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Influence of Herbicide Application to Soybeans on 
Soybean Cyst Nematode Egg Hatching 1 
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Abstract: T he  ha tch ing  o f  Heterodera glycines eggs in soybean root  exudates  collected after postemer-  
gence application o f  three  herbicides,  and  the ha t ch ing  potential  o f  H. glycines eggs f rom females 
feeding  on herbicide-treated plants, were measu red  in vitro. Ha tch ing  in all root  exudate  solutions 
(RES) was greater  than  in deionized water bu t  less than  in 0.003 M ZnSO 4 solution. Filtering RES with 
a 0.22-pro-filter increased H. glycines ha tch ing  in RES. Application o f  acifluorfen, bentazon,  and  lactofen 
to foliage o f  soybean plants inhibi ted ha tch ing  o f  H. glycines eggs f rom the same plants. Ha tch ing  in RES 
f rom the  different herbicide-treated soybeans was similar. Application of  crop oil concent ra te  and  
non-ionic surfactant  adjuvant  to foliage did no t  affect ha tch ing  of  H. glycines eggs f rom soybean plants. 

Key words: Glycine max, hatching,  herbicide,  Heterodera gtycines, nematode ,  pos temergence ,  reproduc-  
tion, root  exudates,  SCN, soybean, soybean cyst nematode .  

Herbicides may reduce nematode densi- 
ties by controlling weed hosts, affecting 
nematodes directly or altering the host 
plant. Possible direct effects of herbicides on 
nematodes include inhibiting egg hatch, re- 
stricting the migration of juveniles to host 
plants, and inhibiting the development of 
nematodes within host plant roots. Several 
soil-applied herbicides have inhibited nema- 
tode hatching in vitro at concentrations 
similar to those found in spray tank solu- 
tions, but effects of the herbicide were mark- 
edly reduced when tested at concentrations 
typically found in soil (Perry and Beane, 
1989). Fedorko et al., (1977) reported 70% 
nematode mortality after exposure to sev- 
eral levels of technical-grade monolinuron 
[N- (4-chlorophenyl)-N-methoxy-N-methyl- 
urea] for 48 hours. 

Nematicide-herbicide combinations gen- 
erally are successful at controlling their tar- 
geted pests, although preplant herbicides 
may reduce or enhance nematicide efficacy 
(Payan et al., 1987). Antagonism between 
alachlor [ 2-chloro-N- (2,6-diethylphenyl)-N- 
(methoxymethyl) acetamide] and fenami- 
phos [ethyl 3-methyl-4-(methylthio)phe- 
nyl (1-methylethyl) phosphoramidate] may 
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explain late-season H. glycines population re- 
surgence observed with field applications of 
these pesticides (Bostian et al., 1986; Sipes 
and Schmitt, 1989). 

Three weeks after a 28-day exposure of 
Globodera rostochiensis and Heterodera schachtii 
to field-use rates of several thiocarbamate 
herbicides, virtually no nematode egg hatch 
was observed (Perry and Beane, 1989). How- 
ever, the effect of these herbicides on nema- 
tode hatching was decreased at reduced 
concentrations of the pesticide. Wong et al. 
(1993) reported significant inhibition of H. 
glycines egg hatch when free eggs were incu- 
bated in solutions of acifluorfen [5-[2- 
chloro-4-  ( t r i f l u rome  thyl)  phe  n oxy] -2- 
nitrobenzoic acid]. Application of triflura- 
lin, monol inuron,  and the nematicides 
fenamiphos  and aldicarb [2-methyl-2- 
(methylthio) propionaldehyde-0- (methylcar- 
bomyl)oxime], alone or in mixtures, to soy- 
bean field plots at recommended field ap- 
plication rates resulted in lower H. glycines 
population densities than in the untreated 
control plots (Oji et al., 1988). Twice the 
normal rate of trifluralin and pendimeth- 
alin reduced H. glycines second-stage juve- 
nile (]2) population densities without affect- 
ing soybean yields (Youmans, 1986). 

Postemergence herbicides also may have 
adverse effects on nematodes. Heterodera gly- 
cines-infested soybean plots treated post- 
emergence with acifluorfen plus bentazon 
[3- (1-methylethyl)- (1H)-2,1,3-benzothiadia- 
zin-4(3H)-one 2,2-dioxide] had significantly 
lower late-season nematode population den- 
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sides than hand-weeded plots (Browde et al., 
1994). Postemergence applications of  aciflu- 
orfen,  bentazon,  lactofen [(+)-2-ethoxy-1- 
methyl-2-oxoethyl 5- [ 2-chloro-4-(trifluoro- 
methyl)phenoxy]-2-ni trobenzoate] ,  crop oil 
concen t ra te  (COC) (paraffin base petro-  
leum oil, polyol fatty acid esters, and their 
polyethoxylated derivatives [83:17 by vol]), 
and NIS (a mixture of  alkylarylpolyoxyethyl- 
ene, glycols, free fatty acids, and isopropa- 
nol) reduced  H. glycines populat ion densities 
at 4 and 8 weeks after application (WAA) 
(Levene et al., 1998). The  mechanism by 
which these herbicides were effective against 
H. gkycines development  was proposed to be 
plant-mediated. 

The  objectives of  this research were to de- 
te rmine  if roo t  exudates f rom herbicide- 
treated soybean plants affected the rate of  
hatching of  H. glycines, and to measure the 
hatching potential  of  H. glycines eggs that 
deve loped  on  he rb ic ide - t rea ted  soybean 
plants. 

MATERIALS AND METHODS 

Collection of root exudates: Concurren t  stud- 
ies were conduc ted  with pasteurized and H. 
glycines-infested pott ing material to deter- 
mine  H. glycines- and  he rb ic ide - induced  
changes in root  exudate solutions (RES), as 
exhibited by changes in H. glycines hatching. 
The  studies were conducted  in the green- 
house with 'Corsoy 79' soybean, an H. gly- 
cines-susceptible cultivar, planted into 15-cm- 
diam. plastic pots. Each pot  contained 2,500 
cm 3 of  a pott ing material consisting of  equal 
parts of  sand and Canisteo clay loam soil 
(fine loamy, m i x e d  [ca lcareous] ,  mesic 
Typic Haplaquolls).  The  H. glycines-infested 
pott ing material  conta ined approximately  
5,000 H. glycines race 3 eggs/100 cm 3. At 1 
week after planting, all pots were th inned to 
six soybean plants at the VC stage of  devel- 
op m e n t  (Fehr et al., 1971). Plants were wa- 
tered daily and fertilized weekly with a com- 
mercial 20-20-20 (N-P-K) fertilizer for opti- 
mal  soybean  growth  and  d e v e l o p m e n t .  
High-pressure sodium lights supplemented  
natura l  l ight ing with approx imate ly  300 
pM's-l"m -2 photosynthetic pho ton  flux den- 
sity for  a pho toper iod  of  15 hours. 

Herbicides and adjuvants were applied to 
foliage at normal  field application rates 5 
weeks after planting, when soybean plants 
were at the V5 stage of  development.  Foliar 
treatments included: i) the herbicide aciflu- 
of ten at a rate equivalent to 0.56 k g / h a  plus 
the nonionic  surfactant X-77 (Valent U.S.A., 
Walnut Creek, CA), ii) the herbicide ben- 
tazon at 1.12 k g / h a  plus Prime Oil (COC) 
(Riverside/Terra,  Sioux City, Ilk), iii) the 
herbicide lactofen at 0.46 k g / h a  plus COC, 
iv) COC alone, v) X-77 alone, vi) no herbi- 
cide or  adjuvant. Whenever  used, COC and 
X-77 were applied at rates equivalent to 1.34 
and 0.24 li ters/ha,  respectively. The applica- 
tion timing was chosen because RES f rom 
5-week-old soybean plants has enhanced  H. 
glycines hatch (Schmitt  and Riggs, 1991). 
The  herbicide and adjuvant treatments used 
are known to reduce H. glycines reproduc-  
tion on soybeans (Levene et al., 1998). All 
treatments were applied in a CO2-powered 
spray chamber  delivering 234 l i ters /ha  at 
245 kPa. After approximately 1 hour,  when 
the treatments had dried on the leaves, soy- 
bean plants were carefully removed f rom 
the pot t ing material  and  the roots were 
washed in tap water. Plants f rom the un- 
t r ea ted  controls  were h an d l ed  similarly. 
Three  intact plants were placed into a 250- 
ml flask containing 200 ml of  deionized wa- 
ter and re turned  to the greenhouse for 48 
hours. Flasks were covered with a luminum 
foil to limit root  exposure to sunlight. The  
RES was passed t h r o u g h  four  layers o f  
cheesecloth to remove particulate matter,  
RES volume was adjusted to 210 ml with 
deionized water, and 20 ml of  the solution 
was used to establish an H. glycines hatching 
bioassay. The  remaining RES was frozen un- 
til needed ,  based on the knowledge that 
freezing preserves effects of  RES in juvenile 
behavior assays (Papademetriou and Bone, 
1983). 

Hatching of H. glycines eggs in root exudates: 
Hatching bioassays were established on the 
same day as collection of  RES. Eggs were 
collected f rom adult H. glycines females and 
cysts on roots of  untreated,  30-day-old soy- 
beans (Niblack et al., 1993) and surface- 
sterilized with 0.5% chlorhexidine diacetate 
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for  15 minutes,  then  rinsed repeatedly  with 
sterile water (Acedo and  Dropkin,  1982). 
Each bioassay consisted of  8,000 eggs placed 
on  a 2-cm circular  nylon screen (38-pm 
pores)  (Wong et al., 1993); the screen was 
placed into a 3- × 8- x 1-cm plastic tray that  
conta ined  10 ml  of  fresh RES or a control  
solution. The  control  solutions were deion- 
ized water  and  0.003 M ZnSO4, both  ad- 
jus ted  to p H  7.0. Deionized water permits  
and  ZnSO 4 solution stimulates egg hatch of  
H. glycines (Clarke and  Shepherd ,  1966). 
Trays for each replication were placed into a 
single plastic storage box, and  all storage 
boxes were incubated at 25 °C in comple te  
darkness. The  hatching screens were trans- 
ferred to trays containing identical fresh so- 
lutions every 3 days over a 21-day period. 
The  J2 that  ha tched  and  passed through the 
nylon screen into the solution in the tray 
were counted  following each transfer. After 
21 days, the remain ing  unha tched  eggs and  
J2 in each sieve were counted  and  percen t  
hatch was calculated. Each RES was tested as 
nons te r i l e  extracts  and  also was f i l tered 
th rough  a 0.22-pm-pore filter. Fresh RES was 
thawed f rom frozen samples 24 hours  before  
use. Screens, trays, and  storage boxes were 
washed and  surface-sterilized with ultravio- 
let light before  use. 

Concur ren t  RES studies were conduc ted  
with a randomized  split-plot design with H. 
glycines presence  or absence in the pot t ing 
mater ia l  as the ma in  p lo t  and  herb ic ide  
t rea tment  and  exudate  filtration as the split 
t reatments.  All t reatments  were replicated 
five times, the studies were repeated,  and  
the data were combined  for  analysis. Data 
were subjected to an analysis o f  variance 
(ANOVA).  W h e n  s ignif icant  d i f fe rences  
a m o n g  t r e a t m e n t s  we re  d e t e c t e d  with  
ANOVA (P <~ 0.05), means  were separated 
with F i she r ' s  l eas t - s ign i f ican t -d i f fe rence  
(LSD) test (P--- 0.05) (SAS Institute, Cary, 
NC). 

Hatching of H. glycines eggs from herbicide- 
treated plants: Soybean plants were grown in 
H. glycines-infested pot t ing material  as de- 
sc r ibed  previously .  T h e  same  h e r b i c i d e  
t rea tments  descr ibed for  the RES experi-  
ments  were appl ied 3 weeks after planting, 

and  soybeans were main ta ined  in the green- 
house 1 more  week. Plants then  were re- 
moved  f rom the po t t ing  mater ia l ,  and  a 
s t ream of  water was used to dislodge newly 
developed H. glycines females f rom the plant  
roots. The  females were collected on  a 250- 
pro-pore sieve and  combined  by t reatment;  
their  eggs were extracted (Niblack et al., 
1993), surface-sterilized (Acedo and Drop- 
kin, 1982), and  used to establish a hatching 
bioassay. Eggs f rom each t rea tment  were in- 
c u b a t e d  in de ion ized  water  or  0.003 M 
ZnSO 4 dur ing a 21-day incubat ion period,  
and  egg hatching was assessed as described 
above. Viability of  unha t ched  eggs at the 
end  of  the incubat ion per iod  was not  deter- 
mined.  Exper iments  were conduc ted  as ran- 
domized,  complete-block designs. All treat- 
ments  were replicated five times, the study 
was repeated,  and  data were combined  for  
analysis. Data were analyzed as descr ibed 
above. 

RESULTS AND DISCUSSION 

Hatching of H. glycines eggs in root exudates: 
RES f rom soybean plants infected and unin- 
fected with H. glycines stimulated egg hatch- 
ing  similarly, 17.4 and  20.0%, respectively, 
after 21 days (LSD = 2.8%). Therefore ,  the 
data were combined  and  analyzed as a ran- 
domized  c o m p l e t e  block,  with he rb ic ide  
t r ea tment  and  exudate  sterilization compris-  
ing the treatments.  

Filtered RES had  greater  H. glycines hatch  
than  the unfi l tered RES over the 21-day in- 
cubat ion per iod (Fig. 1). Since filtering at 
0.22 p m  presumably  removed  bacter ia  and  
fungi, the hatch-stimulating factor  in RES 
likely was not  f rom bacterial or  fungal con- 
taminants. It  is possible that there was no  
stimulatory effect o f  the RES and that  con- 
taminants  in the unfi l tered RES may have 
inhibi ted hatch. 

The  rate of  H. glycines hatching was great- 
est dur ing the initial 15 days of  incubat ion 
for  all solutions tested (Fig. 2). After 6 days, 
all RES s t imula ted  h a t c h i n g  m o r e  than  
deionized water, but  less than the ZnSO 4 
solut ion.  However ,  for  all herbic ide-RES 
treatments,  H. glycines hatching  was similar 



350 Journal of Nematology, Volume 30, No. 3, September 1998 

25 40 
- ~ -  filtered exudate ~ " -0 -  acifluorfen + X-77 I 

bentazon + COC ] unfiltered exudate 35 " -0 -  lactofen + COC ~ I 

2 0  - - ~ -  c o o  o~,y ~ I 
3 0  - V -  X-77 only y _ ~ , ~  

~oont~ol  , - . /  ~ I 

20 

-r" "T" 

10 
5 

= .2 % 5 ~ "  LSD,0 5 = 5,8% 

0 I I I I I "1 I 0 [ ( I 
3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24 

Incubation period (days) 
FiG. 1. Effects of filtering (0.22 pro) of soybean root 

exudate solution (RES) on hatch of Heterodera glycines. 
RES was collected 35 days after planting. Each data 
point is the overall mean of 120 observations from five 
replications of six herbicide and two nematode inocu- 
lation treatments in each of two complete factorial ex- 
periments. The LSD is for comparison of means be- 
tween incubation periods for either filtered or unfil- 
tered RES or for comparison between filtered and 
unfiltered RES solution means for any incubation pe- 
riod (P = 0.05). 

over the 21-day pe r iod  of  i n c u b a t i o n ,  a n d  
the n u m b e r  of  J2 r e m a i n i n g  o n  the sc reen  at 
21 days was similar.  There fo re ,  n o  treatment" 
r e d u c e d  H. glycines h a t c h i n g  re la t ive  to 
d e ion i zed  water.  This  resul t  suggests tha t  
the  r e d u c t i o n  in  H. glycines r e p r o d u c t i o n  o n  
he rb ic ide - t rea ted  soybeans observed by Lev- 
e n e  et  al. (1998) was n o t  due  to changes  in  
roo t  exudates  fol lowing he rb i c ide  applica- 
t ion.  T h e  p a r e n t  molecu les  of the  he rb i c ide  
fo rmula t ions  i n c l u d e d  in  the expe r imen t s  
are n o t  highly mob i l e  in  plants,  m a k i n g  any 
d i rec t  effect o n  n e m a t o d e s  unl ike ly  (Hum-  
burg ,  1989). However,  RES were col lected 
for only  2 days after  appl ica t ion;  m o v e m e n t  
of  he rb i c ide  metabol i t es  or  p r o d u c t i o n  of  
na tu ra l  c o m p o u n d s  r e q u i r i n g  m o r e  t han  2 
days to accumula t e  m i g h t  have r e d u c e d  H. 
glycines r e p r o d u c t i o n  if RES had  b e e n  col- 
lec ted for  a l o n g e r  pe r iod  of  time. 

Hatching of H. glycines eggs from herbicide- 
treated plants: H a t c h i n g  of  H. glycines eggs in  
ZnSO4 so lu t ion  was g rea te r  t han  in  de ion-  
ized water, w h e n  averaged across he rb ic ide  

Incubation period (days) 
FIG. 2. Effects of incubation solutions on hatch of 

Heterodera glycines. Eggs were incubated in deionized 
water (DI-water), 0.003 M ZnSO4, or one of the six 
combinations of three herbicides (acifluorfen, ben- 
tazon, and lactofen) and two adjuvants (crop oil con- 
centxate, COC, or the nonionic snrfactant X-77). Each 
data point is the overall mean of 40 observations from 
five replications of two root exudate solution filtration 
and two nematode inoculation treatments in each of 
two complete factorial experiments. The LSD is for 
comparison of means between incubation periods for 
either incubation solution or for comparison of incu- 
bation solution means for any incubation period (P = 
0.05). 

t r ea tments  (Fig. 3A). Some he rb ic ide  treat- 
me n t s  also i n f l u e n c e d  H. gtycines h a t c h i n g  
w h e n  da ta  for  b o t h  i n c u b a t i o n  so lu t i ons  
were averaged (Fig. 3B). No in t e rac t ion  be- 
tween he rb ic ide  t r e a t m e n t  a n d  i n c u b a t i o n  
so lu t ion  was detected.  A lower pe rcen t age  of  
eggs f rom acif luorfen-  a n d  ben t azon - t r ea t ed  
p lan t s  t h a n  f r o m  c o n t r o l  p l an t s  h a t c h e d  
w h e n  averaged  for  b o t h  i n c u b a t i o n  solu- 
tions. Browde et al. (1994) r epo r t ed  lower 
H. glycines p o p u l a t i o n  densi t ies  in  field plots 
t rea ted with a mix tu re  of  ac i f luorfen  a n d  
b e n t a z o n  t h a n  in  h a n d - w e e d e d  c o n t r o l  
plots. Eggs f rom n o n i o n i c  surfactant-  a n d  
lac tofen- t rea ted  soybean  p lants  ha d  lower 
h a t c h i n g  pe rcen tages  t han  those f rom con-  
trol  p lants  after  9 days. Eggs f rom crop oil 
c o n c e n t r a t e - t r e a t e d  p l a n t s  h a d  g r e a t e r  
ha t ch  t h a n  those  f r o m  c o n t r o l  a n d  b e n -  
tazon- t rea ted  plants  initially; however,  values 
were s imilar  after  6 days. I n c u b a t i n g  eggs 
f rom acif luorfen-  a n d  lac tofen- t rea ted  p lants  
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FIo. 3. Effectofapplication of three herbicides (aci- 

fluorfen, bentazon, and lactofen) and two adjuvants 
(crop oil concentrate, COC, or the nonionic surfactant 
X-77) on hatch of Heterodera glycines eggs collected from 
females and cysts developing on treated plants. Eggs 
were collected 28 days after planting and 7 days after 
herbicide application and were incubated in either 
deionized water (DI-water) or 0.003 M ZnSO 4. A) Effect 
of incubation solution on hatch. Each data point is the 
mean of 60 observations from five replications of the six 
herbicide treatment levels in two experiments. B) Effect 
of herbicide treatment on hatch. Each data point is the 
mean of 20 observations from five replications of both 
incubation solutions in two experiments. The LSD is 
for comparison of means between incubation periods 
for any incubation solution (A) or herbicide treatment 
(B) or for comparison of means between incubation 
solutions (A) or herbicide treatments (B) for any indi- 
vidual incubation period (P = 0.05). 

in  Z n S O  4 s o l u t i o n  d i d  n o t  i m p r o v e  h a t c h i n g  

to a l eve l  s i m i l a r  to  t h e  u n t r e a t e d  c o n t r o l .  

T h e  RES  f r o m  h e r b i c i d e - t r e a t e d  a n d  u n -  

t r e a t e d  s o y b e a n s  in  o u r  s t udy  s t i m u l a t e d  H.  

glycines h a t c h i n g  s i m i l a r l y .  F u r t h e r m o r e ,  

m o v e m e n t  o f  J 2  in  R E S  p r o b a b l y  was n o t  

a f f e c t e d  by t h e  h e r b i c i d e  t r e a t m e n t s ;  t h e  

n u m b e r s  o f  J 2  r e m a i n i n g  o n  t h e  h a t c h i n g  

s c r e e n s  a t  t h e  e n d  o f  t h e  e x p e r i m e n t s  w e r e  

an  i n d i r e c t  m e a s u r e  o f  J 2  m o v e m e n t .  H a t c h -  

i n g  p o t e n t i a l ,  h o w e v e r ,  was r e d u c e d  w h e n  

p l a n t s  o n  w h i c h  e g g s  d e v e l o p e d  w e r e  

t r e a t e d  wi th  h e r b i c i d e s .  T h e r e f o r e ,  t h e  h e r -  

b i c i d e  t r e a t m e n t s  t e s t e d  d i d  n o t  a p p e a r  to  

i n h i b i t  e g g  h a t c h i n g  o r  r e s t r i c t  J 2  m o v e -  

m e n t .  N e m a t o d e  d e v e l o p m e n t  w i t h i n  t h e  

r o o t s  o f  h e r b i c i d e - t r e a t e d  s o y b e a n  p l a n t s  

m a y  h a v e  b e e n  a f f ec t ed ,  b u t  t h e  c a u s e  o f  

l o w e r e d  h a t c h i n g  p o t e n t i a l  was n o t  d e t e r -  

m i n e d .  T h e  ac t ive  h e r b i c i d e  i n g r e d i e n t ,  m e -  

t abo l i t es ,  f o r m u l a t i o n  p r o d u c t s  in  t h e  h e r b i -  

c i d e ,  a n d  s e c o n d a r y  p l a n t  m e t a b o l i t e s  

f o r m e d  a f t e r  h e r b i c i d e  a p p l i c a t i o n  e a c h  

c o u l d  h a v e  a f f e c t e d  t h e  h a t c h i n g  p o t e n t i a l  

o f  H. glycines eggs  c o l l e c t e d  f i ' om  t r e a t e d  soy- 

b e a n  p lan t s .  
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