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Hacrophomina phaseglina,
causal organisa of charcoal rot of soybean.
I. Laboratory tests for resistance. II. Implications of
conidia in epidemiology. III. Antimicrobial activity of
toxin(s).

INTRODUCTIORN

Macrorhomina gagggoiina {Tassi) Goid. causes charcoal
rot of over 500 plant species world wide (3€}. 'ﬁnder hot,
dry environmental conditions many economically important
crops suffer significant yield losses (13, 24, 28). 1In 1938
Vasudeva and Ashraf described charcoal rot of cotton as "the
most destructive and 1limiting disease im Punjab%, India
{30) . Livingston found charcoal stalk rot of corn and
sorghus to cause "considerable"™ damage in Hebrask; {(23). He
aobserved premature ripening and lodging in affected plants.
Corn losses of greater than 50% vere observed in soRre areas
of Kansas during the favorable conditions in 1980; state

losses were estimated at 5% {35).

Charccal rot is extremely important to growers of dryland
soybeans. Agarwal and Sarbhoy recorded soybean losses esti-
mated at 77% in northern India (1). Meyer et. al. mention
50% losses in Yugoslavia (28). In Kansas charcoal rot is
considered a major disease problem of soykean {35). In
1980, a -very dry year, Sim found plants in nearly every
field surveyed in the eastern one-third of Kansas in Sep-
tember and Octaber that had this disease, with incidences of

50~ 100% common (3%5).
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Charcoal rot of soybean may appear as a seedling blight

or as a root and stem rot (9). Infected seedlings often
develop reddish brown lesions that usually originate between
the crown and the cotyledomary node, often just above soil
level {9,386). Lesions turm brown to black and under hot,
dry conditions seedlings may die. Onder cool, noist condi-
tions infected plants may survive, but disease syaptoms can

appear later as hot, dry conditions develop (9).

In older plants root and stem rot occurs after aidseason
with lower stems and tap roots cften becoming light hrown.
leaves turn yellow and wilt but remain attached. Plants
prematurely ripen. Small black bodies {sclerotia) under the
epidermis give tissues a greyish-black color (9). Symptom
development and yield losses are most pronounced at 30-35C
as plants approach maturity under dry conditions (13, 24,

28) .

Macrophomina phaseolipa {Tassi) Goid. 1= Rhizoctonia
bataticola {[Taub.) Butl.], the fungus which causes this
disease, has two distinct structures: sclerotia, produced
in root and stem tissues, enable the fungus to survive in
crop debris for years (34, 41), and pycnidia which may be
important in airborne spread (25). The sclerotia, black anrd
smooth-to-irreqularly shaped are composed of thick, darkened
anastomosed mycelial cells. Size and shape of sclerotia are

quite variable , not only among isolates but also within
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isolates depending upoa the substrate and environmental con-
ditions (12). éhe pycnidial stage, considered uncommon on
soybean {3€), has been found on several hosts {36,43). The
globose pycnidia initially develop immersed in host tissues
but become erumpent af maturity. Pycnidiospores are hya-
line, aseptate, rodshaped conidia (22) that tend to be
extruded from pycnidia inr a gelatinous matrix ({12). Alt-
hough Lutrell {25) suggested a possible role for conidia,

critical epidemiological studies with conidia are lackinge.

Control of charcoal rot with systemic fungicides in soy-
bean has been studied by Kirkpatrick {(19). His results as
well as those of other investigators {5,16,37) indicate a
general lack of control through seed treatment in the 0.S.

7o date there are no chemicals commercially available for

use on soyhbean against 4. phaseolina.-

Since this fungus has a large host range and scleroctia
which may remain viable in the soil for many Years, crop
rotation or fallowing to starve inoculum dces not appear
feasible in control . Possible cultural control methods
suggested are the addition of organic amendments to increase
conpetitive microbial activity ('1,15), reduced seeding
rates to reduce moisture competition (36), and when possi-

ble, maintainence of high soil moisture {11).

Development of resistant cultivars, perhaps the most rea-

sonable control methad since irrigation is often impractial,
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has been suggested by many investgators (1, 24, 30, 33, 43).
In 1976 Agarwal and Sarbhoy (1), screened 1,569 germplasnm
lines/varieties under inocculated field conditions in India ,
and found 4 lines which were considered to show some resis-
tance. They measured lesion length and deemed those lines/
varieties resistant which had lesion lengths less than 10
Ch. In 1980, Schapaugh and Schwenk {(unpublished) screened
160 lines/varieties under natural field conditions in south-
castern Kansas and found 11 with no obvious infection. None
of the plants developed symptoms in a similar test in 1981,

probably due to abundant and timely rainfall.

Pield studies requirerlarge amounts of space, depend upon
variable weather conditions and are restricted to one plant
generation per year. FPor these reasons, laboratory techni-
ques enabling year round testing under constant environmen-
tal conditions are desirable. This study describes
attempts to develop such techniques, as vell as some ideas
on the epidemiology of conidia and possible roles of

toxin (s) .
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I. laboratory tests for resistance

Soybean germplasm has been evaluated under field condi-

tions for resistance to Macrophomina phaseolina (1). Such

tests are limited to one trial per year and depend upon
variable environmental conditions, including presence of
inoculum. Development of laboratory, growth chamber, and/or
7greenhouse evaluation procedureé would enable breeders to
screen plant materials year round under controlled environ-
mental conditions, thus making comparisons among breeding
materials less difficult. This paper describes several

attempts at developing such tests.
Materials and Methods

Seed test. Four seeds of a line/variety were surface
sterilized by stirring for 2 min in 0.8% sodium hypochlor-
itea. Seeds were then placed in a circular pattern approxi-
mately 2 cm from the center of a 100x15 mm petri dish con-
taining 25 @l Hoaqlands medium (17) with 1.5% agar (HA).
The center of each dish was inoculated with a 2 mm agar plug
of mycelius taken froms the advancing margin of a 2 day old
culture of M. phaseolipa grown om Difco lima bean agar (LBA)
at standard growth conditions (SGC) of 30 C and 6460 lux
continuous lighta. Control plates had surface sterilized
seeds but no inoculaun. Plates were incubated 4 days under

SGC, and seeds and seedlings evaluated for discoloration and

root growth.
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Seedlings in agar. Two surface sterilized seeds of a
variety were placed in a folil capped 1 1 graduated cylinder
with 300 ml HA. These seeds were maintained under SGC for 4
days and then a 2 mm agar plug with mycelium was placed on
the HA between the two developing seedlings. Plants vere

evaluated one week later for symptom develcpment.

Toothpick inoculation. Young {42) described a method for
ihoculating corn for ear and stalk rots using fungi grown on
toothpicks. He listed several advantages for the method: a
uniform amount of inoculum is introduced intc the plants;
different sections of the stalk can be inoculated with the
same or different organism at one time; the point of inocu-
lation is readily detected ; the spread of the pathogen
froer the peg is easily traced; and large populations can be

rapidily inoculated.

Young's method has been used to inoculate older soybeans
under field conditions (1, 39). We modified Young's proce-
dure for laboratory use with soybean seedlings. Pieces
approximately 1 cm loang were cut from the ends of round
toothpicks, placed in LBA, and autoclaved 15 min. These
ends were removed from molten agar and placed on 10 al soli-
dified LBA in 100x15 nm petri dishes. Por uniformity, tooth-
picks were arranged around the perimeter of the dishes with
the pointed ends facing inwards. A 2 mm agar plug of myce-

lium was placed at the center of each dish, and the dishes
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vere wrapped with Parafilm (American Can Co.,Greenwich,CT)

and incubated under SGC.

Soybean seeds were planted 1 c¢m deep in vermiculite in
pots watered from the bottom with tap water containing 1 gm
20:20:20 commerical fertilizer/l, and maintained in a growth
chamber at 28 C under 15000 lux continous 1light. After 4§
days, emerged plants were inoculated Lty inserting an
infested toothpick into each cotyledonary wmidvein. Nomnin-
fested toothpicks were used for controls. Plants incubated
at 30 C and light at 6460 lux and 100% relative humidity
were periodically rated for lesion development and séedling

decline.

Mycelial and sclerotial inoculugm. Soybean seed dextrose
broth {(55DB), used as ar growth medium for mycelial produc-
tion, was prepared by boiling 10 gm soybean seed in 200 al
distilled water for 15 min. The liquid fraction was fil-
tered through cheesecloth and adjusted to 200 &ml. After
adding 4 gm dextrose, the medium was autoclaved in a 500 ml
erlenmeyer flask for 20 min. Media in cooled flasks was
inoculated with a 2 =mm plug of m@mycelium and incubated at
room temperature on a rotary shaker at approx 75 RPM for 7
days. Difco potato dextrose broth (PDB) was used to obtain

sclerotia under the same conditions.

Growth media with mycelium or sclerotia vere blended in a

Waring blendor for 20 sec at low speed and then centrifuged
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at 2500 RPM for 2 min. The liquid fraction was decanted and
the fungus collected. These inocula were used in several
WaySa Two @l mycelium or sclerotia,packed volume, vere
diluted in 23 a1l distilled water. Seven—-day-old plants
grown under SGC vwere misted with these inocula, placed in
plastic bags for 24 hr at room temperature, then removed
from bags anh retqrned to the growth chamher. Control plants
vere treated the same but vere misted with water only.

After 7 days plants were examined for lesion development.

Roots were inoculated with diluted inocula by applying 2
ml per 10 cm square pot_containing eight 7-day-old seedlings
in vermiculite. seedlings were incubated under SGC for two
weeks and then rated for root lesion development against

noninoculated coatrols.

Undiluted mycelium or sclerotia were used to woand inocu-
late 4-7 day old seedlingse. Inocula were injected into the
cotyledon either along the midvein or several times along
the hypocotyl using a 22 ga needle. Plants were incubated
under SGC for 7 days and then examined for lesion develop-

ment and seedling mortality.

conidial inoculum. Sevéral isolates of M. phaseolina
that produce prolific numbers of pycnidia when grown under
SGC were placed on LBA along side autoclaved soykean leaves.
After 7 days 1leaves were peeled from the agar and placed in

a Waring blendor with 100 ml distilled water and 1 ml 0.1%
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Triton. Leaves were blended 30 sec at low speed and then
filtered through a layer of Kimwipes (Kimberly-clark Corp.,
Neenah,WI) several times until the filtrate was relatively
free of sclerotia and unbroken pycnidia. The filtrate was
centrifuged at 2500 RPM for 5 mim and the pellet collected.
Spore concentration was determined using a Bright—-Line hema-
cytometer {American Optical Co., anfaio,ﬂ!), and 3x10%
spores/ml applied to leaves of B8-day-old Columbus and Craw-
ford soybeans. After inoculation, plants were placed in
plastic bags for 48 hr and then incubated 8 days at 30-C.
Conidial  suspensions of 104-10% spores/ml were used to
inject plants in the same nmanner as with sclerotial and

mycelial inocula.

Plants also were inoculated by placing a droplet contain-
ing 1x10S spores/ml in fully expanded <flowers of 5 week old
soybean plants gqrown under 13000 lux for 10 hrsday at 24 C.

Plants were examined daily for signs and symptoms.

Stressed plant ipnocnlation. Soybean seeds were germi-
nated in vermiculite 4§ days in a growth chénber with 14 hr
of incandescent and fluorescent light at 13000 lux amnd 24 C
day /20 é night temperatures. Seedlings vwere then transfer-
red to 2-liter hydroponic tubs containing nutrient solution
1175 « Air wvwas continuously bubbled through the solution;
all solutions were changed weekly. Plants vere water
stressed after 7 days by the addition of polyethylene glycol

600 (PEG) ({(Sigma Chemical Co.,St.Louis,MO). Zero, -3, and
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-6 bars tension were obtained by adding 0%, 2.5%, and 7.5%
PEG, respectively, to the nutrient solution. Daylength was
decreased to 12 hr to induce flowering. One week later,
flowering plants were inoculated by injecting myceliun,
grown on LBA, into incisions made with a scalpal at the base
of the hypocotyl. The wounds were covered with petroleum
jelly and the plants incubated for another week. Plants were
then split 1longitudinally and internal lesion 1length mea-

sured.
~ Besults

Seed test. A 0-5 scale was used to evaluate seeds and
seedlings for discoloration and root development. Zero was
used for seeds which did not germinate, while 5 was used for
seeds that germipated and had root development equivalent to
controls. In seed discoloration evaluation, 0 represented
no discoloration and 5 complete discoloration. Table 1 lists
the mean seed discoloration and root development of &4
seeds/line tested 2-4 times. 0of the 212 lines/varieties
tested, lines PI189926, PI404190, and PI398185 showed the
least discolorationm and best root development with respect

to noninoculated controls.

Table 1 also lists the field results obtained from south-
eastern Kaansas by Schapaugh and Schwenk (unpublished). Mul-
tiple correlations coefficients were used to determine if
seed discoloration and/ocr root development could model field

results. BRoot development had aa R2=0.0006.
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