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Development of Heterodera glycines as Affected 
by Alachlor and Fenamiphos 1 

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

Abstract: A series of greenhouse experiments was conducted to elucidate the postinfection de- 
velopment of Heterodera glycines in response to applications of alachlor and fenamiphos. The rate 
of H. glycines maturation on a susceptible soybean cuhivar was not altered by 1.0 gg alachlor/g soil 
but was completely inhibited by 1.0 or 1.5 ug fenamiphos/g soil. An alachlor-fenamiphos combi- 
nation allowed development after an initial 300-degree-day delay. Nematode maturation on the 
resistant soybean cultivar Centennial with 1.0 #g alachlor/g soil was similar to that observed on an 
untreated resistant control. Twice as many females matured on Centennial plants growing in ala- 
cblor-treated soil as on untreated Centennial plants. Fenamiphos in combination with alachlor (1.0 
t~g a.i./g soil) allowed development on Centennial at half the rate of the resistant control. This 
antagonism between alachlor and fenamiphos on development may help to explain late season 
population resurgence of H. glycines observed with field application of these pesticides. 

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

Cur ren t  a g r o n o m i c  practices for  the 
p roduc t ion  o f  soybean (Glycines max (L.) 
Merr.) may involve the use o f  several pes- 
ticides dur ing  a single growing  season. Ap- 
plication o f  two or  more  pesticides to a field 
may lead to interact ions between any two 
or  more  o f  the chemicals (10,13,15,18,19) 
changing  the efficacy of  one  or  m o r e  o f  
them.  T h e  nematic ide d ich loropropane-  
d i ch lo rop ropene  controls  Globodera taba- 
cure (Lownsbery & Lownsbery) Behrens and 
Meloidogyne spp. be t te r  when used with the 
fungicides maneb  and nabam than  when 
used alone (13). Vernolate ,  trifluralin, and 
metr ibuzin  st imulated the hatch o f  Heter- 
odera glycines Ichinohe ,  enhanc ing  cont ro l  
with aldicarb (10). In  contrast ,  the acid an- 
ilide herbicide alachlor  r educed  control  o f  
H. glycines with fenamiphos,  result ing in a 
late-season popula t ion  resurgence  o f  the 
nema tode  (19). 

T h e  antagonist ic effects o f  alachlor on 
fenamiphos  are partially due  to increased 
hatch,  survival, and pene t ra t ion  o f  soybean 
by H. glycines (4). Fenamiphos  at low rates 
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(0.5 #g a . i . /ml)  in combinat ion  with ala- 
chlor  (0 .06-1 .0  tzg a. i . /ml)  resul ted in in- 
creased in vitro hatch and pene t ra t ion  over  
an un t rea ted  control  (4). Survival o f  the 
nema tode  is slightly enhanced  by the pes- 
ticides in vitro (4). Deve lopment  o f  H. gly- 
cines in the presence o f  alachlor and fen- 
amiphos may not  p roceed  in a normal  
manner .  Al tered  rates o f  deve lopment  
could help to explain the dynamics in- 
volved in the late season popula t ion  resur- 
gence associated with field applications o f  
these pesticides. T h e  objective o f  this re- 
search was to de te rmine  the rate  o f H .  gly- 
cines deve lopment  on susceptible and re- 
sistant soybean cuhivars  as affected by 
alachlor and fenamiphos.  

MATERIALS AND METHODS 

Four  exper iments  were conduc ted  in the 
g r e e n h o u s e .  Heterodera glycines r ace  1, 
mainta ined on 'Del tapine 105'  soybean 
(susceptible to all races), was used as in- 
oculum in all experiments .  Eggs released 
f rom cysts with a glass tissue g r inder  were 
placed in a ha tch ing  chamber  and incu- 
bated  at 28 C for  48 hours.  Second-stage 
juveniles (J2) that  ha tched  in the first 12 
hours  were discarded. Those  nematodes  
ha tch ing  in the remain ing  36 hours  were 
used immediately as inoculum. 

Deltapine 105 or  'Centennia l '  (H. glycines 
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races 1 and 3 resistant) soybean seeds were 
germinated in moist paper towels at 28 C. 
Seedlings with 1-2-cm-long radicals were 
planted into wooden flats (35 x 50 cm) 
filled with 250-um-d sterile sand (8). Ap- 
proximately 250 freshly hatched J2  were 
pipetted in 1-ml aliquots of  water directly 
onto each soybean radical which was then 
covered with sand. After 60 hours at 28 C, 
two seedlings were transplanted in a 5-cm-d 
clay pot filled with 250-t~m-d sterile sand. 

The  sand in each pot was then treated 
with alachlor, fenamiphos, or a combina- 
tion of  these pesticides. Stock solutions of  
alachlor and fenamiphos were prepared 
before each experiment by adding 1 ml 
alachlor 4EC or 1 ml fenamiphos 3E to 999 
ml deionized water. Stock solutions were 
diluted to achieve the desired concentra- 
tions for delivery in 10-ml aliquots. Treat-  
ed pots were transferred to a greenhouse 
maintained at temperatures ranging from 
23 to 31 C and watered as needed. Mercury 
vapor lamps provided supplemental light- 
ing for 12 hours daily, 15 September 
through 15 April, to minimize soybean 
etiolation and flowering. 

Soybean roots were harvested at pre- 
determined intervals for nematode fixa- 
tion and staining (7). Nematode life-stages 
were determined for the first 20 nema- 
todes observed per root. Life-stage iden- 
tification was based upon tail shape, gonad 
development, and rectum position (16). 
Life-stage categories were J2, swollen J2 
(sJ2), third-stage juvenile (J3), fourth-stage 
juvenile (J4), adult male (M), or adult fe- 
male (F). 

A mean stage of  population develop- 
ment (D) was calculated for each harvest 
date where D --- (% J2) + (% SJ2 × 2.33) 
+ (%J3 x 3.67) + (%J4 x 5.83) + (% M 
x 6.33) + (% F × 6.67). This equation 
uses the mean percentage of  nematodes 
r e c o r d e d  in each life-stage ca tegory  
weighted against the J2  to determine a rel- 
ative stage of  development for the nema- 
tode population beginning after the infec- 
tion period (1,12,20). Each life-stage weight 
is calculated by taking half of  the time spent 
in a life stage plus the total amount of  time 

spent in preceding life stages divided by 
the total length of  the life cycle (10 days) 
(il) .  

Accumulated degree days were calculat- 
ed for each harvest date using a triangu- 
lation method (2) with 20 C as the basal 
developmental threshold (1) and 32 C as 
the upper developmental threshold (17) 
and are represented as DD20 / 32  (1). 

Experiment 1: Deltapine 105 soybeans 
were grown in soil treated with alachlor 
(1.0 t~g a.i . /g soil), fenamiphos (1.5 t~g a.i . /g 
soil), both, or water. Treatments  were ar- 
ranged as a 2 x 2 factorial in a randomized 
complete block design with 12 pots per 
treatment and replicated six times. 

Experiment 2: Development ofH.  glycines 
on Deltapine 105 in response to fenami- 
phos at 1.5, 0.75, 0.38, and 0.0 t~g a . i . /g  
soil was determined. Treatments  were ar- 
ranged in a randomized complete block de- 
sign with 15 pots per t reatment and rep- 
licated four times. 

Experiment 3: Deltapine 105 was used as 
a host for H. glycines in a 2 x 5 factorial 
test conducted in a randomized complete 
block design, five pots per treatment, and 
replicated four times. Alachlor was used at 
1.0, 0.50, 0.25, 0.13 and 0.0 ug a. i . /g soil. 
Fenamiphos was applied at 1.0 or 0.0 ~g 
a. i . /g soil. 

Experiment 4. A randomized complete 
block design with treatments arranged in 
a 2 x 2 factorial, eight pots per treatment,  
and replicated six times was conducted us- 
ing H. glycines on Centennial soybean. Soil 
was treated with alachlor (1.0 #g a.i . /g soil), 
fenamiphos (1.0 t~g a. i . /g soil), both, or a 
water control. 

Statistical analyses: D was analyzed for 
pesticide treatment differences. The  first 
analysis of  variance utilized DD20 / 32  as a 
covariate. Each experiment was then ana- 
lyzed as a split-plot experiment with D D 2 0 /  
32 as subplots and treatments as whole- 
plots. Finally, rate of  D equations were gen- 
e ra ted  using regress ion  analysis with 
DD20 /32  as the independent  variable. D 
was fitted to linear, quadratic, exponential 
and Gompertz models. The  best fitting 
model, based upon highest level of  signif- 
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icance and greatest r 2 values, was selected 
for comparing treatments. 

R E S U L T S  

Experiment 1: Adult H. glycines males ma- 
tured in 44 DD20 /32  and adult females 
in 88 DD20/32  on untreated Deltapine 105 
(Fig. 1A, B). With 1.0 #g a lachlor /g  soil, 
adult males and females did not mature 
until 88 and 101 DD20/32 ,  respectively 
(Fig. 1A, B). Adult males matured by 147 
DD20 /32  in soil treated with 1.5 #g fen- 
amiphos/g  (Fig. 1A); the first female ma- 
tured in 172 DD20 /32  in this treatment 
(Fig. 1B). On soybean treated with both 
alachlor (1.0 #g) and fenamiphos (1.5 #g), 
males and females matured in 111 D D 2 0 /  
32 (Fig. 1A, B). 

The rate o fH.  glycines development fit a 
Gompertz model for all but  the fenami- 
phos treatment which responded linearly 
(Fig. 1C). Equations (P = 0.01) represent- 
ing D for each treatment were 

Control 
D = 6 . 6 7 e  -1,sSe-°'°28DD2°/32 

r 2 = 0.85 

Alachlor 
D = 6.67e -2"52e-°'°26DD2°/32 

r ~ = 0.87 

Fenamiphos 
D = I  

Combination 
D = 6 . 6 7 e  -4"°s¢-°'°~6DD2°/32 

r 2 = 0.75 

where e is the base of  the natural loga- 
rithm. Alachlor did not differ from the 
control (P = 0.01). The  combination of  
alachlor and fenamiphos slowed the rate 
of development to 50% of  the control 
(slopes of  the lines or regression coeffi- 
cients of  0.016 vs. 0.028). In contrast, mat- 
uration in the fenamiphos treatment as giv- 
en by the model did not proceed beyond 
J2. 

Experiment 2: The  rate o fH.  glycines de- 
velopment was affected by different con- 
centrations of  fenamiphos (P = 0.05). Adult 
males matured in 66 DD20 /32  (Fig. 2A), 

and females in 76 DD20/32 ,  in the absence 
of  fenamiphos (Fig. 2B). Fenamiphos at 
0.38 ~g did not delay the appearance of  
the first females. At 0.75 ~g fenamiphos, 
female maturity was delayed by 50 D D 2 0 /  
32 and no females and males developed by 
145 DD20 / 32  at 1.5 /zg fenamiphos (Fig. 
2A, B). 

Heterodera glycines deve lopmen t  fit a 
Gompertz model for all concentrations ex- 
cept the 1.5/zg a. i . /g soil rate. Equations 
(P = 0.05) for D are 

Control 
D = 6 . 6 7 e  -l"52e-° '°zsDD2°/32 

r 2 = 0 . 8 8  

Fenamiphos (0.38/~g) 
D = 6.67e -l'4~e-°'°°guD2°/32 

r 2 = 0.22 

Fenamiphos (0.75 t~g) 
D = 6 . 6 7 e  - l 'ose-° ' °°gDD2°/32 

r ~ = 0.37 

Fenamiphos (1.50 tzg) 
D = I  

where e is the base of the natural loga- 
rithm. 

At the highest concentration of  fena- 
miphos, 1.50 gg a. i . /g soil, D did not pro- 
ceed beyond SJ2 (Fig. 2C). The  0.38-/~g 
and 0.75-gg levels of  fenamiphos sup- 
pressed the rate of  nematode development 
as determined by the regression models by 
36%. 

Experiment 3: Heterodera glycines popula- 
tion development was not altered by alach- 
lor at any concentration tested. Adult fe- 
males matured in 62 DD20 / 32  with all 
concentrations and fit the Gompertz model 
(P = 0.01) 

D = 6.67e -1.9°~-°°23Dm°/32 
r ~ = 0.99 

The rate of  nematode development with 
fenamiphos (1.0 ~g a. i . /g soil) was altered 
by 0.5 and 1.0 tzg alachlor (Fig. 3). Fena- 
miphos alone and with 0.13 or 0.25 ~g 
alachlor/g soil prevented nematode de- 
velopment. The  simultaneous application 
of  0.50 ~g alachlor with 1.00 tzg fenami- 
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phos allowed some nematode development 
which fit the linear model (P = 0.05) 

D = 1.08 + 0.009 (DD20/32)  
r 2 = 0.76 

Development was faster with 1.0 tzg ala- 
chlor and 1.0 ~g fenamiphos than with the 
0.50 alachlor and 1.0 ttg fenamiphos treat- 
ment (Fig. 3). This rate of  development fit 
a Gompertz model (P = 0.01) 

D = 6.67e -~'22~-°'°°8DD2°/32 

r ~ = 0.94 

The  rate of  development with alachlor and 
fenamiphos,  with respect ive regression 
coefficients of  0.008 and 0.023, was only 
one-third that of  the water control. 

Experiment 4: The  resistant cuhivar Cen- 
tennial greatly limited nematode devel- 
opment. On the control, only 12% of  the 
infecting nematodes reached adulthood 
(Table 1), compared with 98% maturation 
on the susceptible cultivar control (Table 
1). Fenamiphos (1.0 t~g a. i . /g soil) further  
suppressed development on Centennial (5% 
maturation). The  percentage of  individu- 

als maturing in alachlor-treated plants was 
near that of  the control, with twice as many 
females developing as on the control. De- 
velopment with alachlor plus fenamiphos 
was similar to the control. 

The  first adult males and females devel- 
oped within 76 DD20 / 32  on Centennial 
regardless of  treatment.  Quadratic models 
fit these observed rates of  development on 
the resistant cultivar. Equations for D (P = 
0.05) were 

TABLE 1. Percentage of  infecting Heterodera gly- 
cines matur ing on Deltapine 105 or Centennial  soy- 
beans treated with alachlor (1.0 tzg a . i . /g  soil), fen- 
amiphos (1.0 t~g a . i . /g  soil on Centennial  and 1.5/zg 
a. i . /g  soil on Dehapine 105), or both  pesticides. 

Deltapine 105 Centennial 

Fe- Fe- 
Treatment Male male Total Male male Total 

Water  45 53 98 8 4 12 
Alachlor 39 46 85 10 8 18 
F enamiphos 15 16 31 3 2 5 
Combination 11 11 22 5 4 9 

CV 86 44 
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Control 
D = 1.51 + 0.0023(DD20/32 

--0.00006(DD20/32) 2 
r 2 = 0.77 

Alachlor 
D = 1.08 + 0.035(DD20/32) 

-0 .000013(DD20/32)  ~ 
r 2 = 0.85 

Fenamiphos 
D = I  

Combination 
D = 0.99 + 0.015(DD20/32) 

-0 .000004(DD20/32)  2 
r 2 = 0.62 

Development in alachlor was not signifi- 
cantly different from the control (Fig. 4). 
The fenamiphos treatment (1.0 ~g a . i . /g  
soil) suppressed development beyond SJ2 
(Fig. 4). D was slightly greater with alachlor 
and fenamiphos than with fenamiphos 
alone yet much less than the control (Fig. 
4). 

DISCUSSION 

Heterodera glycines development on the 
susceptible cult ivar Deltapine 105 re- 

sponded in a typical logistic fashion, an ini- 
tially slow rate followed by a rapid rate of 
increase until most nematodes matured. 
Fenamiphos treatments increased the du- 
ration of the lag phase, and at high rates 
fenamiphos prevented the log phase. De- 
velopment on the resistant cultivar Cen- 
tennial was much slower than on the sus- 
ceptible cultivar Deltapine 105, especially 
with fenamiphos alone. 

Although G. max is tolerant of  alachlor, 
physiological changes in the soybean take 
place as the herbicide is metabolized. Root 
morphology is altered (5), uptake of phos- 
phates and sulfates decrease (6), and less 
glyceollin is produced in resistant soybeans 
in response to H. glycines infection (Huang, 
pers. comm.). On susceptible weed species, 
alachlor interferes with protein synthesis 
(3) and membrane lipid content (14), con- 
sequently altering membrane function (14). 
These physiological changes could affect 
the uptake and movement of chemicals such 
as fenamiphos. 

Behavioral modifications in the nema- 
tode induced by fenamiphos are complex. 
The  nematicide may interfere with nema- 
tode feeding (9), resulting in slowed de- 
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velopment (21). In this study, H. glycines 
juveniles stained intensely and had good 
internal organ integrity up to 40 days after 
t reatment (end of experiment) with 1.0 or 
1.5/~g fenamiphos/g soil. These doses of  
fenamiphos are not lethal to the nematode 
but seem to interfere with nematode de- 
velopment beyond SJ2. 

Alachlor alters the behavioral modifi- 
cations induced by fenamiphos, allowing 
nematode development past SJ2. Possible 
explanations for this antagonism are 1) 
alachlor alters nematode response to fen- 
amiphos; 2) alachlor interacts with fen- 
amiphos chemically or physically; or 3) 
alachlor alters the soybean and its response 
to fenamiphos. The  ability of  alachlor to 
alter nematode response to fenamiphos 
cannot easily be supported with currently 
available data. The  most plausible expla- 
nation for the observed antagonism be- 
tween alachlor and fenamiphos is an ala- 
chlor-induced alteration of  the soybean 
plant. The  antagonism may be the result 
of  a decrease in the uptake and translo- 
cation of fenamiphos or greater metabo- 
lism of fenamiphos by the alachlor-treated 
soybean. Alachlor- t rea ted  soybean cell 
membranes may also be less permeable to 
the ambimobile organophosphate fena- 
miphos (5,6). 

Heterodera glycines juveniles initiate host 
syncytia, specialized cells of  increased 
membrane area which facilitate transport 
of  cytoplasm between cells, upon which to 
feed and develop. Alachlor may alter these 
sites of  extensive cytoplasm exchange  
(3,6,14). Alachlor alters the lipid content 
of  morning glory (Ipomoea hederacea (L.) 
Jacq.) cells, making the cells more soluble 
to lipophilic compounds (14). Conversely, 
hydrophi l ic  solubility may decrease  in 
alachlor-treated cells. With the combina- 
tion treatment of  alachlor and fenamiphos, 
transport of  the latter into the syncytia may 
be restricted, thus exposing the nematodes 
to less of the nematicide, and allowing de- 
velopment to proceed. 

The  ability of H. glycines to mature with 
the alachlor and fenamiphos treatment,  
coupled with the effects this pesticide com- 
bination has on hatch and penetration, 

helps to fur ther  explain the observed late- 
season field population resurgence. A com- 
plete elucidation of the dynamics of field 
population resurgence, however, will re- 
quire fur ther  experiments with this pesti- 
cide combination to determine influences 
on penetration and development with prior 
pesticide treatment and the effect of  this 
combination on fecundity. 
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