, botanicals or
bacterial antagonists in casing soil for the cdntfowet bubble disease of the
button mushrooms have also been demonstrated by bearchers (Stanek and
Vojtechorska, 1972; Gandy, 1974; Geijn, 1977; K@ al, 1978). The
effectiveness of prochloraz manganese and cap&nstlyl. perniciosamould of
edible fungi has also been earlier documented @fsliHan, 1981; Zaayen and
Adriclhem, 1982; Fletcher, 1983; Zaayenal, 1983; Eicker, 1984; Jhuret al,
1991; Sharma and Kumar, 2000). Similarly, the usefs ofP. fluorescensand
B. subtilisin the control of moulds/diseases observed irptiesent investigations
are in conformity with those of Fleriman (1973),dal and Judith (1975), Gandy
(1979), Schipperst al (1987) and Campell (1989). The antagonistic beheof
fluorescent pseudomonads against mushroom pathogetis increase in
mushroom vyields has been reported by many othekex®r(Byer and Sikora,
1990; Fermor, 1991; Bort al, 2000; Ahlawatt al, 2002; Mishreet al, 2003).
Singhet al (2000) also claimed good success of siderophayéyging isolate
(C116) of fluorescent pseudomonads agdihsperniciosa The incorporation of
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C. longdL. officinaligdA. annuafor successfully managing the wet bubble disease
as observed during the present study is in unisith those of Sharmat al
(1998), Sharma and Jarial (2000), Mishra and S{@§93), Sharma and Kumar
(2005).

Identifying a white button strain having fair lewal resistance/tolerance to
M. perniciosainfections with considerably good yield and yietuirgoonents shall
help in devising an economical and eco-friendly agement of wet bubble
disease. To accomplish this objective, sef&ehisporusstrains were evaluated for
their tolerance taM. perniciosainfections. However, none of these strains was
statistically more tolerant to the pathogen. Thegarative advantages in only the
qualitative and quantitative characters of thesmirt can, therefore, be
considered for identifying the preferable straibe wet bubble disease of the
button mushroom can not therefore be managed ke meultivation of a
particular A. bisporusstrain (Youet al. 1978), however, reported that a strain
No. 703 having cream coloured fruiting body hasnbesported less sensitive to
M. perniciosacompared to other strains. This strain needs teviaduated under
our conditions for its adaptability and profitabyli

Sharma and Kumar (2000), also recorded more loS4 instrain where as
in present case yield loss ranged from 74.55 t@3/th all tested strains. These
errors might be due to the difference in inoculuoads used and growing
conditions prevailing during experiment.

The integration of two or more management companehtis identified,
is likely to provide a cumulative or additive effan controlling the wet bubble
disease. The integration is sure to help reduceutiee of fungitoxicants. The
integration of non-chemical components such asafents and botanicals
coupled with adoption of compost and casing patation, sanitation and
avoidance of prevalence of pre-disposing factoedl $telp raise a profitable and
organic crop.
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Chapter — 6
SUMMARY AND CONCLUSION

The investigations on “Integrated Management of Bigbble Disease of
White Button MushroomAgaricus bisporugLange) Imach]” was carried out at
Mushroom Research and Training Centre, DivisiorPtznt Pathology, during
2008 and 2009. The results obtained during the seowf this study are

summarised as under:

Survey of the mushroom farms in Srinagar, Budgamd &ulwama
districts of Kashmir valley during 2008 and 200gjicated maximum wet bubble
prevalence of 67.0 per cent in district Budgamoiekd by 56.0 per cent in
district Pulwama, whereas district Srinagar exkibin least disease prevalence of
33.0 per cent. The overall mean disease incidesmoged from 7.29 to 11.07 per
cent in three districts with maximum incidence istdct Pulwama and minimum
in district Budgam with the overall mean diseasgdence of 9.09 per cent over
years in three districts, the incidence was mo®58-14.25%) in spring than
(3.61-8.05%) in Autumn season. Similarly, the olleracan disease intensity
ranged from 13.33 to 21.86 per cent in the thregidis with maximum intensity
in districts Budgam and minimum in district Srinag&Vith an overall mean
disease intensity of 17.82 per cent over yearshasd districts, the disease
intensity was more 16.86 to 28.31 per cent in gptivan in autumn (9.81-15.46
%) season. The per cent yield loss due to the wbble disease ranged from
13.53 to 22.41 per cent with maximum loss repoitedlistrict Pulwama and
minimum in district Srinagar. With an overall yieldss of 16.97 per cent over
years, the loss was highest 15.88 to 26.01 perigesgring than in autumn (8.63-
14.92 %) season.

The pathogen was found to attack all the developahestages of the
button mushroomA. bisporus The disease in mainly characterised by the

presence of white mouldy growth on the sporophdeasling to their putrefaction

112



with the production of golden brown exudates. Theishmooms became
malformed with swollen stipes and with reduced efodned caps. From time of
infection to the appearance of distortion symptasns0 to 14 days. When these
distorted masses were cut across, the affectedgetissgenerally dark in colour
and wet in appearance. When differentiated, spangshare attacked, the stalk is

colonised, with a brown streak, reaching the captha gills.

Isolation of the pathogen was made from diseasedoppores and the
pathogenicity proved in accordance with the Koghdstulates botlin vivo as
well asin vitro. The pathogen was found to attack all the growtlyesteof this
mushroom but immature stages were found to be mwitable than the mature
ones and characteristic symptoms developed orhaliirtoculated sporophores.
Mycelium of the pathogen was initially compact,t fikke, septate, hyaline but
later turning amber brown with age, produced ca@nidnd chlamydospores,
conidiophores sub-verticillate to verticillatelyamched, well septated bearing thin
walled 1-2 celled conidia which were relatively ghioved. The chlamydospores
are terminal, two celled, with a very thick wallegminal cell. The average time
between inoculation and symptom expression varietwéen 2-12 days
depending upon the time of infestation. Further timéeraction between
A. bisporusand M. perniciosamycelia studied in duel cultures revealed the
hyphal collapse oAgaricus bisporusat the point of contact witM. perniciosa
without any zone of inhibition, indicating therelyycoparasitism between the

two fungi.

On the basis of cultural and morphological charactef the isolates
fungus as compared with the authentic descriptgether with its pathogenicity
on A. bisporusthe fungus was identified adycogone perniciosdagn. and its
identity confirmed through Indian type collectiorentre, New Delhi under

Accession No. 7493.09.
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The pathogenic fungus of wet bubble disease wasergolated from the
pathogen inoculated compost samples at the timéllioy when kept within
central region of the heap at the time of stackitify, 2", 39 4" and %" turning
however it got easily isolated when the sampleswkept during 8, 7" and &'
turning. The peak heating temperature eliminatesl jathogen from the sick

compost samples.

Pathogen infested casing soil serves the main saifréinfection of wet
bubble disease. The pathogen survived and remaiabt for all months worked
out in infested casing soil when kept outdoors. Tuopulation of pathogen
remained maximum in the first month, the experimesats laid out and later
declined gradually. Diseased spent compost ala@seource of infection of wet
bubble disease. Samples drawn each month fromhlgeald diseased spent
compost recorded presence of pathogen during themuabserved. No pathogen
was isolated from healthy spent compost. The pahggppulation in diseased
spent compost was maximum (3 x’1§' compost) immediately after placing

outdoor then declined gradually.

Only the garden soil and spent compost was foundchddoour the
wet bubble pathogen. The peat soil, virgin soitpfayard manure and sand did

not yield any propagule &fl. perniciosa.

Dispersal ofM. perniciosaspores was found to be carried out by air
currents, sciarid flies and water splash. The dsgleby air current is highly
influenced by air velocity (7 colonies/plate) wasreed out by higher air current

velocity (7 m/sec) and minimum (0.87 colonies/platelow velocity (2 m/sec).

Sciarid fly also carried the spores to differenstalinces, dispersal by
sciarid flies are influenced by inoculum acquiripgriod and number of flies

visiting diseased sporophores. Maximum sporocogisrdected with maximum
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acquisition period of 120 minutes and higher popaeof flies visiting diseased

sporocorps.

The dispersal was also found be carried by watkrskps during water
spray on trays each day. The maximum colony formings were observed
during spray nearest the infected sporocorps adédlined with the increase in

distance of splash.

The in vitro efficacy of ten fungitoxicants againgt. bisporusand
M. perniciosarevealed that prochloraz manganese was highly tioxigi among
non-systemics completely inhibiting the mycelialogth of the pathogen at
50-500 pg mf with least inhibition of A. bisporus mycelium. The other
fungitoxicants inhibiting the mycelial growth of thagen in order of their

efficacy were captan, mancozeb, chlorothalanil grogineb.

Among systemic fungicides carbendazim proved highfiygitoxic,
inhibiting the mycelial growth of the pathogen #fatent test concentrations. The
other systemic fungicides inhibiting the growthtbé pathogen in order of their
efficacy were myclobutanil, bitertanol, diniconagoland triademiphon.
Carbendazim, myclobutanil and bitertanol at conegion 100 pg mt
completely inhibited the pathogen mycelium, whileagclobutanil did so at
50 pg mit.Carbendazim also recorded no growth inhibition Aof bisporus
mycelium at 5-25 pg rifl The other fungitoxicants in order of their least
inhibitory effects against host fungus are bitestamyclobutanil, triademiphon

and diniconazole.

The in vitro evaluation of aqueous extract of eight differentalty
available plant species indicated th@urcuma longa, Metricariasp. and
L. officinalis were least inhibitory té\. bisporusmycelium and most inhibitory to
M. perniciosamycelium. The test botanicals were highly effectate3 per cent

concentrations. The other aqueous extract of bzadminhibiting the mycelial
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growth of pathogen in order of their efficacy wémtemesia annuaAzadirachta
indica, Juglans regia, Mentha longifolend Urtica dioca The ethanol extract of
Curcuma longaMetricaria sp. andLavendulla officinalisas well behaved in a
similar way. However the ethanol extractAf indicatoo exhibited appreciable
levels of inhibition againg¥l. perniciosaand least inhibition againgt. bisporus
Ethanol extract of botanicals proved to be mostative than agueous extract of
botanicals so much so thaurcuma longaat 3 per cent concentration completely
inhibited the pathogen fungus, with least inhibitiof host fungus. The other
ethanol extracts of botanicals in order of thdficacy against the pathogen

fungus areMentha longifolia, Juglans regiandUrtica dioca

Among spore cultures of bacterial antagonists atatlin vitro, revealed
that all the test antagonisBseudomonas flourescensBacillus subtilisand
Azotobacter sp. exhibited stimulatory effects of varying degreen
Agaricus bisporusnycelium with antagonistic effects &h. perniciosa mycelium,
Bacillus subtilis116, Pseudomonas flourescet®3 and Azotobactet06 gave
the highest mycelial growth inhibition of 100.0,.88 and 98.51 per cent of
pathogen fungus, respectively. The vivo evaluation of the fungitoxicants
revealed the efficacy of carbendazim and bitertaisgktemic) or captan and
prochloraz manganese (non-systemic) incorporategathogen infested casing
material in controlling wet bubble disease with cmmitant increase in mushroom
button yield. The incorporation of bacterial amtaigts suchas P. fluorescens
B. subtilis or Azotobactersp. at different concentrations in pathogen-irfest
casing also yielded appreciable disease contrdi warresponding yield gains.
Similarly the incorporation o€. longaor A. annuain pathogen-infested casing

soil also exhibited wet bubble control with corresging yield gains.
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CONCLUSION
In light of the present investigations, it can leeldced that:

*  White button mushroom cultivation in Kashmir valleyprimarily
in the hands of resource-poor growers. The precalenof
unhygienic conditions in and around the mushroomm$aand lack
of pasteurization facility result in recurrence wét bubble and
other mould diseases causing heavy economic lossdhese
growers. The disease can be managed at farmeldsiéeels by
the use of safer fungicides, botanicals and bim&gen or in the

casing soils and adhering to farm sanitation.

e Sprays on casing with non-systemic fungicides poelz
manganese 50 WP or captan 50 WP @ 0.2 peandrgystemic
fungicides carbendazim 50 WP or bitertanol @ 0.1 pent,
respectively are most effective in controlling wetbble disease
without causing toxicity to the mushroom myceliunmcorporation
of dry formulations of bacterial antagonists iningamixture at the
time of casing @ 2 to 3 per cent can be much hkligiu the

management of the disease.

* Incorporation of botanicals such a<C. longa, A. annuaor
L.officinalisas dry powder @ 1 to 3 per cent with casing mixaire
the time of casing has indicated broad spectrurgiéichal activity
againstM. perniciosawithout affecting the quality and yield of
fruiting bodies. These formulations have much scojoe
commercialization for production of an organic ma®m crop, in
view of lesser choice available for selective fuidgs and the
need to avoid pesticide residues in this shorttthrahigh value

crop.
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