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Effect of Planting Date, Alachlor, and Fenamiphos on 
Heterodera glycines Development 1 

B. S. SIPES AND D. P. SCHMITT 2 

Abstract: T h e  effects of  alachlor (2.25 kg a. i . /ha)  and fenamiphos (2.25 kg a. i . /ha)  on the pen- 
etrat ion and development  of Heterodera glycines were examined on Glycine max cultivars Deltapine 
105 planted 29 April, 29 May, and 29 June  1986 and Deltapine 105 and Centennial  planted 15 
May, 15 June, and 15 July 1987. Penetration was lowest on the third planting of  soybeans and on 
fenamiphos-treated plants. Development f rom second-stage juveniles to adult  females required 270 
(1986) and 260 (1987) DD20/32  on roots from the first planting control and alachlor treatments.  
Fenamiphos, alone or with alachlor, re tarded development  in Deltapine 105 (1986) and in Centennial  
(1987). Males matured in roots from the second planting in 190 (1986) and 180 (1987) DD20/32  
regardless of t rea tment  or cultivar. No development  occurred in roots from the third planting until  
400 DD20/32  in 1986, but  in 1987 development  was similar to that  in roots f rom the second 
planting. Nematode development  was similar in alachlor-treated and control roots regardless of 
planting date. Fenamiphos restricted nematode penetra t ion on most planting dates and slowed 
development. Simultaneous applications of alachlor and fenamiphos usually also inhibited devel- 
opment.  

Key words: alachlor, development,  fenamiphos, Glycine max, Heterodera glycines, pesticide interac- 
tion, soybean, soybean cyst nematode. 

A successful harvest entails many man- 
agement strategies and may involve the use 
of  pesticides. Several pesticides may be ap- 
plied to a single field for control of  several 
pests. The  effects of pesticides on their 
target organisms are generally well re- 
searched, but their effects on nontarget  
organisms often are unknown (16). 

Some herbicides and fungicides stimu- 
late nematode hatch (10,14,20). When such 
pesticides are used with a nematicide, 
nematode control is often enhanced; how- 
ever, interactions between pesticides may 
also decrease the efficacy of  one pesticide 
(antagonism) (16). Sequential applications 
of the herbicide alachlor and the nemati- 
cide fenamiphos resulted in less control of  
Heterodera glycines Ichinohe than when the 
nematicide was applied alone (4,20,21). 
Alachlor is associated with increased nema- 
tode penetration (4) and less inhibition of  
development by fenamiphos (21), both fac- 
tors contributing to a late season nematode 
population resurgence (20). 
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The interaction among soybean (Glycine 
max (L.) Merr.), H. glycines, alachlor, and 
fenamiphos  is inf luenced by climatic, 
edaphic, and cultural factors. Tempera-  
ture is a primary factor affecting all organ- 
isms and chemical reactions (1,3,15,17,19). 
Nitrogen fixation, photosynthesis, respi- 
ration, water uptake, and translocation are 
a few of  the physiological processes in soy- 
bean that are affected by temperature (17). 
Nematode movement  (15), penetration (9), 
development (1), and reproduction (19) also 
are influenced by soil temperature.  The  
solubility, longevity (as a function of  mi- 
crobial degradation), and volatility of a pes- 
ticide will also change with temperature 
(3). Warm temperatures stimulate micro- 
bial activity and thus, pesticide degrada- 
tion. Volatility and solubility also increase 
as temperature increases. 

Soybeans are planted from late April to 
early July in North Carolina; therefore,  
alachlor and fenamiphos activity should be 
characterized relative to H. glycines pene- 
tration and development under  various soil 
temperature regimes. The  objective of  this 
research was to measure the effect of  ala- 
chlor and fenamiphos on H. glycines pen- 
etration and development as affected by 
natural soil temperature  at different plant- 
ing dates. 
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1. Mean nu m b er  of  Heterodera g~cines eggs 

per 500 cm ~ soil recorded at three planting dates. A) 
1986. B) 1987. 

MATERIALS AND METHODS 

A field at the Central Crops Research 
Station near Clayton, North Carolina, in- 
fested with H. glycines race 1 was planted 
with the H. glycines-susceptible soybean cul- 
tivar Deltapine 105 in 1986 and 1987. The  
H. glycines-resistant soybean cuhivar Cen- 
tennial was also planted in 1987. Soybeans 
were planted and pesticides applied on 
three dates each year to attain three soil 
temperature regimes: 29 April, 29 May, 
and 29 June 1986 and 15 May, 15 June, 
and 15 July 1987. A 2 x 2 factorial ex- 
periment in a completely randomized block 
design was used on each planting date in 
1986. A split-plot design was used in 1987 
with pesticides as whole plots and soybean 
cultivars as subplots. Plots were two 5-m- 
long rows spaced 1 m apart. Treatments  
were replicated six times in 1986 and four 
times in 1987. Alachlor 4E was broadcast 
over the plot at 0 or 2.25 kg a. i . /ha and 
fenamiphos 3EC was applied in a 15-cm 
band at 0 or 0.23 g a . i . /meter  over the 

planting row. The plots were irrigated with 
the equivalent of  1.25 cm rain following 
treatment. 

Each plot was assayed for nematodes im- 
mediately before planting each year and at 
harvest in 1987. Nematodes were extract- 
ed from a 500-cm 3 soil sample using a com- 
bination of  elutriation (6) and centrifuga- 
tion (11). Cysts were crushed with a glass 
tissue grinder to release eggs (1). 

Heterodera glycines penetration and de- 
velopment in soybean was determined at 
4-day intervals in all plots until mature fe- 
males were observed. Two root  systems per 
plot were collected with a 5-cm-d soil cor- 
ing device to a depth of  15 cm. Nematodes 
in the roots were stained (7) and numbers 
of  penetrations were recorded. Twenty 
nematodes per root system were randomly 
selected and categorized as 1) second-stage 
juveniles (J2), 2) swollen J2 (sJ2), 3) third 
or fourth-stage juveniles (J34), 4) adult 
males (M), or 5) adult females (F) (18). Be- 
cause of  continuing infections by J2 in the 
field, the 5 (1986) or 10 (1987) most de- 
veloped nematodes were used to calculate 
the mean stage of  population develop- 
ment. 

Population development (D) of  H. gly- 
cines was calculated for each collection date 
based upon the mean number  of  individ- 
uals observed in each life stage weighted 
against the J2 (1,13,23). Each weighting 
factor is derived from half the time spent 
in a life stage divided by the total time of  
the life cycle from infective J2 to F (10 
days) (12) plus the total time spent in all 
previous life stages, so that D = (% J2) + 
(% SJ2 x 2.33) + (%J34 x 4.25) + (% M 
x 6.33) + (% F x 6.67). 

Soil temperature was monitored through- 
out the experiment with two thermograph 
probes placed 20 cm below the soil surface. 
Degree days were calculated from the mean 
daily high and low soil temperatures (2). 
Basal and upper developmental thresholds 
for H. glycines development used in the de- 
gree-day calculation were 20 C (9) and 32 
C (19), respectively, and are reported as 
DD20 / 32  (1). 

Plots were hand weeded and cultivated 
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TABLE 1. Heterodera glycines p e n e t r a t i o n  (no . / r oo t )  o f  soybean  cult ivars  Del tap ine  105 (1986) o r  Del tap ine  
105 a n d  Cen tenn ia l  (1987) in r e sponse  to t r e a t m e n t  with alachlor ,  f enamiphos ,  o r  b o t h  on  t h r e e  p l an t ing  
da tes  d u r i n g  two g rowi ng  seasons.  

1986 1987 

29 April 29 May 29 June 15 May 15 June 15 July 

Con t ro l  26 ax 14 ay 5 az 190 ax 159 ay 30 az 
Alach lor  21 ax  12 aby 6 az 165 ax  137 ay 32 az 
F e n a m i p h o s  12 bx  14 ax  2 by 43 by 72 bx  5 bz 
C o m b i n a t i o n  10 bx  7 by 1 bz 35 by 84 bx  3 bz 

Means with the same letter within a planting date (a, b) and across planting dates (x, y, z) within each year are not significantly 
different (P = 0.05) according to the Waller-Duncan k-ratio t-test. 

to provide uniform weed control through- 
out the season. 

Regression analyses using linear, qua- 
dratic, exponential, and Gompertz models 
were performed on D with DD20/32 as 
the independent variable. The  best fitting 
model was selected for each t reatment  
based on r ~ values and level of  significance. 
The  mean number  of root penetrations by 
nematodes in both growing seasons and RF 
values (Pf/Pi) were compared using a Wal- 
ler-Duncan k-ratio t-test. 

R E S U L T S  

Heterodera glycines development was af- 
fected by environmental conditions and 
pesticides applied at planting in both 1986 
and 1987. Nematode penetration was low- 
est at the third planting each year (Table 
1) when preplant nematode population 
levels were also lowest (Fig. 1). Penetration 
was less in fenamiphos-treated plots with 
or without alachlor, except at the second 
planting in 1986. Alachlor did not affect 
penetration at any planting date during 
either growing season. Although penetra- 
tion of  susceptible and resistant cultivars 

was similar in 1987, reproduction was sig- 
nificantly lower (P = 0.05) on the resistant 
cultivar (Table 2). 

The  rate of  development to maturity dif- 
fered among planting dates and between 
pesticide treatments within planting dates 
(Tables 3-5). Development was slow on 
plants of  the first planting (29 April 1986 
and 15 May 1987). Males first developed 
on Deltapine 105 at 220 and 260 DD20/  
32 (12 and 16 days after planting) in 1986 
and 1987, respectively. Females matured 
on Deltapine 105 at 270 DD20/32 in 1986 
and 260 DD20/32 in 1987. Females did 
not mature on Centennial until 300 DD20/  
32. Males were found in roots of  second- 
planting soybeans within 190 and 180 
DD20/32 (16 and 12 days after planting) 
in 1986 and 1987, regardless of cultivar. 
Development in roots of  final-planting soy- 
beans was strikingly different between 1986 
and 1987. Adults were not observed until 
850 DD20/32 in 1986 but developed with- 
in 130 DD20/32 in 1987 (55 and 16 days 
after planting, respectively). 

Environmental conditions following the 
first planting resulted in different rates of  

TABLE 2. RF values (Pf /P i )  for  Heterodera glycines on  soybean  cult ivars  Cen tenn ia l  and  Del tap ine  105 
p l an ted  15 May, 15 J u n e ,  and  15 July  1987 in soil t r ea t ed  wi th  a lachlor ,  f e n a m i p h o s ,  o r  bo th .  

Centennial Dehapine 105 

15 May 15 June 15 July 15 May 15 June 15 July 

Con t ro l  0.01 ax  0.02 ax 0.19 ax  1.28 ax 1.50 ax  12.62 by 
Alachlor  0.01 ax 0.02 ax  0.57 a x  4.19 axy 1.44 ax 10.07 aby 
F e n a m i p h o s  0.01 ax 0.01 ax  0.03 ax 1.34 ax 1.17 ax 4.72 ax 
C o m b i n a t i o n  0.02 ax 0.03 ax 0.06 ax 1.01 ax  1.05 ax  3.53 ax 

Means with the same letter within a planting date x cultivar (a, b) and across planting dates (x, y) are not significantly 
different (P = 0.05) according to the Waller-Duncan k-ratio t-test. 



T A ~  3. M e a n  s t a g e  o f  p o p u l a t i o n  d e v e l o p m e n t  e q u a t i o n s  f o r  H. glycines o n  s o y b e a n  c u l t i v a r s  D e l t a p i n e  105  p l a n t e d  2 9  A p r i l  1 9 8 6  a n d  D e l t a p i n e  1 0 5  a n d  C e n t e n n i a l  
p l a n t e d  15  M a y  1 9 8 7  in so i l  t r e a t e d  w i t h  a l a c h l o r ,  f e n a m i p h o s ,  o r  b o t h .  

~0 

De l t ap ine  105 Cen tenn ia l  

29 Apr i l  1986 15 May 1987 15 May 1987 

C o n t r o l  D = 0 . 4 4 3  + 0 . 0 2 9 H  - 0 . 0 0 0 0 6 H  ~ N o  s i g n i f i c a n t  D = 0 . 8 0 e  °-°°86H 

r ~ = 0 . 9 2  m o d e l  r ~ = 0 . 9 1  

A l a c b l o r  D = 0 . 1 8 9  + 0 . 0 2 9 H  - 0 . 0 0 0 0 5 H  2 D = 1 . 1 0 e  ° .°°5~ D = - 2 . 8 0  + 0 . 0 6 8 H  - 0 . 0 0 0 1 2 H  ~ 

r 2 = 0 . 9 9  r ~ = 0 . 7 5  r 2 = 0 . 9 9  

F e n a m i p h o s  D = 1 . 1 9 e  °.°°4~n D = 1 . 2 3 e  °-°°~Sa D = 0 . 6 1  e °.°°55~ 

r 2 = 0 . 9 7  r 2 = 0 . 5 2  r 2 = 0 . 9 5  

C o m b i n a t i o n  D = 0 . 2 7 1  + 0 . 0 2 0 H  - 0 . 0 0 0 0 3 H  2 D = 1 . 7 0 e  °.°°74n D = 1 . 0 3 e  °.°°t°n 

r 2 = 0 . 8 1  r ~ = 0 . 9 8  r ~ = 0 . 7 9  

g~ 

60 

D = m e a n  s tage  o f  popula t ion  deve lopmen t ;  H = a c c u m u l a t e d  d e g r e e  days based  u p o n  a 20 C basal  a n d  32 C u p p e r  d e v e l o p m e n t a l  th resho ld ;  e = na tu ra l  l oga r i t hm.  

T A B L E  4 .  M e a n  s t a g e  o f  p o p u l a t i o n  d e v e l o p m e n t  e q u a t i o n s  f o r  H. glycines o n  s o y b e a n  c u l t i v a r s  D e l t a p i n e  1 0 5  p l a n t e d  2 9  M a y  1 9 8 6  a n d  D e l t a p i n e  1 0 5  a n d  C e n t e n n i a l  

p l a n t e d  15 J u n e  1 9 8 7  in  soi l  t r e a t e d  w i t h  a l a c h l o r ,  f e n a m i p h o s ,  o r  b o t h .  

g~ 

Del tap ine  105 Cen tenn ia l  

29 Apr i l  1986 15 May 1987 1 5 J u n e  1987 

C o n t r o l  D = 0 . 3 8 e  °.°lsgH D = - 3 . 3 7  + 0 . 0 9 8 H  - 0 . 0 0 0 2 3 H  2 D = 0 . 8 4 e  °.°°87n 

r 2 = 0 . 9 0  r 2 = 0 . 9 5  r ~ = 0 . 8 5  

A l a c h l o r  D = - 1 . 4 7  + 0 . 0 4 H  - 0 . 0 0 0 0 6 H  2 D = 0 . 5 2 e  °.°z55r~ D = 0 . 5 3 e  ° .°°~n 

r ~ = 0 . 8 2  r ~ = 0 . 8 5  r ~ = 0 . 7 8  

F e n a m i p h o s  D = 0 . 9  l e  ° '°°~'n D = 0 . 5 2 e  °.°'s~n D = 0 . 5 4 e  °.°t 'Tn 

r 2 = 0 . 6 0  r ~ = 0 . 8 7  r ~ = 0 . 8 5  

C o m b i n a t i o n  D = 0 . 8 2 8  + 0 . 0 3 2 H  - 0 . 0 0 0 0 6 H  2 D = 0 . 4 3 e  °'°°8~n D = 0 . 7 5 e  °.°s~n 

r ~ = 0 . 8 7  r 2 = 0 . 9 3  r ~ = 0 . 9 3  

D = m e a n  s tage  o f  popula t ion  d e v e l o p m e n t ;  H = a c c u m u l a t e d  d e g r e e  days at  a 20 C basal  a n d  32 C u p p e r  d e v e l o p m e n t a l  th reshold ;  e = na tu ra l  l oga r i t hm.  
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TABLE 5. Mean  s tage  o f  popu la t i on  d e v e l o p m e n t  equa t ions  for  H. glycines on soybean cul t ivars  D e h a p i n e  
105 p l an t e d  29 J u n e  1986 and  D e h a p i n e  105 and  Cen tenn i a l  p l an t ed  15 Ju ly  1987 in soil t r e a t ed  wi th  a lachlor ,  
f enamiphos ,  o r  both .  

Deltapine 105 Centennial 

29June 1986 15 July 1987 15 July 1987 

Con t ro l  No d e v e l o p m e n t  D = - 1 . 0 2  + 0 .064H - 0 . 0 0 0 1 4 H  2 D = 0 .99e  °.°°37H 
r 2 = 0.90 r ~ = 0.48 

Alach lo r  No d e v e l o p m e n t  D = - 2 . 8 1  + 0 .119H - 0 . 0 0 0 4 0 H  2 D = 0.78e °.°°9~H 
r 2 = 0.89 r 2 = 0.95 

Fenamiphos  No  d e v e l o p m e n t  D = 0 .88e  °-°°ssH D = 0.80e °.°°6an 
r ~ = 0.74 r 2 = 0.95 

C o m b i n a t i o n  No  d e v e l o p m e n t  D = - 0 . 1 4  + 0 .036H - 0 . 0 0 0 1 2 H  ~ D = 0.93e °-°°~n 
r 2 = 0.90 r 2 = 0.51 

D = mean stage of population development; H = accumulated degree days at a 20 C basal and 32 C upper developmental 
threshold; e = natural logarithm. 
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FIG. 2. Heterodera glycines m e a n  popu la t i on  de ve l opmen t ,  as affected by a lach lo r  (2.25 kg  a . i . / ha )  and  
f enamiphos  (2.25 kg  a . i . /ha) .  A) De l t ap ine  105 p l an t ed  29 Apr i l  1986. B) D e h a p i n e  105 p l a n t e d  15 May 
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FzG. 3. Heterodera glycines mean population development as affected by alachlor (2.25 kg a.i./ha) and 
fenamiphos (2.25 kg a.i./ha). A) Deltapine 105 planted 29 May 1986. B) Dehapine 105 planted 15 June 1987. 
C) Centennial planted 15 June 1987. 

D in response to the pesticide treatments. 
On alachlor-treated plants, D on the sus- 
ceptible cuhivar was not significantly dif- 
ferent from D on the controls (Fig. 2A, B; 
Table 3). On Centennial, D was increased 
by the alachlor treatment, relative to the 
untreated controls (Fig. 2C, Table 3). Fen- 
amiphos, alone or with alachlor, slowed D 
on Dehapine 105 in 1986 and on Centen- 
nial in 1987. In 1987, however, when fen- 
amiphos and alachlor were applied se- 
quential ly,  deve lopmen t  occu r r ed  on 
Dehapine 105 (Fig. 2B). 

Neither alachlor nor fenamiphos affect- 
ed nematode development in the second- 
planting soybeans. In 1986 and 1987 de- 
velopment was similar among all pesticide 

treatments (Fig. 3A-C, Table 4). Devel- 
opment was slightly slower on Centennial 
than on Dehapine 105 (Fig. 3B, C). 

Environmental conditions following the 
third planting differed greatly between 
years, resulting in significantly different D. 
Little development occurred until 400 
DD20 /32  in 1986 (Fig. 4A). In 1987 mat- 
uration proceeded to the adult stage on 
Deltapine 105 but  did not continue past 
the J34 on Centennial (Fig. 4B, C). Devel- 
opment  was fastest on Centennial treated 
with alachlor. The  rate of  D on the Del- 
tapine 105 was similar to that on the second 
planting of Deltapine 105. Fenamiphos, 
alone or with alachlor, delayed nematode 
development on Dehapine 105. 
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fenamiphos (2.25 kg a.i./ha). A) Deltapine 105 planted 29June 1986. B) Dehapine 105 planted 15 July 1987. 
C) Centennial planted 15 July 1987. 

D I S C U S S I O N  

Accumulated degree days (DD20/32)  
required for the first adults to mature were 
similar between the first and second plant- 
ings in 1986 and 1987 and between cuhi- 
vars in 1987. The  lack of  development dur- 
ing the third planting of  1986 may have 
been due to a combination of  prohibitive 
soil temperatures and inadequate soil mois- 
ture. Exposure to temperatures above 35 
C increases mortality of  H. glycines and is 
detrimental to its development (19). Tem- 
peratures above 32 C result in declining 
juvenile emergence (22). During the third 
planting in 1986, the soybean plants showed 
water stress at 8 and 12 days, between which 
only 0.7 cm of  rainfall was recorded. Dry 

soil conditions do not favor nematode pen- 
etration and development (8). 

Maturation ofH.  glycines may be delayed 
by fenamiphos in the field, but  it is not 
prevented, even though similar concentra- 
tions of  the nematicide arrest development 
in greenhouse experiments (21). Fenami- 
phos inhibition of  H. glycines development 
in the greenhouse is negated by subsequent 
application of  alachlor (21). This antago- 
nistic action between pesticides as they af- 
fect nematode development was observed 
only during the first planting of  1987. Dur- 
ing all other  plantings, nematode matu- 
ration was similar on plants treated with 
fenamiphos alone or with alachlor. Al- 
though the rate of  nematode development 
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was altered by the pesticide combination, 
no late-season population resurgence was 
observed. The  lack of  a resurgence was 
probably due to an initially high popula- 
tion ofH.  glycines (> 14,000 eggs /500  cm ~ 
soil). 

Microbial degradation could account for 
the reduced effect o f  fenamiphos on nema- 
tode penetration and for similar rates of  
development between treated and untreat- 
ed plants during the second planting of  
1986 and 1987. Microbial degradation of  
pesticides in the field is common (3). In 
addition, the phosphate group of  fenami- 
phos can become ionized and bind with soil 
hydroxides, serving to further reduce the 
effective concentration of  the nematicide 
(5). 

Soil temperature and soil moisture ap- 
peared to have the most effect on H. glycines 
development, with pesticides playing a sec- 
ondary role. Antagonism between alachlor 
and fenamiphos has been shown to in- 
crease H. glycines penetration in vitro over 
nematicide alone treatments (4) and to al- 
low nematode maturation in greenhouse 
experiments (21). Differences in environ- 
ments,  however, may alter this antagonistic 
phenomenon in the field. Greater pene- 
tration and cont inued  deve lopment  in 
alachlor-fenamiphos treatments are a few 
of  the biological interactions occurring in 
the soybean-H, glycines symbiosis and con- 
tributing to the late season population re- 
surgence of  H. glycines associated with 
alachlor and fenamiphos. Fecundity and 
embryogenesis of  H. glycines are other bi- 
ological functions not yet investigated, but 
alterations in these may also be important 
in the dynamics of  the antagonistic inter- 
action between alachlor and fenamiphos. 
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