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INTRODUCTION

7 —
It has bsen predicted by Mr,Thomas W.Merrick (1986),
e ,—_—

President of .the highly .respec¢ted Population .Reference Bureau, a

Washington based private, non-profit demographic institute that

India's population will reach 1,017 billion in the turn of the cen-
tury. India, will therefore, have to produce 205 million to 225 mi=-
llion tonnes of foodgrains to feed her proieqtqd&pqpulation.-Thie wtl#
naturally call for a production of additional foodgrains of 55 millicn
to 75 million tonnes in just about 15 years, There is no denyilng fact
that the ‘green revolution' of which country seems to be so proud, hav

not covered much to increase the protein consumption of the masses, Th

shortage 6f protein was around 61.8 tonnes in the year, 1981, Indla,
being a developing cbuntry. can not afford to divert its resources
from core sectors o increase the protein consumption of its magsas.
Again, the cost of input/output ratio in the production of protein
food 1s estimated to be very high if otherwigse it is not derived from
alternate cheap sources, Thers are many such sources avallable in Ind;

with infrastructures of production, Mushrocms can play an important

direct utilisation.

role in this respect because of their nutritive value, palatibility a?

|

The consumption of mushrooms to supplement protein food is {

fnot new in India, The tribal people with thelr well developed rhysi- ;

que and good health derive a major part of their protein nutrition |
from wild edible mushrooms found in forest areas. Recent studies

undertaken on the mushroom nutrition revealed that mushrooms are very



rich in protein (26.9%) an4d contain a good number of amino acids
(leucine, isoleucine, valine, tryptophan, lysine, threenine, phenyl-

alanine, tyrosine, cystine, methionine, arginine, histidine) deplce

ting presence of high cuality protein (G.ray._} 1970), Besides these,
several minerals like Ca, P, K, Fe, C4, zZn, Cu, £b etec. are also

found in them (FAO, 1972; Bano gt al., 1971y Beno gt 2l.. 1981b).

. e B
—— ————a

Other constituents of mushroom are carbohydrate ( :2,45%), ash{(0,90%),
fibre (1,00%) and a negligible percentage of fat (0.4%) (Hayes and

Hadded, 1975).-Vitamin contents of mushroom are also accountable by

~ — ey

virtue of the presence of B, (thiamine), B,(riboflabin), Clascorbic
acid) and niacia (Pantothenin scid) eto. (Andersen et gl. ., 1942).

Keeping in view, the facts maintioned in the foregoing para
mushrooms may be popularised among our people to supplement the protel
shortage facing due to short supply of mutton, f£ish, eggs and so on,
But there are certain limiting factors to offer mushroom as a viable
inexpensive alternative £for animal protein among our massess., Firstly,
there is a fear regarding their toxic nature which has been removed to
a great extent through sclentific and extension work, Secondly, pest
species take a heavy tool of the crop which is of great coneern to

commerclial grower of mushroom..

The pest complex of mushroom consists of insects, mites,
pathogens and so on., Among them, insects are considered as major one
while mites are often ignored due to their small slze., However, they

ara of considerable importance at least from the medical view points.



Mite specles which are found in association with mushrooms can
create severe health problems. Therefore, mites need special atten-
tion. There are fiftytwo species of mites reported on mushrooms from
various parts of the worlfkgnd'sixteen have been designated as injue-

rious species (Kannalyan and Ramasamy, 1980).

The recent advancements in mushroom sciénce has brought about
a revolution in its cultivation, In particular, the new introductions
of high ylelding species of mushrooms have added a new dimension from
the view point of commercial exploitation of the crop. There are sevﬁg
ral species of mushrooms now available to grow round the year, Being
an indoor crop, it does not recuire any cultivable land and is not
exposed to the mercy of nature, However, indoor conditions provides
a typicsl ecological niche which are highly conductive for optimum
growth of acarines, The control measures agailnst acarines on mushrrom.
are to be taken with great attention and care. The chemical control
should be based on pesticldes posssssing low mammalian toxicity with
ghort rasidual effect@:Alternativelyi pasticides of plant origin
should be the answerilihe total absence of natural enemies of mulhroc%
mites is a Aistinct disadvantage in framing an integrated control
programme for mite pests, However;: the {inherent resistarice in various
specles of mushrooma to the infestation of mites can be explor.i to
select resistant types to be incorporated in the management programms

of mushroom miteas,

The strategy of pest pepulation management offers the most
promising solution to many of the present difficulties, Pest manage«

ment may be defined as management of a negative resource or past
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mites is a distinct disadvantage in framing an integrated control
programme for mite pests. However, the inherent resistance in various
species of mushrooms to the infestation of mites can be explore,d to
select resistant types to be incorporated in the management programme

of mushroom mites,

The strategy of pest population management offers the most
promising solution to many of the present dlfficulties. Pest manage-

ment may be defined as management of a negative resource or pest



management is part of resource management. Integrated control, the
integration and exploitation of all feasible methods which are prac=-
tical and which will cause the least disruption of ecosystems, 1s now
reasonably well documented (Geieﬁf/iQGQ; Smith and van den Bo§€g:1967
The successful pest management of the future will depend on the use
.of integrated control., With perhaps a few exceptions it is becoming
more and more difficult to think of a single effective, continuous
centrol method for pests of a crop, especlally if one views the
crops as a whole and the complex of pest gpecies that attack the cr0p+
The methodology of pest management is based on six ecological princi-l
ples; sﬁgh as determination of status of pest species, evaluation of
mortality factors, determination o6f most important factors in regula-
ting pest density, modelling the pegt ecosystem, simulation and field
testing, strategy and tactleg determination. However, very limited
informations are avallable in ﬁhis direetion. The ecology of most of
the mite species found in association with mushrooma has not been wor
ked out, Our country is lagging far behind in this respect, Tiilto=-
date only one published literature is available on mushroom mites
(Mukherjee and-somahaudhurjkfig?z). Considering the vast potentiality
and the growing popularity enjoyed by the crop, the present author
thought it to be befitting t6 undertake preliminary investigations on
mushroom mites which would be an important limiting factor for mushro
cultivation in & course of time considéering thelr potentiality of mul.
tiplication under humid sub-éropical indoor condition: Hence, these

gtudies were under&akenga
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The fruit bodiés of macrofungl are commonly called mughroom
{when edible) or toad stool (when poisoncus)s They are large fleshy
fungus, generally found on decaying organic matters such as old ‘leaveai
straw, rotten materials, trunks of trees, in the ferast floor or in
the grass in yards, lawns, fields and Qéature, along the road sides,
or in damp soil reach in orgenic substances,

There are nearly 50,000 specles of fungi which slss cover
2,000 varietics of edible mushraoms, Out of them, 25 have beenrn accap-
ted widely as food. But:only three to four have been brought under
cultivation (Kannaiyan and Rmnasamy."l/'sv&o) « Normally. a rushraom looks
1ike a round ball or shelve or bracket wlth a cap supported on slender
stoma or branched or coral like. A mushroom body consists of ground
and aerial portions, The former is seedling part called the spawn or
mycelium, consisting of fine white threads running all through the
materials upen which the fungus grows. 2erial portion is fruit hody
consisting of a fleshy cep or plleus supported by a quite solid stalk
stiprs. The undersida 6f the cap is known as gllls or lamellae, There
are- thin plates standing on adge radlating out from the stalk like the
spokes of a wheel, When the fruilt bodies are young they are called as
button, The gillls are protected by a curtain or veil which stretches
from the stalk to the edga of the cap. Sometimes & large shargy, bulb
or cup like structure is present at the base of the atalk known as

volva from which the stipe arises (Pileus),



The systomatie stuldy of Indian mushroom wag fnitiated in
A the year w.,__ﬂgt\lg{.and was aubssquently t-aken up by saveral
workers to make it a new bBranch of sclence. & voluminous literatus
res hias been accumulated over the prast several years on varions sse
pects of mushroom cultivation, Therefcre, the suthor would elghorate
only thoss refersnces which have dlrect bearing on the pressnt work.

2.1 Mites found in asyccistion

Cultivatad mushrosms are generally infested by ssveral gmupn:
of mite balonging to the families, Acaridee, Anootidae, Glycyphagidas,
Tarsonemidas, Fysmotidae, Eupodidae, Ascidas, Dl.qnmasnuid”. acutncar
1dse, Tyleidas end Hacrocheliadae (mmt:tl'r‘/1 1937 E\_lf,'/'! :}9639 Bips,

VSR
R

™\ _1973y Norton and Ide, 1974y Rots and Grasiells, 1974y Hill and Deahl,
w
a -1974) s Atteupts have been made by the present author £o review the

zntire work undertaken on the« past status and distribution of mites
found in asmociation with mushrosm cultivation throughout thes world,

Tyroglyrhid mites are the most predominant geoup among muishe
zoom mites and they are distrilbuted under eight gencra namely,
fhjzoalyehus and Epaghardia. The important specles under the genus |
Zyroshiagus which are generally found to infest mushxoom in U.K, and
UeSehe are L.Sungivorius Cudemsnay T.]OR4IOR Gerviesy L.oudomans
Robertesony and T.puts pelae Schrenk (Rivert, 1961 Hussey, 19637 .o
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Davis, 1968). Tha last one has bheen reported by Mukba%}u and
Somchoudhury (1972) from India to infest mushroom, Undar the genus
Tykogivphus, four sppe have been described on mushroom in UK, They

are I.baglogei Michael; D.dimiglatus Hermy T.lingnori Osd, and
C
1 T.W Megnin (Jary, 19383 Hussey, 1963), There sre three spp,
\5 TS m—— \
of mites in the ganus Caloglyphys narely, E.m Michael, C.ouegs
rhegus Hegqnin, Sekpaneri Berlesa to feed on mushroom in U.K.{Hussey,

o

¢« 1963)« Cemygothaqus was reported from Italy by Rats anca szuua

(197‘) to _infest mushroom. The gencra wgm am:i Blatil

(;;nt.aln only onw speciss eath, navely Jagoglvrhuy golugtup Danks
4«1 Berkere 1960) and Blattigocius koeoani Fox (Davis, 1968) and they

were mmrted froem U,S,A. Tha other genus, Spoip containg only one
apecies namely, Qpole niteng Koch and has wen reported to infest
mughroom in Austrias and UK. by Ma‘géaa (1531) s The genus Bhlzoglvphus
containg two mcms vizee Hegghinopus Funouze and Robin (Hussay.

Lan R!.ley (Davin, :\9/38). thile thera is only cone

The anoetid mites which are found on mushmoms_, as well as
in many other habita ts have been elaborated by ccmpts;a {1833), lﬂw
end Staploy (1936}, Jary €1 2 BY e %haucher (195’7}. Hughes. and ﬁwkaan

oo pois o it ot

(1958) ara Hill en shl (1978)« They ere §. m Ou&-

wans, Hlaticstous gracilipes Banks, H»W Dufour, HeZonallos
ZArratug Megnin, and fi.heiocemannd Hill and Deshl, They have been
raported €0 infest mushroom in UK, and U.S.A.




The Glyeyphagid mite is :epre;ented/by a single species
namely, Glyevphagus phvlloxeras Riley (Davis, 1938) found in mushe

room culture in U,SeA.

Several species of tarsonemid mites have been reported on
mushroom. Since 1956, Iargongmis farsalis is known as a pest of mush-
room in U.S.A. (Moreton, 1956), Subsequently, five targonemug spp.
nemely, Z.yaitei Banks, T.zandsi Bwing, T.confugug Ewing, Tefloricoly
Canestrine, I.myceliovhagus were recordsd on mushroom in U.K, (Hussey,

V:lgsa)sg- He further reported the infestation of I.myceliophagug in
UeSeAs The other species namely, T.mercedesme Hill. and Deshl and
T.lukoschusi (Hill and Deshl are offten found to infest mushrooms

at Pennsylvania (Hill and Deahl, 1978)..

2.1.5 Distribution of the miteg of

The detalled taxonomic investigations of pyemotid mites
{pygmey mite) were undertaksn by tficE{(-197o) vho described ten
species under two gensra to infest commercial mushroom in U,S.A.
They ere Pygmephorus americang Panksy Bimegembringe Canestrinij
B.gundratug Ewings Bitarsalis Hirsty Esallmanpi krezaly Belambi
krezal, E.gelinickl krasely polichocvbe
podides Zungorum Lembordtnis Mybuge Lenbordiniy He further described




three new spp. of pyemotid mites associated with mushroom cultiva-
tion, They are P,flechtmanni from Brazil, P.kneeboni fram U.S,A.
and P.glthigsae from Framce. The first report of pyemotid mites
found in associateion with mushroom cultivatiocn in U.,K. comes from
Gurnaey ‘an\d/Husu_ay (1967) » Befora that, Krezal (1964) reported the
presence of P.lgmbi and P.alimenni on mushrcoms collected in Aus-
tralia and Newzealand. In 1974, P.mesembrinae was reported from
Italy by Rota and Graziella, The other species of pyemotid mite is

Pseudopyameforus smileyi Hill and Deahl found with mushroom cultie
vation in"VU,S,A, (Hill and Deahl, 1978),

Only one species viz., Linopodes antennaspeg Banks (synonym
.I;.WJJI;.;) has been reported to infest mushroom from U.S.As -and
U.K, (Gahm, 19307 Austin, 1937),

2.1,7, Distribution of mites of
he family Apcides
Binna (1974) reported an ascid mite namely, Aprctogelus
getratyg Sellnick from mushroom houses in U,Ki

2.1.8

Only one sp. Of mite is found to infest mushroom in U.K,

The species is DPigamasellus falluyg Leitner (Bi.nn-‘/ 973) s



10

Distribution of mites of the
Norton and Ide (1974) desoribeéed a new subespecies of Scuta-
carid mite (Scutscarus baculitarsuys sgapicug N.Sub.sp,) collected
from commercial mushroom houszes in U.S.A, The mite is said to have
phoretic relationship with the phorid fly, Megaciliy dacotenpig .

2.1.10

Only one sgpacles of mite 1s found to infest mushroom, The

species ie Erongmatus bonatil according to Rota and Graziella (1574)

and has heen reported from Italy,.

The Macrochelid mite is represented by a single species
namely, Macgocheles merdarius Throm Cbidlformes found in mushroom
culture in Italy (Rota and Graziells,. 1974).

Attempts are afoot since long to locate the source of infes-
tation of doms important species of mites on mushroom, But only a fay
published literatures are available in this direction., Iyroslgchys
@dimidiatug, a major péat of mushroom throughout the world is often
present in large number in hay, straw, grains and simllar materials
used for preparing mushroom beds. It was further observed that it

_ _ 7 . _
faeds on fungl developing on those mzterials (’Eale'a._! 1917; Hussey,

s NI
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1936y Jary & Stepley, 1937) . Similarly, Mﬁ_ (Tyroglyrhus)
farinae, a tyroglyphid mite is known to be present in atraw and
similar materials in large number: The transmissicn of tarsonemid
mite, Targonemus tarsalig in the mushroom culture generally occurs
through straw (Moreton, 1953). Under certain circumstances, tarso-
nemid mites survive in cracks and crevices of the mushroom farm
building which act as the sourc‘? of infestation to the newly grovwn
crop (Osbome and Hamilton, 1965) » The mode of entry of other impore

e i A -

Y

tant apcgi@p of mushroom mites may be through different other agents
Tygophagus longior is gsnerally carried in the mushroom bed through
ola manure -uged in the? emnpost preaparaticn (CQmpto\/n. 193353 Jary and
Stapley,. 1936). Hussey (1964) raported that tyroglyphid mites enter
into tha mushrcom house through manuras as well as through dipteran
flies. The compost, mainly the spent one acts as the primary source

of mite infestation in mushroom firms. (Seth, 1982), ?

It has been reported by several workers thet dipteran flies
and staphilinid beetles are important carrier of the hypopl of mit_es

belongi.ng to the genera Tygoglyohid ,» Linopodes and so. on (Compton
1935: Hussey. 1964). But Histlogtoma gracilipes is occassionally

..,,,n....-.a-._..,-—--,———v\—‘-

transferrcd to mushroom bed by flies (Compton\./lgss). Gahﬁl%ﬂ)
reported that Linopodes antennzopep is also found in straw and may
be the main source of 1ufesta’t:ic'x§};%{_ It ham also baun reported that
the presence or absence of a mite species dspends largely on ths cul
tural practices followed in the preparation of mushroom beds..
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Pygmervhorug megembginas 1s not found in manure heaps and mushroom
beds but unsatisfactory compost preparation may lead to the infese
tation of such mite in mushroom cultivation (Thomas, 1942). (

e ————————

The injury causzed by various species of mushroom mitces

varies widely from species to specles,

The damage %ympt@ms of these mitas vary firom spacies to
_species, Austin and Jary (1936) and Jary and Stqnley (1936) deseribed

the symptons of damage of one of the most important specles, Iyrogly=
rhug dimigdlatug. The mite hollows cut tiny buttons, bearing only shee.

?

iss. In large mushrooms, cavitiea of various sizes age found on stalks

and capg rendaring them unfit for sale.

T.berlese] makes holes on the caps of mushroom which are
similar to those of other tyroglyrhide (Jary. 1937). ‘;‘_Egg;m;g
and T.longlor are conmon-injuricus species on mushroom (Jary and
sta_p}.eya-/.m,ﬁt ngiaﬁ%?) 'Y

Eberhardia sp. has been reported_to damage the caps of musghe
foom by eating out larga cavities (Thomass 1936: Jary. 1937), It also

ity

feeds on mycelial beds of mushroom (Jary. 1937). Masaas (1931) repor-
ted other two mites namely, Caloglvphug kramepi:, end Oppia nitens a8
injurious specles on mushroom, Cikrameri makes deep pits on the stalk
and caps of the mushroom. In some cases many buttons are completely
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7 hollowed out, tunneling up within the stipe (Austin and Jary, 1934).

e

ZIyrophaqus putrescentige causes similar damage like C.kramer
~YEopnaquy pucrescentlge o = :
(Davls, 1938; 1944:; Thoma;? 1942) . Mukherjee and Somchoudhury (1972)

R

found this mite feeding on mycel - ‘ium and gporophores resulting in

small, irregular pits on stalks and caps. Under heavy infegtation,
buttons were £ound to be completely déraured leaving only -a hollow
gtalk. Occassionally, this condition was accompanged by secondary

baqteriai decomposition.,

) .Rhlzoglyphus echinopug ia found on decaying mushrooem in
Y =t eChinopug it

~—~

Britain and no mycelial damage is recorded. (Hughes, 1961). In U,S,A

) V"""
R.phylloxerge 18 found to cause severe damage on mycelium (Davis,

/ ” M L.
i7 1938y Thomus, 1942).
e

2+3.2 Damage cavsed by histlostomatid mites

It appears from the availgble,literaturEs“that among the
three species of histiostomatid mite namely H.rostroserratum, g.;Lin%a
mgggi_andlﬂygrgc;lineg. only the last named 5pe¢ies has been desig-
nated as a destructive pest to.mgsh:OOm; The former twe species are
not d@irectly harmful since it appears to fggd-oﬁly upon tissues al-
ready in a state of decay. (ﬂary and.Stégiéy, 1935: Hiii/;ﬁd Deshl,
1978). On the other hand, H.aracilipas feeds voragiouslytgg/spawn

as well as én all stages of developing crops (Compton, 19337 1938).
—_—
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2,343 Damage caused bv tarsonemid mites

Six specles of tarsonemid mite have been reported to cause
considerable damage to mushroom cultivation. According to Davis (1935
Wa Thomas (1942) » Targonemus floreicolus is a serlous 15;9
of mushroom and causes considerable damage on the stem and caps in thi
form of tiny pits. The iowgr parts of stipe become reddish brown and |
the development of many buttons is inhibited, They further reported
that T.myceliovhaqus, T.confu sus and ._‘-'Q.’fvlprico::mg are found in thousar
on -mushroom body in U.S.A. inflic¢ting consgiderable damage on the myceH
lium, stems, caps and sporcphores. Affected tissues became reddish
and many infested pinhsads stopped growing. The bases and stipes of

O affected mushroom become brown. Beer (1954) reported that T.waltei

¥

and I‘.floricolus causes similar damage to mushroom. T.mycophagus is

I
consiaered as a major pest of mushroom in U.K, and Japan. The mite i§ ,
very injurious to mushioom crops. The symptoms of damage along with

the loss in yield due to the infestation of this mite has given by
/
9 Austin and Jsry (: (1934) from U.Ky; Smith (1937) from Japan; Hussey

e R, Tt e Aom 6 it 7R =2

\/ !
and Gurney (1967) from U,S.A. The other inportant species in U,S.A, i
is T.lintneri which produces similar damage symptoms like T : .mxcoghagg! 2
b

found ih U.K, On the other hang, I tars ig though found in large num-
ber on mushroom causes no damage., But they have a marked hulse nce

value,

The éamage‘ done Eby* pvamerhorus mites ls important from the

qualitative point of view rather than quantitative. Because, it does!
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not feed on fruit body and restricts its feeding only on mycel ium
body bsneath the casing layer, But their presenée in large number
on the mushroom caps devaluate the quality of mushroom, The mite has

alsc bgen reported to caude allergic reaction in UsS:A. (Davis, 1934:

" Thomas, 1939; 042, 1955; vu.cht. 1970) .

2+3.5 Damage

The damage causad by Linopodes antelopg is saild teo be primaw-
rlily on the root system resulting a constriction at the base of stalk
and stipe. The lower part of the stipe ig often discoloursd, the cole
our being pinkish to brown. In severe cases of damage, the mushroom
is held to surface of the bed by only a few withered filaments, The
crop loss may be ae high as 40 %. They does not feed on mycallimn. Tha

damaga is wmore or less identical to Tarsonemug myceilophagus (Gahm.
v v el
19307 Austin, 1937; Thomas, 19427 Hussey, 1363),

c:::'-—-——-»?- e e

2+4 Bionomicy of mushroom mites

Blonomics of mughroon wites have received little attention
till.to-date. As a result, only a few literaturea are available in
thig Alrection. Tyroglyphid mites have been reported to pass through
egg. laiva, restlng larva, protonymph, rzsting pretonymph, deutonymph

and resting deutonymph to become adult. The foremost literaturxe avai-

"
lable/ on the biology of mushroom mlte wag that of Jary and Stapley
(1937) » They reported that Tyroglyphus dimidiatys takes 17-24 days

to complete ita life cycle ( agg to adul‘t)/at_.' 22%°C. A female mits
lays 40«60 eggs in her life time, Jary \(/1937) further investigated the
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biology of another species of mushroom mite i.e, Caloglvchug 8p.
He reported that the epecles takes 8-15 days to complete its
1ife cycle at 20~218#C and the maximum number of egg lald by a
female mite was as high as 325. Ha also studied the biology of
Eberhardfa sp. According to him, the mite specles takes 11 days
to complete its life cycle at 20~21°C and an adult lives arocund 3
weekss. The Iii.f;zpmlcs of Tarscpnemus myceliochagus vas investigated
by Hussey and Gurney (1967) and reported that at 24°C the egg to
egg developmental pericd, when mating cccurs, was 8 days extending
to 12 days at 16°C,

The eccleglical studies on mushroom mites are rather scanty,
The influence of temperaturs and relative humidity en the biology of
Tyrophagua mutrescentize was investigated by Rivard (1961), According
to him, a definite diminuaticn in life usvally occured with increase
in elther tenperaturs or humidity and the ovipesttional pericd was
most affected, Total egyg production apng rate of egg laying were hi-
ghegt at 72.5°F and 90 % relative humidity and both generally decraa=-
864 with an incréase in temperature or decrease in humidity from these
values, The peak pf egg=1ayving, however, was reached sooner at higher
temperature but egg production was maintained at relatively high leve
ele for shorter periods The rate of incresse was greatest and appro-
ximately the same at 93/55/&&-.. within the range of 72,5 to 81,5°F,
Subsequently, Hilsenhoff and Dicke (1963) undertook detailed obsere
vation on the affect of temperature and rzlative humidity on cheese
mites namely, Acarus pirp L. =nd Lyrovhacua putpescentige which

become pest in mushroom héuses under certain conditions.. It is
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ravaalad that no oggs hatched at 32°F ragardless of the relative
humidity. At 56°F and 100 % R.HM,., Acarus alfo required 26 days while
it is 38 days for Tyrophguua pytrescontias. Ag the R.H. lovel at
each temporature was Jecreased. the length of 1lifse cycle of the mites
was increazed. Tngy further raported thet a decrsaee in tamperaturse
and relative hunidity reduced the viability and delaved the hatching'
of the 2qgs of igaryg sirp. The same was true with Tygorbagus m
centias excent that B4 % R.HE, wes optimum for this species, Muth?;- |
jee and Somchoudhury (1972) reported Iyrovhagus putrescentias takes
17 days tc complete its life cycle (Egg to adult) at 30 + 1’é and

80 % relative humidity, The blology of a mushroom E,festing negostie
gmatid mive, Argtogejus cefptug was studied by Hinns (1974) and
raportad that this mite remained in copula for 4+5 minutes end pProe
duced 2,5 egge/day. The incubation period varlsd bstween 5.6 days
and the omerging larvae took approximately a wask to become adult

at 22°C, The life history of histiostometid mites describsd by Hill
and Deshl (1978)vwas incomplote in sevaral respects. Howaver, they
reportad that ihe incubatiocn period of histlostomatid mite was around

5 davs.

The segscnal incidence of mishroom mites has not recelved
much attention from sciantists. As such wvaery zcanty infozmations

are av.aLlahlJ in thig dliection tilletosdate.
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It appears from the perusal of avallable literaturas that

mushrocms mites are devoid of natural enemy complex,

2.7+ Control of myshroom mites
2?711 ?'..

* Prevention ia better than control * « this proverb is ate-
least hold good for mushroom mites as preventive measures has been
found to be very 3&t13£aé§o;y in most of the situations. Gal*mww(_iQs'G)
reported that fyroglychus lintnerp) and Linopodes antenngpes can be
controlled by surface steaming of the compost before its utilization
in the bed preparation. The treatment of compost at high temp.(130°F)
has been recommended as a preventive measure against the mushroom
mite infestetion. Burning of sulrhur in the empty mushroom houses
(2«3 1bg/100 cu.ft,) has alsc been found to be satisfactory against
Histioatoma gracilipeg., The storage of compost manure should at
least be kept 2‘2‘ mile away from the mushroom houses- and old compost
should be 1,eft.. 1 mile sway from the mushroom house to prevent the
mite infestation, Use of fumigamés like Sodium cyanide at the rate
of % ounces/1000 cubic feet or c¢yanogas at the rate of 10 ounces/
1000 cu.ft, for 24 hrs are highly satisfactory agalnst mushroom
mites. The screening of window., doors and ventilation with 20 mesh
copper net glao helps to prevent iniestattqn of mushroom mites from
outside and change of clothing of. the worker before entering into
mushroom Vl},ouse is also neccessary under  certain circumstances

(Compton, 1935),
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Jary and Stapley (1937) advocated removal of debris, the use of an
effective disinfectants and fresh manurs as preventive measure aga-
inst Tyroglvphus dimidiastus and L.mycophaqus.

N4
Hussey (1963) reported that pasteurisation of compost helps

remarkably in the control ¢f tyroglyphid mites, Hua_tseyb:;td Gurney
(1967) observed that the exposure of mushroom mite at 39°C for 24
hrs was extreamly lethal and commerclal cook out aim to maintain
temperatuie at 67~71°C for seweral hours was completely reliable

against Eyroalyphus mycophaoug.

2,7.2 Curative measure
207'2.1 2, EE

The chemical control of mushroom mites dates back to 1937
when it was found that the spplication of nicotine could not alter
the mite population on infested mushroom. Subssquently, petroleum
oll could not be utilized due to the risk 6f producing distortion
as wall as its phytotoxic nature of mushrooms (Jary a Stapley,
1937) . It was further learnt from the investigation made by Caesar
(1937) that tyroglyphid mitss could not be controlled by using cale
cium éyanide, niootine liquid, nicotine powder, 2 all nicotine,
tobacco steams, carbon bisulphide and ammonia, However, paradiche
lorobengene was highly effective (1- 1bs to 400 sg.ft.)against
theme Mor!:_ol (1955) observed that TEPP, DDT and gamms~BHC dust (%
-1 lbz:;er 100 sq.ft.) before and after casing and again during
cropping are highly effective against tarsonemids, tyroglyphids,
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linopodes mites. Barkex:/(1969) reported that Typrorhagus putregcentiae
is susceptible to EDBs The efficacy ©f malathion was tested against
some relatively uncommon mushroom mites like, Tyrophaqug putgescen~
tise; RAepoglvphug rofustusr Glycyphaguy domegticug and Blattisociug
kesggni and it was found that I.putrasentise is highly tolerant to
the application of malathion (Barkor.‘/-wﬁ,a) « In recent years, it has
been reported in several instances that methyl bromide, Silica asro-
gel insscticides and malathion are no longer.' effactive against
Tow (Barke::-,/ 1968y Huasey . and Gurney. 1967) » Hussey
(1963) cbserved that tarsonemid mites asre difficult to control with
acaricides and designated them as potential pest of mushroom, Howeve
er, control of thess mites can be achieved t0 a great success with
the application of BHG, dicofol, demeton methyl and parathion (0,003 |
% « 0401 %)+ Dicofol was most effsctive against them, But these pes-
ticides could not be recommended for direct application on mushroom
dus to thelr fungicidel properties antrecomnded only to disinfest
mushroom houses betwsen crops (Gum@ Huuey. 1967) . They also
recommendsd fumigation of mushroom houses with methyl bromide at the
rate of 600 mg/hr/1000 cu.ft. The uge of methyl bromide at the rate
of 120-150 mg/litra/( = 200 mg/hr/2000 cu.ft.) barely affected
mycelium but was complstely lethal to tyroglyphids under lsboratory
condition (Osborne and Hamilton, 1966). Efficacy of lindane was
tested and it was found that it is lethal to mites although it has
some fungicidal properties.Husssy an Gﬁmey‘ (1967) has rightly
reported that fungicidal chemicals can not be introduced effectively
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into c¢ropping beds once an infesi:atton has established in compost.
Therefore, efficient control of mishroom mites should be based on
prevention rather than control. It i3 essential to prevent their |

carrysover from one crop to the other,

2+72s2 Effe

The vseg of natural product as well as thelr extracts are

an age 0ld practice in the contrel of varfous pest species, With the
a&v?ncément of science in modern ara, more and more emphasis has been
lai.c%‘ down to develop pesticldes of plant origin for its low mamnalisn
toxicitys A voluminous literatures have been accumulated over the
rast two. to three decades in this direction. Some of them namely neem
mahue, eucalyp‘cus and such other trees hold promose in the control of
pests in futum. (Maygr. 1953; gudri. 1973y Skatulla and Mﬁ?ﬁ”f‘

vl
19752 Panda. stnqh and Tivari,. 1977: Sangappa, 1977: Singh gt al..
@ » A perusal of available literature reveals that no such work

has been undertaken so far on any species-of mushroom mites.
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. ‘ . , . _ .
Investigations were undertaken on the bionomics of mites

found in assoclation with four specles of mushroom cultivated during
summer and winter seasons under West Bengal condition, The bio-=effi-
cacy of synthetic pesticides as well as various plant products were
tested against mite species. Attempts were also made to control the
injuricus mites through preventive measures. For the purpose of ihves-
tigations, several meaterials were used and various methods were empl-

oyeds

3.1 MATER ;ALS

3.141 'Mughroom _specieg ¢ In the present investigation, four species
of edible mushroom, namely Pleupotug gajor-caju (Fr,) Singer (Plate~
3.1)s Pleurotus ogtreatys (Jacquin ex.Fr.) Kummer (Plate~3.2), Tpi=
cholomg lgbayenge Hien (Plate-3,3), Yolyarielly yolvactg-(Bull) (Plate.
3.4) were taken into consideration, Of thege four specles, the former

two are cultivated in winter (Winter-typef-and the other two species

during summer (summer~type). The mushrooms are being cultivated regu-

larly in the Department of Plant Pathology of this Viswavidyalaya

under the " All India Co~-ordinated mushroom research programme “. The(

nucleus cultures of these specles were obtained from them,

3.1.2 Mite speciep ¢ The infestation of mites on mushroom are of
regular occurrence in the culture room of this Viswavidyalaya. Mites
which are found to be presenp on various types of mushroom rourid the

year were collected. Attempts were made to reveal their identity upto
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the specific leval with the help of experts available in India as
well as abroad; in the field of Acarology, Dr.E.W.Baker, United
States Department of Agriculture, rendered his kind help and iden-
tifled two spacies as Typoglvohus dimidiatys Herm (Longior) Gerv.
and Higtioatoma heinemgnni Hill & Deahl. Subsecquently, Dr.8.K.
Gupta, Superintending Zooldgist, Zooligical Survey of India, Cale
cutta identified the third and fourth species as Rhizoglyphug

']i pug Fumouze and Robin and E!Eﬂéﬂglﬁ.milﬁﬂ Berlegse, respecs
Lively.

3,143 Pesticides t The following synthetic pesticides were tested
against the mushroom nites, The details have been glven below.
8. Trade Common  Concen Sourca Chemical name

Noe. name namea tration
(% adiq)

1 Cythion Malathion 0.005 M/S.Cyanamid G,0=dlmethyl phospho-
Indla Ltd., rodithiocate of diethy

0.01 Borbay meyrcaptosuccinate !
0,02
0.04

2 Dicofol Dicofcl 04005 M/S.Fhaitan 4,4~dichloro=(tri-
;0'01 & Company, chloromethyl bengy-

. Calcutta,. drol )

0.02
0.04

3 Mit 505 Ethion 0.005 M/S.Shaw 0,0,0,0=tetracthyl
0.01 Wallace & S¢S = methylene bis

Company Ltd,,iphosphorcdlthoated
0.02 Calcutta.

0.04
4, Nuvan Dichlor« 0.0058 ¥/S«Hindusthan 2,2=&ichlorovinyl
vos 0.01 Ciba Giegy-Ltd, d methyl phos-
o Bormbay phate
0.02

0,04
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In addition te the above pesticides, several plant products

wera also tested against them., These are given below,

Sl. English Sclentific Concentra = Source
No. name name tions(% a.l.)
1. Chaulmoogra g_a_u_;mggggg 0.01 }M/S.Central Blue
W Roxbs 0,05 Print, Caluttta.
O¢'2§
1,25
632?
2., Java citro- Cymbopogon 0,01 M/8.Industrial and
nella winterianug 0.05 Chemical Concern,
Jowitt 0o Calcutta,
0.25
6425
3. Clove Eugania gapryo- 0.01 M/S.Central Slus
FPhylle Thumb 0,05 Print, Calcutta.
0425
1425
6425
4, Karanja Stexculla urens 0.01 M/S.Industrial and
wene Calcutta,
0425
1.28
625
3. Neam Malia agadive- 0.01 ¥/S.Industrial and
ghtg Linn, 0.08 Chemical Concern,
e Calcutta,
0.25
1.25

Ge25
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6. Wintergreen Gaulthejia oprocus 0.01 M/S.Central Blue Print,
mbens L. 0.05 Calcutta.
0.,25
1.25
6,25

3.2 METHODS

3.2.,1 Mushroom cultivation : In case of mushroom, the se=d has no
sexual origin and is temmed as ‘*spore*., These spores send out explo-
ratory, root-like threads in all directions within the growing medium
and produce. the £rult body (the mushroom itself) without the inter-
mediate stem and leaves stages and new spores develop inside the cap
of the mushroom. The root like threads develop from spores in order
to search for food and transmit it to the mughroom. In a multiple of
branching and .criss-crossing, they frequently~fuse together, and are
known in the mass as mycelium. The mushroom f£irst appears as a tiny
ball and called as bud. As it grows, the stem is discovered, and later
the cap (or pileus) begins to open up like ah umbrella, fearing away
the delicate,memhrape_or veil (or velum by which its outer edge is
attache@ to the stalk (Plate3d, For mass cultivation of mushroom the

mycelial growth on wheat grains ware used as sSpawn.

3:2,1.1 Spawn Prepgration + One kg of hzalthy wheat graing was first
washed in water and then boiled in 1.5 litre water for 30 minutes. The
grains were removed before splitting during bolling and placed on wire
netting to drain out excess water. Then, 13.33 gm of Calcium carbonate

and 3.33 gm of Caleium sulphate weres mixed with them,; The grains were
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tranaferred in 500 ml milk bottles (at the rate of 200 am/bottle)
and plugged with non-adsorbent cotton. The bottles weare then steri-
1ized by autoclaving (15 lbs pressure/sq.inch for 30 minutes) for
two consequtive days. The bottles were cooled, shaken, and then inoe
culated under asceptic condition with 1 om digce 0f pure mfeelial
culture of rnushrodm fungl (Plate3.6) raised on malt agar medium, The
culture bottles inoculated with Eleyrstus spjor-csiy and EPleurotusg
Qstreatug were kept at 25 + 1°C and those with Igicholoms Jlobavensg
and Volvariella yolvacia wers incubated at 30 i 1°Ce. The contents of
the bottles were shaksn thrice (on the 6th, Sth and 12th day) during
the incubaticn period for uniféorm and rapid mycelial growth, After
12«20 days when all the grains were covered up with whitish mycelial

growth, the spawn was ready for use (Plate« 7).

3:24102 Inacul o, °

i) vinter type (Pi sajor=caiy (Frs) Singer and
Pleurotus ostreatus E et e Tr) Kummer)

Well dried paddy atraw was chopped into small bits (1 cm length)
and soaked in clean cold water for 24 hours, The excess watar was
drpined ocut, A 2.5 cm thick laver of soaked straw was nlaced at the
hottom of the earthen tray ( 30 cw diamster % 6,25 em depth) and 4 gm
N,P,K {15:15:15) fertilizer was sprinkled svenly on the straw layer
and was agein covered with 1 em thick layer of straw, Wheat girain
spavn was sprinkled on this straw layer at the rate of one bottle per
8 8tays. Spawn wae coverad with a 1.5 cm layer of straw, Ahout 500



27

gm soaked straw was used in a tray. The trays wers covered by 0,23
cm thick £ilm of garden soil (collscted from 9 om below and mixed
with 15 gm CaCOy and 5 gu casc‘/kg‘ of soil) imnedistely after inoe
culation. The trays weres covered with a black . polythene sheet and
were placed in shady places.

11) summer tyvpe
A, Tgicholems Jobavenas Hien s The incculation technique ie
sane as winter type,

Be Velvaziglla volvaces (Bull) Sacc., 3 Thirtytwo golden coloe
ured, hand threshed, well daried, paddy straw bundles (weight 1 kg
each) wers acaked in clean vater for 24 hours, Exceses vater was then
drainad out snd the bundles ware bent st the neck portion of ear head
and tied with straw to foxm a bundles of 60 cm length, Then beds (60
cm x 60 ¢m) were prepared on raissd wooden platform by placing the
eight bundles side by side with alternate arrangamant of uppar and
lower end of bundles, Now bits of pure pacddy straw spawn (two bott:le{
per bad) wers incculated inside  each bundle all round the bed, 10-
1S em from the edge. Subsequently, 3 similar layers, each having 8
bundles wers made by placing acroas those of the lower and the entir
bad formed a cubs, After placing tha fourth layer of atraw, the bed
was pressed down, compacted and coverad with black poly.thene sheet.
3.2.1.3 Affar Camg ¢ Watering was dons gently with hose every day
in such a way that the straw alwsys remesina molst but thers was no

axcess wster in the ergy/bundle. The black polythena sheet cover vas
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removed when mycellal growth coversd the surface of the tray/bundle
(Plate-3.8)-

3+4201.4 Haryest : In the case of Pleurotus gajor=cgju and Eleupotug
ostreatus, the first flush appears within 3 weeks after sowing and are
ready for harvest 4«5 days later. The second flush ig found within
9=-15 days after 1st flush. In the case of Iricholoma lobayenge and ygl’
variells volvgceg the first flush appeara within 21-26 and 18-25 days,
respectively., Thers was an interval of 7-15 fiays batween the first and

second f£lushes,

34242, collection of mitog ¢

The mites were collected from the infested mushroom with the
help of Barlese funnals (Plate~3.9) in 50 % alcchol, Living mites were
collected directly from the infested mushroom with the help of a fine

brugh for mass rearing.

3-2.3 P.T‘S

adult mites collected in the above process were subsequently
transferred in A.G.A. solution (eight parts 70 % ethyl alcohel, one
part glacial agcetlec acld and one part glycerine, 300 gm of sorbitol

to one gallon of the above) for prolonged preservation.

The permanent slide préparation of the three species of mite
namely, Rhizoglyrhus Fumouze and Rebin, Tyroglyphus gimigigtus Herm,



Blate 3.8: Mycelial growth of gajer-calu
sughroom in earthen traye.




3.9«3.10: 3.9 Berlese fumnnel;
+10 Potter's tower.
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(longior) Gerv., Hypoaspig miles Berlese were made in Hoyer's gum
chloral medium (dist.Water-1iS5qgm, gum arabic « 15 gm, chloral hydrate
- 100 gm and glycerol-10 ¢m). The other species namely, Histlostoma
Beinemanni needs clearing befors mounting. The adult mites were
placed in a few drops of 10 % KOH snd subsequently warmed to hasten

clearing. Finally, they were mounted in Hoyer's medium (Jary ana

Stapley, 1937).

The permanent slides were sent to Dr.E.W.Baker, United States
\Department of Agriculture, Agriculture Research Service, North-cast-
ern Region, Beltsville, Maryland, U.S.A, and to Dr.S.K.Cupta, Supere
intending Zoologiat, Zoological Survey of Indla, Calcutta for iden-

tification,

To study the mode of entry of four species of injurious
mites on four cultivated species of mushroom, various components
found to be important in this regard were teken into consideration.
For this purpose, straw, soil and water were throughly sterilized,
Surrounding arcas where the rearing jars were placed, were throu-
ghly treated with 0.01 % a.i. Kelthane to avoid the infestation of
mite by crawling, care was being teken to prevent the dispersal of
mite through air/by insects by covering the mouth of the resaring
jar (throughly stereilized by washing with 100 % ethyl aleohol) with
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cotton pad before use in the compost making in the treatment I.

VII

Similarly, another compost set (treatment) was prepared where all

the components wers left unsterilized. While in other treatments

f.e, from twe to six only one component was XKept unsterilized.

The detailed breakups of the treatments have besn given below.

Troatment I e

Treatment II =

Treatment III -

Treatmant IV e

Treatment V @«

Treatment VI &

Treatment VII »

Sestraw + S.#0il + S;water + S.cotton lid + Surroun-
dings troeated with acaricide,

Without cottonlid + S.straw + S.scil + S.water + Surr
oundings treated with scaricide,

Surrounding without acsricide + S.straw + S.soil +
Sswater + S,cotton 114,

Un.S. water + S.etraw + S.s0ll + S,cottonlid + Surre
oundings treated with acaricide.

Un,S.otraw + 5,301l + S.water + S.cottonlid + Surr-
ounaings treated with acaricidc.

Une.S.S0i) + S.straw + S.,water + S.,cottonlid 4+ Surge
oundings treated with acaricide.

All unsterilized.

(s = Bterllized ; _ Un.S. = Uns terilized).

For thae purpose of sterilization, straw and soill were s_ubjectlJ

to autoclaving for 1 hr at 15 lbs pressure and continued for two days

vhile water was
min.

sterilized undar autoclave at 15 1lbs pressure for 20

The experiments were conducted on Plsurotus Sajor-caiu and
Bleupotug optroatyy type of mushrooms during winter and whn
lobavense and Volvarielle volvacky during summer with 3 !'99110“101'!!‘
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in each case. The experiment was lald out for each of the 4 specles
of mite during thelr time of occurrence. Finally, frult bodies of
mushroom as well as compost from mushrycom bed were collected from
each treatmsnt and ‘the pressnce (+) or abgence (=) of mite was de-
tected by placing those materials under Berlass funnel,

3.246 Nature and gymptom of damaqes

Two separata sets (3.2:6.1 and 3,24642) of experimenta ware
sot up to study the nature as well as gymptoms of damage caused by

mishroom mites. The datalls methodology are as followss

3+2+6.1 Nature of mughroom mites 1

The nature of mushroom mltés were investigated from thres
diffexent angles. Therafore, threa diffesrent expariments were degi-
gned.

1) Rate of growth of mushroom mites in compost
bad with or without mushroom inoculation @

Bach of tha thirty six standard mushroom bed as mentioned
earlier were prepared with sterilized compost. Femoles of four aiffe
erent specles of mushroom mites namely, W gchinopys, Tyroe
released saparately in the compost bed at the rate of 20/100 gm come

post, Cut of thirtyaix, only twentyfour beds received mushroom inoe
culation during the compost bed preparation and the rest déid not
roceive eny inoculum of mushroom. For Rhigoglychug mits, Pleugotus
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sajor=cajy and Eleypotus ostreatus (winter typa) were used while
for other three species of mite Ipicholems Jobayense and Volvariella
volvecig (surmer type) were selected as host. There were thrae rap-
lications in each treatment. For winter type mushrooms, axpsriment
was conducted in winter and for summer typs it was conducted in
SUMME sy
11) Rate of Increase of mushroom mites

at differant days efter spawning @

Similar sets as mentiored 4in the earlier cne were prepared
whera!.p loog:ompost was removad per tray on the fifteenth day as
wall as after an interval of ten days till the fourtyfifth dey of
spawning; The composts thus removed from the mushroom bed ware
placed in Berlese funnel to collect mite from esach sample, The number
of mite released initially was 20/100 gm compost. There wexe threa
replications for each treatment day and observations were undartaken

on four species of mushroom mites on their hosts.vig., Bleyrotug
asjor=caly and Izricholoma Jobavensg.

\iu) Rate of distribution of mushroom mites
at dlfferent profiles of mushroom bed
hnother set. of experiment was eonducted in the same way as
mentioned earlier wherein composts containing mycelisl stage of
mishroom wvere removed £rom four dlfferent profiles basad on the depth
of the compost layer (up to 145 cmy 1,5 = 3 em, 4.5<6 cm), Composts
thus collected from various depths of tray were placed in Berless
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funnel (at the rate of 100 gm from each layer) to know the number

of mites present per layer. The numbar of mite released initially per|
100 gm compost was 20, There were five replicaticns for each treatman
and there were four species of mite grown on two types of mushroom |

such as, Bleurotus agjor=eaiy and Ipicholoma Jobavenge.

32,642,

1 ) Damage caused during nycelial
stage of mushroom

At the first instance, the demagae dene on mushrooms during
its mycelial stage by four species of mushroom mites was considered.
Two sets of experiments, one comprising of Rhigzoglvphys schinopug
infesting two winter typea of mushroom and the cther with Zyroglyphug
4iniaiatus, Higtiostoms hetnemanni snd Hypoaspls miles infesting wo
surmmer types of mushroom wers lald out, Mycelial mats of four types
of mushroom were grown sepatrately providing 20 ml of potato broth in
conical flask. Five gm of mycelial mat of each type was placed separa
tely in petridishes, one containing ten (10)mites snd the other withe
out any mite (controy) . There were two such sets for each type of
mushroom as well as for ecach mite apacias. Fach of the four spscieg
of mite was incculated separately and individual set was meintained
for each mita speciles for observation, There ware five replications
for each treatment. Obsarvations were taken on the weight loss of |
mycelial mats seven deys after mite inoculation az well as in the |
control experiments kept without mite. Ubegérvations had been conti-
nued to follow up the course of development of damage symptoms caust_;}d

by four species of mushroom mites on four different types of mushxom
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11) Damage caused dur!_,.ﬂb bud and’ fruit-
body stages of mushroomn i

Different types of damage are caused by mites on mushroom,
Experiments were set up to follow up the course of damage done by
four species of mites on mughroom, based on varlous parameters such
as spawnerun period, number of buds and fruit bodies amerged, cir-
cunference, thickness and waight of cap and stalk and damage done
during differcent days of sporophors production., Expsriments were cone
ducted in the seme way as has been mentioned in the colum (3,2.1),
Each of thea four spécies of mite was inoculated ssparately during the
time of tray preparation at tha rate of 200/100 gm compost and i.ndivi-[
dual set was maintained for each species of mite for obsarvation. For
Rhizoglyphug mits, Pleupotus ggjor-cajy was used while for other three
species of mite mﬁ@g lgbavenpa was considered as host., The number
of replications varied between three to ten according to the need of
exparimentation.

Sxperiments were designed following the sama mathodblogy des—
cribed in the golumn (3+2.1). However, the density of mite populat’.‘ion"

waa varied between 100 to 300/100 gm compost among. differsnt treats
|

|

mentes. Observations were then taken on yleld of mushroom under various
level of mite dsnsities. There wera three replications par treatment
and a control set was maintained with three replications. Experiments

were ¢onducted on two summer and twe winter types of mushroom,
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3.2,.8

Eight typas of artificial diets were prepared and theip

compositiona are glven beleow s

A: 1 gm vheat kernel + 10 cc distilled water«(hecated for 10 min
at 60 £ 1°C).

Bs 0,5 gm agar + 1 gm vheat kernel + 10 ¢c dlstilled water~ (heated
for 10 mins at 60+1°C).

Cs 045 gm agar + 2 gm dextrose + 10 cc distilled watere (haataél for
10 nin at 60+1°C),

Do 0.5 gm agar + 0.1 gm yeast emtract + 10 c¢c distilled water-
(heate& for 10 min at €011°C).

Ee 0.5 gnm sgar + 2 gm cdxtrese + 1 gm wheat kernel + 10 c¢ watere
" (heated for 10 min st 60t1¢C),

Fi 0.5 gm agar + 1 gm wheat kernel + 0.1 ocn yeast extract 4+ 10 co
dlstilled water « (heated for 10 min at 60x1°C),

Gs 0.5 gm agar + 2 gm dextrose + 1 gm wheat kernel + 10 c¢ straw julee

(made by heating 5 gm straw + 15 gim distilled water)
(heated for 10 min at 60 % 1°C),

He 0.5 gm agar + 2 gm dextrose + 1 ¢gm wheat kKernel + 2 gm mushroom
powder + 10 ce distilled water = (heated for 10 min
at 60 + 1°C)

The suitabllity of the above mentioned artificiel diets was
tested against four speclies of mushroom mites, For the purpose of
investigetion, f£lfteen ¢gm of diet was chosen from each category and
was placed in a petridlish wherein five palrs from each of the four
spacies of mite were released separately to note the population built
up of each specles of mite after thirt‘,y" days of inoculation,. The
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experiments were conductsd at 20 & 1°C for' Rhizoglvphus gchinoous
shd 30 ¢ 1°C for other mites being the cptimm temperaturss for them|
The relative humidity level was mainteined at 90% R.H, for all the

four species; There ware three replications for each t{reatment,

3..269 B 2]  §

Two types of artificial dlets (F' and 'H') viz., type ‘F?
for Ralgzogivphus achinopug end type 'H' for Tyroglyphug dimidiatus
Eistlogstoma hejuemgnnd and Hypoaspis mileg were chosen based on
thelr suitablility to four apeciés of mushroom mites. Thereafter, two
g of each of the two artificial dlets were placed separately in ca-
vity slides. Thua, 360 cavity slides ware arrsnged to recelve a pair
of mite (10 and 19) in each of them. The slides wers then covered
with glasa ®ops and placed Insicde desicaters wherein three sets of
relative humidity vize, 30 £ 5% , 60 £ 5% and 50 & 5% werc being
maintained. The desicators were placed in three sets of temporatures
viz.; 20 % 2°C, 30 + 1°C, and 40 3 1°C to provide various conbinati-
ons of temperature and relative humidity such as 20 # 1°C + 30 S %
ReHep 20 £ 1°C + 60 & 5% RoF, snd so on, Chservations were taken at
six hours interval ‘on mating behaviour, pre-ovipositional and ovipo=
sitional period, duration of life cycle, mortality at each stage,
feeding habit etce
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Mushroom beds wers prepared in the similar way as mentioned
earlier (Column -~ 3.2.1) except unsterilized straw was utilized in
this case, Spawn was inoculated in beds to allow the natural drowth
of mushroom through mycelisl to reach fruit body stage under roowm
temperature, This was éone to allow the mushrooms to invite natural
infestation of mites, Samples of compost {10 gm) wére collectad at
intervals ranging betwasn fiftesn to twenty davs whén mushroom roae
ched &ycelial staga. The samples diawn in the above way during Januarﬁ
1984 to December 19835, were placed in Berlese funnel to collect mites
present in the samples during various moithg of a year, Similariy,
samples of fruit body (10 gm) were also taken into account to measure
the density of mite population on them, The density of mite populatice
in straw which acts as the sole carrier for mites to mushroom beds wal
also investigated at an interval of £ifteen days« Each treatmant was
replicated thrae times. Therz were two types of winter (RPleupotus
salop=cgly and Blourotug pstregtus) and swmer (Ipjcholomo lobavensp
and Yolvagiells yvolvacea)mushrooms on which the four specles of mites

were recorded and seasonal incidence vere studfed.
3.2.11 Natugal enemjeg of mushroom miteas o
I
For the purpose of investigatlons, samplea (10 gm) were drawn

throuchout the year fraﬁ.straw. compost, infested mycelial mats, ine

fested bud. and fruit body to note the incidence of natural snemiss
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found in asseciation with rushroom cultivstions The samples collacted
from the above materisls were subjected to ¢ritical observation under

binocular microscope to locate the presence of natural enemies, if

anye
3.2+,12 Control of mushroom mites ¢
3.2412,1 Erophylactic/pr ive < :

4} Effect of stepilization of straw
used in compost preparation 2

Two sete of mushroom bed were prepared for the production of
mushroom. One set réceived sterilized straw vhile the other was pre-
pared with unsterilized straws During the course of invegtigations:
commpost (50 gm) containing mycelial stage of mushroom as well as 50
gn of fruit body wers drawn sevarately and were placed under Berlese
funnel to note the density of mites in each sampleae. There were three
replications for each treatment and the cexpariment was laid ocut for
each of the four species of mites during thelzr time of occurrencee
For Rhigoglvohug gchinopug. Plevrotug gajorscaiuy was used and for
other mites: Iricholomg lobavenss was used as host.

41) Effect of heat trsatmant on mushroom mites

Four species of mushroom wmites (10/jav)were subjected %o
heat treatment after releasing them in sterilized straw kapt in
small glaas jar, There were ten levels of temperatures varylng £rom
50 to T2.5°C with thrae levels of exposure period (15,30 and 45
minutes) s After the heat treatments, tha number of mites survived
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per treatment were counted. There were four replications per ex-

posure period,

3.2.1242 DL act

i) Effect of pesticides i

Four commercial preparations of pesticides viz., ethion,
dichlorvos, dicofol and malsthion in four concentrations (0.00S,
0.01, 0.02, 0.04% a.i.) were tested on ecach of the four species
of mite. Petri dishes containing two grams of artificial diet
were sprayed with one ml of pesticidal solution under Potter's
tower (Plateg,jp)Ten pounds pressure). After spraying,petri dishes
were allowed to éry over a perlod of ten minutes to provide a thin
£ilm of pesticides. Ten females of each of the four species of mite
were released on treated artificlasl diet kept in petri dishes. Obser:
vations were taken on the rate of survival of each :mite species
after twelve hours and congtnued 11l seven daya. The experiments
were conducted at 30 & 1°C with 90 % R.H. There were three replice

ations for each concentration of pesticildes.
ii) Effect of essential olls 3

Experiments were designed in the similar way as mentioned in
column 3,2.12.2(i). Before use, oils were emulsified with the help |
of 8 % emulsifier (hydroxid-X~150). There were altogether six oils |
viz., chaulmugra, citronella, clove, karanja, neem, wintergreen
used in five contentrations such as 0,01, 0.05, 0.25, 1.25 and 6,25 ¢

a.i. The number of replications and the procedure followed in counti?
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dead mites were asimilar as have beaﬁ described in the above expari-

ment,

Je2413 TIop

Six oils namely, chaulmoogra, citronella, elove, karanja,
neem, and wintergreen which were found to be effective against mushe
room mites were tested for their toxicity on Iricholoma lobgvense
based on three replications, Emulsified oils were sprayed on mushe
room beds (10 mi/bed) after inoculation except in one ast which ser-
ved as control; They vare allowed to grow until £ruit bodies were
found, Thereafter, yield data were collected based on the weight of
fruit body.

3:2.14 Statistical methods ¢

To analyss the data obtained duriﬁg the course of investigaw
tions, variocus statistical methods wers used, For f£inding out the com
ponents of variation due to differcnt factors, the data obtained from
the experiments conducted on the nature and gymptom of damage, and
suitability of various artificial dlets were subjected to analysis

of varlance.

Factorial experiment was designed when more than one factor
were included such as in the biological study under variocus levels of
temperature and relative humidity. Prior to anakydiaaﬂali the data on
per cent wers subjected to inverse sing transformation (Fisher and

yates, 19 38) .
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Similarly, correlation coefficientas were worked out to study
the extent of relationship botween a cilimatological factor in one
hand and the population density of mite on the other hand,

In the toxlcological study, experiments were designed for
factorial R.B.D. per cent mortality of the mitas obtained Gue to
pesticidal applicationSwas corre® ted in respect té control mor-
tality by Abbott's formula (1925), P = %3'9_3 % 100, where
p = % correlated mortalitys p' = % cbserved m:talityx ¢ = % control

nortality.






RESULTS AND DISCUSSION ‘

——
——

I
|

Experiments were designed to study various aspects of mus@
room mites during the present invegtigation and these were claséifié
under various broad topics viz., occurrence, damage potential of |
imishroom mites as well as thelr biology, seasonal incidence and cone
trol, The mushroom culture centre belonging to " All India Coordina-
ted ICAR Regearch Project on Mushroom® affiliated to -the Department
of Pathology of this University was chosen as the site for investi-
gations. The Project being a centre of excellence on mushroom rese-
arch in the eastern part of the country has introduced several spe- 3
cles of edible mushrooms and their feaslbility from the view point
of commercial exploitation are bheing tested here, The entire sets
of experiment were carried out under laboratory condition. The data
collected on various aspects of mushroom mites were subject to va-

rious statistical analysis., These have' been presented below.

4.1 Ocourrence of mushroom miteg

among the various species of edible mushrocm found to
grow under natural condition, only four species, namély Pleurotug
sajorcaju, Pleurotus ¢streatug, Tricholoma lobavense, and Volvariellé
volvacea have been sélected and subsequently introduced by the cen-
tre for commerclal exploitation considering their adaptibility,
nutritional status and amenability to rear under local conditions.
Since the year 1978, these four species of mushroom are being culti-

vated regularly in the centre during-different periods of a year.
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As a matter of fact a good number of pest species have been found
to take a great tool of the crop in recent years of which insects
(sciarid flies ete.) are of considerable importance. Since last

four to five years,. 1t has been noticed that mites are becoming more

dominant and inflicting severe damage on growing mishrooms. Therefore
a detalled investigation pertaining to various aspects of mites was
planned with an objective to reveal their identity and to undertake
subsequent studies as and when foqnd to be necessary. It may be seeni
£rom Fig.4;1 that altogether four species of mite viz., Rhigoglyvhus
echinopus Fumcuze and Robin, Iyroglyphus dimidiztus Herm (Longiogp
Gerv., Hlstiostoma heinemanni Hiilland Deahl and Hypoaspis miles ‘
Berlese are responsible for causing severe damage to mush;o@ms éula
tivated in this centre, It is interesting to note that the four
species of mite occur in a sequence withOﬁﬁ overlapping each othery
Thus, it £orms a mite complex on mashroom. Incidentally, they are heg
specific and thelr occurrences are time-bound as it is revealed from
Fig.4.1, The perlod of cccurrence of Ehizoglyphus gchinopug ranges
from January to March and is found on oygster mushrooms (B.gajor=eaju
and P.ggtreatug ) alone. On the other hand, .Iyroglyphug dimidlatug,

Histiostoma heinemanni and Hypoaspis miles are found only on summer

type of mushrooms viz., T.lobavense and V.yolvacea.The incidence of
T.dimidiatug is found during April to June. vhlle those of H.heinemann

and H.miles are f£rom June to October and October to November, respec-
|
tively. 1

X péerisal of availlable literatures reveals that very scanty

informations are available on mites infesting mushrooms in Indlas
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FIG,4,1: SEASONAL DIFFERENCES IN
SPECIES COMPOSITION OF THE
MUSHROOM MITES.
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However, detalled informations in this regard are available in other
parts of the World. It has been reported that the majority of mush-
room mites belong to eleven families viz., Adaridae, Glydyphagidae,
Tarsonemidae, Eupodidae, Apoeﬁidae,_Eyembﬁidae. Agcidae, Digamaselli-
dae, Tyleidae, Scutacarida¢ and Macrodhelidae. Out of which Acari-
dae, Tarsonemidae, Eupodidae, Anoetldae are of great importance
(Table 4.,1). The investigatidns,unde;gakenjb& various. workers, namely,
Jary, Stapley, Hussey, Gahm, Austin, Compton, Hill and Deahl etc.may
be mentioned in this context. It is evident from the list presented
in Table 4,1 that the problem of mites in mushroom cultivation is of
great significance, It is revealed from the reported ocgurrence of 52
speécies of mushroom mite throughdut the world. The United States of
America and Britain are the two countrles where most of the mite
gpecles are found: Out of 52 specieg, sixteen are of regular occurr-
ence of mushroom cultivation around the world., In comparison to those
two countries, India stands in a comfortable position so far the num-
ber of species found in our condition is concerned. It may be mentioned
that the commercial cultivation of mishrooms has been undertaken in

a limited scale in cur country. It may be presumed that with the
spread of mushroom cultivation during the course of time there is a
possibility that more number of mite specles wlll gradually adapt on
our mushroom ¢rop. This is because of the fact that several mite spe-
cles which have beén reported from the U,S.A. and. Britain are also
found in India. At present they thrive on other hosts. But the pattern
of occurrence of mushroom mites found in India yig-asvig foreign

countries is more or legs similar. It is apprehended that the problem
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Table 4,1 : List of mites found in association with .mushroom
cultivation and their distribution.

P — 5Tt
Now. vSpe?iesvﬁ Family Referegsgl bution
1. Tzroglyphug;be;legeigMLChael Acaridae Jary (1937) L% (9
2. T.gimidigtug Herm(longioxr) Do Jary & Stapley  U.K.,Indla.
Gerv., (1937) ,Das(1986) .
3. T.lintnepl Osb, Do Gahm(1930) ,Jary  U.K.,U.S.A.
and ‘Stapley(1937).,
4., T.mycophagqus Megn. Do Austin & Jary UK,
' (1934)
5. Tyrophaqus funglivorus Do Hussey(1963) UKy
' Qudemans '
6. T.gudemansi Robertson Do 'HuSSéy(196§) U.K,
7+ Lsputrescent_iae Schrank Do ‘Hussey(1963), UuK;,UsSuA,
' Rivert(1961), indlia, !
MukHerjee and Som~ :
choudhury(1972),
8. T.longlor Gerv. Do Hussey (1963), U,K,,U.S.A,
' Davis(1968)
9 Aeroglyphus rofustus Banks Po Barker(1960). UsSeA.
10, Blattisocius keeganl Tox Do Davis(1968), UsS.Ae
11. Caloglyphus berlesei Mibhael Do Hussey(1963), Jary UeKe, France
o (1937).
12, C.mycophagus megnin Do Hussey(1963), U.K,, Italy.
' ' Rota & Graziella
(1974).
13. C.krameri Berlese Do Hussey(1963). U.K.
14, EZberhardia sp. Do Jary(1937), U.K.
15. Rhizoglyphug phylloxerae Riley Do Davis(1938). U,S5.A, 5
16, R.echinopug Fumouze and. Robin Do ?ughe?(1961) Das U/K,, India.
1986) .
17. Oppia nitens CiL.Koch Do Massae (1931). UKo

(Contdu .e 0)
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Sl.

No. Species

Famil‘y

Reference Di stributi on

1‘8'.- _mgb_mg domeg’c:!.cusf Glyc#phagi-
dae

De Geer

19, Iarsonemug g¢anestrim Tarsonemidae

20. T.confusus Ewing
Zl,jghf%oricolug;Cénestrin&

22, T.iukogchusiHill and Deahl

23, T.mercedesae Hill and Deahl
24, T.myceliophagug
25.Z.zandsi Ewing

26+ T.tarsalis
27, T.yalte! Banks

28. Linopodes gntennspes Banks Eupodidae

29, Glxghanoetug fulmeki cudlemans Anoetl-

r-.._*‘—.

Do

Do

Do

Do

Do

Do

Do

dae:

30,-Histio§toma graeilipes Banks Do

31. H.zrostroserratum Megn.

32, Heferoniarum Dufour
33, H.helnemanni Hill and Deahl

34, Pvomephorus allmsnni Krezal “Eyemeti-
' ' * Jdag’

35. P.althiasme Wicht

36. P.gmericang Banks

Do

Do

Do.

Davis(1938) UuS.A., Ttaly
Rota & Graziclla

(1974)

Beer(1954) U.S.As

David &homas U.S.A., U.K.
(1941).Hussey

(1963).

David & Thomas UsSAs +ULK,,
(1941), Hussey

(1963)

Hill and Deshl U.3.A.
(1978)

{1978).

Auﬂtin and Jary chaAol U.Ke
(1934), Hussey

(1963}
Hussey (1963) UK,

Moreton (1956) U.S,A.

Beer (1954), UosdA0¢ U.K,
Hussey (1963).

G&M(1930)u UbSéAoo U.K..
austin(1937). '

Compton(1933)  U.S.A.

Compton(1933) UeSaA.

Jary and Stapley U.K., U:S.A4
1936, Huges-and '
Jackson(1958)

Scheucher(1957) U.S.A.

l

|
Hi1l and Deshl U.S.A., India
{1978B) ,Das(1986).

Gurney and Hussey U.K., U.S A
{1967) ,Wicht{1970)

wicht( 1970) ) U.SAe,
Wicht(1970) . France.

Davis(1934), U.S.As

(Contdi..)
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ST,

No. Species o :E‘a_mily‘ Re‘ferenée . Diéfribﬁﬁioﬂ
37i.F.f1echtm§nni Wicht Do WLCht(1970)y  UsSeber
Wicht(1970), Brazil. |
!
38, P.kneeleuni Wicht Do Wicht(1970) U,S.A, |
39: B.lambi Krezal Do Gurney and ‘
| | , _ Hussey( 1967) YU,Kae ;
40 B.mesembringe Canestrini Do Moreton (1956) U,S.A, Italj
T Rota and Graz:!.ell& ?T
(1974),
41, B.guadratus Ewing. Do Gurney and U.K,
' Hussey(1967) .
42, Begellnicki Krezal Do Hussey(1963) UK,
43, P.tarsalig Hirst. Do Moreton (1956)  U.S.A,
44, Pseuvdopygmephorus smileyi Do Hill and Deahl U.S.A,.
~ "Hill &nd Deahl (1978)
45, bolichocybs keiferd Krantz Do Gurney and Hussey
' o o (1967) .K.
46+ Macrodisvodides buse Lambor- Do Gurney and )
- dini Hussey(1967) U.K,.
47. M.fungorum lambordini Do Gurney  and U.K
' — Hussey({1967)
48, Arctoseius getratus Sell nick Asci- Binns (1974) U.K.
dae
49, | iggagegl;ug fallux Leitner Dignmase-Binns(1973) UK.
: 1llidse
50, Hypoaspis miles Berlese ane;la-pidae Das (1986) Inaia,
51, Eronematus bonatli Rota ana,Tyleidae Rota and Graziella
" Graziella (1974), Italy.
§2. Scutacarus baculitarsug  Scutacari- Norton and Ide
Agaricug dae (1974) UsS«A,
53, fMgcgochele,s_ merdariug Macroche-~ Rota and Grazie-
~ Throm bidis lidae 1;&(1974)5“ Italy.

formes Rota and
Graziell
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of mite on mushroom may be more in India in near future. In recent
years, temperate belts of the country have received special atten-
'tion to grow more mushrooms because of the suitable climatic condi-
tions and this, in turn, would invite more mite problem as these
mites fluorish well under temperats condition. Thils will subsequently

help to spread the mites to other parts of .Indla,

Out of four species of mite reported during the present
investigations, the t@;ee species i, namely Rhizoglyphus echinopug
Tyroglyphus dimidiatus and Histiostoma heinemanni have also been
reported to infest mushroom 19 temperate countries like the U.S.A.
and the U.K. But the fourth species vizt.iﬂxgggsgigggglgg is hith-
erto unreported to infest mushroom and this may be considered as a

new host record of the mite,

In India, the only research article availsble on mushroom
mites is that of Mukherjee and Somchoudhury (1972). They reported
Tyroghaqus putrescentiae as a pest of Volvaria spp, and Agaricus sp.
of mushroom found tO grow under natural condition. The observations
reported there in are of'caauéi nature, However, T.puregcentiae is
widely distributed in nature and is frequently fiound to infest laboe
ratory cultures of various fungl. It is very surprising to note that
this species has not yet adapted on mushrooms grown under our condition
On the other hand R.gchinopus which is frequently found on stored po-

tato has adapted on mashroom,



49

|
The reported occurrences of T.dimidiatus and H.heinemanni

on mushroom by the present author may be considered new so far our
country is considered. The new record of H.miles on two specles of
summer mushrooms is also of great significance. The members of genus
Hypoaspl, , are frequently found in litters and soil and the mite

is probably a new introduction on mushroom.

4,2 Source of mite infestation

During the present investigations, attempts were ‘made to
identify the agences repponsible for the carry over of mitea to mush-
rocm bed. The results obtained have been vpresented in Table 4,2, It
may be seen that among the varlous components used in the preparation|

of mushroom beds, straw alone acts as a carriler/source of mite infes-
tation in mushroom bzads, It is revealed from the: Set No.,V that when |

unsterilized straw was used in the prévaration of compost. bed, the
incidences of all the four ‘specles of mite were noticed on mushrooms,
Again, in Set Ne. VII where each component including straw was used
in ungterilized form similar inciﬁepces of mite were noticed on gro=-
wing mushrooms. On the other hand, there were no infestations of mite
on mushrooms in spite of using soil, water aund cotton lid in unsteri-
ilzed conditions provided straw alone was sterilized. Similarly,
undoing of disinfestation of surroundings had no impact in this
regard,

The role of straw component of mushroom bed. as the scurce

of infestation of mushroom mites has been emphasised in several in-

stances. Hussey (1936) as well ds Jary and. Stapley (1937) made- similaz
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observations. Moreton (1953) reported that Tarsonemus tarsalis
enters into the mushroom bed throuch straw. Therefore, the obser-
vation made by the present author in the foregéing Para is in full
confirmity with those of other workers so far the identification
of sources of mite infestation is concerned. However, there are
other modes of entry for varlous species Of mushroom mited. For
example, T.dimidistus is generally carried in the mushroom bed the
rough old manure (Jary and Stapley, 1936), Hussey (1963) reported
that tyroglyphid mites enter into mushroom house through dipteran
fllese. Similarly, Histiostoma, Linopodeg and so on are transferred
to mushzoom bed through wvarlous beetles and flies (Gham, 1930). The
observations recorded during the present investigation have clearly
demonstratad that -at least insects are not actling as a carrier for
mushroom mites under our conditlon in spite of the fact that dipt-
eran £fligs are often found.to-iﬁfest mushrecm bedse. To investigate
the role of insects as a carrier of mushroom mites, two sets of exp-
eriment wers set up. (Set No.I and II). In one set, mushroom beds
were coverad with sterilized cloth (Set No.l1l) to deny the entry of
inssets while in other set (Nos. .II) it was kept uncovereds But none
of them showed any indication of mite infestation due tc the uvse of
sterilized straw which according to my observation ls the only-sourqe

of mite infestation in mushroom beds.
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.dgmgge cguseg by musgroom miteg

Studies were undertaken to observe -the habltat and nature
of the four species of mushroom mites alongwith the symptoms of
damage .caused by them ox various aspecles of mushrooms. The habitat
and nature of mushroom mites were investlgated based on their rate
of development in spawnied and unspawned mushroom: beds as well as
#: after different days of spawning. The studies undertaken on the
distribution of mushroom mites in different profiles (depth) of a
mushroom bed would also indicate some agpects of their nature and
habitats. To investigate the symptoms of damage caused by four

species of mushroom mites, the course of development of various

symptoms was followed up till the end.

The rate of drowth of four species of mushzoom mites 'in
-compost: bed with .or without mushrocm inoculation has baen presénted
in Tables 4.3.1 and 4,3.2. The dats indleate that the number of
Re2chinonus increased from- 20,00 to 53.33 after flfteen -days of
mite inoculation in compost bed vwhich received nc ingculum of
mashroon, On the other hand, in mishroom inoculated beds, its
number increased ‘to 203.33 and 176.62 in saior-caiu and QOstreatug
species of mushroom, respectively. The high valus of " F ¥ test
indicates that a significanit indérease in mite population has taken

place when the.compost bed was inoculated: with mushroom spawn.
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However, no such difference in between mite population was observed

when the two specles of mushroom were considered.

It may be seen from Table 4.3.2 that gsimilar increase as
was observed in the case: of R.echinopiig-has also taken place in the
case of other three species of mushroom mites when, they were allowed
to grow in spawned and unspawned compoéﬁ bads. For examplg, the nume
ber of mite reached 33.33 from an initial inoculation of 20.00 in
the case of T.dimidiatug in the unspawned compost @ed, But the same
number of mites i.e. 20,00 was found to increase to 120.00 and 103.33
in Tricholoma and Voizggiellg types of mushroom, respectively under
incculated compost beds. The rate of increase was maximum in the case
of H.helnemanni followed by H.miles and I.dimidiatus. The rate of
increase of mite population observed between spawned and unspawned
mushroom bed was statistically significant in case of ail the three
species of mite. However, the dlfférence noticed in between the rates
of increase of I.dimidiatus and H.mileg was non-significant in unspa-

wned as well as spawned mushroom beds,

The course of increase of mite population at different days
after spawﬁing was invasiigated and the data obtained have been pres-
ented in Table 4.4. It shows that the population of R.echinopug incre
ased from 20.00 to 490.00 on the twentyfifth day after spawning. But
the population level of the mite declined to 100,00 on the fourtyfifﬁ@
day after spawning. on the other hand, the populétion of T. imigiatugi
gradually increased £rom the initlal day of observation (120.00) to E
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reach 1ts peak (283.33) on the fourtyfifth day after spawning, The
other two specles H.heinemanni and H. miles followed more or less

similar pattern in their population growth as has been observed in
the case of R.echinopus. In the case of Hehelnemanni, the initial

ropulation of 20.00 increased to 480,00 on the twentyfifth day

of spawning and then declined to 96.66 within the fourtiy,fifth day

of gpaiwming. The population decline in the case of Hemileg was to

the tune of 46,66 within the fourt§fif§h day of spawning after on

initial increase in population to 156.66 on thirtyfifth day of

spawning.

‘Statlstically, the variztloas observed among population
of four . species of mite weré significant., In gefieral, no sig-
nificant differente was observed in between mite population belong-
ing to of T.dimidiatus and H.milep and between R,gchinopus and
H.heinemanni, But these two groups of mite differed significantly
between themsélves in respect to their mite population. Regression
equations- calculated for each specles of mite in respect of thelr
rate of development at dlifferent days after spawning showed that
T.dimidigtdg maintained a positive correlation with the different
days‘of,5péwning~while in cases of other three specles the relationﬁ

ship was of higher order which was quadratic in nature.

The rate of distribution of four species of mite at various
profiles of spmmed mushroom bed has been presented in Table 4.5. It
i1s observed that significant varlations were found among the popu- |

lations of four gpecies of mite recorded at various profiles of
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mushroom bed. The maximum population of all the four species of
mite was observed at the top layer (upto.1l.3 cm). However, they
differed significantly among themselves in respect to their popuw
lation densitiess The maximum population of mite was observed in

the case of H.helnemanni followed by R.echinopug ., T.dimidiatug

and H.miles, The difference observed between R.echinopug and
T.dimidiatus was statistically nén-sign;ficant; The mite populations
were found to decline gradually with the increase in depth. But an
ingignificant increase in miﬁgipopulgtion was noticaed from the layer
(3.0~4.5 cm) and onwards (4.5-6.0 cm) in the cases of R.echinopug
and H.milea. However, 1t appsars from the statistical analysis that
the population densities of mite observed in two depths liee (3.0 «
4.5 cm) and (4,56,0 cm) wexe almost equal,

It is evident from the work undertaken by the present
author that all the four species of mushroom mite' requiremushroom
1n6cula§ion in compost bed to realise their ful{lbiotic potential,
Howaver, it 1s seen from Fig.4,2 that they can multiply to a great
extent i.e. to the tune of 166.56 % as has been found in the case
of R.echinopug even without mushroom inoculation in compost heds.
Similarly, the rate of increase has been found to the tune of 66.55%
in T.dimidiatus and 266,65 % and 33,25 % in the cases of H.heinemonni
and Hemiles respectively under such condition. This ‘clearly indica-~
tes that all of them can maintain a thin population .in cémPOSt bed
even without mishroom inoculation. It may be pogsible that they are

deriving nutrition from straw and other materials of compost bed for
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multiplication. And when compost beds received mushroom inoculation
in the presence of mites, an extra-ordinary high'rate of multipli-
cation was noticed among mite species beiﬁé 916,65/783,00 in the
case of ggechinogug and 500.00/416.57, 1433.00/1226.54, and 516.50/
566453 in T.dimidigtug, H.heinemanni and H.miles respectively. This
is a positive indication that all the four species of mite prefer
mushroqm as their fcod. -The pattern of incresase of four specles was
more or less similar in spawned as well as unspained compost beds.
The maximum rate of increase was found in g,heingmanni followed by
R.echinopus « The rate of increase in_gpg#ﬁidiatusvﬂ H.heinemanni
and Hemiles varled considerably in the two species of mushroom. The
rate of increase of H.heinemannl was much higher in T.lohavenge in
comparison to that on !,zc;Vaggg-while it was reverse in case of
H.miles . This indicates thelr preference difference to two types

of mushroom sgpecies.

It is further evident from Tables .4.3.1 and 4.3.2 that there
were little difference in the rate of increase among various mite
species though they are found during different seasons of a year. The
rate of increase of g.ech;nopug,which is prevalent during cold seasoﬂ
on Winter mushroomns was around 916.65 % / 183.00/% while the rate of
increase of other three specles of mite assoclated with. summer mushe '
rooms varied from 416,57 % to 1433.00 % . Therefore, seasonal influe
ence on the rate of growth of mite species was not much pronounced
because of the fact that mushrooms are grown under indoor condition
without allowing much variation in temperature during -different sea-

gsons of a year. The mushroom mite found during winter i.e. R.echinopus



however, exhibited wide difference in its population growth on two
species of mushroom i.es P.gajorecaju and P.ostreatus. It is pro=-
bably due to its specific host preference (typé of mushroom) for
which this varlation was noted.

It is revealed from Table 4.4 and Fig. 4,3 that the initial
rate of growth of four species of mitexhas"siow. But these acquired
a very high momentum with.the inoculatiofi of spawn ‘1h compost beds.
spawning in the case of three species bf'gi%@, namely, R.zchinopus ,
H.heinemanni, and He.miles. The other species, z,gih}g;aéus mgintae
ined a steady rate of increase in‘itspopulatiop eveh upto fourty-
fifth day of spawning. This pheénomenon of population decline in most.
of the mites. after twentyflve days may be. correlated:with yield paras
meter of mushroom which, on the other hagé; indicates their rate of
feeding on mushroom, It may be mentioned;;hgt the first £lush/yield

1

of muShroom\was obtained around twentyﬁiféh day after sPawning. Sﬁb-e
sequently, the second flush was obtained after a gap of twenty day.
It is interesting to menti?n that a wide variation in yleld exists
between f£irst and second fiﬁsn of the crops The yleld of ﬁirst flush:
of mushroom comprised nearly 75 % of the td?al ytelq of the crop |
while the second flush was equivalent to 25 % of the total yield.

The decline in mite population after 2éthuday of spawning was,quite.5
logistic as the mite specdies has cansumeq/g major portion of mushrooﬁ
crop within that period and thereafter a population decline was noti-

.ced que to the lack of food (mushroom). However, in. the case of
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T.dimidiatug the picture was different. This is probably due to

the fact that it has the inherent capacity to multiply even in the
abgent of prefered food by utilizing alternate food sources found in
compost bed. The other explanation would be that the rate of inerease
in population of T.dimidistus takes place in a arithmetical propor-
tlon. In other words, the process of population increase is a gradu-
al one in T.dimidlatus while a sudden Jump in the rate of inctease
was observed in other three species between fifteenth to twentyfifth

day after spawning with an obvious decline in. population.

The habltat of a pest ls of great significance from the
view point of orilenting the control measures to a definite cirection
which will; in turn, help to keep a pest pépulation_below the eco=-
nomic. injury level. Considering this fac¢t in mind, the distributions
of four specles 0f mite in mushroom bed were taken into consideration
It 18 revealed from the findings (Table 4,5 and Fig.4.4) that the
maximum population of mite was found in the upper surface of mush-
room bed i.e. upto 1.5 cms A good number of mite belonging to all
the four species were present beneath the top layer 1.e., between
1.5 cm £0 3.0 cm depth, However, their number were more or less
similar and statistically non significant while their distributions
were considered in two other depths i.e., 3:0-4.5 cm and 4.5-6.0 cm.
The abundance of mite in the top layer may be correlated with the
maximum concentrations of mushroom mycelium and f£ruit body in the
top layer of -the mushroom inoculated compost bed. Similar observa-

tion was made by Hussey and Gurney (1937) on Iargonemus myceliophaqus
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According to theém, the maximum number of mite was found in the top
layer l.e. upto 1,25 em. In the absence of sufficient published
literatures in this direction, an elaborated discussion could not

be undertaken by the present author.

4.3.2 Symptomg of damaqge daused by mushroom mitegs

All the four species of mite have been recorded to feed on
the aerial as well as subterrgnean partgof mushrooms. Thg 1ﬁfelta-
tion of Efechinopus_was restrigted to winter types of mushroom
alone, i.e., B.gajor=caju and g,ogtregtusqwhile the other three
species of mites, namely I.dimidigtus, H.heinemenni ond H.miles
infést summer types of mushroom i.,e. T.lobayense and V.volvgcea.
The course of development of damagg symptoms have been inVegt}ga—

ted in detalls and presented below..

4.3.2.1 -Symptoms of damage caused by
thigoglehua;gch}noggg

The initial infestation of the mite is found on mycelia: with
small pinhead holes all along the mycelial mat (Plate=4.1 and 4.2).
Gradually, the mité attackes the ﬁase of the stalk during the budding
as well as.duging the f£ruit body stage. As a result éhe basal area
becomes pointed instead of bulging out unlike uninfested mushrooms.
The lower half of the stipe changes its colour from white to vellow
and in some cases brown coloration has also been found to develop.
In case of severe infestatlion, gllls are affected and their colour
change to yellowish brown, The mite forms a dense cover all over

the mushrocm bed as well as on affected parts of the mushroom body.
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%g.n 4.1;:.4 t 4.1 Mycelial mat of 1 mushroom
sted with R. 4.2 mycelial mat of QM’F
mushroom infested R. 4.3 mycelial mat

mushroom infested ﬂth EWIM
mat of yolvacea mushroom infested o .




Plate 4.1-4.4 : 4.1 Mycelial mat of mushroom

infested with R. 4.2 mycelial mat of m,:F
mushroom infested .mw.mlu.! mycelial mat

mushroom infested with T, 4.4 mycelial
mat of yolvacea mushroom infested T. .




Plate 4.9: Y.

mushroom infested witn
-dimidigtug.
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4;3.2.2 Symptoms of damage caused by
Tyroglyphus dimidiatus

The initiation of infestation of the mite is recorded on
mycelia exhibiting similar symptoms (Plate=4.3 and 4.4) as are found
in the case of R.echinopus. The mite feeds on the inner content of
a ‘bud leaving the outer shéll of the bud intact. Such infested buds
contain all the stages of mite, The damage has bezen found ‘to be very
severe while the mushroom is in. frult body stage (Plate 4.5 = 4,9).
The mite hollows out basal portion of the stalk which serves as thelr
entry point to reach up to the ¢ap in course of time, The colour of
the infested frult bedy changes from white to brown while the stalk
colour changes to blackish brown. It also infests lower side of the
cap 1.e. gills, as a result the shape, slze and colour of the infes-
ted portions of mushroom exhibit characteristics appearynce.in the
case of severe infestation, the presence of mite is noticed in the
form of dense gover all over mushroom body as well as on mushroom

bed.

4,3,2.3 & toms o damage cgused k
‘Histiostoma heinemgnn;

The severe infestation of this mite Ls recorded in mycelial
stage (Plate 4,10 and 4.11) as a result a very few mushrooms attain
the £ruit body stage, Subsequently, the mite attacks the basal region
of the stalk and gradually infests the entire aerdal portion of mushe
room, The mushroom becomes unable to develop vertically and does not

exhibit normal posture like. a folded umbrella, However, vertical



4.10,4,11, 4.19,4,20: 4.10 !lmlhl mat of
Edaka .10 fested with Noheinemannis 4.11 mzmwn

mushroom infested with H 4.19 wud
mat of mhhmﬂ%yh JMmyce-

lial mat of

mushroom infested He.miles.




4.12-4.13 : Damage of mushroom due to
infestation; 4. r three days of sporophor:
production;y 4.13 after five days of sporophore production,




d4.14

4.14-4.163 4.14 T,.loba
reduction in thickness of ca

mshroou(h)lhinfcmd: (B.»
infestation

4.15 T.loba se mushroom (A mlnfenud: 'l" distortion of

due to H. infestations4.16 I, mashroom
(A uninfested; (8,,B,)reduction in circumference of cap and
stalk due to H, infestation,




4.14

4.14-4.163 4.14 T.lobayense mushroom(A)Uninfested;(3,,8,)
reduction in thickness of ¢ to He lnhmulﬂi
4,15 T.loba se mushroom (A)uninfested; ll.l distortion of
cap due to H. infestationpd.16 I, mushroom
(Af uninfested; (B,,B,)reduction in circumference of cap and
stalk due to H, infestation,




4.18

4.17-4.18: V. mashroom (A) uninfested;(B)
fested with p-%u Y mushroom(A)
uninfested; (B) damage tissues to H.heinemanni

infestation.



4.21 : Damage caused by H.milss to yolvages mushroom

flaia
cur

ing its bud stage.
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Plate 4.22-4.24:3 4.22 Volva of m= mushroom
M“ w n 4.23 !o mushroom ‘A’
vninfested, (B) volva and glﬂa damaged due to
infestation of H

4.24 T.lobagyense mushroom
infested with H. .
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development takes place in a c¢rawling manner along the mushroom bed
(Plate 4,12 and 4.13), Finally, the entire mushroom body shows the
sign of decomposition in the presence. of mites both inside and out=-
side of the stalk as well as on cap. The shape of the éap iz distor-
ted, Reductions in elrcumference and thickness of cap are noticed

with simultaneous decrease in the circumfereénce and length of stalk

(Plate 4.14- 4.18),

i

All the stages of mushroom, right from mycelial to fruit body
stages are prefered by thig mite (Plate 4,19-4.28). The damage is moré
severe during the bud stage. Due to heavy feeding at the basal region
of buds, they are detached from the mushroom bed. In many cases tuhne
els are found inside buds. When the mushrooms reach frult body stage,
the mites attack the volva and cap of mushrooms., In case of severe
infestation, they eat up the entire conteit of the volva and make
several holes in cap portion of mushroom.as a result, the shape of

the cap distorted along with a noticeable change in colour to yellow.

4.4 Economic damage caused by mushroom mitos
To assess the pest status of the four gpecies of mushroom
mite, two sets of experiment were set up one with R,echinopug on
winter mushrocms. while the other with g.g’i_-}r’xiai'gtug, H,heinemanni and
Hemiles on summer mushrooms. The data obtalned on the weight loss
during myceliesl stege of mushroem due to the infestation of four

species of mite have been presented in Tahleg4.6.1 and 4.6,2, It
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may be seen from the Table. 4.6+l athat the loss in welght were as
high as 75.20% and 76.00 % in ;_P_.a;;.ggj. o_;-caju and B.ostreatus, respec-
tively when § gms of mycellal mat was inoculated with only ten mites.
But under the controled condition, the percent loss in yleld were
only 9.20 % and 11.60 % in gajor=cafu and pstreatus specles, réspec-
tively. Similar results were also obtained in other three species of
mite as is evidenced from Table 4.6.2, The maximum percentage of wei-
ght loss/ in mushroom was inflicted by H.heinemanni followed by T.

dimidiatus and H.mileg. The results obtained were statistically sig-
nificant at 5 % és well ags 1 % levels. All the observations recorded
on T.lobayense were statistically significant among themselves while
in the case Of VJvolvacea no significant difference was observed in

between T.dimidiatug and H.miles and between H.heinemanni and I.

dimigiatus'a But the two species, Histlostoma and Hypoaspis differed
significantly between themgelves in respect to their capacity in re-

ducing yleld of mushroom,.

The effect of infestation of R.echinopus on the duration
of spawn-run period, number of buds and fruit body emerged/tray
as well as on yield has been presented in Table 4.7.1. It appears
from Table 4.7.1 that the duration of spawnerun period was signi-
ficantly delay'eﬁ by about 5.6 days in the case of first flush of
mushroom, The effect of mite incidence on the second flush of .crop
wag total while under normal condltion the second #lush is observed
within 9 to 15 days. Similarly, significant reduction in number of
bud as well as fruit body were noticed. This ultimately leads to a
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Table 4.7,1 : Damage caused by R.g2chinopus during spawn run period
and on' flash emergence, formation of bud and fruit
body as well as on yield of: B.sajo r=caiu (mean of
three replications).

No.0f  Spawn run period  No.of bud  No,of Erult  Yield(gm

mite | (days) S body o

inochlas st Ind 1st gnd  1st  %nd  1st Znd

ved TERY  flash fi_l._ash‘ flash  flash flash flash £lash  flash
0 18.00 9.36 36,66  27.60 28.30 15,30 124,00 66,66

1000. 23:66 0,00 13.64 0.00 10.33 0,00 53.33 0,00

(31,14)* (100.00)(62.84) (100 00)(63 ,60) (1oogom(57 01) (100.90)
S.Em(x) 0,52 .0416  1.28 1.17 1,88  0.33 7.31  1.66

sig. b‘significant.

*Figures in parenthesis indicate percent delayed in
spawn run period as well as ‘percent reduction in no.
of bud, fruit body and yleld,
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significant reducdtion in mushroom yleld 'in comparison té that

observed in control one,

The effect of infestatlon of other three species of mushroom
mites on duration of gpawn-run period, number of bud and fruit body
emerged/tray as well as loss in yleld has beén presented in Tsble
4.7+2+ It 18 observed from Table 4,7.2 that the duration of spawne
run pericd is délayed by nearly 7 .days due to the infestation. of H.
hé;_nemag' i1, The delay in the case of T,dimidiatud and H.miles was
nearly 2-5 days and subsequently no second £l sh wag noticed in any
of the mite infested mushroom beds. While in mite free compost bed,

a second flush was noticed after 13 days. The differences observed in
respect to _'r;iurati_on of gpawn-run period were statistically significant
but no significant difference wag observed between H.heinemanni .and
Hemiles infested rushyoom beds. Similarly, the differences observed
among number of bud and £ruit body emerged/tray due to the infesta-
tion of three species of mite were statistically sighificant when
compared with those of control tray and the minimum number of buds an¢
frult bodies were recorded in H.helnemanni infested mushroom bedss The
difference observed between Tedim igiatud and Homiles infested mush-
room beds was not statistically significant. The loss in yield was
alsc maximum in H.heinemarini infested beds followed by H.miles and
T.d imic_jl; atus., But the dlffererce observed between the last LWO' gpe~
cies o‘:I.E mite was not statistidally signifiéan?:. However, they differe

|
ed significantly in respec¢t to contyol experiment.
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The effect of infestation of R.echinopus on the aerial portion
of B.gajor=caju has been presented in Table 4.8.1. It is revealed from
Teble that a significant reduction in circumferénce, thickness and
weight of mushroom cap was noticed when compared with those of funin-ﬁ
fested mushroomss The length as well as wéight of stalk showed a sige |

nificant reduction due to the infestation ‘of the mites.

The effect 6f infestation of other threée species of mitey
namely T.dimidiatus, H.holnemsnni and Himiles® on the aerial parts
of‘zglqpéxense has been given in Tabdé 4,8.2. It is revealed from
Table that significant reduétions in circumfererice, thickness and
welght of mushroom cap were noticed in comparison to those of, control

experiment. The maximum reduction wiés noticed with the infestation

of H.helnemanni and the differengeé-were statistically significant
when compared with those of other two species. The difference obser-
ved in.respect to reduction of elrcumference of cap betweeb T.dimidia
tug and}ﬂﬁmi;gg was not statlstically significant, Similarly, the
maximum reduction in éhickneés of cap was noticed in H.heinemanni
which varied significantly from those of other two specles, But the
differences observed between T.dimidiatug and H.mileg in respect to
welght and thickness of ?aé were not statistically significant but
they varied significantly from contmwl experimentﬁvTﬁe differences
observed in respect to reduction in the length of stalk of mushrooms
due to the infestation of three species of mites were not statisti-

cally significanty
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The relationship between various densitles of mites and loss
in yield of mushroom hag been presented in Table 4.9. It may be seen.
that the loss in yield was maximum while tﬁe density of mite was in-
creased to 1500/500 gm of compost. This is true for all.the four spe
cles of mite. Howdver, the differences observed in respect to yleld
loss in fruit body were aot‘s&atisticaliy éignificant when compared
with those of 1000 mités/500 gm- compost. However, the-différence in
'ghe yield recorded in betweén two deéensities of mite i.e, between 500
:%nd 1000 was statistically significant. But. they differed signifi-
éantly from those of controil exp @2riment. Agaln, the'aigﬁggences
observed in respect to yield loss in between two different types
of mushroom i.e, P.gajor=caju and B.ogtreatus due to the infestation

of . Regchinopus was not»statistiéally~sighifi¢ant under three levels

of densities l.e. 500, 1000 and 1500 mites per 500 gm compost. But
the difference was significant in respect to control egperimenta

Similar trend was also noticed in other three species of mushroom
mites i.e. Lodimidiatug , H,heinemannl and H.mileg on their hosts,

n:amely !‘_.10ng enge and _y_ﬂmtl‘\.Ig_ cea.

There are seventeen specles of tyroglyphid mites reported in
association with mushrooms thioughout the world. Among them, Tyroe
glyphus dgmig;gtug is considered as the most important species; The
symptoms of damage appear due to the infestation of this mite have
been described by Jary and giapley {1937) . The mite hollows out very
tiny buttons leaving oniy shells to be remain intact and in such
buttons, eggs and all immature stages occur. On larbe mushrooms, ca-

vities of varlous sizes develop on the stalks and caps due to its
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feeding rendering them unfit for sale, Similar observations have also

been racorded by the present author thus gonﬁming the observations

made by Jary and Stapley (1937). However, detalled published records

pertaining to damage symptoms of other three species of mite, namely

B_ge_chinq us, H,heinemanni and ﬁ.m are lacking, It has been repor-

ted that 55~gci11nqg__ ug is found on decaying mushrooms in Britain (Hughes,
7 %)s:/s-imuarly, E.heipemapn;l. has al__so. been reported on decaying |

msﬁfooms- and does not feed on mushroom tissue. It ig attracted by
the micro-organisms present on' decaying i‘tmsr}rbdij{ts. Due to its feed-
ing on the micro-organisms, the mite spread certain diseases of mush~
roomg (H1ll a‘na/;_eahl., 1978) .. Regarding I;I_.Ln_:!._g_._gg no published report
is avallable as it has been reported for the first time by the pres-
ent author: to feed on 'mushrdoms".‘i.ﬁ- is evident from the present
investigation that all the four species of mite aré very destructive
In mycelial stage of mughroom as i}lay‘ be seen from E‘.ig',_A.-S‘. The des~-
truetive pot-e_néial of mites are more or '-iess at per with siight
higher in H.heinemanni based on the decrement of weight of mycelial
mat'(85.23 %: The lowest rate of weight decrement was recorded in
H.piles which was around 68.48 % 4 The differences obseérved in.respect
to thelr damage potential on two types of mushroom was very negli-
gible. In other words, it may be said that no vakietal preference
exists among four species of mushroom mités. The nature of prefer-
ence for various part® of fruit body was not similar among four

species of mite,
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1t is revealed from the experiments conducted to study the
impact of four species of mites on the duratién of spawn-run period
(Fig«4.6) thaj;_ fl}e duration was least ag'fécte'd due to the attack of
I.dimidiatug followed by H.mileg, H.heinemanni and R.gchinopus. Durir
the spawn—:ﬁn-period, mushroom pagses;through mycelial stage and
therefore, E{echiQPE“E was the most injurious species during this
period due to its preference for mycelial stage of mushrooms, The
bud stage of mushroom was most prefered by }l_i_.h_e_ inemanni and 5.echino.-_
pus as is evidenced from the percent reduct;on @é nﬁmbér 6£ bud which
were 64,83 % and 62.84 % in H,heinemanni and E,éégingggg, respecti-
vely. The percent reduction in mzmber af bud were onlf 45.05 % and

41.33 % in g.n_x_i_._;g_g and Z.dimidiatug, respectively. This again indica=-
tes that,ﬁ'efﬁiﬁéeﬁﬁ and H.heinemanni has more capgbility in causing
damage to mushroom in comparison to other two reméining species of
mites. The maxinum reduetion in number of fruit body was noticed

due to the infestation of g,heinemggg; (83.75 %) followed by T.dimi=
diatus (71.25 %), Hemlles (67.54 %) and R.echinopus (63.60 %) in the

descending orders All the four species of mite inflicted severe damag
to mushroom ¢rop as a result second erop dquld not be obtained in the
mite infested beds. As such they may be considered as highly injuri-

ous to mushroom cultivation,

On the-other hand, Eggimiggaﬁug'makes & large holé at the
basdsl reglior of muishroom and gradually hollows up the entire stalk
portibngjg;heiﬁemgﬁni"initiates destruction of mushrooms £rom the

basal region énd“gradually destroya the entire mushroom, Thé damage
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caused by H.miles is undoubtedly pe.c;ul-."*ia,'z;‘i_’j JInitially, it attacks
the volva and then it crawls to the cap regicn. It is revealed £rom
the Fig.4.7 that the reduction of length of musliréom stalk due to the
infestation of four species of mite varied between 38,58 % to 48.77%.
Therefore, the dlfferences cbserved among the four species of mite
are of little significance¢ However, the percent reduction in weight
of stalk varied enormously among four spéeies of mite: The maximum
reduction of welght of stalk was noticed in Hcheinemanni (87.16%)
whilé it was as low as 42,30 % in the case 6£“§;echinogg§, The reduc-
tions noticed in the cases of E.Qimigiatng.and.ggmi;gg ware 74.,07%
and 62,90 % respectively. It 1s therefore, evident that R,echinopug
and H.mlles do little damage in the stalk region of mushroom in com-
‘parison to those caused by H. einemanni and T.dimidlatug,

When the effect of infestation of four mites on the cap por-
tion of a mushroém was ¢onsldered, it was found that H.heinemanni
prefers the gill and upper portion of the cap. As a result; a severe
reduction in circumference of mushroom cap to ‘the tune of 70.00"%
was noticed while in other threei species it was around 37.00 %. Simi-
larly, thickness of the cap was alsc affected adversely due to the
infestation of H.heinemanni and the level of reduction was around
75.43 % while in other cases it was bslow 38.00%« being the lowest
in the case of R.echinopus (22.72 %). The percent weight reduction
of mushréom cap though highest in the case of H,heinemanni (91117%)
such reductions were also noticed in the case of T.dimidiatug (80,10
and Hemiles (70491 %).. However; it was only 36.36 % when the Infes-
tation of R,sehinopus was taken place. It, therefore, clearly
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indicates that R.cchinopus does not like the cap portion of mushrooms
while it is very much liked by-gp'gingmapng¢ The other two specles
of mite, namely, T.dimidiatus and Hemileg did not infest the gill
portion of the cap but conSUme,ﬁhe inner tissue of.cap portion infl-

icting severe welght loss of cap region of mushrooma.

Attempts were also made to collegt'prelim;nary informations
on the economic injury level 6f four species of mughrsem-mites,-It
may be geen in Fig.4.8 that a direct liqear :elatng§hip in loss of
mushroom ydeld was noticed with the ingggﬁgg in seﬁereness of infes-
tation brought about by simultangoﬁs increase in mite population f£rom
0 to 1500/500 g of composts It ﬁaé obgerved that the decrement of
yleld was very fast when the population ﬁas"increasea,from 0 to 1000.
Thereafter, the rate of yield decrement was slow in between 1000~1500
mites/500 gm of compost. It may bé computed arithmatl cally that a
population of 100 mites would bring about'ngariy 9,0 % loss in yield,
Therefore, it may be sald that the density of 100-200 mites of R.echi
ggpgg_wouid be of great significance and 2@ control measure may be
recommended at this stage. The economic injury level would vary
among. four specics of mite as weil‘as_betWéen two specles .of winter/
summer mushrooms. The-detailed~s#udies on,theveconomic'injury level
of mltes was however beyond the scope-of the present investlgation
and thergfore- the @xaét level of economic injury could be mentioned

with authentieity. Thils needs immediate attention. It appears from

the published llteratures that no attempts have so far been made to
study the economy injury level of mushroom mites in any parts of the

world.
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4§5 Rearing of mushroom mites.on’aggificial dietg

The suitability 6f eight kinds of artificial diet mentioned
sarlier in column 3.2.8 of Materlals and Methods were tested on four
species of mushroom mlte and the data obtained have been pregented
in Teble 4.10, Significant differences were observed among four spe-
cles of mushrcom mite as well ag among eight kinds of artiflcial
dlet while the decrease or increase in mite population was.consider-
eds It ls revealed from Table 4,10 that the ‘type 'F! diet was the
most sultable for R.echinopus (Plate 4.2%) followed by 'C*, 'H' and
'‘G! types of diet, Nc significant difference was, however, cbserved
between the last two dlets but they differéd significantly from the
'F' type of dlet while the rate <£ increase ¢f mlte pepulation was
considered. The ‘D' type of diet was the least suitable while 'A' ,'B
and 'E* types were less suitable for rearing R.echinopug. In the case
of T.dimlidiatug, the *H' type of diet provided the kest result (plate
4,76) folldwed by 'F', 'C" ahd ‘G' types 6f diet. No significant
di fference. Wwas: observed between 'F' and 'H' typss of diet as well as
between '€! and 'G’-types of diets, Thers was no development of mite
populatien on the 'A' type of diet while it was considerably less in

the 'B' and ‘D' types of diet.

On the other hand,; the popuiation of H.heinemanni could not
‘be raised in any of the diet type from ‘A* to ‘E'. All the inoculated
mites (10)'died a few days after release, However, the 'H' type of

diet was moderately sultable and may be consldered as the best type
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Table 4,10: Suitabllity of various artificial dilets to four spp.
of mushroom mites (mean of three replications).

Type of Numberéof 1ncréasé(+)/DeeréaSe(—l 1n‘mite ﬁépulatidﬁ"
Diet mites re- (No.) after 30 days
leased « m——— ——
R.gchinopug T.dimidiatug H.heinemanni H.miles

A 10.00 120,00 0,00 «10.00 =10.00
* *(1200.,00) ( 0.90) (=100.00) («100.00)
B 10.00 154,00 111,00 ~10,00 0.00
. (1540.00) (1110.00) (=100.00) (0.00)

c 10.00 290,00 277.00 ~104,00 0400
. (2900&90) (2770.,00) (100 .00) (0.00)
g . ( 190,00) (720,00) (=100,00) (0.,00)
* (1420.00) (1510,00) (~100.00) (0.00)
g 1000 416,00 483.00 38,00 0,00
* (4160.00) (4830.00) (380.00) (0.00)
¢ {2110.00) (2370.00) (500400) (250.00)

H 10.00 230,00 499,00 188,00 95,00
M (2300.00) (4990,00) (1880.00) (950,00)

" b 3 tést»a significanf

For mite spp.
C.D, (P=0005)
c .D. (P=o ‘01)

- 74424
- 98.69

For dlfferent diets
C .Dg" ( 000 5) - 74 ¢24

* Figures in parenthesis indicate percent increase/decrease
in mite population,.
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of dlet for the mite species (Plate 4.20).. The other two types.of
dlet, hamely 'F' and 'G' were less suitable: and no significant :é%-,l_,f,ﬁ—
erences was found between these two gigis in respect to population
development of mite. They differed significantly in respect to the
growth of mite population from tﬁe.iﬂ‘ type of dlet. The fourth
species of mite, namely, H.miles also’reacted in similarifaéhion
like the previcus specles when the sultability of diet was consi-
dered. It appears that the 'A* type of diet was wnsuitable for them
due to théir mortality on such dlet., The diets ranging from B o
'F* category were also unsultable for them as no population growth
was recomded on such diets, All the inoculated mlites (10) survived
till 30 days without any’prqgeny;producﬁioni The other twd diets,
naely G® and 'H" werée suitable to H.mi;gg-(Plate-442§) 0 ‘certalin

extent as progeny vroduction was recorded in these two ‘cases, The

difference observed in the' rateé of increase based on these two diets

were sta;istiéally similar,

The-de?gloﬁment of a:gﬁitabie-digﬁaof an organism is a pre-
requisité in the putritidpal'sﬁﬁéiesp This, in turn, helps to under-
stand the physiological mechanism of a species which can be utilized
in the formulation of the control strategy of a—ﬁeSt. wWith this obj-
ective in mind, eight artificial dlets were tested against four spe-
cles -of mushroom mites. It was observed that all the mites differed
signifl cantly among themselves in resPedt'ﬁo-their;prefgreﬁce on
elght arﬁifigial-diets.éignifying thelr @ifferential nutritional

reqpirementsLZIt is. interesting to mention that R.echinopus gerived



4.27

4,28

4.27-4.28: 4,27 Culture of H.
H' type of artificial diet; 4.28 Culture
of H.mileg in 'H' type of artificisl diet.
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thelr nutrition mostly from wheat kernel as such they may be

termed as a germ feeder. The data presented in Table 4.10 and Fig.
4.9 indicate that the maximum rate of populatlon increase was notic-
ed while they were prévided with a dlet which consists of agar. wheal
kernel, yeast and distilled water, But the similar high rate of in-
crease was not malntained when they were provided with a dlet con- |
slsts of agar, wheat kernel, mushroom pqwdér and distilled water.

It is confusing to a great extent how the rate of increase of the
mite specles was so high (2200%) even in the present of a dlet con-
sisting of agar, dextrose and distilled water. The data collected
for other dlets clearly indiéates that they can maintain a fairly
high level of population growth in the presence of wheat kermel,

a major source of nutrition to them.

It may be mentloned in this context that the infestation

.of Reechinopus is frequently fouad on various types of vegetables

‘under storage condlition. It, therefore, an indlcatlon of their non-
dpeelfic nature of food requirement,And it 1s not & specific pest of
mushroom. The otheér speeles, T.dlmidiatus can not retain lits rate
cf multiplication oﬁly in the presence of wheat kernel, They mul
tiﬁiy‘vigOrously (4530~%.inc:ease) in the presence 6f a diet con-
sisting of wheat kérnel and yeast extract. It may be seen from
Table 4,10 that its rates of multipllcatlions (2770% and 2370 % in-

crease) were considerably hiigh and was possible when it was fed
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on dlets consisting either of a mixture of dextrose and ‘distilled
water or dextrose, wheat kernel and straw juice. Again, the food
habit of the species appears to of non-specific in nature though
1t has a clear preferénce for mushroom. The other two species,
namely H.heinemanni and H.mileg showed a clear incliration for
mushroom as fobd; Similarly, their rates of multiplication were
high only when they were supplied with mushroom extract as their
food. The- diet types 'A' to 'B' were unsultable for H.heinemanni

though H.miles was able to derlve some amount of nutrition from

these diets for their survival but was unable to. produce any pro-

N

genye.

It appears from the aviallable published literatures in
this directioén Ehat nutritional studies on mushroom mites are lacks
ing. Iimited informations are avallable on. storage mites belonging
to the Family-Acaridae which forms the major group of mite pest of
store gralns. Varioug diets which have been developed by varlous
workers for acarid mites generally consist of yeast extract, dex~
‘trose, dlstilled water, whéat germ eta, A similarlty in preference
among ‘the mites belong %o the Super-Family Tyroglyphoidea is found

because of the fact that their ancestors. were mostly fungus feeder,
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4.6 Developmental pattern of four spp.

of mushroom mite in relation to tem=
perature ang.relativg humid;tz )

4.,6.1 Effect of three levels of temperature
and relative humidity on the duration
of _mating period ' ' '

Effect of three levels of temperature and relative humidity
on the duration of mating of four specles of mushroom mites have been
presented in Tables 4,11 and 4.11.1 and Fig.4.10. It may be seen
from Table 4:11 that there was significant difference in duration of
mating among four species of mushroom mites irrespective of temper-
ature and relative humidity. In other words, the duration of mating
wag the highest in T.dimidiatus followsd by Re.echinopus, g.heinemggn%
and Hemiles. The duration of mating of the two specles of mite (H.

heinemanni and H.miles) could not be recorded at 30 % r.h. as both

of them died under such condition.

It may be seen from Table 4.11.1 that the 1nteraction'betweén
mite and temperature is significant. This indicates that the duratiop
of mating of the four mite specles followed dlfferent patterns at
three levels og temperature. In general, the duration of mating was
the lowest at higher temperature with an exception in the case of
H.heinemanni. However, the differences observed in between 20°C and
30°C was not statistically significant in the case of T.dimidiatus

and Hemiles .



a38.

60°2 ' e (to°o=d)*a‘s
65°T €8°T £€8°T (s0°0 =d)*a°s
JURDTITUDIg juedITubis JURDIITUDIS < 3895 ,d,
X3jprumy X3 rpTumy
SAT3RTOY X eanzeasdulag, BATICTEY X BITW 2angeasdusy, X 3TN
z0°91 SLLT  02°2T 06
- ZE*0T Sv°ST SL°0Z 09
00°0 LT°s  L0°c >
Nﬂw *H°Y"
9€° 1T €0} 00°0 €LV €9°9 €0°8 FSTu H
€8°0¢ 06°9T 00°0  €0°TT  £€8%0T  98°ST FOUCTouTou |
oL0zZ. £2°ce €2°6 9L°8 £6°02 ov ez
€L°1C 98°¥1 oL*T 99%0T  9L°2T 00°ST Fndoufuos° q.
06 09— oe _  _0Ov Ot T og_ -
(% )°H'Y (Do) eIN3RISduRy £

*S93 W woolysnu o sejosds Inog Fo (Sejnujw) poyIed .HufiPw Fo UOIEIND
U3 uo A3PTUMY: SATIRTST pue sInjeradwsl JO SUOTIDRISIUT FO 0FIg ¢ 1°T1°F STAer



DURATION (MIN) DURATION (MIN) DURATION (MIN)

N . ) — n
- 7w Ty i
m m. il 8 . X ]
£ = iy il gul
m ]
m = = =D ; ) 888
2 < R J e I
m TS S R
c L e > B ®
L -~ D - O
a . c s a3 =3 5
m - = 388™ a &3
— o W — B o'E .~ 3ae
S SRR o gggn 2
Q REL 2°7Q SE
gt -
FEE

FIG. 4.10 EFFECT OF CONSTANT TEMPERATURES (A), RELATIVE HUMIDITIES (B}
AND INTERACTION OF TEMPERATURE AND RELATIVE HUMIDITY, (C) ON
THE DURATION OF MATING OF FOUR MUSHROOM MITES.
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F}Gi 4.11  EFFECT OF CONSTANT TEMPERATURES (A), RELATIVE HUMIDITIES (B)
AND INTERACTION OF TEMPERATURE AND RELATIVE HUMIDITY (C) ON
THE DURATION OF PRE-OVIPOSITIONAL PERIOD OF FOUR MUSHROOM

MITES.
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FIG. 4.12 EFFECT OF CONSTANT TEMPERATURES (A), RELATIVE -HUMIDITIES (B)
AND INTERACTION OF TEMPERATURE AND RELATIVE HUMIDITY (C) ON.
THE DURATION OF OVIPOSITIONAL PERIOD. OF FOUR MUSHROOM MITES.
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The significant interaction between mite and relative
humidity showed that the pattern followed in respect to duration
of mating of four mushroom mites was different in three levels of
relative humidity. In general, duration of mating was more at hi-
gher ranges of relative humidity but this was not true in the case

£ T.dimidiatus where the maximum <duration of mating (22,23min)

was observed at moderate range of relative humidity i.e. at 60 %.

The effect of interaction between temperature and relative

humidity was also significant and it was recorded that the duration

of mating was the meximum at 20°C with 90 % R.H.(22,20 min), foll-
owed by 20°C x 60 % R.H. (2qa."75 min,), 30°C x 90 % R.Hs (17,75 min),
and 40°C x 90 % R.H. (16.02 min.),

Effect of temperature and telative humidity as awell as
their interactions on the d}:ration of pre-ovipositional period of
four species of mushroom mites have been 'pre_?e_nted in Tables 4,11
and 4.,11.2 and Fig.4.,11. Significant variations were observed in
reg_pect to duration of pre~ovipositional period among four gpecies
of mushroom mites. It was observed that the duration of pre-oviposi-
tional period was the maximum in H.mileg followed by R.echinopug,
H.heinemanni and !{_. imidiatug irrespective of temperature and humi-
aity condltions. |
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The significant interaction between mite and temperature
on the duration of pre-ovipositional period indlicated that the du-
ration of pre-ovipositionéi period followed dlfferent patteimns in
four species of mushroom mites under three levels of temperature.
In general, duration was the lowest at higher temperature and it
increased wiﬁh the decrease in temperature. The only exception was
H.heinemanni where the minimum duration of pre ovipositional period

(1,96 days) was recorded at 30°C,

The pattern was reverse under humidity conditlon, The dura=-
tion was minimum at lower humiéiﬁy range and the maximum duration was

obgerved under moderate level of humidity (60 %).

The effect of interaction between temperature and relative
humidity was also significant. This indicates that the duration of
pre-ovipositional period did not follow the same pattern under th ree
levels of temperature and relative humidity combinations. The maximum
duration was noticed at 20°C x 60 % R.H. (5,50 days) followed by 20°C
% 90 % R.H, (4.97 days) and 30°C x 60 % R.H.(3.85 days).

on the guration of ovigggitiongl gg;igg '

Effect of three levels of temperature and relative humidity
on the duration of ovipositional period of four gpecies of mushroom
mites as well as their interactions have been presented in Tables

4,11 and 4.11.3 and Figi4.12. It may be seen from Table that there
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was significant aifference in the duration of ovipositional period
among four species of mushroom mites irrespective of temperature and
relative humidity. The maximum curation of ovipositional period was

recorded in R.echinopus followed by H.heinemanni, H.miles and I.dimi-
diatug.

The effect of interaction between mite and temperature; mite
and relative humidity and between)@nnidiﬁg and temperature wwre sig-
nificant,. ?herefore. the duration of ovipog@tionaivperioa did not
follow the same pattern in all the four species of mite under various
levels of temperature and humidity. In general, the duration was
higher at lower temperaturns and it was reverse at higher temperature
(40°C). However, deviations were recorded in the case of é,hg;ggggggi
and ﬁ.m;;ga,where'the minimum duration was noticed at 30°C instead
of 40°C. In general} the duration of ovipositional period was higher
at higher rarige of relative humidity with an exception in the case

£ ﬂ,m;lgg where the maximum duration (6,26 days) was observed at
moderate level of humidity (60 %). The best combinatioh of temper-
ature and relative humidity was observed to be 20°C x 60 % R,H,

(7.56 days), followed by 20°C x 90 % R.H,(6.91 days) where the dura-

tion of ovipositional period was considerably less.

Effect of three levels of temperature and relative humidity

on the duration of egg stage as well as the effect of interaction of



these factors have been presented in Tables 4,12 and 4.12.1, There
was significant dlfference in the duration of egg stage among
four species of mushroom mites irrespective of temperature and
humidity., The maximum duration of egg stage was recorded in R.
gchinopus followed by Hemiles, I.dimidlatus and H.heinemanni

The interactions between mite x temperature « Mite % rela-
tive humidity and temperature x relative humidity were also signifi-
cant. This .signified that the .duration of egq gtage followed diff-
erent patterns in four species of mitefﬁnéer three levels of tem=-
perature aﬁd_humidity. The duration was tﬁe'maximum 1n lower temp~-
erature and an inversecrelationship was noticed between the temper-
ature and daration of egg stage. But deviations were recorded in
case of g.éimigigtus ané H.mileg where minimum duration was noticed
at 30°C, On the other hand, a direct relationship was recorded bet-
ween relative humidity and the duration of egg stage. The best. com-
binations between temperature and relative humidity were 40°C x 90 %
R.H,, 30°C x 90 % R.,H. and 30°C x 60 % R.H. where the minimum dura=-

tion of egg stage was noticed.

on the gg;gtion of Aarval stgge Plate 4. 30.4.38.4 45, 4.53

Effect of three levels of temperature and relative humi-
dity as well as their interactions on the duration-of larval stage
have been presented in Tables 4.12 and 4,12.2. It may ke seen from

Table 4,12 that there was significant difference in duration of
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larval period among four species of mushroom milte irrespective of
temperature and humidity. In other words, the duration of larval
stage ‘was 'the maxinum in H.mliles followed by Re.gchinopus, I.dimi-
diatus and H.peinemanni, The significant interaction between mite and
temperature revealed that the pattern of duration of larval stage of
four mushroom mltes was not similar under threéee levels of tempera-
ture. In general, the maximum Juration was noticed at lower temper-
ature while it was the minimum at highest temperature i.e: at 40°C
though in the case of R.gchinopdis and H.heinemanni, no significant

dlfference was observed in between 30°Cand 40°C.

The effact of interaction between relative humidity and
mite indicated that the duration prolonged at higher'humiditY'rahge
while that of between temperature and relative humidity showed
40°C x 60% R.H. as the optimum combination for larval stage (1.21
days) .

446,64 .ﬁi22E_2ﬁ.Eb£§2_l9EQlE_2i_EEEEEEQEEEQ.EEQLEEEEEL!Q
the dux OT :

humidit

Effect of three levels' of temperature and relative humidity
on the duration of quiescent larval stage of four specles of mushro~
om mite have been presented in tables 4.12 and 4,12,3. It may be
seen from Tables that there was significant difference in the dura=
tion of cuiesecent larval stage among four species of mushroom mite
irregpective -0f temperaéure and relative humidity. The duration was
the maximum in H.miles followed by R.echinopus, .gg;ggmgggi and T,
dimidiatus,
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4'54>

Plate'4.31. 2.39, 4.46,

Effect of three levels 0f temperature and relative humi-
dity on the duration of protonymphal stage of four specles of mush-
room mite have been presented in Tables 4,12 and 4,12.4, It may be
seen from Table 4,12 that there was significant difference in the
duration of protonymﬁhal stage of four mushroom mites irrespective
of temperature and relative humidity. The maximum duration of pro-
tonymiphal stages was recorded in H.miles followed by Regchinopus
H.heinemanni and""_l‘;_.girpigiatu_gg

The sign@ficant interaction between mite and temperature
revealed . that the four specles of mushroom mite 4id not follow
gimilar pattern in their duratlons in protonymphal stage under three
levels of temperabure. An inverss rélatiorishlp was notlced between
the mite and tempersture in respect to protonymphal stage, The du=
ration was more under low temperature vhile it was the minimum under
high temperature, However, the differences observed in between
H.beinemanni and Hemileg in respect to duration were not statlsti-
cally significant under 30°C and 40°C,

The relationship betﬁ@eﬁ the duration of protonymphal stage
and relative humidity was dire¢t, The duration increased with the
increase in humidity, The interaction between température x relative
humidity on thefdﬁ;atieg indicated 30°C % 60 % Rl.H. as the optimum

combination for proper duration(1.07 days) of protenymphal stage.
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Effect Of three 1,@@19,9@ temperature and relative humidity
on the duration of quiexcent pgotonymphél stage of four mué§;com mi=
tes have been presented in Tables 4,12 and 4.12,5. It may be seen
from Tables that Ehere'was significant diﬁferegce in the duration of
quiescent protonymphal stage among the four speciés of mushroom mites
irrespective Of temperature and relative hunidity, The duration was
the maximum in R .echinopus Followad by M- ‘_H;,hei;.nemgni and T,
dlridiatug

' . rat onAo auton h 1 t
-Plate 4532, 4 40. 4 474" 4.55)

Effect of threé lavels of temperature and relative humidity
on the duration of deutonymphal stage of four specles of mushroom
mite have been presented in Tables 4,12 and 4.12,6. Significant diff-
erence was. #ecordsd in regpect 0 duration of deutonymphal stage among
four mushreom mites izrrespective of temperature and relative humidity.
The maximum duration of deutonymphal stage was recorded in H.mileg
followad by R.achinopus, T.dimidiatug and H.heloemanni.

The significant interacticn between mite and temperature
indlcated differential pattern in Suration of deutongmphal ‘stage under
three levels of fempefature. An inverse relationship was noticad bet-

ween temperature and mite speciess The highest dux%tion~was observed
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at 1ower-températﬁre, However, in the case df,g;heihemanni the
di fferences observed in 30°C and 40°C were statistically non-

significant.

The effect of relative humidity on the duration of deuto-
nymph of four mushrcoom mites was different. The duration was more
under higher humiﬁity';ange. The optimum temperétuxevand humigity

condition for deutonymphal stage was 20°C x 60 % R.H.

4.6.10 Effect of three levelg of temperature shd relative humidity
on_ the duration of guiescent deutonymphal stage

Effect of three levels of temperature and relative hum;dity
on the duration of gulescent deutemymphal stage of four mushroom mi-
te have been presented in Table 4.12 and 4.12.7. It may be seen from
Tables that there was significant différence in the duration of qui-
escent deutonymphal stage among four specles of mushroom mltes irr-
espective of temperature and relative humidity. The duration was the
maximum in Himlles: followed by R.echinopus, Hshelnemgpni andl.dimidia-
tus.

4.6.11.

mushroom mite

Effect of three levels of temperaturs and rslative humidity
on the rate of egg laying by four mushroom mites have been praganted
in Table 4.13 and 4.13,1 and Fig. 4.13. It is indicated from Tables

that there was significant difference in fecundity among four speciés



106

290 $8°0 SE°T 06
§¥°0 05°0 EE*0 09
SE°T 00°0 000 €

£0%1 00D 00°0 99°0 99°0 0L°0
€L*0 00%0 000 9T 0: 0z*0 9€%0
99%0 00°0 00*0 00%0 92°0 o%*0

€T o0 oo'o  0s*0  esto %0

gty (D) sanjeacdusy

*SS3 W wooIysnw jo *dds anoy
. Fo(sAep)sbejs reyduiucynop JUSISTNE JO uUCTIRIND BY3 UO
A3 TPTUMY SAF3RTSX Pue wua#mnmm&mu JO SUOTIDBIIJUE FO uommmn k- h.wn 'y S1deL



108

E6°L st°6 gi*6 =(10°0=d)*a*o
€0°9 96°9 96°9 ~(s0°0=d)*q*d
JUEDTFFUDTS JUEDTIFULTS Jue2tyTubis -  3se3 4,
A3 TpTumy SATIRTLRY - Kypopumy
X 2an3eIsduey . IATIBTSY X SQTW  axnjersdudl X 3TH
26°9G 0€*68 LS*0L 06
L2 OL°GE ‘DE*EE 09
00°0 TE'E 00°0
8L°8E DE*6Z 00°0 EP*%T €T°8¢ gp sz
£0°8L v 8T 00°0 CE*0Z SL°0S £v°Se FoUCUSuon H
9£*29 0Z%EE. 80°0 EE* 0% 26°2€ $E*22 ENCIOTUIR T
O%*60T £6°E% EV°P 9Z*cE €265 9Z*59 SndouTuos*
06 93 . oF ov__oc 0Z_ .
{38y “H*x (2s) axnjexsdusy, S8

‘oqTu wooxysum JO *dds InoF yo A TPUnOSIF Syl UO .
Z3Ipumy @AF3IRISI pue 2InjeIeduley JO SUOTIORIOIUT FO FVOIFF TETH STARI



_._. , . "STLIN WOOUHSAW ¥NOd 40 IDNIDWIWT
11NAV J0 F1VA TFHL NO (D) NOLLOVIILNI dIFHL ‘ANV (g) SILL
SIAINNH FALLY 138 {(V) STANLYYIdWIL INVLSNOD 4O 1D 444

ql*h “DId

.mnv mw. o .n... nﬂwm
71 . 2 !
i 1 < = = L.
o @ s ~. w 23c o !
U....u.. [~} \ o p..m ) I . . o o
W.m £ < ¢ =3NS £ 5 @ M“N w TLL P . @Lw.3
s 2 ) — < hm.mz ey —. b o oo C _
..mmm.u A\ o4 C.l.e.m ) .?. > 03 G ! Sod 1y
°5 < E N mi} ST Vo< REE _ |
o Bl o Py s mEEm Y @ RS8R/ "
i = 1yt o s P
ye L |o i 8 = 1.6 &4Q
1 o Lii ‘ i .
lad .8 ;
L b 1 i i ..U Am mo L Rw P s 40...& 5 2
&3 2 K e -° o~ = = o N = =
SAvd) NoILvand SAVA) NOILVaNa (SAVA) NOILYand
*SHLIN WOOWHSNIA mLDO.L 40 ALIANND3IA ZOAUV ALIAIWNH
JAILY 1949 ANV mmD.:\m,mmEm._\ d0 Z..O—.—.U(Mm_._.z_ aNY (d) SdILL
-IAINNH m>.:.<..._.m.m ‘() STINLYYIdWEL INV.LSNOD 40 103443 £1'h *Dld
o o ©
A o)) ! W
S50 1 = :
Qo w <t W [y = !
S8 E Y IS S S .
£T 9 o 3 8§83 T C e D é
< §ES ™ & B £58 w o ZTT .
= oF < < 2 £E3 > U e |
SaE w M = - B’ER !
‘ ..D_M.. 0 i = 23 !
1¢ ' . : . !
1 ot pof 1 o &
i ~ ‘H. H ® L ‘
el »o
e v o ¥ o e B o B o 0O w O wn
0w o ) - .
8 8 X &8 w 88 ~® A S5 X 8 &
(SAVQ) NOILvind (SAVQA) NOILVANd (SAVA) NOILVENd

TEMPERATURE. (°C)

TEMPERATURE (°C)



109

of mushroom mite irrespective of temperature and. relative humi-
dity, The maximum number of eggs was laid by R.echinopusg followed
by Tedimidiatus, H.heinemanni and Hemilegs. The significant inter-
actions between mite and temperature and between mite and relatlve
humidity revealed that the pattern of egg laying of four mushroom
mite was not similar under three levels of temperature and rela-
tive humiditys In general, the maximum number of eggs were lald
under moderate temperature condition (309¢) with an exception in the
case of E;ech;noggs and T.dimidiatus « R.g¢hinopus laid the maximum
number of egg at 20°C (65,26 ) while E.dimidiatus realised it at
40°C (40.33). However, all the mites laid maximum number of eggs

at 80 % R<H, The optimum temperature and relative humidity condi-

tion was 30° x 90 % R.H.

Effect of th;ee levels of temperature and relative humi-
dity on the rate of ‘survival of egg stage have been presented in
Tables 4,13 and 4.13.2, It appears from Tables that there was signe
ificant difference in the rate of survival of .egg stage among four
mushroom mites lrrespective of temperature and relative humidity.
The maximum hatching of egg was recorded in H.miles followed by
H.heinemanni, R.echinopug and T.dimidiatug. The significant inter-
action between mite and temperature indicated that the rate of
survival of four mushroom mites in egyg stage did not follow simllar
pattern under three levels of temperature. Maximum hatching of eggs

in R.echinopus , H.helnemanni e=nd H.mikeg were recorded at 20°C
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while that of I,dimidlatug 'was noticed at 30°C. The rate oOf hate
ching of egg waS'aiways higher at higher humidity range (90 %) and
the optimum temperature and relative humlidity combination for hate-

ching was 20°C x 90 % R.H,

Effect of three levels of temperature and relative humidity
on the rate of survival of larval stage of four speciles of mushe=
room mlte have been presented in Table 4,13 and 4.13.3. It may be
seen from tables that significant difference was noticed in the rate
of survival among four mushroom mites lrrespective of temperature and
relative humidity conditionss The maximim rate of survival in larval
gtage was noticed in T.dimidiatus followed by H.mileg, R,zchinopus
and H.heinemanni, The significent interaction between mite and temper-
ature revealed that the rate of larval survival among four species of
mushroom mite, 'did not follow similar pattern under three levels of
temperature. The maximum rate of larval survival was cbserved at 20°C
in the case of R.echinopus and H.héinemanni while in other two speci-
es it was observed at 30°Ce The maxlmum rate of larval survival was
always noticed at higher relative humidity range (90 #%). The -optimum
temperature and relative humidity combination for maxlimum rate of

larval survival (76.22 %) was noticed at 30°C x 90 % R H.

Effect of three levels of temperat ure and relative humi-
dity on the rate of survival of protonymph have been presented in
table 4.13 and 4.13.4. It may be seen from Tables 4.13 &nd 4,13.4
that the significant dlfference exlsted in the rate of survival
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_of protonymph among four mushroom mites irrespective of temperature
and relative humidity, The maximum rate of survival was noticed in
Hemiles followed by I.dimidigtus, H.heinemanni and R.echinopus. The
significant ifteractions between mite and temperature and between
mite and relative humidity indicated that the rate of survival of
protonymphal stage in four species of mite was dififerent under three
levels of temperature and relative humidity. The maximum survival
rate was noticed at 30°C with an exception in the case of R.echinopus
where it was observed at 20°C (28.44 %). However, the rate of survi-
val was always higher at higher relative humidity range. The optimum
temperature and relative humidlty combination for protonymphal sur-

vival (82.41 %) was 20°C x 9C % R.H.

Effect of three levels of temperature and- relative humidity
on the rate of survival of deutonymph have been presented in Tables
4,13 and 4,13.5. There was significant dlfference in the rate of sur-
vival of deufohymph among four species of mushroom mite irrespective
of temperature and relative humidity combinations. The maximum rate
of survival was noticed in T.,dimidistus followed by H.miles, R.gchi-
nopus and H.heinemanni. The significent interactions between mite
and temperature and between mite and relative humidity showed that
thelr patterns of survival was different under three }evels of teme
perature and humidity conditionss The maximum survival was notilced
at 20°C except in the case of H.miles where 1t was observed at 40°C

(50,56 %), And the rate of survival was always higher at higher
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humidity range (90% ). The best temperature x relative humidity com-
bination for the maximum .survival (80.25 %) was 30°C x 90 % R.H.

\
Effect of three levels of temperature and relative humidity
on the }até of adult (Plake 4.33,4,34, 4435, 4.41, 4.42, 4.48, 24,49,
4,50, 4,56 and 4.57) emergence in four spécies of mushroom mite have
been presented in Tables 4.13 and 4.13.6 and Fig.4,14: A significa-
NEL differencg was observed among four mushroom mites in respect to
adult emergence irrespective of temperature and relative humidity
conditions. The maximum bumber of adult emergence was noticed in

R.echinopus followed by T.dimidiatus, H.heinemanni and H.mileg. The

significant interactions between mite and temperature and between
mite and relative humidity revealed that the pattern of adult emers
gence of four gpecles of mushroom mite was dlfferent under three
levels of temperature and relative humidity. The maximum number of
adult emergence was noticed at 30°C with an exception in the case of
R.gchinopus where it was occurred at 20°C.: The adult emergence was
always higher at higher humidity range (90 %). The optimum temper-
ature and humidity combination for maximum number of adult emergence

was 20°C x 90 % R.,H. followed by 30°C x 90 % R.H.

Varilous biological‘paramétefsw like mating behaviour, pre-
ovipositional and ovipositional period, fecundity and duration of
life cycle of a species are of gréat Importance in judging its pote
entiality as pest. The mating beliaviour has direct bearing on the

] X .
sex ratlio of a pest. It was observed during the present investigation
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that the duration of mating was the highest in T,dimidiatus
followed by R.echinovug, H.heinemgnpi and Hymiles, It was fur-
ther observed that the temperature and relative humidlty played
an important role in the duratlon of mating. The response of
four species of mushroom mite to various levels o6f temperature
and relative humidity was different. Therefore, the duration of
mating pattern was different among four mushroom mites under
three levels of tomperature and relative humidlty, It appears
that the duration of mating was highest at 20°C x 99 % R.H.
£ollowed by 20°C x 60 % R.H., 30°C x 90 % R.H, and 40°C x 90 %
R.,H. These obssrvations showed that warm temperature along with

high relative humidity are preferréd for mating,

The duration of pre-ovipositional period is usually det~
ermined by complex physiological factors normally associated with
the nutritional requirements of the aduit females, But the ecolo-
gimal factors like temperature and relative humidity influence the
duration of pre-ovipositional period to a considersble extent, The
maximum duration of pre~ovipositional period was noticed in H.mileg
followed by R.echinopus, H. einemgnni and T.dimidiatus. The pre-
ovipositional pericd of four mushroom mites varied greatly under
various combinstions of temperature and relative humidity. In gen-
eral, the duration was minimum at hlgher temperature showlng an
inverse relationship with temperature while it bears a direct
::elat:llqnship with relative humidity. The shortest duration was
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recorded under 30°C x 30 % R.H. (1,30 days), followed by 40°C x
60 % Ru.Hs (2.25 days) while it was maximum at 20°C x 60 % R,H,
(5450 days) followed by 20° x 90 % R,H, (43%7-days)‘

The duration of ovipositional perlod is alsc of great sig-
nificance to s pest specles, It has a direct bearing on the intrine
sic rate of increase of a species, The duration of ovipositional
period has also indirect influence on the productivity and survival
potential of a pest specles. It 1o disatvengagious for a pest to
have a too shorte or too long ovipositional period. It was observed
that the maximum duration of ovipositional period was recorded iq
R.echincpus follewed by H.helnemsnni, Hsmiles and Z.dimidiatus. The
duration -of ovipositional period was greatly altered under varlous
combinations of temperature and relative humidity. In general, the
ovipositional perlod bears an inverse relationship with temperature
while it is reverse in the case of relative huﬁidityg The durations
of ovipositional periods were too long under 20°C x 60 % R.H.(7.56
days) ané 20°C x 90 % RH, (6.91 days) while it was shortest (0.50
day ) under 30°C x 30 % RuH, The moderate gurations were recorded
undexr 30°C x 60 % R.H. (3,35 days). 40°C 2 60 % R.H, (3,77 days)

and so On,

However, the duration of total life cycle is a better esti-
mate tC assess the effect of temperature and relative mimidity on
.dévelopment, The developmental time in days from egg to adult may
also be expressed in terms of veloclty of development, The data

presented in Table 4,14, Fig.4.15 and plate 4,29 to 4,57 indlcated
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that the speed of development increased progressively with the
increase in temperature which was true for all the speciles of
mushroom mites when the temperature was increased from 20°C to
40°C,. However, the effect of different levels of relative humidity
was less pronounced. In the case of R.echinopus, higher relative
humidity (90 %) increased the duration of life cycle while in
other three species the duration was increased under lower level
of relative humidity. It was observed with surptise that all the
four species falled to develop when the level of relative humidity
was low (30 %) irrespective of level of temperature. It was fur-
ther observed that T.gdimidistus and H.heinemanni also failed to
develop at 60 % R.H. irrespective of level of temperature. This
clearly shows their preferendum for high humidity (90 %). The
other two species, R.echinopug and H.mileg were able to develop

at 60 % R.H. under 30°C and 40°C temperature levels. They had
also preference for high relative humidity (90 %). The duration
of life cycle was shortest in H.heinemanni followed by T.dimidiatus
and the other two specles, namely R.echinopus and H.miles did not
show much difference in their durations of life cycle. But at 20°C
X 90 % R.H. level, the duration of life cycle in H.mileg was shor-
ter in comparison to that of R.gchinopug. In reverse, the duration
of R.gchinopus was always shorter in comparison to H.mileg at 30°C
and 40°C. It is a clear indlcation that H.miles is better adapted

at low temperature condition.
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Table 4.13 and 4,13.1 to 4.13.6 and Fig.4.13 and 4.14
summarize the influence of temperature and relative humidity on
development of four mushroom mites. The maximum egg laying capa-
city was observed in R.echinopug followed by I.dimidiatus, H.hei-
nemanni and H.miles. This limitation in H.miles is compensated to
a great extent through its relatively higher rate of survival in
immature stages during the period of development., The rate of sur=
vival of immature stages was also high in T,.dimidiatus along with
higher capaclty for realised fecundity. These attributes have .con-
tribu%gd immensely to dqsignate it as the most potential injurious
speciés among mushrpom,mites. Several authors around the world
expressed similar views regarding the pest status of~2,g;m;ggg§g§
(Austin and Jary, 1936y Jary and Stapley, 1936),

It is further evident from the present investigation that
all the four specles prefer high humidity (90 %) for their optimum
developments, This nature is an obvious reflection on thelr ances-
tral inheritance being obligatory fungus feeder. In general, fungus
(mushroom) grow well under high humid condition and therefore the
nites feeding on fungus/mushroom would obviously prefer similar
ecological niche, But the temperature preferendum varied widely
among four species of mite, R.echinopus being a pest of winter mush-
room showed a clear preferénce for 1low temperature (20°C) for its
optimum development., The remaining three species on the other hand,
exhibited a definite ineclination for warm temperature (30°C) being
summer bound occurrence and at least Hemiles showed its abllity

to multiply even at temperature as high as 40°,



123

The informations pertaining to the ecology of mushroom mites
are mostly lacking. It has been reported that they prefer warm and
high humid. conditions for»development.(Rivert,;970). Similar obser=
vation has also been made by the present authors Due to the absen-
ce of published literatures on the ecology of four species of mush-
room mite, the present author could not undertake elaborated dlscu-

ssion. on the subject.

4.7 Seasonal incidence of mushroom mitegs

It Nas been discusged in fore-golhg paragraphs that four
species of mite are assoclated with mushroom cultivation in West-
Bengal. They occur in a séquence periodically without overlaping
each other (Tables 4.15 to 4,18 and Fig.4.16 to 4.23). R.echinopug
is prevalent only during January to March when other mite spacies
are absent oh mushroom. Attempts were made by the ‘present author
to establish relationship between the mite population Eouﬂd during
different growth periods of mushroom and major ablotic factors. It
is revealéd from Table 4.15.1 that a positive cerrelation exists
between temperature and the density of mite popuiation found in
straw. Similar relationship was also noticed between temperature
and the qénsity of mite population recorded during mycelial stage of
mushroom (Table 4.15.,2): The nonesignificant ‘t’ values in respect
to relative humidity indicatad the non-relationship between the den~-
sity of mite population and relative humidity. The maximum population

of the mite was recorded towards the end of March when maximum
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Table 4,18.1 : Influence of major abiotic factors on population
fluctuation of R.cchinopus in straw component.

Date of Né;of miﬁe ’ ' Témpe:atu:e (°C) 'Relétive_quidity(%)'.
'ngggv- ?geggnzﬁéaw Max, Min, Mean  Max. Min.  Mean
1,1,.84 12,66 17.00 15.50 16,25 66450 62.50 64.50
8.1.84 14,33 22,00 20,00 21.00 70.00 66,00 68,00
15.1.84 18.33 24,00 20,00 22,00 79.00 77.00 78.00
22,1,84 16,66 20,00 17.00 18,50 80.00 76.00 78.00
1.2,84 20,33 21,00 18,50 19,75 75,00 73,00 74.00
8.2.84 20400 20.00 16,00 18,00 62,00 58,00 60.00
15.2,84 25,33 23,50 18,00 20.75 58400 54,00 56.00
22.2.84 13,33 25,00 20.00 22,50 43,00 41.00 42.00
1.3.84 20466 25,00 21.00 23.00 44.00 40,00 42.00
8.3.84 26,66 28,50 26,50 27.50 62,50 58,50 60,50
15.3.84 36,00 33,00 29.50 '31.25 63.50 61,50. 62,50
1,1.85 25,33 23.00 20,00 21,50 68.00 64.§{? 66400
841,85 24,66 22,00 19.00 20.50 67.00 es.éo- 66.00
15.1.85 23,66 23,00 18,00 20.50 56400 52,00 54.00
22,1.85 24,33 20,00 18,00 19.00 66.00 62.00 64,00
1,2.85 22,66 24,00 20,00 22.00 63.00 61,00 62,00
8,2.85 26.66 24,50 20.50 22,50 68,00 60.00 64.00
15.2,.85 23.33 23,00 19,00 21.00 66,00 62.00 64.00
22,.2,85 28433 25,50 22,50 24,00 62450 60.50 61,50
1.3.85 28,66 26,00 23,00 24.50 62,00 58,00 60.00
Factors Years observed Correlation ‘g! Remark
o B ' - Coefficient test ”
1. Mite population and 2 0.70 4,18 Significant
temperature
2, Mite population and 2 ~0.04 -0016 Not Signi-

relative humidity ficant
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Table 4.15.2 : Influence of major abiotic factors on populatioén
fluctuation of R.echinopus in mycelial stage of
mushroom., "

Temporatura(o)  FeLatiye RuRGLey

Max. Min. Mean Max. Min. Mean

Date of  No. of mite/10 gm OF

:?igrvaf sajar=calu Ostreatus
] mushroom mushroom

15,1.84 103,33 93,33 24,00 20,00 22.00 80.00 76,00 78,00

22.1.84 120.00 116.66 25,00 2100 23,00 80.00 76,00 78,00
1.2.84 133.33 106.66 22,00 17.50 19,75 77.00 71.00 74.00
8.2.84 156.66 136,66  22.00 20.00 21.00 77.00 75.00 76.00

15,2.84 .160.00 146,66 21,50 20.00 20.75 59:00 53.00 56.00

22,2,84 153,33 146.66  24.00 20,00 22.00 60.00 56,00 58.00
1,3.84 193.33 140.00  25.00 21,00 23.00 44,00 40,00 42,00
8.3.84 196 .66 176,66 32,50 27.50 30.00 €6.00 62,00 64,00

15.3,84 236,66 .200,00 34,50 28.00 31.25 65.50 59,50 62,50

22.3,84 260,66 256.66 34,00 30.00 32.00 76,00 72,00 74.00
14,84 266,66 260,00 35,00 31,00 33,00 76.00 70.00 73400

15.1,85 96,66 90.,00 22,50 18,50 20.50 56,00 52,00 54,00

.22,1,85 100,00 93,33 21.00 17,00 19,00 66.00 62,00 64.00
1,2.85 93,33 96,66  24.00 20.00 22,00 64.00 60,00 62.00
8.2.85 120,00 110.00  25.00 20.00 22.50 67.00 61.00 64,00

15,2.85 146,66 123.93 24,00 18,00 21.00 67.00 61.00 64,00

22,2485 116.66 110,00 2600 22,00 24,00 62,50 60.50 61.50
1.3.85 130.00 120,00 26,00 23.00 24,50 63,00 57,00 60.00
8.3.85 176.33 164,33 31,00 27,00 29.00 66.00 62,00 64,00

15.3,85 196,66 190,00 32,00 27.00 29.50 64,50 60.00 62,00

_ Years Correlation ]

Facteors observed coefficient 'tltest Remark

1.Mite: population: in 2 0,84 6469 Significant

sajor=caju mushroom

and temperature:
2,Mite population in 2 0.88 8,09 Significant
Ostreatus mushroom ‘ ’
and temperature

3.Mite population in 2 0.313 1,39  Not signifi-
sajor=caju musnroom ' cant '
and relative humidity

4 Mite population in 2 0,03 0.14 Not signifi-
Ostreatug mushroom cant

and relative humidity
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temperature was recorded. Again, the minimum population was recor-
ded during January when the temperature wasg: the lowest. ;t may be
observed from Table 4.15.3 and Fig.4.16 that a similar positive
corzrelations also exists between temperature and the mite popula=
tion recorded on fruit body and a non-relationship between rela-
tive humidity and mite population. The rela&idnship between mite
population and the prevalling atmospheric temperature was of simi-
lar nature on two species of mushroom i.e: B.sajor-caju and E.ostre-
atus. In general, the infestation of gqechinoggsnstarted from Jan-
vary and its population gradually increased with the increase in
temperature in subssquent mOnth§§$The mite population r=zached its
peak towards the end of March and disappeared.fram the month of
April,

The influence of two major ablotic factors viz., temperature
and relative humidity on I.dimidiatus has_been presented in Tablesg
4;16;1-4.16%3 and Fig.4.17, It is in;eresting to note that no rela-
tionship could be established between the ;emperatu;e and the mite
ropulation foudd during different growth perist of mushroom. On
the other hand,.it showed a positive correlation with the atmosph-
eric. relative humidity. The infestation of the mite was noticed
£rom the month of April and lasted till June and the degree of
iﬁfestat;on vis=-a=vis population varled considerably from April to
June depending on the increase or decrease in atmospheric relative

humidity, It is seen from the Table 4,16,1 that the makimum relatlve
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Table 4,15.3 3 Influence of major abiotic factors on the population
fluctuation of R.ech;gogus in frult body stage of

) _ mushroom,
Date of No.of mita/lo gm of Temperatuze(°c) Relative Humidity
observas= s ~Sstooatt . . (%) .

T muSh:oom ) mush:oom 'Max. Min.‘Mean | Max, Min Mean
19.1.84 16,66 14,66  20.00 16.75 18.37 66400 62,00 64,00
26,1.84 25,00 28.00 20400 16475 18.37 67,00 61,00 64.00

5.,2,84 33,00 35.33 25.00 21,50 23.25 67.00 65.00 66.00
12.2,84 38,00 37,33 23,50 22,80 24,00 68.00 64.00 66,00
19,2,84 37;66 38,66 25,50 22,50 24,50 63,00 61,00 62,00
26.2,:84 21.33 20,00 24,00 22,00 23,00 58,00 52.00 55,00

543,84 23,33 20,33 26,00 23,00 24,50 58,00 52,00 55,00
12.3.84 25,00 26,66 30,00 27:00 28450 54,00 50,00 52.00
19,3,84 56,66 53,66 33.50 29,00 31,25 57.00 53,00 55,00
26.3.,84 28,00 36,00 32.00 28,00 30,00 64.00 60,00 62,00

5.8.84 43,33 46,66 ;5¢00 31,50 33425 69.00 63,00 66,00
19,1.85 18,66 21,33 23,00 17.00 20,00 64,00 60400 62,00
2641.85 26,66 23,33 22400 16,00 19,00 69,00 63.00 66400

5:2¢85 25,33 28,00 24,00 20.00 22,00 66:00 60+00 63.00
12.2.85 21,66 18,00 23,00 19,00 21,00 62,00 60,00 61.00
19.2.85 34.00 33,00 23,00 15,00 19,00 67,00 .63.00 65.00
2642.85 31.00 30,00 25,00 22.00 23.50 64,00 60400 62,00

5.3,85 34,66 33,33 '26.00 22,00 24.00 67,00 61,00 64.00
12,3.85 42,00 40,00, 30,00 26,00 28,00 66.00 62.00 64.00
19.3.85 36,00 38,00 31.00 27,00 29,00 63,00 57.00 60.00
Factors Years Correlation ‘t'test Remark
S observed, cogfficient
1.Mite population in

sajor=caiju mushroom » .

and temperature 2. 0,78 540 Significant
2,Mite population in

Ostreatus mushroom _ o .

and tempersture 2 0473 4,57 Significant
3« Mite population in

sajor=cafu mushroom
and relative humidity 2 0.07 029 Not Signi-
flcant
4, Mite population in
Ostreatus mushroom ‘
and relative humidity 2 0.24 0.62 Not signi-

ficant
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Table 4.15:3 s Influence of major abiotic factors on the population
fluctuation of R.echinopug in fruit body stage of

mushroom,
Date of No.of mite/10 gm of Témperatune(‘C) Relative,HnmidiEy
observag Saior—caiu  Ostreatus — —— — (%)
tion o muSh:oom' mushroom Max, Min. Mean Max. Min Mean
19.1.84 16,66 14,66 20,00 16,75 18.37 66,00 62,00 64,00
26,1,84 25,00 28,00 20,00 16475 18.37 67.00 61..00 64.00
542,84 33,00 35.33  25.00 21,50 23.25 67,00 65.00 66400
12.2,84 38,00 37,33 25.50 22,50 24.00 68.00 64.00 66,00
19,2,84 37466 38,66 25,50 22,50 24,50 63,00 61,00 62.00
26.2,84 21,33 20,00 24,00 22,00 23,00 58,00 52,00 55,00
5.3.84 23,33 20,33 26.§0 23.00 24,50 58,00 52,00 55,00
12.3.84. 25,00 26,66 30,00 27,00 28,50 54,00 50,00 52,00
193,84 56,66 53,66  33.50 29,00 31,25 57.00 53.00 55.00
26.3.84 28,00 36500 32,00 28,00 30,00 64.00 60,00 62.00
5.8.64 43,33 46,66 35,00 31:5¢ 33,25 69.00 63:00 66,00
19.1,.85 18,66 21,33 23,00 17.00 20.00 64;00 60,00 62.00
26.1.85 26466 23,33 22,00 16,00 19,00 69,00 63.00 66.00
542485 25433 28400 24.00 20.00 22.00 66.00 60.00 63.00
12.2.85 21,66 18,00 23,00 19,00 21,00 62,00 60400 61,00
19.2.85 34,00 33.00 23,00 15,00 19,00 -67.00 .63.00 65.00
2642.85 31.00 30,00 25,00 22.00 23,50 64.00 60,00 62,00
5.3.85 34,66 33,33  °264,00 22.00 24,00 6700 61.00 64,00
12.3.85 42,00 40.00. 30,00 26.00 28,00 66:00 62.00 64,00
1943.85 36,00 38,00 31,00 27400 29,00 63,00 57.00 60,00
Factors Years Correlation ‘t'test Remark
S gbserved, goefficient - :

1.Mite population in
gajor=caiju mushroom , ,
and temperature 2. 0478 5440 Significant
2:Mite population in
Ostreatus mushroom _
and temperature 2 0.73
3+ Mite population in
sajor=caiu mushroom
and relative humidity 2 0.07 0429 Not Signi-
ficant

o,

4, 57 S'igni,ficant

4, Mite population in
Ostreatus mushroom
and relative humidity 2 0.14 0.62 Ngt signi-
ficant
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Table 4,1641t Influence of major ablotic .factors on the population
fluctuation of I,dimidistus in straw cemponent.

Date of  No.of mite/  ZTemperatute  Relative .
‘observa= 10 ¢m straw ____(c) . o humidity(%)
tion ' | - Max, Min, -Mean_ Max. ‘ 'Minf Mean
1.4.84 36,33 35,00 31.00 33,00 76.00 70,00 73.00
8.4.84 40,66 34,50 29,50 32,00 76,00 72,00 74,00
15.4.84 42,33 34,00 29,00 31,50 77.00. 71,00 74.00
22.4.84 41.66 33.00 29,00 31,00 90.00 86,00 88,00
1,5.84 36,33 32.50 29.00 30,75 92,00 86,00 89,00
8.5.,84 35,66 37,00 33,00 35,00 688,00 54,00 80.00
15.5.84 36.66 36,50 33,50 35,00 85,00 83,00 84.00
22,5,84 33,33 36,00 32,00 34,00 82,00 78,00 80,00
1.6.84 41.33 36.00 32,00 34,00 80,00 76.00 78.00
1543485 1€.66 32,00 27.00 29,50 63,00 61,00 62.00
223,85 24,66 32,00 27.00 29,50 61,00 55,00 58.00
1.4.85 22,66 31.00 27,00 29,00 58,50 54.50 56.50
8.4,85 23:33 23,00 20.00 21,50 64.00 60,00 62,00
15,4.85 40,00 34,00 31,00 32,50 68400 62,00 65,00
22.4,85 26.66 34,50 30,50 32,50 66.00 62.00 64.00
145,85 21,33 33,00 27.00 30.00 61,00 53,00 58,00
8.5:885 95,66 33,00 29,00 31,00 67.50 63,50 65,50
15.5.85 26,66 33.00 29,00 31,00 70,50 64,50 67.50
2245.85 23,66 30,00 26,00 28,00 68,50 64,30 66,50
1.6.85 20,33  33.00 32,00 32,00 68,50 62,50 65,50
Factors Years Correlation ‘t'test Remark
gbserved goefficient - '
1. Mite population and )
temperatuire -2 =0:04 ~0,16 Nog:r:l;gnift'

2. Mite population and i _ o
relative humidity 2 0.85 7.05- Significan




Table 4.16.,2: Influence of major ablotle factors on the population
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fluctuation of I,dimidiatus in mycelial stage of mushroom,

and relative humidity 2

date of  No.of mite/10 gm Of  Temperaturs(°C) Relativgmumidity
Z?ii’va‘ lobayense “~yolvaces ‘Max, Min, Mean Max, Min, Mean
mushroom mushroom
15.4.84. 121,00 10000 33,00 3000 31,50 76,00 72:00 74,00
2244.84 150400 136.66  -32.00 30,00 31.00 90.00 84.00 87,00
1,5.84 180.00 153433 .31.50 30,00 30475 91,50 87,50 89.50
£.5.84 146,66 140433 35.00 31,00 33,00 89,00 83,00 86.00
15.5,84 136.66 119,33 38,00 33,00 36.50 86,09 82,50 84.50
22.5.84 142433 140,00  °37.00 33.00 35.00 80.00 82,00 864,00
1.6.84 123,33 120400 36,00 33,00 34,50 B80.00 76,00 78,00
8,6.84 184.33 172466 32,00 28.00 30,00 91.50 B87.50 89.50
15.6.84 140.00 128,33 30,50 28,00 27.25 B88.50 82,50 85,40
1,4.85 66466 62.33 30,00 28,00 22.00 58,50 54,50 56,50
844485 108.66 102433 33,00 30,00 31,50 64.00 60.00 62.00
15,4,85 133,33 116,33 35,00 30,00 32,50 66,00 64.00 65,00
22.4,85 132.33 123,33  35.00 30.00 32,50 66.00 62,00 64.00
445485 71.00 54,00  32.00 28.00 30.00 60.00 56.00 58,00
B:5.85 115.00. 118.00 33,00 29,00 31,00 68,50 62.50 65.50
15.5.85 116.66 108.33 33.00 2900 31.00 69,50 65.50 67.50
22.5,85 112,33 102.00  30.00 26:00 28,00 68.50 64,50 66450
1,685 91 .66 83,00 34,00 30,00 32,00 64,50 58,50 61,50
8.6. 85 136.33 120433 32,00 30400 31,00 84.50 80,50 82,50
15:6.85 148,33 133.33 31.50 27.00 29,25 88,50 82,50 85,50
Factors Years Correlation ‘t'test Remark
_ ohserveg coefficient , ,

1.,Mite population in

lobayense mushroom

and temperature 2 0.14 0.63 Not signifi

cant.

2.Mite population in

volvacea mushroom , . o _ |

and temperature 2 0417 .74 'Not signifi

cant,

3.Mite population in

lobayense mushrodia L . .

‘and relative humidity 2 0.86 7442 Significant
4. Mite population in

volvaceg mushroom o

0.89 8,50 Significarit




Table 4.16.3: Influence of major ablotic factors on the population ~ 130

fluctuation of T.dimidiatug in fruit body stage of
mushroomn,

Dgte o£ ~ No.of mite:/io gm of Temperature(°0) Relapive;ﬂumidit?
tlon  icbeeBee wolmces’ i, Wean few. Win. ean
26.4.84 181,33 175,33 34,00 30,00 33,00 88,00 84,00 86.00
5,5.84 250.33 243,33 34,00 30.00 32,00 92,00 86.00 89.00
12,5.84 187.33 193,33 35,00 31,00 33,00 86,00 84,00 86:00
20.5.64 175.60 168,33 34,50 31.50 33.00 88.00 82,00 85.00
26.5.84 186.33 183,66 33,50 30.50 32,00 87.00 85,00 86.00
5.6.84 260.00 246,66 34,00 30.00 32.00 92.00 88.00 90,00
12.6.84 241.33 233,33 32,00 26.00 30.00 89,00 85.00 88,00
20.6.84 210,00 206,00 31.00 27.50 29.00 88,06 86,00 87.00
26.,6.6¢ 169.00 154,00 31.00 27.00 29.00 87.00 81,00 84,00
12,485 63.00 57.00 33,00 29.00 31.00 68.00 64;00 66.00
20,485 37.00 42,66 34.00 30.00 32.00 67:00 61500 64,00
264,85 65.00 62.00 32,50 29.50 31.00 68,00 64,00 66400
545.85 30.33 31.33 31.00 29,00 30,00 63,00 57,00 60,00
12,5.85 54.43 43.33 33,00 29.00 31.00 68,00 64,00 66,00
20.5.85 55,33 60.33 32,00 28,00 30.00 68,00 64,00 66.00
26,5,85 72.33  89.33 32,00 30.00 31:00 73.00 67,00 70.00
5.6..85 103.35 10733 32,00 28,00 30.00 78,00 74,00 76.00
12,6,65 156.33 152,33 33,00 29.00 31.00 86.00 80.00 53.00
20.6.85 183,33 175466 32,00 28.50 30.00 88,00 84,00 86.00
26.6,85 178,33 169,66 31,00 27.00 29.00 89,00 83,06 66.00
Factors Years Correlation 't' test Remarks
i observed coefficient . ) o
1,Mite population in 2 «0401 ~0.04 Not signifi-
lobayense mushroom cant
and temperature
2, Mite populatiocn in 2 0.01 .04 Not signifi-
volvacea mushroom cant
and temperature A _ ,
3.Mite population in 2 0+57 17.158 Significant
lobayenge mushroom
and relative humidity
4, Mite population in 2 97 16.85 Significant

Yolvaceg mushroom
and relative humidity
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humidity was notlced during the last part of April to the first
part of May. The population of the mite was also high during these
periodss The minimum population of mite was observed when the atmos-
pheric relative humidity was around 56-60% R.H. Similar observations
were also recorded between relative humidity and mite population
found in mycelial and fruit body stages. It was observed that the
atmospheric relativé humidity was around 80 % R.H. during April
“to June, 1984 favouring the mite species to maintain a high popu-
lagion éensity level throughout the period. But during the year
1985, the atmospheric réelative humidity was at the loweg side, 1.e.
around 65 % except during the month of June and atccordingly, the
population density of mite was comparatively low,du:ing‘éﬁis entire
period under observation, The pattern of relationship between rela-
tive humidity and mite population was similar on two diffe:ent types
¢f mushroom i.e, Z.lobayense and VY.yolvacea,

The relationship betweeén ‘two major abiotic factors and the
population fluctuation of g; einemanni has been presented in Tables
4,17.1 « 4,17.3 and Fige4.18 - 4.20¢ It appears from Table 4,17.1
and Fig,4.18 that the mite population found in straw showed a posi-
tive correlation with both the ablotlc factors L.e¢., temperature and
relative humidity. The infestatich of ‘H.heinemsanni began from the
month of June and contihued till October éﬁter'wﬁidh it dilsappeared.
The maximum population of the mite was recorded during June-July in
the year 1984 and dquring August in the year 1965 when the temperature
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Table 4417.1: Influence of major abiotle factors on the population
fluctuation of H.helnemanni in straw component,

Date of  No.of mits/ Temperature (°C) Relatlve humlalty(#)
°$§§§Va‘ 10 gm straw —o"Win.  Mean  Max. Min.  Mean
15.6.84 29.33 31,50 27,00 29,25 87.50 83,50 85450
22.6,84 33,33 32,00 28,00 30.00 88,50 82,50 85,50
1.7.84 36.33 31.50 30.00 30.75 85,50 B1.50 83,50
8,7.84 36,66 33,00 30,00 31,50 88,50 84,50 86,50
1547484 34.66 32,50 30400 31,25 90.50 84,50 '87.50
23,7.684 22.33 30,00 27,00 28550 90,50 85,50 88,50
1.8,84 26.66 30,00 27.00 28,50 89.00 83.00 86,00
8.8.84 25.33 31.00 28,00 29,50 87.00 83,00 85,00
15.8,84 29,66 32,75 28,00 30.37 78,00 72,00 75,00
23,8.84 24,66 31,00 27,50 29.25 78,00 72,00 75,00
1,9.84 25.33 32,25 28,00 30,12 77,00 73.00 75,00
8.9.84 30.00 33,00 30,00 31.50 71.00 66.00 65,00
15.9,84 28,66 31,60 30,50 30.75 75,00 72,00 74.00
15.6,85 21,66 31,00 27.00 29.00 70,50 6650 68,50
22,6,85 20,33 30.00 26,00 28,00 70,00 66,00 68,00
147.85 26,33 29.50 27.°0 28,50 70,00 64,00 67.00
8.7.85 26,00 31.00 27,00 29,00 67.50 65.50 66,50
15,765 23,33 30,00 27.60 28,50 67,00 65.00 66,00
22,7.85 24,00 30400 26400 38400 65450 63,5 66,50
1.8,85 23,66 30,00 28,00 29.00 67.00 63.00 65.00
8.8,85 28,33 32,00 28.00 30,00 68,50 66.50 67,50
15.8.85 26,66 31,00 27,00 29.00 71,00 67.00 69.00
22,8.85 28433 '31.00 29,00 30,00 71.00 67.00 69,00
1,9.85 24,33 30,00 26,00 28,00 71.00 68.00 69.50
' Yeareg Correlation  't'test Reéemark

Factors -.gbserved goefficient
1. Mite population _ o
and temperature 2 0,80 6.43 Significant

2. Mite population | ‘ ,
and relative humigity 2 0,52 2.89 Slgnificant
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Table 4.1 123 Influence of major abiotic factors on the population
fluctustion of H.heinemgnni in mycelial stage of

nushroom
Date of - No.o£_m1te/10 gm of "Tempgpatﬁ;g(?c): Relative Humidity(%)
Observe.  Icbayense volvaces Max “Win. Wean Max. in. e
o mushroom: -mushroom 7
1,784 231,33 250400 32,00 29:50 30475 85,50 81,50 83,50
8.7.84 260.00 240,00  33.00 30.00 31 50 88,50 84.50 86450
15,7.84 280,00  250.00 33,50 2800 31.25 B®S50 85.50 87.50
22,784 360,00  350.00 30,00 27.00 28,50 90,50 856.50 88,50
1.8,84 310,00  300.00 30.00 27,00 28,50 88.00 84,00 86400
8.8,54 340,00 320,00  31.00 28.00 29,50 87.00 85,00 8&00
15.8,84 290,00  280.00 32.00 28,75 30.37 77.00 73.00 75.00
22,8.84 281,33 250,00 31,00 27,50 29.25 77.00 73.00 75.00
1,9.84 260.00 270,00 31.25 29:00 30:12 77.00 73.00 75,00
8.9.84 130.00 155,33 33,00 30.00 31.50 71.00 65.00 68,00
15.9.84 210,00 160.00 32,00 29.50 30.75 75.00 73.00 74,00
22.9,84 140500  155.00 31.00 27.00 29.00 70.50 66250 68,50
1,10.84 199.99 166,66 31,50 28,50 30.00 74.00 72.00 73.00
1.7.85 100.00 120,00 30.00 27.00 28,50 70:00 64.00 67,00
8.7.88 120.00 90,33  31.00 27.00 29,00 69:30 63:.50 66,50
15,7,85 140.00 110,00 29.50 26.50 28.00 68.00 64.00 66,00
22.7.85 123.00  115.00 29:50 26.50 28.00 64,50 63.50 66.50
1.8.85 128.33 125,33 31,00 27.00 29.00 66.00 64.00 65.00
'8,8.85 146.66 153,00 31.50 28,50 30.00 70.50 64,50 67,50
15.8,85 163.33 141,00 31,00 27.00 29:00 71,00 67.00 69,00
22.8,85 186,00  161.66  31.50 28,50 30,00 7000 68.00 65,00
1.9.85 146.66 128,33 29.50 26,50 28,00 72,50 66450 69.50
8¢9.85 90,00  70.00 28.50 25,50 27:00 73.00 63.00 90,00
153985 96,33 82,33 29.50 26.50 28.00 71,50 67.50 69.50
Factors Years Correlation 't'test Remsrk
— obgserved coefficient
1.,Mite population in 2 ,0138 1.24 ©Not significant

lobayense mushroom
and temperature

2.M}te.population 2 0.46 2.47 Not significant
in wvolvacea mushroom
and temperature

3. Mite population in 2 0.87 8,40 Significant
lobayense mushrooin
and relative humidity

4,Mite population in 2 6.99 34.68 Significant
volvacea mushroom
and xalativs humidity




Table 4.17.33 Influence of major abiotic factors: on the population 134
fluctuation of H.heinemanni in f£rult body stage of

mushroome
Date of  No.of mits/10 gm Of Temperature(°C) Relative HUMLGLEZ(H)
°€f§gva* iﬁ?ﬁ%ﬁ?ﬁe }%gégggig" Max.  Min, Mean Max. Hin  NMean
12.7.84 196,33 180,65  32.00 30.00 31.00 88,00 84,00 86.00
20.7.84 230400 210.00 32,00 28,00 730,00 89,00 87,00 88;00
26.7.84 240,00 200.00 29,00 27.00 28,00 87.50 86,50 87,00
5.8.84 230,00 180,00 31,00 27.00 29.00 88,00 84,00 86.00
12,884 100,00 120,00 31.00 29,00 30.00 82,00 78,00 80.00
20,8.84 96,66 87.66  30.00 28,00 29,00 77.00 73,00 75.00
26.8,84 140,00 120.00 32,00 28,00 30.00 78.00 74.00 76,00
549,84 128,33 110.00 33,00 29.00 31.00 72:.00 68.00 70.00
12.9.84 133,33 121.656 34,00 28,00 31.00 72.00 70.00 71.00
20,9.84 140.00 100,00 32,00 28.00 30,00 74,00 70.00 72.00
26,9.84 10000 130,00 30.00 26.00 28:00 69,00 67.00 68,00
5,10.84 130400 121,00 32,00 28,00 30.00 74.00 70,00 72,00
12,10.84 72,:66 §3.33 31,00 29,00 30.00 73.00 67.00 70,00
12,7,85 170.00 130,00 30,00 28,00 29,00 69.00 65.0C 67,00
20.7.85 120,000 130.00 30.00 25.00 28,00 68,00 66,00 €700
2647485 100.00 120400 30,00 27.00 2B8.50 68,00 864,00 66,00
54885 120400 126.66 30,00 27.00 28,50 67.00 63,00 65,00
12.8.85 122.66 143.33 32,00 2300 30,00 68.00 64,00 66.00
20.8.85 145,00 120.00 31,060 27,00 29.00 72.00 68,00 70,00
2648485 170400 150,00 31:50 28:50 30400 72:00 70,00 71.00
5.,94+85 10000 112,00 27,00 25.00 26.00 70.00 66.00 68.00
12.9:85 123.33 125,33 29450 26.50 284,00 79.00 68.00 6€9.00
20,9.85 136.00°  115.00 29,50 26.50 28,00 71.50 67.50 69.50
26,9.85 60400 34,33  27.50 23,53 27.50 73.00 67.00 70.00
Factors Yaars Correlation '"t'test  Remarks
: gbserved cosfficient ,
i.,Mite populatlion in 2 0,23 1.12 Not significant

lobavense mushroom
and temperature

2.Mite population in 2 0.186 0.78 Not signficant
volvaceg mushroom
and temperature

3.Mite population in 2 0.72 493 Significant
lobdyense mushroom
and relative humidity

4.Mite population in 2 0.62 3.77 ‘Significant
volvacea mushroom and
relative humidity
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was also on theé higher side i.e. around 30°C. The minimum popula-
tion of the‘mige was recorded during 22,7.84 to 8.8.84 as well as
during 15.6.85 to 1.8,85 vwhen the temperature was low: However, it
is interesting to note that the population of mite recordqg during
mycelial stage of mushroom was not influenced by temperature as is
evidenced from Table 4.17.2 and Fig.4¢19. The maximum population

of the mite was recorded during the year 1984 when the atmospheric
relative humidity was vefy high i.e., around 85 %. But in the year
1985, the mite population was low due to the prevailing low relative
humidity which was around 65%., The relationshilp recorded between the
relative humldity and mite population on frult body of mushroom was
also of similar nature (Table 4(17,3 and Fig.4.20). The similar type
of influence of relative humidity was also noticed on mite population
observed during mycelial and f£rult bodu gtages as well as on two spe-

cles of mushroom i.e. I.lobayense and ¥Y.volvaces.

The incidence of H.mileg started from the month of October
and ran fo; a very short period, l.e. tiil November after which it
was no.longervfound-on mushroom, Bot the ablotlc factors exerted
great inﬁluencg on the mite populatlon as is evidenced f£rom Tables
4,1841 = 4;18.3 and Fig.4.21-4.23. It 1s revealed from Table 4,18,1
and Fig.4.21 that the mite population in straw was greatly influen-
ced by temperature and relative humidity as 1s evidenced from sig-:

nificant 't' values, In other words, 1t may be said that with the



Table 4,18.1: Influence of major abiotlc factors on population
fluctuation of H.miles in straw component.

136

Date 0f  No.Of mite/10 om  Temperature(®C)  Relatilve Fumidity -
cbserva= straw e e 38 g
tion_ o | Max. Min,. fﬂean M§Xﬁ:_ Min; Mean
1,10.84 21,66 131,00 20.00 30.00 75.00 71,00 73.00
8+10.84 23.33 31,00 29,50° 30425 75,00 71,00 73,00
15,10484 18,66 30,25 26550 28,37 73,00 69.00 73,00
22,10,84 17.33 29,50 26,50 28,00 70,00 64,00 67,00
1,11,84 14.33 28,00 25,00 26.50° 59,00 55,00 57,00
15.9,85 11.66 28,00 25,00 28,50 68,00 64,00 66.00
22,9.85 16,00 30,00 27,00 28,50 69,00 65,00 67,00
1,10,85 20,33 31,00 28,00 29,50 69,00 65,00 67,00
8410485 14,66 30,00 27,00 28,50 69.00 65,00 67,00
15.10485 18,00 31,00 27,50 29.00 6B8.50 62,50 65,50
22410,85 12,33 29.50 26,50 28,00 ‘60,00 56,00 58,00
1.11.85 10.00 28,50 25,50 27,06 58,00 52,00 55.00

Factors Years Corrélation 't'test Remark
i ‘gbgezyed coefiicient . ———
i, Mite population 2 0.91 7432 , Significant
and temperature ’
2, Mite population 2 0.81 4447 significant

and relative

humddity
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Table 4.18:2 1 Influence of major abiotic factors on the population
fluctuation of H.miles in myeelial stage of mushroom

No.of mite/10 gm of

Temperature °C)

volvaceg mushroom
and. relative humidity

Date of Relative Humidity(%)
observa-  Tohayenss | WllEERR TR T TR
o mushroom  mushroom ?x‘ The z .-;ax' Min, Men
15,10,84 138,00 140.00  30.00 26,75 28,37 73,00 69.00'71.00
22.10,.84 90,00 100,00 29,50 126,50 28,00 68,00 66.00 67,00
1,11.684 60,00 83.00 28,00 25,00 26,50 59.00 55.00 57.00
8.11,84 91,33 92,00 28,00 25,00 26,50 68,00 64,00 66,00
15421,84 122,33 103433 30,00 27,00 28,50 69,00 65.00 67,00
8,10,85 110,00 128,33 29,50 26,50 28,00 68,00 66,00 67,00
15,1085 120,00 110,00  31.0C 27.0C 29,00 57,50 63,50 €5.50
22,10,85 60,00 6553 29450 26,50 28,00 60,00 56,00 58,00
1.11.85 53,33 58,33 28,50 25,50 27,00 56,00 54,00 55,00
8,11.85 76466 71,33 27.50 24,5C 25,00 62,00 58,00 €0400
15,1185 46,66 57,00 27450 24,50 26,00 56.00 52,00 54500
Factors. Years Correlation ‘t'test Remarks
gkgerved coefficlent _ —
1Mite population in 2 0.67 2,87 HNot slgnifi-
1ob§!ense mashroom cant
andé tempmrature
2,Mite population in 2 0.68 2,93 Not signifi-
Jolvaceg mushroom cant
and temperature
3,Mite population in 2 0,24 8,85 Significant
lobayendge mushroom
and relative humidity
4.Mite population in 2 0,93 8434  Significant
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Table 4.18,33 Influence of major abiotie factors on population fluc-
tuation of H.milgg.inuf:utt body stsge of mushroom

Daté_af MO 40F mite/lo gn of Temperature ('c) Rélétive Humidity(%)
Shserve-  Iobavense volvacem. Mox, Min. Mean Hax, Win, Mean
T mudh:pbml_ mushraom
26410.84 54400 50400 27,00 25,00 26,00 70.00. 66400 68,00
5.,11.84 40,00 46:66 28,00 25,00 26,50 62,00 58,00 60400,
12,11.84 §2,00  61.00 29,00 26,00 27.50 70,00 64,00 67,00
20411:84 59,00 66,00 31,00 27,00 29,00 70,00 62,00 66,00
26411 .64 53433 50,00 28,00 25,00 26,50 70.00 66,00 68,00
12410465 40,00 45,00 27450 24,50 26,00 67,00 63,00 65,00
20,1085 55,00 64,00 20,50 26,50 28400 62,00 60400 61,00
26410485 45.00 42,00 29.50 26,50 28,00 60,00 55,00 58,00
5411485 16,00 18,00 28,00 25,00 26,50 57:50 53.50 55,50
12,11.85 36,66 39,33 28,50 25,50 27,00 62,00 58450 60400
20.11,85 11.33 14,00 27,50 24.50 2g.00 57,00 55,00 56,00
26411,85 18,00 15,00 2750 24,50 26,00 60,00 56,00 58.00
Factors. Years Correlation 't*test Romarks
, gbgorved coefficignt — _ -

1. Mite population in 2 0.58 3.26 Nonsignificant

Jobgyenge mushroom

_ and temperature
3.M1tp population in 2 0.65 2.7¢ Nonsignificant

mushroom N

) and temperature
3.Mite population in 2 0+80 4,268 Significant

lobayenge mushroom
and relative humidity
4,Mite populaticn in 2 0.74 3,53 Significant
muashroom and
erelative humidity
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increase in temperature and relative humidity the mite population
also increased. But 1t does not hold good when the population of
mite found in mycelial stage of mushroom was taken into conslder-
ation, Under this situation, only atmospheric relative humidity had:
a direct influence on mite population (Table 4.18,2 and Fig.4.22),
The maximum population of mite was recorded when the atmospﬁeric
relative humidity reached around 70 % and 1t adversely affected the
mite population when 1t went beiow 60 %, Similar relationship bet~
ween relative humidity and mite population was recorded on fruite
body stage of mushroom;(Table 4,18.3 and Figs4.23) and the pattern
followed in the two species of ‘mushroom i,e. I.iobavense and Y.yol-

vacea was also similar:

The seasonal 1incidence of mushroom mites is the least stu-
dled aspect in mushroom science. The investigations undertaken on
mushroom mites are mostly restricted to thelr taxonomic distribu-
tion, biology and control, During the present investigation, it was
observed with great interest that the four specles of mite varied
widely in their response to variocus seasons of a year. The first
named species i?e,dg,echinopus is prevalent during January to March,
It is probably due to 1ts preference for a mild eclimatic condition
prevalent during. these months. The species exhibited a definite
positive dgpendence on temperature indlcating tha; the rise in tem-
petatgre would bring about an increase in mite population. However,
1t was unable to withstand high temperature beyond 35°C which preval-
led during subsequent months., The mite population would not be affec-

ted with the increase or decrease in relative humidity as is evidencjc
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from non-significant ‘r' and 't' values. With the onset of summer
months after March, the dlsappearance of R.echinopug with gubse-
quent appearance of another species of mushroom mite, g,gimigiatug
was noticed. The specles was prevalent on mushroom from April to
June when high temperature prevalled with a mean value around 33°C,
But it is very mueh surprising to note that the species did not show
any relatlonship with temperature though the variation in temperature
was conslderable during these three months. It ranged from 29°C - 35°C
However, the species showed a positive correlation with atmospheric
relative humidity which varied from 56 % to 89 % depending upon the
yearse The positive nature &f correlation between relative humidity
and the mite indicated that the mite prefers higher humidity for its

multiplication.

After the disappearance of I.dimidiatus from the month of

June, H.helnemanni appeared in the scene being the third species in a
row. This mite prevailed ori mushroom till October after which it was
a no longer found till the same season rolls back in next year, The
mite specles exhibited a deflnite relation with both the major sbio-
tic factors l.e. relative hémidlty and temperature when its population
fluctuaticn 1In straw component of mushroom béd alone was consldered.
It may be explained in the light that it increased with the increase
in temperature and relative humidlty upto a certain limit. It may be
seen from Fig.4.18 that the mite species prefered a temperature and
relative humidity around 30°C and 90 %, respectively. However, the

seasonal Incldence of mite was more affected due to the variation of
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relative humidity than temperature (Fig.4.19 and 4.20). The non-
glgnificant 'r' snd *t' values in the case.of temperature ¥is-a-vis
mite population during the mycelial and frult body stages: of mush-
room iIndicate that temperature is not that lmportant as relative
humidity. 1t may be due to the fact that the variations observed

in temperature during these months (June-October) was too negligible
while relative humidity varied from 66 % to 88 % exhibiting a wide
fluctuation, It may be concluded in saying. that the spacies has a
definita preference for higher relative humidlty and therefore it
was found only during rainy season when the atmospherlc relative

humidlty remalns always towards higher side,

From the month of October, the incldence of the fourth spe-
cles of mite, H.miles was observed but its presence was noticed for
a very shott period l.e,, hardly for oné and half'month. The mite
showed similar relationship with the major ‘ablotlc factors as was
noticed In the case of H.heinemanni. The population of the mite
“increased with the increase in tempsrature and relative humidity
while they were found in straw. But it followed different pattern
under mycelisl-and frult body stages of mushroom. Under these condi-
tions, the population growth of the mlte was dependent on the ‘varia-
tion of relative humidity alone. No relationship was recorded between’
the population fluctuation of the mite and the atmospheric. tempera-
ture. This species was found during post monscon period when a moder=-
ate level of relative humidity {65 %) prevailed under indoor.condie

tion along with a more or less constant mean temperaturs (28°C) which
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did not very widely during this period. IF.may be possible that the
speclies was unable to multiply during rainy geason probably due to
1ts non preference towards very high relative humidity and temper-

ature,

4,8 Natural enemy of mushroom mites

Attempts were made. during the present investigation to
explore the natural enemy complex, if any, of mushroom mites. But
the total absence of parasites and predators belonging to any group

of animals was noticed. As such the four mushroom mites appears to
be devoid of natural enemy complex till to-date, Similarly, no such

.published literatures is available from any part of the world.

4,9 control of mushroom miteg

4.9,1 Prorh lacfic coat 'lvof.mushfoqm_mite_

Among various préventive measures developed against pestss
sterilization/heat treat@ent;igiqonsiderﬁd_aa.§n,impgrtggt.tpol&
Therefore, the, following experiment was laid out, The effect of ste=-

rilization of straw componerit of mushroom bed and its subsequent
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utilization in mushroom cultivation vis-a-vis rate of infestation
of mushroom mites during different grbwtﬁ stages of mushroom (myce-
lial and fruit body) has been presented in Table 4,19. It is seen
from Table 4,19 that straw carries all the four species of mushroom
mite in it, The mite populations varied between 19,00-38.33/10 gm of
straw. But after sterilization not a single mite of any of the four
specles was survived. As a regult, the subsequent utilisation of
sterilized straw did not Jnvite any mite infestation en miushroom
bed.. On the other hand, the utilisation of unsterilized straw in

compost bed brouaght about severe mite infestationg

The effect of heat treatment on the four mushroom mites
have been presented in Tables 4.20 and 4.20,1 and Fig.4.24; It is
revealed from Table 4.20 that significant variation was recorded in
the rate of mortality among four mushroom mites while they were ex-
posed to each of the ten.constant temperatures varied between 50,0°
»72.,5°C under three levels of éxposure period ¢ 15,30.45 min.). The
effect of interaction between temperature and mite indicated that
H.mileg was the most heat tolerant specles followed by H.heinemanni,
T.dimidiatus and R.echinopug. The 50 % of the mite population of
all the four specles dled at 635° + 1°C. Therefore, it may be
considered as a LD 50 dosage for them, The LD 100 dosage of temper-
ature was located around 67.5°C for R.echinopug and I.dimidistus
while it was 70°C and 72,5°C for H.heinemapni and H.miles respec-.

tivelY. The response of four species of mite to temperature varied
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Table 4,204 Effoct of heat treatments on per cent mortality of four
gpp. of mushrooms mites (mean of threé replicatlons)

Tempera=  Period Of % Gorrected mortality im

ture(°C) exposuré = — T e
{min,) Troone dimbdistue hed o d ot
- " echinopug dimidiatus helnemanni mileg

4&5 0 0 . 0 0

‘ (0400) (0,00) (0.00) (0.00)
. o/ 0. 0 T o

50%1 30 (0.00) £0,00) (0.00) (6,60)

45, 0 0 0 0
h (0.00) (0.00) (0.00) (G,00)

15 0 o 0 0
~ (0500)- (0.00) (0.00) {0.00)
52511 0 (61,21) (0,000  (0.00) (0.00)

45 100 100 0 0
i (88.192) (88.19) (0.,00) (0,00)

LR o 0 0
(0400) (0.00) {0,00) (0:00)
o a ' 96,66 0 ) 0

55¢1 0 ¢82.85) (0.00) (0.00) (0.00)

45 100 100 100 0
" {88,19) (88.19) {88519) (0+00)

15

15 0 ;) 0 0
(0.00} (0400) (0400} €0.,00)
_ - 100 o 0 0o
5745+1 30 (88.19) (0.00) (0.00) (0.00)
45 , 100 100 100 100
- (88.19) (88,19) (88.19) (88,19}
0 0 o o
(04:00) (0.00) (0.00) (0.00)
i 100 0 100 60
60 & ¥ 30 (88.19)  (0.00)  (88.19) (51.14)
25 100 100 100 100
(88.19) (88,19) (88.19) (88.19)

15

(Contd_.\\ P
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Temperb- “Period of % correlated } , -
ature(°c) e?posufe R.echinoggg T.dimidiatus H.heingmanni - Hemiles
min,
15 0.00 36,66 0.00 0.00
(0400) 37.14) (0.00) (0.00)
N ; 100,00 100400 100,00 100.00
62,51 30 (88.19) (88,19) (88.19) (88.19)
A5 100,00 100,00 100400 100,00
(88,19) (88,19) (88,19) (88.19)
: (66.14) (59.00) (0400) (0.00)
: 100.00 100.00 100400 100,00
65+ 1 30 (88419) (88,19) (88419) (88,19)
45 100,00 100,00 100,00 100,00
(88,19) (88,19) (88,19) (88.19)
15 100.00 100,00 80,00 43,33
(88419) {88,19) (63.43) (41.15)
. , . 100.00 100,00 100,00 100,00
67.5t1 30 (88.19) (88,19) (88.19) (88,19)
45 100.00 100,00 100,00 100,00
: (88,19) (88,19) (88,19) (88,19)
15 100,00 100400 100,00 70.00
(88,19) (88,19) (88,19) (56.99)
- 100400 100,00 100,00 100,00
0 x1 30 (88,19) (88,19) (es,19)  (88,19)
45 100,00 100,00 100400 100,00
v (88,19) (88,19) (88,19) (88,19)
15 100,00 100,00 100,00 100,00
a (88.19) (88,19) (88:19) (88,19)
e , 100,00 100,00 100400 100400
7251 3 (88419) (88,19) (88.19) (88.19)
45 100,00 100,00 100,00 100.00.
has (88,19) (88,19)  (88,419) (88,19)
Mites ' Temperatures Exposure periods B
CuDe¢ (p=0.05) 4.17 6460 3,61
C.,D. (p=0.01) 5.49 8,68 4,75

‘T test <« Significant.

Figures in parenthesls indicate angular transformed valuess
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significantly at lower temperature but these were non-significant

at higher temperature ranges.

It is revealed from Table 4,.20.1 representing the effect of
interaction between exposure time and mite that there was signifi-
cant varlation among four species of mite while their mortality
responses were considered under three levels of exposure period.

It was observed that H.mileg required maximum exposure period for
killing followed by H.heinemanni, The responses of the other two
species were also same., The effect of interaction between temper-
ature and exposure period on mgktality responses of mite have been
presented in Table 4.20.1. Significant variation was observed in
mortality recorded under varlous levels of temperature and exposure
period combination. In other words, ,» the pattern of mortality cb-
served under various combinations of temperature and exposure perliod
was different., At an exposure of 15 minutes, no mortality of mlites
was observed even at a temperature of 60° + 1°C while under 30 min-
utes exposure period, nearly 65.00 % mortality was recorded. At the
same temperature, the rate of mortality of mites reached as high as
100.00 % under 45 minutes exposure period. It may be mentioned that
the dlfference observed among the rate of mortality under various
temperature and exposure period combinations upto 60°C was statis-
tically significant. The differences gradually neutralised at the
extreme of temperature,i.e. at 72.5°¢. But the differences observed

between 15 and 30 minutes exposure period were always statistically
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significant while those recorded between 30 and 45 minutes exposure
periods were mostly nonegsignificant at least dbove 62,.5°C,

This physical method of pest control (heat treatment) may
be employed with great success in those gituations where the scope
for chemical control is restricted. The method appears to be highly
promising in the control of mushroom mites.. This is because of the
fact thet mushrooms are grown under indoor condition where decom-
position of pesticides would be slow. Moréover, mushroom mites are
devoid of natural enemy complex and Eherefbre the scope of natural
control is limited to a great extent. The probarb goes in Western
countries " Little can be recommended for the control of mushroom
'mites once they have established in a mushroom house", ‘Therefore,
the major thrust in the control 6f mushroom mites should be based
.6n preventive measures. The dontrol-Of'mites'by heat treatment may
be of 1mmense'help-particulafiy after the discovery of straw as a
carrier of mushroom mites. It L's revealed from Table 4.19 that when
the sterilized straw was utilised no mite infestation was recorded
-at any stage of mishroom growth. On the contrary, the utilisation
‘of unsterilized straw in mushroom bed brought about severe infes-
tation of all the four mites. Varlous methods of sterilizatlion are
being used since long to control various pest speéies; But such in-
formations are lacking on mushroom mites, However, Gahm (1930)
reported that Tyroglyphus lintneri and Linopodes antenapeg can be
controlled by surface steaming of compost before its utilization in

bed preparation.
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Similarly, the treatment of compost at high temperature
(130°8) has been advocated as a preventive measure against mush-
room mites. During the present investigation, attempts, were made
to work out the lethal temperatures for four spacies of mite, It
was interesting to note that the response of four mushroom mites
was different under various sets of temperature and relative humi-
dity conditions. In general, g,mg;gg;wés the most tolerant species
followed by H.heinemanni, I.dimidistus and R.gchiriopug. It further
appears from the present investigation that the Lngsp'tempgratuna
for all the four species was a:ound“60°li‘1°c to 6@;5°':_1°C<and a
temperature around 70° & 1°C to 72,5° + 1°C would provide 100 % mor-
tality (LD 100) of all the four species of mite. Hussey and Gurney
(1967) reported that the exposure of mushroom mites at 39°C for 24
hours was extremely lethal. Theyyfur&hgr said ‘that commercial cook-
ing almed &0 maintaln tempegatur6‘67°~?}°c for several hours was com=-
pletely relisble against Tarsonemus myceliophagqug: The objective of the
present investigation was to utilise higher temperature range for a
shorter period rather than heat treatment of straw at low raﬁge temper-
aturé for long period as has been done by Hussey and Gurney(1967). High
temperatures with short duration (72.5°C for'15 minutes) was highly
sdatisfactory against all the four species of mite, On the other hand,
athOZmiﬁﬁteé eéxposure period total destruction of mite species was
obtained at 62,5°. With the further increase in exposure perlod to
45 minutégi the intensity of température would come down to 557.5°C

which Wﬁ@l& also provide total destruction of mites.

/
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4.9.2 Directed control of mushroom mites
4.942v1 'Chemicil control

The resulté of bloefficacy of four pesticides on mushroom
mites have been presented in Tables 4.21 and 4.21,} gnleig,4.25, It
is seen from Tables that significant difﬁerence in mqréélity was rece
orded among four specles of mite when treated withvpgsticides in diff-
erent concentrations. It 1s revealed from the significant interaction
between mite and pesticldes that the four mites reacted differently
to pesticides. The maximum mortality of R.echinopus wag recorded in
dichlorvos treated pots (83,85 %) followed by malathion (77.18 %),
ethion (72,39 %) and ‘dicofol (66. 66 %) treated pots. The differences
observed in between four pesticides in the case of ggechinogug were
always statistically significant, In the case qf=z,g;g;g;g;g§ the maxi-
mum mortality was. recorded in dichlorvos (85.31 %) followad By malath-
ton (74.47 %) dlcofol (70,52 %) and. ethion (67.70 %) treated pots. The
difference ih'mbrtality recordéd in between two ﬁesticides.excépi in
bétween dlcofoi and ethion treated pots were statisfically significant.
The maximum mortality ofﬁﬂ&ﬁetngméngi was also recorded in dichlorvos
treated pots (76,45 %) followsd by malathion (68,43 %), dicofol(66.66%)

and ethionfsa,ZZ:%3 and the differences ObSerVed,in'betwéen four pesti-

cldes wéré statistically significant except in between malathion and di-
cofqi; Again, the maximnm mOréélity of-gﬁmileg was recorded in dichlor=-
vos' treated pots (66.35 %) followed by ethion (56.79 %), dicofol(53.22%)

and malathion (35,93 %). The differences observed in between four pesti-

tides were statistically significant at all levels,
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Fig.4.25 RATE OF MORTALITY OF FOUR MUSHROOM MITES
AT VARIOUS PESTICIDAL TREATMENTS.
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The effect of interactidn between concentration and mite
was statistically non=-significant. It indicates that all the four
species of mite responded similar}y to four dlifferent concentra-
tlons of pesticlde. The highest concentration i.e. 0.04 % provi-
ded the maximum mortality followed by 0.02 and 0.01 % and the
minimum mortality was obviously recorded at the lowest concentra-

ti_.on i.e_o 0;005 %

The effect of interactlon between mite and day was statis-
tically significant. In other wards, the pattern of mortality foll-
owed in four species of mite during different days of observation
was not similar. While the initial mortality of three mites was
recorded just after 12 hours, it was recorded after one day of trea-
tment in the case of.ﬂ,gi;sg. The corresponding mortality figures
for other three specles during the same period (one day) were 29,37
24.16 .and 6.24 % in R.echinopus, T.dimidistus and H.heinemanni, res-
pectively. The total mortality of Re.echino gﬁdimidigtug,and
H.heinemanni were obtained after four days of treatment while it
took seven days in H.miles and the differences in mortality recor-
ded in between various days after observation were statistically

significant in all the four specles of_mite,

The effect of interaction between concentration and pesti-
cide on mite mortality was significant, Nearly 85 ,62 % mortality
was recorded in 0.04 % dlchlervos treated pots, while these were

70.51, 69,68, and 69.06 % in ethion, dicofol, and malathion treated
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pots, respectively. The. rate of mortallty provided by 0,005 % con-
centration were 70,10, 56,56 and 59,58 and 58,12 % in dichlorvos,
malathion, ethion and dicofol treated pots, réspectively, The
differenceés in mortality observed among four pesticides except
dichlorvos under various concentrations were statistically non-

significant,

The effect of Interaction between concéntration and day
representing rate. of mortality'of'mites have been presented in
Table 4,21.1., The significant interacticn indicates that the mor-
taiity of mite found at different concentrations during differsnt
days of observation did not follew the same pattern. It may be seen
that total mortality (100 %) was obtalned after: 7 days at 0.005 %
and 0.01 % concentrations while similar mortality rate was recorded
after 6 days in other two concentrations, namely, 0402 % and 0.04 %.
The differences in mortality rascorded in between 1 to 3 days in diff-
erent concentrgtions were mostly significant while the aifferences in
mortality observed in between 4+7 days under different concentrations

were mostly non=gigniflcant.

similarly, the effect of interaction between pesticide and
day on the mortality of mite was slgnificant. Therefore, different
patterns in mortality of mites were recorded during different days
of observations in four diﬁférent pesticide ‘treated pots, Total
mortality of mites recorded after four days in dichlorvos and ethion

treated pots while it took five days and seven days in the dicofol
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and malathion treated pots, respectively..An-initigl mortality to the
tune of 19.79 % was recorded after 0,50 hours only in case of dichlor-
vos treated pots. Thée differences in mortality recorded in between
different days among four pesticide treated pots were mostly signifi-
cant till it reached 100 % after four days...

The chemical control of mite has thrown a great challenge to
applied entomologists because of the fact that response of mite spe-
¢ies to various pesticldes vary widely. Therefore, selectivity of
pesticlides is of great importance in the control of acarines. This
characteristic feature in acarines 1s attributed to the physiolo=
loglical ability to react against varlous ‘acaricides;, It has been men-
tioned in varlous instances that while one group of pesticidges is
effective against a group of acarines 1t is not effective against
other group. In general, organophosrhorus compounds are not so much
effective against tenulpabpid mites while thése are highly toxic to
tetranychid and eriophyold mites (Allen, Nakakihara and Schaefers,
19573 Jeppson, Keifer and Baker, 1975). Similarly, endosulfan is
highly toxlc against tarsonemids but ineffective against tetranychid
and tenuipalpid mites. Several other examples may bes cited to sub-
stantiate this fact. During present investligation, it was observed
that highly significant variations existed in the mortality among
four species of mite under four pestlcidal treatments. This clearly
denotes the differential responses of four mites to various pesti-
cldal treatments. However, dichlorvos provided the begt control

againgt all the four mites. The secénd best result was obtained with
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malathion application against the three specles of mite,,B;echincgug
Z. ;m;diatus’an& H.heinemanni but it was ‘the least effective against
He.miles providing only 35.93 % control. Ethion occupied the third
position but it provided the second best performance i,e, after dich-
lorvos in the case of H,miles. On the other hand dicofol provided
good control of R.gchinopug, T.dimidiatus and H.heinemanni but was

not much effective against H.milegs'

It was further recorded from the present investigation that
none of the pesticldes provided any knouwk éownveffect on mites as
it is revealed from the Interaction Table between pesticide and
day+ Dichlorvos and ethilon showed relatively gquicker action provi-
ding 100 % mortality aftér 4 days while it ook 5 and 7 days for
dicofol and malathion, respectively. It may be seen f£rom the Inter-
action Table between concentration and mite ﬁha§ éven the recommen-
ded concentration of a pesticide (0,04 %) did not provids totél cone-
trol of any of the four mite species. It provided only 80 % control
in R.echinopus and T.dimidiatug, ahd it was too low l.e, 60.10 % in
the case of H.miles. It is thus evident that H.miles is difficult
to control with the pesticides taken into ‘consideration during the

present investigation,

The descending orders of efficacy of four pesticides against
rmashroom mites are as follows 3
1) R.echinopus = dichlorvosg (83,85 %).malathion (77418 %),
ethion (72,39 %) and dlecofol(66,.66 %).
ii) T. imigigtuﬁqp dichlorvos (85,31 %), malathion (74.47 %),
dicofol (70.52 %{ ethion (67.70 %).
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11i) H.heinemanni - dichlorvos (76.45 %), malathion (68.43 %),
dicofol (66.66 %) and ethion (63.22 %).

iv)AggmLLeg - dichlorvos (66,35 %), ethion (59.79 %),
dicofol (53.22 %) and malathion (35,93 %).

The descending ordsérs of efficacy of four econcentrations

‘agalnst mushroom mites are as £ollows ¢

1) R.echinopus « 0,04 (80,49 %}, 0,02 (78:02 %),
0+01 (74,16 %)+ 0,005 (67:49 %),

11) T.dimigiatug - 0,04 (B0.93 %), 0.02 (76.77 %),

0.01(72.85 %),0,005 (66,56 %),

1ii) H.helnemanni - 0,04 (73,54 %),:0,02‘(?0;93 %)
0:01 (67,29 %).0,005 (63,74 %),

iv) Heplles = 0,04 (60,10 %) , 0402 (56,35 %),
0,01 {51.87 %)s 0,005 (47,29 %),

A perusal of available literatures showed that the chemical
control of mushroom mites has gone loug vaway with the application
of nicotine as early as in 1937 through the paradichlorobenzene and of
latawith.ﬁalaﬁhion dicofol ;nd so.ons But the informations pertaining
to chemical control of four mites are lacking. The number of trials
cohducted on chemical control of mushroom mites are .relatively less
probably dus to the fact that the chemical control with recommended
dosages of pesticides are not highly effective agalinst them, Further,
these applications invite residue problem as well as the fungiéidal

action on mushroom, Therefore, fumigants like methyl bromide and
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others used as disinfectant of mushroom house play an important
role in the chamical control of mushroom mites. It appaaralﬁhdf the
best control of mushroom mites llies in preventive measures or uti-
lisation of pesticides of plant origin which has been discussed

below,

4:9.2.2 Control of mushroom miteg
with Qlant preducts

The dats obtained on the bioefficacy of six olls of plant
orlgin on mushroom mites have begn presented In Table 4.22 and 4.22,1
and Fig.4.26, It may be seen from Table that si¢nificant difference
in mortality was recorded among fouir specles of mite when treated
with oils in different cohcentrations. It is revealed from the sig-
nificant interaction between miéevan& oll that the four mites reac-
ted differently to six types of oll. The maximum mortality of R,
echinopus was regorded in citronella treated pots (70,36 %) followed
by clove (56.537 %), wintergreen (45,95 %) Chaulmoogra (45,21 %),
.Karanja-(10.66w%)’and neem (7.7%1 %) treated pots, The diffe;ences
observed im betw2en two olls in R.echinooug were always statis-
tically significant. In the case of g,gtmigiatug, the maximum more
tality was recorded in eitronella Céi.sz-%),followed by clove (51,42%
winter green (45,23 %), Chaulmoogra (43,99 %), karanja (7,52) and
neem (7,42 %), The gitference in mortality recorded in between cite
ro:nella and clove was statistically significant while those between
chaulmoogra and. wintergreen and between karanja and neem were sta-
tistically non-significant. But all of them were statistlcally diff-

erent from citronella and clovz,.
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The maximum mortality of H.heinemanni was also recorded in
citronella treated pots (65.14 %) followed by clove (47.33 %), chaul-
moogra (44,66 %), wintergreen (41.42 %), neem (7.04 %) and karanja
(6,47 %) and the difference observed in between six oils wsre statis-
tically significant except bstween chaulmoogra and wintergreen and
between karanja and neem. Again, the maximum mortallty of ﬂ,ml;gg
was recorded in citronella (54,57 %) treated pots followed by clove
(43.99 %), wintergreen (40.76 %), chauimoogra (32.76 %) o neen(7,04 %)
and karanja (6.47 %) treated pots.

The: igteraction between concentration and mite was statlis-
tically non-significant. It therefore indlcates that all the‘four
specles of mite responded similarly in five_difﬁe:ent qoncentfq?
tions of oil. The highest concentration i.e, (6.25 % a.i.) 2lways
provided the maximum mortality followed by 1,25, 0,25 and 0.05 %
a.l. and -the minimum mortality was recorded in the lowest

concentration l.e. 0.01 %.

The interaction between mite and day was statistically
significant. In other words, it indlicates that the pattern of
mortality followed in four species of mite during'differént days
of observation was not similar, The initisl mortality of all the
four specles of mite was recorded just after 6 hours. The morta-
lity figures of the four mites quring 6 hours were 3.33, 1.11,1.00

and -0.11 % in R.echinopus, T.dimidistus, H.heinemanni and H.mileg

respectively. The mortality figures on the seventh day were 64.53,
65.55, 61,11 and 55.77 % in R.echinopug, T.dimidiatus, H.heihemanni
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and Himiles respectively and the differences in mortality recorded
in between varicus days were mogtiy significant in 2ll the four

species of mite,

The effeoct of interaction between~ccncenératibn and oil
on mortallity of mite Wé§ statistically éignificant;~N;ar1y 87.49 %
mortality was recorded in 6.25 % e¢itronella treaiea pots while these
were 83.21, 77.61, 61,99¢ 21.66 and 20.35 % in wintergreen, clove,
chaulmoogra. karanja‘ané'neem treated pots, respectiyely. The rate
of mortality provided by 0.01 % concentration were 40,95,19.76,
18,92 and 13,57 % in citronella, chaulmoogra, clove and wintergreen
treated pots; respectively, But the initiai mortality in neem and
karanja treated pots were recorded anlf,agqi,gsj%‘épnéénékation.
The differences in mortality observéégva:idus oils under various

concentrations were mostly significant,

The effect of interaction between concentration and day
denoting mortality of mites have been presented in Table 4.22.1.
The significant interaction indicates that the mortality of mite
found in different concentrations during different days of obser-
vation did not follow the same pattern. It may be seen that at
6.25 and 1,25 % concentrations, the mortality rates were 81,38 and
79,58 %, respectively after sevén days whereas these wére 57.08,
49.44 and 40.83 % in cases of 025 , 0,05 and 0.01 % asi., respece
tively. The differences in mortality recorded in between 0,25«3,00

-days under” different concentration were mostly significent while
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those obsérved in between five to seven days under different con-

centrations were mostly non«gignificant.

similarly, thé effect of interaction betwéen oil and day on
‘the rate of mite mortality was significant.. Therefore, different
patterns in mortality of mites were recorded in va;iouslpeéticides
treated pots during dlfferent days under cobservation. Total morta-
lity of mites were recorded after seven days only in citronella
treated pots while 1t was 86.33, 94,16, 66449, 18,49 and 14,66 % in
.elove, chaulmoogra, wintergreen, neam and karanja treated pots,
respectively. Inigialzmortalities.ige. to the Tty e Qf 0416, 7.16
and 1,00 % were récorded after 6 hours in clove, citronella, and
wintergreen treated—pdts. The differences in mortality recorded in
between two. days in six oill treatéd pots were mostly significant upto

three days.

The response of four species of mushroom mite to the appli-
cation of varicus plant oils have been presented in Table 4,22 and
Filg.4.26, It i3 revealed from the present investigatian that none of
the olls was highly effective in the control of mite species on mush-
room. However, the mortality was total in citronella treated pots on
the seventh day after applicatdon though the initial mortality was
very low. Similarli, satisfactory control 'of mushroom mites was also
obtained with the application of clove and chaulmoogra oil. The more
tality percentage in these cases were 86,33 and 84,16 % on the seventh
day after application lispite of a very low initilal mortality and 50%
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on
mortality was recorded only the second-day after oil application,

In one hand, wintergreen provided a mortality around 47.83 % while
other two oils, namely neem and karanja killed less than 20 % of
mite population. The mortality of mite was very low under lower
concentrations viz:, 001, and 0.05% a.i. and with the subsequent
{ncrease in concentration to 1.25 % a«is, ‘the mortality percentage
increased considerablys Yet a six fold increase in concentration
to 6425 % asls dianoﬁ'pring about a significant change in mor-
tality and the mortality percentage remained around 60 %vyeing

constant for all theé gpecies of mitess

The descending ordersof efficacy of slx oils against

mishroom mites are as follows &

1) Eygqhinogug. --citrohellav(79156 %).clove (56457 %),
wintergreen (46,95 %),chaulmoogrd(45,.21%)
'kéranjé‘(io;éﬁ%b and neem(7.71 %)+
11) T.gimidiatuy - citronella (67.52 %),clove (51.42 %),
B wintergreen (45.23 %), chaulmoogra
(43,99 %), karanja (752 %) and neem
(742 %)
111) H.heinemanni - citronella (65.14 %), clove (47.33%),
chap;moqgfa.(44¢66 %)..wintergreen(41.42%)
neem (7.04%) and karanja (6.47 %).
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iv) Homiles - ciltronella (54.57 %), clove (43,99 %),

wintergreen (40,76 %), chaulmoograf32.76%),
neem (7.04 %) and karanja (6.47 %).

The descending orders of efficacy of five concentrations

against mushroom rmites. are as follows @

1) R.echinopug = 6.25 (63,39 %), 1.25 (57.22 %), 0.25
(34,36 %), 0.05(25.79 %) and 0.01(17.30%).
11) T.4imid jetug - 6.25 (58.49 %), 1.25(52.53%),0.25
| (33,17 %)» 0.05 (24,28 %) and 0.01(17,45%)

111). H.heinemanni =~ 6.25(58,81%),1.25(49,91 %),0.25(31.42%),
0.05(21.82 %) and 0.01(14.84 %).

iv) H.fifleg - 6.25 (54.20%) 1425 (47.77 %) +0.25
(23.41 %), 0.05 (16.74 %) and 0.01
(15,23 %).

A pérusaiﬂof,aVéilable literatures revesls that the impor-
tance of plant oilg 'in controliing ascarines has been overlooked
since long. The olls chosen for efficacy trial against mushroom
‘mites during the .present investigation sre known to, possess pesti-
cidal properties.’d good mumber of literatures have been.accumulated
over. the years on the.bioefﬁigacywof piant olls agalnst insect pests.

Several of them viz., citronella, karanja, neem are known to be
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highly effective agalnst insect species'(Papdey¢-Singh-and=TQWart,v
1977; Schoonhoven, 1978: Attari, 1980).+ It is interesting to note
that none of the oils performed well on mushroom mites: The most
important factor to be considered 1s theilr very low:initial toxi-
city on mites. Of course, it was greatly compensated after seven
.days when nearly total mortality of mushroom mites was observed.
Obviously, this limitation can be Gvercome to a great extent by

using very high concentrations of oils,

The dlfferential response g;-mushroom-mites‘toxvarious
.plant.oils was attributed to thelr physiological selectivity which
was not of great significance under this sltuatlon. The overall effi-
cacy of various oills in the descending order was 3 eltronella, clove

wintergreen, chaulmoogra; karanja and neem.

£ plang oilg .mnshfpom -

4.10 Phytotoxiclty

During the present investigation, attempts were also made
£0 study the thtdtoiic effect of various plant oils, if any, on mush-
'room.'The results have been presented in Table 4.23. The data indica-
ted that the yield of mushroom in thexuntrea;ed tray was 185,00 gm
while these were 146.60; 166,30, 163.30, 193,30; 178,30 and 180.00 gm
An -the chaulmoogra,citronella,clové, neem, karanja and wintergreen
04l trested trays, respectively, There was no significant difference
in yield of moshroom between' the oll treated and control (untreated)

trays. At the samégtimes»none-éf-thetoiistas found to produce any



183

Table 4,23 s Effect of varicus oils of plant origin on mushroom

Tféatments
(oils):

Géncentﬁa@
tionS(% a.i.)

tray

Quantity Yield of fruit
sprayed/

‘body/tray(gm)

Chaulmoogra
Citronella
Clove

Neem
Karanja
Wintergreen

Control
(Water spray)

6425
6428
6425
6425
6425
6425

10 c.é.
o
1]
"

146.60
168,30
163430
193,30
178,30
180.00

185,00

'F' test » Not 91@ﬂif£¢ant,

SeEms (1) 3,83
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visible phytotoxic symptoms on mushrooms. This ‘clearly demon-
strates that the applicaticn of oils ~has no sdverse effect on
growth and yleld of mushroom. In the absence of published liter-
atures in this direction, the results obtained during the present

investigation could not be élaborated in depth,
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A) -Studies were undertaken to réveal the identity of mites
found in asscelation with.each of the two specles of summer and
winter mushrooms viz., P.gsajor-caju and'g.O“treétus, T.lobayenge
and V.yolvacea, respectively: Subsequently, theilr damage potentials
were assessede. Eeoiogical‘sﬁudieé pertaining %o seasonal incidence
as well -as influence of major ablotic factors were carried out on
them, Various experiments were designed to work out suitable con=-

trol measures.

11) The prevalence of altogether four specles of mites
belonging to three Famlilies, namely Acaridae, Ancetldae and Laela-

pidae were noticed. They were Re.gchinopus, T.dimidiatug,H.heinemanni

and H.miles. Thelr occurrence were sessobal and they were host-spe-
clfic. The foremost specles was found only on winter types of mush-
room while the remaining threé speeles infested summer types. This
is the flrst report on the mltes to infest mushroom under Indian
condition and in the case of H.mlles, it is altogether a new host

record,

111) It is evident from the present investigation that straw
a component of mushroom-bed harvours all the four specles of mush-
room mites and therefore pesponsible for carry over of mites in
mushroom~bed. No other dgents like compost or insec¢ts were assocla-

ted in-the transportation oé nltes in mushrodom-bed.
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lv) It is revealed from a study initiated to confirm the feeding
habit of mltes on mushroom that the population of four mites varyied
significantly betweén unspawned and spawned beds. The rate of increase
has been found to be 166.56, 66.55, 266.65 and 33.25 % in R.echinopus,
T.dimidiatug, H.helnemarini and H.pileg respectively under unspawned
condition in contrast to 916.65/783.00, 500.00/416,57, 1433.00/1226.54
and 516.50/566,53 % respectively under spawned condition. It is an obv-
ious indication of their utilisatlon of mushroom as their preferred
£ood, The rate of increase in T.dimidistus , H.heinemanni and Hymileg
varied significantly in between two speciles of summer mushrooms indle
cating their preference difference ¢o0 two types of mushroom, It is
further substantiated from their higher rate of increase till the
twentyfifth day after gpawning with subsequent decline in population
resulted from the deplétion of food (mushroom) due to their continuous
feeding., It was also confirmed from the yleld data obtained from .infes-

ted yis-aw-vis control conditions.

v) The distribution of four species of mite in various profiles
of spawned mushroom-bed indicated that the varlation in population
observed among four mites ylg-s-vig at various profiles were statlstie
cally sigrificant, The maximum poputation of all the four specles was
observed in the upper surface of mushroom bed (upto 1.5 ¢m) probably
dus to the highest concentration of mushroom mycelium and fruit body
in the top layer: The mite population was found EO'dEciine,gradually
wlth the increase in déepth and statlstically the denslitles of mite

observed Ain between 3,0-4.5 cm and 4,5-6.0 cm were egquale



187

vi) The symptoms of damage produced due to the infestation of
each specles of mushroom mite are characterised with the change in
ghape. size and colour. Due to the infestation of R.echinopus; the
basal area became pointed and the colour changed from whits to ye-
llow or browne L.dimidiatug, on the other hand, made a large hole at
the basal region of mushroom and gradually hollowed it out with a chan-
ge in colour from white to blackish brown., Bot the above mentioned spe=-
cles affected the gill portion of cap and formed a dense cover all along

the mushroom bed under severe case of infestation.

The infestation of H.heinemanni disrupted vertical growth of

mushroom forcing it to develop in a crawling manner and the infested

area showed a sign of decomposition. The feeding of H.mlles resulted

in detachment of buds from the mushroom bed. Several holes developed
on cap region and the entire content of the volva was eaten up with a

noticeable change in colour to yellow.

vii) All the four species are very destructive in the mycelial
as well as fruit body stages of mushroom, The destructive potential of

mltes were more or less at per with slightly high in H,heinemanni when

the decrement of weight of mycelial mat (85.23 %) was considered,

viil) The reduction of stalk length of mushroom due to the infes~
.tatlon of four mites varied between 38,58 to 48,77 % whlle the stalk

welght varied enormously asmong four speciles being‘87,16.74,07, 62,90

and 42,30 % in Heheinemannd, T.dimidiatus, He.miles and R.gchinopus ,

respectively.
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1x) ‘The Quration of spawn-run period was significantly delayed
by about 5.6 days in R.echinopus while these were 7,0 and 2.0-5.0 days
in H.helnemanni, T.dimidiatus and H.miles, respectively, No sec¢ond

flush was notilced in any of the mite infested bed.

x) The bud stage of mushroom was most prefered by H.heinemanni
and R.cchinopus inflicting 64.83 and 62.84 % damages, respectively. The
corresponding values in H.mileg and I,dimidistus were 45.05 and 41.33 %,

respectivelyy

xi) The severe reduction in circumeference of mushroom cap was
noticed due to infestation of H.heinemanni (70,00 %) while in other
three species, these were around 37.00 % . Similarly, the thickness
of cap was reduced to the tune of 73.43 % in H.heinemgnni with corr-
esponding figures in other three species around 38,00 % being the
lowest in R.echinopus (22.72 %)« The percent reduction in welght of
cap was around 91,17 % in H.héeinemgnni whille these were 80;19,70;91
and 36.36 % in T.dimidiatug, H.miles and R.echinopus, respectively.
Thus, it indlcated that R.echinopus did not like the cap portion of
mushroom while 1t was most preferred by H.heinemanni, The other two
species, namely gﬂdimidiaﬁug and Hemiles did not infest gill portion
of cap but consumed inner tissue of cap portion inflicting severe

damage to this region of mushroom,

x11) Preliminary informations collected on the economic injury
level of four mites revealed that a dlrect linear relatlonship éxisted
between the loss in mushroom yield and density of mites upto a level

of 150 mites/50 gm of compost. The rate of yleld decrement was very low
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in between 50=100 mites/50 gm of compost -and & population of 100 mites
would bring about nearly 9.0 % loss in yleld. Considering the économic
significance of 9.0 % loss in yield, control measures may ke recommended

at this level.

xi1i) The four species of mite differed significantly among

themselves in respect to thelr preference on eight.§rti£iqial diets sgig-
nifying their differential nutritional requirements. The maximum rate of
increase (4160,00 %) was not;ced in R.echinopus in the diet consisting
of agar, wheat kernel, yeast and distilled waters For T.dimidiatus, it
was a mixture of wheat kernmel and yeast extract: The other two species,
namely gﬁ_einemanni and H.pileg showed a clear inclinstion for mushroom
as food. Thelr rate of multiplication was hi§h| cnly in the presence

of mushroom extract and was. unable to produce any progeny without it.

xlv) It'is revealed from the ecological studies that there was
significant difference in duration of mating, pre-ovipositional and ovi=-
positional perleds among four species of mushroom mites irrespective of
temperature and rélative humidity., The effect of interaction between
mite ahd temperature, mite and relative humidity and temperature and
relative humidity were also significant showing differential preference
of four mite species for various temperatures and relative humidities.
The .maximum durations of mating, pre-ovipositional and ovipositional
periods were recorded at 20°C x 90 % r.h., 20°e.x-6b % rdh, and 20° x

60 % rsh., respectively.

xv) The duration of egg, larval, nymphal stages also varied sig-
.nificantly among four species of mushroom mites lrrespective -of temper-

ature and relative humidity. The effects of interaction between mite x
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temperature, mitex relative humidiéy and temperature x relative humi-
dlty on the duration of ifmature stages were also significant indica-
ting that duration did not follow the samé pattern in the four mites
under various 1eVeis of temperature and relative humidity. There were
sign;ficant,difﬁggence in fecundity among foug ﬁughpoom mi?eg 1rrespec-
tiye of temperature and relative humidityg The maximum number of eggs
vere laidmby_g,gchinppug ggllowed“byqg.ggg;glgggg, §ﬁh§inem§ﬁni and
H.milegs The pattern of egg 1aying'of four mites was nét similar under
three levels of temperature and relative humidity. In genefalé the maxi-
mam fecundity was reallsed under moderate temperature (30°C) with excep-
tions in R.echinopus and T.dimidiatug where the respective temperatures
were 20°C and 40°C, respsctively, All the mites lald maximum éggs at

90 % r.h.

xvi) The speed of development increased progressively with the
increase in temperature in all the four species of mushroom mites. The
duration of life cyele increased at higher relative humidity (90 %) in
R,echinopug while in other three mites, it was reverse, However, all
of them falle@ to dévelop at 30 % r.h. while T.dimidiatus and H.heinemak

nni also failed to' develop at 60 % rihe. lrrespective of temperature.

xvil) The rate of: gurvival of varlous stages of mushroom mites
varied slgnificantly among themselves irrespective of temperature and
relative humidity. The significant effect of Interactioris between mite
x temperature, mite x relative humidity and temperature x relative humi-~
dityaon.theurateuof survival of immature stages denoted that the pattemn

of survival of four mites waié not similar under three levels of
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temperature and relative humidity..The optimum temperature and humidity
combinations for egg, larval, protonymphal, deutonymphal and adult sta-
ges were 20°C x 90 % r.he , 30°C x 20 % r.h., 20°C x 90 % r.h., 30°C x
90 % r.h. and 20°C x 90 % r.h. respectively. The rate of survival was

relatively higher in H.mileg and T.dimidiatug

xviii) The temperature preferendum varied widely among four mites
R.echinopug being a pest of winter mushroom showed a clear preference fo:
low temperature (20°C) for its optimum development. The remaining three
gpecies, on the other hand,- exhiblted definite inclination for warm tem-
perature (30°C) being summer bound occurrence and at least H.miles sho-
wed its abllity to multiply even at high temperature (40°C). All the
four mites preferred high humidity (90 %) for their optimum developments

xix) The incidence of four mushroom mites took place in a sequenct
with the appearance of R.echinopug during January to March for its pre-
ference towards a mild climatic condition. The increase in mite popula-
tion was dependent on temperature% However, it was unable to withstand
high temperature beyond 35°C. The ﬁite population was not affected with
the increase or decrease in relative humidity as was evidenced from the
non-significant 'r' and 't' values.

T.dimidlatus was £ound on mushroom from March t6 May when
high temperature prevailed with a mean value around 33°C, The species
did not show any relationship with temperature but exhibited a positive
correlation with the atmospheric relative humidity which varied between

56 % - to 89 %.
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H.heinemanni infested mushroom between June to October.The mite
exhip}ted a definite relationghip with both the major ablotic factors
and temperature when its population fluctuation in straw component of
mushroom bed.alone was considered. The non=-significant ‘r' and 't’
valueg in the case of temperature along yig-a-vis mite population during
the mycelial and fruit body stages of mushroom indicated that tempera-

ture was not that important as relative humidity.

The fourth species, H.miles was observed on mushroem from Octo-
ber to Novembers The miteée showed similar relationship with the major
abiotic factors as 'was noticed in the case of H.,heinemammi, The popu-
lation of mite increased with the increase in temperature and relative
humidity while they were found in strawe But during its presence under
mycelial and fruit Body stages of mughroom, the population growth was

dependent on the variation of relative humidity alone.

xx) Attempts were also made during the present investigation to
explore the natural enemy complex, if any, of mushroom mites. But nei-
ther any parasites nor any predators wére noticed in association with

mushroom mites during the course of investigation.

xxi) Sterilisation of straw component of mushroom bed was found
to be highly effective in controlling mushroom mites. The mite popula-
tion varied between 19.0 - 38:3/10 gm of straw. Signlficant variation
was recorded in thé rate of mortallty smong four mushroom mites:while
they were exposed to each of the ten constant temperatures varied bet-
ween 50.0°=72,5°C under three levels of exposure periods (15,30 & 45

min) . Hemiles was the most tolerant species followed by H.heinemanni
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T.dimidiatus and R.echinopug. The LDg, temperature for all the four

species was around 60° + 1°C to 62,5° i‘1°c'and‘a temperature around
70° + 1°C to 72,5°C + 1°C provided 100 % mortality (LD;,.). A const-
ant temperature at 72.5°C for 15 minutes was highly satisfactory for
mites. Similarly, the exposure of mites t6 62,5°C for 30 minutes and

57.5°C for 45 minutes provided total destruction.

xx11) The contact toxiclty of four pesticides in four concentra-
tions (0.04, 0.02; 0.01 and 0.005 %) were tested on sdult mites under
laboratory condition. Significant difference in mortality was recorded
among four specles of mite, The significant interaction between mite
and pesticide revealed that the mite specles reacted differently to
pesticides, The relative toxicity of pesticides in the descending order,
together with the values (% mortality) were : dichlorvos (77.99 %),

ethion (65.77 %), malath162L£§§:00-%) aéh?aicofol (64.26 %), The maxi-
mum concentration (0,04 %) provié;d~o;iy 80 % mortality of R.echinopus,
P.dimideiatug and H.heinemanni while it gave 60.10 % mortality against
gﬁm;;gg. Dichlorvos and ethion provided total mortality of mite after
four days whille it took 5 and 7 days for dlcofol and malathion, respec-I

tively.

xx1i1) The contact toxicity of six plant products (oi;s) were
tested on the adult of mushroom mites.in filve concentrations.(6.25,1,25,
025, .0.05 and 0,01 %) under laboratory condition, There was significant
diffgrenqe in mortality ameng four specigs of mushroom mite. The signi-
ficgat interaction between mite and .oll denoted differential response ’
of four mites to oll treatments. The relative toxicity of plant oils

in the descending order, together with the values (% mortality) were:
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citronella (64.44-%) clove (49.77 %), wintergreen (43,59 %), chaulmoogra
(40,65 %), karanja (7.78 %) and neem (7:.30 %). The total mortality of
mités were recorded only with the application of citronella:oil after
seven days while these were 86.33, 84.16, 66.49, 18.49 and 14.66 % in
clove, chaulmoogra, winéergréen, neem and karanja, respectivelys All of
‘the four mites responded similarly in filve different concentrations of
oil, The highest concentration (6.25 %) always provided the maximum
mortality and the minimum mortality was recorded in the lowest concen-

tration (0<01 %).

It was recorded that none of the oils produced any phytotoxiclty
on mushrooms, There was no significant difference in yleld of mushroom

betweén the oil treated and control trayss






CONCLUSION

It 1s revealed from the present investigation that the mush-

room mites are the least studled subject in mushroom science, With

the steady progress of mushroqm-cd%iivation;all over Indila, it has
become imperative to uhdertake a detailed study on them. It was ob-
served that four species of mites, namely R.echinopug, g.gimidiatug,
H.heinemanni and E,mi;gﬁ'weré:féund'in association with mushroom cul-
tivation: Of course, there aré several other species of mites having
revealence with mushroom cultivation. But till-to-date they are main-
tainihé a non=-pest status. It i1g predicted that any major change in
cultivation technology of mushroom may disturb the natural balance
qualifying in their favour. The most important consideration is the
total devoidance of natural enemies'in the phenology of mushroom mites.
Therefore, population dyriamics of the mites would be mostly governed by
the major ablotic facétors like‘tempéfature and relative humidity. It
1s evident from the present investigation that a warm (30°C) and humid
conditions (90 % r.,h.) are optimum for the rapid development of mites |
as well as their host (mushroom). Therefore, the mites prefer similar
ecologleal niche to those of their host and are well adopted under
such conditions. It is obvious that they have the immense potentiality
in inflicting heavy loss in mushroom yield. Furthermore, they attack
all'Ehe stages of mushroom and'occuf}ed in a sequence from the month
of January till November avoiding inter specific competition among
themselves. All these important tralts marked them as the most poten-
tial pests of tpg future, However, they face a great competition from
iggect.g;oup which are thg'predomingnt gspecles on mushroom till-to=-

date,
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The most significant cont;ibutiong.made,during the present
investigation is the development of some artificial diets which would
help immensely in understanding the nuttitional status of mites to be
utilised in developing newer control measures. The findings on the mode
of transportation of mushroom mites has greatly contributed to f£ind
out the most effective control measure, Sterilisation of st;aw at 72.5
°C for 15 minutes and thelyr subseguent utilisation in mushr;om bed make
ipg would totally eradicate mites from mushroom cqlturez However, under
certain situations where chemical control would be demanding, dichlor-
vos (0.04 %) may be utilised with great success. However, more rewar-
ding would be the use of plant products like citronella oil at 6.25 %
concentration to obtain a total control of mushroom mites without inju-

ring. mushrocms.
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