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Introduction

Pathogenesis in A, cochlioides Drechs. is dependent to a great
extent upon high soil moisture. Free water 18 necessary not only
for mmpommrium and zoospore [ormation, bat also for move-
ment of the 700spoTes through the soil and infection ol the host
plant {1, 2% I moisture Jmuld become lumtting during this
period of motility and infection, the effective exposure time of
the sugar b(“i to infection and the relative number of infections
susmme(! the scedlings would be reduced. Furthermove. the
number ol ini”(’(tl(m\ sustained 1 v the seedlings might show some
relationship to the severity of black root Symptom  expression.
To investigate these proposed relationships. in vifro inoculations
were performed usintr standardized concentrations ol zoospores
and definite times of exposure of the sugar beet seedlings to the
zoospore noculum.

Materials and Methods

The cultare of A, cochlioides used in this investigation was
obtained Irom diseased seedlings growing in artificially infested
freld soil. For zoospore production, cultuves of A. cocklioides
were grown for five days in 125 ml Hasks containing 50 ml of
a liquid nutrient medium. This medium consisted ol Difco-
Bacto-Peptone, 1.0 g.. Difco-Bacto-Yeast Extract, 1.0 ¢ potassium
mono-basic phosphate, 0.5 g, magnesium sullate, 0.5 ¢.. and dex-
trose, 2.0 o, dissolved in 1000 ml. of distilled water. At the end
of the growth period, the nutrient medium was decanted, the
culture was washed with sterile distilied water and then resus-
pended in 50 mi. ol sterile distilled water and placed at 20° (L
for 24 hours. Zoospore concentrations were (1ez,ummcd using a
Levy-Hausser counting chamber. Sugar beet scedlings, used in
these tests, were grown in steamesterilized soil From GAV.350
seemented seed. treated with N, I Ceresan. Al isolations {rom
inoculated sugar beet seedlings were made on corn meal agar
medium,
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Experimental Results

Zoospore  concentrations, able to cause uniform  inlection
within a 24-hour period, were determined in the following man-
ner. Zoospore suspensions containing 20, 200, 2,000 20,000 and
200,000 zoospores/mib. were made up in stevile distilled water
and used for inoculum. Four-day-old sugar beet seedlings, washed
frec of soil, were laid in culture dishes containing 20 ml. ol
coospore suspension. Four dishes of rwenty seedlings each were
prepared Tor each inoculum concentration and maintained at
207 (L for 24 hours, Seedlings in sterile distilled water were wused
as checks, Following this exposure to inoculum, the seedlings
were removed {rom the zoospore suspensions and washed vigor
ously in three changes of distitled water. A one-centimerer see-
tion of hypocoty! was removed [rom cach scedling and rranslerred
to a corn meal agar plate. Mycelium ol A. cochlioides, growing
from the infected tissue, was visible in 24 to 48 hours. All
hypocotyl sections from seedlings exposed to concentrations of
20,000 zoospores/ml. or greater were infected. Av the Tesser
roospore concentrations ol 2,000, 200, 20 and 0. nfection de-
creased to 80, 10, 2.0 and 0 percent vespectively (Table 1)

Table ] —Infection of Sugar Beet Scedlings Exposed for 24 Hours to Various Concen-
trations of Zoospores of A. enchiivides.

Hypocotyl Tufection

Number of Zoospores/mi, wumber Pereent
1] 0 0.0
20 2 2.5
200 g 10.0
2.000 64 80.0
20,000 i 100.0
200,000 Bl 100.0

Four-day-old sugar bect seedlings were next exposed 1o sus-
pensions containing 20,000 zoospores/mb for 2, 4, 8 16 and 24-
hour periods. Four culture dishes, containing 20 seedlings per
dish were prepared for cach time period, Inoculation and isola-
tion procedures were identical to those in the previous experi-
ment. Seedlings exposed for 2, 4. 8 and 16 hours were placed in
dishes of distilled water after washing and plated at the same time
as the 24-hour treatment. This provided the same period of time
for development of all infections. In all treatments, 80 pereent
or more of the seedlings exposed to the inoculum were infecred
(Table 2).
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Table 2.—Infection of Sugar Beet Scedlings Exposed o a Standard Zoospore Inoculum
of A. cochlivides for Various Periods of Time.

Hypocotyl Intection
Heours of Exposure

1o Inoculum Number Percent
] ¢ 0.0
2 64 80.0
1 66 83445
8 78 47.5
it s4 100.0
24 b} OO0

The mycelial growth produced from infected hypocotyl tissuce
was progressively more dense as time of exposure increased. "This
indicated that a greater number of infections had taken place
with a corresponding increase in time,

To determine if increase in time ol exposure 1o inocubum
would cause an increase in severity ol disease symptoms, inocu-
fated four-day-old sugar bect seedlings were transplanted 1o beneh
plots of steamssteritized sotl in the greenhouse. Times of cox-
posure to moculum, inoculation and solation procedures were
the same as above. Disease readings were made cight davs alter
transplanting, alter which the seedlings were removed rom the
soil and the entire hypocotyl excised and plated on corn meal
agar.

Seedlings exposed 1o the zoospore moculum for 16 and 24
hours showed, in addition 1o the usual hypocotyl blackening,
wilting and collapse of the hypocotyl tissue. Wilding was also
evident m the S-hour treatment, but most of the seedlings showed
only a severe hypocotyl discoloration. In seedlings exposed for
2- and 4-hour periods, hypocotyl blackening was not as severe
as in the 8-hour treatment and the majority ol the seedlings dis
played no above-ground symptoms of disease. However, isolations
from these symptomless plants showed Aphanomyces 1o be pres-
ent in most cases 1 a shightly discolored area, 1 to 5 mm. long,
at the base of the hypocotyl. To distinguish between these plants
and plants showing definite above-ground symptoms, two infection
categories were set up. Appavent infection values were based on
the percentage of seedlings showing above-ground symptoms,
Total infection values were based on the percentage of seedlings

from which A. cochlioides was isolated {Table 3).
Discussion

This investigation has shown that differences in time of ex-
posure ol sugar beet seedlings o a standard zoospore inocumunm
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Table 3Infection and Svmptom Expression in Sugar Beet Scedlings Exposed o a
standard Zoospore Incculum of A, cochilioides Tor Various Periods of Time.

Apparcnt Intection Total Infection
Hours of Exposure I
to Inoculum Number Pereent Number Percent

t} 0 0.0 0 9.0

2 16 200 Ty 87.5

3 30 U754 78 97.5

b 62 715 B 100.0

15 78 9.5 80 100.0

24 %4 1000 i 100.0

of 4. cochlioides vesult in different intensities of disease expres-
stonn. These differences in disease expression are believed 1o be
a {uncdon of the number ol infections sustained by the seed-
lings.  Although 1t was not possible 1o determine the actual
number ol infections, it appears that a certaln minimum number
are required to induce typical black root symptoms.  On the
other hand, there 1s apparently a level above which the mfections
are so numerous as to cause wilting and rapid death of the seed-
fing. Such symptoms suggest penetration of the normally resist-
ant vascular tissue or production of toxic products resulting from
the large number of infections.

Inoculation of sugar beer seedlings in vidro allows close con-
trol of noculum concentration and environmental f{actors affect-
ing the infection process. Such control is not possible when soil
is used as the wfection medium, This technique could be use-
ful in investigations of nutritional and biological factors affecting
infection and discase development. Also by providing uniformly
infected seedlings, a4 more accurate screening of Hnes of sugar beets
for resistance to 4. cochlioides would be possible.
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