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4,724,147

1

PREPARATION OF PELLETS CONTAINING
FUNGI FOR CONTROL OF SOILBORNE
DISEASES

CROSS-REFERENCE TO RELATED
APPLICATIONS

‘I'hnuncontinuﬂon—m—panohppﬂaﬁouSa No.
506,952, filed June 22, 1983 now abandoned.

BACKGROUND OF THE INVENTIO‘N

(1) Field of the Invention
ThnmvennonrdazesmfomMofmoculmof

MIiCTOOrgAnSmS.

(2) Description of the Prior Art

Antagonistic fungi in several genera have been previ-
ously shown to effectively control pilant disesse caused
bypuhogmﬁmg. Talaromyces flavus is used to con-

trol Verticillium wilt of eggplant ‘which is caused by

Verticilltum dahliae (J. J. Marois,.et al., 1982. Plant
Disesse 66:1164-1168). Since eggplant is usvally sub-
Jjected to transplanting, T. flavus is applied as a drench
before transplanting takes place.
: Pomoesmdcononmothcremaplaofm
cally important crops which are also subject to 7. dak-
lize. Since potatoes and cotton are both seeded divectly
into the field, the drench formulations are not pracitcal.
However, dust formulations of 70 fIavus have been used
1o treat potato seed pieces but this is inefficient because
the dust easily blows away. In addition, the dust is not
adequately distributed in the root zone where it is most
needed to protect the roots from the pathogen.

Connick, Jr., (U.S. Pat. Nos. 4,401,436 and 4,400,391)
- both disclose processes for incorporating chemical,
oon-living, bicective materials in alginate gels. Connick,
Jr., (U.S. Pat. Nos. 4,401,456 and 4,400,391) discloses
chemicals which are formulated to kill living matter. He
also teaches the use of cations in the process, i.e. barium,
copper, lead, zinc, all of which would be reasonably

expected to kill any living fungi incorporated into the

alginate gel.
’I'hemcotdmxegdtechnologytofctmnmem
cuitural and food items hss also
been disclosed. For example, U.S. Pat. No. 4,053,627
describes the use of alginate gel discs for moequito con-
trol, U.S. Pat. No. 3,649,239 discloses fertilizer compo-
sitions, and U.S. Pat. No. 2,441,729 teaches the use of
" alginate gels a3 insecticidal as well ss candy jellies,
Nooe of these patents disciose sny method for incorpo-

rating living materials o fungi into sn alginate gel ms-
trix.

SUMMARY OF THE INVENTION

Pelletization: of living biocontrol fungi useful to con-
trol selected plant disesse using aqueous solutions of
ride is disciosed.. The granuiar formulations of living
fungi produced by this method have extended sheif life
mdmhedrdmorminedpmdmﬁoncm-
ntice.

mmahodmptnathehnowmcnplmmhb

bomogenizing
fuplmbforsuﬁdemﬁ:mtomiformly
mix the propegules, and diluting the fingus propegule
homogenate with s sodivm alginate solution with 2
sufficient conceatration of sodium alginate to effect
adequate gelation. This mixture is then added dropwise
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2
to a solution of CaCl; or calcium gluconate, thus form-
ing alginate gel pellets which contain fungus dispersed
throughout,

-U.S. Pat. Nos. 4,401,456 and 4,400,391 teach a pro-
cess for incorporating chemical bicactive materials in
aiginate gels. There is no teaching in said patents on, nor
isthuemﬁdpated.theincorponﬁbnofﬂvhgfnngiu
active materials. Indeed, one skilled in the art might
expectfunutodxeorbwomemeﬁ'ecuveunmltof
being incorporated in slginate pellets. The chemical
bioactive materials of said U.S. Pat Nos. 4,401,456 and
4,400,391 are released from the products by virtue of
their water solubility (leaching or diffusion) or as a
result of biodegradation of the alginate matrix. This is
totally differeat from the growth and release of active

from a living fungus.

It was completely unexpected that a living fungus
could be incorporated in aiginate gel peilets or granules
‘to give an effective material. For example, barium chlo-
ride and cupric chloride are among the preferred water-
soluble metal salt geillants taught by U.S. Pat. Nos.
4,401,456 and 4,400,391 for use with chemical biocactive

" materials, but these salts are fungitoxic when used in the
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process of the present invention. Other reasons why it is
not obvious to use the teachings of U.S. Pat. Nos.
4,401,456 and 4,400,391 to produce effective fungus-
containing pellets are stated below.

All mechenisms known for biocontrol by fungi (com-
petition, antibiosis and parasitism) require an actively
metabolizing antagonist. Hence, the effectiveness of
biocontrol fungi pelletized in an alginate matrix could
not be expected since propagules of the fungi must
grow free of the matrix to control pathogenic fungi.

The ability of the biocontrol fungi to survive the
process of the present invention could not be predicted
a priori because one would have expected the osmotic
shock resulting from addition of the liquid alginate
suspension into the calcium salt to kill the biocontrol

fungi. :

Stability of alginate gel pellets containing living fungi
is very important for commerical reasons. The biocon-
trol fungi must survive for extended sheif life periods of
time to meet shipping peeds and agricultural uses. Fur-
pelletized slong with the desired fungi during the for-
mulation process. Since many microorganisms may be
capable of competing with the desired fungi, the recav-
ery and growth of the desired fungi after storage was
impossible to predict beforehand. Applicants’ biocon-
trol fungi-containing peilets produced living colonies of
fungi when applied to an agricultural enviornment after
extensive shelf life periods of time. This was totally
unpredictable.

In addition to its use in control of plant pathogens, the
method of sodium alginate formuistion described by
applicants’ preferred embodiment has other applica-
tiona. For example, the production of inoculum of plant
pathogens would facilitate uniform infestation -of an
area with a psthogen to.cvaluate host resistance, control
methods, or to perform epidemiological research.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

: Soilbome‘d'nw_a.of agricultural crops can be con-
trolled by the following biocontrol fungi:
Gliocladium virens isolate G1-3 (NRRL #135937)
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Penicillium oxalicum isolate Windels (NRRL #15938)

- (ATCC #52658)

Ta:;;zmoyl\;a flavus isolate Tf-l NRRL #15935) (ATCC
Talaromyces flavus biotype TA-1 (NRRL #15936)
Trickoderma viride biotype T-1-R9 (ATCC #52442)

(U.S. Pat. No. 4,489,161).

All, except the 7. viride, are on deposit with the Agri-
cultural Research Culture Collection. NRRL) and
available from: A. J. Lyons, Curator, ARS Pateat Col-
lection, Culture Collection Research, NRRC, 1815 N.
University Street, Peoria, Ill., 61605. In addition, the P.
axalicum, T. flavus Tf-1, and the Trichoderma viride are
also on deposit with: American Type Cuiture Collec-
tion, Rockville. Md. In addition, the T. viride T-I-R9 is
a genetically manipulated biotype and has been pa-
tented (U.S. Pat. No. 4,489,161).

Each of the five fungi are cultured and. pelletized
separately to demonstrate the flexibility of the process.
Since two of the fungi produced two distinct types of
spores, they are also peiletized separately to demon-
strate further flexibility. The versatility of the process is
also demonstrated by using two different biotypes of the
same fungus,

Axcospores are prodneed by growing T. flavus on
potato-dextrose agar for 4 weeks at 30° C. in the dark.
When T. flavrus is grown on a2 molassescorn steep me-
dium (s more carbon rich medium) in the light at 25° C,
for 1 week, conidia are produced. Conidia of G. rirens
are produced by growing the fungus on V-8 juice agar
for | week at 25" C. Conidia of P. axalicum and T. viride
are produced by growing the organisms on potato-dex-
trose agar for | week at 25° C. Other microbiological
media are also suitable and can even be incorporated
into the pellets along with the propagules. Experimental
details for growing the fungi are given in the article
“Biological Control of Verticillium wilt of eggplant in
the field,” by J. J. Marois, et al, Plant Disease.
66:1166-1168 (1982).

Propagules of the fungi are dislodged from the agar
surface by rubbing, suspended in water, then commi-
nuted in a Sorval mixer or similar to insure
uniform - distribution of the propagules. The alginate
solution which contains 10 g of sodium alginate, 100 g
of pyrophyllite, and | 'L of water is mixed for one min-
ute in a blender and then various concentrations of
propagules in water are added. The resulting mixture is
then added dropwise to a salt solution of either 0.25 M
CaClz or 0.1 M C;2H22CaOy4 (calcium gluconate) in
distilled water. Pellets form almost immediately upon
contact with the sait solution. The sait solution is de-
canted and the pellets are dried. Drying to 8 5% to 15%
moisture ¢Sntent is Pellets can be disinte-
grated in mixture of 8.7x10-3 M. KH:POs and
3.0x10—2 M. NagHPOq4 (pH 7.7) and assayed by dilu-
tion plating to determine viable propagule population.
Sodium aiginate is the preferred alginate but other
water soluble salts of aiginic acid such as potassium
slginate may be used. Sodium alginate concentration in
the propagule-sodium alginate-pyrophyilite-water mix.
ture can be from 0.5 to. 2.09% (w/v) but the preferred
conceatration is 0.75 to 1.0%.

A water soluble calcium salt such as calcium chloride
or calcium gluconate is necessary for gelation of sodium
aiginate solutions, and these compounds are not toxic to
the fungi. An effective concentration range of the cal-
cium chloride or calcium giuconate bath, aiso called the
sait or gellant solution, is 1% to 15% (w/v), but 2% to
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4
5% is preferred. Gelation proceeds faster as the concen-

_tration of the salt solution is increased.

Various organic and inorganic fillers such as clays,
diatomaceous earth, sand, or corn cobs can be used in
the formulations of the present invention. Pyrophyilite
(hydrous aluminum silicate) is preferred in quantities up
to about 20% (w/v) because it has a neutral pH. Othker
adjuvants that may be of use when incorporated in
formulations. are: selective fungistats, antibiotics, nutri-
ents, materials that stimulate spore production, viscosity
modifiers, and materisls to.control hardness of the pel-
lets or their rate of biodegradation or disintegration.

The simplicity of the requirements for carrying out
the process of the present invention permits much lati.
tude in equipment design. A suitable apparatus, de-
scribed only for the purpose of illustration and not to be
construed a8 limiting to the invention, consists of a

_reservoir to contain the alginate-propagule-prophyllite

mixture, a pump to feed this mixture, or a gravity-feed
arrangement, from the reservoir to orifices about 1-2
mm in dismeter that permit the mixture to be added in
a dropwise manner into a gellant solution contained in
any convenient vessel. The aiginate gel pellets that form
bave propagules of the desired fungus incorporated
throughout and are harvested from the gellant solution
by any suitable means. The alginate gel pellets may be
dried to form dried pellets or granules making them
more suitable for storage and agricuitural fieid use. A
continuous process is possible involving the continuous
removal of gel pellets and maintenance of an effective
gellant solution concentration. It is also possibie to ex-
trude the alginate-propagule-pyrophyilite mixture into
the gellant solution to form a string-like gel which could
be further processed to make granules.

Most desired fungi should be processed below 50° C.,
preferably in the range of 15—40 C. Dwell time of the
gel pellets in the gellant solution can be from about 0.1
to 60 minutes, but 0.2 to 5 minutes is preferred.

The fungi reproduced when the gel pellets were
placed in moist field soil or on appropriate microbiolog-
ical media when brought into contact with moisture.
Dried“pellets may be stored for an extended period of
time. (Table 1). )

Pellets produced as described above have sustained-
release characteristics and provide residual activity to
enhance the performance of the biocontrol fungi. Appli-
cants’ preferred embodiment also provides a useful
method for storing inoculum for extended periods of
time.

The pathogens enumerated above, when formulated
28 dried pellets, reproduced readily under field condi-
tions when adequate moisture was present and effec-
tively controlled the targeted soilborne diseases.

Alginate formulations of biocontrol fungi may be
applied directly to soil as pellets, or propagules can be
produced on the peilets, then removed and applied to
the desired environment using any compatible, effective
means of distribution.

Formaulation aod production of alginate gel pellets
containing the above-described living biocoatrol fungi
are readily illustrated in the following examples:

EXAMPLE 1

Ascospores of Talaromyces flavus isolate Tf-1 were
produced by growing the fungus om potato-dextrose
agar for 4 weeks in the dark at 30° C. Cleistothecia were
removed by gently scrapmg the medium and were
added to water and comminuted for | minute in a Sor-
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vall mixer to insure disruption of cleistothecia and asci
and produce a uniform distribution of ascospores. Asco-
spomm-ddedwtmmeonmgl%by
weight of sodium alginate and 10% of pyrophyllite in
sufficient distilled water to total 200 ml in volume. The
sscospores were added in concentrations ranging from
109 to 108 per ml of alginate suspension. The alginate-
pyrophyllite-fungal propagule mixture was stirred and
added dropwise from a reservoir through tubes (each
terminating in a°1 mm diameter orifice), the droplets
falling a distance of shout 15 cm into 200 miof 1 025 M
CaCl; gellant solution. Gel beads immediately formed,
allowed to remain in the gellant solution for up to 45
minutes, separated by decaating, spread: on aluminum
foil, and dried to about 10% moisture content st ambi-
ent temperature using a gentle flow of air. About 22 g of
pellets were obtained. Drying transformed the gel beads
into hard granules or pellets which were stored under
room conditions. Viable propagule populations were
determined as follows: before pelletization, immediately
following peiletization, 24 hours, 1,2,4,8, and 12 weeks,
Results reported in Table 1 show that 1009 of the
fungus propagules survived during pellet formation.

EXAMPLE 2

Ccmdnof Talammyca/kmnoh:e'l‘f-l were pro-
duced by growing the fungus on molasses-corn-steep
mediam in the light at 25° C. for 1 week. The propa-
gules were pelletized and visble populations of fungus
propagules were determined ss in Example 1 with re-
sults as reported in Table 1 which shows 100% survival
during pellet formation.

EXAMPLE 3

Ascospores of Talaromyces flavus isoiate Tf-1 were
grown and pelletized as described in Example | except
that 0.1 M calcium gluconate was used as the gellant
solution and only one initial concentration of
(10% per M alginate suspeasion) was pelletized. Viable
populations of fungus propagules were determined as in
Example 1 with results reported in Table | which shows
1009 survival during peilet formation.

EXAMPLE 4

Conidia of Talaromyces flavus isolate Tf-l1 were pro-
duced by growing the fungus on molssses corn-steep-
medium in the Tight at 25° C. for 1 week. The propa-
gules were pelletized as described in Example 1 except
that 0.1 M calcium giuconste was used as the geilant
solution. Only coe initizl conceatration (10% per ml

anabic 1 which shows 100%
survival during peilet

EXA.MI’I.BS

Ascospores of Talaromyees flavus isolate TI-1 were
grown and pelletized 28 in Example 1. Viable populs-
tions of fungus propagules were determined as in Exam-

ple 1 with results reported in Table 1 which shows &

100% sarvival during peilet formation.

EXAMPLE 6

Conidia of Talaromyces flavuz isolate Tfl-1 were
grown and pelletized as in Example 2. Viable populs-
tons of fungus propagules were determined a8 in Exam-
ple 1 with results reported in Table | which shows
100% survival during peilet formation.

6

EXAMPLE 7

Ascospores of Talammyca flavus isolate Tfl-1 were
grown and pelletized .as in Example 3. Viable popula-
tious of fungus prcpagules were determined as in Exam-

. ple 1 with results reported in Table | which shows
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100% survival during pellet formation.

EXAMPLE 8

Conidia of Talsrompces flavus isolate Tfl-1 were
grown and pelletized as in Example 4. Viable popula-
tions of fungus propagules were determined as in Exam-
ple 1 with resuits reported in Table 1 which shows
100% survival during peilet formation.

EXAMPLE 9

Conidia of Gliocladium virens isolate Gl-3 were pro-
duced by growing the fungus on V-8 juice agar for 1
week at 25° C. Light was not excluded. Conidia were
pelletized as described in Example 1. Viable populations
of fungus propagules were determined as in Example 1
with resuits reported in Table 1 which shows 40-89%
survival during pellet formation.

EXAMPLE 10

Conidia of Gliocladtum virens isolate Gl-3 were
grown on potato-dextrose agar and pelletized as de-
scribed in Example 1 except that 0.1 M calcium gluco-
nate was used as the gellant solution. Viable populations
of fungus propagules were determined as in Example 1
with resuits reported in Table 1 which shows a 57%
survival duriag pellet formation.

EXAMPLE 11

Conidia of Penicillium axalicum were grown on pota-
to-dextrose agar and peliletized as described in Example
1. Visble populations of fungus propagules were deter-
mined as in Example 1 with results reported in Table 1
which shows 100% survival during peilet formation.

EXAMPLE 12

Conidia of Pericillium oxalicum were grown on po-
tato dextrose agar and pelletized as described in Exam-

plele.xcept:hnOl\(calcmmgluoonnewuusedasa

gellant solution. Viable populanons of fungus propa-
gules were determined as in Example 1 with results
reported in Table 1 which shows 100% survival during
pellet formaton.

EXAMPLE 13

Conidis of Trickoderma viride isolate T-1-R9 were
grown on potato-dextrose agar and pelletized as de-
scribed in Example 1. Viable populations of fungus
propagules were determined as in Example | with re-
sults reported in Table 1 which shows 100% survival
during pellet formation.

’ EXAMPLE 14

Conidia of Trichoderma viride isolate T-I-R9 were
grown on pofato dextrose agar and pelletized as de-
scribed in Example 1 except that 0.1 M calcium gluco-
nate was used a3 the geilant solution. Viable populations
of fungus propagules were determined as in Example |
with resuits reported in Table 1 which shows 100%
survival during pellet formation.

The foilowing examples demonstrate effective agri-
cultural use of the sbove-described biocoatrol fungi:
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EXAMPLE 15

Pelletsot'TalammywjkmmmeTt‘Luprepamd
in Example 1, were applied at a rate of 6.7 g pellets/100
row feet, in an agricultural field naturally infested with
Verticillium dahlize. These furrows were then planted
with potatoes. Incidence of Verticillium wilt was re-
corded 2 weeks prior t0 harvest. There was approxi-
mately 609 less wilt and 15% incresse in the weight of
marketable tubers in the 7. flavus-peilet treated potatoes
compared to nontrested replicates.

EXAMPLE 16

Pellets containing Gliocladium virens as prepared in
Example 9 were incorporated into field soil naturaily
infested with Pythium and Rhizoctonia (causes pre- and:
- post- emergence damping off disease). Pellets were
incorporated at the rate of 0.5% (w/w). Radish seeds
were planted and after 10 days there were nearly twice
ss many plants in the Gliocladium treated soil as com-
pared to a control.

EXAMPLE 17
Pellets containing Gliocladium virens as prepared in

4,724,147

- Example 10 were tested for control of damping-off as 25

described in Example 16. More than twice as many
healthy seedlings survived using the pellets containing

23
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described in Example 16. There were almost twice as
many healthy seedlings in the P. oxalicum-pellet treated
replicates as in the control treatments.

EXAMPLE 19

Pellets containing Penicillium oxalicum as prepared in
Example 12 were tested for control of damping-oif as
described in Example 16. There were more than twice
as many healthy seedlings in the P. oxalicum-pellet
treatments as in those treated with pellets containing no
fungal propagules.

EXAMPLE 20

Pellets containing Trichoderma viride as prepared in
Example 13 were tested for control of damping-off as
described in Example {6. There were twice as many
healthy seedlings in the 7. siride-pellet treatments as in
those treated with pellets containing no fungal propa-
gules.

EXAMPLE 21

Pellets containing Trichoderma viride as prepared in
Example 14 were tested for control of damping-off as
described in Example 16. There were more than twice
as many heslthy seedling in the 7. wride-pellet treat- -
ments as in those treated with pellets containing no
fungal propagules.

TABLE !

SURVIVAL OF FUNGI USED AS BIOLOGICAL
CONTROL AGENTS IN ALGINATE PELLETS AT ROOM TEMPERATURE

Concentration

Survival

" Before Pellet During
Formdou Peilet Propagule Viability After
(Equivalent Formation ESsg? 12 Weeks
Isoiate 20d Propegule Gellant Propn.cu.lﬂ/?eﬂd) (% Per Pellet) (Weeks) Perg x 10° Per Pellet
Gliociadium virens cc? 167 x 105 29.0 02 0.18 12
(G1-3) Conidis 20 x 1o’ 400 0 0.45 lo
34 x 104 784 02 110 73
cG 3.4 % 10* 510 22 33.00%4 23 x 109
Penicillum axalicum cC 43 x.108 - 100.0 o - 0.08 ]
Conidis 44 % 108 100.0 ] 0.12 8
9.3 x 108 100.0 1.9 0.05 3
CcG 93 x 108 100.0 >120 8.50° 8.7 x 102
Talarompess flaves cC 2.7 x 10% 100.0 >120 220.00 1.5 x 10%
(T Ascospores 33 % 100 100.0 >120 17.50 12 x 10
1.7 x 108 100.0 64 5.50 3.7 x 108
cG 1.7 x 10% 1000 >120 190.00° 2.6 x 10%
Conidia cC 1.5 x 106 1000 0 0.12 8
13 x 10* 100.0 5.4 0 0
1.8 x 108 100.0 [} (] 0
cG 1.5 x 10 100.0 8.6 403.00" 2.7 x 10%
Talaromyces flavus cc 27 x 0% 1000 0.7 0 0
(TN-1) Ascospores 20 x 108 100.0 40 0 0
39 x 102 100.0 5.5 .00 1.3 x 108
ca 19 x 108 1000 >120 255.00° 1.7 x 10
Talaropmices flavxs cc 20 x 107 100.0 ] 0.10 7
(Th-{) Comidia : 26 x 108 100.0 9.7 0 0
73 %X 109 100.0 ] 0.20 13
cG 73 x 108 1000 pX ] 253.00° 1.7 x 104
THehadern vrda cc 68 x 108 100.0 27 0 0
(T-1-R9) Conidia 67 x 108 100.0 27 0 0
&6 x 10* 100.0 25 0 0
GC a6 x 104 100.0 >12.0 40.00° 64 x 10*

%- mﬂwmwmmdu—mmuudmammm

ide: CO = caicim g3

“Duta from coe

experoment.
W&u-ﬂh-“mwwwﬁmmbmwhmummmdwm

TR0,
thebmmlﬁmgmthmmtberephammg
peilets made without fungus.

EXAMPLE 18
Pellets containing Penicillium axaiicum as prepared in
Exampie 11 were tested for control of damping-off as

We claim:

6 1 Alsnnte gel pellets containing living fungi inocu-

lum dispersed throughout said fungi targeted to control
selected soilborne piant diseases; said pellets comprising
effective conceatrations of living fungi which are se-
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lected to effectively control targeted soilborne plant
discases as the active ingredient incorporated into an
siginate gel matrix carrier.

2 The alginate gel pellets of claim 1 wherein
living fungi is selected from the group consisting of:
Gliocladium virens. isolate Gl-3, Pemicillium oxalicum
isolate Windels, Talaromyces flavus isolate Tf-1, Talaro-
myces flavus biotype Tfl-l and Trichoderma viride bio-
type T-1-R9. .

3. The alginate gel pellets of claim 2 including s pyro-
phyllite filler material.

4. Dried and hardened aiginate gel pellets of claim 3.

10

s

43

55

10
8. The alginate gel pellets of claim 4 wherein the
living fungus is Gliocladium virens isoiate Gl-3 selected
to control damping-off diseases.
6. The alginate gel pellets of claim 4 wherein the

the 3 living fungus is Penicillium oxalicum isolats Windels

selected to control damping-off diseases.

7. The alginate gel pellets of claim 4 wherein the
- living fungus is Talaromyces flavus isolate TT-] selected
to control Verticillium wilt disease. .

8. The alginate gel pellets of claim 4 wherein the
living fungus is- Talaromyces flavus biotype Til-1 se-
lected to control Verticillium wilt disease.

9. The alginate gei pellets of claim 4 wherein the
living fungus is Trickoderma viride biotype T-1-R9 se-
lecwdbconmldmping-gﬂ'iliae:aa.

- [ ]
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