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Comparison of 'Fayette' Soybean, Aldicarb, and 
Experimental Nematicides for Management of 

Heterodera glycines on Soybean 1 
GREGORY R.  NOEL 2 

Abstract: The  efficacies ofHeterodera glycines-resistant 'Fayene '  soybean and aldicarb for managing 
H. glycines were compared to the experimental  nematicides DS-47187 10F, DS-47357 10F, DS° 
48145 10F, DS-48165 10F, DS-46995 10F and 5G, and DS-38697 5G during 1981-83. Yield of 
Fayette was greater  than yield of the H. glycines-susceptible cultivar t reated with nematicide in 1981 
and 1983. Yield of  aldicarb-treated soybean was greater  than yield of soybean treated with exper- 
imental nematicides in 1983. T h e r e  were no yield differences in 1982. Fewer white females were 
recovered from Fayette 5 weeks after planting than from soybean treated with nematicides in 1981 
and 1982, but  not  in 1983. Fewer white females were recovered from aldicarb-treated soybean than 
from experimental  nematicide-treated soybean in 1983 but  not in 1981 and 1982. In 1983 numbers  
of first generation white females at 5 weeks and the ratio of those white females to gravid cysts at 
planting were negatively correlated with soybean yield when soybean was severely damaged by the 
nematode, but  the ratio of final eggs and second-stage juveniles to initial eggs and second-stage 
juveniles was not correlated with yield. 

Key words: aldicarb, chemical control, Glycine max, Heterodera glycines, management,  population 
dynamics, resistance, soybean, soybean cyst nematode. 

The current  government crop diversion 
program that seeks to divert maize hectar- 
age to other crops is causing many mid- 
western farmers to plant soybean (Glycine 
max (L.) Merr.) on land with known infes- 
tations of  the soybean cyst nematode (SCN), 
Heterodera glycines Ichinohe. Rotation crops 
such as grain sorghum are included in the 
maize base and cannot be planted if the 
grower participates in the program. When 
a grower cannot rotate, use of  a resistant 
soybean cultivar, if available, or treatment 
of  a susceptible cultivar with a nematicide 
are control options. In Illinois, aldicarb is 
the most widely used nematicide for SCN 
control on soybean, but it is used on less 
than 30,000 ha, mostly as an in-furrow ap- 
plication (4). Because of  the large number  
of  SCN-infested hectares (1.8 million) in 
Illinois, there is considerable interest in the 
development of  an expanded nematicide 
market. This paper reports the field eval- 
uation of  several experimental nematicides 
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and compares their efficacy to that of  the 
SCN-resistant soybean 'Fayette' (2) and al- 
dicarb. 

MATERIALS AND METHODS 

Experiments were conducted from 1981 
to 1983 in Illinois at a different location 
each year on land infested with H. glycines 
race 3. Plots were planted and treated on 
29 June 1981 at Opdyke (Jefferson Coun- 
ty), 10 May 1982 at Royal (Vermillion 
County), and 25 May 1983 at Dix (Jeffer- 
son County). Soil types were Hoyleton silt 
loam (Aquollic Hapudalf)  at Opdyke and 
Dix and Drummer silty clay loam (Typic 
Haplaquoll) at Royal. Southern Illinois soils 
typified by the Jefferson County locations 
average  less than 2% organic  mat ter ,  
whereas those of  Vermillion County in 
central Illinois average about 5% organic 
matter. P1 (available P), K, and pH aver- 
aged 97 kg/ha ,  278 kg/ha ,  and 5,5, re- 
spectively, at Opdyke and 38 kg/ha ,  208 
kg/ha ,  and 7.5 at Dix. Soil pH, P1, and K 
were not determined at Royal. Previous 
crops were H. glycines-susceptible soybeans 
at Opdyke and Dix and maize at Royal. 
Numbers ofgravid cysts at planting ranged 
from 3 to 147, 20 to 225, and 127 to 4 4 7 /  
250 cm ~ soil at Opdyke, Royal, and Dix, 
respectively. The  fields received minimum 



TABLE 1. In f luence  ofHeterodera glycines-resistant 
' Faye t t e '  soybean ,  aldicarb,  and  e x p e r i m e n t a l  n e m a -  
ticides on  soybean  yield and  first g e n e r a t i o n  popula-  
t ion d e v e l o p m e n t  o f H .  glycines at Opdyke ,  Illinois, in 
1981. 

No, 
white 

Treatment females 
and rater per 250 

(g a.i./100 m Yields cm s 
of row) (kg/ha) soil§ ~fR 

Cont ro l  2 ,433 31 0.76 
Fayet te  2 ,748 0 0.00 
Aldicarb  10.2 2,505 44 1.08 
Aldicarb  20.3 2,607 5 0.50 
DS-47187 10F 5.6 2,425 34 0.75 
DS-47187 10F 10.2 2 ,479 13 0 .44  
DS-47187 10F 20.3 2 ,499 56 1.06 
DS-47357 10F 5.6 2,395 36 1.00 
DS-47357 10F 10.2 2 ,502 48 0.94 
DS-47357 10F 20.3 2,432 96 1.06 

CV% 8.0 40.8 43.3 

~" Control and nematicide treatments planted with "Wil- 
liams 79' soybean. 

$ P = 0.02 for orthogonal contrast of Fayette yield vs. all 
nematicides; other contrasts were not significant. 

§ P = 0.02 for orthogonal contrast of aldicarb 10.2 g vs. 
aldlcarb 20.3 g; P = 0.06 for orthogonal contrast ofDS-47187 
vs. DS-47357; Fayette was not included in the analysis since 
white females were not recovered. 

[I Rf = white females at 5 weeks/gravid cysts at planting. 
P = 0.03 for orthogonal contrast of aldicarb 10.2 g vs. aldi- 
carb 20.3 g; P = 0.10 for orthogonal contrast of DS-47187 
vs. DS-47357; Fayette was not included in the analysis since 
white females were not recovered. 

tillage before initiation of  experiments. 
Herbicides and cultivation were used to 
control weeds. Metolachlor was preplant 
incorporated at the rate of  1.96 kg a. i . /ha 
and bentazon applied postemergence at the 
rate of  0.84 kg a. i . /ha at Opdyke. Alachlor 
was preplant incorporated at the rate of 
2.8 kg a. i . /ha at Royal. Trifluralin was pre- 
plant incorporated at the rate of  0.84 kg 
a. i . /ha and bentazon applied postemer- 
gence at the rate of  0.84 kg a. i . /ha at Dix. 
Rainfall was monitored at Royal and Dix 
with a recording rain gauge. 

Treatments  in each experiment were ar- 
ranged in a randomized complete block de- 
sign with four replications. Each experi- 
mental unit consisted of  four 7-m rows on 
76-cm centers. 'Williams 79' was used at 
Opdyke and Royal and 'Williams 82' at Dix 
for all treatments with a susceptible culti- 
vat. Fayette soybean was compared to the 
15G formulation of aldicarb, the 10F for- 
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mulations of  DS-47187, DS-47357, DS- 
46995, DS-48145, and DS-48165, and the 
5G formulations of  DS-46995 and DS- 
38697 (Diamond Shamrock Corporation, 
Painesville, Ohio). Tables 1-3 list the 
chemicals and rates of  application of  each 
location. All nematicides were applied in 
an 18-cm-wide band and incorporated 2-  
4 cm into the soil using an 18-cm-wide rake. 
Granular nematicides were applied with a 
Precision Machine (Precision Machine,  
Lincoln, Nebraska) single-row applicator 
equipped with a Noble (Sac City, Iowa) me- 
tering device. Liquid nematicides were ap- 
plied with a four-row CO2-pressurized 
backpack sprayer at 7.03 × 10 -~ k g / c m  2 
pressure and 748 l i ter /ha delivery rate 
through four Delvan (West Des Moines, 
Iowa) LE3 80 ° nozzles. 

Nematode populations were determined 
at planting, at approximately 5 weeks after 
planting, and at harvest. Twenty cores were 

TABLE 2. In f luence  ofHeterodera glycines-resistant 
' Faye t te '  soybean,  aldicarb,  and  e x p e r i m e n t a l  n e m a -  
ticides on  soybean  yield a n d  first gene ra t i on  popula-  
t ion d e v e l o p m e n t  o f  H. glycines at  Royal,  Illinois, in 
1982. 

No. 
white 

Treatment females 
and rate'l" per 250 

(g a,i./100 m Yield:l: cm n 
of row) (kg/ha) soil§ Rfll 

Cont ro l  2 ,542 21 0.58 
Fayet te  2 ,499 1 0.15 
Aldicarb  5.6 2,527 17 0.63 
Aldicarb  10.2 2,535 19 0.61 
Ald icarb  20.3 2,481 17 0.57 
DS-46995 10F 5.6 2 ,509 23 0.82 
DS-46995 10F 10.2 2,577 14 0.63 
DS-46995 10F 20.3 2 ,540 10 0.56 
DS-48145 10F 5.6 2 ,464 16 0.73 
DS-48145 10F 10.2 2 ,516 15 0.66 
DS-48145 10F 20.3 2 ,505 10 0.54 
DS-48165 10F 5.6 2 ,462 18 0.58 
DS-48165 10F 10.2 2,371 14 0.57 
DS-48165 10F 20.3 2,605 13 0.64 

CV% 6.7 22.9 27.9 

"I" Control and nematicide treatments planted with ~Wil- 
liams 79' soybean. 

:[: No significant differences in yield. 
§ P = 0.0001 for orthogona[ contrast of Fayette vs. all ne- 

maticides. 
[[ P = 0.0001 for orthogonat contrast of  Fayette vs. all ne- 

maticides. 
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TABLE 3. Influence of  Heterodera glycines-resistant 'Fayette '  soybean, aldicarb, and exper imental  nemati- 
cides on  soybean yield and popula t ion  development  of  H. glycines at Dix, Illinois, in 1983. 

Treatment and No. white Pf/Pi¶ 
rater (g a.i./100 YieldS: females per 

m of row) (kg/ha) 250 cm 3 soil§ Rfll Cysts Eggs + J2 

Control  996 99 0.63 0.98 0.99 
Fayette 1,851 10 0.31 0.85 0.84 
Aldicarb 20.3 1,716 9 0.20 0.91 1.00 
Aldicarb 27.2 1,743 15 0.38 0.95 0.97 
DS-46995 5G 10.2 1,292 55 0.60 0.88 0.93 
DS-46995 5G 15.4 1,489 37 0.40 0.91 0.95 
DS-46995 5G 20.3 1,579 7 0.23 0.87 0.87 
DS-38697 5G 15.4 1,489 5 0.21 0.89 0.88 

CV% 12.7 56.1 56.5 12.7 6.7 

t Control and nematicide treatments planted with 'Williams 82" soybean. 
P = 0.0001 for orthogonal contrast of control vs. all others; P = 0.009 for orthogonal contrast of Fayette vs. all nematicides; 

P = 0.004 for orthogonal contrast of aldicarb vs. experimental nematicides. 
§ P = 0,02 for orthogonal contrast of control vs. all others; P = 0.10 for contrast of DS-38697 vs. DS-46995. 
]1P = 0.01 for orthogonaI contrast of control vs. all others; P = 0.10 for contrast of DS-38697 vs. DS-46995. 
¶ Pf/Pi = ratio of final population at harvest to the initial population at planting. There were no significant orthogonal 

contrasts for Pf/Pi cysts. Significant orthogonal contrasts for Pf/Pi eggs + J2 were control vs. all others (P = 0.05), Fayette 
vs. all nematicides (P = 0.02), and aldicarb vs. experimental nematicides (P = 0.009). 

collected in a zig-zag pattern from the two 
center rows of  each plot 3-7 cm from the 
base of  plants and to a depth of 15 cm, 
using a 2-cm-d soil sampler. After knead- 
ing and mixing the soil in each sample, 
nematodes were extracted from 250-cm 3 
aliquants by Cobb's gravity sieving tech- 
nique (3) using 850-#m-pore and 180-#m- 
pore sieves. Cysts recovered from samples 
taken at planting were hand picked and 
crushed to determine the presence of eggs 
and second-stage juveniles (J2). In 1983, 
the number of eggs and J2 in cysts was also 
determined at harvest. White females re- 
covered 5 weeks after planting were washed 
from the 180-~m-pore sieve and counted. 
Data were transformed to log10 (x + 1) for 
statistical analysis. Changes in nematode 
populations were compared by calculating 
a reproductive factor (Rf = white females 
at 5 weeks/gravid cysts at planting) for all 
3 years, and by determining the ratio be- 
tween the final cyst and initial cyst popu- 
lations (Pf/Pi cysts) and between the final 
egg and J2 and the initial egg and J2 pop- 
ulations (Pf/Pi eggs + J2) in 1983. 

Yield was determined by harvesting 4.7 
m of each of the two center rows of the 
four-row plots. Seed was cleaned, dried, 
and weighed. Moisture content was ad- 
justed tO 13%. 

An analysis of  variance was conducted 
for population and yield data and the treat- 
ment sum of  squares partitioned into or- 
thogonal contrasts. The following com- 
parisons were made for both population 
and yield data for each of the 3 years: (1) 
control vs. all other treatments, (2) Fayette 
vs. all nematicides, (3) aldicarb vs. experi- 
mental nematicides, (4) low rate of  aldicarb 
vs. high rate of  aldicarb, and (5) experi- 
mental nematicide (all rates) vs. experi- 
mental nematicide (all rates). In 1982, one 
additional experimental nematicide was 
compared, since there were three candi- 
date compounds. 

RESULTS 

H. glycines suppressed soybean yield in 
1981 and 1983 but not in 1982 (Tables 1- 
3). Fayette yields were greater than yields 
of nematicide-treated Williams 79 in 1981 
(P = 0.02; Table 1) and Williams 82 in 1983 
(P = 0.009; Table 3). Yield of the control 
did not differ from all other treatments in 
1981 but was less (P = 0.0001) in 1983. 
Aldicarb-treated soybean yielded more 
than soybean treated with experimental 
nematicides in 1983 (P = 0.004) but not in 
1981. 

White females were not recovered from 
Fayette in 1981 (Table 1). Numbers of 
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white females recovered from aldicarb- 
treated Williams 79 did not differ f rom the 
experimental  nematicides, but the two al- 
dicarb rates differed (P = 0.02). Numbers 
from DS-47187 over the three rates were 
less (P = 0.06) than those from DS-47357 
over all three rates. In 1982, numbers of  
white females recovered from treated soy- 
beans did not differ among the nematicides 
or among aldicarb rates (Table 2). Fewer 
white females were recovered from Fay- 
ette, however, than from all nematicides 
(P = 0.0001). The  number  recovered from 
Fayette in 1983 (Table 3) did not differ 
from Williams 82 treated with nematicides. 
The  number  of  white females recovered 
from the control was greater  (P = 0.02) 
than the number  f rom Fayette and ne- 
maticide-treated Williams 82. Fewer (P = 
0.10) white females were recovered from 
DS-38697-treated Williams 82 than from 
DS-46995-treated Williams 82 over all 
three rates. 

Analysis of  Rf gave results similar to that 
of  white female numbers (Tables 1-3). In 
1981 (Table 1), Rf  for aldicarb-treated 
Williams 79 did not differ from experi- 
mental nematicides, but the two aldicarb 
rates differed (P = 0.03). Rf  for DS-47187 
over all three rates was less (P = 0.10) than 
Rf for DS-47357 over all three rates. In 
1982, Rf for Fayette was different (P = 
0.0001) than Rf for all nematicides (Table 
2). The re  were no differences among ne- 
maticides or among aldicarb rates. Rf for 
the control in 1983 (Table 3) was greater  
than R f fo r  all o ther  treatments (P = 0.01). 
Fayette and Williams 82 treated with ne- 
maticides did not differ. Rf for DS-38697- 
treated Williams 82 was greater  (P = 0.10) 
than Rf for DS-46995-treated Williams 82 
over all three rates. 

Although the P f /P i  values between cysts 
and eggs + J2 for individual treatments 
were similar, the results of  orthogonal  
comparisons were dissimilar (Table 3). 
The re  were no significant comparisons of  
P f /P i  values for cysts, but for P f /P i  values 
for eggs + J2, the contrasts for control vs. 
all others, Fayette vs. all nematicides, and 
aldicarb vs. experimental  nematicides were 

significant at P = 0.02, P = 0.05, and P = 
0.009, respectively. T h e  CV% was lower 
and the r 2 was greater for P f /P i  eggs + J2 
when compared with P f /P i  cysts (CV% = 
6.7 vs. 12.7 and r ~ = 0.54 vs. 0.22). 

In 1981 and 1982, yield was not signif- 
icantly correlated with white females de- 
veloping at 5 weeks after planting or with 
Rf (Table 4). In 1983, however, there  was 
a highly significant negative correlation be- 
tween yield and white females and between 
yield and Rf. Neither  P f /P i  cysts nor P f /  
Pi eggs + J2 were correlated with yield in 
1983. 

Rainfall f rom July to September 1981 at 
a weather station 15 km from Opdyke was 
278.2 mm, which was 11.7 mm greater than 
normal. Because of equipment  malfunc- 
tion, rainfall at Royal was not measured, 
but from planting to midseason (May-July) 
1982 rainfall at a weather station 30 km 
distant was 381.8 mm, which was 108.2 
mm greater  than normal. During the 1983 
growing season at Dix, rainfall measured 
274.0 mm which was about 77% of  normal. 

DISCUSSION 

T h e  small yield suppression in 1981 and 
absence of  damage in 1982 were unex- 
pected, since both sites had a long history 
of  reduced soybean yield due to SCN. Yields 
in a soybean breeding plot at Opdyke in 
1980 were reduced 70%, and in a breeding 
plot adjacent to the 1981 nematicide trial 
Fayette outyielded Williams 79 by 605 k g /  
ha (Noel, unpubl.). Since nematode dam- 
age occurred in an adjacent experiment  
planted on the same day as the nematicide 
trial, the late planting date at Opdyke in 
1981 probably did not contribute to the 
small yield difference in the nematicide test. 
T h e  experiment  was probably placed in an 
area of  the field where initial populations 
were relatively low. Excess moisture which 
occurred through mid-season at Royal 
probably contr ibuted to the absence of  
SCN-induced damage by alleviating mois- 
ture stress. Soybeans grown at Dix in 1983 
did not appear stressed by the lower than 
normal rainfall. 

Fayette was more  effective than nema- 
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TABLE 4. Correlations between soybean yield and Heterodera glycines populations during 1981-83. 

Pf/Pit 
White females Rf Cysts Eggs + J2 

1981 r =0.0083 r =-0.0903 
P =0.96 P =0.60 

1982 r =0.1016 r =0.1042 
P =0.45 P =0.44 

1983 r =-0.5649 r =-0.5812 
P = 0.0008 P = 0.0005 

r =-0.0812 r =-0.2209 
P =0.65 P =0.25 

t Pf/Pi data missing for 1981 and 1982. 

t ic ide- t rea ted  Will iams 79 and  Williams 82 
in r educ ing  SCN popula t ions ,  bu t  at Dix 
the  h ighe r  R f  associated with Fayet te  in- 
d ica ted  tha t  t he r e  was a g r ea t e r  gene  fre-  
quency  for  paras i t i sm in tha t  popu la t ion  
than  at O p d y k e  and  Royal.  T h e  low R f  
values for  two o f  the  t h r ee  locations were  
unexpec ted .  Sampl ing  for  white  females  at 
Royal  was delayed a p p r o x i m a t e l y  10 days 
because  o f  wet  condi t ions,  bu t  at O p d y k e  
and  Dix sampl ing  o c c u r r e d  on day 35 a f t e r  
p lant ing.  At  o t h e r  locat ions du r i ng  the  
same years  tha t  the  e x p e r i m e n t s  r e p o r t e d  
here in  were  conduc ted ,  Rf  values were  be- 
tween 2.0 and  3.0 for  Will iams 79 not  
t r ea t ed  with nemat i c ide  (5). Since the  two 
sou the rn  Illinois fields used in this s tudy 
had  a long his tory o f  b o t h  con t inuous  crop-  
p ing  o f  SCN-suscept ible  soybeans  and  H. 
glycines infesta t ion,  var ious  o rgan isms  may 
have  acted as biological contro l  agents,  thus 
p r e v e n t i n g  large n e m a t o d e  popu la t ion  in- 
creases.  T h e  field at O p d y k e  was p lan ted  
with SCN-suscept ible  soybean in 1982 and 
1983, but  n e m a t o d e  d a m a g e  was not  ob- 
served.  T h e  field at Dix was subsequent ly  
p lan ted  with a res is tant  cult ivar.  

Significant o r t h o g o n a l  contras ts  for  P f /  
Pi for  eggs + J2  bu t  not  white  females  or  
R f  indicated tha t  P f / P i  rat ios p rov i ded  
be t t e r  data  for  c o m p a r i n g  nemat ic ide  ef- 
fects. P f / P i  values for  eggs + J2  in cont ras t  
to those  f r o m  white  females  or  R f  values 
were  not  cor re la ted  with yield in 1983 when  
H. glycines was mos t  damaging .  De te rmin -  
ing n u m b e r s  o f  gravid  cysts and  white  fe- 
males  is less labor  intensive and  t ime con- 
suming  than  d e t e r m i n i n g  n u m b e r s  o f  eggs 
and  J2.  For  studies o f  popu la t ion  dynamics ,  

eggs and  J2  da ta  may  be  m o r e  mean ingfu l  
(1), bu t  for  evaluat ion o f  e x p e r i m e n t a l  ne- 
mat ic ides  white  female  counts  and  R f  may  
p rov ide  m o r e  useful in fo rma t ion ,  since 
n e m a t o d e  d a m a g e  is mos t  severe  du r ing  
d e v e l o p m e n t  o f  the first genera t ion .  

In  Illinois, c rop  ro ta t ion  is r e c o m m e n d -  
ed most  o f t en  for  con t ro l  o f H .  glycines, but  
it is not  prac t iced  opt imal ly  for  several  rea-  
sons, including g o v e r n m e n t  p r o g r a m s  and  
o the r  economic  considerat ions .  Fayet te  
soybean may  be  g rown  where  late ma tur i ty  
g r o u p  II ,  g roup  I I I ,  and  early g r o u p  IV 
soybeans  a re  p r o d u c e d  and  normal ly  is rec- 
o m m e n d e d  over  nemat ic ide  use. Ald icarb  
appl icat ion is a viable cont ro l  op t ion  for  
SCN, however ,  when  cer ta in  economic  
constra ints  are  cons idered  or  the  g r o w e r  
needs  to avoid con t inuous  or  f r equen t  
c ropp ing  o f  resis tant  soybeans  (6). 
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