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Summary
Colletotrichum truncatum is being evaluated as a mycoherbicide for
controlling the weed hemp sesbania (Sesbania exaltata). Studies were
conducted to determine whether various concentrations of selected phylloplane
microorganisms could be utilized to increase disease incited by C.
truncatum. In a previous study, 15 of 73 bacteria isolated from the
phylloplane of hemp sesbania seedlings stimulated appressoria formation by
C. truncatum conidia on cellophane membranes. Five of eight superior
isolates from in vitro assays also enhanced disease symptoms induced
by C. truncatum in hemp sesbania. In the current study, three
concentrations of three superior "!microbial facilitators" were tested to
evaluate the importance of microbial concentration in influencing conidial
behavior and in enhancing disease initiated by C. truncatum. The
concentration of microbial facilitators did not significantly influence
conidial germination and appressoria formation in vitro but did impact
the level of disease incited in hemp sesbania. Possible modes of action and
factors which affect microbial facilitator applications are discussed.

Introduction
Bioherbicide agents have recently received considerable research attention as a
result of increased interest in weed control practices which decrease chemical
herbicide usage. The failure of mycoherbicide agents to provide adequate
control of weeds under field conditions is often owing to brief dew periods
being insufficient for propagule germination and pathogen penetration of host
tissues. Formulations which provide moisture necessary for propagule
germination (11), and inoculan production (6, 12) and augmentation techniques
(14) which promote rapid infection can reduce the importance of this dew
constraint.

Microbial communities on leaf surfaces can harbor microorganisms which
promote germination and the formation of infection structures (appressoria) by
spores of plant pathogenic fungi (9). We have recently demonstrated (13) that
selected microorganisms isolated from leaf surfaces of hemp sesbania
(Sesbanía exaltata (Raf.) Rydb. ex A. W. Hill) seedlings ('!microbial
facilitators ") promote increased appressoria formation and infection by the
fungus, Colletotrichum truncatum ( Schwein.) Andrus & W. D. Moore.
Colletotrichum truncatum has considerable potential as a mycoherbicide
against hemp sesbania (3), a weed of increasing agronomic importance in the
southeastern United States. The objective of this study was to determine the
importance of microbial facilitator concentration in enhancing disease
initiated by known quantities of C. truncatum conidia.

Materials and methods
Bacterial isolates used in this study were previously selected from over 200
isolates obtained from phylloplanes of hemp sesbania seedlings. Isolates A67
(motile, gram negative rod), B24 (Enterobacter cloacae) and 831 (motile,
gram positive rod) were effective in stimulating appressoria formation in
vitro and in increasing the level of disease initiated in hemp sesbania by
conidia of C. truncatum (13).
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In vitro assay for microbial stimulation of aporessoria formation
Conidia of an isolate of C. truncatum (NRRL 13737) were produced in a
liquid medium with a C:N ratio of 30:1 as described (13). Conidia were
harvested and the concentration was adjusted to 1 x 10 conidia per ml of

sterile distilled water (sdH2O). Suspensions of isolates A67, B24, and B31
(aaerage absorbance of 0.190 at 620 rmm with a corresponding cell count of 4 x
10 viable cells /ml) in sterile distilled water were prepared from 18 h old
cultures on 1/5 strength Tryptic Soy Broth Agar (Difco Laboratories, Detroit,
MI). Solutions of each isolate containing one -tenth and one - hundredth this
number of cells yere also prepared by dilution (corresponding cell counts of 4
x 10 and 4 x 10 viable cells /ml, respectively). For each treatment,
conidial suspension, bacterial suspension and a sterile aqueous solution of
0.16% wetting agent ( Tween 80; Sigma Chemicals, St Louis, ND) were then
combined 1:2:1 (by volume), respectively. Two control treatments consisted of
a similarly diluted suspension of conidia without microbial addition and the
conidial suspension cxanbined with a heat - killed mixture of the three microbial
facilitators. For each treatment combination, suspensions were misted onto
four water agar plates with cellophane membranes (13) until membranes were
lightly wetted. Plates were incubated in darkness for 6 h at 25 °C. Conidial

germination was then arrested by misting Carnoy's fluid onto the membranes.
One - hundred conidia were evaluated microscopically for germination and
appressoria formation for each of the four replicate plates per treatment.

Assay of microbial influence on disease severity
Treatments were identical to the 11 described above except an additional
treatment consisted of heat - killed conidia in a 0.04% wetting agent solution
only. Microbial cells of each isolate, conidia of C. truncatum, and
mixtures of conidia and microbial cells were produced and harvested for use in
plant studies as described above except that the final conidial concentration

componentsmixing all conents was 5 x 10', instead of 2.5 x 10 , conidia per
ml. Using the described conditions and conidial concentrations, moderate
sublethal levels of seedling disease results which permits the accurate
separation of seedling treatment effects. Seedlings were produced, blocked by
size, inoculated and incubated as decribed (13).. Ten, fifteen- day -old

seedlings per treatment were inoculated and then harvested 6 days after
inoculation. Seedlings were evaluated for ntnnber of surviving leaves and shoot
dry weight as indications of plant disease severity. Experiments were repeated
once and data sets pooled before analysis since treatment x experiment
interactions were not significant. Data from in vitro and plant studies
were subjected to one and two -way ANOVA, respectively, and means were compared
by Fisher's protected LSD's at F=0.05 and 0.10.

Results
Cell concentration did not influence microbial facilitator impact on conidial
germination and appressoria formation but did influence disease severity (Table
1). Regardless of cell concentration, treatments containing conidia and a
microbial facilitator frequently reduced plant growth parameters, occasionally
significantly, compared to plants inoculated only with C. truncatum.
Though means for appressoria formation data appear to differ, means were not
separable statistically due to high data variance (Table 1).

Discussion
For the microbial facilitators tested, the concentration of cells used in an
assay frequently influenced the effect the bacterium had on conidial behavior
or the level of disease incited. Possible mechanism(s) by which these
facilitators positively influence C. truncatum conidial performance include
a) production of substances which induce appressoria formation such as
siderophores (8), b) utilization of phylloplane nutrients which can stimulate
more rapid appressoria formation (2), c) contribution to leaf wettability which
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would promote better conidial distribution and leaf surface contact (4), cd)

utilization or conversion of phylloplane compounds which normally slow conidial

germination and appressoria formation (1), e) deactivation of host defense

n dianisms initiated by fungal penetration (5), and f) production of enzymes or

toxins (10) which could predispose seedlings to infection. In our study, lysed

germ tubes were frequently observed, especially in treatments containing high

concentrations of a microbial facilitator. Furthermore, increasing bacterial

concentrations did not consistently increase the level of disease incited by

C. truncatum. Lenne and Parbery's (7) suggestion that increased

appressoria formation by C. gloeosporioides in the presence of a

Bacillus sp was a normal response by the fungus to a moderately unfavorable
microbial environment may also apply to the mode of action of same isolates in

our studies. Though previously effective (13), isolate B24 did not influence

the efficacy of C. truncatum in this study. This loss of effect may have

resulted from repeated subculturing of this isolate, especially if the coding

for this trait was carried on a plasmid (15).
Though these controlled environment studies indicate certain bacteria can

increase disease incited by C. truncatum, many factors complicate

predicting how these isolates would perform in the field. Comparatively

extreme environmental conditions present in field applications could provoke

microbial facilitator populations to rapidly drop below effective levels.

Additionally, native populations of microorganisms in the phyllosphere of hemp

sesbania seedlings grown under field conditions could significantly enhance,

reduce or even reverse the desired effect, depending on the fitness and mode of

action of the bacterial inoculant employed. In addition to influencing the

intended bioherbicide agent, these isolates could also affect related and

unrelated fungal pathogens of agronomic crops. The mode of action of the most

effective strains of bacteria in this study is currently being investigated.

Knowledge gained from elucidating these mechanisms would be useful in

developing maximally effective formulations of mycoherbicide agents.

Acknowledgments
We thank Tricia Soncasie and Sara Morton for proficient technical assistance.

References
1. Blakeman, J.P. and Atkinson, P. (1981). Antimicrobial substances associated

with the aerial surfaces of plants. In 'Microbial Ecology of the

Phylloplane" ed P. Blakeman, pp. 245 -263, Academic Press, New York.

2. Blakeman, J.P. and Parbery, D.G. (1977). Stimulation of appressorium

formation in Colletotrichum acutatum by phylloplane bacteria.

Physiological Plant Pathology, 11, 313 -325.

3. Boyette, C.D. (1991). Host range and virulence of Colletotrichum

truncatum, a potential myoohexbicide for hemp sesbania (Sesbania

exaltata). Plant Disease, 75, 62-64.
4. Buster, L., Fokkena, N. J. and Schippers, B. (1989). Effect of

surface- active Pseudomonas spp. on leaf wettability. Applied and

Environmental Microbiology, 55, 1340 -1345.
5. Huang, Y., Deverall, B.J. and Morris, S.C. (1991). Promotion of infection

of orange fruit by Penicillium digitatum with a strain of Pseudomonas

cepacia. Phytopathology, 81, 615 -618.

6. Jackson, M.A. and Bothast, R.J. (1990). Carbon concentration and

carbon- to-nitrogen ratio influence submerged-culture conidiation by the

potential bioherbicide Colletotrichum truncatum NRRL 13737. Applied

and Environmental Microbiology, 56, 3435 -3438.

7. Lenne, J.M. and Parbery, D.G. ( 1976). Phyllosphere antagonists and

appressorium formation in Colletotrichum gloeosporioides.
Transactions of the British Mycological Society, 66, 334 -336.

8. laper, J.E. and Buyer, J.S. (1991). Siderophores in microbial interactions

on plant surfaces. Molecular Plant- Microbe Interactions, 4, 5 -13.



464
9. McCracken, A.R. and Swinburne, T.R. (1980). Effect of bacteria isolated

from surface of banana fruits on germination of Colletotrichum musae
conidia. Transactions of the British Mycological Society, 74, 212 -214.

10. Porter, F.M. ( 1969). Protease, cellulase, and differential localization of
endo- and exopolygalactur ease in conidia and conidial matrix of
Colletotrichum orbiculare. Phytopathology, 59, 1209 -1213.

11. Quimby, P.C., Jr., Fulgham, F.E., Boyette, C.D. and Oonnick, W.J., Jr.
( 1989). An invert emulsion replaces dew in biocontrol of sicklepod - a
preliminary study. In "Pesticide Formulations and Application Systems.
Eighth Volume, ASIM STP 980 ", eds D.A. iiovde and G.B. Beestman, pp.
264 -270, American Society for Testing and Materials, Philadelphia.

12. Schisler, D.A., Jackson, M.A. and Bothast, R.J. (1991a). Influence of
nutrition during conidiation of Colletotrichum truncatum on conidial
germination and efficacy in inciting dicpasP in Sesbania exaltata.
Phytopathology, 81, 587 -590.

13. Schisler, D.A., Howard, K.M. and Bothast, R.J. (1991b). Enhancement of
diseacch caused by Colletotrichum truncatum in Sesbania exaltata by
coinoonlating with epiphytic bacteria. Biological Control (In press).

14. Schisler, D.A., Jackson, M.A. and Bothast, R.J. (1992). Use of
pre-gelatinized starch and casamino acids to improve the efficacy of
Colletotrichum truncatum conidia produced in differing nutritional
environments. Proceedings of the VIII International ium on Biologicalogical
Control of Weeds, Lincoln University, Canterbury, New Zealand (In press).

15. Simonsen, L. (1991). The existence conditions for bacterial plasmids -
theory and reality. Microbial Ecology, 22, 187 -205.

Table 1. Effect of differing bacterial cell concentrations on conidial
behavior and disease incited by C. truncatum in S. exaltata seedlings.

Inoculuma Shoot Dry Weight Leaves
Composition Germinatedb Appressoriac (ng) per plant

Ct
Ct +B24

Ct +B24/10
Ct +B24/100
Ct +B31

Ct +B31/10
Ct +B31 /100

Ct +A67

Ct +A67/10
Ct +A67/100
Ct+hkb
hkCt

75 15
73 20
76 18
78 17
66 21
76 19
68 19
74 17
78 17
77 16

76 18
NA NA

55d,e 3.3d'e
56 3.5
53 3.2
52 3.2
48* 3.2
53 3.4
45 ** 2.8 **

48* 3.0
54 3.5
53 3.5
56 3.6
80 4.5

LSD (0.05) NSD NSD 8.0 0.4
LSD (0.10) NSD NSD 6.7 0.3

alnoailum consisted of one of the following in an aqueous solution of 0.04%
Tween 80: a) conidia of C. truncatum (Ct), b) Ct + listed relative
concentration of bacterial isolate, c) Ct + 1/2 strength, heat - killed mixture
gf bacterial isolates, or d) heat- killed Ct.
'cPercentage of conidia which germinated (b) formed appressoria (c) after 6
Uwon cellophane membranes.

ithin columns, values followed by one or two asterisks are significantly
lower than the "Ct" treatment (Pc0.10, Pc0.05, respectively).

made on 21- day -old seedlings of S. exaltata 6 days after
insulation.


