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COMPOSITION FOR CONTROL OF SOIL PESTS

This invention relates to improved compositions for controlling soil
-ests, particuiariy insect pests, said composition comprising a biologicai
Zontroi agent.

Soil pests, such as rootworms, wireworms, root flies and nematodes
result in serious losses of yield in many of the world's major crops. In
some cases, satisfactory control is achieved by means of chemical crop
protection agents, but a number of major products for soil pest control are
threatened with restriction or withdrawal by regulatory authorities. The
development of biological control agents against soil pests would therefore
be a desirable goal.

Probably the most significant technical hurdle to be overcome in the
development of biological control agents is formulation. Few formulations
of biological control agents, with the exception of Bacillus thuringjensis-
based products, are presently capable of satisfying the requirements of
efficacy, shelf life, and low production cost (Rhodes, 1990. Aspects of
Applied Biology 24: 145-153).

This is particularly so in the case of fungi which are used for
control of soil pests. Tc date, very few such products are available, and
formulations which have been tested in the field have, in general, been
based on simple semi-solid fermentation approaches such as application of
colonised cereal grains (Keller & Zimmermann, 1989. Pp. 239-270 in Wilding
et al. Insect-Fungus Interactions. Academic Press, London). An alternative
approach is that described by Andersch et al., 1990. EP87 116-508, in
which the fungus is grown in liquid culture as mycelial pellets which are
then dehydrated and applied to soil. A similar approach, using hyphal
fragments, is that described verbally by Krueger & Roberts (Society for
Invertebrate Pathology Annual Meeting, 1988, using the technology described
in WO 84/01089).

Submerged fermentation of fungal biomass in liquid culture is
desirable, since such production is compatible with existing industrial
practice, and the cost cf production is relatively low. When grown in
liquid culture, many entomopathogenic fungi, such as the genera Beauveria,

Yerticillium, Momuraea, Tolypocladjum, Paecilomyces (Bartlett & Jaronski,
1988. Pp. 61-85 in Burge. Fungi in Biological Control Systems. Manchester

SUBSTITUTE SHEET (RULE 26)
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Jniversity Press. “ancnester) ana Metarnizium (Angerscn, -392.

Sflanzenscnutz-Nacnricten Saver 45: 129-14Z) produce veast-1ike

Slastospores. Jnfortunateiy, these are deiicate structures, :ing ai

-g formuiate (Angerscn, vide supra).
There are few descriptions of successful formuiation of blastospores.
Zool. Fcol. anim. 5: 69-79 described a means

Blachére et al., 1973. Ann.
of preserving blastospores of Beauveria teneila by desiccation on silica

powder, but this contained no nutrients designed to stimuiate fungal growth
dusty material unsuitable for granular application

in soil, and vielded a-
:n soil. In addition, the drying process (drying for 5 to 36 hours in a
be impractical on an industrial scale. Fargues et

ventilated oven) would
Ecol. anim. 11: 247-257 attempted to formulate

ai., 1979. Ann. Zool.
blastospores of Beayveria species. Although such formulations maintained
viability for eight months under refrigeration, the material lost
infectivity over a five month period, even when stored at 5°C.

The property of certain clays in extending the viability of
blastospores in soil was discussed by Fargues et al., 1983. J. Invert.
Pathol. 41. 131-142. However, this did not result in the production of an
agronomically useful formulation. Selection of particular clays for

formulation of entomopathogenic fungal propaguies was alluded to by Ward,
1984. Pp. 175-184 in Scher. Advances in Pesticide Formulation Technology.

ACS. Washington OC.

Formulation of fungi for application to the soil has been described in
the case of non-blastospore-forming fungi which are used for purposes other
than pest control. For example, the incorporation of fungi of the genera

Trichoderma and Gliocladium into granules was described by Lewis &

Papavizas, 1987. Plant Pathology 36: 438-446, by means of alginate
encapsulation. Knudsen & Lin, 1990. Phytopathology 80: 724-727

incorporated nutrients into similar formulations of these fungi. Addition
of nutrients increased hyphal density in the region of the granule, but did
not increase the distance over wnhich hyphae extended into the soil.

It may be seen, therefore, that the invention of an agronomically
useful formulation which incorporates blastospores of fungi pathogenic to
soil pests, and which allows such fungi to grow and sporuiate in the soil,
~ould have considerable vaiue for biological control of such pests.

AP/P/ 95 /0076"
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ACcoraingiy the present inventicn provides a granuiar composition
zcmorising a pesticiaally active amount of fungal bioiogical controi agent
:31d agent being preseat in the form of blastospores.

Such granuiar “ormuiations of fungal blastospores may also comprise :n
aadition to the biastospores, other components seiected from myceiiai
fragments, a solid diluent or support (hereinafter called "a filler*) and a
complex nutrient source which allows the fungus to grow and sporulate after
spplication. In addition, the granules may contain other materials such as
preservatives, antioxidants, baits or attractants, and osmoregulants.

Fungal inoculum is produced by inocuiating a liquid culture medium
such as Sabouraud's Dextrose Broth with viable propagules, consisting of

conidia, blastospores or mycelium, of a fungus such as a member of the
genera Beauveria, Metarhizium, Paecilomyces, Nomuraea, Tolypociadium,
Hirsute]la or Verticillium. The culture medium is contained in a sterile

vessel such as a flask or fermenter. The culture is then grown for several
days under conditions suitable for growth of the fungus, after which the
biomass, which consists of a mixture of blastospores and hyphal fragments,
is harvested by centrifugation or filtration. Water may be further removed
from the preparation, for example under pressure.

Fillers may be for example mineral clays such as kaolin (china clay),
montmorillonite, diatomaceous earth, vermiculite, fullers earth, and the
like.

Nutrient for use in the compositions may be vegetable based finely
ground powders such as those listed in Example 6 below. The choice of
nutrient will vary according to which fungal biological control agent is
used in the composition.

Fillers and nutrients are mixed together in the required proportions,
for example by blending, and are further mixed with the fungal biomass.

The resulting mixture is blended until a homogeneous mixture is obtained.
Water, preferably deionised water, is added to the mixture until the
consistency is appropriate to allow the maferial to be extruded.

The paste is then extruded under pressure to form granules. The
granuies may be spheronised. The granules are driea, for example in a
fluidised bed or under forced air, and are subsequently stored at ambient
temperature until used, for example under vacuum, in a nitrogen atmospnere,

or in the presence of a desiccant such as silica gel.

AP/P/ 9570076 S
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The granuies may ce aopiied to soil, or tO0 piant surraces such as ih
~noris of maize oiants, atter wnicn the fungus grows 5y Nypnai extension
-~efore sporuiating, ‘ncreasing the prepapility that tne Tungus wiil
sncounter 2 suscentible nost.

In a further zspect the invention provides a metnhod cT combating SO
dwelling pests which are susceptible to the action of a fungal biological
control agent wnich comprises applying to the soil a granuiar composition
according to the invention.

EXAMPLE 1

Erienmeyer flasks of volume 250ml, containing SOml of Sabouraua’s
Dextrose Broth were inoculated, using a sterile loop, with conidia of a
strain of the entomopathogenic fungus Beauveria bassiana which had
previously been shown to be pathogenic to the banded cucumber beetle
Diabrotica balteata. The flask was placed on an orbital shaker set at
200rpm, and shaken at a temperature of 249C for a period of 7 days, after
which the culture consisted of a mixture of blastospores and mycelial
fragments, approximately 95% of which consisted of blastospores.

The biomass was centrifuged at 5000rpm on a Sorvall RC3C swinging
bucket rotor for 10 minutes, after which it was resuspended and
re-centrifuged twice in sterile distilled water. Excess liquid was removea
by squeezing the pellet between several layers of paper towelling, to a
final moisture content of 75-85%. ]

A clay mixture was prepared consisting of GTY powder (kaolin) and
Fulgel (fuller's earth) mixed in a pestle and mortar in a 14:5 ratio by
weight. This was then ground together with the blastospore/mycelial
fragment mixture in the ratio 83:17 by weight. Deionised water was added
to the mixture in the approximate ratio 1:5 by weight until the paste
reached a consistency suitable for extrusion. The paste was extruded under
pressure through a 0.5mm diameter Endecott sieve.

The granules were spheronised and dried for 25 minutes on a fluid bea
dryer at ambient temperature, and subsequently stored in a vacuum-sealed

desiccator in the presence of siltica gel.

The viability of the cranules was determined by homogenising the
jranules in 0.05% Tween 80 and plating the suspension on to Sabouraud's
Dextrose Agar containing 0.05 g/1 chloramphenicol. Surprisingiy, the
granules were founa to retain viability after drying, 2x107 colony forming

AP/P/95/0076)°
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sn1ts i27u)/g ceing recoverea. Tween 80 is a registereq irademark for a

surractant comorising polyoxvetnyiene (20) sorpitan monooieate.
CXAMPLE 2

rungal biomass ~as produceg as above by
Jays in [ litre Erienmever flasks containing
Granules were prepared as in Exampie 1, except that a nutrient source was
provided by mixing the clay mixture ang fungal biomass with the nutrient in
the ratio of 50:33:17 clay mixture:nutrient:fungal biomass by weight before
preparing the paste for extrusion. The granules were air-dried for
approximately 16 hours in a fume hood.

Colonisation of soil was determined by placing 1g of dry granules
oetween two 5g layers of field soil at field capacity in a looseiy capped
plastic Universal container. Radijal growth from the layer of granuies was
measured, and sporulation assessed visually after incubation for 18 days at
24°C. Results are shown in Table 1. The presence of a nutrient source, in
particular soya flour, was shown to enhance growth and sporulation.

EXAMPLE 3

Extruded granules were prepared as in Example 2, both with and without
nutrients (soya flour at 33%) and containing hyphal fragments or
blastospores at the concentration of 1.7%, 10% or 17% by weight.
consisting primarily of blastospores was produced as descibed in Example 1.
Inoculum consisting primarily of mycelium was produced by growing the
fungus in the same medium and at the same.temperature, but without shaking.
The mycelium was then washed in deionised water, and homogenised to produce
hyphal fragments before being collected by filtration on Whatman No. 1

growing the fungus for six
500mi of cuiture broth.

Inocuium

filter paper.
The granules were added to soil, contained in plastic minipots, at the

rate of 1% or 3% by weight. Soil moisture content was adjusted to 23%.
Each of 8 pots was planted with a single germinated maize seed, and

simultaneously infested with 10 st instar larvae of Diabrotica baiteata or

0. virgifera virgifera. The pots were maintained at 20°C for 10 days after

anich larval mortality was assessed. Results are shown in Table 2,
‘ndicating that mortaiity of both species was increased by the addition of

i nutrient source, in this case soya flour, to the granuies. Hyphae are

genoted as Hy, blastspores as Bs.

oD ORIGINAL @

AP/P/95/0075

s



W@ S 17821 PCT/GB94/02737

FXAMPLE 1

Inocuium consisting primariiy of Ciastospores ~as Iroguced &s
~escribed in Exampie 2, except that the fungus w~as grown ‘1 [ Titre Tlasks
-cntaining 400 ml cuiture megium. The inocuium was 3rown for either 4 or ~
jays. Extruded granuies were prepared as in Exampie 2. After extrusion,
the granules were dried on a fluid bed dryer at 20°C for between 8 and 30
minutes, except for the granules with a final moisture content of <3% which
~ere dried for 16 minutes at 20°C and 15 minutes at 30°C. The moisture
content of the granules was determined, after which the granules were
vacuum-sealed in bags and stored at ambient laboratory temperature (20-
25%C) for six months. Results are shown in Table 3. Although the moisture
content of the granules was found to have altered by the end of the
experiment, despite the vacuum seal, it was evident that drying of the
granules resulted in enhanced storage stability. There was some evidence
that, in the case of the dry granules, stability was increased by growing
the fungus for 7, instead of 4, days.

AMP

Extruded granules were prepared as in Example 4, containing 33% soya
flour, 17% fungal biomass (grown for 3 days), 45% filler (GTY, Calflo E,
Celite PF or Celite 500) and 5% binder (Fulgel, Borrebond or PEG 40000) by
weight. Granules without binder contained 50% filler by weight. The
granules were air-dried and then bioassayed against Diabrotica balteata as
described in Example 3, except that the granuies were incorporated into
soil at 1% by weight, and mortality was determined 7 days after
infestation. The fungal population in soil, expressed as cfu/g soil, was
determined by dilution-plating soil suspensions on to the seiective medium
of Doberski and Tribe, 1980, Transactions of the British Mycological
Society 74, 95-100. The results are shown in Table 4. Since all of the
filler/binder mixtures behave in a similar manner, it was concluded that
various fillers and binders may be substituted, depending on the physical
requirements of the granuie. Calflo E, Celite PF and Celite 300 are trage
names for powdered fiiler products obtainaple from Celite {(UK) Limited,
Livington Road, Hassie, North Humperside HU13 QEG.

TXAMPLE 5
Granuies were orepared as in Example . Nutrients were mixea with the

AP/P/95/0076 °

sther components of the granuie in foilowing proportions: 33% nutrient, 17%
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2icmass, 45% GTY, % fuigel. The following nutrient sources were testeq:
iram flour, jround textured
7lakes, ground appie and banana

soya flour, wheatgerm and ground

jround sunflower :2ez, ground aimongs,
vegetable protein (TYP), ground bariev
toasted bran cereai, jround rve flour,
Hijiki seaweed. after drying, the granuies were bioassayed against
Diabrotica balteata as described in Example 3. In pots where granules were
added at 1% and 0.5% of soil mass, mortality was determined after 7 days,
after 12 days where the granules were added at 0.1%. Fungal propagules
were counted at the time of assessment as described in Example 5. The
granules were maintained under partial vacuum at ambient laboratory
temperatures for 10 months for storage stability studies. The results are
shown in Tables 5 and 6.

It is clear from the above results that nutrient sources differ in
their effects on efficacy and storage stability of the granules. The
nutrient sources which conferred the best combination of efficacy and shelf
life were ground sunflower seed, ground almond and soya flour.

EXAMPLE 7

Granules were prepared as described in Example 2. Nutrient sources
were added to the mixture before extrusion at a concentration of 33% by
weight. The nutrient sources which were tested were ground buckwheat,
ground sago, ground aduki beans, ground barley flakes, ground chick peas,
ground sunflower seed, ground almond, brown rice flour, carob, fine wheat
bran, whole egg replacer and whole wheat semolina. After drying, lg of
granules was placed between two 5g layers of soil, adjusted to field
capacity, in plastic Universal container. Radial growth and sporulation
were assessed through the transparent walls of the container after 31 days
of incubation at 20°C. Sporulation was assessed visually according to an
arbitrary scale from 0 to 4. Soils from five different sources were used
to evaluate the ability of the granules to support fungal growth and

sporulation across a range of soil types. The results are shown in Tabie

7.
[t was evident that a nutrient source was necessary in order to

acnhieve growth and sporulation of the fungus in seil. Ground sunflower

seed and ground almond were cliearly superior in this regard to the other

substrates tested.

BAD ORIGINAL g)
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CXAMPLE 3
jranuies were preparea according o the method CT Ixampie I, 2xcept

-nat =ne biomass was Jrown Tor four days mixture Srior IC extrusion was

.aried as follows. The granules consisted of 17% by weignt of bicmass, :I*

27 a nutrient source {sova flour or ground sunflgwer seed). Jther
components  (PEG 4000 (polyethylene glycol of molecular weight 4000) and
the botanical oils soya oii, corn oil or groundnut oil) were added at a
~oncentration of 5%, with the remainder consisting of GTY powder. The
granules were stored in a vacuum-sealed desiccator at ambient laboratory
~emperature for a 12 month period. Viability counts were taken after Q, L,
1. 8 and 12 months of storage. The results are shown in Table 8.

Granules prepared using ground sunfiower seed were more stable during
storage than those based on soya flour. The stability of granuies based on
sova flour could be improved by the addition of sunflower oil at 1%, corn
oil, groundnut oil, or PEG.

After 12 months, the granules were bioassayed against 0. balteata as
described in Example 3. Granules were incorporated into soil at 0.5% and
1% by weight, and mortality assessed after 9 and 8 days respectively. The
results are shown in Table 9.

It was evident that all of the granules had retained some activity at
the end of the 12 month storage period, granules based on ground sunflower
seed, soya flour + PEG, and soya flour + groundnut oil being the most
active of those tested. '

EXAMPLE 9

Granules were prepared as in Example 5, except that. the biomass was
grown for five days, and the granules consisted of 17% fungal biomass, 33%
ground sunflower seed, and 50% GTY/Fulgel. Two large poiypropylene fish
ponds were filled with unsieved field soil (Wisborough Green silty clay
loam), with a layer of grit and washed silver sand placed on the base of
the pond to assist drainage. Two furrows, approximately 8cm wide, 6cm
deep, 90cm long and 75cm apart were prepared in eacn pond. Twenty seeds oT
sweetcorn (cv. Earliking) were sown in the base of each furrow. Soil
~emoved from the furrows was replaced directly in the case of the untreated
sond, or after mixing with 1.93g of granules per furrow in the case of the
-reated pond, concentration of granuies being greatest in the layer of soil

:mmediately in contact with the seed.
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Moisture content was maintainea at 15-20% throughout the experiment.
-t cne week after cianting, the numpber of seealings per row was reguced 2o
-i. At two weeks aTter planting, {ive newiy hatched larvae of 0. haltearaz
~ere added to each cf 28 depressions in the soil in each pond. Jne weex
iater, a further 70 larvae were introauced into the soil as above.

At 38 days after planting, the height of plants was measured, and soil
samples removed from each pond. Conidial numbers were determined by
exposing the soil samples to a temperature of 60°C for 18 hours to
inactivate hyphae and blastospores. Conidial counts from 14 replicate
samples were then determined by dilution plating as described in Example =.
The plants were removed from the soil, and root damage assessed according
to a 1-10 scale, 10 being the most severe. After removal of the plants,
the soil was covered with polyethylene sheeting in order to contain any
adult D. balteata beetles which emerged during a 17 day period. These were
counted and any symptoms noted. The results are shown in Table 10.

It was evident that, when appiied to field soil at commercially
acceptable rates, the granules caused the fungus to establish an effective
population in the soil, and to maintain this population over a period of

several weeks.

EXAMPLE 10

Granules were prepared as in Example 5, with the following
modifications. Fungal inoculum was grown for either two or seven days.

Prior to mixing, the biomass was soaked for two hours in deionised
water, 6 molar sorbitol, 40% w/v of PEG 4000, or a mixture of mannitol and
magnesium chloride (74g and 27g respectively per litre deionised water),
rinsed four times for a total of 20 minutes in deionised water, and
incorporated into granules containing soya flour. Granules without a
nutrient source were formuiated directly without being exposed to
osmoregulants. The granules were sampled after 0, 1, 6 and 12 months of
storage under vacuum in a desiccator at ambient laboratory temperature.
The results are shown in Table 11.

It may be seen that the poor storage stability which resulted when two
day old biomass was formulated with soya flour could be overcome by
treating the biomass with osmoregulants prior to formulation, or by

delaying the time of harvest.
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S(AMPLE 1

t

jranuies ~ere crepared as ‘n Ixampie Z. 3efcre creparation of the
sranuies. subsampies of ‘he socya “icur .ere zmenaed w1lh the creservatives
sscoroic acid (0.3%), zccepneroi 3.026%) cor SHA/BHT i l:l mixture or
sutviateq hvaroxvanisoie ana butyistea nvaroxvtoiuene (0.014%)). -fter
irying, the granules were stored either in vacuum-sealed bags or in a
desiccator under vacuum in the presence of silica gel. Immediately after

oreparation, and after six months of storage at laboratory temperature, the

granules were bioassayed against Diabrotica balteata as described in
cxample 2. The granules were added at 0.5% of soil mass, and incubated in

s0i1 for three days to allow growth and sporuiation to take place before
the larvae were added. Mortality was assessed 7 days after infestation.

The resuits are shown in Table 2.
It may be seen that storage stability under suboptimal conditions was
enhanced by the addition of the preservative BHA/BHT.

i

__Radiai arowtn (mmi | Soorulation

| None l 0 | - |
| catmeal ’ 1-2 l —— I
i Sova flour | 6-8 | o ’
i Wheatgerm ’ 1 | l

Coarse cornmeai | 1 | -

Fine cornmeai ' 0.25 ! . j
| skim miik oowder | 1 | -

ptpllpll95100766
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Tapie I
| Granuie MORTALITY 7F 2diappm=<-=3 -aitaar: (%) saraccera (%)
1; ippifcatian rave % i% % *j
' I - sova - sova - sova - sova - sova - sgva |
i 17 | 10 % " 31 ! 100 I 1w | gg |
Hv 105 | 11 30 | 3 10 ! oz g
we 1oy | s 19 !zl o0 0 oz | g |
8s.17% | 8 88 | 20 | 100 | 22 | s |
35 0% 19 00 | s | w0 ' 2 i a3 :
3s 7y | s 5 | a I a1 | e | a5 ©
| canerai | 1 | 30 | :
onersi 1 SR S S - R
S
Table : ;
e E——— — e ———— »
| Orying regime ana | Moisture " Viapilitv (cfu/a) after <torage ‘, ~
g’ cuiture age " content ll 4 davs | 31 davs , 6 montns l 12 mos.w g\'
|unarieq. 7 davs | 28,2 | 3x10® | axi0’ | axio? | 1x10° | <
| unaried. 4 davs | 28.6% | 2x10® | s8] 7x10° | 6x10° |
| Oried. 7 davs I 1205 | 2x0° | a0 | 1x10° | sxig® |
[ortea. s davs | 1r.6x | 1x10® | 8x10° | 6x10¢ | gx10° |
Oried, 7 davs | §.5% " 3x10% ' 3x10° ’ 2x10° | x10° |
| oried. 1 davs |54 | 2a0® | 6o’ | im0’ | ixio
| oried. 7 davs L2 | 20 | 1mied | g | ax10° .
| Dried. 4 davs | 20s I 1aed | 700 | 1x10° | 1x105
| e X0 IXIOT | 1x10° |
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3% (7x10% |
ag% (5x10°) |
3% (7x10' |
5% (2x:7%) |

GTY | sgx r1x10) | sey r6xi0® | 98% (1x10%)
calflo & | 100% ‘exio®) | 33% (3x107) © 93% (ax10%

- 5
8% (3xi0™

~etite 5= | 100% (8x10%) ! gsx rexic®

relite 200 | 98% (2x10%) | 9% (8x10®)  2B% (1x10%

Controi morzaiity 8%

Table =

F
! " Mortalitv of D. haiteata and (cfu/g soil) |
1

“ 1-9?,(1,9%!?* | 0.5% (7 dEYS),! 0.1% (b2davs)

| Ground sunflower seea | 95% (2x10°) sg% (3x10°) | 60% (2x10%) |

| Sova flour asx (1x10®) ' 90% (2x10% 33% (3x10°)

I
| Ground aimona | oax (ax10%) | 65% (9x10%) | 78% (3x10%) |
| Gram flour | am% (8x10®) | 33% (ex10% | 30% (Sxi0h |
| Ground TVP | 73% (109 | 30% (3x0%) | 28% (1x10%) |
| 8ariev flakes | 83% (1x109 | 0% (3x10%) | 8% (9x10%)
| Ground toastea cerezi | 53% (2x10% | 20% (2x10®) | 28% (4x10°)
i Rve flour I 28% (ax10™ |33y (4x10°) |
| !
|
|

|
|
10% (1x10°) |
|
|
|

| Wheatgerm 3% (gx10®) | 38% (2x10% 20% (2x10%)
| Hiiiki seaweea 18% (<2x10% L% (<2x10%" 3% [ <2x10%)
‘__;‘—

—

AP/P/95/00766
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’ Jiapiiitv (cfu/c zranuies: ifter <<arage

,I 7x10°

! montn

; ;

| : ‘

| | 0 montas 10 montns !

%
' 7x10° 5 3x10°

l Grouna sun? lower <seeq l |
l Greuna aimona | 1x10° l 6x10° | 6x10° |
Gram lour I sxio> | oma0d | pa08 |
Ground TVP “ 9x10° ' 3x10° | 5x10° !
Ground bariev flakes | 2x10° | 1x10° i 1x10° I
Ground toasteq cereal | 1x10° | 6x10° ! 8x10° |
Rve flour I axa0® | aa0® L naef |
| sova flour I 30" | 1x10° 0 3108 |
| Wheatgerm " 3x10° | 3x10° | 9x10° u
I |

| Hiiiki seaweed
e

| 1x10° 9x10° 1x10°
h
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{ Mutrcenz Zource

PCT/GB94/02737
adie =z
~
aD?T.’-.'. —.o':;- crany al ture=ag Ilsrage !

J _
| | wonts g : : 3 A
hhw
RS ix10° 2x10° | 3x10°

Table 9

Mortality after 9

Sova |

Sunt Tower <eaen | sxig? 3x10° 1x10° ° sxigf ! 2x10° |
| Sovaris suntiower =it | ix10% | 210% | 30 | sxig0 | 1x10° |
| Sovasss sunflower o:i | 300° | 3x10® | 6x10° | a0’ | 2a10° |
| sova - oE5 |20 | sae® ' ad® | a0 | amol |
| SovaePes-3y sunl. 511 | 3a0% | 1acd | axio’ | 7107 | 7010 |
| sovaeis carn 01 | ax108 | ax10® | sx10” | sx107 | 6x10° |
| Sovass corn oil | ® | 310 | 700 | a0’ | smie?
| Sovasl% aroundmut oil | 3x10® | axig® | 1xig? | 8x10° | 8x107 |

Sova+1% aroundnut oil N 9x108 | ax10° | 1x10° 1x10° | 2x108 |

Mortality after 8

AP/P/95/00766

Nutrient source !’
davs. 0.5% aranules davs. 1.0% agranuies
Sova 23% 13%
89%

|

| l I
Sunt lower seed ‘ 63% | l
Sova+i% sunflower oil | 18% l 19% I
Sova+§% sunflower il | 18% l 19% [
Sova + PEG | 258 | 393 |
Sova+PEG~3% sunfl. oil | 10% | 15% I
Sova+i% corn oil [ 25% | 35% —’
Sova+S% corn oil 5' 30% ’ 31% 7’
| Sova+i¥% arcunanuc =ii | 28% | 6% |
| Sova«i% arounanut o1 | 0% ‘ 58% |

Contresi morzalisy (0.3% incarazrats en)

Contrzi ﬂOT”l]‘

"
\'.-ua

ho
e

o\

acgrooraticn)
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Cznidiai sopouiaticn

00t zamaae ‘1-i0)

14 | : (mvccsea after 2 d) |
w

|

|

| .2 t i3
l

iye aguits oer -onc
St

Table Il
e —————————————————————————
Nutrient zource, asmoreguiant j Viapiiitv (ecfu/a qranuie) after storage ]
| treatment ana age of culture |\ oue | moneh | 6 months | 12 mos. |
No nutrient. 2 davs | 3x10® | 2a0® | 8x10° | 2x10’ |
| Sova flour. water, 2 davs I 6x10® | sx108 | 1x107 | sx10® |
Sova flour, sorpitoi. 2 davs | 3x10® | 3x10® | 1x10® | 1x0’ |
Sova flour. PEG, 2 davs | sx10® | ox10® | 1x10® | 1xi0’ |
Sova flour. mamnitoi/MaCl., 2d | 5x10% | ax10® | 1x10® | 2x10° |
No nutrient. 7 davs | sx10 ’ 1x10° | sx10® | 5x10° |
1 Sova flour. water, 7 davs | 7x10° | 2x10° | 6x10° | 1x10° |
| sova flour, sorpitol. 7 davs I 9x10° | 1x10° | sx10? | 2x10% |
Sova flour. PEG. 7 davs | 1x10° | sx10® | 2x10® | 5x10° |
Sova flour. manmitoi/MaCl.. 7d | 7x103 | ox10® | .6x10® | ax10® -
Table 12

W
: ‘ Morzalitv of N. bSaiteata after 7 davs |
| Preservative | | . I
, | ) montns | 5 months, 6 montns, vacuum 1
! desiccator sealea bagas

| None l 87% | 5d% ‘ 28% |

Ascaraic actd | 72% | 69% | 28% '
| Tocoonerci ! Tay | 6% ! 18% i
| 2uA/aHT | 73y | -85 r 50% |
B _ - ]

- H - <1 = al -2 - -
TaaTrs: TorTIiiTy 3% a3t U omenthc, S% a2t 31X Tonins
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4 granuiar ccmposition comprising a pesticidally active amount of a
fungai Diological controi agent said agent being present in the form

of blastospores.

A granuiar ccmposition according to claim 1 and optionaily comprising
one or more other components selected from mycelial fragments of the
fungal biological control agent, a solid diluent or support, and a
compiex nutrient source to support growth and sporulation of the

(g ]

fungus.

A granular comoosition according to claim 2 additionally comprising
one or more other components selected from preservatives,
antioxidants, baits or attractants and osmoregulants.

(o
.

4. A granular composition according to claim 1 wherein the fungal
biological control agent is an entomopathogen.

5 A granular composition according to claim 4 wherein the entomopathogen
is selected from the genera Beayveria, Verticillium, Nomuraea,
Hirsutella, Tolypociadium, Paecilomyces and Metarhizium.

AP/P/95/00766

6. A granular composition according to claim 5 wherein the entomopathogen

is Beauveria bassiana.

A method of controlling soil-dweiling insect pests which are
susceptible to the action of a fungal biological control agent which
comprises applying to the soil where the pests were present or are
expected to be present a granular composition according to claim 1.

~1

8. A method accoraing to claim 7 wherein the fungal biologicai control

agent is Beauveria passiana.

A method accoraing to claim 8 wherein the pests are Diabrotica spp.

(Y& ]
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