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Survey of Heterodera glycines Races and Other 
Plant-parasitic Nematodes on Soybean in North Carolina 1 

S. R.  KOENNING AND K. R. BARKER 2 

Abstract: A survey of  soybean-production areas in the Piedmont, Coastal Plain and Tidewater regions 
of North  Carolina was conducted from 1994 to 1996. Heterodera glycines was detected in 55 of 77 fields 
sampled in 15 counties. The host race of  H. glycines was determined for 39 of  the populations collected. 
Of all populations collected, 4% were race 1, 40% race 2, 16% race 4, 7% race 5, and 4% race 9; the 
remaining 29% could not  be accurately categorized. None of  the populations evaluated had high levels 
of  reproduction on the resistant cultivar Hartwig. The southern root-knot nematode Meloidogyne incog~ 
nita was detected in 26% of the fields. Helicotylenchus spp. were detected in all fields sampled, Tylencho- 
rhynchus spp. were found in 62%, Paratrichodorus spp. in 56%, and Pratflenchus spp. in 72% of fields 
sampled. Mesocriconema spp., Xiphinema spp., and Hoplolaimus spp. were detected in less than 20% of the 
fields sampled. 
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The soybean cyst nematode,  Heterodera gly- 
cines Ichinohe,  was first discovered in the 
Un i t ed  States in New H a n o v e r  County,  
North Carolina, in 1954 (Noel, 1992; Win- 
stead et  al., 1955). This nematode  is cur- 
rently the most serious pathogen of  soybean 
in the Americas (Wrather et al., 1997). Cul- 
tural practices and resistant cultivars are the 
primary means of  managing this nematode  
(Wrather et al., 1992; Young, 1996a, 1996b). 
The  use of  resistant cultivars places selection 
pressure on populations o fH.  glycines, result- 
ing in changes in the frequency of  alleles for 
parasitism (Triantaphyllou, 1975). This phe- 
n o m e n o n  is referred to as a race shift for  
advisory purposes,  and results in popula- 
tions of  H. glycines that can parasitize previ- 
ously resistant cultivars (Young, 1984; Young 
et al., 1986). Because of  the genetic variabil- 
ity of  this pathogen,  periodic assessments of  
the ability of  field populat ions to reproduce  
on  resistant cultivars are required (Niblack 
et  al., 1993; Riggs et  al., 1988; Young, 1990). 

Schmitt and Barker (1987) found  H. gly- 
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cines in 33% of  soybean fields in the North 
Carolina Coastal Plain sampled in 1985 and 
1986. Percentages of  the populations at that 
time were categorized as race 1, 18%; race 2, 
21%; race 3, 15%; race 4, 7%; race 5, 16%; 
and others, 23%. These data suggest that 
resistance to races 1 and 3 derived from Pe- 
king would no longer be effective in manag- 
ing prevalent populations of  H. glycines in 
many fields in the state. The  cultivar Bed- 
ford, with resistance from PI88788 and Pe- 
king, was released as resistant to races 3 and 
4 of soybean cyst nematode  (Hartwig and 
Epps, 1977). This cultivar was not  well ac- 
cep ted  in Nor th  Carolina (E.J.  Dunphy,  
personal communicat ion) ,  but  cultivars with 
Bedford-type resistance to races 3, 9, and 14 
have gained acceptance in recent  years. Still, 
these cultivars have only limited resistance 
to races 2 and 4, which p redomina te  in 
North Carolina (Schmitt and Barker, 1987). 
Cultivars with resistance from sources o ther  
than Peking or PI88788 would be useful in 
managing o ther  races of  H. glycines, such as 
host races 2, 4, and 5. The  only cultivars with 
d i f ferent  types o f  resis tance available to 
southeastern growers are Cordell (Hartwig 
and  Young, 1990), TN5-92 (Davis e t  al., 
1996), N o r t h r u p  King $61-89 (all with 
PI90763 in their pedigree) ,  and the cultivar 
Hartwig with Forrest  (Peking background)  
and PI437654 in its pedigree (Anand, 1992). 
The  cultivar Hartwig is considered resistant 
to all host races of  SCN in the United States 
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at this time. Although these cultivars have 
different resistance to H. glycines, they have 
not  been well received by growers because of  
p o o r  ag ronomic  characterist ics.  Cordell ,  
TN5-92, and Nor thrup  King $61-89 are no 
longer available to growers, and Hartwig is 
to be replaced by Delsoy 5710 (S. C. Anand, 
personal communicat ion) .  

Successful management  of  plant-parasitic 
nematodes  must  be d i rec ted  toward the 
prevalent species and, where soybean is con- 
cerned,  the most c o mmon  races of  soybean 
cyst nematode.  Research and extension re- 
sources can be best targeted to the major 
problems if the f requency of  occurrence of  
parasitic nema tode  species and races are 
characterized. 

The primary objective of  this research was 
to ascertain the f requency of  occurrence of  
races of  H. glycines in North  Carolina, and 
their ability to reproduce  on available, resis- 
tant  cultivars. A secondary  objective in- 
c luded determining the prevalence of  o ther  
plant-parasitic nematodes  on soybean. 

MATERIALS AND METHODS 

A survey of  15 soybean-producing coun- 
ties in the P iedmont ,  Coastal Plain, and  
Tidewater  regions of  North  Carolina was 

conducted  each September  in 1994, 1995, 
and 1996 (Table 1). With the aid of  coop- 
erative extension personnel,  fields were se- 
lected from each county as being represen- 
tative of  the various cultural systems (i.e., 
rotat ion,  c ropp ing  sequence,  and  tillage 
practices) employed in that county. Sam- 
pling area was prede te rmined  to be 2 ha, 
f rom which approximately 8 liters of  soil 
was collected. Samples consisted of  2.5-cm- 
diam. soil cores taken to a depth  of  15-20 
cm in an X or  Z pat tern across the area 
sampled. Cores were composited and mixed 
for processing. 

Nematodes were assayed from two 500- 
cm s soil samples f rom each field and the 
results averaged. Samples were processed by 
elutr iat ion,  modif ied  centr i fugat ion,  and 
mist chamber  (Barker et al., 1986). A por- 
tion of  the remaining soil was placed in 
6-cm-diam. clay pots in the g reenhouse .  
Seeds of  the soybean cyst nematode  host 
race d i f ferent ia l  cultivars or  liens were  
p lan ted  with Essex (substituted for  Lee),  
P icket t ,  Peking ,  PI88788,  and  PI90763 
(Riggs and Schmitt, 1988). Additional culti- 
vars were used to identify their  relative resis- 
tance to field populations of  soybean cyst 
nematode.  The  supplemental  differentials 
include Nor thrup  King $61-89 (resistant to 

TABLE 1. North Carolina counties sampled for nematodes (1994-1996), year sampled, soybean hectares 
harvested in year sampled, detection of  soybean cyst nematode (Heterodera glycines), and host races found. 

Hectares 
Sample harvested Cysts Races 

County Year numbers (Thousands) a detected detected 

Beaufort 1996 58-62 18.4 + 1, 2, 4 
Camden 1995 33-37 10.6 ÷ 2, 4, 9 
Columbus 1996 73-77 17.6 + 4 
Cumberland 1995 48-52 5.6 + 1, 2, 5 
Franklin 1996 68-72 8.6 + - -  
Hyde 1996 53-57 13.8 + 2 
Johns ton  1996 63-67 21.4 + 2, 5 
Pasquotank 1995 27-32 17.2 + 2 
Pitt 1994 22-26 19.4 + 2, 4 
Robeson 1994 16-21 42.9 + 2 
Sampson 1994 11-15 22.2 + 2, 4 
Stanly 1995 38-42 6.4 - - -  
Tyrrell 1994 1-5 12.9 + 2, 5 
Union 1995 43-47 17.3 - - -  
Washington 1994 6-10 16.2 + 2, 4, 5 

a North Carolina Agricultural Statistics 1994. 1995, 1996. 
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races 3, 9 and  14), TN5-92 (Cordell-type re- 
s i s t a n c e - r a c e s  1, 3, and  5), Har tz  5164 (re- 
sistant to races 3 and 14), and  Hartwig (re- 
sistant to all races). Each differential test was 
r ep l i ca t ed  th ree  times. Hos t  d i f ferent ia l  
plants were removed  f rom the soil 4 to 6 
weeks after planting, and  cysts were washed 
f rom roots and  counted.  Terminology devel- 
oped  by Schmitt  and Shannon  (1992) was 
used to discriminate a m o n g  cultivars and  
their  relative resistance. 

In  samples where  root-knot  nematodes  
were  e x t r a c t e d  a t  p o p u l a t i o n  dens i t i e s  
greater  than 80J2 /500  cm s soil, a subsample 
of  soil was placed in 17-cm-diam. pots and  
tomato  (Lycopersicum esculentum cv. Rutgers) 
seedlings were t ransplanted and  main ta ined  
for  12 weeks. Species of  root-knot  nema-  
todes were de te rmined  by examinat ion of  
pe r inea l  pa t t e rns  ( H a r t m a n  a n d  Sasser, 
1985). Species  o f  Hoplolaimus and  Prat- 
ylenchus were d e t e r m i n e d  th rough  micro- 
scopic  e x a m i n a t i o n  o f  s e m i - p e r m a n e n t  
mounts ,  provided sufficient adults were pre- 
sent in samples to provide for accurate iden- 
tification. 

Records of  soybean cyst nematode  infes- 
tation of  Nor th  Carolina counties have been  
main ta ined  since 1954. Since 1975, reports  
o f  soybean cyst nema tode  in previously un- 
infested counties have been  verified by site 
visits. Soil samples were collected, and  the 

races of  this n e m a t o d e  were d e t e r m i n e d  
(Golden et al., 1970). Informat ion  on in- 
fested counties is presented in Figure 1. 

RESULTS 

Soybean cyst nema tode  was detected in 13 
of  the 15 counties sampled.  Cysts of  H. gly- 
cines were  f o u n d  in 71% of  the  fields 
sampled,  whereas eggs and  juveniles were 
detected in 68% and 60% of  the fields, re- 
spectively. 

Populat ions character ized as to host  race 
were race 1, 4%; race 2, 40%; race 4, 17%; 
race 5, 4%; and race 9, 4%; 29% could not  
be  character ized adequately. Most popula-  
tions had  high female  indices on Pickett  
with the except ion of  the race 1 populat ions 
and  two of  the race 5 populat ions (Table 2). 
Peking was modera te ly  resistant or  suscep- 
tible to the race 2, 4, and  9 popula t ions  
evaluated. All populat ions  except  two race 9 
popu la t ions  had  high female  indices on  
PI88788, whereas PI90763 showed a high 
level o f  resistance to all populat ions not  clas- 
sified as race 4. Female indices on Nor th rup  
King $61-89 and  Hartz  5164 were similar, 
a l though $61-89 tended  to have lower fe- 
male indices than Hartz  5164. The  cultivar 
TN5-92 was distinctly different f rom Pickett, 
Nor th rup  King $61-89, and  Hartz  5164 in 
that  it was highly to modera te ly  resistant to 
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FIG. 1. County map of North Carolina. Counties not known to be infested with H. glycines (A,D), known 
infestations of H. glycines (B,C), and counties included in the current survey (C,D). 



TABLE 2. Sample number ,  host race, mean number  of H. glycines eggs per  500 cm 3 soil f rom original sample, 
and female indices based on susceptible cultivar 'Essex' on selected differentials used to characterize 39 of 49 field 
populations collected from 1994-1997. 

Female Index ~ 

Northrup 
Host Eggs per Hartz King 

Sample race b 500 cm 3 Essex e Pickett Peking PI88788 PI90763 5]64 $61-89 TN5-92 Hart~vig C.V. a 

1 
28 
30 
48 
55 
57 
59 
62 
64 
72 
49 
58 

2 
3 
5 
9 

10 
12 
13 
14 
15 
16 

• 17 
19 
25 
29 
31 
32 
35 
50 
51 
54 
6O 
66 

6 
7 

11 
23 
26 
33 
26 
61 
77 

4 
8 

52 
67 
34 
37 

Mean 
LSD 

(P < 0.05) 

- -  200 1.3 150.0 25.0 0.0 
- -  4,800 12.7 231.6 31.6 105.3 
- -  5,600 5.3 200.0 112.5 237.5 
- -  1,100 10.0 126.7 53.3 46.7 
- -  100 6.0 61.1 27.8 50.0 
- -  2,150 20.0 198.3 156.7 68.4 
- -  1,050 19.3 39.7 39.7 41.4 

0.0 0.0 0.0 
15.8 236.8 168.4 
0.0 575.0 231.2 

13.3 80.0 26.7 
5.6 133.3 166.7 
3.0 358.3 138.3 
5.2 32.8 108.6 

1,800 
1,400 20.0 66.7 15.0 38.4 

- -  12,100 3.5 66.7 0.0 123.8 
1 8,400 326.7 2.9 0.0 20.8 
1 300 32.7 1.0 2.0 57.1 
2 7,500 397.3 65.6 19.6 45.5 
2 15,500 154.7 18.5 44.0 24.6 
2 18,500 165.3 92.3 33.5 39.1 
2 7,600 72.7 77.1 21.1 61.5 
2 8,100 104.0 75.0 29.5 22.4 
2 28,300 98.0 63.3 36.0 15.0 
2 300 45.3 60.3 20.6 72.1 
2 900 56.0 169.1 52.4 95.2 
2 2,500 152.7 79.5 24.9 34.9 
2 6,600 81.3 165.6 40.2 27.0 
2 100 110.7 112.1 35.5 21.7 
2 36,300 122.0 78.1 33.9 36.1 
2 400 192.0 13.2 12.9 28.1 
2 7,500 56.7 61.2 44.7 14.1 
2 6,200 51.3 376.6 11.7 14.3 
2 4,000 63.3 214.7 10.5 27.4 
2 4,300 78.0 91.5 10.3 29.9 
2 12,200 111.3 101.8 22.2 29.9 
2 8,600 206.0 148.9 55.7 60.2 
2 300 49.7 30.9 14.1 32.9 
2 400 47.7 88.1 75.5 37.1 
2 10,200 33.3 85.0 29.0 29.0 
4 36,500 231.3 104.3 63.7 34.0 
4 5,300 48.0 106.9 51.4 48.6 
4 19,900 46.0 98.6 76.8 97.1 
4 300 62.0 114.0 36.6 75.3 
4 3,700 53.3 148.8 61.2 65.0 
4 4,700 94.0 136.2 22.7 21.3 
4 2,000 99.3 49.7 16.l 20.8 

8.0 433.3 95.8 112.5 425.0 95.8 137.5 
6.7 65.0 41.7 

28.6 76.2 114.3 
0.0 41.2 11.2 
0.0 17.3 50.0 
1.9 53.2 89.6 
4.7 28.0 45.7 
0.2 139.5 122.6 
5.5 86.7 55.0 
3.2 128.8 116.7 
0.0 31.3 17.0 
0.0 222.1 133.8 
3.6 182.1 126.2 
1.8 95.2 47.6 
3.3 127.9 66.4 
3.6 74.7 84.9 
1.6 160.1 49.2 
2.4 63.9 54.9 
0.0 102.3 43.5 
0.0 102.6 92.2 
0.0 143.2 7.4 
4.3 147.0 122.2 
1.8 33.5 83.2 
2.6 84.1 108.4 
8.0 37.6 40.9 
4.9 58.0 17.5 
0.0 57.0 88.0 

14.7 95.4 63.1 
15.3 70.8 98.6 
15.9 139.1 89.9 
12.9 64.5 61.3 
12.5 130.0 75.0 
28.4 130.5 81.6 
20.1 33.6 10.1 

25.0 0.0 - -  
36.9 0.0 - -  

275.0 0.0 - -  
53.3 6.7 - -  
55.6 0.0 - -  
65.0 21.7 - -  
10.3 0.0 - -  
54.2 0.0 - -  
10.0 0.0 - -  

19.0 0.0 - -  
0.0 0.0 122.2 

19.4 0.0 80.9 
18.3 0.0 95.8 
25.0 0.0 90.8 
28.2 0.0 132.1 
47.7 4.6 77.4 
46.1 0.6 84.5 

7.5 0.0 63.3 
4.4 1.5 85.2 

41.7 0.0 34.3 
53.7 0.0 95.1 
47.5 0.0 127.2 
43.4 0.0 61.3 

7.6 0.5 86.2 
15.2 0.0 70.7 
35.3 0.0 94.0 
46.7 1.3 139.5 
14.3 1.6 162.9 
56.4 3.4 159.3 
18.0 0.0 80.9 
45.6 0.0 54.9 
47.6 0.0 45.3 
68.5 0.7 79.6 
16.0 0.0 91.9 
22.5 0.0 64.0 
30.6 0.7 50.7 
26.1 0.0 106.8 
23.7 1.1 92.1 
42.5 1.2 35.9 
12.8 0.0 95.6 

2.5 1.3 120.5 
0.0 58.0 
2.7 78.9 
1.6 176.7 
0.0 97.0 
0.0 169.4 
0.0 90.8 
0.0 158.5 
0.0 101.4 
1.0 
6.1 

4 350 39.7 89.1 71.4 69.8 
4 10,800 36.3 117.4 64.2 67.0 
5 900 42.7 68.8 4.7 17.2 
5 7,000 84.0 18.3 2.4 84.9 
5 19,100 167.3 34.3 4.0 42.2 
5 4,000 68.3 67.8 8.3 44.9 
9 18,900 98.0 81.6 12.2 9.5 
9 5,800 110.0 90.9 15.8 8.5 

128.5 39.4 53.9 
274.6 20.5 100.3 

36.1 36.1 68.9 105.0 
61.5 50.5 59.6 37.6 

0.0 48.4 42.2 20.3 
3.2 172.2 135.7 1.6 
3.2 153.0 51.8 3.6 
1.0 89.3 56.6 4.9 
0.0 129.9 115.6 13.6 
0.6 57.6 37.6 6.7 
8.0 132.1 85.4 40.1 

20.5 241.7 134.6 135.9 

Female index equals 100 times the number of females on soybean differential divided by the number of femles on Essex and 
is mean of 3 replications. 

b Race designation according to Kiggs and Scbrnitt, 1988. 
c Values for Essex are actual number of cysts on Essex. 
d C.V. is coefficient of variation. 



H. glycines Races, Soybean Nematodes:  Koenning, Barker 573 

all race 1, 5, and  9 populat ions.  Further- 
more ,  races 2 and  4 had  consistently lower 
female  indices on TN5-92 than on the o ther  
cultivars tested. Hartwig was highly resistant 
to all populat ions  character ized to race, with 
female indices ranging f rom 0 to 4. Insuffi- 
cient numbers  of  H. glycines were extracted 
f rom six of  the samples to permi t  accurate 
bioassays. An addi t ional  10 samples  pro-  
duced  fewer than 30 cysts on  Essex soybean, 
and this was j u dged  insufficient to character-  
ize the host  race, a l though the data are pre- 
sented (Table 2). 

All soybean fields sampled conta ined  Heli- 
cotylenchus spp. (Table 3). Tylenchorhychus 
spp., detected in 77% of  fields, were also 
very common .  Species of  Pratylenchus were 
c o m m o n ,  occu r r ing  in 72% of  the  sites 
sampled,  and  included P. brachyums, P. pen- 
etrans, P. scribneri, and P. zeae. Only one  field, 
in Washington County, was infested with P. 
penetrans, whereas P. brachyurus and P. zeae 
were more  com m on ,  often occurr ing in the 
same field. N u m b e r s  o f  Meloidogyne spp. 
ranged  up  to 1,000/500 cm 3 soil in 20% of  
the fields sampled.  Only M. incognita was 
posi t ively iden t i f i ed  f r o m  samples .  Less 
c o m m o n l y  de t ec t ed  n e m a t o d e s  inc luded  
Paratrichodorus minor, Xiphinema spp. (X. 
americanum primari ly) ,  Mesocriconema spp. 
( M. ornatum most  frequently).  Hoplolaimus 

TABLE 3. Incidence of  plant-parasitic nema todes  
f rom 77 soybean fields in Nor th  Carolina, f rom samples 
collected in September  o f  each year f rom 1994-1996. 

Number per 500 
cm 3 soil 

Frequency 
Taxon (percent) Mean Maximum 

Helicotylenchus spp. 100 245 13,284 
Heterodera glycines 

Cysts 71 11 502 
Eggs 68 894 36,500 
Juveniles  60 29 1,240 

Haplolaimus galeatus 19 13 485 
H. columbus 1 1 80 
Meloidogyne spp. 26 16 1,000 
Mesocriconema spp. 22 15 580 
Paratrichodorus spp. 56 4 220 
Pratylenchus spp. 94 27 1,355 
Tylenchorhynchus spp. 81 22 825 
Xiphinema spp. 21 6 70 

Data are means of two samples per field. 

galeatus and H. columbus were detected,  but  
the latter occur red  at only one  site and  in 
low numbers .  

DISCUSSION 

The  f requency of  occur rence  of  soybean 
cyst n e m a t o d e  races found  in this survey 
cannot  be  c o m p a r e d  meaningful ly with ran- 
d o m  surveys previously conduc ted  in Nor th  
Carolina (Schmitt  and  Barker, 1987). A jus- 
tifiable bias was in t roduced  into the cur rent  
survey to optimize sampling t ime and be- 
cause the pr imary objective was de te rmin ing  
the race status of  Nor th  Carolina H. glycines 
populations.  

In contrast  to our  findings, races 9 and  14 
were the most  f requently detected in South 
Carolina (Lewis et al., 1993). These data also 
differ  great ly  f r o m  a previous  survey in 
which races 1, 2, 3, 4, and  5 compr ised  77% 
of  populat ions evaluated in Nor th  Carolina 
in 1985-1986 (Schmitt  and  Barker, 1987). 
Race 2 of  H. glycines, which was the most  
prevalent  in the earlier study and  the cur- 
rent  work, increased f rom 21% to 45% of  
the soybean  cyst n e m a t o d e  popu la t ions ,  
whereas race 4 increased f rom 7% to 17% 
over a span of  approximate ly  10 years. The  
differences  be tween  Nor th  Carol ina  and  
South Carolina H. glycines populat ions  can 
probably  be at t r ibuted to three  factors: (i) 
m o r e  intensive soybean culture in Nor th  
Carolina, (ii) genetic differences in popula-  
tions as a result of  l imited diversity in new 
infestations, (iii) different cultivar usage be- 
tween the two states. 

No populat ions that  could be  categorized 
as race 3 or  14 o f H .  glycineswere detected in 
the cur rent  study. Similarly, race 3 was de- 
tected in only one  field in Tennessee,  which 
borders  bo th  Nor th  Carol ina and  Missouri 
(Young, 1990). In contrast,  race 3 is the 
most  c o m m o n  race of  this nematode  found  
in Missouri, Ohio,  and  Illinois (Niblack et 
al., 1993; Sikora and  Noel, 1991; Willson et 
al., 1996). Still, 16 H. glycines populat ions 
found  in the cur rent  survey were not  classi- 
fied as to race. Some of  these populat ions 
could be  races 1, 3, or  14. Five of  these popu-  
lations came f rom Franklin County in the 
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Piedmont  f rom fields in a tobacco-soybean- 
maize rotat ion that  incorpora ted  soybean 
cyst nematode-res is tant  cultivars. Many of  
the low-population densities of  soybean cyst 
nema tode  in the samples were probably  the 
result o f  the use of  resistant cultivars. How- 
ever, the majority of  the remain ing  11 popu-  
lations not  categorized because of  low repro- 
duct ion on Essex had  adequate  reproduc-  
tion on  Pickett, suggesting they probably  
were not  races 1 or  3. 

The  high level o f  reproduct ion  of  H. gly- 
cines on Nor th rup  King $61-89 and Hartz  
5164 indicates that  the usefulness of  this 
type of  resistance in Nor th  Carol ina at this 
t ime is limited. These cultivars, though vary- 
ing f rom modera te ly  resistant to susceptible 
to races 2 and  4, generally yield more  in 
field trials than susceptible cultivars or  race 
1 and  race 3-resistant cultivars (S. R. Koen- 
ning, unpubl ished) .  An impor tan t  facet of  a 
ro ta t ion  p r o g r a m  i n c o r p o r a t i n g  resistant  
and  susceptible cultivars is the ability of  the 
resistant cultivar to limit r ep roduc t ion  of  
soybean cyst nema tode  such that  a subse- 
quen t  susceptible cultivar may be planted.  
Cultivars mode ra t e ly  resistant  to a given 
popula t ion  may fail to limit H. glycines popu-  
la t ion  levels to n o n - d a m a g i n g  levels in 
Nor th  Carolina, even though yield is not  se- 
riously affected in the cur rent  year. Thus,  a 
m a n a g e m e n t  strategy of  rotat ing resistant 
and  susceptible cultivars currently has lim- 
ited value in Nor th  Carolina. Certainly, H. 
glycines race 1- and  race 3-resistant cultivars 
should generally be considered as suscep- 
tible to H. glycines in Nor th  Carolina. Culti- 
vats with resistance similar to TN5-92 or  
Cordell  would be useful in manag ing  some 
race 2, 4, or  5 populations,  but  these culti- 
vats have not  be com e  popula r  in the state. 
Cultivars with the b r o a d  resistance f rom 
PI437654 are needed  to manage  the major- 
ity of  soybean cyst nema tode  populat ions in 
Nor th  Carolina. Young (1990) also found  a 
large p ropor t ion  of  H. glycines populat ions 
in Tennessee  that could be  classified as races 
2, 4, or  5. In  general ,  data  f rom studies 
t h r o u g h  the Un i t ed  States indica te  tha t  
populat ions of  H. glycines cont inue  to shift in 
response to selection pressure as a result of  

the dep loyment  of  resistant cultivars. The  
high percentage  of  races 2, 4, 5, 9, and 14 in 
the southeastern Uni ted States compa red  to 
the prevalence of  race 3 in nor thern  states is 
probably  a result o f  the long history of  using 
resistant soybean cultivars in the southeast- 
ern Uni ted States. Populat ions of  H. glycines 
f rom the southeastern  Uni ted  States thus 
have a higher  f requency of  alleles for  para- 
sitism on  resistant soybean than those in the 
nor the rn  states. 

Considerable variation occurred  between 
H. glycines populat ions classified as races 2 or 
4 with regard to parasitism on PI88788, TN5- 
92, Hartz  5164, and Nor th rup  King $61-89. 
These results verify the conclusions of  Riggs 
et al. (1995) that a new scheme for  classifi- 
cation of  H. glycines host races is needed.  
The  cultivar TN5-92, with a b a c k g r o u n d  
similar to Cordell, appears  to be distinctly 
different f rom other  cultivars. 

Only 33% of  Nor th  Carolina (Schmitt  and  
Barker, 1987) and  14% and 17% of  South 
Caro l ina  fields in ear l ier  surveys (1985-  
1989) were infested with H. glycines (Lewis et 
al., 1993). In the cur rent  survey, 71% of  the 
fields sampled had detectable levels o f  H. 
glycines. I f  only fields in count ies  in the 
Coastal  Plain and  T idewa te r  reg ions  o f  
North  Carolina are considered,  then 80% of  
the fields in these regions are infested. This 
conclusion may be an overestimation of  the 
p rob lem since fields were not  selected at 
r a n d o m  for this survey. Bias also may have 
been  in t roduced  by the fact that  counties 
with a large soybean hectarage were chosen, 
since the pr imary objective of  this study was 
to assess the race status of  H. glycines popu-  
lations. Fur thermore ,  Extension agents were 
asked to locate fields for which informat ion 
on past p roduct ion  practices could be ob- 
tained, which may have been  ano ther  source 
of  bias. 

The  two counties in which this nematode  
was not  detected, Union  and Stanly coun- 
ties, are both  in the Piedmont ,  which is char- 
acterized by roiling hills and fine-textured 
soils. The  majority of  the fields in these two 
counties have been in no-till for  5 or  more  
years in a I-year corn-soybean rotation. Al- 
though popula t ion  densities o f  H. glycines 
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t e n d  to be  suppressed  in  no-til l  ( K o e n n i n g  
et  al., 1995), we suspect  tha t  o the r  factors 
have l imi ted  the  spread  of  this n e m a t o d e  in  
the  P i e d m o n t .  F a r m  e q u i p m e n t  such  as 
p lanters ,  tractors, a n d  cult ivators used  o n  
f ine- tex tured  soils a n d  ro l l ing  hills in  the 
P i e d m o n t  are n o t  adap ted  to sandy coastal 
p la in  soils. Thus ,  the l i ke l ihood  of  move-  
m e n t  of  soybean cyst n e m a t o d e  o n  m a c h i n -  
ery f rom the  coastal p la in  to the P i e d m o n t  is 
small .  Secondly ,  d i s tances  b e t w e e n  fields 
t e n d  to be grea te r  in  the P i e d m o n t  t h a n  o n  
the coastal p la in ,  thus l imi t ing  spread  wi th in  
t he  P i e d m o n t .  P rev ious ly ,  s o y b e a n  cyst 
n e m a t o d e  h a d  b e e n  d e t e c t e d  i n  U n i o n  
C o u n t y  b u t  n o t  i n  S tan ly  C o u n t y  (D. P. 
Schmitt ,  pe r sona l  c o m m u n i c a t i o n ) .  

T h e  relative f r equency  of  o c c u r r e n c e  of  
the  various taxa of  plant-parasi t ic  n e m a t o d e s  
o n  s o y b e a n  g e n e r a l l y  c o n c u r s  with p u b -  
l i shed  r epo r t s  f r o m  N o r t h  C a r o l i n a  a n d  
South  Caro l ina  (Lewis et  al., 1993; Schmi t t  
a n d  Barker,  1987). T h e  i n c i d e n c e  of  Meloido- 
gyne spp. was m u c h  lower t h a n  is usual ly en-  
c o u n t e r e d  in  o the r  crops in  Nor th  Carol ina ,  

especial ly vegetables ,  co t ton ,  a n d  tobacco  
(K. R. Barker  a n d  J. L. Imbr i an i ,  pe r sona l  
c o m m u n i c a t i o n ) .  High  p o p u l a t i o n  densi t ies  
o f  H. glycines may compe t i t i ve ly  e x c l u d e  
Meloidogyne spp. i n  soybean fields. Also, mos t  
cu r ren t ly  grown soybean cultivars are e i the r  
resis tant  or  p o o r  hosts for M. incognita. Ho- 
plolaimus columbus, d e t e c t e d  in  on ly  o n e  
field, a n d  the  r e n i f o r m  n e m a t o d e ,  Roty- 
lenchulus reniformis, n o t  de tec ted  in  this sur- 
vey, are  be l i eved  to o c c u r  in  on ly  a few 
Nor th  Caro l ina  count ies  at this t ime. 

In  summary ,  a large pe rcen t age  of  the  H. 
glycines popu la t i ons  de tec ted  in  this survey 
c a n n o t  be  m a n a g e d  adequa te ly  by cur ren t ly  
available hos t  resistance,  with the  excep t ion  
of  two cultivars, Har twig a n d  TN5-92. More  
effort is n e e d e d  to i n c o r p o r a t e  these types of  
resis tance in  h igh-yie ld ing  soybean.  
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