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ABSTRACT

Delwiche, P. A., Grau, C. R., Holub, E. B., and Perry, J. B. 1987. Characterization of
Aphanomyces euteiches isolates recovered from alfalfa in Wisconsin. Plant Disease 71:155-161.

Aphanomyces-like fungal isolates recovered from alfalfa seedlings (alfalfa isolates) were
morphologically similar to isolates of A. euteiches recovered from pea and green bean but were
distinctly different from A. cochlioides. All alfalfa isolates were highly pathogenic on alfalfa, and
one isolate was statistically more pathogenic to pea than other alfalfa isolates. All alfalfa isolates
caused essentially no symptoms on hypocotyls and a low level of disease on roots of green bean.
Green bean, lima bean, soybean, table beet, radish, oat, and t6mato were determined to be
nonhosts to alfalfa isolates of A. euteiches. Sweet clover was moderately susceptible, red clover and
white clover expressed low susceptibility, and birdsfoot trefoil was highly resistant to A. euteiches.
All alfalfa isolates but one grew slower than pea and bean isolates when incubated at 16-28 C.
However, growth of alfalfa isolates, like that of pea isolates, was good at 32 C compared with poor

growth by bean isolates at 32 C.

Biotic and abiotic factors can influence
the establishment of forage legumes
(23,32). Alfalfa seedling diseases are
generally attributed to pathogens such as
Pythium spp. (5,10,28), Fusarium spp.
(28), Rhizoctonia solani Kiihn (10,28),
Phytophthora megasperma Drechs f. sp.
medicaginis (P. m. f. sp. megasperma)
(Kuan & Erwin) (10,14,21,27), and the
root lesion nematode (Pratylenchus
penetrans Cobb, Filipjev, and Schur.-
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Stek.) (20,30). The sensivity of alfalfa to
flooded soil conditions is well docu-
mented, as is the fact that some root
diseases are favored by such an environ-
ment (1-4,14).

We frequently recover an Aphano-
myces-like fungus from field soils where
the use of Phytophthora-resistant
cultivars or metalaxyl fungicide does not
improve the health of alfalfa seedlings.
Aphanomyces sp. was previously
recovered from alfalfa in Ohio (28) and
Ontario (18). Schmitthenner (28) de-
scribed isolates that were morphologically
similar to A. euteiches Drechs., an
important pathogen of pea (Pisum
sativum L.) (22,26) and green bean
(Phaseolus vulgaris L.) (25). However,
McKeen and Traquair (18) reported
their isolates to be similar to A.
cochlioides Drechs., a destructive

pathogen of beets (Beta vulgaris L.) (22).
Isolates of Aphanomyces recovered from
alfalfa have not been directly compared
with isolates recovered from other hosts.
Thus, we report on: 1) in vitro
characteristics of isolates of Aphanomyces
recovered from alfalfa, 2) host ranges of
several of these isolates, and 3) compara-
tive pathogenicity of alfalfa isolates with
isolates of A. euteiches from pea and
bean and with A. cochlioides.

MATERIALS AND METHODS

Isolation of Aphanomyces sp. Soil was
obtained from six Wisconsin alfalfa
fields in which Phytophthora-resistant
cultivars were not successfully established.
Thirty Vernal alfalfa seeds were planted
in each soil in plastic 600-cm’ containers,
which were placed in a controlled-
environment chamber at 24 C. After 3
days (early seedling emergence), soils
were flooded for seven consecutive days.
Alfalfa seedlings were selected from each
soil, surface-disinfested with a 0.5%
NaOCl solution, plated on metalaxyl-
benomyl-vancomycin sulfate agar
(MBVA) (24), a semiselective medium
for Aphanomyces sp., and incubated at
22 C. Colonies with mycelium typical of
Aphanomyces spp. were transferred to
cornmeal agar (CMA) and incubated at
22 C.

Morphological characteristics.
Twenty-eight isolates of Aphanomyces
recovered from alfalfa, two isolates of A.
euteiches (A. e.) f. sp. pisi (S11and P14,
W. F. Pfender), two isolates of A. e. f. sp.
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phaseoli (Cl and S2, W. F. Pfender), and
one isolate of A. cochlioides
(ATCC ACBI122, C.L. Schneider) were
cultured on Difco CMA for 14 days at 24
C. The diameters of oogonia and the
number of antheridia per oogonium were
determined by examining 50 oogonia per
isolate. Isolates were induced to form
sporangia by floating agar plugs (5 mm
diameter), cut from margins of colonies
grown on CMA, in sterile Emerson water
(19) (1:1, filtered water from Lake
Mendota:glass distilled water) and
incubated at 25 C.

Temperature relations. Twelve isolates
of Aphanomyces recovered from alfalfa
(isolates 317, 349, 418, 461, 627, 1301,

1517, 1518, 1528, 1529, A015, and A027),
two isolates of A. e. f. sp. pisi (S11 and
P14), and one isolate of A4. e. f. sp.
phaseoli (C1) were incubated on CMA at
4,8, 12,16, 20, 24, 28, 32and 36 C. Radial
growth was measured and expressed as
millimeters of growth within 24 hr.
Pathogenicity studies. The patho-
genicity of 28 isolates from alfalfa was
compared with that of two isolates each
of A. e. f. sp. pisiand A. e. {. sp. phaseoli
and one isolate of A. cochlioides. Seed of
the alfalfa cultivars Vernal, Answer, and
Apollo II were planted in plastic seed-
cavity trays (48 cavities per tray); each
individual cavity measured 2.5 X 2.5 X
7cm and was layered with a I-cm layer of

Fig. 1. Photomicrographs of vegetative and asexual reproductive structures of Aphanomyces
euteiches: (A) Comparison of typical right-angle branching of hyphae (h) of A. euteiches isolates
from alfalfa and (B) less evident for an isolate of A. eureiches f. sp. phaseoli. (C) Sporangia (s) and
development of primary spores (ps) in sporangia, and (D) release of primary spores (ps) in clusters
for an alfalfa isolate.
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vermiculite followed by 5 cm of sand.
Eight seeds were planted per cavity and
covered with 1 cm of vermiculite. Trays
were set in plastic boxes, and tap water
was added to a depth of 3cm. Three-day-
old alfalfa seedlings, three cavities per
isolate, were inoculated by placing a
mycelial plug (5 mm diameter) from each
isolate in each cavity 1 cm below the
surface. After inoculation, the water level
was raised to 2 cm from the top of the
tray. Seedlings were incubated for 14
days at 25 C. Disease severity was
recorded based on the following scale: 0
= no necrosis of roots, hypocotyls, and
cotyledons; 1 = minimal necrosis of
lateral roots, hypocotyls, and cotyledons;
2 = necrosis of roots and lower
hypocotyls and chlorosis and minimal
necrosis of cotyledons; 3 = extensive
necrosis of roots, hypocotyls, and
cotyledons and plants stunted; and 4 =
plants dead.

Host specificity studies. Aphanomyces
sp. (alfalfa isolates 317, 349, 418, and
1528), A. euteiches (bean Cl and pea
P14), and A. cochlioides (AC8122) were
compared as pathogens of alfalfa
(cultivars Vernal and Answer), pea
(cultivar 8221), green bean (cultivar
Eagle), table beet (cultivar Detroit Dark
Red), radish (Raphanus sativus L. cvs.
Red Prince and White Icicle), tomato
(Lycopersicon esculentum Mill. cv.
Bonnie Best), and oat (Avena sativa L.
cv. Dal), all reported to be hosts of
Aphanomyces spp. (29). Seeds of each
crop species were planted in the culture
system described earlier and maintained
in a growth chamber at 24 C with a 12-hr
photoperiod. Alfalfa, table beet, radish,
tomato, and oat seeds were planted eight
per cavity, and pea and green bean seed
one per cavity.

Mycelial mats were produced in
peptone-glucose broth, and the method
of Mitchell and Yang (19) was modified
by washing mycelial mats with Emerson
water rather than a salt solution to induce
zoospores. Zoospores (10° zoospores) of
each isolate were dispensed into each
cavity 4 days after planting for alfalfa,
table beet, tomato, oat, and radish and 7
days after planting for pea and bean.
Each host-isolate combination was
distributed in one row of cavities (six
cavities per row equals one replicate) and
was replicated five times. One isolate was
evaluated per plastic box. The planting
medium was saturated at the time of
inoculation and thereafter drained and
resaturated on alternate days. Plants
were incubated for 10 days at 24 C, then
plants were evaluated for disease severity
of roots, hypocotyl, or epicotyls on the
scale described. Also, reduction in plant
dry weight by Aphanomyces was
determined by computing the proportion
of dry weight of inoculated plants to that
of uninoculated plants.

Symptomatic tissues of green bean
hypocotyls, pea epicotyls, table beet



hypocotyls, alfalfa hypocotyls and roots,
oat roots, tomato hypocotyls and roots,
and radish hypocotyls were surface-
disinfested in 0.5% NaOCI for 30 sec,
rinsed twice in sterile distilled water,
blotted on paper towels, plated on
MBVA, and incubated at 22 C for 5 days.
Ten pieces of host tissue were assayed per
plate.

Susceptibility of legumes to alfalfa
isolates. Aphanomyces (alfalfa) isolates
317, 349, 418, 1517, 1528, and A015 were
tested for pathogenicity on the following
legume hosts: alfalfa (cultivars Answer
and Vernal), white sweet clover (Melilotus
alba L. Med. cv. Common), red clover
(Trifolium pratense L. cv. Arlington),
white clover (7. repens L. cv. Ladino),
birdsfoot trefoil (Lotus corniculatus L.
cv. Dawn), lima bean (Phaseolus lunatus
Macf. cv. Kingston), green bean (cultivar
Eagle), pea (cultivar 8221), and soybean
(Glycine max (L.) Merr. cv. Corsoy).
Seeds were planted in the aforementioned
culture system, and seedlings were
inoculated with zoospores (10°/cavity) 4
and 7 days after planting for the forage
legumes and other legumes, respectively.
Each host-isolate combination consisted
of six cavities per tray and was replicated
five times. After 10 days of incubation at
24 C, roots, hypocotyls, epicotyls, and
cotyledons were assessed for disease by
the previously described methods.

Statistical analysis. A randomized
complete block design was used for each
experiment. Analysis of variance and
Fischer’s least significant difference (P=
0.05) were used to compare treatment
means.

RESULTS

Morphological traits. 4Aphanomyces
isolates from alfalfa were morphologically
similar to A4. euteiches isolates recovered
from pea in terms of hyphae (Fig. 1A,B),
sporangia and primary spores (Fig.
1C,D), and oogonial characteristics
(Table 1, Fig. 2A,B). However, alfalfa
and pea isolates had more right-angle
branching of hyphae than bean isolates
(Fig. 1A,B). Isolates from alfalfa, pea,
and bean were similar in colony
appearance. Sporangia, primary spores,
and zoospores were readily observed and
were characteristic of the genus (Fig. |
C,D). Oogonia of alfalfa isolates
averaged 28.5 um in diameter and
ranged from 27 to 31 um. Oogonia of
alfalfa isolates were slightly smaller than
oogonia of A. e. f. sp. phaseoli but were
very similar to oogonial diameter of A.
e. f. sp. pisi (Table 1). Most oogonia of
alfalfa isolates had two antheridia per
oogonium but-ranged from one to four.
Morphology of oogonia and antheridia
was similar for alfalfa and pea isolates.
However, oogonia isolates from alfalfa
(Fig. 2A,B) were more plerotic than
isolates from bean (Fig. 2C,D). Also, the
antheridial stalks of bean isolates were
more distinct than those of alfalfa

isolates. Morphological characteristics
for Aphanomyces isolates from alfalfa
were distinctly different from our isolate
of A. cochlioides. The mean diameter of
oogonia for our isolate of A. cochlioides
was 22.5 um, and up to six antheridia
were observed per oogonium. We con-
clude that the Aphanomyces isolates
recovered from alfalfa belong to the
species A. euteiches, based on morpho-
logical criteria set forth by Scott (29).
Effect of temperature on radial
growth. Differences in radial growth
among alfalfa isolates 317, 461, 627,
1301, 1517, 1529, A01S5, and A027 were
not statistically significant and are
reported as a combined mean of the
“alfalfa group.” Radial growth rates of
alfalfa isolates 349 and 418 were
statistically different from each other and
other isolates, thus, their means are
reported separately. Radial growth of
both isolates from pea is reported as a
combined mean. The rate of radial
growth for all isolates of A. euteiches
increased as temperatures increased from
8 to 28 C (Fig. 3). In general, isolates of
A. e. f. sp. pisi grew faster than alfalfa
isolates, except isolate 349 and A. e. f. sp.
phaseoli. Pea and alfalfa isolates grew

much faster than bean isolates at 32 C,
indicating a closer similarity between pea
and alfalfa isolates than between alfalfa
and bean isolates. Alfalfa isolate 349
grew faster than all other isolates from
alfalfa, and its growth rate was similar to
those of pea isolates. Alfalfa isolate 418
grew the slowest of all isolates evaluated.

Pathogenicity to alfalfa. Most A.
euteiches isolates recovered from alfalfa
were highly pathogenic to alfalfa (Table
1), with the exception of isolates 723 and
863. Isolate 863 produced hyphae typical
of A. euteiches but did not form oogonia
or sporangia. Alfalfa cultivars did not
differ in their reactions to individual
isolates, and combined means are
reported (Table 1). Isolates from green
bean caused minimal symptoms on
alfalfa, but isolates from pea caused
disease levels similar to those caused by
alfalfa isolates. The isolate of A.
cochlioides caused no symptoms on
alfalfa seedlings.

Host specificity studies. Mean disease
severity values for isolates 317, 1528, and
418 were not statistically different from
each other for each host, thus a combined
mean (alfalfa 1) is reported for these
isolates (Fig. 4). All alfalfa isolates were

Table 1. Comparison of Aphanomyces isolates from alfalfa, pea, bean, and sugar beet for
morphological traits and pathogenicity to alfalfa

Qogonium
diameter  No. antheridia Aphanomyces-type
Isolate Host (mm) per oogonium sporangium Pathogenicity*
235 Alfalfa 31.0 1-4 + 3.0
238 Alfalfa 28.2 1-3 + 3.0
317 Alfalfa 27.6 1-3 + 2.7
349 Alfalfa 27.0 1-3 + 3.0
418 Alfalfa + 3.0
460 Alfalfa 30.4 1-3 - 2.0
627 Alfalfa + 3.0
722 Alfalfa 28.7 1-3 + 3.0
723 Alfalfa 279 1-2 - 1.3
727 Alfalfa 30.1 1-4 = 3.0
741 Alfalfa 28.2 1-2 + 3.0
1317 Alfalfa 27.0 1-4 + 3.0
1319 Alfalfa 271.5 1-3 - 27
1321 Alfalfa 28.4 1-4 + 2.7
1517 Alfalfa 29.8 1-4 + 3.0
862 Alfalfa 29.2 1-4 + 3.0
863 Alfalfa - 2.0
864 Alfalfa 27.0 1-3 = 3.0
1302 Alfalfa 29.1 1-3 + 3.0
1303 Alfalfa 29.0 1-3 + 3.0
1305 Alfalfa 27.8 1-3 + 3.0
1317 Alfalfa 27.0 1-4 + 3.0
1529 Alfalfa 28.3 1-3 + 3.0
1539 Alfalfa 29.8 1-3 + 3.0
1700 Alfalfa 27.6 1-3 + 3.0
A0IS Alfalfa 29.1 1-2 + 3.0
A027 Alfalfa 29.5 1-3 + 3.0
1528 Alfalfa 279 1-3 + 3.0
Cl Bean 31.8 1-4 + 0.7
S2 Bean 32.7 1-4 + 0.0
S11 Pea 26.7 1-4 + 2.7
Pl4 Pea 26.9 1-4 + 2.7
AC 8122 Sugar beet 22.5 1-6 + 0.0
* Pathogenicity assessed on a scale of 0-4: 0 = no symptoms; | = slight root discoloration; 2 =

moderate to extensive root discoloration and/or cotyledon chlorosis and/or slight to moderate
hypocotyl discoloration; 3 = extensive discoloration of roots and hypocotyls, cotyledon tissues

collapsed; and 4 = plants dead.
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highly pathogenic to alfalfa. Although
similarin pathogenicity to alfalfa, isolate
349 (alfalfa 2) was statistically more
pathogenic to pea than other alfalfa
isolates and thus was reported separately
(Fig. 4). All alfalfa isolates caused
essentially no symptoms on stems and a
low level of disease on roots of green bean
(Fig. 4A,B). A. e. f. sp. pisi was more
pathogenic to alfalfa than was A. e. f. sp.
phaseoli but was less pathogenic than
isolates from alfalfa. A. cochlioides
caused minimal disease on alfalfa, pea,
and bean but was very pathogenic to
table beets (Fig. 4). Some degree of host
specificity was alsp measured when

assessed in terms of percent isolation
from plant tissues (Fig. 4C). Alfalfa
isolates were not readily isolated from
other crop species, except alfalfa isolate
349, which was readily isolated from pea.
All isolates of A. euteiches were
recovered from alfalfa, but isolation of
A. cochlioides was limited to beets. The
effect of Aphanomyces species on plant
weight (Fig. 4D) was similar to the trends
for disease severity (Fig. 4A,B). Alfalfa
isolates reduced plant weight of alfalfa
seedlings much more than they reduced
plant weights of pea, bean, and table
beet. Alfalfa isolate 349 did not reduce
plant dry weight of pea to the degree

Fig. 2. Oogonia of Aphanomyces euteiches formed in culture. (A) Oogonia (o) of alfalfa isolates
forming in clusters with attached antheridia (an). (B) Antheridial stalks of alfalfa isolates are short
or not observed. (C) Antheridial stalks of A. euteiches f. sp. phaseoli are long, and many originate
from different hyphae. (D) Aplerotic zone is quite large for isolates of A. eureiches f. sp. phaseoli
compared with those of isolates from alfalfa.
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expected based on disease severity of
stems and roots. However, pea and bean
strains of A. euteiches caused fewer but
significant reductions in plant weight of
alfalfa plants. All isolates of A. euteiches
from alfalfa, pea, and bean and A.
cochlioides caused no symptoms of, were
not isolated from, or caused no plant
weight reduction of tomato, oat, and
radish.

Susceptibility of legumes to alfalfa
isolates. Root disease severity (Fig. 5A)
and percent reduction in plant weight
(Fig. 5B) were used to compare the
relative susceptibility of several legume
species to isolates of Aphanomyces
recovered from alfalfa. Isolate means
were not significantly different from one
another, thus combined means are
presented in Figure 5A,B. Both alfalfa
cultivars (Vernal and Answer) were more
susceptible to A. euteiches than to other
forage species as determined by all
measures of pathogenicity (Fig. SA,B).
Although less susceptible than alfalfa,
sweet clover was more susceptible than
other forage legumes. Lima bean, green
bean, pea, and soybean were determined
to be poor hosts to alfalfa isolates of A.
euteiches based on statistically insignifi-
cant differences between inoculated and
uninoculated plants for all measures of
pathogenicity. Alfalfa isolate 349 was less
pathogenic to pea in this study than in
other studies (Figs. 4 and 5). A. euteiches
was isolated from alfalfa, sweet clover,
red clover, pea, green bean, lima bean,
soybean, white clover, and birdsfoot
trefoil at frequencies of 65, 65, 31, 21,0, 0,
0, 0, and 0%, respectively.

DISCUSSION

Aphanomyces isolates recovered from
alfalfa plants were identified as A.
euteiches according to Scott’s criteria
(29). Oogonial measurements of our
alfalfa Aphanomyces isolates fell within
the same range (27-31 um) as the
oogonia of A. e. f. sp. pisiand A. e. f. sp.
phaseoli (25), but we found A. cochlioides
oogonia to be smaller (22.5 um). We also
found our alfalfa isolates to have oogonia
diameters similar to that of McKeen and
Traquair's (18) alfalfa isolate 460 (29
mm). Colony appearance of Aphanomyces
isolates recovered from alfalfa also
supports the designation of our alfalfa
isolates as A. euteiches. Whereas A.
cochlioides (AC 8122) produces superficial
dense growth on CMA with a strongly
directional pattern of growth (29), our
isolates from alfalfa produce a less dense
superficial colony with less directional
growth patterns similar to A. e. f. sp. pisi
and f. sp. phaseoli. Our data agree with
McKeen and Traquair (18) that maximum
radial growth of alfalfa isolates occurs at
28 C and that radial growth isless at 32 C.
Radial growth was slightly faster for pea
isolates, but pea and alfalfa isolates were
similar in that radial growth was still
pronounced at 32 C in contrast to the



bean isolate, which essentially stopped
growth at 32 C (25).

Speciation of alfalfa Aphanomyces
isolates also was supported by patho-
genicity studies. Alfalfa seedlings were
severely diseased by isolates of A.
euteiches from alfalfa. The degree of host
specificity that we found among A.
euteiches isolates from pea, bean, and
alfalfa for their respective hosts was less
well defined than the specificity of A.
cochlioides for beet. Our results showed
for all measures of pathogenicity that 4.
euteiches isolates from alfalfa were more
pathogenic on alfalfa than on pea or
bean. However, alfalfa isolate 349
appeared, with respect to pathogenicity
and radial growth on agar at high
temperatures, more similar to pea
isolates than did all other alfalfa isolates.
Our results indicated a trend for pea
isolates to be more aggressive on alfalfa
and bean than were alfalfa and bean
isolates on pea. Previous reports indicate
that isolates from pea are moderately
aggressive on alfalfa (6,16,31). Schmitt-
henner (28) isolated two types of
Aphanomyces from alfalfa and designated
the two types A. euteiches and alfalfa
Aphanomyces. He regarded the alfalfa
Aphanomyces as a strain of A. euteiches
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Fig. 3. Effect of temperature (C) on radial growth (mm/24 hr) of Aphanomyces euteiches alfalfa
isolates 349 and 418 and combined means of isolates 317, 461, 627, 1301, 1517, 1518, 1529, A015,
A027, A. euteiches f. sp. pisi (S11 and P14), and A. euteiches f. sp. phaseoli (C1).
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Fig. 4. Pathogenic effect of Aphanomyces euteiches isolates from alfalfa (alfalfa 1 =isolates 317, 418, and 1528; alfalfa 2= isolate 349), A. euteiches f.
sp. pisi (isolate P14), A. euteiches f. sp. phaseoli (isolate C1), and A. cochlioides on alfalfa, pea, green bean, and beets as measured by (A) stem disease
severity, (B) root disease severity, (C) percent isolation from roots, and (D) percent reduction in plant weight.
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because alfalfa isolates were pathogenic
to alfalfa only, whereas isolates from
peas caused only minimal postemergence
death of alfalfa. Haglund and King (9)
suggested that alfalfa Aphanomyces
isolates are strains of A. euteiches
pathogenic to alfalfa but less aggressive
on pea. McKeen and Traquair (18)
reported their Aphanomyces isolates
from alfalfa resembled A. cochlioides
more than A. euteiches, although they
failed to parasitize sugar beets. We
support the conclusions of Schmitthenner
(28) and Haglund and King (9) that
isolates of A. euteiches from alfalfa are
more aggressive on alfalfa than on pea.
However, because of the small number of
isolates from pea and bean, we conclude
that the evidence is not sufficient to
assign a new forma specialis to isolates
recovered from alfalfa.

The pathogenicity of alfalfa Aphano-
myces isolates to other forage legumes
was of great interest. In most cases, red
clover and birdsfoot trefoil are successfully
established in sites naturally infested with
Aphanomyces sp. Alfalfa was more
susceptible to A. euteiches than other
forage species, although sweet clover was
more susceptible than red clover, white
clover, and birdsfoot trefoil. The latter
three forage species were concluded not

P PEA
BT BIRDSFOOT TREFOIL
SB SOYBEAN

ROOT DISEASE SEVERITY INDEX
©
s

AV ALFALFA-VERNAL
AA ALFALFA-ANSWER
SC SWEET CLOVER
RC RED CLOVER

GB GREEN BEAN

LB LIMA BEAN

SB SOYBEAN

WC WHITE CLOVER
BT BIRDSFOOT TREFOIL

PERCENT REDUCTION IN SEEDLING WEIGHT

Fig. 5. Effect of Aphanomyces euteiches,
composite of alfalfa isolates 317, 349, 418,
1517, 1528, and AO0I1S, on (A) root disease
severity indices (scale of 1-4, where 0 = no
necrosis of roots, hypocotyls, and cotyledons;
1 = minimal necrosis of lateral roots,
hypocotyls, and cotyledons; 2 = necrosis of
roots and lower hypocotyls and chlorosis and
minimal necrosis of cotyledons; 3 = extensive
necrosis of roots, hypocotyls, and cotyledons
and plants stunted; and 4 = plants dead) and
(B) percent reduction in seedling weights of
alfalfa, sweet clover, red clover, white clover,
birdsfoot trefoil, lima bean, green gean, pea,
and soybean.
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to be good hosts for A. euteiches. Our
results are supported by Cunningham
and Hagedorn (6), who found red clover
and birdsfoot trefoil to be poor host but
white sweet clover to be a moderate host
to A. euteiches isolates originally
recovered from pea.

The impact of A. euteiches alone has
not been investigated, but its frequent
association with P. m. {. sp. medicaginis
leads us to speculate that both pathogens
act together to form a disease complex.
Phytophthora-resistant cultivars establish
and persist longer than susceptible
cultivars in wet-soil environments
(12,13,17) but still decline at an
unsatisfactory rate when both P. m. f. sp.
medicaginis and A. euteiches are present
(11). Poor performance of Phytophthora-
resistant cultivars can be attributed to
differences in seedling resistance to
Phytophthora root rot for alfalfa
cultivars with equal adult plant resistance
(21), the presence of highly virulent forms
of P. m. f. sp. medicaginis capable of
causing extensive disease on highly
resistant cultivars (7,8), and lower
expression of Phytophthora resistance at
temperatures higher than 24 C (E. B.

Holub, unpublished). In addition,

abiotic stress associated with water-
saturated soils can alone be a major cause
of poor alfalfa growth in wet soils
(1-4,33) or predispose plants to Phytoph-
thoraroot rot (4,15). Our studies pursued
another biotic factor, leading us to the
frequent association of A. euteiches with
poor productivity of alfalfa in wet soils in
Wisconsin. Identification of an additional
pathogen provides the basis to more
thoroughly investigate the biotic and
abiotic factors associated with poor
alfalfa productivity in wet soils. Alva et al
(1) refer to this situation as a “wet-soil
syndrome.” Pythium spp. and P. m. f. sp.
medicaginis are traditionally regarded as
major biotic factors associated with
water-logged soil environments, but we
conclude that A. euteiches is a neglected
factor in the wet-soil syndrome and
warrants further investigation. Current
studies are directed at pathogen variability,
the identification of resistance to A.
euteiches, the impact of resistance on
yield performance of alfalfa, and the
direct comparison of seedling disease
caused by A. euteiches and P. m. f. sp.
medicaginis.
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