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ABSTRACT

Mintz, A. S., Heiny, D. K., and Weidemann, G. J. 1992. Factors influencing the biocontrol
of tumble pigweed (Amaranthus albus) with Aposphaeria amaranthi. Plant Dis. 76:267-269.

Growth chamber studies and field tests were conducted to evaluate Aposphaeria amaranthi

as a potential mycoherbicide for tumble pigweed (Amaranthus albus). Seedlings in growth
chamber studies were killed within 2 days after inoculation with 1 X 10° conidia per milliliter
and an 8-hr dew period at 28 C. The onset of dew could be delayed for 72 hr postinoculation
without an apparent decrease in disease severity. Inoculations with conidial concentrations
as low as 1 X 10*/ml were sufficient for plant death when followed by a 24-hr dew period.
Dew temperatures from 20 to 28 C were conducive for disease development. In field tests,
99% of seedlings with two to six true leaves were killed when sprayed to runoff with 6 X
10° conidia per milliliter. Results from these studies suggest that A. amaranthi may have potential

as a mycoherbicide for tumble pigweed.
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The genus Amaranthus includes over
60 known species of broad-leaved plants.
Some species are used for grain and orna-
mentals, but the majority are charac-
terized as weeds (15), and some are con-
sidered among the world’s worst weeds
(8). Amaranthus albus L., known as
tumble pigweed, is common throughout
the United States in cultivated or fallow
fields (9). Pigweed traditionally has been
controlled with chemical herbicides (10).
However, pigweed populations resistant
to the triazine herbicides have been
reported in the United States and Canada
(1,7,18), and triazine-resistant weeds may
also be cross-resistant to other herbicides
(6). As trends toward decreased tillage
systems increase, problems with herbi-
cide resistance may become more serious
(7), creating a need for alternative control
methods.

In 1987, a fungus identified as Apos-
Pphaeria amaranthi Ell. & Barth. was iso-
lated from diseased stem tissue of an
unknown species of pigweed collected
at the Agricultural Experiment Station
Farm at the University of Arkansas,
Fayetteville. A. amaranthi was first
described from redroot pigweed (A.
retroflexus L.) in 1896 (5) and listed by
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Saccardo in 1899 (16). No further in-
formation about this fungus has been
reported in the literature. Preliminary
pathological studies demonstrated path-
ogenicity of A. amaranthi to several dif-
ferent Amaranthus spp., including spiny
pigweed (A. spinosus L.), redroot pig-
weed, tumble pigweed, and careless weed
(A. hybridus L.). The purpose of the
growth chamber studies was to determine
the influence of dew temperature, plant
age, conidial concentration, dew period,
and dew period delay on the efficacy of
A. amaranthi as a biological control for
tumble pigweed. Field tests were con-
ducted to determine the conidial concen-
trations and application rates necessary
for plant mortality.

MATERIALS AND METHODS

Stem tissues of a diseased pigweed
plant were surface-disinfested by immer-
sion in 1% sodium hypochlorite for 30
sec, followed by a rinse in sterile water
for 1 min. Tissue pieces were then trans-
ferred to potato-dextrose agar (PDA)
plates amended with 0.3 mg/ml of strep-
tomycin sulfate and incubated at room
temperature (23 C). Sporulating isolates
were transferred to fresh PDA plates,
and conidia from selected isolates were
stored at —80 C in a 1:1 skim milk/
glycerol solution. The identity of the
causal agent was confirmed by B. C.
Sutton (C.A.B International Myco-
logical Institute, IMI 327754). Conidia
of A. amaranthi used for inoculations
were obtained by subculturing the fungus
on pea-juice agar plates (19) from cul-
tures in cryogenic storage. The cultures
were incubated under fluorescent lights
(12-hr photoperiod) at 24-26 C for 3-5
days, and conidia were rinsed from the

plates with distilled water and strained
through a 1-mm mesh screen. Each petri
plate yielded approximately 50 ml of
inoculum at a concentration of 1-2 X
10° conidia per milliliter. Conidial con-
centrations were determined with a hem-
acytometer.

Growth chamber studies. Plants of
tumble pigweed were grown from seed
in round, 8-cm-diameter plastic pots con-
taining vermiculite in a 28 C growth cham-
ber (12-hr photoperiod, 330 uE-m*s™")
and were fertilized weekly. After emer-
gence, seedlings were thinned to three to
five plants per pot. Seedlings were in-
oculated at the four- to six-true-leaf
stage, except for those used in the plant
age study.

Plants were sprayed to runoff (approx-
imately 3 ml per plant) with 1-2 X 10°
conidia per milliliter unless otherwise
stated. With the exception of the delayed
dew period test, plants were transferred
immediately after inoculation to a dark
dew chamber. Seedlings were given a 24-
hr dew period at 28 C unless indicated
otherwise. After the dew period, plants
were returned to the 28 C growth
chamber.

Disease severity and plant mortality
were determined 2 and 10 days after in-
oculation. Disease ratings and percent
mortality were averaged for all plants in
apot. Each treatment consisted of at least
three replicated pots, each with three to
five plants. Controls for each experiment
consisted of two pots sprayed with dis-
tilled water. Each experiment was re-
peated at least twice. Disease severity was
assessed on a rating system of 0-5, in
which 0 = no visible symptoms, 1 =
<25% leaf necrosis with no stem lesions,
2 = 26-50% total plant necrosis, 3 =
51-75% total plant necrosis, 4 = 76-99%
total plant necrosis, and 5 = plant death.
Seedling mortality was determined by
counting the number of dead plants in
each pot. Data were analyzed by an
analysis of variance in which the sources
of variation were the test, the variable,
and the interaction. Because the inter-
action was nonsignificant (P > 0.2), the
interaction and residual were pooled and
used as the error terms in subsequent
analysis. The hour or age source was par-
titioned into linear (P<<0.001), quadratic
(P < 0.001), and residual sources. The
residual was also nonsignificant (P >
0.2). Treatment means were compared
using the least significant difference at
the 5% significance level.
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The effect of temperature during the
dew period was evaluated at 20, 24, 28,
and 32 C. Each experiment involved two
separate sets of inoculations because of
limited dew chamber space. Fresh inocu-
lum was prepared for each set of inocula-
tions. The first set of inoculated seedlings
and controls received 24 hr of dew at
two of the test temperatures. The second
set of controls and inoculated seedlings
received 24 hr of dew at the remaining
two test temperatures the following day.

The effect of plant age on disease
severity was determined by inoculating
seedlings at four different growth stages:
1) cotyledon stage = fully expanded
cotyledons, with the first true leaf just
beginning to open (10 days); 2) four-leaf
stage = four fully expanded true leaves,
with the fifth leaf just beginning to
expand and the sixth leaf just starting
to open (18 days); 3) eight-leaf stage =
eight fully expanded true leaves, with the
ninth leaf just beginning to open (25
days); and 4) 12-leaf stage = 12-14 fully
expanded true leaves with axillary buds
present (33 days).

The influence of inoculum concentra-
tion on disease severity was determined

Table 1. Effect of plant age on disease severity
and mortality of tumble pigweed seedlings in-
oculated with Aposphaeria amaranthi after a
24-hr dew period ™

Plant age Disease Mortality
(leaf stage) severity’ (%)
Cotyledon 42a’ 79 a
Four leaf 50b 100 b
Eight leaf 42a 71a
Twelve leaf 19¢ 6¢c

* Assessments were made 10 days after plants
were inoculated with conidial concentrations
of 1-2 X 10° conidia per milliliter. Dew per-
iod and postinfection incubation tempera-
tures were 28 C.

Y Disease severity rating: 0 = no visible
symptoms, 1 = <25% necrosis, 2 = 26-50%
necrosis, 3 = 51-75% necrosis, 4 = 76-99%
necrosis, 5 = plant death.

*Values followed by the same letter in the
same column are not significantly different
according to LSD (P = 0.05).

Table 2. Effect of conidial concentration on
disease severity and mortality of tumble pig-
weed seedlings inoculated with Aposphaeria
amaranthi after a 24-hr dew period”

Concentration Disease Mortality

(conidia/ml) severity” (%)
10 5.0 100
10° 5.0 100
10 5.0 100
10’ 5.0 100

Y Assessments were made 10 days after plants
were inoculated at the four- to six-true-leaf
stage. Dew period and postinfection incu-
bation temperatures were 28 C.

*Disease severity rating: 0 = no visible
symptoms, 1 = <25% necrosis, 2 = 26-50%
necrosis, 3 = 51-75% necrosis, 4 = 76-99%
necrosis, 5 = plant death.
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by spraying plants with conidial sus-
pensions of 1 X 10%, 1 X 10°, 1 X 10,
and 1 X 10’ conidia per milliliter.

The effect of dew period duration on
disease severity was determined by ex-
posing inoculated seedlings to dew per-
iods of 4, 8, 12, or 24 hr immediately
after inoculation. The influence of de-
layed dew periods on disease severity was
determined by spraying plants to runoff
with 2-3 X 10° conidia per milliliter and
maintaining them in the 28 C growth
chamber (65% relative humidity). One set
of four pots was transferred immediately
after inoculation to a 28 C dew chamber.
After 12, 24, 48, and 72 hr, sets of four
pots were transferred from the growth
chamber to the dew chamber for 12 hr.

Field tests. Inoculum of A. amaranthi
was prepared as previously described and
adjusted to 1 X 10° or 6 X 10° conidia
per milliliter. Field plots (0.5 X 2 m) with
1.5-m alleys were established on Nixa
cherty silt loam (fragiudults) at the Uni-
versity of Arkansas Agricultural Exper-
iment Station Farm, Fayetteville. Plots
were seeded on S June 1990 with tumble
pigweed and thinned to 40-50 plants per
plot after emergence. The test was ar-
ranged as a randomized complete block
with five replications for each treatment.

Treatments were applied in the evening
on 22 June. Plants with two to six true
leaves were inoculated at 280, 1,000, and
1,400 (runoff) L/ha for each of the two
conidial concentrations. A pump sprayer
was used to apply inoculum to runoff.
The other applications were made with
a CO, backpack sprayer at 138 kPa (20
psi); the single boom sprayer was
equipped with a flat spray tip nozzle
(Teejet 8003, Spraying Systems Co.,
Wheaton, IL).

Mortality was determined by counting
plants the day of inoculation and 1, 2,
3, and 5 wk afterward. Data were sub-
jected to analysis of variance, and treat-
ment means were compared using the

Table 3. Effect of dew period on disease se-
verity and mortality of tumble pigweed seed-
lings inoculated with Aposphaeria amaranthi*

Dew period
duration Disease Mortality
(hr) severity’ (%)
4 2.7 a* 30a
8 50b 100 b
12 50b 100 b
24 50b 100 b

* Assessments were made 10 days after plants
were inoculated at the four- to six-true-leaf
stage with 1-2 X 10° conidia per milliliter.
Dew period and postinfection incubation
temperatures were 28 C.

Y Disease severity rating: 0 = no visible symp-
toms, 1 = <25% necrosis, 2 = 26-50%
necrosis, 3 = 51-75% necrosis, 4 = 76-99%
necrosis, S = plant death.

*Values followed by the same letter in the
same column are not significantly different
according to LSD (P = 0.05).

least significant difference at the 5%
significance level.

RESULTS AND DISCUSSION

Growth chamber studies. Plant mor-
tality was not significantly different 2 and
10 days after inoculation, but disease
severity on surviving plants was greater
after 10 days. The range of dew tem-
peratures conducive for 100% mortality
was 20-28 C. Disease severity declined
sharply at 32 C, with no plants dying
and a mean disease severity of 1.8.

Plant death did not always occur at
the cotyledon stage (Table 1). Because
seedlings either were killed or had a
disease rating of <2, it is possible that
seedlings were so small that sufficient
inoculum was not maintained on the
plants long enough for infection to occur.
Other explanations could account for
these results, including seedling resist-
ance at the cotyledon stage. Repeat in-
oculations to surviving plants generally
resulted in mortality. Seedlings with four
true leaves were consistently killed by A4.
amaranthi. Over 70% mortality was
achieved with plants having eight true
leaves, but once plants began developing
axillary buds, disease severity decreased
and symptoms primarily consisted of re-
stricted stem and leaf lesions. These re-
sults suggest that 4. amaranthi may be
most effective in controlling tumble
pigweed with applications made shortly
after emergence (four-leaf stage), since
mortality decreases with plant age and
also with warmer temperatures.

A potential limiting factor for A.
amaranthi as a bioherbicide is the in-
ability to produce conidia in liquid cul-
ture. Inoculum production in liquid
culture is usually considered the most
efficient means for mass production (17).
However, inoculum production on solid
media could be practical if low levels of
inoculum are effective. Thus, it is note-
worthy that conidial concentrations as
low as 1 X 10* conidia per milliliter were
sufficient to achieve 100% mortality of

Table 4. Effect of delaying the onset of a 12-
hr dew period on disease severity and mor-
tality of tumble pigweed after inoculation with
Aposphaeria amaranthi’

Delay Disease Mortality
(hr) severity” (%)
0 5.0 100
12 5.0 100
24 5.0 100
48 5.0 100
72 5.0 100

¥ Assessments were made 10 days after plants
were inoculated at the four- to six-true-leaf
stage with 2-3 X 10° conidia per milliliter.
Dew period and postinoculation incubation
were 28 C.

“Disease severity rating: 0 = no visible
symptoms, 1 = <25% necrosis, 2 = 26-50%
necrosis, 3 = 51-75% necrosis, 4 = 76-99%
necrosis, 5 = plant death.
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Fig. 1. Comparison of the effects of two conidial concentrations and three application rates
of Aposphaeria amaranthi on Amaranthus albus seedlings in a 1990 field study. Bars labeled
with the same letter are not significantly different according to LSD (P = 0.05).

tumble pigweed in growth chamber tests
(Table 2).

Plant mortality was greatly influenced
by dew period. Seedling mortality was
100% after dew periods of at least 8 hr
but was reduced to only 30% after a 4-
hr dew period (Table 3). The 8-hr dew
period requirement is considerably lower
than the requirement for many other
fungi investigated as potential mycoher-
bicides (2-4,11,13,14,20,21). In addition
to the short dew period requirement, the
onset of a 12-hr dew period could be
delayed for 3 days without affecting
the control levels of tumble pigweed
(Table 4).

Field tests. A high percentage of
tumble pigweed plants always were killed
when sprayed to runoff, regardless of
concentration (Fig. 1). The highest level
of control, 99%, was achieved when seed-
lings were sprayed to runoff with conidial
concentrations of 6 X 10° conidia per
milliliter, which was not significantly
different from plants sprayed to runoff
at 1 X 10° conidia per milliliter (96%
mortality). Differences in the effects of
conidial concentrations, however, were
significant at the 280 L/ha application
rate. The combined effect of conidial
concentration and application rate must
therefore be taken into account when
considering formulation and application
techniques.

Growth chamber studies and prelim-
inary field data suggest that A. amaranthi
has potential for use as a mycoherbicide
for tumble pigweed. Preliminary host
range tests within the genus have indi-
cated that the fungus is restricted to the
Amaranthaceae, but that several species
of pigweed, including redroot pigweed,
spiny pigweed, and careless weed, also
are susceptible to the pathogen, although
to a lesser extent than tumble pigweed
(12). Further host range tests are needed
to evaluate the safety of nontarget plants.
More extensive host range tests and
screening of additional isolates would
also be beneficial in determining the po-
tential of this pathogen as a broad-
spectrum mycoherbicide for several dif-
ferent pigweed species. As populations
of weeds resistant to chemical herbicides
increase and trends toward tillage de-
crease, alternative methods of control-
ling pigweed should be considered.
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