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Abstract: Knowledge of the virulence phenotypes of soybean cyst nematode, Heterodera glycines populations is important in choos-
ing appropriate sources for breeding resistant cultivars and managing the nematode. We investigated races of 59 H. glycines
populations collected from 1997 to 1998 and races and HG Types of 94 populations collected in 2002 from soybean fields across
southern and central Minnesota. In the 1997 to 1998 samples, race 3 was predominant and represented 78% of the populations.
The remaining populations were 11.9% race 1, 1.7% race 4, 6.8% race 6, and 1.7% race 14. In the 2002 samples, the populations
were classified as 15.3% race 1, 77.6% race 3, 2.4% race 5, 3.5% race 6 and 1.2% race 9. Percentage of 1997 to 1998 populations
with female indices (FI) higher than 10 were 10.2% on Pickett 71, 3.4% on Peking, 13.6% on PI 88788, 3.4% on PI 90763, 1.7%
on PI 209332, and 1.7% on PI 437654. Percentage of 2002 populations with FI >10 was 1.1% on Peking, 17.0% on PI88788, 14.9%
on PI 209332, 33.0% on PI 548316, 11.7% on Pickett 71, and 0% on the other three indicators, PI 90763, PI 437654, and PI 89772.
The line PI 548316 was relatively susceptible to the Minnesota H. glycines populations and may not be recommended for breeding
resistant cultivars in the state. There was no noticeable change of frequencies of virulence phenotypes in response to the use of
resistant cultivars during 1997 to 2002 in Minnesota except that FI increased on the PI 209332.
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Soybean cyst nematode, Hetorodera glycines Ichinohe,
is a major yield-limiting pathogen of soybean (Glycine
max (L.) Merr.) in the world. A conservative estimate
based on the assumption of a mean of 3% direct loss
from the nematode is over US$1.1 billion annually
worldwide (Schmitt, 2004). The major tactic for man-
aging H. glycines is the use of host resistance. Breeding
and using resistant soybean cultivars are the most eco-
nomical and practical methods for control of this
nematode in most soybean-growing regions throughout
the world. The knowledge about virulence of H. glycines
populations is essential for breeding appropriate culti-
vars for a region and for using the cultivars effectively in
fields.

Soon after the first confirmation of the H. glycines
infestation in the US in 1954 (Winstead et al., 1955),
resistance of soybean to H. glycines was discovered (Ross
and Brim, 1957) and the variability in virulence of H.
glycines among populations was recognized (Ross,
1962). The variability of H. glycines virulence was first
classified to four races based on number of females
formed on four differential soybean lines, Pickett, Pe-
king, PI 88788, and PI 90763, relative to the female
number on the susceptible cultivar Lee (Golden et al.,
1970). If the female number is less than 10% of the
number on Lee, the response of the soybean line is “–”,
and if �10%, the response is “+”. In this scheme, there
are 16 possible combinations of responses of the four

lines, and thus 16 potential races were proposed later
(Riggs and Schmitt, 1988; Riggs, 1988). In 2002, the
virulence classification scheme was modified in an ef-
fort to have a more accurate test name and to more
adequately define the diversity in virulence phenotype,
and the term “HG Type” was used instead of “race” for
the virulence phenotype (Niblack et al., 2002). In the
HG Type classification, another four indicator lines, PI
437654, PI 209332, PI 89772, and PI 548316 (Cloud),
were added besides the three indicator lines Peking, PI
88788, and PI 90763 from the race tests, and the de-
scription of HG Type indicates the positive response of
a population on individual lines.

The first confirmation of H. glycines infestation in
Minnesota was from Faribault County in 1978 (Mac-
Donald et al., 1980). In that report, MacDonald et al.
(1980) documented that the race of H. glycines popula-
tions found in Faribault, MN, was probably race 5. In a
later regional survey, two populations from Minnesota
were classified to race 3 (Kim et al., 1997). The nema-
tode infestation has been confirmed in 57 counties in
southern and central regions, and it continues to
spread towards northern counties in the Red River Val-
ley in the state (Chen, unpublished data, 2006). Over
the past two decades, especially recent years, a number
of resistant soybean cultivars have been developed and
used in managing H. glycines in the state (Chen et al.,
2001b). For the effective use of the resistant cultivars,
knowledge about the virulence phenotypes and the fre-
quencies of H. glycines populations is necessary. During
1997 to 1998, a survey was conducted to determine the
H. glycines races in the state. The H. glycines populations
collected in 2002 were analyzed again for their viru-
lence phenotypes. This paper reports the results of
these two survey analyses. The objective of this research
was to determine the types and frequencies of virulence
of the H. glycines populations in Minnesota and monitor
changes that may occur over the 5 years between the
two sampling times.
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Materials and Methods

A total of 59 soil samples randomly selected from the
pool of H. glycines-infested soil samples (2,543 infested
out of 3,449 total samples) submitted by soybean grow-
ers in 1997 to 1998 and 94 soil samples from the pool of
samples (1,142 infested out of 1,271 total samples) sub-
mitted in 2002 were analyzed. In general, each of the
soil samples was collected from 5 to 20 acres of an area
in a corn or soybean field. The selected soil samples
generally represented all H. glycines-infested areas in
Minnesota, although in 1997 to 1998, most soil samples
were from Waseca and surrounding counties (south
central). Before used, the soils had been stored at room
temperature (22–24°C) for a period of time depending
on when the soil samples were received. The soils were
placed in pots and planted with the H. glycines-
susceptible soybean ‘Sturdy’ to increase population
densities. Newly formed females on the roots were col-
lected, and eggs were released from the cysts. The eggs
were used as inoculum for H. glycines race and HG-Type
tests following the procedures described previously
(Riggs and Schmitt, 1988; Niblack et al., 2002) with
some modification.

For samples collected in 1997 to 1998, the virulence
was tested on the four race differential lines Pickett 71,
Peking, PI 88788, and PI 90763, along with PI 209332
and PI 437654. For the 2002 samples, the virulence was
analyzed based on the HG-Type test procedures includ-
ing the seven indicator lines PI 548402 (Peking), PI
88788, PI 90763, PI 437654, PI 209332, PI 89772, and PI
548316 (Cloud) (Niblack et al., 2002), and the line
Pickett 71 was also included for the comparison of races
between the two batches of samples. All soybean lines
and cultivar Lee (Lee 68 in 1997/1998 and Lee 74 in
2002) were obtained from the USDA Soybean Germ-
plasm Collection in Urbana, Illinois. The soybean seeds
were germinated on a moist, sterilized germination pa-
per in petri dishes in an incubator at 29°C. After 48 hr,
the seedlings with root radicals 2 to 3 cm long were
selected for the tests.

A cone-tainer (4-cm-diam. and 13.5-cm high) was
filled with autoclaved sandy loam soil to half and 2,000
eggs in 2.5 ml of water were added. Additional soil was
placed in the cone-tainer to approximately 1 cm from
the top. A hole was made at the center to a depth of 3
cm with a glass stick (0.5-cm-diam.). A soybean seedling
was placed in the hole with radical toward the ground.
Another inoculum of 2,000 eggs in 2.5 ml of water was
added near the seedling, and the seedling was covered
with additional soil to about 1-cm depth. Each soybean
line was replicated five times (five cone-tainers). All of
the cone-tainers for each nematode population were
inserted into autoclaved sand in a container (35 × 31 ×
15 cm) that had five holes at bottom for draining excess
water. The cone-tainers were maintained in the green-

house at an average of 25°C (20–30°C) and watered
daily.

After 30 d, the soybean plants with soil were removed
from the cone-tainers and soaked in water in 1-liter
beakers for at least 30 min. The soybean plants were
gently removed from the beakers, and the soil on the
roots was gently washed off. The females on roots were
counted directly with or without the aid of a magnifier.
Female index was determined for each soybean line by
dividing the female count on the indicator line by the
female count on the control ‘Lee’ and expressed as
percentage. If the number of females on Lee was fewer
than 50, the data was discarded and the population was
retested.

Results

A total of 59 populations collected from 27 counties
in 1997 to 1998 and 94 populations collected from 38
counties in 2002 were analyzed (Tables 1 and 2). There
was a wide range of female numbers formed on Lee
(Tables 1, 2, 3, and 4). Among the 1997 to 1998
samples, race 3 was predominant and represented 78%
of the populations. The remaining populations were
11.9% race 1, 1.7% race 4, 6.8% race 6 and 1.7% race
14 (Table 3). In the 2002 samples, 85 populations were
classified to races. A similar high frequency of race 3
(77.6%) was found, and the remaining races were
15.3% race 1, 2.4% race 5, 3.5% race 6, and 1.2% race
9 in the 85 samples (Table 3).

In the 2002 samples, nine HG Types were found
(Table 4): HG Types 0, 1, 2, 5, 7, 2.5, 2.7, 5.7 and 2.5.7.
The HG Type 0 was predominant and represented
58.1% of the populations, most (87%) of which be-
longed to race 3. HG Type 7 represented 17.2%, and all
other HG Types had low (<8%) frequencies (Table 4).

No soybean line was immune to all populations
tested in this study; despite that, reproduction of Min-
nesota H. glycines populations varied among soybean
lines (Table 5). PI 88788, the major resistance source
for breeding soybean cultivars in the region, had less
resistance than most lines and yielded FI >10 in 13.6%
of 1997 to 1998 populations and 17% of 2002 popula-
tions. Peking, also the resistance source for some culti-
vars in the region, was relatively resistant to Minnesota
populations, although high reproduction (FI 56.5) was
observed in one population (Tables 1 and 5). Pickett
71, which was derived from Peking, had much less
resistance to the H. glycines populations than Peking
and produced FI >10 in 10 to 12% of populations
(highest FI 68.9). PI 90763 had a similarly high level of
resistance as Peking. PI 437654 and PI 89722 had the
highest resistance to H. glycines and supported no re-
production in 82% and 72.3% populations, respectively,
in the 2002 samples. PI 209332 supported a relatively high
percentage (14.9%) of H. glycines populations with FI >10
in 2002, but a low percentage of populations in 1997
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to 1998. PI 548316 was probably the least resistant to
Minnesota populations of H. glycines, and it yielded FI
>10 in 33% of the 2002 populations.

Pearson correlation analysis showed that the three
lines, PI 88788, PI 209332, and PI 548316, which had
relative high FI, were highly correlated in terms of re-

TABLE 1. Races of Heterodera glycines in Minnesota in 1997–1998.

Population County

Female indexa

Female on
Lee 68 RacePickett 71 Peking PI 88788 PI 90763 PI 209332 PI 437654

1 Anoka 1.1 0.0 0.0 0.0 —b 0.0 73 3
2 Blue Earth 1.2 0.3 8.0 0.0 — 0.0 68 3
3 Brown 8.3 0.0 23.3 0.0 — 0.0 97 1
4 Brown 0.0 2.1 0.0 0.0 — — 58 3
5 Carver 9.8 0.2 24.5 0.0 — 0.0 128 1
6 Chippewa 1.4 0.0 0.0 0.0 — 0.0 58 3
7 Chisago 0.2 0.0 2.6 0.2 — 0.0 130 3
8 Cottonwood 6.0 0.3 15.7 0.0 — 0.0 60 1
9 Dakota 3.6 0.3 2.0 0.0 — 0.0 61 3

10 Dodge 19.8 2.4 3.2 0.0 2.8 0.8 62 6
11 Faribault 1.6 1.3 1.5 0.4 2.5 0.7 276 3
12 Faribault 0.3 0.0 0.2 0.3 1.5 0.2 118 3
13 Faribault 1.2 0.0 0.2 0.9 0.2 0.6 81 3
14 Faribault 32.4 18.5 27.5 12.7 17.4 12.7 52 4
15 Fillmore 1.0 0.5 1.3 1.3 0.7 3.4 75 3
16 Fillmore 10.5 0.0 5.7 0.3 4.3 0.8 64 6
17 Freeborn 9.9 2.3 7.9 0.6 5.4 0.6 71 3
18 Freeborn 2.5 0.0 4.2 0.0 6.1 0.0 211 3
19 Freeborn 1.5 1.5 5.4 2.0 4.8 2.1 66 3
20 Freeborn 7.6 0.0 2.4 0.0 0.4 0.1 438 3
21 Freeborn 0.0 2.3 3.4 0.0 1.7 0.0 59 3
22 Jackson 1.7 0.8 17.0 0.2 — 0.0 104 1
23 Jackson 3.6 0.0 6.8 0.0 — 0.0 112 3
24 Jackson 0.1 0.3 8.0 0.0 — — 118 3
25 Lac Qui Parle 6.1 0.3 1.5 0.0 — 0.0 78 3
26 Le Sueur 2.9 0.0 3.6 0.0 1.1 0.0 70 3
27 Le Sueur 7.4 1.6 1.8 0.7 0.8 0.4 331 3
28 Lincoln 6.1 0.2 1.9 0.0 — 0.2 95 3
29 Martin 5.7 0.2 2.5 0.1 2.6 0.0 312 3
30 Martin 0.9 0.4 1.2 0.4 2.1 0.0 65 3
31 Martin 35.8 1.4 0.0 0.6 0.6 0.0 70 6
32 McLeod 23.4 3.8 3.6 0.0 — 0.8 191 6
33 Murray 68.9 56.5 6.7 45.3 — 0.0 102 14
34 Nicollet 0.0 0.0 2.9 0.0 — 0.0 105 3
35 Nobles 0.4 0.0 7.6 0.2 — 0.2 160 3
36 Redwood 5.6 1.9 14.7 0.0 — 0.0 86 1
37 Redwood 1.2 0.1 15.0 0.0 — — 201 1
38 Redwood 0.9 0.0 3.8 0.0 — 0.0 69 3
39 Redwood 0.0 0.0 5.8 0.1 — — 201 3
40 Rice 0.8 0.3 4.1 0.0 — 0.0 73 3
41 Rice 7.0 0.5 5.6 0.3 0.0 0.0 139 3
42 Steele 4.3 0.0 1.4 1.8 — 0.0 56 3
43 Steele 2.4 0.2 9.4 0.0 — — 85 3
44 Waseca 1.8 0.3 16.8 0.0 0.0 0.0 99 1
45 Waseca 0.2 0.1 4.2 0.3 — — 177 3
46 Waseca 0.8 0.1 3.2 0.6 — — 175 3
47 Waseca 1.4 0.0 1.4 0.0 — — 168 3
48 Waseca 5.9 0.0 3.1 0.0 3.1 0.3 96 3
49 Waseca 1.3 0.0 0.7 0.1 0.5 0.1 277 3
50 Waseca 2.1 0.1 0.7 0.0 0.4 0.0 400 3
51 Waseca 1.7 0.0 1.6 0.0 0.2 0.0 179 3
52 Waseca 2.2 0.0 1.0 0.1 0.4 0.0 411 3
53 Waseca 1.4 0.0 1.6 0.3 — — 126 3
54 Waseca 2.3 0.0 8.0 0.9 2.3 0.0 70 3
55 Waseca 4.2 0.0 0.8 0.0 1.5 0.0 84 3
56 Watonwan 2.3 0.0 1.3 0.0 — — 75 3
57 Watonwan 0.6 0.2 0.0 0.6 — — 105 3
58 Watonwan 1.1 0.0 0.0 0.3 0.0 0.0 69 3
59 Yellow Medicine 2.6 0.0 0.0 0.0 — 0.2 132 3

a Female index = ((number of females on differential)/(number of females on Lee 68)) × 100.
b “—” indicates no data.
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TABLE 2. HG Types and races of Heterodera glycines in Minnesota fields in 2002.

Population County

Female indexa

Females
on

Lee 74
HG
type Race

1
(Peking)

2 (PI
88788)

3 (PI
90763)

4 (PI
437654)

5 (PI
209332)

6 (PI
89722)

7 (PI
548316) Pickett 71

1 Blue Earth 0.0 17.5 0.0 0.0 5.9 0.0 18.5 5.6 88 2.7 1
2 Blue Earth 0.0 14.4 0.0 0.0 0.6 0.2 12.8 0.0 94 2.7 1
3 Blue Earth 0.0 0.9 0.0 0.0 2.6 0.0 1.8 7.1 57 0 3
4 Blue Earth 0.0 1.6 0.0 0.0 2.5 0.0 1.1 1.4 111 0 3
5 Blue Earth 0.0 0.3 0.0 0.0 3.2 0.0 16.7 1.5 114 7 3
6 Brown 0.0 5.2 0.0 0.0 2.4 0.3 9.9 1.6 153 0 3
7 Carver 0.0 21.6 0.0 0.0 1.7 0.3 2.2 1.1 90 2 1
8 Chippewa 0.0 0.5 0.2 0.0 0.4 0.0 0.0 3.6 124 0 3
9 Chippewa 0.0 3.5 0.0 0.0 14.5 0.0 11.2 0.0 186 5.7 3

10 Chisago 4.6 4.1 0.6 0.0 5.9 3.5 25.5 2.8 72 7 3
11 Cottonwood 3.1 31.7 3.7 3.8 44.1 4.2 14.6 5.1 447 2.5.7 1
12 Cottonwood 0.0 3.7 2.2 0.0 1.1 1.9 3.9 0.0 90 0 3
13 Cottonwood 0.0 0.5 0.0 0.0 5.1 0.0 6.8 0.0 98 0 3
14 Cottonwood 0.5 4.6 0.0 0.0 15.5 0.0 11.6 0.4 109 5.7 3
15 Dakota 0.0 0.6 0.0 0.0 3.9 0.0 2.2 0.0 60 0 3
16 Dodge 0.0 4.5 0.0 0.0 3.6 0.0 12.6 —b 110 7 —
17 Faribault 0.0 15.6 0.0 0.0 0.0 0.0 15.1 0.0 93 2.7 1
18 Faribault 0.0 1.8 0.0 0.0 0.7 0.3 0.0 0.0 51 0 3
19 Faribault 0.0 3.1 0.0 0.0 0.0 0.0 3.8 0.0 73 0 3
20 Faribault 0.0 0.3 0.0 0.0 0.3 0.3 12.4 3.8 86 7 3
21 Faribault 0.3 1.1 0.8 0.0 1.4 0.1 1.2 — 388 0 —
22 Fillmore 0.0 1.0 0.0 0.0 0.0 0.0 1.0 0.0 87 0 3
23 Fillmore 0.0 26.0 0.0 0.0 4.0 0.0 4.7 — 101 2 —
24 Freeborn 0.0 1.9 0.0 0.0 5.3 0.0 9.2 0.4 69 0 3
25 Freeborn 0.0 2.5 0.0 0.0 4.8 0.0 10.5 0.0 93 7 3
26 Freeborn 1.4 4.9 4.6 3.5 3.5 4.8 — 3.3 423 0− 3
27 Isanti 0.0 0.7 0.0 0.1 2.3 0.3 8.9 5.7 459 0 3
28 Jackson 0.0 0.7 0.0 0.0 2.4 0.0 0.0 0.0 54 0 3
29 Jackson 0.0 0.0 0.0 0.0 0.3 0.0 20.4 0.0 83 7 3
30 Jackson 0.0 0.5 0.0 0.0 2.2 0.0 1.2 0.0 103 0 3
31 Jackson 0.0 0.9 0.0 0.0 0.3 0.0 12.7 0.9 109 7 3
32 Jackson 0.0 1.1 0.0 0.1 0.2 0.0 1.5 1.0 151 0 3
33 Kandiyohi 1.5 0.0 0.0 0.0 3.1 0.8 4.7 0.6 71 0 3
34 Kandiyohi 1.6 31.9 0.8 0.3 35.3 0.0 20.4 36.3 96 2.5.7 5
35 Le Sueur 0.5 2.9 0.0 0.0 3.1 2.1 2.1 4.8 63 0 3
36 Le Sueur 0.0 1.2 0.0 0.0 0.4 0.0 2.0 — 63 0 —
37 Lincoln 3.0 2.5 1.5 2.1 3.0 1.7 2.0 3.0 635 0 3
38 Lyon 0.0 6.6 0.5 0.0 2.2 0.0 4.7 1.2 57 0 3
39 Lyon 0.0 0.0 0.0 0.0 1.5 0.0 2.4 0.0 101 0 3
40 Lyon 0.3 0.8 0.8 1.4 0.0 0.0 8.3 8.3 559 0 3
41 Martin 0.0 10.8 0.0 0.0 13.7 0.0 27.4 1.0 51 2.5.7 1
42 Martin 0.0 15.3 0.0 0.0 3.2 0.0 2.9 3.5 124 2 1
43 Martin 0.0 1.1 0.0 0.0 14.6 0.0 14.2 1.8 111 5.7 3
44 McLeod 0.0 1.9 0.0 0.0 0.4 0.0 2.9 0.0 69 0 3
45 McLeod 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 111 0 3
46 Meeker 0.0 2.0 2.2 0.8 5.7 1.1 2.7 2.3 128 0 3
47 Meeker 0.8 0.2 0.2 0.0 0.5 0.1 4.1 1.8 209 0 3
48 Meeker 0.2 1.6 0.0 0.0 2.0 0.5 0.4 0.6 357 0 3
49 Mower 0.0 0.1 0.0 0.0 0.2 0.0 0.3 7.1 241 0 3
50 Mower 0.0 0.5 0.0 0.0 0.0 0.0 2.3 — 99 0 —
51 Murray 0.8 1.1 0.0 0.0 1.4 0.0 15.6 0.2 128 7 3
52 Murray 0.1 3.3 0.6 0.3 0.2 1.7 17.4 — 213 7 —
53 Nicollet 0.0 12.5 1.2 0.0 0.5 0.0 5.4 1.5 85 2 1
54 Nicollet 0.4 4.2 0.0 0.0 5.8 0.4 12.4 0.0 83 7 3
55 Nicollet 0.0 0.5 0.0 0.0 4.1 0.0 0.3 0.3 104 0 3
56 Nicollet 0.0 7.3 0.0 0.0 7.3 0.0 5.1 16.2 59 0 6
57 Nobles 0.0 2.0 0.0 0.0 3.9 0.0 4.1 0.0 147 0 3
58 Nobles 2.0 4.5 1.9 2.1 3.1 1.3 5.4 1.8 828 0 3
59 Nobles 0.0 0.9 0.0 0.0 0.4 0.0 3.8 — 112 0 —
60 Olmsted 0.0 2.7 0.0 0.0 12.6 0.0 16.2 6.5 92 5.7 3
61 Pipestone 0.0 1.2 0.0 0.0 0.4 0.0 0.8 0.0 64 0 3
62 Pipestone 0.0 0.0 0.0 0.0 0.7 0.0 0.3 0.0 73 0 3
63 Pipestone 0.0 0.0 0.0 0.0 1.2 0.0 1.5 0.0 86 0 3
64 Pope 0.0 0.0 0.1 0.0 0.1 0.0 1.0 5.4 457 0 3
65 Pope 12.1 0.9 5.8 0.0 3.6 0.0 7.1 17.5 165 1 9
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sistance to the Minnesota populations based on FI
(Table 6). Correlation of these three lines was not sig-
nificant with the other four indicator lines, Peking, PI
90763, PI 437654, and PI 89722, except for PI 88788 vs.
PI 437654, and PI 209332 vs. PI 90763 or PI 437654
(Table 6). Peking and PI 90763 had the highest corre-
lation coefficient (0.98). The soybean cultivar Pickett

71 was significantly correlated with all lines except PI
548316.

The virulent populations distributed in all areas
across the southern and central Minnesota where the
H. glycines infestation has been confirmed (Fig. 1). Al-
though H. glycines has also been observed in the coun-
ties along the southwest and southeast borders, fewer
virulent populations were found in these border coun-
ties, probably due to limited soybean acreage and few
samples from these counties.

Discussion

In this study, the races of 59 H. glycines populations in
1997 to 1998 samples, races of 85 populations and HG
Types of 94 populations in 2002 samples collected from
soybean fields across H. glycines-infested counties in
southern and central Minnesota were characterized.
Among these populations, a total of seven races and
nine HG Types were detected (Tables 3, 4). In addi-
tion, race 2 was found in Minnesota, but the sample was
not included in this survey. Race 3, which is avirulent on
the four race-differential lines, and HG Type 0, which is
avirulent on all seven indicator lines, were predominant.
The results suggest that majority of populations in

TABLE 2. Continued.

Population County

Female indexa

Females
on

Lee 74
HG
type Race

1
(Peking)

2 (PI
88788)

3 (PI
90763)

4 (PI
437654)

5 (PI
209332)

6 (PI
89722)

7 (PI
548316) Pickett 71

66 Redwood 0.0 0.3 0.0 0.8 2.8 0.0 11.8 0.7 107 7 3
67 Redwood 0.0 1.5 0.0 0.0 0.3 0.0 3.8 0.6 118 0 3
68 Redwood 0.1 2.5 0.5 0.0 1.1 0.0 1.0 2.1 266 0 3
69 Redwood 0.0 17.8 0.3 0.0 11.4 0.0 13.7 13.4 108 2.5.7 5
70 Redwood 0.8 1.4 0.0 0.0 1.1 0.0 0.4 24.3 95 7 6
71 Renville 0.0 13.8 0.0 0.0 17.0 0.0 13.3 4.0 92 2.5.7 1
72 Renville 0.5 0.5 0.5 0.0 6.0 0.0 6.0 5.1 59 0 3
73 Rice 0.0 3.2 0.0 0.4 3.4 0.4 16.8 1.4 95 7 3
74 Rice 0.2 0.4 0.0 0.0 0.8 0.0 4.2 0.0 120 0 3
75 Sibley 0.0 25.9 0.0 0.0 28.8 0.0 35.6 0.6 81 2.5.7 1
76 Sibley 0.0 2.2 0.0 4.5 52.8 0.0 2.0 1.6 255 5 3
77 Sibley 0.0 0.4 0.0 0.0 0.0 0.0 14.3 — 68 7 —
78 Steele 0.0 2.7 0.5 0.5 0.0 0.0 2.7 0.5 56 0 3
79 Steele 0.0 0.3 0.0 0.0 0.4 0.2 11.7 0.0 121 7 3
80 Stevens 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 62 0 3
81 Swift 0.0 10.7 0.0 0.0 2.7 0.0 13.5 4.0 125 2.7 1
82 Swift 2.4 1.2 0.0 0.0 1.7 0.0 2.1 0.0 780 0 3
83 Waseca 0.0 1.4 0.0 0.0 0.4 0.0 8.0 0.4 72 0 3
84 Waseca 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.9 105 0 3
85 Washington 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 81 0 3
86 Washington 0.0 1.4 0.0 0.0 2.6 0.0 5.1 0.0 91 0 3
87 Washington 4.1 2.6 2.6 2.7 2.6 2.7 2.8 — 449 0 —
88 Watonwan 0.0 16.9 0.0 0.5 21.9 0.0 1.9 3.2 51 2.5 1
89 Watonwan 0.0 10.9 0.0 0.0 12.1 0.0 22.0 4.1 110 2.5.7 1
90 Watonwan 0.0 0.2 0.0 0.0 1.1 0.0 2.4 0.0 154 0 3
91 Watonwan 8.3 1.1 6.1 7.7 8.8 6.7 6.9 24.1 135 0 6
92 Yellow Medicine 0.0 6.4 0.0 0.0 0.0 0.0 6.9 0.0 81 0 3
93 Yellow Medicine 0.0 1.3 0.0 0.0 21.0 0.3 14.0 0.0 111 5.7 3
94 Yellow Medicine 0.0 2.8 0.0 0.0 3.1 0.0 10.5 3.3 171 7 3

a Female index = ((number of females on differential)/(number of females on Lee 74)) × 100.
b “—” indicates no data.

TABLE 3. Race frequencies of Heterodera glycines in soil samples
collected in 1997, 1998, and 2002 in Minnesota.

Race
Number of
populations

%
Frequency

Females/plant
of Leeb

1997/1998 samples
1 7 11.9 111 (60–201)
3 46 78.0 140 (56–438)
4 1 1.7 52
6 4 6.8 97 (62–191)

14 1 1.7 102
2002 samples

1 13 15.3 118 (51–447)
3 66 77.6 162 (51–828)
5 2 2.4 102 (96–108)
6 3 3.5 96 (59–135)
9 1 1.2 165

b The values are mean (range).
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the state were avirulent on these breeding lines, and
there was small risk to use the resistant soybean culti-
vars derived from Peking and PI 88788 in most fields in
Minnesota. However, a few populations that can para-
sitize PI 88788, Peking and other soybean lines have
been found. Growers are advised to monitor perfor-
mance of resistant cultivars in fields or have virulence
phenotype tested in order to assure appropriate use of
resistant cultivars.

The frequencies of races or virulent phenotypes var-
ied among different geographical regions. There was a
trend that virulence decreased from south to north in
the US (Kim et al., 1997). Most populations collected
north of 37°N latitude in 1992 to 1993 were race 3,
while only one out of 41 populations south of 37°N was
classified to race 3 (Kim et al., 1997). In soil samples
collected from North Carolina during1994 to 1997, no
race 3 was found, and FI was high on most soybean lines
except for Hartwig (Koenning and Barker, 1998). Rela-
tively high percentages of virulent populations were
also reported from surveys conducted in other south-
ern states (Lehman and Dunn, 1987; Young, 1990;
Lewis et al., 1993). Although the avirulent (on the four
race differential lines) race 3 was predominant in all
states in the North Central region (Sikora and Noel,
1991; Niblack et al., 1993; Willson et al., 1996; Kim et
al., 1997), differences in frequency of virulent popula-

tions and level of virulence may exist among the states
in the region. For example, the mean FI on PI 88788
was only 4.5 (SD 7.1 and highest 31.9) in Minnesota in
2002 (Table 5), 10.4 (SD 14.9 and highest 67.1) in Ohio
in 1992 to 1995 (Willson et al., 1996), 12.3 (SD 13.7 and
highest 53.1) in Illinois in 1989 to 1990, and 12.3 (high-
est 70) in Missouri in 1998 to 1992 (Niblack et al.,
1993). The populations in Minnesota appeared to be
less virulent to PI 88788 (main resistant source of the
commercial cultivars) than the populations in the other
three states.

The greater diversity and higher level of virulence of
the populations in the southern region compared with
the northern region may be mainly due to longer his-
tory of planting resistant cultivars (Kim et al., 1997).
However, other possibilities cannot be ruled out. A
similar pattern of H. glycines race distribution was ob-
served in China where race 3 was predominant in the
northeast and northern regions, and more diverse
races and higher virulent populations were detected in
the central regions (Liu et al., 1997; Chen et al., 2001a).
There was no pattern or history of using H. glycines-
resistant cultivars in China. Therefore, it is possible that
the difference in virulence in different geographical
regions may be partially due to different fitness of the
virulence genotypes under climatic conditions in the
different regions.

Based on the data of 1997 to 1998 samples and 2002
samples, there was no noticeable change of frequency
of H. glycines races and virulent populations over the 5
years on the indicator lines, except for PI 209332 on
which frequency of populations with FI >10 increased
from 1.7% in 1997 to 1998 to 14.9% in 2002. It is un-
clear whether there was a true increase of virulence on
PI 209332 during the 5 years or if the difference was
experimental error. Nevertheless, the change of viru-
lent phenotypes has been documented in field plot ex-
periments (Young et al., 1986; Young and Hartwig,
1992; Young, 1994) and state-wide surveys. In North
Carolina, higher frequencies of virulent H. glycines
populations were detected in 1994 to 1996 (Koenning

TABLE 5. Female indices (FI) of Heterodera glycines on individual soybean lines.a

% of populations with FI

Soybean
line

Number of populations tested FI �10 FI = 0 Mean Standard deviation Maximum

1997/1998 2002 1997/1998 2002 1997/1998 2002 1997/1998 2002 1997/1998 2002 1997/1998 2002

Peking 59 94 3.4 1.1 44.1 74.5 1.7 0.5 7.7 1.7 56.5 12.1
PI 88788 59 94 13.6 17.0 11.9 9.6 5.2 4.5 6.4 7.1 27.5 31.9
PI 90763 59 94 3.4 0.0 52.5 74.5 1.2 0.4 6.1 1.1 45.3 6.1
PI 437654 48 94 1.7 0.0 62.5 81.9 0.5 0.3 1.9 1.1 12.7 7.7
PI 209332 27 94 1.7 14.9 11.1 11.7 2.4 5.1 3.5 9.0 17.4 52.8
PI 89722 0 94 —b 0.0 — 72.3 — 0.4 — 1.1 — 6.7
PI 548316 0 93 — 33.0 — 5.4 — 7.4 — 7.2 — 35.6
Pickett 71 59 85 10.2 11.7 6.8 34.1 5.7 3.1 11.0 6.0 68.9 36.3

a Female index = ((number of females on differential)/(number of females on Lee)) × 100.
b “—” indicates no data.

TABLE 4. Frequencies of Heterodera glycines HG Types in soil
samples collected in 2002 in Minnesota.

HG
Type

Number of
populations % Frequency

Females/plant
of Leea

0 54 58.1 175 (51–828)
1 1 1.1 165
2 4 4.3 100 (85–124)
2.5 1 1.1 51
2.7 4 4.3 100 (88–125)
5 1 1.1 255
5.7 5 5.4 122 (92–186)
7 16 17.2 109 (68–213)

2.5.7 7 7.5 141 (51–447)

a The values are mean (range).
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and Barker, 1998) as compared with the samples col-
lected during 1985 to 1986 (Schmitt and Barker, 1987).
Similarly, smaller percentages of populations were clas-
sified to race 3, and higher frequencies and levels of
virulence of populations were found in 1998 to 1999
samples (Niblack et al., 2003) than in samples collected
in 1988 to 1992 (Niblack et al., 1993) in Missouri. In-
crease of frequencies of virulent populations has also
been reported from Illinois (Niblack et al., 2006). Al-
though the frequency and level of virulence of H. gly-
cines populations did not change on PI 88788 during
the 5 years from 1997 to 2002 in Minnesota, it is ex-
pected that the level of virulence will increase and the
diverse types of virulent populations will emerge with
the use of the resistant cultivars in the state. In fact,
increase of virulence on PI 88788 (change from race 3
to race 1) has occurred in field experimental plots after

8 years of continuously planting the same resistant cul-
tivar Freeborn (PI 88788 resistance source) (unpub-
lished data).

Currently, most commercial cultivars have PI 88788
as a resistance source, although a small proportion of
cultivars is derived from Peking. A few cultivars derived
from CystX (PI 437654 resistance source) have been
released in the past few years. Because many popula-
tions can reproduce at least one female on PI 437654,
the cultivars from CystX could not be immune to Min-
nesota H. glycines populations and will place a selection
pressure on the Minnesota H. glycines populations, as
do cultivars from PI 88788 and Peking. PI 90763 and PI
89722 are highly resistant to Minnesota populations
and may be used in breeding cultivars for the state. PI
548316 is the least resistant to Minnesota populations
and may not be a preferred resistance source for the state.

FIG. 1. Distribution of virulent populations of Heterodera glycines in Minnesota. The numbers represent soybean lines on which the H. glycines
populations produced female index greater than 10. 1 = Peking, 2 = PI 88788, 3 = PI 90763, 4 = PI 437654, 5 = PI 209332, 6 = PI 89722, 7 =
548316, and 8 = Pickett 71.

TABLE 6. Correlation coefficients among soybean lines with resistance to Heterodera glycines based on female indices (FI) of Minnesota
populations collected in 1997, 1998, and 2002.a

PI 88788 PI 90763 PI 437654 PI 209332 PI 89722 PI 548316 Pickett 71

Peking 0.10 (153) NS 0.98 (153) *** 0.28 (142)*** 0.17 (121) NS 0.55 (94) *** 0.05 (93) NS 0.76 (144) ***
PI 88788 0.10 (153) NS 0.23 (142)** 0.54 (121) *** 0.10 (94) NS 0.43 (93) *** 0.25 (144) **
PI 90763 0.28 (142)*** 0.20 (121) * 0.75 (94) *** −0.01 (93) NS 0.73 (144) ***
PI 437654 0.36 (121) *** 0.77 (94) *** −0.03 (93) NS 0.30 (133) ***
PI 209332 0.16 (94) NS 0.38 (93) *** 0.23 (112) *
PI 89722 0.09 (93) NS 0.25 (85) *
PI 548316 0.12 (84) NS

a Female index = ((number of females on differential)/(number of females on Lee)) × 100. The values in the parentheses are number of H. glycines populations
tested. *, **, *** represent P < 0.05, P < 0.01, and P < 0.001, respectively. NS = not significant at P � 0.05.
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