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A FORMULATION COMPRISING A PARTICULATE CALCIUM SILICATE AND
CLONOSTACHYS ROSEA FOR TREATING PLANTS

FIELD

[0001] The disclosure relates to a plant treatment formulation.

Specifically, the disclosure relates to a plant treatment formulation which may

be disseminated to plants by insect vectoring, such as bee vecioring.

BACKGROUND

(0002] United States patent no. 5,348 511 (Gross et al.) purports to
disclose biocontrol agents that are disseminated for the control of pests by
Apis mellifera L. using a device inserted into a modified down-sized super
which is integrated as a substructure of a conventional, commercial beehive.
The device provides separate entry and departure pathways which allows
exiting bees to be surface-contaminated with the biocontrol agent as they exit

the hive.

[0003] United States patent no. 5,189,100 (Kovach) purports to
disclose a bee dissemination device or dispenser that is non destructive to the
hive, Is easy to insenrt, refill, and remove, and includes a cartridge insertable In
a housing. The device is desighed to be used by a non professional bee
Keeper, such as a grower. It is inserted into the entrance of a standard bee
hive with minimal disruption to the hive or colony. When the bees exit the
hive, they walk up a ramp through a dry biclogical control suspension and
leave the hive, carrying and deposifing the biological control agent onto the
flowers as they pollinate the crop. When the biolegical control agent runs low,
additional material is added easily by lifting a hinged lid or replacing the old
cartridge with a filled one. The lid aiso provides some moisture protection to
keep the biclogical agent dry, thereby facilitating bee Inoculation. The
dispenser is removed by simply pulling it from the hive entrance when

pollination activities are completed. The removal 15 non disruptive and does
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not destroy the integrity of the hive. When the device is inserted, refilled, or

removed at night, minimal protective clothing 1s required by the user.

0004] - PCT patent application publication no. WO 2010/136599 (Put et

al.) purports to disclose the dissemination of biological control agents or other

substances through the use of bees, In particular bumblebees. A disseminator

device is installable in or in connection to the hive, and contains biological

control agents or other substances which are picked up, carried and

disseminated by the bees when leaving the hive.

SUMMARY

[00095] The following summary 1$ intended to introduce the reader to

various aspects of the applicant's teaching, but not to define any invention.

[0006] According to one aspect, a formulation for treatment of plants
comprises a particulate calcium silicate, and a plant treatment agent

comnined with the particulate calcium silicate.

[Q007]  According to another aspect, a biocontrol powder formulation for
application to plants by insect vecioring comprises; a plant treatment agent; a
stabilizing agent bonded to the plant treatment agent for stabilizing the plant
treatment agent; a moisture absorption agent for absorbing moisture from the
formulation; an attracting agent for attracting the formulation to plants; and a

diluent.

[0008] According to another aspect, a powder formulation for treatment
of plants comprises a plant treatment agent comprising spores of
clonostachys rosea. The formulation comprises between about 2 x 10° and

about 4 x 10° spores per gram of formulation.

[0009] According to another aspect, a method for preparing a plant
treatment formulation comprises. providing a suspension of a plant treatment
agent in a hquid;, providing particulate calcium silicate; and bonding the

suspension to the calcium silicate;
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[0010] According to another aspect, a method for preparing a plant
treatment formulation comprises: bonding spores of clonostachys rosea to a
particulate stabilizing agent to produce stabilized plant treatment particles;
combining the stabilized plant treatment particles with at least one additive to
produce a mixture of the stabilized plant treatment particles and the additive;
and adding free stabilizing agent to the mixture to adjust the concentration of
the spores in the formulation to between about 2 x 10° and about 4 x 10°

spores per gram of formulation.

[0011] According to another aspect, a formulation for the treatment of
plants by insect vectoring comprises a plant treatment agent, and a particulate
moisture absorption agent for absorbing moisture from the formulation. The
moisture absorption agent has a particle size selected to be too large to be
vectored by Iinsects. In some examples, the moisture absorption particle size
may be greater than the size of the stabilized plant freatment particles. In
some examples, the moisture absorption particles may have a size from about
15 to about 90 times greater than the size of the stabilized plant treatment

pariicles.

10012} According to another aspect, clonostachys rosea is used to treat

botrytis cinerea in canola.

10013] According to another aspect, cionostachys rosea is used to freat

sclerotinia sclerotiorum In canola.

[0014] In some examples, the plant treatment agent may be bonded to
al least some of the calcium silicate to form stabilized plant treatment
particles. The formulation may comprise between about 5 wt% and 15 wt%
stabilized plant treatment particles, more specifically between about 7 wi%

and 8 wt% stabilized plant treatment particles.

[0015] In some examples, at least some of the calcium silicate may be
free calcium silicate. The formulation may comprise between about 10 wit%
and 25 wt% free calcium silicate, more specifically between about 17 wt% and

18 wt% free calcium silicate.
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[0016] In some examples, the plant treatment agent may comprise a
“microbial agent. For example, the plant treatment agent may comprise a
fungal spore such as clonostachys rosea. For further example, the plant

treatment agent may comprise beauveria bassiana.

[0017] In some examples, the plant treatment agent may comprise a
fungal spore, and the fungal spore may be bonded to at least some of the
calcium silicate. The plant treatment agent may have a density of between
about 1 x 10° and 4 x 10° spores per gram of calcium silicate to which it is
honded, more specifically about 2 x 107 spores per gram of calcium silicate to

which it i1s bonded.

[C018] In some examples, formulation may comprise between about 2 x

10® and about 4 x 10° spores per gram of formulation.

[0019] In scme examples, the particulate calcium silicate may comprise
particles having a sieve designation of between about 45 microns and apout

75 microns, more specifically about 45 microns.

[0020] In some examples, a moisture absorption agent may be mixed
with the particulate calcium silicate and plant treatment agent. The moisture
absorption agent may comprise silica gel. The silica gel may comprise
particles having a sieve designation of between abouf 700 microns and 4000
microns, more specifically about 840 microns. The formulation may comprise
between about 0.5 wt% and 5 wit% moisture absorption agent, more

specifically about 1 wt% moisture absorption agent.

[0021] In some examples, the formulation may further comprise an
attracting agent mixed with the particulate calcium silicate and plant treatment
agent, for attracting the formulation to plants and/or vectoring insects. The
attracting agent may have a net positive electrostatic charge. The attracting
agent may comprise a mixture of minerals. The formulation may comprise
between about 5 wit% and about 20 wit% attracting agent, more specifically

about 10 wit% attracting agent. The attracting agent may have a sieve
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designaticn of between about 35 microns and about 75 microns, more

specificaily about 45 microns.

10022] In some exampiles, the formulation may further comprise a
diluent mixed with the particulate calcium silicate and plant treatment agent.
The diluent may comprise a flour, such as at least one of rye flour, wheat
flour, spelt flour, rice flour, and corn flour. In one particular example the
diivient comprises comn flour. The formulation may comprise between about
50 wt % and 75 wt% diluent, more speciiically about 64 wt% diluent. The
diluent may have a sieve designation of between about 75 microns and about

250 microns, more specifically about 125 microns.

10023] In some examples, the formulation may further comprise an anti-
caking agent. The anti-caking agent may comprise magnesium oxide, The
formulation may comprise between about 0.75 wi% to 5.0 wi% magnesium
oxide, more specifically between about 1 wi% and about 1.5 wt% magnesium
oxide. The anti-caking ageni may have a sieve designation of between about

75 microns and about 150 microns, more specifically about 125 microns.

[0024] In some examples, the formulation may be used to treat at least
one of sclerotinia sclerotiorum, botrytis cinerea, and Monilinia vaccinii-

corymbosi in a plant.

(0025] In some examples, the formulation may be used to treat a

disease In at |least one of canola plants and sunflower plants.

[0026] In some examples, the formulation may be used to increase the

germination rate in a crop.

[0027] In some examples, the formulation may be used as a bee

vectoring agent.
DETAILED DESCRIPTION

[0028] Various apparatuses, processes, and/or formulaticns will be
described below to provide an example of an embcdiment of each claimed

invention. No embodiment described below limits any claimed invention and
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any claimed invention may cover apparatuses, processes, and/or formulations
that differ from those described below. The claimed inventions are not limited
to apparatuses, processes, and/or formulations having all of the features of
any one apparatus, process, and/or formulaiion described below, or to
features common to muitiple or all of the apparatuses, processes, and/or
formulations described below. It is possible that an apparatus, process, and/or
formulation described below is not an embodiment of any exclusive right
granted by issuance of this patent application. Any invention disclosed in an
apparatus, process, and/or formulation described below and for which an
exclusive right is not granted by issuance of this patent application may be the
subject matter of another protective instrument, for example, a continuing
patent application, and the applicants, Inventors or owners do not intend to
abandon, disclaim or dedicate fto the public any such invention by its

disclosure in this document.

10029] Exemplary plant treatment formulations include a plant
treatment agent (i.e. an agent that 1s beneficial to a crop), and one or more
additives. For example, a plant treatment agent may promote the growth,
vigor, and productivity of plants; enhance germination rates and/or seed
aguality in a crop; enhance resistance to disease, pests, and/or environmental
stresses such as adverse weather or soll conditions; control or act against
disease or pesis: or promote the recovery of plants from injury and/or

Infection.

[0030] In some examples, the plant treatmeni agent may include one or
more microbes, such as a bacteria, a virus, or a fungus or fungal spore. One
example of a suitable fungal spore includes clonostachys rosea, which may
control pathogens such as sclerotinia sclerctiorum, monilinia vaccinii-
corymbosi, and/or botrytis cinerea in various crops, including canola,
sunflower, raspberry, blueberry, strawberry, apple, pear, Kiwi, watermelon,
coffee, mango, avocado, cherry, plum, almond, peach, cashew, guava, alfaifa,
buckwheat, clover, bean, pea, onion, soybean, cotton, mustard, blackberry,

gooseberry, pepper, eggplant, and currant. Ancther example of a suitable
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fungal spore includes beauveria bassiana, which may control cranberry
maggot in cranberry crops. One example of a suitable bactena is Bacillus

Thuringiensis, which may control insect pests In various crops.

[0031] The concentration of the plant tfreatment agent in the formulation
may vary depending on, for example, the nature of the plant treatment agent,
and/or the conditions in which the formulation is to be used (e.g. climate,
target plant, etc.). In one particular example, wherein the plant treatment
agent includes spores of clonostachys rosea, the formulation may include

hetween about 2 x 10° and 4 x 10° spores per gram of formulation.

[0032] The formulation may include various additives combined with
the plant treatment agent. In some examples, the additives include one or
more of a stabilizing agent, a moisture absorption agent, an attracting agent, a
diluent, and/or an anti-caking agent, as will be described in further detall

below.

[0033] Stabilizing agents may generally serve to prevent or minimize
decay, breakdown, or activation of the plant treatment agent prior to delivery
of the plant treatment agent to the plant target. For example, in cases
wherein the plant treatment agent is a fungal spore, the stabilizing agent may
absorb water to Keep the fungal spore relatively dry, and thereby stabilize the
spores In a dormant state and prevent or minimize germination of the spores

prior to the delivery of the spores to a plant.

[0034] One example of a stabilizing agent is particulate calcium silicate
(sold under the trade name Micro-cel®). The particles of calcium silicate may
have a sieve designation of between about 45 microns (about 325 mesh} and
about 75 microns (about 200 mesh). In one particular example, the particles

of calcium silicate have a sieve designation of about 45 microns (325 mesh).

[{0035] In some examples, the plant freatment agent may be bonded to
at least some of the stabilizing agent, to produce stabilized plant treatment
particles. For example, 3 suspension of fungal spores In water may be

sprayed onto calctum silicate particles, so that the fungal spores generally
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adhere to the calcium silicate particles. The suspension of fungal spores may
be prepared as described in Uniled States Patent Application Publication no.
US 2012/0021806 (Sutton et al.), incorporated herein by reference in its
entirety. The stabilized plant treatment particles may have a spore density of
between about 1 x 10" and about 4 x 10° spores per gram of calcium silicate
to which the spores are bonded. In one particular example, the stabilized

plant treatment particles have a spore density of about 2 x 10° spores per

gram of calcium silicate to which the spores are bonded.

[0036] In some examples, the formulation may include between about 5
wt% and about 15 wt% stabilized plant treatment particles, more specifically
between about 7 wit% and about 8 wt% stabilized plant treatment particles. In

one particular example, the formulation may inciude 7.5 wit% stabilized plant

treatment particles.

[0037] In some examples, at least some of the stabilizing agent may be
mixed into the formulation without being bonded to the plant treatment agent.
Such stabilizing agent may be referred to as free stabilizing agent. The
amount of free stabilizing agent in the formulation may opticnally be selected
to yield a formulation having a particular concentration of plant treatment
agent. For example, the components of the formulation may be mixed
together, and then free stabilizing agent may be added fo the formulation until
the concentration of spores in the formulation reaches a concentration of

 between about 2 x 10° and 4 x 10° spores per gram of formulation. In such

examples, the formulation may include between about 10 wit% and about 25
wt% free stabilizing agent, more specifically between about 17 wt% and about
18 wt% free stabilizing agent. In one particular example, the formulation may

include about 17.5 wt% free stabilizing agent.

[0038] The moisture absorption agent may absorb moisture from the
formulation, in order {0 keep the formulation relatively dry and prevent caking
or clumping of the formulation. Examples of moisture absorption agents
Include dessicants, such as particles or beads of silica gel, and super

absorbent polymers, such as sodium polyacrylate. Further examples of
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moisture absorption agents include wood shavings, and clay balls. In some
examples, the formulation may include between about 0.5 wt% and 5 wit%
moisture absorption agent. In one particular example, the formulation may

include about 1 wt% moisture absorption agent.

[0039] In examples wherein the formulation is to be delivered by insect
vectoring, the particle size of the moisture absorption agent may be selected
so that it Is too large to be carried by insects, and will therefore generally
remain In the disseminator, In order {0 continue to absorb moisiure from the
formulation. For example, the particles may have a sieve designation of
between about 700 microns (25 mesh) and about 4000 microns (5 mesh). In
one particular example, the silica gel may be in the form of particles having a

sieve designation of about 840 microns (20 mesh).

10040] The attracting agent may help to attract the formulation to plants
and/or vectoring insects. For example, the attracting agent may have a net
positive electrostatic charge, so that 1t 1s electrostatically attracted to plants
and/or vectoring insects, which have a net negative electrostatic charge. |n
some examples, the attracting agent may include a mineral, or a mixture of
minerals. In one particular example, the attracting agent may include a
mineral mixture sold by Agr-Dynamics (Martins Creek, PA) under the name
DYNA-MIN™ = which includes the following minerals: silicon dioxide,
aluminum oxide, calcium, iron, magnesium, potassium, sodium, phosphorus,
titanium, manganese, strontium, zirconium, lithium, rubidium, boron, zinc,
vanadium, chromium, copper, vyitrium, nickel, cobalt, gallium, cesium,
scandium, tin, molybdenum, and additional trace elements. In another

example, the attracting agent may include calcium limestone.

[0041] In some examples, the formulation may include between about 5
wt% and apout 20 wt% attracting agent. In one particular example, the
formulation may include about 10 wt% attracting agent. In some examples,
the attracting agent may have a sieve designation of between about 35

microns (about 350 mesh) and about 75 microns (about 200 mesh). In one
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particular example, the attracting agent may have a sieve designation of

about 45 microns (about 325 mesh).

[0042] The diluent may be a suitable starch or flour. In examples
wherein the formuiation 1s to be deiivered by nsect vectoring, the diluent may
be selected so that it does not irritate-or harm the insects, and will not be
eaten by the insects. The diluent may further be selected so that it does not
absorb significant amounts of moisture, so that the diluent does not clump.
Examples of diluents which may be suitable for insect vectoring include corn
flour, and grain flours such as rye, wheat, rice tlour, and spelt flour. In
alternate examples, the diluent may be kaolin. In other examples the diluent
may comprise milk powder or talc. These may be particularly useful in
examples wherein the formulation 1s delivered in a manner other than insect

vectoring, such as by spraying.

[(0043] In some examples, the formulation may include between about
50 wt% and about 75 wi% diluent. In cone particular example, the formulation

may comprise about 64 wi% diluent. In some examples, the diluent may have

a sieve designation of between about 75 microns (about 200 mesh) and about
250 microns {(about 60 mesh). In one particular example, the diluent may

have a sieve designation of about 125 microns (akout 125 mesh).

[0044] The formulation may Include any suitable anti-caking agent.
One particular example of an anti-caking agent is magnesium oxide. The
formulation may Include between about 0.75 wt% and about 5.0 wt% anti-
caking agent, and more specifically, between about 1 wt% and about 1.5 wt%
anti-caking agent. In one particular example, the formulation may inciude
1.25 wit% anti-caking agent. In some examples, the anti-caking agent may
have a sieve designation of between about 75 microns (about 200 mesh) and
about 150 microns (about 100 mesh)}. In one particular example, the anti-

caking agent has a sieve designation of about 125 microns (about 125 mesh).

[00435] The plant treatment formulation may be prepared by a variety of

metheds. In one example, the stabilized plant treatment particles are

prepared as described above, by bonding a plant treatment agent such as a
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fungal spore to a stabilizing agent. The stabilized plant treatment particles
may then be combined with the additives, such as one or more of the
moisture absorption agent, the atiracting agent, the diuent, and the anti-
caking agent. For example, the additive{(s) may be mixed with the stabilized
plant treatment particles. Optionally, additional free stabilizing agent may
then be added to the mixture, to adjust the concentration of spores to a
desired value. For example, free stabilizing agent may be added to adjust the
concentration of spores {o between about 2 X 10° and about 4 x 10° spores

per gram of formulation.

[0046] In some examples, after the formulation 1s placed In a
disseminator or otherwise made availabie to insects for insect vectoring, the
shelf life of the formulation may be 4 to 5 days. In alternate examples, the
shelf life may be longer, for example up to 10 days. The shelf life of the
formulation may vary depending on various factors, including ambient

humidity, and temperature, for exampie.

10047] The formulation described above may be particularly useful In
insect vectoring. However, the formulation may be disseminated In other

ways, such as by spraying.

10048] While the above description provides examples of one or more
processes, formulations, or apparatuses, it will be appreciated that other
processes, formulations, or apparatuses may be within the scope of the

accompanying claims.

EXAMPLES

Example 1: Preparation of Plant Treatment Formulation

100491 A plant freatment formulation of the following composition was

prepared:

7.5 wth Stabilized plant treatment paricles of cionostachys rosea
bonded to Microcel® (325 mesh, 44 micron) at a density

of 2 x 10° spores per gram of microcell;
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17.5 wit% Free Microcel® (325 mesh, 44 microny;

1.25 wt% Magnesium oxide (125 mesh, 125 micron);

10 wt% Dyna-min™ (325 mesh, 44 micron);

64 wt% Corn flour (125 mesh, 125 micronj;

1 wt% Silica gel {(about 20 mesh, 700 to 1000 micron);

[0050] The formulation was prepared by spraying a suspension of
clonostachys rosea onto Microcel® particles. The resulting particles were
mixed with the magnesium oxide, dyna-min™ corn flour, and silica gel. The
free Microcel® was then added to adjust the conceniration of spores {o

approximately 3 x 10° spores per gram of formulation.

Example 2: Acguisition Of Plant Treatment AGent By Bumble Bees When
Exiting Hives Via Dispensers

[0051] Bumble bee hives, each with a colony of bumble bees (Bombus
impatiens), were equipped with a dispenser through which the bees were

directed to travel when exiting the hive.

[0052] The hives were positioned on a bench In a research
greennouse. The bees were confined inside large mesh cages. The new
colonies were left alone to acclimate and become accustomed to their new
surroundings for 24 hdurs. After the 24 hour period, the dispenser was filled
with the formulation described in Example 1, so that the bees. would be

directed {0 walk through a bed of the formulation when exiting the hive.

0053} Individual bumble bees were captured as they exited the hive.
E-ach bee was placed inside a 1.5 mL microcentrifuge (“microfuge”) tube and
the attached cap was closed. The tubes with the captured bees were stored In
a refrigerator for a few hours (2-12 hours) and then processed to estimate the

numbers of spores adhering to each bee.

[{0054] Each bee was washed In a known volume of water {including a
wash from the inside wall of the microfuge tube) containing a surfactant

(0.01% Triton X-100 v/v), and vigorously agitated five times (about 5 sec each
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time} on a Vortex (Fisher Genie 2). The water and bee was allowed to stand

for 10 minutes before the “wash water” was serially diluted.

|0055] Aliguots of 0.5 ml of the “wash water” were serially diluted (10-
fold dilutions) and 0.1 mL of each dilution was spread onto PDTSA (potato
dextrose agar medium amended with Triton X-100 (0.01% or roughly 8
drops/L.) to reduce the rate of colony growth (and to separate the colonies for
counting) and streptomycin sulfate at 100 ppm to keep down bacteria) in Petri
dishes. For each bee, 3 serial dilutions were performed and three 0.1 mL
aliquots of each dilution were plated onto the PDTSA. The Petri dishes were
iIncubated for 4-5 days at about 22-24 C (70 — 74 F or room temperature) by
which time colonies of Clonostachys rosea had developed and the colonies
were counted. The colony counts were multiplied by the relevant dilution
factor, multiplied by 10 (because only 0.1 mL was plated), and adjusted for
the total volume of water used for washing the bee. This gave the estimated
number of viable (colony forming) units of Clonostachys rosea per bee. As
shown In table 1, the bees in these tests generally carried about 100,000 to

125,000 viable spores of Clonostachys rosea each time they exited the
dispenser on their way out of the hive.

Test # | Number of Colony Forming Units/Bee
__ (average of three serial dilutions per bee)
Bee#1 Bee#2 | Bee#3 Bee #4

K 114 X 10° [ 1.02 X 10° [1.21 X 10° | 0.99 X 10% |
2 125X 10° | 118X 10° [ 111X 10°| -
3 1097 X10°|1.00X10° | 1.09x 10° | 1.23X 10°
——
[0056] Microscopic examination of bees revealed that particles of the

powder were present especially on the legs and undersides of the bees (all of

these are hairy).

Example 3: Assessment Of Sunflowers Treated With Bumble Bee-Vectored

Clonostachys rosea And Bacilus Thuringiensis
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FIELD *:

[0057] A Tirst test site included a 20 acre sunflower field (field 1), that
was 200 m wide, and that ran from country road along the east side of the
field. Five groups of four bumble bee domiciles (quads) were set up in the
field in July of 2011. The domiciles were positioned at regular intervals next to
the roadway at the edge of the area with sunflowers, and were thus readily
accessible. Each domiclle was equipped to recelve a tray containing a
powdered plant treatment formulation in an exit pathway of the domicile.
Trays containing a plant treatment formu'lation were nserted Into the
domiciles. The formulation was prepa'red as described In example 1, but
further included Bacillus Thuringiensis (2 x 10° spores per gram of
tormulation). The trays were inserted into the domiciles in July of 2011, and

replaced about every 3 days until August 2011,

[0058] It was observed that the flowering period of the early planted
sunflowers in the field was shortened by hot weather (daily highs of 35-38 °C)

in the second half of July.

[0059] The trays were examined on August 10, 2011. The powdered

plant treatment formulation was observed to be dry and was not clumping.

'0060] Samples of sunflowers were taken on August 10, 2011. It was
observed that about 75-80% of the flowers had lost the large peripheral
petals. Some rain had occurred during the preceding 1-3 days (surface soil

was moist).

10061] SAMPLING: Sunflower heads were sampled in relation to quad
#2 (l.e. the second from the road) and quad #4 (i.e. the fourth from the road).
The heads were collected at five distances (at 3 m, 40 m, 80 m, 120 m, and
160 m) from the quad In a transect made across the field at right angles to the
road. Four heads were taken at each sampling distance, placed in plastic

patch bags and transported to a laboratory.

10062] PROCESSING OF THE SAMPLES: The Incidence of

Clonostachys rosea in florets from the sunflower heads collected was
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estimated by placing florets on Paraquat chloramphenicel agar (PCA), and
later examining for sporulation of the fungus, in accordance with the following

procedure:

[0063] A total of about 160 - 200 florets were plucked using repeatedly

sterilized forceps from about 12 -15 random areas of each sunflower head.

Cach area was in the zone with developing seeds (l.e. not from the centre of
the heads) and about 1.0 - 1.5 cm across. About half of the florets from each
head were scattered (separately as far as practical) onto PCA In each of two
Petri dishes. The Petni dishes with the florets were placed in translucent
plastic boxes and incubated away from direct sunlight. The florets were
somewhat fluffy and did not make good contact with the agar medium, but

nonetheless senesced and turned pale brown uniformly (“in concert™}.

10064] The sunflower heads from which florets were removed were

placed in a cold room.

[0065] The plated florets were checked wvisually for sporulation of
Clonostachys rosea after 5 and 7 days of incubation and assessed
microscopically after 8 days and again after another 18 days. At each time of
assessment, the florets in each dish were rated collectively for sporulation
incidence of Clonostachys rosea using the following equal-increment scale: (
= no sporulation; 1 = 1-10 % of florets with sporulation; 2 = 11- 20 %, 3 = 21 -
30% ..... 10 = 91- 100%. In tables 2 and 3 below these values are presented
in columns for Petri dishes A and B for each of four sunflower heads. The
midpoints of the ranges (l.e. 0%, 9%, 15%, 25% ... 95%) on the scale were
used to give estimated % values. Mean % values per head were derived from
midpoint values for the ratings in columns A ang B. The mean % values for
the four heads collected at given distances from the domiciles provided an
overall estimated mean % of florets on which Clonostachys rosea sporulated
(values in bold in the column at the right of each table).

[0066] RESULTS AND DISCUSSION - 8 DAYS AFTER PLATING:
Tables 2 and 3 below show results for assessments at 8 days after plating.

These tables show an estimation for the mean percent of florets with
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Clonostachys rosea, which is a measure of the success in vectoring the plant

treatment agent to the flowers.

Head number

T 3 J 2 1.0 . 0.0 L0 A 0 A B R R R R e e e e e i

Distance from 1 2 3 4
Hives (m) A B Mean A B Mean A B Mean A B Mean MEAN
Yo % e Yo Yo+
3 0 1 2.5 0O 0 0 1 0 25 1 0 2.5 1.88
40 0 0 O 2 0 75 1 1 5.0 0 0 O 313
30 1 0 2.5 ¢ 0 0 0 1 2.5 b 2 75 3.13
120 1 1 5.0 i 1 5.0 3 0 12.5+ 1 0 25 625
160 0 ©O O P 0 25 O 0 0 0 1 235 1.25

gty TR gy} § | F § § § & J ¢ ([ ¢ ¢ §& b [ % § [ [ [ J (% [ [ [ L [ ‘1 § ¢ [ [ % § ¢ § § 8 § ' § ' 2 ' § § 0 [ | 1l ¢ §& §0 ¢ (¢ 1 | ¢ §® | __ . . [ §& 80 J § [ § | ; B B B B B 3 &I B B __} J & 1 B B L 1 1 Ll L _ . F B N} _F 1 R

Table 2: Transect 1 (for quad #2)

Head number

T T YT Y ROYTIOYTIOCYTIOTNSCTSNSCOCY ®™X“""®™""q&rY}»"1"'79"9»@r:*r:yryrrvyoyo v 2w RO R R L L

Distance from 1 2 3 4
Hives () A B Mean A B Mean A B Mean A B Mean MEAN
% Yo % % Yo
3 1 1 3.0 2 2 15 2 1 10 0 0 0 7.50
4{) 2 1 10 10* 2 15 1 2 10 12 10 11,25
80 0 2 7.5 c 0 0 0 2 73 1 0 2.5 4.38
120 2 1 10 1 1 5.0 | 2 10 0 ¢ 0 6.25
160 0 0 O g 0 0 0 0O 0 0 0 0 (.00

SRR UPYT YR Spy SEEN SN S SN SN SN SN SN SN SN SN WEAP ST S S S S e e s el s s sl sl s s ok b bl bl bed sk snfel Jenll sl i Bl Sl bl Bl benll Gebl Balh RAS Medh bl AR EEN SN BENN NN SNNN NN GNED BN BNNN NN BN BEN D BEN SN SEEN SN OSSN TSN OGNS SN SN AN SN OGNS D NNEN NN NNEN SN NN S BN NN WD S NN G S G S BN BN SN S S S AN W - S S T B e

Table 3: Transect 2 (for quad #4). *This plate was clearly contaminated with
C. roseg when in the lab and discarded. The data were therefore were not
included in estimates.

[006G7] Clonostachys rosea was found sporulating on various (or all)

parts of florets.
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(00681 Little growth (i.e. mycelium and/or sporulation) of other fungi
was found on florets with sporulation of Clonostachys rosea. This Is in
contrast to florets with no Clonostachys rosea. This was clear for florets In a
Petri dish in which the agar was presumably contaminated with spores of
Clonostachys rosea prior to use. In this circumstance, Clonostachys rosea
sporulated heavily on all the florets, but almost no other fungal growth was
present. The finding that other fungi were sparse or absent from florets with
CIonoStachys rosea sporulation suggests that Clonostachys rosea was
generally first to establish (presumably endophytically} in the florets and
precluded subseguent establishment and growth of other. This also indicated
that Clonostachys rosea is ecologiéally very well adapted for colonization of

sunflower tlorets.

10069] Florets on which Clonostachys rosea did not sporulate were
covered with masses of mycelium and sporulation of other fungi when
assessed on day 8 (ahd earlier). These fungl are species that are very
common on various kKinds of senescing plant tissues and included: Alternaria
alternata {abundant); Cladosporium spp. (abundant); Penicilium spp and
Aspergillus spp. (both commoen); Epicoccum sp. {low frequency), Fusarium
spp. (low frequency); and Rhizopus (not frequent). These fungi were probably
present as spores {or other propagules) on the surfaces of the florets when
the sunflowers were taken in the field and when the florets were plated onto
PCA. They are not considered to be endophytes. Rhizopus can cause neck
and head rot of sunflower (one head was found in an adjacent field with neck

and head rot that turned out to be caused by Rhizopus when plated in the lab)

[0070] The Clonostachys rosea recovered from the florets Is presumed
to have been vectored to the sunflower heads by the bumble bees. The
incidence of sunflower heads from which Clonostachys rosea was recovered
was 35% for transect #1 and 55% for transect 2. The incidence of florets
(including those from heads with no detected Clonostachys rosea) was

generally low (about 2-6% for transect 1 and 0-11% for fransect 2).
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[0071] Clonostachys was vectored for at least 160 m In transect 1 and

120 m In fransect 2.

{0072] There was no good evidence that consistent gradients existed In

the vectoring transects (such as decline with distance from the bumble bee

colony boxes). The incidence data suggest that vectoring was fairly even.

0073] RESULTS AND DISCUSSION — 18 DAYS AFTER PLATING:
Tables 4 and 5 below show resulis for assessments at 18 days after piating.
These tables show an estimation for the mean percent of florets with
Clonostachys rosea, which is a measure of the success In vectoring the plant

treatment agent to the tlowers.

Head number

N W WEN CHED BN BN BN BN SN W S Y B P W B BT PV BBV WY DV Y B PR Y UUSE GRS SN UU (PR GRS (UGS SNy SNpp JPUY SpNY SEEN JEGE g SENy SN ST SEpE NN SENN PNy SEEN SN NN ST W S SN AN SN SN SN SN NN SN S S S G S S S s e o s b bl e e b b b vl el s el ——

Distance from | 2 3 4

Hives (m) A B Mean A B Mean A B Mean A B Mean MEAN
%o % % % /N

3 2 2 15 2 4 25 0 0 0 2 1 10 12.5

40 0 O 0 3 4 30 1 3 15 ] 2 10 13.8

80 1 0 2.5 0 1 2.5 5 2 30 1 2 10 11.3

120 0 0O 0 2 3 20 3 2 20 5 I 25 16,3

160 60 1 2.5 2 2 15 3 4 30 1 4 20 16.9

T YT YT ITT Y] VYR TR YN SR P YUY N NP O N N S Uy S PR Y] YR N SR PN PUYS VYL WY NS NS SNy SR U NN YT YRS YT VYT GYY P OSRY OUYSSOFUSY FWYOFYSOTYS U OFTCOTIY TS R OUT M OTI FTTOTETTE TSI OT YT MTRCTI O OTETIT MY OPTT OTTRTEE O MUY T CWETTET YT OTYT P ONTE- U ONT OTHE TR T OTRE TP T O OTTY T T S MO T T T T T T I TYY e

Table 4 — Transect 1 (for quad 2)
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Head number
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[M1stance from | 2 3 4
Hives (m) A B Mean A B Mean A B Mean A B Mean MEAN
%o %o Yo %o Yo**
3 > 735 79 5 5 7 35 3 53 35 53.0
4() 3 3 25 # 5 45 6 3 40 >y 6 30 40.0
80 4 5 40 5 & 60 7 3 45 1 2 10 38.8
120 4 4 33 1 1 2.5 1 4 20 2 2 15 18.1
160 2 1 10 3 3 25 1 1 3 2 1 10 125

Table 5 — Transect 2 (for quad 4)

‘[0074] Sporulation of Clonostachys rosea was much more abundant at

18 days than after 8 days of incubation.

[0075] Non-pathogens (Cladosporium and Alternaria) had grown to
cover many of the florets. Clonostachys rosea was frequently growing over

the mycelium of the non-pathogens and apparently as a parasite (i.e. as a
mycoparasite “‘eating” the other fungi).

[0076] Botrytis cinerea (gray mold) was found on a few florets (this can

be a head-rotting pathogen in wet weather).

[0077] Insect frass (relatively large cylindrical pieces) was present and
abundant on several plates. Many florets on these plates were partially eaten

and appeared very wet. No insect larvae were found.

[0078] The greater % incidence of Clonostachys rosea on the florets
after 18 days of incubation compared to 8 days probably indicates that florets
require longer than 8 days on PCA to senesce sufficiently for Clonostachys
rosea to reach full sporulation incidence. Care was taken to account for some

spread of Clonostachys rosea among florets during incubation.

[0079] Incidence of Clonostachys rosea sporulation In the two transects

increased several fold over the values for 8 days of incubation. From these
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data, 8 days of incubation is insufficient to capture the full extent of
sporulation (and the implied floret coionization) by Clonostachys rosea. rFor
many kinds of plant tissues, such as flat pieces of leaves that make major
contact with the Paraguat medium, 8 days Is sufficient. But the "hairy” florets
tend make only limited contact, at least initially, and so may take longer to

senesce.

[0080] The mean incidence of sporulation of Clonostachys rosea in

florets of sunflower heads in transect 2 was about 33% compared to only 14%

tor transect 1.

[0061] At least a few fiorets with Clonostachys rosea were found in ail

sunflower heads of transect 2, but 10 % of heads lacked Clonostachys rosea

In transect 1.

[008Z] There was little indication of any gradient in incidence of
Clonostachys rosea on the florets (and thus the success of vectoring) in

fransect 1, but a decline In Incidence was evident after 80 m in transect 2.

FIELD 2

10083] A second test site iIncluded a sunflower field {field 2) that
consisted of 6 acres that were a continuation of field 1, but that were planted
later than field 1 on account of wet soll conditions. On August 10, 2011, It was

observed that flowering was just beginning. A bumble bee quad was moved
from field 1 to field 2 late In the day on August 10, 2011.

[0084] About 6 flowers from field 2 were artificially inoculated with

the plant treatment formulation described in example 1 on August 10, 2011.

[0083] On August 26, 2011, flowers were collected from a transect in
fleld 2 (same distances from the quad as in field 1). The flowers ihocutated

with the powder formulation by hand were also collected.

[0086] Heads and foliage in Field #2 were surveyed for diseases,

molds and insects and samples were taken to the lab for diagnosis.
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[0087] Florets from the sampled flowers were plated on PCA on August
27, 2011, as described above with regards to field 1. The sub-sampled heaas

were kept in open patch bags for later examination.
[0088] RESULTS AND DISCUSSION - 9 DAYS AFTER PLATING

[0080] Table 6 below shows results for assessments at 9 days after

plating. This table shows an estimation for the mean percent of florets with

Clonostachys rosea.

Head number

P P T e ——— S — e b bl sk b bk ek e b ek bk B B G S NN SN N N - - N NN SN SN S S S T WUW WA VRS U] SRR U S SpUS S S SR S W S S e e s b s s b bl Gl b ek bl B A ALE RN N B N A -

Distance from 1 2 3 4
Hives {(m) A B Mean A B Mean A B Mean A B Mean MEAN
% Yo % % Yo*%
3 1 0 2.5 | 1 5 ¢ 2 7.5 ] 1 3 5.00
40 0 2 75 0 2 7.5 0 2 75 1 0 25 6.25
80 d 0 0 3 3 25 0 0 0 I 1 2.5 6.87
120 2 0 75 1 2 10 1 1 D 30 12.5 8.75
160 {) 0 0 0 1 25 2 ] 10 1 0 2.5 3.75

e g g g e g e e e L L L L T o O 2 1 1 11 a2 1k 111 2" 32 8 J 0 42 | J 8 8 B B 0 J 4 4. L L 4 b R 0 B, ok, B Bk Bl e

Table 6 — Transect 1 (Note: insect (sunflower moth) damage was observed
on about 20% of the heads. There was cone guad nearest the transect, but
bees from other quads possibly participated. The quad was found damagec
by an animal on August 26, 2011)

[0090] RESULTS AND DISCUSSION — 15 DAYS AFTER PLATING:
Table 7 below shows results for assessments at 15 days after plating. This
table shows an estimation for the mean percent of florets with Clonostachys

roSea.
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Head number

Distance from 1 2 3 4
Hives (m) A B Mean A B Mean A B Mean A B Mean MEAN
7o 7 % % Y
3 2 2 150 3 2 20 1 3 150 1 2 10 15.0
40 2 3 200 O 3 125 o0 3 125 3 1 150 15.0
80 0 0 0 3 4 30 0 0 ¢ 1 4 200 17.5
120 3 1 150 2 4 30 4 4 33 4 0 173 24.4
160 ¢ 2 75 0 3 125 3 1 150 3 1 150 12.5
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Table 7 — Transect 1 (Note: Insect (sunflower moth}) damage was cbserved
on many heads. There was one quad of bumble bee hives nearest the
transect, but bees from other guads possibly participated. The gquad was
found damaged (by an animal) on August 26, 2011.)

[0091] RESULTS AND DISCUSSION — HAND INOCULATED HEADS

IN FIELD 2: Table 8 shows the results for sunflower heads Inoculated by

hand. This fable shows an estimation for the mean percent of florets with

Clonostachys rosea.

Head #1 S, 8 R0 %
Head #2 5 ¥ 60 %
Head #3 3 4 30%
Head #4 3 3 25%

Head #5 4 6 45 %

Table 8

FIELD 3

[0092] A third {est sife Iincluded a sunflower field consisting of
approximately 9 acres. Field 3 was in about mid-bloom. A guad as described
with regard to field 1 was placed in a roadway that bisects the field and

adjacent to sunflowers In one half of the field. Flowers were collectea from a
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transect in Fleld 3 according to the same sampling procedures and distances
from the quad as in fields 1 and 2.

[0093] Heads and foliage in Field #3 were surveyed for diseases,

molds and insects and samples were {aken to the lab for diagnosis.

[0094] Florets from the sampled flowers were plated on PCA on August
29 2011, as descriped above.

[0095] RESULTS AND DISCUSSION — 7 DAYS AFTER PLATING:
Table ¥ below shows results for assessments at 7 days after plating. This

table shows an estimation for the mean percent of florets with Clonostachys

rosea.
Head number
Distance from ““1“““““““"“"‘2‘ ___________________ ; -------------- o ;l' ---------------------
Hives (m) A B Mean A B Mean A B Mean A B Mean MEAN
Yo % % % Yo=*
3 0 0 0 0 1 2.5 0 1 2.3 1 1 5 2.5
4() 0 0 0 0 0 O 0 2 7.5 I 0 25 2.5
80 10 25 2 0 75 0 0 0 0 0 0 2.5
120 1 025 2 0 75 0 1 2.5 1 ¢ 25 375
160 0 0 0O 10 25 0 0 0 o 2 75 2.5
__________________________________________ Tabes
10096] RESULTS AND DISCUSSION - 13 DAYS AFTER PLATING:

Table 10 below shows results for assessments at 15 days after plating. This

table shows an estimation for the mean percent of florets with Clonostachys

rosea.
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Head number
Distance from 2 3 4
Hives (m) A B Mean A B Mean A B Mean A B Mean MEAN
% % % O™ ¥
3 2.5 0 1 2.5 g 1 2.5 | 1 3 3.1
4{) 0 2.5 2 2 15.0 0 3 12.5 O 0 { 15,0
80 15.0 4 2 15.0 0 O 0 0 0 0 7.5
120 2 20,0 3 0 12.5 ] 1 5.0 1 2 100 11.9
160 2 0 5.0 1 0 2.5 ¢ 2 7.5 3.75
Table 10
[0097] For both field 2 and field 3, the heads were kept in the patch

pags used for sampling (bags open) after the florets had been removed.
When examined at 9 days, some sporulation of Clonostachys rosea was
found on various parts of some heads, including in some instances the central
portion with no seeds. Sporulation was heaviest (as expected given the load
of powder applied), but irregular, on the hand-inoculated heads. Certain other
fungi {Cladosporium) were sporulating heavily; these may have extraordinary
inoculums loads so get a "head start”. An immature seed coincidentally plated

with a colonized flower was absolutely covered with sporulation.

Example 4: Assessment Of Seeds From Sunflowers Treated With Bumble

Bee-Vectored Clonostachys Rosea Plus Bacillus Thuringiensis And Untreated

Control Sunfiowers

[0098] Seed samples from figld 1, described In example 3, and from
untreated sunflowers were obtained. Sub-samples of each group of the
seeds were plated on an agar medium to test for: Ability of the seeds to
germinate properly; Presence / absence of Clonostachys rosea; Presence of

other fungi on the seeds, including disease-causing pathogens.
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[0099] Fifteen subsamples each of 40-50 seeds of each group (i.e. field
#1 and control field) were plated onto PCA medium in Petn dishes. The
medium contained Paraguat to accelerate tissue senescence and recovery of
Clonostachys rosea, chioramphenicol (an antibacterial antibiotic), but no
microbial nutrients. Most subsamples contained a few blackish fragmenis of
other parts of sunflower heads. The dishes were Incubated In plastic boxes in
and examined at intervals over 2 weeks using a dissecting microscope and

compound microscope as needed.
[G0100] RESULTS:

[00101] oeed Germination: Control sunflowers — 70.7%,; Sunflowers
from Field 1 — 88.7%.

[00102] Thus germinaticn of seeds from the bee vectored treatment

described above was about 27% higher than in the untreated controls.

[Q0103] The mean values include only those seeds that produced good
healthy radicals. Those that produced no radicals or radicals that aborted

Immediately (e.9. were brown when emerging) were rated as non-germinated.

[Q0104] Actual values for non-germination:

[00105] Control: 10/48, 16/56, 10/42) 20/49, 14/38, 10/40, 14/44, 4/28,
16/40, 12/306, 8/30, 6/28, 12/39, 13/45, 12/41. 177 1 604 = 29.3%

[C0106] Bee-vectorea: 4/32, 8/46, 10/54, 4/51, 2/28, 4/48, 2/41, 4/62,
6/44, 4/49, 9/50, 2/36, 2/35, 3/35, 4/49. 687 660 = 10.3%

100107] Recovery of Clonostachys Rosea: Clonostachys rosea did not
sporulate on any of the sunflower seeds within the 14-day period of
observations. Clonostachys rosea did sporulate on a few of the tissue
fragments that are assumed to be from the sunfiower heads, but only in the

bhee vectored maternals.

[00108] At this point it seems that Clonostachys does not establish in
sunflower seeds, or if it does, does not readily grow out from them.
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[00109] Other Fungi: It was clear that moulds were much more
abundant on seeds from the control field than in seeds from field 1. In the
control seeds: Fusarium spp - very common; Penicillium spp — common;
Botrytis cinerea - moderately common,; other moulds with no spores Yjust
mycelium, so were not identified). In the seeds from field 1: Fusarium spp,
Penicillium spp, and some Rhizopus, but all much less frequent than in

controls. No Botrytis found.

(00110] In both samples, some seeds appeared to abort on account of

one or more of these fungi.

[00111] Cladosporium and Alternaria were common on the seed iestas
(“husks™ or “shells™ of both seed lots but did not appear to be causing any

problems.

(00112} The findings indicate that the treatment disclosed herein
enhanced germination of the sunflower seeds by 27% and greatly reduced the

level of fungl {moulds) present.
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CLAIMS:

1. A formulation for freatment of plants, the formulation comprising:
a) a particulate calcium silicate; and
b}y a plant treatment agent combined with the particulate

calcium silicate.

2. The formulation of claim 1, wherein the plant treatment agent is bonded

to at least some of the calcium silicate to form stabilized plant treatment

pariicles.

3. The formulation of claim 2, comprising between about 5 wit% and 15

wit% stabilized plant treatment particles.

4. The formulation of claim 3, comprising between about 7 wit% and 8

wt% stabilized plant treatment particles.

5. The formulation of claim 2, wherein at least some of the calcium silicate
s free calcium silicate, and the formulation comprises between about 10 wt%

and 25 wit% free calcium silicate.

6. The formulation of claim 5, wherein the formulation comprises between

about 1/ wt% and 18 wt% free calcium silicate.

7. The formulation of claim 1, wherein the plant treatment agent

comprises a microbial agent.

3. The formulation of claim 7, wherein the plant treatment agent

comprises a fungal spore.

9. The formulation of claim 8, wherein the plant treatment agent

comprises clonostachys rosea.

10. The formulation of claim /7, wherein the plant treatment agent

comprises beauveria bassiana.
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11.  The formulation of claim 1, wherelin:

a) the piant treatment agent comprises a fungal spore;

b} the fungal spore is bonded to at least some of the calcium
silicate; and

¢) the plant treatment agent has a density of between about 1

x 10” and 4 x 10° spores per gram of calcium siicate to which it Is bonded.

12.  The formulation of claim 11, comprising about 2 x 10° spores per gram

of calcium silicate to which It 1s bonded.

13.  The formulation of claim 11, comprising between about 2 x 10° and

about 4 x 10° spores per gram of formulation.

14.  The formulation of claim 1, wherein the pariiculate calcium silicate

comprises particles having a sieve designation of between about 45 microns

ancd about 7o microns.

15.  The formulation of claim 14, wherein the particulate calcium silicate

comprises particies having a sieve designation of about 45 microns.

16.  The formutation of claim 1, further comprising a moisture absorption

agent mixed with the particutate calcium silicate and plant treatment agent.

17.  The formulation of claim 16, wherein the moisture absorption agent

comprises silica gel.

18.  The formulation of claim 17, wherein the silica gel comprises particles

having a sieve designation of between about 700 microns and 4000 microns.

19.  The formulation of claim 18, wherein the silica gel comprises particles

having a sieve designation of about 840 microns.

20.  The formulation of claim 16, wherein the formulation comprises

between about 0.5 wt% and 5 wt% moisture absorption agent.
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21.  The formulation of claim 20, wherein the formulation comprises about 1

wi% moisture absorption agent.

22. The formulation of claim 1, further comprising an attracting agent mixed

with the particulate calcium silicate and plant treatment agent, for attracting

the formulation to plants and/or vectoring insects.

23. The formutation of claim 22, wherein the atiracting agent has a net

posifive electrostatic charge.

24,  The formulation of claim 22, wherein the attracting agent comprises a

mixture of minerals.

25 The formulation of claim 22, wherein the formulation comprises

between about 5 wt% and about 20 wi% attracting agent.

26.  The formulation of claim 25, wherein the formulation comprises about

10 wit% attracting agent.

27.  The formulation of claim 22, wherein the atiracting agent has a sieve
designation of between about 35 microns and about 75 microns.

28.  The formulation of claim 22, wherein the attracting agent has a sieve

designation of about 45 microns.

29.  The formulation of claim 1, wherein the formulation further comprises a

diluent mixed with the particulate calcium silicate and plant treatment agent.

30. The formuiation of claim 29, wherein the diluent comprises a flour.

31.  The formulation of claim 30, wherein the diluent comprises at least one

of rye flour, wheat flour, spelt flour, rice flour, and corn flour.

32.  The formulation of claim 31, wherein the diluent comprises corn flour.

33. The formulation of claim 29, wherein the formulation comprises
hetween about 50 wt % and 75 wi% diluent.



CA 02867076 2014-09-11

WO 2013/134870 PCT/CA2013/050179

- 30 -

34,  The formulation of claim 33, wherein the formulation comprises about
64 wit% diluent.

35, The formulation of claim 29, wherein the dluent has a sieve

designation of between about 75 microns and about 250 microns.

36. The formulation of claim 35, wherein the diluent has a sieve

designation of about 125 microns.
37.  The formulation of claim 1, further comprising an anti-caking agent.

38.  The formulation of claim 37, wherein the anti-caking agent comprises

magnesium oxide.

39. The formulation of claim 38, wherein the formulation comprises

between about 0.75 wt% to 5.0 wt% magnesium oxide.

40, The formulation of clam 39, wherein the formulation comprises

between about 1 wi% and about 1.5 wt% magnesium oxide.

41.  The formulation of claim 37, wherein the anti-caking agent nhas a sieve

designation of between about 75 microns and about 150 microns.

42.  The formulation of claim 41, wherein the anti-caking agent has a sieve

designation of about 125 microns.

43. A use of the formulation of any one of claims 1 to 42 to treat at least
one of sclerotinia sclerotiorum, botrytis cinerea, and Moenilinia vaccinii-

corymbosi in a plant.

44, A use of the formulation of any one of claims 1 10 42 1o treat a disease

in at least one of canola plants and sunfiower plants.

45. A use of the formulation of any one of claims 1 to 42 to increase the

germination rate in a crop.
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48. A use of the formulation of any one of claims 1 to 42 as a bee vectoring

agent.

47.  The formulation of any one of claims 16 to 19, wherein the moisture

absorption agent has a particle size selected to be too large to be carned by

insects.
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