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The indiseriminate wse of chernical pesticides is resuliing
i pent esurgence, pesticide rmistance and health hazanks
ay well an neganvely affectng nateral beneficial insects and
Whuir Crop AEisysiems i el yean T dve bde lesgrtieal
cntitral becomes a saler alterpative 1o chemical pesticides.
Biopesticidies based on bacteria, viruses, stomopathogenic
fungi amd neoatode often have comidetable scope
as prect-pest management agenm (Noris er af, 2002)
Entomopathogenic fangh caise lethal infections, perpetiste
Iy targeet nsects and regulae insects and mibe poplatbon
in nature by opleootics (Carruthers and Sopes, 987
Ferron, 1987, McCoy e al. 1988). Their charscierisrics,
namely, safoly to non-targel onganisnes, ease and economic
feasibility for i vt mas multiplicstion, make them one
af the prefermd optlons for pest management. Among the
fungal biopesticides, Beasveria bassiana, Metarhicium
apfsepline, Nowmwsea rilevi and Locamiciflim Jocanid
(Zimn,) Lare and Gams have bissn roported 1o be promising
under Indian conditions. Variows strains and formulations
of M. anisapdior have been shown 1o infect 100 foliar and
ather soll dwelling wsect pest species belonglog to diffenen
grneia (But e al, 2001, Kim e al, 2000, Horsczek and
Viernsteln, 2004; Beock ot sl 2005 Fisher and Bruck
2008 Jist ot all . 2009. Ansairi e ol . 2009 and 2010,

L decondi (Tormwrly  VernictBim kecand (Zimin.] Viegas),
known as a “white-halo™ fungus, belongs o the ¢lesw
Sonlariemyceies and eprodices asexually (anamorphic
stage) by conidia without fralting bodles (Hajek, 1097, Zare
and Game, 2000), The market for biocontim] agents (BCAs)
has bewn growing contlnuosly over the L few decades
due W Improved awareness on the adverse environmiental
imparcts of chemical pesicides. Production of adequare
guaantities of a good guality localem of any blocontrol
arganism |6 o prevesjulsite for receiving excellont reaults of
a biocontml programme. Production of enlomaopathogenic
fiangl has  boen suctesafully  sccomplished i many
synthetic and seonivynthetic media. Cartbon and nitrogen
are the most vital matcents reguieed  for growth and
sporilation (Campbell of af. 19831 Natural media. which

ar Invarishly rich in carbon and nitrogen, wiens provesd
to support the growth and sporulation of fmgl. Broken
sorghum grain ks veponted o produce lesser conidia of L
Fecatnd tham ool oo and bran per gram sulstrate (Fong
e al. 2000, Lakshmi ot af, 2001} Malt extract pepions
irwedivin yhelded mote conidia fend of L feeanil, comparsd
to dextrose peptone veas extract agar medium (Kamp and
Bidochla, 2002}, Similarly. the biphasic state production
by iy volasses yoast broth and rice grains produced the
spore count of 170 (100g Meraklaban of &l 2008) and in
prntatis dextrose broth and riee aftor 10 days, it ranges from
0.28 60 175 = 10° sposiss fml (Nirsnala of af. 2006). Though
different methisds of innss peoduction of entomopatho el
Tungl are availabile,

Thie development of cheaper method of mass production
kg locally availabbe materials will bo highly useful. Thus
the present study was undertaken (o evaluate agriculiue
precduces like gralm of riee, wheat, ragl, sorghum, pearl
it andd maiee aloae and ln combliation with carbon and
nitrogen souces Lo, M jaggery and 0 5% yeast, o find
ol econamically viable substrate for the mass production
ol Metaitizivm anscpdioe and £ focany with pood number
of spure.

The presem study was camied out m Center for Biologioa)
Contral {CBC), National Instiuie of Plant Healih
Management (NIPHM) during 2012 and 2013 Laboratory
expuriments were conductes o st the effect of dilfeen
agriculfural products in snlid and enrlched solid anirulluui
substrates on masa production of eniomopathogenic Tungl
(EPEs). The cadavers of the insocts or the amall hoppers
that appeared to be infected by fangh wore collected in
screwe caft vials [ 1B = 4 mm) during sevey and brought
o the laboratory and entomapathogens were lsolated on
spocitfic meding Mycosed msects collecied from the fields
were surface sterllleed with 5 per cont sodiam hypochloie
for few seconds and then thomughly rinsed with swrile
st ledd wntor soveral times. The excess water was removed
by keepmp the discased msects oo Whatman filier paper
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No. 1. In a sterile Pern dish. the diseased. insect specimens
wire cut bnto small pleces with the help of serile blade
and the bits were aseptically tramsferred to a cultore plate
containing selective medlum  [sabourand maltose ugar
enriched with 1% yeast extract (SMYA)] with the help of
sterile inoculation needle. The inoculsted Petri plates were
hept in BOD o 2521 *C under constant observation for
the growth and development of microorganisms. Diseased
lasvae were also kept on monst filtes paper m Petn dish for
myoelial growth and sporalation. The diseased Larvae either
showed whitish anverlial anface growth as charscterisie
of L. fecanii or alight darkes green colour growth on the
rice plant hoppers as charscteristic of M ansoplise After 5
days of incubation, the ndcroonganiuns were siib-culied
for punficanon  Prehumnary dennficanon of finm was
made: based on the morphological characier with the belp of
the Adlas of entomopathogenic fungi (MaCoy er 2L, 1988,
Humber, 1997} The idennfied fung M anfsoplise Ma-11
(Accession No. NFCT 5805.13) and Lecanicillium lecanii
(Accessbon Mo, NFCT 5806.13) are available st CBC-
NIPHM. All the cultires were maintained on SMYA and
potatn dextrose agar (FDA) slants. A loopfull of inealum
From sub cubtured plass of M assopliosand [ acaniwas
wramferred 10 PDA slants and makntained as pure culiure
For laboratory studies. both fungi were cultured on PDA
medivm, separately. After sporulation, conidia from the
medium were harveated by washing them thoroughly with
storilized water containing Tween-80 (0.2%) for immediate
wse. Dtherwise, spores were harvesiod with the help of a
sl seerile metal sparals. Harvessed conidia were air dried
under lamunar ax flow and siored m umall e nght screw
cap viak (10 cm with 2.5 cm diameter) in eefrigeraton at 4
'C for further studies.

Whole graine and their by-produces of rice. wheat,
sorghumn. pear] nullet, finger mllet. manre. barley, biack
gram seed brmn, rive bran were collected from the local
the spomlation of Al anisoplise and L becami ar 28 *C
Each sample of 100 g grains was tken, washed well
and equal sy of distilled water (wiv) (pH 7.0) was
added and packed separaiely m individual auinclavable
polvpropylene bags [Hi Media 7° (B) x 117 (H) size]. The
bags were plugged wsing non-absorhent cotton with the
support of a plece of 1.5 inch PVC pipe at the apening of
the bag and sterilized by autoclaving at 121 °C and 15 Ibs
pressaire for 20 mines (Mazumdar o ol 1995). Esch bag
wian corsbdered a8 o replicate and thres bags were used for
each wemment. [n addinion w e ser of plain gron meda,
ancther st of all grain media amended with 0.5% yeas

and 2% Sugarcane " Jaggery *(65-85% sucrose) separately
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for numient enrichment was tshen. For enrichment of these
grain media, 5 g yeast and 20 g sugarcane " jaggery’ were
mined in 1000 ml distilled water. Hundred gram graim of
each coop were cleaned. washed well transfermed separately
in 7" (B} = 11" (H) msoclavable bags (Hi Medial and 100
ml of yeast and sugsrcane “jaggery” solution was added
o each bag separately and sterilized s mentioned earlier
Three replications were mameained for each grain medium.
After, autoclaving the bags were allowed 1o cool down upte
the luk=warm temperatirs and | ml of freshly prepared
conidial suspension of M anisoplise and L kecanii (10-
days old) was inoculated in each bags, separately under
sseptic conditions. The inorulaed bags were incutated in
BOD incubator a1 25 = 1°C separately for 10 days. To avoid
clumping. after every three-days of imoculation, the bags
were shaken vigomuly © separate the grain and 1o break
the mrycelial mat Ten days afler incubation, grain along
with fingal blomas of sach sample was transferred in
sterilized porcelain rays separately and dried. The blomass
was dried to constant weight in hot air oven at 8065 °C
for 12 hours. The determination of dry myeelial weight
done separately by weighing the biomass along with fungal
mryrelivm and conidia (Cochmne, 1958)

Afier 10 davs of incubation. 1g bomogenouws dried grain
media sample drawn from each replicase of uniformly
sporulating bags was tramferred 10 10 ml sterilised
distilied water contatning Tween 80 [0.2%)] solution in sest
wbes. The w1 tubes were shaken in mechanical shaker
for 10 nun The snpenuaon wes filiered through double
lavered musln cloth and then Aleved through Whatias
filter paper No | The filtered smpenuion wan subjected
o the serial dilution up 0 12 times. A drop of conidial
swspersion of M ansopliss and [ decani was placed
on separate hemocytometer The sumber of conidia of
enunnopathogenic imgl was counted under phase conras:
mm%mhhuﬁn‘wm
of Neubauer hemocylometes The conidial count was
determuned to find our the oumber of comdia mn | g of the
dry biomass obtained from each grain owdia spartely
using the formuls: Conddia per mi = the average coum per
square (| mm?} = the dilution factor = 10*, Colony forming
uriits {cfu) were estimated by plating technbque. From the
filtered stock solunon, further dilunons were made 10 upto
10* dilution. The study was carried out n a randomized
complete block design (RCBD) with three replications. The
blomiss and conldial production of both the iimgl from
diffemrent sbstrates wisre subjectid 10 analysis of varance
(ANOVA) The means were separated nsmg least ssgnficant
difference (LSD and differences between treatments wene
consadeted agmficant at probatuliy level P= 005



a0 Mass, production of entomopathogenic lung

The results presented tn Table | revealed that among the
grain media tested. the dry weight of M ansoplise por 100
g medi was agnificantly lugher m peat] oullet (477 g)
followed by finper maller (45,5 g} and mare (44 2 g) than
ather grain media at 10 days after inoculation as compared
o othes gram medis. However, theie was no ugnificant
of drv biomass weight of M anisoplise. The nguficantly
highest dry biomass of L fecandi in sorghum (626 g
follorwed by wheat and maiee grain media, 600 and 58.6 g,
respectively than others There wak no upmiicant difference
between wheat and malse in terms of diy biomas weight
Compated to the other grain mesdia the spore prodisction
of M ansopfise was uignificamly lngher on wheat (116
= 10%) and rice (11.5 = 10™) foliowed by sorghim (10.4 «
10") than others. The spuore count of L kecat wies highest
on sorghum and peas] millet enriched with yeast and
*jaggery  modia (114 » 10" and 11.2 x 10™) should not
be supersmpt. cespectrvely, but pot sipmaficantly defferem
fiom sach other

Sain of &l

In case of envichment of these grain media with (5%
veasd and 2% sugercane *jaggery " (65-85% wtuse), there
was a upmficant boost m dry biomass prodocton s well
as spore count. [n case of M anisoplise. enriched pesr|
millet magery and finger oullet jaggery media recorded the
highest dry weight per 100 g (54.6 and 53.1. respectively)
trm both were ot par with finger mallet and peal aullst was
statntically ipugmficant  In case of [ Jecamt eniched
weghum [aggery medium resulted in the highes dry
btwrmns vield (666 g per 100 g). This was folluwed by
sorphum alone, entiched malse and wheat mlia (626,
614 and 61 ). eespectively). There was no statistically
upmficant diffcrence among mare. wheat, and sorghum
enichind media o jaggery and songhmm alooe. The gpore
count of M amsopiae was recorded highest on enriched
rice jaggery and wheat jaggery media (128 = 10™ and
127 = 10™ per gram of dry blomas, respectively). But
the statistical comparfson between the rioe and whea
media was mwonficant  However the spore count of

Table I Effect of various grain media alone and or enriched with jaggery plus veast (JY) on biomass and spore
produc ton of Metarlsdum anbopliae aod Lecankcilive becimsll

Spoie comal = 10 sulnirae alone Fresh wetght (g} Diry weegitut ()
le=tia A ansoplise L. lecanti A antopdiae L Eecanli Al antsoplise L lecand
Rice TR nz BlLS 520 HE “ua
Wil (TR a4 &1 B8 ni B0
Sorgham 104 14 Ll 503 425 G265
Prearl miblket Wb 1z 1B 0.5 47 420
Firiger milllet 102 104 N L 433 412
Maire 94 103 B B8 uz 6
Harles o2 105 Tiu LEN | a4 410
Filack gram seed bran 2 a5 E 653 a1 43
Fice bran T2 65 601 39 24 52
Riee +J% (P8 127 i L el 155 87
Whest [V 127 .z Ris BRS 352 EL1
Sorghmm Y 1E 126 630 914 {56 666
Powrd millet « JY 1L ILR 2A 10 506 58
Finger millet « [y 1ns 1z s §79 sl Hi
Matsr « JY .y n4 Wy -1 408 614
Barley =Y i na L2 LR N3 436
il & gram weed bran «JY 13 e 3 2 423 uu
Rice bewh » FY L2 T8 G5B &9 ns 467
SEmi 0545 13 im 3T 23T pLAT
CI P = 0 05) o Frd 2 0F4 i 368 i Al L6115 43
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Figure 1. Total c.Lu (1 « 1012100 g} of Mt fisim
anboplie revorded on differend media aloae  and

enriched with jaggery pln veast (JY)

L. Mvcanil was reconded highest but ot par on rice and
sorphoen meadbunn enriched with yeau plus jaggery (127
o 1P and 126 = 10 pepuectively). Charall. sebection of
enecdivim wis dhoms bavasd on il spore preduction in wrrs
of total ¢ Lo fom de harvessd blomass The highes
mumber of cLu of M antsopliae was ecorded in pearl
millet medium enrichod with yeast plus jaggesy (5.6 = 108
per 100 gl bowever, the highest c.fu (B4 = 104100 g
of L lecanii was recorded in sorghum medinm eariched
with yeast phin jagaeery. Simitlarly, somghuem wan reported o
b ideal for the mass production of L fecand (11.31=10"
st/ 100 g) while, peard milln was alve found o suitable
nechium for the spote production (10 17 =10 sposes/| Big)
(Sahayaral o ol 2008) and the sore producion can
funher be maximissd by incomporation of molesses st
4% concoentration (Derakinban o ol . 2008). Broken
sorghumn grains are meported 1o produce 15 = 107 conidia
fg (Lakshimi or of. 2001} winch » m confirmanon
with the fmdingn of the current stody Wlile Feng o a/
(2000) found cooked rice and bran wbstrate W produce
highet spores of 15 and 14 = 10" spores /g for !
Fecandi. Crnlon are cheap, vaslly svallable and act s best
matrithve mwslia for the mass multiplication of many micro
ard macro ongantars. Acconling o Theabim and Low
(1993) ane Sharma o of [2002), rice was Touwnd 10 be the
siftable modium for the mass cultune of deuteromycete
funm The above findmgs mre closely m agreement with
Bharati o al (2007), who recorded considerably low
spore vields in agro wastes s compared 1o food graim and
Sahavaraj or al. (2008) who have observed that sorghum
recorded  maximum spore production of  Faecilonyces
fimwmorosews and [ fecanii. Dangar o o (1891) also
olwerved wnuls findogs m M anboplir In Beasil,

Figure 2. Total c.lw (1 « 10000 g) Lecandcilfium
Iecani recorded on different media aloas and eariched

with jaggery pls yeast (1Y)

Hdm:#.rhnhnﬁl’nn‘liiup‘mirrrﬂlﬂm
wields of 515 thmes higher ssing rice branitice bush
subrtrate mixtpes than yiekls vsually obtained  from
thoe grains. with viabilitks of higher than 85% [Dooa
of al, 1990), Sabwyora) o al (2008) found that among
other grain medls sorghum  recorded maximum spore
production of P fmmoorosens and [ decani. Puzar e
al (1997) fumther reported that rice husk supplemented
with % dextrose solution recorded more sponulation of

M anisopiioe

In conclnion, the tested fungt were able to grow on a wide
variety of agriculnre producs and by products of solid saie
anned this oo bee s ful 1o farmers wo culture these Furgl sasily.
Moreover, the grin media enriched with low cost carbon
and sirogen sources could further enhance the fungal
biomamss production. The peard miller mediom enciched
with yeaut plus jaggery showrd upmficantly high powih
mtwe of Al anisopliae in s of wial o fu production (8 4
« 10" per 100 gram) as compared w0 other media. However,
comparatively sorghum grain medis entiched with jaggesy
phas yeast showed sgnificantly enhanced growth rate of L
becantd n terms of wial o Fu peoduction (8.4 « 109100 g)
For cach new stralh and species of entomopathogenic fungl.
ﬂwuph-lmlﬂllkmmﬂhmﬂhuﬂhnmrﬂmd
for lepe wale production may differ from those foond
provioualy and meed 1o be tested to produce s Bigh level of
infective inoculum st minimal cost. The grain media can
e & very good kew cost and a saimble alemative for small
scale indhotry and farm bevel mass multiplication of these
beucficial oucrotsal fusgn This mrthod can wlamately

wrve @ an svonombs wiry of making quality biopesacides
wantly avatlable to the farmers
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