


Discussion

Timing of application is clearly an important factor in controlling disease. It is
critical for treatment to begin early in the disease season for these bacterial strains to be
able to control the fungus and prevent disease. Statistically, application at times of 6, 4,
and, 2 days before fungal application had the same disease index ratings, though
numerically the earlier the application the lower the disease index rating. The grass in the
pots receiving applications of bacterial strains at six days after fungal inoculation died
from the fungus before they were able to receive more than one application. The bacterial
application does not seem to be curative and is unable to reduce disease that has already
become established. Fungus did not develop in those pots that received no treatments or
applications nor the pots that received no fungal inoculation. Average disease index

ratings at each evaluation time are in the Appendix, Table 32.

Timing Trial #2

Results
The results of the second timing of application trial were similar to the first trial

(Table 16). This trial included the chemical fungicide Daconil™ and pots that received
only one application of bacterial strains at six days before fungal application. The
Daconil™ completely controlled the disease. The pots that received only the one

application of bacterial strains did have fungus develop. One treatment did not prevent the
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Table 16. Greenhouse Timing Trial #2

Strain Treatment Disease Index Rating” Duncan
Name Time' Average Grouping
31-12 No Fungus’ 0.0 a
Non-treated 0.0 a
Daconil™? 0.0 a
-6 0.0 a
-4 0.0 a
-2 0.1 a
+2 04 b
0 1.1 c
+4 1.2 cd
+6 1.3 cd
Fungus Only’ 1.4 d
-6 w/ Fungus® 1.4 d
L-850 No Fungus 0.0 a
Non-treated 0.0 a
Daconil™ 0.0 a
) 0.1 a
-4 0.1 a
-2 0.3 a
0 0.3 a
+2 0.8 b
+4 1.1 c
Fungus Only 1.2 c
+6 13 c
-6 w/ Fungus 14 c
L-849 No Fungus 0.0 a
Non-treated 0.0 a
Daconil™ 0.0 a
6 0.0 a
-4 03 a
-2 0.4 a
+2 0.8 b
0 0.9 bc
+4 1.1 be
+6 1.2 be
Fungus Only 1.2 be
-6 w/ Fungus 14 c

'Bacterial application times referring to the number of days before and after fungal application
’Disease index based on a scale of 1 (1% to 20% visible disease)
to 5 (81% to 100% visible disease),a 0 represents no visible disease
*Bacterial application with no fungal application
“Number represents an average of all times with five repetitions
*Means followed by the same letter do not significantly differ (Duncan's MRT, P<0.05)
®Chemical fungicide chlorothalonil
"Fungal application at time 0, no bacteria
®Bacterial application at time -6 only with fungal application at time 0
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fungus from becoming established as is evident from the high disease index rating of 1.4,
which was the same as the fungus only control.

Pots that received bacterial application before fungal inoculation; 6, 4, and, 2 days
before fungal inoculation; all have the same statistical disease index rating. Applications
of bacterial strains at time 0 were generally the first treatments that had results that were

statistically not as high as the earlier application times.

Discussion

These trials were duplicated to ensure that the results from the first trial were
reproducible. The same pattern was evident for both timing trials (Discussion, Timing
Trial #1). The earlier the treatment was initiated and repeated, the better the control.
Treatments applied after fungal inoculation were not able to decrease disease development
(Appendix, Table 33). Daconil™ was able to control disease and had a disease index
rating statistically the same as bacterial application at 6, 4, and 2 days before fungal

inoculation for all three strains.

B. AGRI-DEX™ STUDIES

INTRODUCTION
Agri-Dex™ alone demonstrated some ability to control Sclerotinia dollar spot in
the field trials during the 1993 field season and had a slight effect on the fungus alone in

the laboratory. This observation was tested under more controlled conditions in the
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greenhouse using the three best strains from the timing trials and the three concentrations
in the laboratory experiments (Laboratory Experiments, Agri-Dex™ Studies, Materials

and Methods, Section 1).

Objective

To determine in a greenhouse experiment whether Agri-Dex™ in three different
concentrations has any controlling effect alone on Sclerotinia dollar spot disease or when

used in conjunction with bacterial application.

MATERIALS AND METHODS

1. Experimental Method

Bacterial inoculants were applied six days before fungal inoculation because that
time had the greatest capability for disease control based on the results in Table 15. This
time was chosen to simplify the experiment. Bacterial application of the best three strains
from the dollar spot field trials (31-12, L-849, L-850) occurred at two day intervals after
the initial application until completion of the experiment at six days after fungal
inoculation for a total of seven applications. Agri-Dex™ was added to the medium in
three different concentrations before application. These concentrations were 1%, 2%
(field concentration), and 4%. There were five replications of each treatment. Treatments
included bacterial strains only (31-12, L-849, L-850), bacterial strains with each

concentration of Agri-Dex™, Agri-Dex™ in the three concentrations alone with fungus,
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and Agri-Dex™ at the 4% concentration with no fungus. There were also control

treatments with Daconil™, fungus only, and no treatment.

2. Bacterial Strains
Bacterial strains (above) were cultured and prepared as in Greenhouse

Experiments, Timing Trials, Materials and Methods, Section 3.

3. _Fungal Inoculation

Fungal inoculation was applied as in Greenhouse Experiments, Timing Trials,

Materials and Methods, Section 2 above.

4. Bacterial Application to Bentgrass

Bacterial application followed procedures outlined in Greenhouse Experiments,

Timing Trials, Materials and Methods, Section 4.

S. Evaluation and Data Analysis

Evaluation and data analysis was performed as above in Greenhouse Experiments,

Timing Trials, Materials and Methods, Section 5.
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RESULTS AND DISCUSSION
Agri-Dex™ Trial #1
Results

The results for all three strains were the same (Table 17). Some disease developed
when Agri-Dex™ was the treatment, though the Agri-Dex™ alone also had a tendency to
kill the grass, especially at the higher concentrations. No disease developed in any pots
that received bacterial application with no Agri-Dex™ or any of the pots that received
bacterial strains with any concentration of Agri-Dex™, though again, Agri-Dex™ at the
higher concentrations tended to kill the grass. It is difficult to tell if the Agri-Dex™ had
any additive disease controlling effects because the bacterial strains alone controlled

disease as well as those applications with Agri-Dex™,

Discussion

Agri-Dex™ alone is able to moderately control Sclerotinia dollar spot as compared
to the pathogen alone control, though doing so may risk the health of the grass. Agri-
Dex™ also controls disease when applied in conjunction with the bacterial strains and
produces numerically lower disease index ratings (less disease) than the Agri-Dex™ alone
and at the lowest concentration will not harm the grass itself. The ability of the bacterial
strains to control dollar spot can be enhanced by the addition of Agri-Dex™ at low rates

(1%). The bacterial strains alone also reduced disease without the addition of Agri-
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Table 17. Greenhouse Agri-Dex™ Trial #1

Strain Agri-Dex™ Disease Index Rating’ Duncan
Name Concentration’ Average Grouping_
31-12 0% w/ Fungus, w/ bacteria 0.0 a’
Non-treated 0.0 a
Daconil™’ 0.0 a
4% no Fungus 0.0 a
4% w/ Fungus, w/ bacteria® 0.0 a
1% w/ Fungus, w/ bacteria 0.0 a
2% w/ Fungus, w/ bacteria 0.0 a
4% w/ Fungus, no bacteria’ 0.2 a
1% w/ Fungus, no bacteria 0.3 a
2% w/ Fungus, no bacteria 0.3 a
Fungus 1.3 b
L-850 0% w/ Fungus, w/ bacteria 0.0 a
Non-treated 0.0 a
Daconil™ 0.0 a
4% no Fungus 0.0 a
4% w/ Fungus, w/ bacteria 0.0 a
1% w/ Fungus, w/ bacteria 0.0 a
2% w/ Fungus, w/ bacteria 0.0 a
4% w/ Fungus, no bacteria 0.2 a
1% w/ Fungus, no bacteria 0.3 a
2% w/ Fungus, no bacteria 0.3 a
Fungus 1.3 b
L-849 0% w/ Fungus, w/ bacteria 0.0 a
Non-treated 0.0 a
Daconil™ 0.0 a
4% no Fungus 0.0 a
4% w/ Fungus, w/ bacteria 0.0 a
1% w/ Fungus, w/ bacteria 0.0 a
2% w/ Fungus, w/ bacteria 0.0 a
4% w/ Fungus, no bacteria 0.2 a
1% w/ Fungus, no bacteria 03 a
2% w/ Fungus, no bacteria 0.3 a
Fungus 13 b

! Agri-Dex™ concentration in medium (v/v)

Disease index based on a scale of 1 (1% to 20% visible disease)

to 5 (81% to 100% visible disease),a O represents no visible disease

*Number represents an average of all times with five repetitions

“Means followed by the same letter do not significantly differ (Duncan's MRT, P<0.05)
’Chemical fungicide chlorothalonil

SAgri-Dex™ applied with bacteria and fungal inoculation at time 0

’Fungus and Agri-Dex™ with no bacterial application
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Dex™ . Individual assessments of disease severity for each evaluation date are available in

the Appendix, Table 34.

Agri-Dex™ Trial #2
Results

The results of the second Agri-Dex™ trial were very similar to the first trial
(Greenhouse Experiments, Agri-Dex™ Trial #2, Results and Discussion) with slightly
more variability among treatments (Table 18). The second trial differed only in that the
disease index rating was slightly higher (+0.1) for all evaluations possibly due to slightly
cooler temperatures in the greenhouse that were more conducive to disease development,

as the heat wave during the first trial raised the temperature in the greenhouse to 38°C+.

Discussion
The repeat of the trial showed the same conclusions as the first trial (Discussion,
Agri-Dex™ Trial #1 above). Individual disease index ratings for each evaluation date are

available in the Appendix, Table 35.
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Table 18. Greenhouse Agri-Dex™ Trial #2

Strain Agri-Dex™ Disease Index Rating* Duncan
Name Concentration’' Average Grouping
31-12 0% w/ Fungus, w/ bacteria 0.0° a*
Non-treated 0.0 a
Daconil™’ 0.0 a
4% no Fungus 0.0 a
4% w/ Fungus, w/ bacteria® 0.0 a
1% w/ Fungus, w/ bacteria 0.0 a
2% w/ Fungus, w/ bacteria 0.0 a
4% w/ Fungus, no bacteria’ 0.3 ab
1% w/ Fungus, no bacteria 03 b
2% w/ Fungus, no bacteria 0.4 b
Fungus 14 c
L-850 0% w/ Fungus, w/ bacteria 0.0 a
Non-treated 0.0 a
Daconil™ 0.0 a
4% no Fungus 0.0 a
4% w/ Fungus, w/ bacteria 0.0 a
1% w/ Fungus, w/ bacteria 0.0 a
2% w/ Fungus, w/ bacteria 0.0 a
4% w/ Fungus, no bacteria 0.3 ab
1% w/ Fungus, no bacteria 03 b
2% w/ Fungus, no bacteria 04 b
Fungus 1.4 c
L-849 0% w/ Fungus, w/ bacteria 0.0 a
Non-treated 0.0 a
Daconil™ 0.0 a
4% no Fungus 0.0 a
4% w/ Fungus, w/ bacteria 0.0 a
1% w/ Fungus, w/ bacteria 0.0 a
2% w/ Fungus, w/ bacteria 0.0 a
4% w/ Fungus, no bacteria 0.3 ab
1% w/ Fungus, no bacteria 03 b
2% w/ Fungus, no bacteria 04 b
Fungus 1.4 c

! Agri-Dex™ concentration in medium (v/v)
Disease index based on a scale of 1 (1% to 20% visible disease)
to 5 (81% to 100% visible disease),a 0 represents no visible disease
*Number represents an average of all times with five repetitions
“Means followed by the same letter do not significantly differ (Duncan's MRT, P<0.05)
Chemical fungicide chlorothalonil
SAgri-Dex™ applied with bacteria and fungal inoculation at time 0
"Fungus and Agri-Dex™ with no bacterial application
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VI. SUMMARY

The 1992 season of dollar spot had the best results of all the field seasons for both
diseases. Five strains performed statistically as well as the chemical fungicide. Nineteen
strains performed statistically better than the non-treated control. The six top strains were
used in the second field season with different application schedules and the addition of
Agri-Dex™ as a spray adjuvant. The results from 1993 season indicate, that while no
strains were statistically as good as the chemical fungicide, eight strains , including those
applied with Agri-Dex™, did perform statistically better than the non-treated control.

The brown patch field trials provided slightly less optimistic results. The 1992
season resulted in three strains that performed statistically better than the non-treated
control. There were, however, fifteen strains that performed statistically as well as the
chemical control. This is due to low incidence of disease for all treatments due to lack of
favorable conditions. The 1993 season resulted in only one strain that performed
statistically better than the non-treated control and the remaining nineteen strains
performed statistically as well as the chemical fungicide but not statistically better than the
non-treated control. This is due to a decline in the incidence of disease and draught
conditions at the end of the field season and the fact that brown patch is hard to control
with chemicals.

For laboratory experiments, inhibition was greater in general when the strains were

tested against Sclerotinia homoeocarpa. Nineteen strains were able to numerically inhibit
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fungal growth greater than the chemical fungicide. The one strain that did not do as well
as the fungicide did perform well in the field and greenhouse experiments. Rhizoctonia
solani is more difficult to control in the field and this was evident when only 10 strains
were able to provide numerically more inhibition than the fungicide.

The addition of Agri-Dex™ to bacterial cultures produced variable results among
bacterial strains for each concentration. Overall, the 1% and 2% (field concentration)
concentrations of Agri-Dex™ had slightly less growth than the 4% and 0%
concentrations. Fungal growth was decreased when grown with Agri-Dex™, though the
concentration did not have any effect.

Timing of application in relation to inoculation with the pathogen proved to be an
important aspect in disease control in the greenhouse experiments. The earlier the
bacterial strains were applied the greater the disease control. It does not seem to be
important when the bacterial strains were applied, as long as applications were begun
before fungal inoculation (or before significant disease development in the field) and
repeated. The single applications were less satisfactory. Agri-Dex™ does seem to have

some ability to control disease, though it can harm the grass in high concentrations.
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VII. CONCLUSIONS

The purpose of the field studies (Year 1) was to determine the ability of twenty
bacterial strains that have previously shown biological control capabilities on seedling
disease of cotton to control Sclerotinia dollar spot on creeping bentgrass and Rhizoctonia
brown patch on tall fescue in replicated field trials. Year 2 was an effort to further test the
top six strains from Year 1 by examining application frequency and the effects of
application with a spray adjuvant, Agri-Dex™. These goals were accomplished over two
field seasons and showed encouraging results, particularly in controlling Sclerotinia dollar
spot.

The results of the field trials led to some questions concerning the addition of
Agri-Dex™. Agri-Dex™ appeared to increase the ability of the six strains to control
Sclerotinia dollar spot and even had some controlling effect when applied alone. In an
attempt to explain these results, further tests were conducted in the laboratory on the
bacterial strains and S. homoeocarpa separately and in the greenhouse, under more
controlled and environmentally stable conditions. Laboratory bio-assay inhibition
experiments were also performed for both fungi and all twenty bacterial isolates to
determine if there was any correlation between field performance and inhibition in an agar
assay and to develop an assay that could be used in the future to further study the

mechanisms by which these isolates work.
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Laboratory inhibition experiments showed no direct correlation between field
performance and inhibitory ability on agar. The laboratory experiments that were
performed to explain the effects of Agri-Dex™ showed that Agri-Dex™ did slightly slow
fungal growth by itself which could have resulted in the increased field performance seen
in 1993. The bacterial strains were generally not affected by the Agri-Dex™. There were
slight variations in the amount of growth noticed with the varying concentrations, though
they seemed too varied to attribute to increased field performance. Agri-Dex™ could
have also worked by merely keeping the bacteria on the leaf surface for a longer period of
time.

The timing of application trials in the greenhouse, repeated twice to ensure
reproducibility, had more dramatic results than for the top three strains and the S.
homoeocarpa used. These results were most likely due to more controlled conditions and
an increase in application frequency. The key to disease control seems to be repeated
application early in the field season before significant disease development. The Agri-
Dex™ alone in the greenhouse did not completely control disease as the bacteria did in
those trials. This is most likely due to repeated application that proved toxic to the grass
and therefore probably the fungus also. The greenhouse experiments were performed
using only Sclerotinia dollar spot because of poor field performance from the Rhizoctonia
field trials.

Strains 31-12, L-850, and L-849 have some potential to control disease, especially

dollar spot. Further testing would be necessary to study them more in depth. The goal of
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this research was to lay a groundwork for future research with strains that have
demonstrated some ability. The successful identification of strains that repress dollar spot
also opens several lines of more basic investigations to determine the mechanisms involved
in repression of Sclerotinia dollar spot by these strains, and to genetically alter these
strains to increase performance.

These experiments also form the basis for possibly producing a future biological
control agent for the control of Sclerotinia dollar spot on turf. Though these studies were
basic and simple, they are a necessary part in the development of products used for
biological control. Future research could focus toward several directions: further field
testing, mechanism studies, and genetic manipulation.

Field testing should next focus on combining strains to achieve optimum protection
and more consistent field results. Mechanism studies are an important part of developing
a useful product and can help in questions of formulation and development. Genetic
manipulation could possibly provide a superior strain that has all of the desired capabilities
of several strains of bacteria. These studies are all necessary and important to the future

of any biological control agent that could someday reduce chemical pesticide use.
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Table 19, Strain Characteristics of All Bacterial Strains Used

Strain Gram KB' Colony Microscopic
Name Reaction  Fluorescence Morphology Appearance
31-12 negative high round, shiny, mucoid rods
L-852 negative low round, shiny rods
AC4-52 negative low round, shiny rods
L-886 negative low round, shiny, mucoid rods
TR-21 negative high round, shiny rods
RAL3 negative low round, shiny rods
WSB15134 negative high round, shiny, mucoid rods
L-891 negative high round, shiny, mucoid rods
AD4-34 negative low round, shiny rods
L-850 negative high round, shiny rods
G226 negative medium round, shiny, mucoid rods
M17(D) negative high round, shiny rods
L-890 negative high round, shiny rods
L-855 negative low round, shiny rods
L-849 negative high round, shiny rods
L-851 negative high round, shiny rods
L-856 negative low round, shiny rods
L-854 negative medium round, shiny rods
L-853 negative medium round, shiny rods
L-892 negative medium round, shiny, mucoid rods

'KB = Kings medium B (Hagedorn et al., 1989)



Table 20. RSM* Medium Used for Bacterial Growth

Ingredients per 1 Liter:

After autoclaving add:

Final pH is 6.8

CaNo; 4 Hy0
MgSo,

ACES (buffer)
NaOH
Distilled H,0
Agar (optional)

KH,PO, (IM, pH 7.0)
ZnSO, " 7H;0 (7 x 10°'M)
+MnSO, ' 4H,0 (9 x 10°*M)
Casamino acids (5%)
Glucose (30%)

FeCl; (100mM)

0.75g
0.502 g
1824 g
20g
852 ml

150¢g

1.0 ml

1.0 ml
100 ml

33.3ml
1.0 ml

'RSM = Rhizosphere medium (Buyer et al., 1989)
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Table 21. Approximate Bacterial Counts For All Field Applications

Strain Strain Colony

Number Name Number’
1 31-12 1.1x10°
2 L-852 25x10°
3 AC4-52 32x10°
4 L-886 1.2x10°
5 TR-21 1.3x10°
6 RAL-3 22x10°
7 WSB15134 2.8x10°
8 L-891 1.3x10°
9 AD4-34 2.5x10°
10 L-850 25x10°
11 G226 59x10°
12 M17(D) 4.4x10°
13 L-890 44x10°
14 L-855 1.4 x10°
15 L-849 1.2x10°
16 L-851 1.4 x 10°
17 L-856 22x10°
18 L-854 1.5x10°
19 L-853 43x10°
20 L-892 2.5x10°

'"Number represents the average number of colony forming units per ml in culture of RSM

90



Table 22. Spray Sheet: Sclerotinia homoeocarpa 1992

Treatment: Application Plot number by repetition number:
Number Name Schedule 1 2 3 4

1 L-849 14-Day 101 221 317 421
2 L-850 14-Day 102 205 301 403
3 L-851 14-Day 103 212 319 415
4 L-852 14-Day 104 208 321 408
5 L-853 14-Day 105 210 320 407
6 L-854 14-Day 106 211 309 406
7 L-855 14-Day 107 201 303 401
8 L-856 14-Day 108 219 316 404
9 L-890 14-Day 109 215 322 405
10 L-886 14-Day 110 214 313 412
11 L-891 14-Day 111 204 305 414
12 L-892 14-Day 112 208 302 409
13 AC4-52 14-Day 113 207 311 420
14 AD4-34 14-Day 114 202 304 411
15 G-226 14-Day 115 220 310 422
16 M17(D) 14-Day 116 203 312 413
17 31-12 14-Day 117 217 314 417
18 WSB15134 14-Day 118 216 308 416
19 RAL3 14-Day 119 222 318 419
20 TR-21 14-Day 120 206 307 402
21 Daconil™' 14-Day 121 209 306 418
22 Non-treated® 14-Day 122 213 315 410

!Chemical fungicide chlorothalonil
No treatment
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Table 24. Spray Sheet: Sclerotinia homoeocarpa 1993

Treatment: Application Plot number by repetition number:
Number Name Schedule 1 2 3 4
1 L-850 14-Day 101 214 325 408
2 L-849 14-Day 102 206 305 426
3 31-12 14-Day 103 201 317 415
4 L-891 14-Day 104 203 321 419
5 L-855 14-Day 105 222 319 404
6 L-851 14-Day 106 218 309 410
7 L-850 28-Day 107 228 313 414
8 L-849 28-Day 108 208 310 423
9 31-12 28-Day 109 219 316 422
10 L-891 28-Day 110 224 315 421
11 L-855 28-Day 111 225 312 406
12 L-851 28-Day 112 204 327 407
13 L-850 Culture Filtrate 14-Day 113 215 303 412
14 L-849 Culture Filtrate 14-Day 114 211 307 403
15 31-12 Culture Filtrate 14-Day 115 216 328 427
16 L-891 Cells' 14-Day 116 205 326 420
17 L-855 Cells 14-Day 117 221 323 413
18 L-851 Cells 14-Day 118 213 318 428
19 Medium® 14-Day 119 226 314 401
20 Non-treated’ 14-Day 120 220 308 416
21 Daconil™* 14-Day 121 209 301 418
22 L-850 Agri-Dex™  14-Day 122 210 322 411
23 L-849 Agri-Dex™  14-Day 123 223 306 424
24 31-12 Agri-Dex™  14-Day 124 202 304 417
25 L-891 Agri-Dex™  14-Day 125 227 311 425
26 L-855 Agri-Dex™  14-Day 126 207 320 402
27 L-851 Agri-Dex™  14-Day 127 217 302 405
28 Control  Agri-Dex™°  14-Day 128 212 324 409

!Cells removed from medium and resuspended in phosphate buffer pH 7
*Medium only

>No treatment

“Chemical fungicide chlorothalonil

>Agri-Dex™ added to cell culture at 2% v/v

®Agri-Dex™ in water at 2% v/v
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Table 26. Spray Sheet: Rhizoctonia solani 1992

Treatment: Application Plot number by repetition number:
Number  Name Schedule 1 2 3 4

1 L-849 14-Day 101 221 317 421
2 L-850 14-Day 102 205 301 403
3 L-851 14-Day 103 212 319 415
4 L-852 14-Day 104 208 321 408
5 L-853 14-Day 105 210 320 407
6 L-854 14-Day 106 211 309 406
7 L-855 14-Day 107 201 303 401
8 L-856 14-Day 108 219 316 404
9 L-890 14-Day 109 215 322 405
10 L-886 14-Day 110 214 313 412
11 L-891 14-Day 111 204 305 414
12 L-892 14-Day 112 2018 302 409
13 AC4-52 14-Day 113 207 311 420
14 AD4-34 14-Day 114 202 304 411
15 G-226 14-Day 115 220 310 422
16 MI17(D) 14-Day 116 203 312 413
17 31-12 14-Day 117 217 314 417
18 WSB15134 14-Day 118 216 308 416
19 RAL3 14-Day 119 222 318 419
20 TR-21 14-Day 120 206 307 402
21 Daconil™' 14-Day 121 209 306 418
22 Non-treated® 14-Day 122 213 315 410

'Chemical fungicide chlorothalonil
?No treatment
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Table 28. Spray Sheet: Rhizoctonia solani 1993

Treatment: Application Plot number by repetition number:
Number Name Schedule 1 2 3 4

1 31-12 14-Day 101 202 313 405
2 L-852 14-Day 102 215 305 404
3 AC4-52 14-Day 103 216 314 418
4 L-886 14 Day 104 201 310 415
5 TR-21 14-Day 105 217 312 403
6 RAL-3 14-Day 106 203 309 406
7 WSB15134 14-Day 107 206 308 422
8 L-891 14-Day 108 220 319 411
9 AD4-34 14-Day 109 219 318 412
10 L-850 14-Day 110 205 315 414
11 G226 14-Day 111 210 316 402
12 M17(D) 14-Day 112 213 302 416
13 L-890 14-Day 113 207 321 410
14 L-855 14-Day 114 222 320 421
15 L-849 14-Day 115 204 311 417
16 L-851 14-Day 116 218 303 419
17 L-856 14-Day 117 208 322 413
18 L-854 14-Day 118 209 304 407
19 L-853 14-Day 119 221 301 409
20 L-892 14-Day 120 211 317 420
21 Medium' 14-Day 121 212 307 408
22 Daconil™? 14-Day 122 214 306 401
23 Non-treated’ 14-Day 123 223 323 423
'Medium only

*Chemical fungicide chlorothalonil

>No treatment
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Table 30. Sclerotinia homoeocarpa Inhibition' Among Repetitions

Assigned Strain Repetition 1 Repetition 2 Repetition 3
Number Name Average Average Average
1 31-12 20.5° 20.7 18.7
2 L-852 9.5 19.9 20.9
3 AC4-52 12.9 19.3 15.8
4 L-886 135 14.4 19.4
5 TR-21 7.1 16.0 11.6
6 RAL-3 8.6 16.0 9.8
7 WSB15134 13.5 12.1 12.4
8 L-891 10.6 12.5 10.4
9 AD4-34 17.7 15.2 17.4
10 L-850 16.6 11.1 17.1
11 G226 20.2 84 17.9
12 M17(D) 19.4 13.0 14.1
13 L-890 9.4 85 9.1
14 L-855 19.8 7.7 9.6
15 L-849 8.6 7.1 6.6
16 L-851 16.2 73 9.4
17 1-856 11.1 124 14.9
18 L-854 9.2 9.1 15.8
19 1-853 11.0 6.1 21.1
20 L-892 11.6 89 73
21 Daconil™’ 9.1 7.2 72

'Inhibition performed on agar plates using RSM agar
*Means represent an average of all 14 measurements
*Chemical fungicide chlorothalonil
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Table 31. Rhizoctonia solani Inhibition' Among Repetitions

Repetition 3

Assigned  Strain Repetition 1 Repetition 2

Number  Name Average Average Average
1 31-12 14.17 12.6 13.7
2 L-852 12.2 9.5 114
3 AC4-52 6.2 9.4 9.0
4 L-886 16.1 155 124
5 TR-21 7.9 6.4 8.6
6 RAL-3 6.2 6.7 7.6
7 WSB15134 74 83 10.4
8 L-891 6.9 54 83
9 AD4-34 10.8 83 8.0
10 L-850 12.2 9.0 8.7
11 G226 9.6 5.8 8.1
12 M17(D) 10.5 5.0 8.6
13 L-890 7.9 7.4 7.5
14 L-855 7.6 10.8 11.3
15 L-849 74 8.0 8.6
16 L-851 10.2 9.1 104
17 L-856 10.3 113 9.5
18 L-854 7.6 83 10.5
19 L-853 8.7 7.8 8.6
20 L-892 7.6 6.6 53
21 Daconil™’ 8.1 8.5 9.1

'Inhibition performed on agar plates using RSM agar
*Means represent an average of all 12 measurements
*Chemical fungicide chlorothalonil
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Table 32. Greenhouse Timing Trial #1: Disease Index Ratings

Strain Treatment Disease Index Rating'
Name Time? Day+0° Day+2 Day+4 Day+6 Day+8 Day +10
31-12 No Fungus* 0.0° 0.0 0.0 0.0 0.0 0.0
¥ 0.0 0.0 0.0 0.0 0.0 0.2
4 0.0 0.0 0.2 0.0 0.0 0.6
2 0.0 0.0 0.2 0.0 0.2 0.6
0 0.0 0.0 1.0 1.0 0.4 0.6
+2 0.0 0.0 1.4 1.2 0.6 0.4
+4 0.0 0.0 1.4 2.0 1.2 1.2
+6 0.0 0.0 26 3.0 24 2.8
L-850 No Fungus 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.4
4 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.2
0 0.0 0.0 0.2 0.2 0.4 1.8
+2 0.0 0.0 1.4 1.4 0.4 3.2
+4 0.0 0.0 2.0 2.2 1.4 2.4
+6 0.0 0.0 1.8 22 1.8 3.0
L-849 No Fungus 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.2 0.2 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 1.0
2 0.0 0.0 0.6 0.4 0.2 1.0
0 0.0 0.0 0.8 0.8 0.4 1.0
+2 0.0 0.0 0.8 0.6 1.2 1.6
+4 0.0 0.0 1.6 1.6 1.8 2.8
+6 0.0 0.0 1.4 1.2 1.8 2.0
Controls  Non-treated 0.0 0.0 0.0 0.0 0.0 0.0
Fungus Only® 0.0 0.0 1.4 1.6 2.4 2.0

'Disease index based on a scale of 1 (1% to 20% visible disease)

to 5 (81% to 100% visible disease),a 0 represents no visible disease

?Bacterial application times referring to the number of days before and after fungal application
3Times refer to the days after fungal application

“Bacterial application with no fungal application

*Number represents an average of five repetitions

®Fungal application at time 0, no bacteria
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Table 33. Greenhouse Timing Trial #2: Disease Index Ratings

Strain Treatment Disease Index Rating'
Name Time? Day+0° Day+2 Day+4 Day+6 Day+8 Day+10
31-12 No Fungus® 0.0° 0.0 0.0 0.0 0.0 0.0
-6 w/ Fungus® 0.0 0.0 1.8 1.8 2.0 2.8
6 0.0 0.0 0.0 0.0 0.0 0.0
-4 0.0 0.0 0.2 0.0 0.0 0.0
2 0.0 0.0 0.4 0.0 0.0 0.2
0 0.0 0.0 1.0 0.6 0.4 0.4
+2 0.0 0.0 1.8 2.0 1.4 1.2
+4 0.0 0.0 2.0 2.0 1.6 2.0
+6 0.0 0.0 18 18 22 2.8
L-850 No Fungus 0.0 0.0 0.0 0.0 0.0 0.0
-6 w/ Fungus 0.0 0.0 1.8 1.6 2.6 26
4 0.0 0.0 0.2 0.0 0.6 0.0
4 0.0 0.0 0.2 0.0 0.2 0.2
2 0.0 0.0 1.0 0.2 0.2 0.4
0 0.0 0.0 0.8 0.4 0.2 0.4
+2 0.0 0.0 1.2 1.4 0.8 1.2
+4 0.0 0.0 1.6 1.6 1.6 1.8
+6 0.0 0.0 1.6 1.4 22 2.6
L-849 No Fungus 0.0 0.0 0.0 0.0 0.0 0.0
-6 w/ Fungus 0.0 0.0 1.6 2.0 2.2 2.8
6 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.2 0.4 1.0 0.2
2 0.0 0.0 0.4 0.6 0.6 0.6
0 0.0 0.0 0.8 1.0 2.2 1.6
+2 0.0 0.0 0.8 1.0 1.4 1.6
+4 0.0 0.0 1.4 1.8 1.4 1.8
+6 0.0 0.0 16 1.4 1.8 26
Controls  Daconil™’ 0.0 0.0 0.0 0.0 0.0 0.0
Non-treated 0.0 0.0 0.0 0.0 0.0 0.0
Fungus Only® 0.0 0.0 1.6 1.4 2.0 2.4

'Disease index based on a scale of 1 (1% to 20% visible disease)

to 5 (81% to 100% visible disease),a 0 represents no visible disease

?Bacterial application times referring to the number of days before and after fungal application
*Times refer to the days after fungal application

“Bacterial application with no fungal application

*Number represents an average of five repetitions

SBacterial application at time -6 only with fungal application at time 0

"Chemical fungicide chlorothalonil, applied once 24 hours prior to fungal inoculation

®Fungal application at time 0, no bacteria
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Table 34. Greenhouse Agri-Dex™ Trial #1: Disease Index Ratings

Strain Agri-Dex™ Disease Index Rating'

Name Concentration Day+0° Day+2 Day+4 Day+6 Day+8 Day+10

31-12¢ No Agri-Dex™ 0.0° 0.0 0.0 0.0 0.0 0.0
1% 0.0 0.0 0.0 0.0 0.0 0.0
2% 0.0 0.0 0.0 0.0 0.0 0.0
4%° 0.0 0.0 0.0 0.0 0.0 0.0

L-850 No Agri-Dex™ 0.0 0.0 0.0 0.0 0.0 0.0
1% 0.0 0.0 0.0 0.0 0.0 0.0
2% 0.0 0.0 0.0 0.0 0.0 0.0
4%° 0.0 0.0 0.0 0.0 0.0 0.0

L-849 No Agri-Dex™ 0.0 0.0 0.0 0.0 0.0 0.0
1% 0.0 0.0 0.0 0.0 0.0 0.0
2% 0.0 0.0 0.0 0.0 0.0 0.0
4%° 0.0 0.0 0.0 0.0 0.0 0.0

Controls 1% w/ Fungus® 0.0 0.0 0.4 0.4 0.4 0.4
2% w/ Fungus 0.0 0.0 0.6 0.6 0.4 0.2
4% w/ Fungus 0.0 0.0 0.4 0.4 0.2 0.0
4% no Fungus 0.0 0.0 0.0 0.0 0.0 0.0
Daconil™’ 0.0 0.0 0.0 0.0 0.0 0.0
No Treatment 0.0 0.0 0.0 0.0 0.0 0.0
Fungus 0.0 0.0 2.0 20 18 18

!Disease index based on a scale of 1 (1% to 20% visible disease)

to 5 (81% to 100% visible disease),a O represents no visible disease

2Agri-Dex™ concentration in medium (v/v)

*Times refer to the days after fungal application

“Agri-Dex™ applied with bacteria and fungal inoculation at time 0

*Number represents an average of five repetitions

Fungus and Agri-Dex™ with no bacterial application

"Chemical fungicide chlorothalonil, applied once 24 hours prior to fungal inoculation
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Table 35. Greenhouse Agri-Dex™ Trial #2: Disease Index Ratings

Strain Agri-Dex™ Disease Index Rating'

Name Concentration’ Day +0° Day+2 Day+4 Day+6 Day+8 Day+10

31-12* No Agri-Dex™ 0.0° 0.0 0.0 0.0 0.0 0.0
1% 0.0 0.0 0.0 0.0 0.0 0.0
2% 0.0 0.0 0.0 0.0 0.0 0.0
4%° 0.0 0.0 0.0 0.0 0.0 0.0

L-850 No Agri-Dex™ 0.0 0.0 0.0 0.0 0.0 0.0
1% 0.0 0.0 0.0 0.0 0.0 0.0
2% 0.0 0.0 0.0 0.0 0.0 0.0
4%° 0.0 0.0 0.0 0.0 0.0 0.0

L-849 No Agri-Dex™ 0.0 0.0 0.0 0.0 0.0 0.0
1% 0.0 0.0 0.0 0.0 0.0 0.0
2% 0.0 0.0 0.0 0.0 0.0 0.0
4%° 0.0 0.0 0.0 0.0 0.0 0.0

Controls 1% w/ Fungus® 0.0 0.0 0.6 0.6 0.4 0.2
2% w/ Fungus 0.0 0.0 0.4 0.8 0.6 0.4
4% w/ Fungus 0.0 0.0 04 0.6 0.6 0.0
4% no Fungus 0.0 0.0 0.0 0.0 0.0 0.0
Daconil™’ 0.0 0.0 0.0 0.0 0.0 0.0
Non-treated 0.0 0.0 0.0 0.0 0.0 0.0
Fungus 0.0 0.0 22 2.4 2.0 2.0

'Disease index based on a scale of 1 (1% to 20% visible disease)
to 5 (81% to 100% visible disease),a O represents no visible disease
*Agri-Dex™ concentration in medium (v/v)
3Times refer to the days after fungal application
“Agri-Dex™ applied with bacteria and fungal inoculation at time 0
*Number represents an average of five repetitions
Fungus and Agri-Dex™ with no bacterial application
’Chemical fungicide chlorothalonil, applied once 24 hours prior to fungal inoculation
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