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ABSTRACT

Rosskopf, E. N., Charudattan, R., DeValerio, J. T., and Stall, W. M. 2000. Field evaluation of
Phomopsis amaranthicola, a biological control agent of Amaranthus spp. Plant Dis. 84:1225-
1230.

There are approximately 60 species in the genus Amaranthus, of which seven are used as grains,
leafy vegetables, or ornamentals. The majority of the remaining species are considered impor-
tant weeds. A new fungal species, Phomopsis amaranthicola, isolated from stem and leaf le-
sions on an Amaranthus sp. plant, was found to be pathogenic to 22 species of Amaranthus
tested. The efficacy of this fungus was tested in field trials using one or two postemergent appli-
cations of the fungus consisting of two concentrations of conidia or mycelial suspensions. Spe-
cies tested for susceptibility in the field included Amaranthus hybridus, A. lividus, A. viridus, A.
spinosus, and a triazine-resistant A. hybridus. The cumulative disease incidence data for each
treatment within each species were plotted versus time using regression for lifetime data. Plant
mortality was recorded 2, 4, and 6 weeks after inoculation. There were significant differences
between the treatment effects in the control plots versus the plots treated with P. amaranthicola.
The highest level of control was obtained in the first trial when the fungus was applied at 6 x
107 conidia per ml. Final mortality of all species, except A. hybridus, reached 100% in inocu-
lated plots 25 days earlier than in noninoculated control plots. Conidial suspensions were more
effective in controlling the species in the second trial than were mycelial suspensions. Spread of
the pathogen to noninoculated control plots was faster in the second year than in other years.
High levels of plant mortality were achieved in plots of A. spinosus, A. lividus, and A. viridis. A.
hybridus and the triazine-resistant A. hybridus were not effectively controlled in the second year
due to the advanced stage of plant growth (8 to 10 true leaves) at the time of pathogen applica-
tion. Results confirmed that P. amaranthicola is an effective biocontrol agent of some of the
Amaranthus spp. tested.
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Previous studies have established Pho-
mopsis amaranthicola Rosskopf, Charu-
dattan, Shabana, & Benny is a potential
biological control agent for weeds in the
genus Amaranthus (11). The biocontrol
efficacy of this pathogen has been deter-
mined in greenhouse and growth chamber
trials, and the fungus is restricted in its
host range to Amaranthus spp. only (108).
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Field evaluation of biological effective-
ness is one of the most important compo-
nents of a complete evaluation of a patho-
gen’s weed-control potential. Although a
pathogen may perform effectively in
greenhouse or growth-chamber experi-
ments, its use in the field is often charac-
terized by variable levels of effectiveness
against the target weed. For example, Puc-
cinia carduorum was evaluated in the field
for the control of musk thistle (Carduus
theormeri) (2). Although this rust fungus
caused significant reductions in plant bio-
mass accumulation after both single and
multiple applications of uredospores in
greenhouse trials, its effectiveness in the
field was limited to accelerated senescence
and reductions in seed production.

Colletotrichum orbiculare gave good
control of Xanthium spinosum when tested
in small-scale field plots. In further tests at
four field sites with variable environmental
conditions, 100% plant mortality resulted
at two sites with artificial dew periods of
18 h. In sites that were not treated with an
artificial dew period, the maximum plant
mortality reached only 50% (1). When this
pathosystem was later evaluated using

spores suspended in oil emulsions in the
absence of artificial dew, the levels of
weed control were dramatically increased
.

The effect of Colletotrichum truncatum
on the growth of hemp sesbania (Sesbania
exaltata) was tested in the field by apply-
ing conidia of the pathogen at two rates in
either an aqueous suspension or an invert
emulsion. The maximum level of weed
mortality in plots treated with the aqueous
conidial suspension was only 42%, while
the invert emulsion suspensions of conidia
yielded 97% mortality in plots treated with
the higher application rate. This was com-
parable to control with the herbicide
acifluorfen. The effect of the invert emul-
sion applied without the fungus was statis-
tically similar to the effect of the pathogen
in the aqueous suspension (3).

The control of Amaranthus albus by the
biocontrol agent Microsphaeropsis ama-
ranthi is an example of a successful transi-
tion from greenhouse to field use. This
pathogen, which was extremely efficacious
on the target weed in controlled, growth-
chamber studies, also performed well in
the field, with 96 to 99% mortality after
applications of 1 x 10% or 6 x 10° conidia
per ml. This system was tested in only one
season at one location (8).

Commercialization of fungal plant
pathogens as biological control agents
requires that the agents perform well in the
field as well as in the greenhouse phase of
testing. For instance, the two commercially
available agents in the United States, Phy-
tophthora palmivora, marketed as DeVine,
and Colletotrichum gloeosporiodes f. sp.
aeschynomene, sold as Collego, were
found to perform highly successfully in
field trials prior to their commercial devel-
opment (4,9).

The objective of our study was to evalu-
ate the potential of P. amaranthicola as a
biocontrol agent for Amaranthus spp. un-
der field conditions.

MATERIALS AND METHODS
Inoculum and plants. For the produc-
tion of conidia, P. amaranthicola was cul-
tured on V8 juice agar plates for 21 to 28
days at 25°C with a 12-h diurnal light cy-
cle. Conidia were harvested by rinsing
plates with sterile deionized water, and the
spores were counted with the aid of a
hemacytometer and diluted to the desired
concentrations. Mycelial inoculum was
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produced in V8 broth medium in Roux
bottles for 21 days. The mycelium was
filtered through cheesecloth, gently pressed
to remove excess liquid, and blended for 3
s in a Waring blender at the rate of 5 g of
mycelium per milliliter of sterile deionized
water. The resulting suspension was used
as inoculum. Inoculum was freshly pre-
pared before each application.

Plants were grown from seed in the
greenhouse, transplanted into flats, allowed
to grow for 10 days, and transplanted in the
field with 10 to 20 plants of each species
per m? of plot. Species were not combined
within plots. These plants were allowed to
grow for 1 week before inoculation.

1993 trial. The 1993 field trial was per-
formed in Gainesville, FL. The Amaran-
thus species tested were chosen based upon
their economic importance and suscepti-
bility (a minimum of 50% mortality) in
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greenhouse trials. The species chosen in-
cluded A. hybridus, A. viridus, A. lividus,
A. spinosus, and a triazine-resistant acces-
sion of A. hybridus (accession PI 604673).
Seeds were obtained from the USDA,
ARS, National Genetic Resources Pro-
gram, North Central Regional Plant Intro-
duction Station, Ames, IA, and from T.
Bewick, University of Florida, Gainesville.

The field plots were arranged in a com-
pletely randomized design consisting of
four species (10 plants per species per plot)
and the herbicide-resistant accession and
eight treatments with five replicates per
treatment. Plots were 1 m? with 1.5-m
alleys. Treatments 1 to 4 consisted, respec-
tively, of a single application of a psyllium
mucilloid control (Metamucil, Procter &
Gamble, Cincinnati, OH; 0.5% wt/vol),
mycelial suspension (50 g/liter), low con-
centration of conidia (1 x 10° conidia per
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Fig. 1. Weibull model of disease progress on Amaranthus viridus in 1993 inoculated with Phomopsis
amaranthicola. Treatments consisted of a single (1 to 4) or double (5 to 8) application of the follow-
ing: psyllium mucilloid alone (1,5), mycelial suspension (2,6), 1.0 x 106 conidia per ml suspension

(3,7), and 6.0 x 107 conidia per ml suspension (4,8).
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Fig. 2. Weibull model of disease progress on Amaranthus lividus in 1993 inoculated with Phomopsis
amaranthicola. Treatments consisted of a single (1 to 4) or double (5 to 8) application of the follow-
ing: psyllium mucilloid alone (1,5), mycelial suspension (2,6}, 1.0 x 106 conidia per ml suspension

(3,7), and 6.0 x 107 conidia per ml suspension (4,8).
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ml), or a high concentration of conidia (6 x
107 conidia per ml). All fungal suspensions
were amended with 0.5% psyllium mucil-
loid, which was used as a humectant. The
control plants were not protected with
fungicide sprays since no chemical treat-
ment was allowed in this farm used for
organically grown crops. Treatments 5 to 8
were the same as treatments 1 to 4, but
were applied twice at 10-day intervals.
Each treatment was applied with a CO,
backpack sprayer at a rate of approXi-
mately 90 ml per plot, which is equivalent
to approximately 950 liters/ha, using 138
kPa of pressure. All application were made
at dusk.

Proportion of diseased plants based on
symptom expression was recorded on a
weekly basis, and the data were converted
to percentage of diseased plants in each
plot. Plant mortality was recorded in the
same manner. Symptomatic tissue was
taken from three plants in each plot
(including tissues from control plants that
became diseased), surface-sterilized, and
plated onto potato dextrose agar amended
with chloramphenicol (2.5 mg/liter) and
streptomycin sulfate (3.7 mg/liter). The
cumulative disease incidence data were
plotted versus time using regression for
lifetime data (6). Disease incidence and
percentages of mortality were transformed
using the arcsine square-root transforma-
tion, and variance and interactions were
analyzed using the General Linear Models
(GLM) procedure with repeated-measures
analysis; least-squares mean was used for
mean separation. All analyses were per-
formed using PC-SAS software (SAS
System v. 6.12, SAS Institute, Cary, NC).
Data for each species were analyzed sepa-
rately.

1994 and 1995 trials. Field trials were
performed in the same manner in 1994 and
1995 as in 1993, except that they were
performed at the Millhopper Horticultural
Sciences Unit of the University of Florida,
Gainesville. The 1994 and 1995 field ex-
periments had a completely randomized
block design with the replicate plots as the
blocking factor. Plots were 1 m? with 1-m
alleys, and there were 20 plants per plot.
The same treatments were used as in 1993
and were applied in the same manner. Data
for each species were collected as in 1993,
and percentages of dead plants were trans-
formed using the arcsine square-root trans-
formation. Mortality data were analyzed
using the GLM procedure (PC-SAS soft-
ware) with repeated-measures analysis, and
least-squares means were used for mean
separation. All analyses were performed
using the SAS statistical software package.

RESULTS

1993 trial. Symptoms first appeared in
the field on A. lividus 4 days after treat-
ment with the low concentration of con-
idia. The first instance of mortality also
occurred in the same treatment.



The cumulative disease incidence data
versus time for each species plotted using
regression for lifetime data fit the Weibull
model best. Disease within inoculated plots
progressed much more rapidly than in the
control plots (Figs. 1 to 4). This was the
case for all species tested (data for A. hy-
bridus not shown).

Mortality of A. lividus treated with one
application of the high concentration of
conidia was 73% within 2 weeks of inocu-
lation (Table 1). This level of mortality
was not significantly different from that in
any of the other treatments containing P,
amaranthicola, but was significantly
higher than that in both controls (mucilloid
alone). Mortalities of the other species at
this time were not significant. At 2 weeks,
A. hybridus plants treated with a single or a
double application of a high concentration
of conidia had 34 and 37% plant mortality.
These levels of mortality were not signifi-
cantly different from the levels of the other
treatments with P. amaranthicola, but were
greater than the control treatments.

Greater than 50% control of A. lividus,
A. viridus, A. spinosus, and A. hybridus
(triazine-sensitive) was achieved with at
least one treatment by the fourth week after
inoculation (Table 1). Mortality of A.
lividus 4 weeks after inoculation ranged
from 66 to 88% in plots treated with a
suspension of P. amaranthicola. These
differences in mortality levels were not
significant, but all were significantly
greater than mortality in plants treated with
the mucilloid alone. Control of A. viridus
ranged from 54 to 77% in the plots treated
with double applications of conidia. Mor-
tality of A. spinosus ranged from 24 to 70%
in fungus-treated plots. Control of A.
hybridus ranged from 67 to 100% in plots
treated with the fungus, with no significant
differences between those treatments.
Mortalities in plots treated with the fungus
were significantly higher than in the control
treatments. Control of the triazine-resistant
A. hybridus was very low at 4 weeks after
inoculation, ranging from 0 to 11%.

Greater than 90% mortality was
achieved for each species by 6 weeks after
inoculation, except the triazine-resistant A.
hybridus, which had a maximum of only
36% mortality (Table 1). Considerable
weed mortality occurred in most of the
control plots by 6 weeks after inoculation.
Although plots were separated by 1.5-m
alleys, spread of the pathogen to control
plots was evident within 2 weeks after
inoculation.

1994 trial. The effects of treatment and
time were significant for the species A.
lividus, A. viridus, and A. spinosus (P <
0.05), and there was a treatment-by-time
interaction (P < 0.10) for all species tested,
with the exception of A. hybridus. The
treatment effect was not significant for
either A. hybridus accession.

The first symptoms occurred in plots of A.
lividus treated with conidial suspensions of

P. amaranthicola. These symptoms were
visible within 4 days after inoculation. There
were no significant levels of mortality for
any of the test species by 2 weeks (Table 2).

Four weeks after inoculation, plant
mortality in A. lividus plots treated with a
double application of the high concentra-
tion of conidia had reached 95% (Table 2).
Mortality in these plots was significantly
greater than that in the control plots, but
not different from mortality in any of the
plots treated with conidia. Mortality in
plots treated with double applications of a
high concentration of conidia was signifi-
cantly greater than in plots treated with
mycelium. Plants in control plots began to
die by 4 weeks after inoculation in fungus-
treated plots.

Mortality of A. viridus treated with
conidial suspensions of the fungus was

significantly greater than that in the control
plots 4 weeks after inoculation, ranging
between 41 and 58% in the treated plots.
The mortality in plots treated with mycelia
was not significantly different from that in
the control plots. Mortality of A. spinosus
4 weeks after inoculation reached 39% in
plots treated with a double application of
the high concentration of conidia. This
level of mortality was not significantly
different from a single application of the
same conidial concentration, which re-
sulted in 31% mortality, but was signifi-
cantly greater than mortality levels in all
other treatments. Control of the two A.
hybridus accessions was not significant at
4 weeks after inoculation.

Pigweed mortality at 6 weeks after in-
oculation reached 100% in plots containing
A. lividus treated with single applications
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Fig. 3. Weibull model of disease progress on the triazine-resistant accession of Amaranthus hybridus
in 1993 inoculated with Phomopsis amaranthicola. Treatments consisted of a single (1 to 4) or dou-
ble (5 to 8) application of the following: psyllium mucilloid alone (1,5), mycelial suspension (2,6),
1.0 x 106 conidia per ml suspension (3,7), and 6.0 x 107 conidia per ml suspension (4,8).
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Fig. 4. Weibull model of disease progress on Amaranthus spinosus in 1993 inoculated with Phomop-
sis amaranthicola. Treatments consisted of a single (1 to 4) or double (5 to 8) application of the
following: psyllium mucilloid alone (1,5), mycelial suspension (2,6), 1.0 x 106 conidia per ml sus-
pension (3,7), and 6.0 x 107 conidia per ml suspension (4,8).
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of conidial suspensions. Plant mortality in
control plots of this species increased from
12% at week 4, to 72 and 80% at week 6,
and there were no significant differences
between control and fungus-treated plots
(Table 2) by this time. Up to 96% mortality
occurred in plots of A. viridus treated with
suspensions of conidia, but no significant
differences occurred among any of the
treatments or controls at week 6. A. spino-
sus plots treated with a single application
of a low concentration of conidia had 70%
plant mortality. This was significantly
higher than mortality in control plots, but
not different from mortality levels after
other single applications or the double
application of a high concentration of
conidia. Control of both A. hybridus acces-
sions was insignificant.

1995 trial. Interpretations of the results
of the 1995 study were complicated by the
presence of a substantial amount of insect

damage to plants in all plots from an uni-
dentified lepidopteran. No insecticide was
applied because the effect of insecticides
on the efficacy of P. amaranthicola was
unknown at the time of this study. Treat-
ment effects were significant for A. lividus
(P =0.0050) and A. spinosus (P = 0.0025).
Single and double applications of the most
highly concentrated conidial suspensions
resulted in the greatest mortality. Time
(intervals when disease and mortality as-
sessments were made) was a significant
factor for A. lividus, A. spinosus, and A.
viridus (P = 0.0001), with no interaction
between treatment and time (P < 0.05).
Time was also significant for both A. hy-
bridus accessions (P = 0.0001) with inter-
actions between treatment and time.
Mortality for A. lividus at 2 weeks was
26% in plots treated with the single appli-
cation of a high concentration of conidia.
This was not statistically different from the

mortality levels in other treatments or the
control. Mortality levels of 29 and 38%
were achieved by the second week after
inoculation in plots of A. spinosus in appli-
cations of a high concentration of conidia,
but these were not significantly different
from mortality in the control plots (Table
3). Low levels of mortality for other spe-
cies after 2 weeks were not significantly
different among treatments.

Mortality in plots of A. lividus 4 weeks
after inoculation was 73% in the double
application of the high concentration of
conidia. This was significantly higher than
mortality in control plots (Table 3), but not
significantly better control than was
achieved in other plots treated with con-
idial suspensions. Mortalities in plots of A.
viridus and the two A. hybridus accessions
were insignificant. Seventy-eight percent
plant mortality occurred in A. spinosus
plots treated with a double application of

Table 1. Pigweed (Amaranthus spp.) mortality at 2, 4, and 6 weeks after inoculation with Phomopsis amaranthicola in the 1993 field trial

Percent mortality*

A, lividus A. viridus A. spinosus A. hybridus A. hybridusY
Treatment Applic. 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk 2wk dwk 6wk
Mucilloid 1 0az Oa Oa 11a 19ab 67 ab Oa Oa 11 a-c Oa Oa 30a Oa Oa Oa
alone
Mycelium 1 24ab 76D 100 b 16a S57b 64 a 6a 44ab 71b 8ab 69b 100c Oa 2a 8a
1.0 x 106 1 22ab  80b 93 b 3a 10ab 57a 4a 49b 78b 11ab 67b 84bc 3a 6a 27b
conidia/ml
6.0 x 107 1 73b 88b 93 b 7a 34b 67ab 0a 56b 56ab 34b 92bc 100c la 7a 29b
conidia/ml
Mucilloid 2 Oa Oa 40 ab Oa Oa 87b O0a Oa Oc Oa Oa 68b Oa Oa Oa
alone
Mycelium 2 40ab 70D 79b 4a 29ab 38a Oa 24ab o64ab 3a 79b 100c¢ Oa 8a 23b
1.0 x 106 2 38ab 66b 97b 11a 77b 80ab 4a 70b 93b 17ab  91bc 100¢ 2a 1la 36D
conidia/ml
6.0 x 107 2 48ab 81D 100 b 4la 54b 94 b 4a 56b 81b 37b  100bc 100c 2a S5a 18ab
conidia/mi

* Data represent the average percent mortality in five replications of each treatment for each species.

¥ Triazine-resistant biotype.

? Percentages within columns with the same letter are not significantly different (P = 0.05) according to mean separation by the least-squares means tests
based on the arcsine square-root transformed proportions using repeated measures analysis. No species-wise comparisons were made.

Table 2. Pigweed (Amaranthus spp.) mortality at 2, 4, and 6 weeks after inoculation with Phomopsis amaranthicola in the 1994 field trial

Percent mortality*

A. lividus A. viridus A. spinosus A. hybridus A. hybridusY

Treatment  Applic. 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk
Mucilloid 1 0az 12a 72a Oa 4a 73a Oa 4a 6a Oa 16a 20a Oa Oa 39a
alone

Mycelium 1 la 22ab  79a 0Qa 18ab 87a Oa 2a 46b Oa Oa Oa Oa Oa 2ab
1.0 x 108 1 Oa 80bc 100a Oa 58bc  96a Oa 16a 70b Oa Oa Oa Oa Oa 5ab
conidia/m]

6.0 x 107 1 12a 87c 100a 9a 44b 92a la 3tab 61b Oa la Oa Oa Oa 27a
conidia/ml

Mucilloid 2 3a 12a 80a Oa la 68 a 0a Oa 8a Oa Oa 6a 0a Oa 0b
alone

Mycelium 2 3a 32ab  80a Oa S5ab 70a Oa 3a 35a Oa Oa 0a Oa la 3ab
1.0 x 108 2 Oa 81bc 82a Oa 57b 9 a la 12a 36a Oa Oa Oa Oa 2a Sab
conidia/ml

6.0 x 107 2 9a 95¢ 97 a la 41b 86 a la 39b 62b Oa Oa 15a Oa la 6 ab
conidia/ml

* Data represent the average percent mortality in five replications of each treatment for each species.

¥ Triazine-resistant biotype.

? Percentages within columns with the same letter are not significantly different (P = 0.05) according to mean separation by the least-squares means tests
based on the arcsine square-root transformed proportions using repeated measures analysis. No species-wise comparisons were made.
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the high concentration of conidia, but this
was not different from mortality in other
treatments, except in a single application of
a low concentration of conidia.

Six weeks after inoculation, all plots of
A. lividus, including controls, had greater
than 95% mortality (Table 3). No signifi-
cant differences existed between the treat-
ments in A. viridus plots, with plant mor-
tality ranging between 25 and 64%.
Control of A. spinosus approached 100% in
fungus-treated plots, but no significant
differences were detected between treat-
ments and controls. Mortality in the triaz-
ine-sensitive A. hybridus plots reached
74% in treated plots and 50% in controls,
but there were few differences among
treatments by 6 weeks after inoculation.
The triazine-resistant A. Aybridus accession
reached 61% plant mortality after treat-
ment with a double application of the high
concentration of conidia. Mortality in con-
trol plots reached 37%, and there were no
differences detected among any treatments.

DISCUSSION

P. amaranthicola was capable of killing
some of the Amaranthus spp. plants in the
field. The application of the humectant also
had a significant impact on plant mortality
by promoting disease incidence. This fac-
tor was also conducive to the spread of the
pathogen to non-fungus-treated controls.
Movement of the pathogen to control plots
could be visually detected within 2 weeks
of application. While plant mortality oc-
curred more quickly in fungus-treated
plots, by 6 weeks after inoculation, few
significant differences existed between
control and initially inoculated plots. Con-
trol of A. lividus was excellent in all 3
years of testing, with 100% plant mortality
resulting from at least one treatment each
year. Conidia were generally more effec-

year. Overall plant mortality was greatest
in the 1993 and 1995 studies. This may
have been influenced by the higher maxi-
mum relative humidity levels during the
period of inoculation and disease onset
(about 90% in 1993 and 1995 compared
with approximately 75% in 1994). The
maximum relative humidity in 1995 was
highest of the 3 years studied and had the
greatest amount of rainfall, while rainfall in
1993 was the least of the 3 years. The mini-
mum and maximum temperatures during the
periods of the studies did not appear to be
highly variable from year to year, although
this factor has been reported as being less
significant in terms of disease development
by species of Phomopsis (5,12).

All species of Amaranthus tested were
controlled in at least 1 year of the study,
except for the triazine-resistant accession
of A. hybridus. This is explained on the
basis of the age of these plants at the time
of fungal treatments. The triazine-resistant
and the triazine-susceptible accessions had
faster growth rates compared with the
other species, and these plants were ap-
proaching the six-leaf stage by the time the
fungus was applied. It has been previously
established that mature plants are more
resistant to P. amaranthicola than younger
plants (10).

An experimental design that included
buffer rows of immune plants, as used in
field trials of the efficacy of Collego for
the control of northern jointvetch
(Aeschynomene virginica), could have
provided a means to confine secondary
spread of P. amaranthicola and allowed
more valid comparisons between inocu-
lated plots and controls. This comparison
was further complicated in the 1995 trial
with the additional effect of the insect lar-
val population. Not only were plants af-
fected by the larvae, but there was the pos-

In evaluating the effect of environmental
factors on the spread and severity of dis-
ease caused by Phomopsis longicolla in
soybean, it was reported (12) that rain,
duration of surface wetness, and relative
humidity were the most important factors
in disease development. Rain events were
the primary means of dispersal of the
pathogen. TeKrony et al. (14) also found
that disease intensity caused by Phomopsis
spp. in soybean was dependent moregon
moisture than on temperature. Conversely,
Uddin (15) reported that the temperature
had an effect on the growth of Phomopsis
spp. on peach in the field. The former case
appears to be more representative of the
results with P. amaranthicola for the con-
trol of Amaranthus spp.

Two additional aspects of the field re-
sults are important to consider. There were
few statistically significant differences
between treated and control plots by 6
weeks after inoculation, and the effects
seen in the control plots resulted from the
spread of P. amaranthicola, indicating the
possibility of secondary inoculum produc-
tion in the field. It is unclear if this secon-
dary inoculum would have caused signifi-
cant damage to control plots if they had not
been previously treated with the mucilloid.
However, the ability of the pathogen to
spread is a positive feature of this biocon-
trol agent. The ability to spread and estab-
lish secondary infection foci in the field
could aid in controlling disease-escapes as
well as newly emerged pigweed plants.

Thus, consistently high levels of mortal-
ity were achieved with three of the four
pigweed species and two accessions tested.
The weed control was achieved within an
acceptable period of time. These findings,
coupled with the high degree of host speci-
ficity of this fungus (10,11), indicate that P.
amaranthicola holds promise as a bioher-

tive in causing plant mortality, but this was sibility that inoculum was spread by the bicide to control weedy species of
variable from species to species and year to larvae as well (13). pigweeds and amaranths.
Table 3. Pigweed (Amaranthus spp.) mortality at 2, 4, and 6 weeks after inoculation with Phomopsis amaranthicola in the 1995 field trial
Percent mortality*
A. lividus A. viridus A. spinosus A. hybridus A. hybridusY
Treatment Applic. 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk 2wk 4wk 6wk
Mucilloid 1 0az 22a 100a Oa 15a 53a 16ab 36ab 8la Oa 10a 32a Oa 6a 37a
alone
Mycelium 1 Oa 23a  100a Oa 9a 35a 17ab 26ab 46a S5a 13a 56ab Oa 11a 48a
1.0 x 106 1 3a 52ab  99a Oa 10a 25a 4a 18a 76 a 3a S5a 74b la 20a 44 a
conidia/ml
6.0 x 107 1 26a 62ab 100a Oa 12a 64a 29b 53ab 100a Oa 13a 36a Oa 20a 44 a
conidia/ml
Mucilloid 2 Oa 16a 97a Oa 8a 40a 19ab 59ab 73a Oa 26a 50ab Oa 8a 33a
alone
Mycelium 2 Oa 15a 100a Oa 15a 45a 4a 206ab 62a la 6a 69ab O0a 16a 28a
1.0 x 106 2 8a 40ab 100a Sa 18a 38a 3a 49ab 97a Oa 8a 70ab la 6a 442
conidia/ml
6.0 x 107 2 9a 73b 100a 6a 14a 63a 38b 78b 78 a Oa 3a 33a la 7a 6la
conidia/ml

* Data represent the average percent mortality in five replications of each treatment for each species.

¥ Triazine-resistant biotype.

? Percentages within columns with the same letter are not significantly different (P = 0.05) according to mean separation by the least-squares means tests
based on the arcsine square-root transformed proportions using repeated measures analysis. No species-wise comparisons were made.
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