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1. Larvae of A) the spruce cone maggot Lasiomma
anthracina, (Czerny) and B) the spruce sesd moth
Cydia younganza (Kearfott) overgrown with Beauveria
bassiana (Bals.) Vuill.

2. A) Colonies of Beauveria bassiana (Bals.) Vulil.
growing on a plate of Potato-Dextrose-Agar (PDA) and B)
conidiospores in a ecounting chamber.

3. A} Dusting strobill of white spruees, Picea glaueca
{Moench} Voss with conidiospores of Beauveria bassiana
(Bals.) Vuill, for protecting seeds, and B) seoil
bioassay boxes for testing efficacy of B. bassiana

againat the spruce cone magegot, Lasiomma anthracina
{Czerny).

Disclaimer: The use of trade, firm, or corporaticn names in thisz
report Is for information and convenience of the reader. It does



not constitute endorsement or approval by Agriculture Canada, the
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the authors, of any product or service to the exclusion of others
that may be zuitable,

Caution: Consult with local, provincial and federal health and pest
control officials about regulations governing the production and use
of bioclogical insecticides.




ABSTRACT

This report provides a detailed description off a method for producing conidio-
gspores of entomopathogenic fungi, exemplified by Beauveria bassiana (Bals.)
Vulll,, on & bran medium. Procedurss are cubtlined for determining and main-
taining viability of spores and ensuring that the product has a high degres of
virulence agalnst Iinsect pests. Possible modes of application for use against
white spruce Plesa glauca (Moench) Voss cons and seed insects are suggested.

RESUME

Ce rapport décrit =n dftail unes méthode de production, sur du son, des
conidies de champlgnons pathogdnes pour les insectes, en 1'ocourence Beauvaria
bassiana {Bals,) Wuill. 11 é#noncs les modalités pour déterminer st maintenir
la viabilité des spores et garantir au produit un degréd &levd de viruléence
contre les insesctes ravageurs, 0On ¥ mentionne des possibilités drubilisation
contre lesg ingsectss s'atbtaquant aux cbnes et aux ssmences de 1'épinstte
blanche (Picea glauca [Moench] Voss).






PRODUCTION AND QUALITY EVALUATION OF BEAUVERIA BASSIANA
FOR CONTROL OF WHITE SPRUCE CONE AND SEED INSECTS

INTRODUCTION

Cones and seeds of conifers, inecluding white spruce Picea glauca (Moench)
Voss, are attacked and deatroyed by many species of insects (Hedlin et al.
1980, Sterner and Davidson 1983, Tripp and Hedlin 1956, Werner 196Y4). Control
of white spruce insects is possible with systemic insecticides applied as
foliar sprays (Hedlin 1973, Fogal and Lopushanski 1985) or stem injections and
implants (Fogal and Lopushansk{ 1984), However, results have not been consis-
tent, treatments may ecause phytotoxic stress to trees, and chemicals are
potentially hazardous to humans and wildlife, sSuch adverse environmental
effects, and the development of resistance to chemieal insecticides, are
encouraging a search for microbiologleal agents to supplement chemicals for

controlling insect pests on foreat trees (Franz 1970, 1971). Insects are
susceptible to Infeectious diseases caused by a variety of microorganisms
including baeterla, wviruses, fungi, and protozoa, Successful biological

eontrol of Insects causing defoliation In trees has been achieved with
bacterla and viruses, but the use of fungl and protozoans has been pursued
less vigorously because they have not provided similar high levels of pest
suppresaion (Coppell and Mertins 1977, Morris et al. 1986). Two species of
fungi that show promise in biclogieal control of insect pests are Beauveria
bassiana (Bals.) Vuill., and Metarrhizium anisopliae (Metch.) Sor. E{:uppell
and Mertins 1977, Dunn and Mechalas 1963, Roberts 1973).

Insect-pathogenie fungi were selected as the potential biologleal
cantrol agent for white spruce econe and seed insects because algnificant
control of larch fly Chortophila laricicola Karl and larch conewarm,
Dioryctria abietella Schiff by B. bassiana and M. anisopliae had been demon-
strated (Tyul'panova et al. 1975), and several insects that feed on cones and
seeds of white spruce have also been shown to be suseeptible £to theae two
fungi (Timonin et al. 1980). Two of the most damaging Insects, white spruce
cone maggot Lasicmma anthracina (Czerny) and white spruce seedmoth Cydia
youngana (Kearfott), overgrown with B, bassiana aré shown in Fig. 1. These
Fungi have Dbeen found effective in reducing both field and laboratory popula-
tions of several pest insects (Appendix I). Other fungi might also be
considered (Roberts and Humber 1081).

The succeass of field trials to demonstrate the use of Tungi for
control depends upon the susceptibility of insects to the fungus, pathogen
virulence, environmental factors, and amount of inoculum applied, MeCoy and
Carver (1941) suggested that success rates might be improved by increasing
spore loads and size of areas treated. This requires large and continuous
supplies of inoculum with high virulence against the pest to be controlled.
Large supplies pan be obtained from commerclal suppliers! but their quality
and virulence against white spruce cone and seed insects are unknown, The
purpose of this report is te provide a detailed deseription of a method for

! Abbott Laboratories, Chemical and Agricultural Products Divigion, 173
Oakwood Road, Long Grove, IL., USA, 60047,



Flgure 1. Larvae of A) the spruce cone magget Lasiomma anthracina
(Czerny) and B) the spruce seed moth Cydia youngana (Kearfott)
overgrown with Beauverla bassiana {Bals.) Vuill,

producing conidiospores known to be effective agalnst these insects, and to
ensure that the product produced or cobbtained elsewhere has a high degree of
virulenee against pest inseets under investigation. This report is intended
to serve as a wWworking gulde and source of selected literature for the produc-
tion of Beauveria bassiana (Moench) Vosa,

PRODUCTION OF CONIDIOSPORES

Spores of insect-pathogenic fungi such as B. bassiana can be produced on solid
or ligquid media under sterile or semi-sterile conditions {Pristavkeo and Goral
1967, Roberts and Yendol 1971, Roberts and Humber 7981, Samsinakova ot al.
1881). In liquid culture the fungus produces blastospores that are shorter-
lived than the conidicspores produced on s0lid media (Pristavko and Caral
1967). Production of conidiospores on a solid medium 1s achieved by culturing
on loose substrates such as bran, whole grains, potatess, hay, straw, ete. in
flasks, bottles, or trays.

The method of conidiospore production described here is adapted from
McCoy and Carver (1941) and has been used to produce B. bassiana and M.
anisopliae conidiospores for use in laboratory and field tests on white spruce
seed and cone insects (Timonin =t al. 1980, Fogal 1986, Fogal =t al. 1986). A
list of materials and equipment 18 given in Appendix I, For a general
discugaion of isolation, cultivation, and maintenance of conidial fungi, see
Jong (1981) and Miiller-Kégler (1967a).




a) Preparing the bran medium

Wash desired number {5-10) of Fernbach flasks with detergent and rinse several
times wWwith clear water. Add 150 g wheat bran and 152 mbL water to esach flask.
Mix bran and water with a stiff wire loop or the handle of a larges twisted-
wire bottle brush, until the medium is damp throughout and contains no lumps.
Stopper the flask with a snug-fitting cotton plug and autoclave at 121°C
{103.5 KPa) for 30 min. Remove and incubate the flask at 28°C for 24 h, and
then autoelave again at 1219°C (103.5 KPa) for 30 min. The heat of the first
autoalaving may not be suffiecient to ki1l all heat-resistant and dormant
fungal and bpacterial spores, but the 24 h incubation under ideal conditiens
(warm, moist) usually activates surviving mierobes, leaving them susceptible
to the azecond autoclaving. When the contents of the flask cool to room
temperature, the medium i3 ready for inocculation.

b} Preparing the inoculum

Pure cultures of B. bassiana or M. anisoplise are required for inoculation.

Such cultures can be obtained from other researchers but, in the current atate
of development of biological control with fungi, it is best to lsolate strains
that are known to be highly pathogenic to the insect pest in guestion
(Fargues and Robert 1978, Timonin et al., 1%80). This may require lsolation
from an insect killed and overgrown with the fungus, or from scil or plant
materials habituated by the pest insects. Such sources are contaminated with
bacteria and various other fungi so it is necessary Lo use a selective culture
medium that acts against bacterlal growth and minimizes the development of
obther fungi. An effective culture medium for this purpose was developed by
Veen and Ferron (1966) and modified to provide better growth by Dobarski and
Tribe (1980). A recipe for preparing this medium is given in Appendix IIT.

Samples of mummified insects, soll, or other potential sources of
the fungus are crushed and mixed in a slurry or washed with sterile water
containing 0.01 per cent Tween 80. Slurriesz or washings are diluted with an
appropriate. volume of water, and 1 mL aliquots are spread over plates of

selective medium. Plates are incubated at 27°C and colonies identifled after
3-5 days growth.

On this selective medium B. bassiana e¢olonies display goed growth of
white aerial mycelia that are distinet against the violet background. Viewed
from the bottom of the plates, colonies are dark violet in color, dus perhaps
to selective uptake of dye from the medium. Under the high power microscope,
conidiospores are one-celled, hyaline, round to ovoid, approximately 2-4u in
diameter, and borne singly on amall sterigmata. For btaxonomic characters that
distinguisn B. bassiana from possible contaminants see MacLeod (1954). For

other genera of hyphomycetes see Barron (1968), Kendrick (1971), or Kendrick
and Carmichael (1973).

Pure cultures are obtained by isolating one colony from a mixed
plate. Carefully remove the desired colony under a sterile hood and streak it
onto another agar plate. At this stage, standard potato-dextrose agar (PDA)
{(Johnston and Booth 1983) can be used. After several days growth, when the
resultant colonies are identifiable, this process may have to be repeated if
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contaminants are present. When no contaminants are present and a petri dish
contains numerous sporulating coloniss, it is possible to prepare the inopul-
gting liquid. Colonias growing on PDA are shown in Figure 2a. Sporulating
ecolonies in petri dishes can be kept in the refrigerator (U°C) for several
months without complete loss of conidiospore viability,

Because the conidiospores of B. bassiana ars hydrophobic, an
emulsifier must be added to the inoculating 1iquid, To a 1 L Erlenmeyer
Flask, add 500 mL tap water and 4-5 drops of Twesn 80, shake the Tlask well,
and add 100 mL te each of the required number (5-10) of screWw-cap dilution
bottles. Leave caps loose and autoclave bottles at 121°C (1D3.5 KPa) for 20
minutes. Tighten caps immediately after removal from the autoclave. Ones the
bottles are cooled to room Lemperature, the conidiosporss may be suspended in
liquid. Using a large (10 mm), Flamed, and cooled inoceculating loop in the
sterile tranafer hocd, serape the sporulating oculture off one agar plate and
Lransfer it to one bottle of cool sterile liquid; repeat this for other
dilution bottles until most af the sporulating fungus is removed Trem the
plate. Flame the mouth of each baottle, cap it, -and shake vigorously for two
minutes to suspend conidiaspores evenly,

e} Inoculating the bran medium

Using a sterile pipette add 10 mL of the Suspension to sach flask of bran.
When carrying out this procedure do not set the cotton plug down. Hold it in
one hand while adding the suspension and maks surs the plug is fitted snugly
once again. Shake the medium well to disperse the inccoulum.

Any suspension that is left after this procedure may be stored in
the refrigerator for up to 2 days and used to inoculate more culture plates
for making conidiospore suspsnsions Tor mors flasks.

d} Imcubation

The flasks of inoculated bran are incubated at a constant temperature of
approximately 2B°C. Flasks should be shaken once every day to prevent expess
aggregation. Some aggregation is permissible, but if thers iz too mueh,
conldiospors yields will be reduced beecause of the smaller surface arsa on
which sporulation ecan occur.

2} Harvesting

The fungus 1is ready to be harvested after 6-10 days when the bran is
completely overgrown with white myesllum and conidiospores adhere to the walls
of the flask when shaken, To enhance conidiospore production and release, the
culture must be dried. Drying of cultures to obtain good sporulatlion should
be done gquickly after good mycelial growbh is obssrved. This prevents a
decrease 1in the perecenfage germinatien of resultant conidiospores
(Muller-Kégler 1967a). Drying is achieved by spreading the contents of the
flasks on paper towelling in metal or glass trays and breaking large lumps.
When the medium is evenly spread, it should be covered with more paper
towelling and the trays placed in a well-ventilated drying oven at 35°C until
the bran-fungus mixture is dry (generally for 3 days).
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When the mixzture Is dry enough to crumble very =asily bebtwesn tha
fingers, conidiospores may be separated from bran and fungal mycelia by
sieving. Soil sieves with openings of 1.00, 0.50, and 0.044 mm mounted on a
reciprocating shaker give a good separation. When sieving and handling the
conidiospores, always wear a dust mask, gloves, and a 1ab coat or coveralls as
a precaution against allsrgie reactions to the dust,

In our experience, 150 g of bran yields 6-12 g of conidiospore
preparation, and the preparation contains approximately 7.5-9.5% x 107 conldio=
spores/mg (Timonin =t al, 1980},

f) Storage

Conidiospores of B. bassiana should be stored at as low a relative humidity as
possible, in the dark and at Y4eoC (Mullep-Kogler 19672). Undar these econdi-
tions they remaln viable Ffor seyveral years, Clerk and Madelin {1965} found
Ehat light and moisture have a detrimental effsct on the longevity of conidio-
spores; 90% of B. bassiana conidiospores remained viable after 635 days when
stored at B8°C under conditions of dryness and darkness. Kral and Neubauer
(1956) stored conidiosporss in flasks with ground glass stoppers at room
temperature (18-229C) and 65-75% relative humidity. Germination eapacity was
not reduced after 560 days storage but the speed of germination was raduced
for the alder spores. Te avoid loss In viability it is advisable to use
eonidiospore preparations within one year of harvest,

g) Safety Precautions

It is generally conceded that inseet pathogenic fungi do not cause mycozes of
numans or other homectherms (Roberts amd Humber 19813, However, contact with
conidiospore dust has been reportsd to cause allergies (Hall 1954, Helmpel
1971, Muller-Kéigler 1967a, York 1958). Symptoms include headaches, aches in
the extremities, chills, then fever and heavy perspiration. Containment type
air hoods should be used when working with conldiosporss of this and ather
fungi. Dust masks, rubber gloves, and long-slesved 1ab coats should be worn
Lo Turther reduce the possibility of exposure,

QUALITY EVALUATION OF CONIDIOSPORES
The quality of the conidiospore preparation is determined by several factors,
These include: number of conidicspores in ralation to amount of mycslial
material and bran fines in the preduct, viability of conidiosporss, and

virulenece of the isolate being cultured.

a) MNumber of conidiospores

The number of conidiospores in a preparation is determinad microscopically
Wwith a hasmacytometer. Conldicspores often form dggregates which must be

dispersed for counting. One drop of Tween B0 is shaken well in 50 mL of
distilled water. To this, 50 mg of conidiospore preparation is added and
shaken or homogsnized for 1% minutes to disperse conidiospores. Conidiospoerss
are stained to facilitate counting by mixing egual guantitites of suspsnsicn
and 0.1% cotton blus in lactophencl (Figure Zz). At least thres suspenslons
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Figure 2. A) Colonies of Beauveria bassianas (Bals.) Vuill. growing on a plate
of Potato-Dextrose—Agar (PDA) and B) conidicspores In a counting
chamber.

should be made from each preparation wlth flour separate counts of
conidlospores in each suspension.

b} HNumber of viable conlidiosporss

A count of the number of viable conidiospores In the harvested product is
obtained by plating serial dilutions on PDA platea. To break up conidiospore
and conidicspors-mycellum aggregates the preparation is thoroughly mixed and
repeatedly sieved with sterilized wheat flour. The rate of 100 mg of conidio-
spore preparation to 50 g of wheat flour gives satisfactory results. Weigh
out 100 mg of the conidiospore-flour mixture and add to a dilution flask
containing 100 ml sterile water with two drops of Tween 80. Shake the flask
well for 5 min to minimize conidicspore aggregations and te distributs
conidiospores evenly. Pipette 10 mL of suspension into another dilution flask
containing 90 mL water plus one drop of Tween 80 and shake well for 2 min to
disperse the conidiospores. Repeat this dilutien process several times to
determing the desired dilution factor by trial and error. 1In our laboratory
1/10 to /1000 dilution of the suspension yielded =atisfactory resulta, From
each dilution accurately pipette 0,71, 0.2, and 0.3 mL onko PDA plates and
spread the drop with the edge of a sterile glass microscope slide, After T2
hours, colonfss of the fungus should be visible on the plates; contaminants
may bDe present, so, before counting, make sure the eoloniss are, in fact,
those of B. basasiana. It Is assumed that each colony represents an individual
conidiospore, so by simply counting the number of coloniss per plate and
calculating back through Lhe series of dilutions, the numbers of wviable
cgonidiospores per milligram can be obtained. Plates containing 10-50 separate
colenies give the most accurate results. At least five plates for each
dilution should be counted (Figure 2b).




e) Pathogenlelty

Pathogenicity is determined by the virulence of the isolate used and by the
susceptibility of the insect. Different strains of most fungl may display
different growth rate, form, and virulence agalnst a particular insect. For
example Doberski (1981) found that the time required to cause 50% mortality of
Scolytus scolytus F. larvae ranged from 5.6 to 10.3 days for different strains
of B. basslana. Using one strain of M. anisopliae, Zaccharuk and Tinline
(1968) reported 2 to 100% mortality on four different species of elaterid
wireworms. This difference in virulence among strains of fungi and the wvaria-
tions in susceptibility among insect species eould mean the difference bebween
success and failure of applieations of the fungus. Therefore, if possible,
the strain of fungus with the greatest virulenee to a particular target insect
should be selected for use. Iff the straln on hand is the only one avallable
its wirulenes may be lncreased by growing it on the insect peat for several
generations. Fargues and Robert (1978) found that the simple action of grow-
ing the fungus on a pest species ilncreased the virulence of the Tungus to that
insect species each time the fungus was "passed through" the insect. GSince
then Timonin et al., (1980) have shown thiz effect on cone and =seed insects.
No explanation for this increassed virulernce has yet been found. irulence of
the strain can diminish with successive subculturing on artificial media and
can be increased again by passing 1t through an appropriate inzect host
{Roberts and Yendol 1971). This plasticity suggests that 3 pathogenlicity test
against the insect or insects Lo be controlled should be a standard reguire-
ment before large scale experiments or control operations are undertaken, 30
that doses or rates of appllecation can be adjusted accordingly.

If posaible, 211 batchea of spores produced should be tested for
pathogenicity using the target insect for the assay. Howevar, thia s often
impractical or lmpossible, as scme insects are very difficult ko rear in the
laboratory, and others are available only at certain times of tLhe year, A
related insect that can be cultured may serve as a potential test species. A
simple assessment of pathogenicity can be done by dipping the inseet Inte a
spore suspenslon of krnown cgongentratlion or dusting 1t with dry spores by
geither rolling it in a shallow dish of spores or "painting" it with a spore-
laden camel-hair brush, The (nsect should then be placed in a chamber with
high humidity such as on a moist filter paper in a petri dish. Mortality 1is
assessed and attributed Lo the fungus or to obther causes at dally Intervals.
The dose applied to the inseects can be varied by diluting the spore suspension
with known amounts of water or Dy mixing dry spores with known volumes of an
inert dust such as talc or flour. For insects that are pests of stored food
products, spores may be mixed, in different concentrations, with food of the
insect {Steinhaus and Bell 1953); tests on soil-inhabiting insects can be done
by mixing spores with soil (Zacharuk and Tinline 1968, Fogal 1986). Insects
feeding on leaves of potted plants can be sprayed with suspensions of conidio-
spores in a spray towsr (Burgerjon 1956).

These methods can be used to obtain a concentration of fungal spores
necessary for mortality of a certain per cent of test insectaz (LDBD and/or
LDS0) or time for mortallty of a certaln per cent at one dose (LTS0 and/or
LT%0). Accurate assessment of LD50s or LTS50s8 requires application and use of
appropriate probit analyses (Finney 1971}). Foar large amounts of data, a
computer program is available (Robertson et al. 1980).
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POSSIBILITIES FOR CONTROL OF CONE AND SEED INSECTS

There are basieally two methods for using microbial agents bo control pest
insects. One involves the introduction of an exotiec control agent, with the
expectation that it will bedoms established, multiply, and provide adequate
control, This has been Succassfully applied agalnst insects that have besn
introduced to a location and become pests because no natural enemies existed
In the new habitat. A classie exampls is the econtrol of Europ=an sprups
sawfly Gilpinia hercyniae Htg. in eastern Canada with 2 nuclear polyhedrosis
virus (Neilson and Morris 1964). The second method involves inundation, and
iz sassntially the application of a mierchial preparation like a chemical
pestiecide. Large quantities of a microbial agant are Introducsd into an area
where it may already occur at levels insufficlent to provide control. The

latter method is applicable for control of spruce cone and seed insects with
HB. bassiana,

Based on current knowledge of the 1ife histories of spruce cone and
seed insects (Hedlin et al. 1980, Tripp and Hedlin 1956), there are several
methods and times for conidia application. These include, for gxample, spray-
ing or dusting trese orowns with conidiospores before flowering, so as to
infeet young Eastern spruce budworm Choristonsura fumiferana (Clem.) and
spruce coneworm Dioryetria reniculelloides Mutuura and Munro larvas before
they start feeding on llowesrs, Another method is teo dust soil and litter
around the base of trees to infeet adults of insects such as the spruce cone
magect Lasicmma anthracigi {Czerny) as they emerge from the sofl, and the
gpruce sesd moth Cydia youngana (Kearfott) as they emerfge from cones in the
litter at flowering time. Spraying or dusting of strobili inp tree crowns when
ddults of =everal insects are ovipositing on conelsts pan be effective. Trees
crowng can be spraysd and dusted In early summer to infect later stages of the
budworm and coneworm. Dusting soil in sarly summer to infeect cons maggot
larvae as they emerge from cones and drop to the littsr Tor overWwintering is
another method.

Two Of these possibilities have heen tested in the laboratory and in
small-scale flield tests, Stroblll of white spruce trees were dusted with
conidiospores just after pollination when insscts such as the cone maggot and
sezdmoth are laying eggs (Figure 3Ja). & 55% inorease in the number of sound
seed was obtained, suggesting that insects were killed by the fungus and that
such treatments may prevent seed losses (Fogal et al. 1986). Howaver,
climatie factors such as rainfall and sunlight may influence the infection
pracess and viability of conidiospores. The sccond test involved dusting soil
with a conidiospore preparation eontaining 8.5 x 109 conidiospores/g for
control of the spruce oone maggohb. Laboratory and simulated fisld studies
(Figure 3b) have indicated that a mixture of these conidiosporss and wheat
flour or tale, applied and mixed with litter and humus at a rate of 3.5 Lo
7.5 kg conidiespores/ha, significantly reduced numbers of maggots in the soil
(up to 42% mortality) depending on soil moisture content (Fogal 1986).
Similar experiments Tor dontrol of lareh cone maggot and consworm using 20 kg
conidiosporea/ha of a preparation containing 1.8 x 108 conidiospores/g
provided 48% mortality (Tyul'panova et al. 1975). It may be possible to
improve effleacy of the treatments by inecreasing appliecation rates or
Increasing virulence and pathogeniecity of the spore preparation.

The method described here is capable of producing sufficient
conidiospores of desired quality for laboratory and small-scale field testing




Figure 3. A) Dusting strobili of white spruce, Picea glauca (Moench) Voss
with conldiospores of Beauveriz bassiana (Bals.) Vuill., fer
protecting seeds, and B) soil bioassay boxes for testing efficacy
of B. bassiana against the spruce cone magget, (Laslomma
anthracina (Czerny).

against cone and seed insects of white and black spruce and other tree
species, For larger-scale fileld trials, larger quantities of conidiospores
can be obtalned commercially but their effectiveness against cone and seed
insects ls unknown. The guality of such spore preparations can be determined
by following procedures and guidelines presented in this report. Rates of

application can then be adjusted by comparison with conidiospore preparations
of known gquality.
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AFPENDIX II

Materials and equipment required for producing conidiospores of Beauverla
bassiana on bran medium under sterile condltions.

autoclave
incubator
aterile hood
drying oven
refrigerator
2000 ml Fernbach flasks
sieves (1.00, 0.500, 0.04Y4% mm ocpenings)
receiving pan faor sieves
9. reglprocating sieve shaker
10. sterile petri dishes (9 om dia.)
11. screw cap dilutien bobttles (150 ml)
12, metal or glass trays (25 ¥ 41 om is a good size)
13. alcohel or bunsen burner
14, inoculating loop
15. stiff wire leop (long btwisted=-wire bottle brush)
16. sterile pipettes (1 ml In 1/100 ml; 10 ml in 1710 mb)
17. non-absorbent cobton
18. potato-dextrose-agar (PDA) eulbture media
19, wheat bran Trom untreated wheat
20. Tween 80
21, low power {50 — 100X} dissecting microscope
22. high power (150 — 1500%) microscope
23, microscope slides and covers
24, hnasmacytometer
25. distilled water

CO =1 AN =i o —
. .

APPENDIX IIT

Heelpe for selective isolation medium for Beauverla bassiana and Metarrhiziom
aniscpliae,

Mix the follewing ingredients and autoeclave at 121°C (103.5 kPa) Ffor 20
minutes,

glucose o g
neopaptone (Difeo) 10 g

agar 15 g
erystal violet 0.07 g
chloramphenlcol 0.5 g
distilled water up bo 975 ml

A solutlon of cycloheximide (10 mg/ml} is autoclaved separately and 25 ml is

ad?eﬁ to the rest of the medium when both are ecool but before the agar forms a
Eel.
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