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Production of Macrophomina phaseolina Conidia
by Multiple Soybean Isolates in Culture
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ABSTRACT
Ma, J., Hill, C. B., and Hartman, G. L. 2010. Production of Macrophomina phaseolina conidia
by multiple soybean isolates in culture. Plant Dis. 94:1088-1092.

Macrophomina phaseolina is the cause of charcoal rot of soybean (Glycine max). Resistance to
M. phaseolina in commercial soybean cultivars is not common but is needed in locations where
the disease is chronic and severe. The objective of this study was to develop a reliable method to
produce sufficient M. phaseolina conidia that can be used to inoculate soybean plants in a high-
throughput resistance-screening program. Production of pycnidia is not common on most culture
media, such as potato dextrose agar, but can be produced on media containing plant parts or
oilseed extracts. Seven semi-defined media were tested to induce pycnidia production. Results
indicated that the number of pycnidia that were produced by eight M. phaseolina isolates was
dependent on induction medium; however, peanut butter extract-saturated filter paper placed
over soynut butter extract agar (PESEA) allowed for greater pycnidia and conidia production
than the other media tested. Production of pycnidia on PESEA ranged from 269 to 1,082 per
plate. There were no differences among isolates in germination of conidia produced on PESEA,
which averaged 83 + 2% germination. A conidial suspension from one M. phaseolina isolate
produced on PESEA and inoculated onto soybean radicles significantly distinguished (P < 0.01)
‘DT97-4290°, a soybean genotype with partial resistance to charcoal rot, from a susceptible
genotype, ‘LS98-0358’. Results of this study indicated that multiple isolates of M. phaseolina
from soybean produced sufficient amounts of conidia on PESEA to use as inoculum. This co-
nidia inoculum production method will facilitate soybean charcoal rot resistance screening

evaluation with different soybean isolates.

Macrophomina phaseolina (Tassi) Goid.,
a pycnidia-producing fungus, is one of the
most important soilborne pathogens, in-
fecting over 500 plant species in more than
100 plant families around the world (1,18).
It causes a major disease of soybean (Gly-
cine max (L.) Merr.) called charcoal rot
(18). Symptoms on soybean include blight
of emerging seedlings, wilting, early matu-
ration, and incomplete pod filling (18).
The disease is most pronounced when
plants are stressed by adverse environ-
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mental factors such as drought and heat
stress during the reproductive growth
stages. Charcoal rot of soybean occurs in
all soybean production areas throughout
the world (18).

Diagnostic signs of charcoal rot are the
microsclerotia that are often imbedded in
infected host debris. The pycnidial stage is
commonly found in nature on garden bean
and jute bean (18), occasionally on soy-
bean and other host plants (1), and has
even been reported on cats (5). Pycnidia
have been reported to develop on agar
media such as potato dextrose agar (PDA)
(3,20) and soybean meal agar (10), al-
though infrequently. In vitro production of
large numbers of pycnidia has been ac-
complished using sterilized plant parts,
filter paper treated with peanut meal-ether
extract placed on the surface of a basal
agar medium, and incubation under UV
and long-wave near-UV irradiation, with
variable results depending on M. phaseo-
lina isolate and substrate (1,2,4,7-11,13).

Various kinds of inocula have been used
to inoculate plants with M. phaseolina,
including microsclerotia suspensions, a
mixture of sclerotia and soil, or infested
millet (12,18,19); however, there are no

reports of the use of a conidia suspension
as inoculum, which has the advantage that
it can be easily quantified with precision
and then standardized based on the number
of conidia per unit of inoculum. Standard-
ized inoculum is essential for sound com-
parative studies (2), especially when dif-
ferences between treatments, such as
between partially resistant host plant geno-
types, are relatively small. Standardizing
inoculum and inoculation procedures also
maximizes reliability and repeatability of
inoculations. A method to produce abun-
dant M. phaseolina conidia from different
soybean isolates to use as inoculum would
facilitate screening for partial resistance
among soybean genotypes and, possibly,
also could be used with other crop hosts.
(1,2,4,7-11). The objective of this study
was to select a method that would induce
multiple soybean isolates to produce a
sufficient quantity of viable and infective
M. phaseolina conidia that could be used
to inoculate soybean plants in a large resis-
tance-screening program.

MATERIALS AND METHODS

M. phaseolina isolates. FEight M.
phaseolina isolates collected from soybean
were tested in this study (Table 1). The
isolates were maintained on PDA (Difco
Laboratories, Sparks, MD) at 28°C and
were periodically passed through plants to
maintain aggressiveness.

Pycnidial induction media. Two ex-
periments were conducted. In experiment
1, seven different semi-defined media were
tested for the ability to induce M. phaseo-
lina pycnidia production. These test media
were selected for further testing after try-
ing several of the methods listed in Dhin-
gra and Sinclair (1), with some modifica-
tions, in a number of preliminary
experiments. Instructions for preparing
each medium are described below. All
media were sterilized by autoclaving for
20 min at 121°C and 115 psi. Each me-
dium (20 ml) was poured into 9-cm-
diameter sterile plastic petri dishes after
cooling to 45°C. Following solidification
of the agar media, a single Whatman no. 1
filter paper disk (4.5 cm in diameter), pre-
viously sterilized by autoclaving for 15
min at 121°C and 115 psi, and with or



without additional treatment, was placed
on the surface of each plate.

The first test medium was untreated
sterile filter paper placed on the top of 2%
water agar (WA), and was referred to as
FWA. The WA was prepared by adding 20
g of Bacto agar to 1 liter of distilled water.
This medium served as a control since the
filter paper was not treated and the agar
media was WA and not PDA.

A second test medium (FPDA) was pre-
pared from dehydrated PDA (Difco Labo-
ratories) according to label directions. A
plain, untreated, sterile filter paper disk
was placed in each plate. This medium
served as a control for the effects of un-
treated filter paper and agar media with
different nutrient composition.

The third tested medium, peanut butter
extract agar (PEA), was prepared as fol-
lows: peanut butter extract (PE) was pre-
pared by combining 20 g of peanut butter
(East Wind Community, Inc., Tecumseh,
MO) and 100 ml of ether into a 500-ml
storage bottle. The mixture was shaken by
hand until the peanut butter dissolved in
the ether, and then allowed to stand in a
chemical fume hood for at least 12 h to
separate. The supernatant was decanted
into a new flask and placed, uncapped,
onto an orbital shaker inside the fume
hood until the ether evaporated, leaving the
PE in the flask. Adding 500 ml of distilled
water and 7.5 g of Bacto agar to the PE
made PEA.

A fourth medium tested, soynut butter
extract agar (SEA), was prepared with an
ether extract from soynut butter (SE), us-
ing the method similar to the PE except
with 6 g of soynut butter (The SoyNut
Butter Company, Glenview, IL) added to
100 ml of ether to make the extract used in
the medium, followed by adding 500 ml of
distilled water and 7.5 g of Bacto agar to
the PE.

The fifth medium tested was PE-treated
filter paper on the top of soynut extract
agar (PESEA) that was prepared from PE
and SEA. Filter paper disks were treated
with PE by soaking 50 filter paper disks in
100 ml of PE supernatant until the ether
evaporated, leaving the PE on the filter
paper disks. After plates containing SEA
cooled, a single autoclaved PE-treated
filter paper disk was placed on the surface
of each SEA plate to make the PESEA
medium.

A sixth medium tested consisted of re-
fined expeller-pressed canola oil (Hain
Celestial Group, Inc., Boulder. Co.)-treated
filter paper on the top of SEA (COSEA).
The canola-oil-treated filter paper was
prepared by dipping the filter paper into
canola oil prior to autoclaving. One treated
filter paper disk was placed on the surface
of each SEA plate.

The seventh medium tested was refined
cold pressed olive oil (Hain Celestial
Group, Inc.)-treated filter paper placed on
top of SEA (OOSEA). Olive-oil-treated

filter paper was prepared similarly to the
canola oil filter paper by dipping the filter
paper into olive oil prior to autoclaving.

A follow-up experiment (experiment 2)
was conducted to compare pycnidial pro-
duction on the semi-defined medium that
appeared to have the highest potential to
induce pycnidia development, based on the
results of experiment 1, with production on
plain, sterile soybean leaflets referred to as
leaf water agar (LWA). Soybean leaflets
after maximum expansion were collected
from the youngest trifoliolates of 21- to
28-day-old plants of soybean cv. Williams
82 grown in a plant growth chamber and
allowed to wilt for 24 h. The wilted leaflets
were surface disinfected with 75% ethyl
alcohol for 2 min and 0.5% NaOCI for 5
min, followed by rinsing in sterile, distilled
water twice. A single leaflet was placed
inside each 9-cm-diameter sterile plastic
petri dish containing 20 ml of sterile, 1%
water agar (10 g of Bacto agar per liter of
distilled water).

The eight M. phaseolina isolates were
transferred from PDA maintenance cul-
tures to fresh PDA plates and incubated at
28°C in the dark for 4 to 5 days. Agar
plugs (4 mm in diameter) were cut with a
sterile cork borer from the margin of an
actively growing PDA culture. A single
agar plug with M. phaseolina mycelium
was placed in the center of each test plate.
All plates were then sealed with a single
layer of Parafilm (Pechiney Plastic Pack-
aging, Chicago), incubated in the dark at
28°C for 24 h, and then further incubated
at 22°C for 7 to 10 days at a distance of
about 20 cm below continuous 20-W black
light blue (BLB) fluorescent lamps (Phil-
lips Lighting Co., Somerset, NJ).

Experimental designs and data col-
lected. Both experiments were set up as
factorials with the eight M. phaseolina
isolates as one factor and the pycnidial
induction media as a second factor. The
factor combinations in each test were ar-
ranged in a completely randomized design
with three replications. In experiment 1,
the days to appearance of the first
pycnidium, defined in this study as having
visible conidial ooze extruding from the
ostiole, was recorded. In addition, the
number of pycnidia per plate, an estimate
of number of conidia produced per plate,

and the percent conidia germination were
recorded. In experiment 2, the number of
pycnidia per plate and conidia produced
per 80 pycnidia were recorded, and conidia
collected in this experiment were also
tested for infectivity on soybean radicles.

Pycnidial enumeration and measure-
ment of pycnidia dimensions. Pycnidia in
each plate were visually counted with the
aid of an Olympus SZX16 stereomicro-
scope (Olympus America, Inc., Center
Valley, PA) at x50 magnification. The total
number of pycnidia per plate was the ex-
perimental unit for statistical analysis.

Widths and lengths in micrometers of
nine randomly chosen pycnidia in experi-
ment 2 for each isolate—-media combination
were also measured. The widest part of
each pycnidium and the length from the
top of the ostiole to the base of the
pycnidium were measured with the use of
an Olympus BX51 compound microscope
equipped with a precalibrated ocular mi-
crometer at X200 magnification. In addi-
tion, using the same microscope at x400,
40 conidial lengths and widths were meas-
ured from four isolates (MP3, TN4, TNS5,
and TN146) produced on PESEA.

Quantification of conidia production.
All mature pycnidia, with oozing conidia,
on the plates of each M. phaseolina isolate
on each induction medium in each replica-
tion in experiment 1 and 80 mature
pycnidia from each plate in experiment 2
were placed into tubes with distilled H,O
and shaken on a Vortex mixer until the
pycnidia were broken open, releasing the
conidia. The number of conidia in each
plate was estimated from conidia counts in
three independent samples with the aid of
a hemacytometer.

Conidia germination and infectivity.
The percent germination and infectivity of
conidia of each isolate harvested from
PESEA in experiment 2 was tested. Two
soybean genotypes, ‘DT97-4290°, partially
resistant to charcoal rot (12,15), and
‘L.S98-0358°, a charcoal-rot-susceptible
genotype obtained from J. Bond, Southern
Illinois University, Carbondale, were se-
lected to test the infectivity of conidia
from the eight M. phaseolina isolates pro-
duced on PESEA in experiment 2. Seed
were surface disinfected with 1% NaOCl
for 8 min; rinsed twice with sterile, dis-

Table 1. Macrophomina phaseolina isolates from soybean evaluated for conidial production

Isolate Origin Year Source
TN4 Jackson, TN 2006 A. Mengistu*
TNS Ames, TN 2006 A. Mengistu
TN146 Neosho, TN 2006 A. Mengistu
Mp2003 Urbana, IL 2003 G. Hartman
Mp3 Champaign, IL 1998 J. Manandahar¥
Conway Conway, AR 2004 J. Rupe?

Kibler Kibler, AR 2008 J. Rupe
Pinetree Pinetree, AR 1998 J. Rupe

* United States Department of Agriculture—Agricultural Research Service, Jackson, TN.

Y Dairyland Seed Company, Gibson City, IL.
z University of Arkansas, Fayetteville, AR.
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tilled water; plated onto PDA; and incu-
bated at 26°C for 24 h. Seed visually free
of microbial infection were transferred to
fresh 1.5% WA plates and incubated at
26°C for another 48 h until seedling radi-
cles grew to 1 to 2 cm long.

Conidia from each isolate for inocula-
tion was collected by first disrupting the
pycnidia on the filter paper disks with a
sterile scalpel blade, followed by washing
with 15 ml of sterile 0.05% Tween-20
solution to remove the conidia released
from the pycnidia. The conidia suspension
was filtered with a sterile 37-um nylon
mesh (Small Parts, Inc., Miramar, FL) to
remove pycnidial debris and mycelia. The
percent germination of three independent
10-ul samples from the conidial suspen-
sion of each replication was recorded after
8 h of incubation on glass slides at 28°C
and 100% relative humidity in the dark by
counting germinated or not germinated
conidia with the aid of the Olympus BX51
compound microscope at x40 magnifica-
tion. Conidia from the Pinetree, AR isolate
was used to test the infectivity of the co-
nidia on soybean radicles because prelimi-
nary tests indicated that it was the most
aggressive isolate. Pinetree conidia were
standardized to 250 conidia/ul with the aid
of a hemacytometer. Soybean radicles were
inoculated with a 2-ul droplet deposited in
the center of each radicle with a pipette.
After 3 days of incubation in the dark at
28°C, the length of each lesion (millimeters)
produced by M. phaseolina infection was
measured. The lesion length from 39 radi-
cles of each soybean genotype inoculated
with the Pinetree isolate was recorded.

Statistical analysis. Analysis of vari-
ance (ANOVA) and means comparisons
were performed with the aid of JMP, ver-
sion 5. The number of pycnidia and co-
nidia was transformed by adding 1 and
then taking the logarithm to the base 10
prior to analysis to correct for unequal
variance and experimental units without
pycnidia. Means of factor levels (isolates
and pycnidial induction media) or interac-
tions between factors for each parameter
were separated using the least significant
difference at P = 0.05 when the ANOVA
indicated significance of differences
among them.

RESULTS

Comparison of pycnidial and conidial
production on seven pycnidia induction
media in experiment 1. There was a
highly significant (P < 0.01) effect of me-
dia on days to first pycnidium, primarily
due to the effect of PESEA (6.0 days to
first pycnidium) that had significantly
lower (P < 0.05) days to first pycnidium
than OOSEA (7.8 days), COSEA (8.3
days), SEA (8.7 days), and PEA (9.3 days),
which did not differ significantly. No
pycnidia were formed on FWA or FPDA.
Differences among isolates and the interac-
tion of medium-—isolate were nonsignifi-
cant (P > 0.05).

There was a highly significant (P <
0.01) interaction between M. phaseolina
isolates and pycnidial induction media for
number of pycnidia per plate (Fig. 1), indi-
cating that the number of pycnidia pro-
duced by each M. phaseolina isolate de-
pended on the induction medium. The

3.5
[ .
© EPESEA "COSEA "SEA "OOSEA "PEA
- a
3 1 a a a
@ 3 a 3
o
= ! B
2.5 1 c
+ ¢
d
% cc c §
= o {fdd d WS a€ d d
& 1 ¢ g ke
g g‘ f f e f f
E H g 9 f 9 g &
g h h 3 @h h 1
= 151 h g i h g
o - i | g it { hf
: g hg
5 h g g h jh
(i h h ]
s h h i ] |
£ 11 | ; I L
o i
i .
S o051 i k 1 i
g
- o K K K Kk Bk K
Conway Kibler MP2003 MP3 Pinetree TN146 TN4 TN5
Isolates

Fig. 1. Number of pycnidia produced per plate by eight Macrophomina phaseolina isolates on five
media: peanut extract-treated filter paper on the top of soynut butter extract agar (SEA) (PESEA),
canola oil-treated filter paper on the top of SEA (COSEA), SEA, olive oil-treated filter paper on the
top of SEA (OOSEA), and peanut butter extract agar (PEA). Bars with the same letter are not signifi-

cantly different at P = 0.05.
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highest number of pycnidia per plate was
produced by the isolate Conway on PE-
SEA (1,072 pycnidia/plate), and PESEA
medium had the highest pycnidial produc-
tion for each isolate compared with the
other media, except with isolate Mp3,
which had pycnidial production on
COSEA that was not significantly different
than production on PESEA. The number of
pycnidia produced on COSEA was similar
to production on OOSEA, whereas pycnid-
ial production on SEA tended to be higher
than on PEA. The isolate Mp3 tended to
produce more and TNS less pycnidia over
all of the semi-defined media than the
other isolates.

There was also a highly significant in-
teraction (P < 0.01) between M. phaseo-
lina isolates and pycnidial induction media
for conidia produced per plate (Fig. 2),
indicating the dependence of each isolate
on induction medium for the amount of
conidia produced. Isolate Mp3 on PESEA
had the highest conidia per plate (2.1 x 10°
conidia/plate) but the amount was not sig-
nificantly higher (P > 0.05) than the
amounts on COSEA, SEA, or OOSEA. As
with pycnidial production, the amount of
conidia produced by each isolate was
higher on PESEA than on the other media.
Conidia production was similar on COSEA
and OOSEA, SEA tended to produce more
conidia than PEA, and there were no
pycnidia (thus, no conidia) produced on
plain filter paper placed on the top of WA
or PDA.

Production of pycnidia and conidia of
eight isolates on PESEA and LWA. A
highly significant (P < 0.01) interaction
was found between the two pycnidial in-
duction media, PESEA and LWA, and
eight M. phaseolina isolates for pycnidia
produced per plate in experiment 2 (Fig.
3), indicating the dependence between
media and isolate as found in experiment
1. Pycnidial production by the isolates was
similar on both media except for the iso-
late Conway, which had a significantly
higher number of pycnidia per plate on
PESEA (924 pycnidia/plate) than on LWA
(506 pycnidia/plate). The Kibler isolate on
LWA had the highest number of pycnidia
per plate (956 pycnidia/plate) but it was
not significantly (P > 0.05) higher than its
production on PESEA (799 pycnidia/
plate).

There were highly significant (P < 0.05)
differences between the main effects, in-
duction media (PESEA and LWA), and
isolates for the amount of conidia pro-
duced per 80 pycnidia; however, no sig-
nificant interaction occurred between these
main effects. LWA produced 2.6 x 10* and
PESEA produced 2.3 x 10* conidia per 80
pycnidia. Isolate Mp2003 produced sig-
nificantly (P < 0.05) more conidia than all
other isolates, and Conway produced the
lowest number of conidia per 80 pycnidia,
which was significantly (P < 0.05) lower
than all of the other isolates (Table 2).
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Germination and infectivity of conidia
produced on PESEA. There were no
significant differences among the isolates
for percent germination of conidia pro-
duced on PESEA. The mean percent ger-
mination was 83 + 2%. All 39 radicles of
each inoculated genotype inoculated with a
conidial suspension produced a visible
necrotic lesion. Lesion length produced on
the charcoal-rot-susceptible soybean line

LS98-0358 (2.9 mm) was significantly
higher (P < 0.01) than the lesion length on
the partially resistant cv. DT97-4290 (0.5
mm), indicating that the Pinetree conidia
were highly infective and could be used to
differentiate a susceptible from a partially
resistant genotype.

Morphological characteristics of M.
phaseolina pycnidia and conidia. M.
phaseolina pycnidial and conidial dimen-
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Fig. 2. Number of conidia produced per plate by eight Macrophomina phaseolina isolates on five media:
peanut extract-treated filter paper on the top of soynut butter extract agar (SEA) (PESEA), canola oil-treated
filter paper on the top of SEA (COSEA), SEA, olive oil-treated filter paper on the top of SEA (OOSEA), and
peanut butter extract agar (PEA). Bars with the same letter are not significantly different at P = 0.05.
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Fig. 3. Number of pycnidia produced by eight Macrophomina phaseolina isolates on leaf water agar
(LWA) and peanut extract-treated filter paper on the top of soynut butter extract agar (PESEA). Bars
with the same letter are not significantly different at P = 0.05.

sions fit the descriptions reported by the
species (1,4,10). Pycnidia were globose
and erumpent at maturity on soybean leaf-
lets. On filter paper, the pycnidia were
globose to fusiform. All pycnidia observed
were dark to grayish colored and each
appeared to have a conspicuous, single,
clear or hyaline ostiole. Elliptical, unicel-
lular conidia oozed from the ostioles of
mature pycnidia, with dimensions in a 3:1
length/width ratio, in agreement with pre-
vious reports (1).

DISCUSSION

The quality and quantity of pathogen in-
oculum influence host reaction during
disease establishment (2). High repeatabil-
ity of inoculations is enhanced by stan-
dardization of both inoculum quality and
quantity (2). Previous soybean charcoal rot
resistance tests involved inoculating soy-
bean plants with infested grain, such as
millet (19), or planting in infested soil
(12,15). Although these methods have been
suitable for comparing the resistance in a
relatively few soybean genotypes in an
experiment (19), they may not be practical
in large experiments with a number of
genotypes. For example, inoculum and
inoculation standardization is critical to
determine resistance phenotypes in tests of
mapping populations derived from crosses
between resistant and susceptible geno-
types, where several hundred plants may
need to be tested with high repeatability to
detect small differences in resistance.

With improving repeatability of M.
phaseolina inoculations a goal, the primary
objective of this study was to find a
method that produced sufficiently abun-
dant M. phaseolina conidia from different
soybean isolates to use as inoculum to
efficiently screen a large number of soy-
bean genotypes for resistance to charcoal
rot. Various culture media have been used
to induce M. phaseolina pycnidia produc-
tion (1,2,7-9). We had previously screened
over 20 different media previously re-
ported (1,2,8,9) for production of conidia.
Based on those preliminary studies, three
media, PEA, SEA, and soybean leaflets,

Table 2. Mean number of conidia produced in
80 pycnidia formed on leaf water agar and on
peanut extract-treated filter paper on soynut
butter extract agar by eight Macrophomina
phaseolina isolates”

Isolate No. of conidia x 104
MP2003 43a

Pinetree 37b

MP3 3.1c

TN4 2.7cd
TN146 23d

Kibler 1.6e

TNS 13e
Conway 0.6 f

z There was no significant interaction of media—
isolate; thus, means were averaged over the
two media. Means followed by the same letter
were not significantly different at P = 0.05.
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appeared to be the most promising; thus,
they were examined in this study. PEA and
SEA were compared with four other media
and the most promising was compared
with soybean leaflets. Although pycnidia
production of eight M. phaseolina isolates
was dependent on the induction medium in
this study, overall, PESEA and soybean
leaflets provided for good levels of
pycnidia and conidia production by each of
the soybean isolates tested.

PESEA is a modification of the method
reported by Knox-Davies (8,9), with dif-
ferences in the agar medium supporting the
PE-treated filter-paper disk and the quality
of irradiation during incubation. Knox-
Davies used a more defined medium con-
taining MgSO,, KH,HPO,, glucose, pep-
tone, and DL-asparagine than used in our
study. In addition, cultures were incubated
first for 24 h in the dark, followed by long
wave UV light for up to 5 days, with a
minimum of 24 h needed to induce sporu-
lation (9). Our tests indicated that near-UV
irradiation, provided by the BLB fluores-
cent tubes, was sufficient to induce pycnid-
ial production on PESEA and other media
tested.

No pycnidia were produced on plain fil-
ter paper placed on the top of WA or PDA,
indicating that substances extracted from
soynut and peanut butter or from canola or
olive oil were helpful in inducing pycnidia
formation. Oleic acid in ether extracts
from peanut was previously found to en-
courage M. phaseolina pycnidia produc-
tion under UV irradiation (14), and this
was corroborated in this study. Although
olive and canola oils contain higher levels
of oleic acid than peanut (6), in this study,
the PE-treated filter paper tended to pro-
duce more pycnidia overall. Therefore, it
appears that there may be other substances
in the PE that helped encourage pycnidia
production. The number of pycnidia pro-
duced on either PEA and SEA without
filter paper was relatively low compared
with PESEA. This suggested that the filter
paper provided a platform similar to the
highly cellulosic plant debris on which
pycnidia are produced in nature. Filter
paper was previously reported to encour-
age M. phaseolina pycnidia production
(17) and sporulation in other imperfect
fungi (16).

Although there were no significant dif-
ferences in pycnidial induction between

1092 Plant Disease /Vol. 94 No. 9

LWA and PESEA, conidia were much
more easily harvested and had less debris
when harvested from filter paper compared
with leaves. In addition, it is possible that
leaflets from other soybean genotypes,
developmental stages, or ages could give
different results than those found in this
study. Therefore, the semi-defined PESEA
medium may produce more consistent
results in different laboratories.

The pycnidial stage of M. phaseolina is
common on garden and jute bean cultivars
and has also been reported on soybean (8).
Pycnidia immersed in infected host tissues
may provide conidial inoculum for secon-
dary spread among host plants in the field,
although this does not appear to be com-
mon, at least in soybean grown in the
United States where pycnidial occurrence
on soybean debris appears to be infre-
quent. The use of M. phaseolina conidia to
inoculate plants for resistance evaluation
had not been previously reported, possibly
because previous attempts to produce
pycnidia in culture were not inconsistent.
Results in this study demonstrated that M.
phaseolina pycnidia from multiple soy-
bean isolates were produced in culture and
that inoculation with conidial inoculum
can distinguish charcoal-rot-resistant from
-susceptible soybean genotypes. Use of
PESEA to produce conidia for inoculum
for use in a high-throughput charcoal rot
resistance screening program will greatly
facilitate charcoal rot resistance evaluation
and could help expedite development of
new soybean cultivars with improved char-
coal rot resistance.
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