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Impact of Planting 'Bell', a Soybean Cultivar Resistant to 
Heterodera glycines, in Wisconsin1 

A. E. MACGUIDWlN, C. R. GRAU, AND E. S. OPLINGER 2 

Abstract: Although the soybean cyst nematode (SCN), Heterodera glycines, has been known to exist 
in Wisconsin for at least 14 years, relatively few growers sample for SCN or use host resistance as a 
means to manage this nematode. The benefit of planting the SCN-resistant cultivar Bell on a sandy 
soil in Wisconsin was evaluated in 1992 and 1993. A range of SCN population densities was achieved 
by planting 11 crops with varying degrees of susceptibility for 1 or 2 years before the evaluation. 
Averaged over nematode population densities, yield of 'Bell' was 30 to 43% greater than that of the 
susceptible cuhivars, 'Corsoy 79' and 'BSR 101'. Counts of  cysts collected the fall preceding soybean 
were more predictive of yield than counts taken at planting. Yields of all three cultivars were 
negatively related (P < 0.001) to cyst populations. Fewer (P < 0.01) eggs were produced on 'Bell' 
than on the susceptible cuhivars. The annual (fall to fall) change in cyst population densities was 
dependent  on initial nematode density for all cuhivars in 1992 and for the susceptible cultivars in 
1993. Yield reductions induced by the SCN under the conditions of this study indicate that planting 
a SCN-resistant cultivar in Wisconsin can be beneficial if any cysts are detected. 

Key words: crop loss estimate, Glycine max, Heterodera glycines, resistance, soybean, soybean cyst 
nematode. 

The soybean cyst nematode (SCN), Het- 
erodera glycines Ichinohe,  is distr ibuted 
throughout  the north central region of  the 
United States and causes more yield reduc- 
tion of  soybean (Glycine max (L.) Merr.) in 
the region than any other disease (3). In- 
festations of  SCN were first reported in 
the 1950s for Missouri and Illinois, in the 
1960s for Indiana, in the 1970s for Iowa 
and Minnesota, and in the 1980s for Kan- 
sas, Nebraska, Ohio, Michigan, and Wis- 
consin (15). The estimated number  of  in- 
fested fields has increased in the region 
during the past 5 years (13,18), but the in- 
cidence of  SCN still varies widely among 
states. For example, in Missouri all but  one 
country with significant soybean produc- 
tion is known to be infested with SCN (15), 
whereas the current ly  recognized inci- 
dence of  SCN in Wisconsin is limited to 
about 110 fields in 13 counties (Norgren, 
per. comm.). 

The  impact of  SCN on yield of  soybean 
was studied in several states in the north 
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central region. Estimated thresholds for 
SCN-susceptible cultivars exposed to de- 
fined nematode inoculum levels for Iowa 
(12), Illinois (4), and Missouri (13) ranged 
from 10-200 eggs/100 cm 3 soil. These  
thresholds are well within the range of  
published egg counts from SCN-infested 
fields in the region and were confirmed 
with yield data collected from sites with in- 
digenous SCN populations (12,16). Yields 
of SCN-resistant cultivars of soybean ma- 
turity group II were 6% to 63% higher 
than that of  susceptible cuhivars planted in 
Iowa (12) and Illinois (16). Variability in 
these data were attributed to nematode 
population densities, environmental fac- 
tors (12), soil type, and soybean cultivars 
(16). 

A number of  early-maturing cultivars 
with resistance to SCN are available for the 
nor th  central  region.  Al though  SCN- 
resistant cuhivars have been used exten- 
sively in some portions of  Illinois (23), it 
appears that many growers throughout  
the region are not using host resistance as 
a means to manage SCN. This is certainly 
the perception in Wisconsin and it pro- 
vided the rationale for our study. We con- 
ducted two field trials in 1992 and 1993 to 
document the benefit of  growing a SCN- 
resistant cuhivar in a sandy soil typical of  
much of  the SCN-infested hectarage in 
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Wisconsin. Before  our  evaluation,  we 
planted the research site with crops of  
varying degrees of  susceptibility to SCN to 
create a range of initial nematode inocu- 
lure densities representative of commercial 
fields. 

MATERIALS AND METHODS 

Studies were conducted at the Hancock 
Research Station in a site discovered to be 
infested with H. glycines race 3 in 1990. 
The soil was a Plainfield loamy sand (92% 
sand, 5% silt, 3% clay, <1% organic mat- 
ter; pH 6.1). Two adjacent blocks within 
the infested site were planted with 11 dif- 
ferent crops in 1991 to establish a gradient 
of  SCN population densities. The dimen- 
sions of each block were 81 × 18.5 m. The 
following crops were planted in 7.4 × 18.5 
m contiguous strips: hairy vetch (Vicia vil- 
losa Roth), white clover (Trifolium repens 
L.), alsike clover (Trifolium hybridum L.) 
(seed sources for these three crops had no 
variety designat ion and should be re- 
garded as "common"), 'Arlington' red clo- 
ver (Trifolium pratense L.), 'Oneida' alfalfa 
(Medicago sativa L.), 'Dairyland 1103' 
(1991) and 'Pioneer 3965' (1992) corn (Zea 
mays L.), 'Perfection 77' pea (Pisum sativum 
L.), 'Early Gallatin' snap bean (Phaseolus 
vulgaris L.), 'Bell' soybean, 'Corsoy 79' soy- 
bean, and 'BSR 101' soybean. Based on 
published reports (19), SCN populations 
were expected to increase on 'Corsoy 79' 
and 'BSR 101' soybean, snap bean, pea, al- 
falfa, and hairy vetch. Populations were 
expected to decrease or remain stable on 
corn, white clover, red clover, and the 
SCN-resistant cultivar Bell. The host status 
of alsike clover was uncertain, as it was con- 
sidered to be a susceptible host by some 
authors (6) but not others (20). Rotation 
crops were grown for one (east block) or 
two (west block) years before planting soy- 
bean. All rotation crops were planted on 
the same day; 30 May 1991 and 6 May 
1992. Plots were irrigated twice weekly. 
The soybean cultivars were harvested on 1 
October 1991 and 15 October 1992. The 
site was disked and plowed in the spring. 

For sampling purposes, the strips of 

crops were each subdivided into three con- 
tiguous plots (33 plots total), hereafter re- 
ferred to as rotation plots. Soil samples 
composed of  six cores taken 22 cm deep 
were collected from the center rows of the 
rotation plots immediately after planting 
and before harvest from the east block in 
1991 and from the west block in 1991 and 
1992 to determine SCN population densi- 
ties. Cysts were extracted from 100-cm 3 
subsamples by a wet-sieving technique us- 
ing nested sieves with openings of  841-~m 
and 180-wm. Cysts retained on the 180-p~m 
sieve were counted using a stereomicro- 
scope. Numbers of  eggs were estimated 
from samples collected in the west block 
during the fall of 1992 as follows: the first 
10 cysts encountered  dur ing  count ing 
were reserved and later crushed to release 
and count the eggs within. The 10 individ- 
ual egg counts from each sample were av- 
eraged and then multiplied by the total 
number of  cysts to estimate the total egg 
population for that sample. Frequency dis- 
tributions of nematode population densi- 
ties were plotted for each rotation crop. 
Data were not analyzed because the spatial 
arrangement of the rotation crops did not 
conform to a design appropriate for statis- 
tical analyses. 

Three  soybean cultivars, Corsoy 79, 
Bell, and BSR 101, were evaluated in the 
east block in 1992 and in the west block in 
1993. Because Phialophora gregata (Ailing- 
ton & Chamberlain)  Gams, the causal 
agent of  brown stem rot, was also indige- 
nous to the site, the three cultivars were 
selected so as to best identify the impact of  
SCN; 'Corsoy 79' is susceptible to both 
SCN and brown stem rot, 'Bell' (14) is re- 
sistant to both organisms, and 'BSR 101' 
(24) is susceptible to SCN but resistant to 
brown stem rot. All three cultivars were 
planted within each of  the 33 sampling 
plots. The order of placement within each 
plot was randomly assigned. Thus, in the 
year of  soybean evaluation, 99 smaller 
plots (2 × 7.4 m), hereafter referred to as 
soybean plots. Soybean was planted in 
rows spaced 17.5-cm apart on 6 May 1992 
and 14 June  1993. Herbicides were ap- 
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plied at recommended rates twice before 
emergence (alachlor, linuron) in 1992 and 
1993 and after emergence (bentazon) in 
1993. The site was irrigated twice weekly. 
Harvest dates were 15 October 1992 and 
26 October 1993. Yields were standardized 
to 13% moisture. In 1993, data were col- 
lected for plant height at harvest and rel- 
ative lodging (scale = 1-5, where 1 = all 
plants erect and 5 = all plants on the 
ground). 

Samples were collected in the spring and 
fall immediately after planting and before 
harvest, respectively. For the east block, 
samples were collected from the 99 soy- 
bean plots in the spring and fall of 1992, 
immediately after planting and before har- 
vest, respectively. For the west block, sam- 
ples were collected from the 33 rotation 
plots in the spring immediately after plant- 
ing soybean and from the 99 soybean plots 
in the fall of  1993. Each sample was com- 
posed of 10 soil cores collected to a depth 
of 20 cm from the inner four rows within 
each plot. Cysts were counted from 100- 
cm 3 subsamples in the spring and fall; eggs 
were counted only in the fall as described 
for the rotation crops. 

Soybean plots were monitored for dis- 
ease, particularly brown stem rot. The se- 
verity of foliar symptoms diagnostic for 
brown stem rot was evaluated using the 
Horsfall-Barratt  scale (7) of  0-11 on a 
weekly basis from the date of symptom on- 
set. An area under  the disease progress 
curve (AUDPC) was calculated for each 
cultivar (7). 

Data were analyzed using regression and 
one-way analysis of variance programs of 
Minitab (10). Counts of cysts and eggs 
were transformed to logl0(x) or logl0(x + 
1), respectively, to normalize the variance. 
Yields of the three soybean cultivars were 
regressed against counts of cysts from sam- 
ples collected in the fall and spring before 
planting soybean. Performance of the cul- 
tivars was compared by testing for differ- 
ences in the intercepts and slopes gener- 
ated by regression analysis of  soybean 
yields versus fall cyst densities. Analyses 
based on egg counts were also conducted 

for the 1993 soybean crop grown in the 
west block. Data from three plots where no 
eggs were detected in the fall were not in- 
cluded in this analysis because samples col- 
lected during the soybean year showed 
that SCN were present. Host suitability of 
the cuhivars was compared by testing for 
difference in final egg population densities 
using analysis of variance. The annual (Pf/ 
Pi) change in nematode population densi- 
ties associated with each cultivar was com- 
puted by dividing counts of cysts or eggs at 
soybean harvest by the number present the 
previous fall. Density dependency of the 
annual change was tested by regressing 
logl0(Pf/Pi) values on logl0(Pi) values. 

RESULTS 

A range of SCN population densities 
was achieved by planting different crops 
for 1 or 2 years (Figs. 1,2). Coefficients of 
variability (CV) in cyst counts averaged 
over the entire block were lower after 1 
(13%) year than after 2 (32%) years. There 
was more variability in egg counts (CV = 
46%) than in cyst counts after 2 years of 
planting the 11 rotation crops. Numbers of 
cysts (1991 and 1992) and eggs (1992) 
were very high on the SCN-susceptible 
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FIo. 1. Cyst densities of Heterodera glycines in Oc- 

tober 1991 following 1 year of white clover (WC), 
alsike clover (AC), red clover (RC), alfalfa (A), corn 
(C), pea (P), hairy vetch (HV), 'Bell' soybean (BL), 
snap bean (S), 'Corsoy 79' soybean (CR), or 'BSR-101' 
soybean (BS). Each point represents the population 
density in one replicate plot. 
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FIG. 2. Cyst (A) and egg (B) densities of  Heterodera 
glycines in October 1992 following 2 years of white 
clover (WC), alsike clover (AC), red clover (RC), al- 
falfa (A), corn (C), pea (P), hairy vetch (HV), 'Bell' 
soybean (BL), snap bean (S), 'Corsoy 79' soybean 
(CR), or 'BSR-101' soybean (BS). Each point repre- 
sents the population in one replicate plot. 

soybean cultivars. Cyst counts associated 
with the other crops ranked according to 
host status with one exception; counts of  
cysts for corn samples were high in 1992 
compared  to those for o ther  nonhos t  
crops. The numbers of  cysts in alsike clo- 
ver plots remained high after 1 year (Fig. 
1), but  were comparable to the numbers 
present  in nonhost  plots after  2 years 
(Fig. 2). 

The susceptible soybean crops suffered 
considerable damage during the 1 or 2 
year rotation period preceding the evalua- 
tion. In 1991, yields of  'Corsoy 79', 'BSR 

101', and 'Bell', were 1,200, 1,120, and 
2,520 kg/ha, respectively, for the east block 
and 1,480, 1,540, and 2,550 kg/ha, respec- 
tively, for the west block. In 1992 (west 
block), the respective yields were 180, 510, 
and 1,740 kg/ha for the three cultivars. 

Averaged over SCN population densi- 
ties, 'Bell' yielded 43% more than 'Corsoy 
79' and 30% more than 'BSR 101' in 1992 
(Fig. 3) and 30% more than both cultivars 
in 1993 (Fig. 4). There was a negative re- 
lationship (P = 0.0001) between yield and 
nematode densities the previous fall for all 
cultivars. Regress ion equat ions  corre-  
sponding to Figs. 3 and 4 are presented in 
Table 1. The intercepts of the regression 
lines, which reflect differences in the yield 
response of  the cultivars to SCN, were dif- 
ferent. The estimated intercept for 'Bell' 
was greater (P = 0.001) than 'Corsoy 79' in 
1992 and 1993 and greater than 'BSR 101' 
in 1993. The slopes of  the regression lines, 
which indicate the sensitivity of  the culti- 
vars to increasing population densities of  
SCN, were not different among the three 
cultivars. 

Counts of  cysts in the fall preceding a 
soybean crop were more predictive of  yield 
than counts taken at the time of  planting. 
In 1992, correlation coefficients ranged 
from - 0 . 6 2  to - 0 . 7 4  for fall-based anal- 
ysis (Table 1) of  the three soybean cultivars 
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glycines in 1992 versus loglo(eggs + I) in October 
1991. 
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and 0.55 to 0.74 for the spring-based anal- 
ysis (data not shown). Correlation coeffi- 
cients ranged from -0 .69  to -0 .72  for 
the fall-based analysis (Table 1) and - 0.53 

TABLE 1. R e l a t i o n s h i p  o f  g r o w t h  a n d  y i e ld  o f  
t h r e e  s o y b e a n  c u l t i v a r s  to  b a s e  10 l o g a r i t h m i c  t r a n s -  
f o r m e d  c o u n t s  o f  cysts  (×  1) o r  e g g s  (× 2) o f  Heterodera 
glycines p e r  100 c m  s soil  in  t h e  fal l  p r e c e d i n g  s o y b e a n  
c r o p s  g r o w n  in 1992 a n d  1993.  

Cuhivar  Regression equat iont  r ~ 

1992 
C o r s o y  79 Y i e l d  = 4 ,490  - 1 . 6 0 x  1 0 .38  
B S R  101 Y i e l d  = 5 ,840  - 2 . 1 5 x l  0 .55 
Bel l  Y i e l d  = 5 ,250  - 1 . 4 9 x  1 0.45 

1993 
C o r s o y  79 Yie ld  = 3 ,010  - 0 . 8 2 x  1 0 .52  

Yie ld  = 3 ,120  - 0 . 4 6 x 2  0 .56  
H e i g h t  = 94  - 1 7 . 1 7 x l  0.41 
H e i g h t  = 101 - 1 . 2 7 x 2  0.61 

L o d g i n g  = 2.31 - 0 . 5 9 x l  0 .26  
L o d g i n g  = 2 .43  - 0 . 3 5 x 2  0 .32  

B S R  101 Y i e l d  = 3 ,280  - 1 . 0 0 x  1 0 .47  
Y i e l d  = 3 ,540  - 0 . 6 2 x 2  0 .76  

H e i g h t  = 90  - 1 7 . 2 9 x  1 0 .40  
H e i g h t  = 98 - 1 1 . 6 4 x 2  0.65 

L o d g i n g  = 2 .46  - 0 . 5 5 x  1 0 .26  
L o d g i n g  = 2 .79  - 0 . 4 0 x 2  0 .59  

Be l l  Y i e l d  = 3 ,860  - 0.91 x I 0 .52 
Y i e l d  = 4 ,020  - 0 . 5 2 x 2  0 .57  

H e i g h t  = 87 - 1 3 . 5 8 x  1 0 .39  
H e i g h t  = 92 - 8 . 4 1 x 2  0 .50  

L o d g i n g  = 3 .12  - 0 . 7 9 x l  0 .66  
L o d g i n g  = 3 .12  - 0 . 4 0 x 2  0 .56  

t Units for yield, height, and lodging are kg/ha, cm, and 
1-5 rating, respectively. P values were 0.0001 for the regres- 
sion analysis of  yield and height  and 0.01 for lodging. 

to -0.64 for the spring-based analysis in 
1993 (data not shown). Regressions using 
egg counts had higher r 2 values than anal- 
yses based on Cyst counts in 1993 (Table 1). 

Plant height at harvest in 1993 was re- 
lated (P = 0.0001) to nematode popula- 
tion densities for all three soybean cuhi- 
vars (Table 1). Estimates of  the slope and 
intercepts describing this relationship did 
not differ among cuhivars. Plant lodging 
was also negatively related to nematode 
population densities. As was the case for 
yield and plant height, the lodging re- 
sponse of the three cuhivars to increasing 
levels of SCN were similar. Tests for dif- 
ferences among the estimated intercepts 
showed more lodging associated with 'Bell' 
than 'Corsoy 79'. 

Final cyst and egg population densities 
were  c o m p a r a b l e  for  the  two SCN- 
susceptible cultivars and they were greater 
(P = 0.05) than that supported by 'Bell' 
(Table 2). In 1993, variability in the log- 
transformed egg and cyst counts was sim- 
ilar for the two susceptible cuhivars (CV = 
9 and 11%, respectively for egg and cyst 
counts), but not the resistant cultivar (CV 
= 29% for cyst counts and 78% for egg 
counts). In general, SCN population den- 
sities at harvest were lower in the west 
block in 1993 after 2 years rotation than in 
the east block in 1992 after 1 year rotation. 

T h e  a n n u a l  (October  to October )  
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TABLE 2. Mean populat ion densities ofHeterodera glycines eggs and cysts per  100 cm s soil and area u n d e r  
the disease progress  curve (AUDPC) for  brown stem rot (BSR) disease at harvest  o f  three  soybean cultivars 
planted in 1992 and 1993. 

1992 1993 

Cultivar Eggs Cysts BSR Eggs Cysts BSR 

Corsoy 79 30,941 226 103 15,748 I61 43 
BSR 101 38,107 260 5 12,735 135 0 
Bell 5,093 86 2 1,140 76 0 

Counts of eggs and cysts were different (P = 0.05) for the SCN-resistant ('Bell') versus susceptible ('BSR 101' and 'Corsoy 
79') cultivars. AUDPC values were different (P = 0.01) for the BSR-resistant ('Bell' and 'BSR 101') versus susceptible ('Corsoy 
79') cultivars. 

change in cyst densities in 1992 and egg 
densities in 1993 were negatively density 
dependent  for all three cultivars (Table 3), 
i.e., the slopes of  the regression lines com- 
paring yearly change to initial densities 
were significant (P < 0.001). Density de- 
pendency was also demonstrated for the 
annual change in cyst densities associated 
with 'Corsoy 79' and 'BSR 101' in 1993, but 
not for 'Bell'. Correlation coefficients were 
higher for the two susceptible cultivars 
than the resistant cultivar. Using cysts as 
the population unit in 1992, r 2 values av- 
eraged 70% for the susceptible cultivars 
and 30% for 'Bell'. In 1993, f2 values for 
eggs averaged 88% for the susceptible cul- 
tivars and 37% for 'Bell'. The r 2 values for 
cysts averaged 28% for the susceptible cul- 

TABLE 3. Relationship of  the change (loga0 [Pf/ 
Pi]) in populat ion density o f  Heterodera glycines cysts 
(x  1) or  eggs (x2)  f rom October  preceding a soybean 
crop to harvest of  the soybean crop (October) versus 
the initial populat ion density (loga0 [Pi]). 

Cultivar Regression equation r ~ 

1992 
Corsoy 79 Y ~ 2.43 - 1 .05x l  .74 
BSR 101 Y = 2.22 - 0.92×1 .66 
Bell Y = 1.14 - 0 . 6 4 x l  .30 

1993 
Corsoy 79 Y = 1.30 - 0 . 3 1 x l  .25 

Y = 3.51 - 0 .75x2 .88 
BSR 101 Y = 1.24 - 0 . 3 2 x l  .30 

Y = 3.51 - 0 .77x2 .88 
Bell Y -- 0.42 - 0.08×1 .01 

Y -- 0.95 - 0 .22x2 .37 

P values were 0.01 for all equations except for 'Bell' cyst 
(× 1) populations in 1993. 

tivars in 1993; slopes of  the regression 
lines were not significant for 'Bell'. 

Both 'Bell' and 'BSR 101' were resistant 
to brown stem rot disease (Table 2). Com- 
putation of  the AUDPC showed a low se- 
verity (<5) of  leaf symptoms on these cul- 
tivars in 1992 and no presence of  leaf 
symptoms in 1993. Corresponding AU- 
DPC values for 'Corsoy 79' were 103 in 
1992 and 43 in 1993. Regressions of  yields 
on AUDPC values for the plots planted 
with 'Corsoy 79' were significant in 1992 
(r 2 = 26.4, P = 0.002), but  not 1993. 

DISCUSSION 

Yield of  the SCN-resistant cultivar Bell 
was considerably greater than two suscep- 
tible cultivars in SCN-infested plots. Eval- 
uations of  the same cultivars in nonin- 
rested plots at the Hancock Research sta- 
tion concurrent to our study indicated that 
the higher yield of 'Bell' was due to the 
suppression of  SCN; averaged over 1992 
and 1993, yields for 'Bell', 'BSR 101', and 
'Corsoy 79' were 2,627, 3,099, and 3,031 
kg/ha, respectively, in the noninfested site 
(17). Given that a natural infestation of  
SCN was manipulated using crops com- 
mon to Wisconsin, the extent of  yield sup- 
pression may reflect the impact of  SCN in 
infested commercial fields. The 30 to 43% 
yield difference between 'Bell' and the sus- 
ceptible cultivars is higher than that re- 
ported for Iowa (12), and may reflect the 
influence of  soil type. Yield reductions due 
to SCN were greatest in sandy soils in Illi- 
nois (16) and North Carolina (22), with 
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damage thresholds approximately equal to 
detection thresholds. 

The  SCN-resistant cultivar Bell pro- 
duced higher yields than the susceptible 
cultivars regardless of  nematode popula- 
tion levels, but it too was negatively af- 
fected by high numbers of SCN. Francl 
and Dropkin (5) also found a significant 
negative relationship between initial SCN 
popula t ion  densities and yield for the 
SCN-resistant cuhivar Forrest in Missouri. 
These results indicate that even though 
there is an advantage to planting SCN- 
resistant cultivars, soybean yields may be 
unacceptable if SCN pressure is too great. 

Some soybean plants in this study were 
coinfected by the vascular pathogen, Phia- 
lophora gregata. Brown stem rot can reduce 
soybean seed yields, and one of  the most 
reliable methods for determining yield re- 
duction is to compare the performance of  
cuhivars resistant and susceptible to P. gre- 
gata (8). O u r  f ind ing  that  the  SCN- 
resistant cultivar Bell also expressed resis- 
tance to P. gregata, was consistant with 
yield trials conducted by Oplinger et al., 
(17), and has not been reported by other 
researchers. Yields of  'Bell' and the BSR- 
resistant cultivar BSR 101 were not com- 
parable in our study, however, as would be 
expected if BSR was a major yield factor. 
The impact of  brown stem rot in SCN- 
infested plots in an Iowa study was also 
minimal compared to the effect of  SCN 
(12). In 1992, there was a yield benefit 
from planting 'BSR 101' as compared to 
the BSR-susceptible cultivar Corsoy 79, 
but  the gain was much less than that asso- 
ciated with the SCN-resistant cultivar Bell. 
In 1993, yields of  the BSR-resistant and 
-susceptible cultivar were  not different.  
The decline in brown stem rot severity in 
1993 following 2 years of rotation crops 
supports previous studies on the value of  
crop rotation for suppressing this disease 
(1). 

Final popu la t ion  levels o f  SCN de- 
creased as initial population densities in- 
creased, as has been reported for other 
studies (5,9). While density dependency 
was observed for both cyst and egg popu- 

lations for the susceptible cuhivars, the in- 
crease in cyst populations associated with 
'Bell' was invariant for Pi in the second 
year of  the study. One explanation for this 
finding may be that the high population 
densities achieved by 2 years of  planting 
susceptible crops was equal to the carrying 
capacity of  'Bell', so that the number  of  
nematodes infecting roots was similar over 
the range of  population densities repre- 
sented. This explanation was supported by 
a greenhouse trial (unpubl.) where we de- 
tected fewer nematodes in stained roots of  
'Bell' as compared to the other cuhivars at 
a single level of Pi. 

Our study illustrates the value of  crop 
rotation for managing SCN. Al though 
SCN were not eliminated after 2 years of  a 
nonhost crop, few nematodes were recov- 
ered from nonhost plots as compared to 
plots planted continuously with susceptible 
soybean. Our  observations suppor t  the 
contention (19) that alsike clover is not a 
host to SCN. Although no statistical analy- 
ses were performed, the ranking of  the 
nonhost crops for numbers of cysts recov- 
ered was different for the 1- and 2-year 
rotations, which implies that the decline of  
SCN population densities differed among 
nonhost crops. 

Although there is a large body of  litera- 
ture describing control options and bene- 
fits for SCN (11,21), more information is 
needed to support  decision-making in the 
northern United States. One of the great- 
est constraints for managing SCN in Wis- 
consin and Minnesota is the relatively late 
date a frost-free soil sample can be ob- 
tained in the spring. The high correlations 
between SCN cyst counts in October and 
yield reduction the subsequent year are 
encouraging for fall-based crop loss mod- 
els. 

Soybean yield reduction in Wisconsin 
due to the SCN is estimated at less than 1% 
(15), as compared to 4% for Illinois, Indi- 
ana, and Missouri (15). The perceived low 
impact of SCN is not only due to the lim- 
ited number of reported infestations, but 
to the lack of  significant above-ground 
symptoms. Plants were not visibly stunted 
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in 1993 even though the yield gain of  
planting the SCN-resistant 'Bell' was 30%. 
A discrepancy between the apparent and 
actual yield reduction caused by SCN is 
common in the north central region and 
underscores the role SCN-resistant culti- 
vars have in identifying as well as manag- 
ing SCN infestations. Use of  the SCN- 
resistant cultivar Forrest saved an esti- 
mated $401 million from 1975 to 1980 (2). 
Although an economic analysis has not 
been done for the north central region, 
our study indicates a yield benefit of plant- 
ing a SCN-resistant cultivar on sandy soils, 
even when SCN cyst densities are at the 
detection threshold level. 

LITERATURE CITED 

1. Adee, E.A.  1993. The effect of cultural prac- 
tices on saprophytic survival of  Phialophora gregata 
and severity of  brown stem rot of  soybean. Ph.D dis- 
sertation, University of Wisconsin-Madison. 

2. Bradley, E. B., and M. Duffy. 1982. The value 
of plant resistance to soybean cyst nematodes: A case 
study of Forrest soybean. U.S. Department Agricul- 
ture, Economic Research Service, Natural Resource 
Econonomic Division, Washington, D.C. 

3. Doupnik, B. Jr., 1993. Soybean production and 
disease loss estimates for north central United States 
from 1889 to 1991. Plant Disease 77:1170-1171. 

4. Edwards, D.I .  1988. The soybean cyst nema- 
tode. Pp. 81-86 in T. D. Wyllie and D. H. Scott, eds. 
Soybean diseases of  the north central region. St. Paul, 
MN: APS Press. 

5. Frand, L.J.,  and V. H. Dropkin. 1986. Heterod- 
era glycines population dynamics and relation of initial 
population to soybean yield. Plant Disease 70:791- 
795. 

6. Jacobsen, B.J. ,  D. I. Edwards, G. R. Noel, and 
M.C. Shurtleff. 1983. The soybean cyst nematode 
problem. Bulletin No. 501. Urbana-Champaign, IL: 
Illinois Cooperative Extension Service. 

7. Mengistu, A., and C. R. Grau. 1987. Seasonal 
progress of brown stem rot and its impact on soybean 
productivity. Phytopathology 77:1521-1529. 

8. Mengistu, A., C.R. Grau, and E .T .  Gritten. 
1986. Comparison of soybean genotypes for resis- 
tance to, and agronomic performance in the presence 
of brown stem rot. Plant Disease 70:1095-1098. 

9. Miller, L. I. 1966. Maturation of  females of Het- 

erodera glycines as influenced by inoculum level. Phy- 
topathology 56:585 (Abstr.). 

10. Minitab, Release 7. 1989. Minitab Reference 
Manual. Valley Forge, PA: Data Tech Industries. 

11. Niblack, T. L. (ed). 1993. Protecting your soy- 
bean profits: Manage soybean cyst nematode. Colum- 
bia: University of Missouri Printing Services. 

12. Niblack, T. L., N. K. Baker, and D. C. Norton. 
1992. Soybean yield losses due to Heterodera glycines in 
Iowa. Plant Disease 76:943-948. 

13. Niblack, T. L., R. D, Heinz, G. S. Smith, and 
P. A. Donald. 1993. Distribution, density, and diver- 
sity of Heterodera glycines in Missouri. Supplement to 
the Journal of  Nematology 25:880--886. 

14. Nickel, C. D,, G. R. Noel, D.J.  Thomas, and R. 
Waller. 1990. Registration of 'Bell' soybean. Crop Sci- 
ence 30:1364-1365. 

15. Noel, G.R. 1992. History, distribution, and 
economics. Pp. 1-13 in R. D. Riggs andJ.  A. Wrather 
(eds). Biology and management of  the soybean cyst 
nematode. St Paul, MN: APS Press. 

16. Noel, G. R., and E.J.  Sikora. 1990. Evaluation 
of soybeans in maturity groups I - IV for resistance to 
Heterodera glycines. Supplement to the Journal  of  
Nematology 22:795-799. 

17. Oplinger, E. S., M.J. Martinka, J. M. Gaska, 
E. T. Gritton, P.J. Flannery, C. R. Grau, and E.A. 
Adee. 1993. Wisconsin soybean variety test and Wis- 
consin soybean marketing board annual report. Field 
Crops 27.33. Madison, WI: University of Wisconsin 
Department of Agronomy. 

18. Powers, T. O., L. J. Sandall, and D. S. Wysong. 
1989. Distribution of soybean cyst nematode in Ne- 
braska. Supplement to the Journal of Nematology 22: 
795-799. 

19. Riggs, R. D. 1992. Host range. Pp. 107-114 in 
R. D. Riggs and J. A. Wrather, ed. Biology and man- 
agement of the soybean cyst nematode. St. Paul, MN: 
APS Press, 

20. Riggs, R. D., and M. L. Hamblen. 1966. Fur- 
ther studies on the host range of the soybean-cyst 
nematode. Arkansas Agricultural Experiment Station 
Bulletin 718. Fayetteville, AR. 

21. Riggs, R. D., andJ.  A. Wrather (eds). 1992. Bi- 
ology and management of the soybean cyst nema- 
tode. St. Paul, MN: APS Press. 

22. Schmitt, D.P., H. Ferris, and K.R. Barker. 
1987. Response of soybean to Heterodera glycines races 
1 and 2 in different soil types. Journal of Nematology 
19:240-250. 

23. Sikora, E.J., and G. R. Noel. 1991. Distribu- 
tion of Heterodera glycines races in Illinois. Supplement 
to the Journal of Nematology 23:624-628. 

24. Tachibana, H., B. K. Voss, and W.R. Fehr. 
1987. Registration of 'BSR 101' soybean. Crop Sci- 
ence 27:612. 

L - • . . . . . . . .  . . . . . . . . . . . . . . .  


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

