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A Greenhouse Technique for Assessing Phytophthora Root Rot Resistance
in Glycine max and G. soja

D. L. Pazdernik, Department of Crop Sciences, G. L. Hartman, USDA, Agricultural Research Service and De-
partment of Crop Sciences, and Y. H. Huang and T. Hymowitz, Department of Crop Sciences, University of Illi-
nois at Urbana-Champaign, Urbana 61801-4723

Phytophthora root rot, caused by Phy-
tophthora sojae H.J. Kaufmann & J.W.
Gerdemann, is an important soybean
(Glycine max (L.) Merr.) pathogen, which
caused an estimated 560,300-t reduction in
soybean yields during 1994 (20). Control
of P. sojae has been accomplished mainly
through the incorporation of race-specific
genes. Thirteen single dominant resistance
genes (Rps genes) have been identified at
seven loci, and 45 P. sojae races with dif-
ferent reactions against these resistance
genes have been described (1,15,18).
Compatible races of P. sojae possibly have

emerged as a result of selection pressure
due to the presence of race-specific resis-
tant cultivars (16), leading to the need for
alternative sources of P. sojae resistance in
the soybean germplasm pool. In addition to
race-specific resistance, the development
of tolerant cultivars, characterized as race-
nonspecific, may prevent the buildup of
any one specific P. sojae race (19). The
development of tolerant or partially resis-
tant cultivars with multiple race-specific
resistance genes would be optimal for the
control of P. sojae in soybean.

A fast, accurate, and precise screening
method that can be used to identify sources
of tolerant, partially resistant, and race-
specific resistant soybean germplasm
would aid in the development of cultivars
for optimal control of P. sojae. Many P.
sojae screening methods have been devel-
oped for tolerance (6,7,10,12,17,19) and
race-specific resistance screening (4,5,8,9,13).
One common tolerance screening method is
the mycelium-inoculum-layer method (19),
and a common, traditional method for
screening large populations and new sources
of germplasm for race-specific resistance is
the hypocotyl-inoculation method (5).

New sources of soybean germplasm are
continually being screened for P. sojae

resistance by soybean researchers with the
hypocotyl-inoculation method and other
methods that damage the plant stem. The
progenitor of cultivated soybean, a wild
annual species (Glycine soja Sieb. &
Zucc.), can readily hybridize with soybean
and may contain novel race-specific and/or
tolerance genes to P. sojae. However, an
initial problem with screening G. soja for
P. sojae resistance is that the stems are
thin, and therefore the hypocotyl-inocula-
tion and related methodologies cannot be
used.

The objectives of our research were to
develop a P. sojae screening method for G.
soja and then screen G. soja lines for re-
sistance to P. sojae races 1, 3, and 20.

MATERIALS AND METHODS
Alternative P. sojae screening method.

Four soybean differential lines (Altona,
Mack, Harosoy 63, and Harosoy) and three
P. sojae races (1, 3, and 20) were used in
the development of a P. sojae screening
method that could be used on thin-
stemmed seedlings. Two sets of 12 seeds
per line were planted in 10-cm-deep flats
containing a 1:1 mix of sterilized sand and
soil. Following germination, the number of
plants was thinned to 10 seedlings per line
per set, with all four lines planted in each
flat. Each flat contained eight total sets,
four lines with two sets per line, of 10
seedlings each. The seedlings were al-
lowed to grow for 10 days in a greenhouse
with a 16-h photoperiod, a 26/21°C
day/night temperature, and daily watering.
One set of each line per flat was inoculated
with P. sojae race 1, 3, or 20 using the
traditional hypocotyl-injection method (5).
The other set was inoculated using a new
plug-inoculation method as described be-
low with the same races of P. sojae.

P. sojae isolates were grown for 14 days
on V8 juice agar as previously described
(19). A 3-mm cork-borer then was used to
cut 3-mm plugs out of the colonies. A sin-
gle plug, mycelial-side down, was placed
on a cotyledon immediately adjacent to the
stem of each seedling. One P. sojae isolate
was used to inoculate seedlings in an entire
flat. Following inoculation with the hypo-
cotyl- and plug-methods, all seedlings
were lightly misted with water using a
hand-atomizer to increase humidity and
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then covered with a plastic dome that fit
over individual flats. The dome-covered
flats were placed about 1 m under black
mesh shade cloth (80% light reduction) to
prevent heat buildup inside the domes.
After 5 days, the domes were removed.
Two days later the shade cloth was re-
moved and the number of seedlings that
survived or died was counted for each
inoculation method. If a plug fell from the
cotyledon before infection, the seedling
was counted as an escape. Five seedlings
per line were injected with V8 juice agar
without P. sojae, and V8 juice agar plugs
without P. sojae were placed on an addi-
tional five seedlings per line to serve as
controls.

The experimental design was a random-
ized complete block in a split-split plot
arrangement with two replicates and 10
plants per replicate. The entire experiment
was repeated four separate times. The
whole plots were the three P. sojae races,
the subplots were the four soybean lines,
and the sub-sub-plots were the two inocu-
lation methods. Because the percent sur-
vival data were binomially and not nor-
mally distributed, the data were trans-
formed with the arcsine (Y)1/2 trans-
formation. The analysis was performed
using Proc Anova within the SAS System,
version 6.03 (14).

Screening G. soja germplasm. A set of
430 G. soja accessions was randomly cho-
sen and tested with P. sojae isolate race 3
using the previously described plug-in-
oculation method. Twelve scarified seeds
of each accession were planted in flats and
grown under the greenhouse conditions
previously described. The soybean differ-
entials Mack and Harosoy 63 were used as
controls. Nine G. soja accessions were
chosen from the 430 accessions based on
percent survival and tested in a replicated
trial with P. sojae races 1, 3, and 20. The
soybean differentials Altona, Mack, Haro-
soy 63, and Harosoy were used as controls.
The same plug-inoculation method previ-
ously described was used for this experi-
ment.

The experimental design was a random-
ized complete block in a split-plot ar-
rangement with two replicates and 10
plants per replicate. The entire experiment
was conducted three times. The whole
plots were the three P. sojae races, and the
subplots were the nine G. soja accessions
and four soybean lines. The percent sur-
vival data were again binomially and not
normally distributed, so the data were
transformed with the arcsine (Y)1/2 trans-
formation. The analysis was performed
using Proc Anova within the SAS System,
version 6.03 (14).

RESULTS AND DISCUSSION
Alternative P. sojae screening method.

Little difference was observed between the
hypocotyl- and plug-inoculation methods
based on four soybean differential lines

and three P. sojae races (Table 1). These
results suggest that the plug-inoculation
method described here could be used as an
alternative to hypocotyl injection. Advan-
tages of the plug method include: (i) no
seedling injury is inflicted, which prevents
false susceptibles from being recorded; and
(ii) more plants can be inoculated per unit
time compared with the injection method.
Disadvantages of the plug method include:
(i) the seedlings must be kept moist longer,
which requires more intensive care; and
(ii) extra care must be taken to prevent the
plugs from falling from the cotyledons
before infection occurs. If the flats are
moved or bumped, plugs could fall from
cotyledons, resulting in no infection. This
occurred in approximately 2% of our
inoculations. Our plug-inoculation method
is similar to the method using detached
cotyledons (11); however, our method is
nonwounding and does not require the
removal of cotyledons. In addition, the
plug inoculation produces similar results to

the hypocotyl inoculation in terms of plant
response and subsequent disease ratings,
which differs from the detached cotyledon
method.

Screening G. soja germplasm. Identi-
fication of new sources of resistance to P.
sojae is critical to providing resistant
germplasm because of the rapid
development of P. sojae races (1,2). The
initial screening of 430 G. soja accessions
with P. sojae race 3 resulted in 22
accessions (5%) having a survival rate
greater than 75% and an additional 28
accessions (7%) having a survival rate
between 51 and 75%. Most of the
accessions (325 lines or 75%) had a
survival rate less than 25%. These results
indicate that there may be P. sojae resis-
tance, partial resistance, and/or tolerance in
a small percentage of the G. soja collection
to race 3. Further genetic study is required
to determine if the G. soja lines are either
resistant, partially resistant, or tolerant to
race 3.

Table 2. Percent survival of four Glycine max and nine selected Glycine soja lines to three races of
Phytophthora sojae

Soybean Races
line (MGx) 1 3 20

Altona (OO) 85 bcy,z 95 a 88 ab
Mack (V) 90 ab 95 a 9 ef
Harosoy 63 (II) 96 ab 9 b 5 f
Harosoy (II) 0 f 8 b 4 f
PI 101404B (II) 92 ab 100 a 4 f
PI 326581 (II) 77 cd 96 a 73 c
PI 339732 (IV) 68 d 91 a 80 bc
PI 366124 (V) 100 a 96 a 19 e
PI 378696B (VI) 21 e 96 a 84 ab
PI 407018 (V) 94 ab 88 a 8 f
PI 407063 (V) 66 d 91 a 94 a
PI 407085 (VI) 96 ab 90 a 62 d
PI 407086 (VI) 74 cd 95 a 80 bc
x MG = maturity group.
y Percent survival is the number of plants that survived 7 days after inoculation divided by the total

number of plants tested and then multiplied by 100.
z Means followed by the same letter are not significantly different at P = 0.05.

Table 1. Comparison of the hypocotyl- and plug-inoculation methods using four soybean differential
lines and three races of Phytophthora sojae

Expected Plant survival (%)w

Line Race reaction Hypocotyl Plug Significancex

Altona 1  Ry 100 100  NSz

Altona 3 R 94 100 NS
Altona 20 R 88 100 P > 0.05
Mack 1 R 97 98 NS
Mack 3 R 100 100 NS
Mack 20 S 11 6 NS
Harosoy 63 1 R 95 93 NS
Harosoy 63 3 S 19 19 NS
Harosoy 63 20 S 2 17 P > 0.05
Harosoy 1 S 16 16 NS
Harosoy 3 S 9 14 NS
Harosoy 20 S 5 5 NS
w Plant survival is the number of plants that survived 7 days after inoculation divided by the total

number of plants tested and then multiplied by 100.
x Statistical significance level between the hypocotyl- and plug-inoculation methods for each line by

race combination.
y R = resistant and S = susceptible to Phytophthora sojae based on previous publications (3).
z NS = not significant.
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To further characterize the accessions
with the highest survival rate, P. sojae
races 1, 3, and 20 were tested on nine G.
soja accessions. These nine accessions had
a survival rate greater than 90% during the
initial screening with P. sojae race 3. All
nine accessions had greater than 87% sur-
vival and no significant difference among
accessions for survival rate when retested
in a replicated trial with P. sojae race 3
(Table 2). Four of the nine accessions had
survival rates greater than 90% when
tested with P. sojae race 1, and accession
PI 407063 had a 94% survival when tested
with race 20.

Two accessions, PI 378696B and PI
407063, appear to be resistant to P. sojae
races 3 and 20 but not to race 1 (Table 2).
This result has not been documented in G.
max, at least to our knowledge, suggesting
that the resistance genes contained in these
two accessions may be different from pre-
viously reported genes in G. max. Addi-
tional research is needed to determine if
this source(s) of resistance is different
from previously reported G. max sources.

Five of the nine accessions had greater
than 60% survival when tested against all
three P. sojae races (Table 2). This result
suggests at least three possibilities. The
first is that single resistance genes exist in
G. soja that convey control over a large
number of P. sojae races. The second is
that a certain level of tolerance exists
within these accessions. The third is that
there is a combination of resistance and
tolerance among these accessions. Addi-
tional P. sojae races need to be tested against
these nine accessions to determine the
broadness of this resistance and/or tolerance.
Also, the resistance–tolerance genetic
mechanisms of G. soja should be studied
and compared with those of G. max.
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