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Abstract: The herbicides alachlor, linuron, vernolate, and metribuzin were applied to plots 
treated with the nematicide fensulfothion or the insecticide phorate and planted to soybean in 
two locations in North Carolina. In 1976 treatment with fensulfothion + alachlor or vernolate, 
phorate + alachlor or metribuzin resulted in greater nematode population densities than no 
treatment, or treatment with fensulfothion alone, or phorate alone. In 1977 fensulfothion and 
phorate alone and in combination with the preemergence herbicides effectively controlled 
Tylenchorhynchus cIaytoni. Late season population resurgence of Heterodera glycines occurred in 
fensulfothion + alachlor treated plots. Correlation coefficients for H. glycines vs. yield were -0.48 
(P = 0.05) and --0.46 (P = 0.05) for 30 and 68 d after planting, respectively. Key words: pesticide 
interaction, insecticide, nematicide, control, resurgence, Helicotylenchus dihystera, Heterodera 
glycines, Tylenchorhynchus claytoni. 

Growers and commercial applicators 
often apply pesticides in combination. Re- 
search on the interaction of pesticides has 
been directed primarily at the effects on the 
crop plant  as summarized by Putnam and 
Penner (13). Some combinations of herbi- 
cides, or herbicides and insecticides, were 
more active than one component  by itself, 
whereas other combinations rendered one of 
the chemicals less active (13). Relatively 
little has been published on the effects of 
pesticide combinations on nematode con- 
trol. Some researchers (1,2,3,12) have found 
that a nematicide mixed or used in combi- 
nation with fungicides and /o r  herbicides 
resulted in significant differences in nema- 
tode control compared to the nematicide 
alone. 

More research has been done on the 
effect of herbicides and nematicides on non- 
target organisms. The  herbicides EPTC, 
fluometeron and diuron inhibited the fungi 
Sclerotium rolfsii Sacc. and Sclerotinia tri- 
foliorum Eriks. (5). Herbicide treated plants 
were more resistant to Rhizoctonia solani 
Keuhn, Fusarium, or Verticillium dahliae 
Kleb. than untreated plants (6). T h e  nema- 
ticide ethoprop inhibited growth of S. rolfsii 
and R. solani in culture, and it consistently 
suppressed damage by S. rolfsii on peanuts 
when it was applied at blooming (14). 
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The  objective of this research was to de- 
termine the effects on nematode populations 
of certain preemergence herbicides applied 
after treatment with the insecticide phorate 
or the nematicide fensulfothion. 

M A T E R I A L S  AND M E T H O D S  

Tests were conducted in fields at the 
Upper  Coastal Plains Research Station near 
Rocky Mount,  Nor th  Carolina, in 1976 (Ex- 
periment 1). The  soil at this station was a 
Norfolk sandy loam. In  1977 (Experiment 
2) the test field was at the Central Crops Re- 
search Station near Clayton, Nor th  Caro- 
lina, where the soil was a Varina sandy 
loam. Treatments  applied at the two sta- 
tions are shown in Table  1. The  dominant  
plant-parasitlc nematode at the field at the 
Upper Coastal Plains Research Station was 
Helicotylenchus dihystera (Cobb) Sher. 
Heterodera glycines (race 1) Ichinohe and 
Tylenchorhynchus claytoni Steiner were the 
dominant  plant-parasitlc species at the Cen- 
tral Crops Research Station. 

Fensulfothion was applied in a 30-cm 
band and incorporated with a tractor-drawn 
rolling tine at planting in 1976 and with a 
rototiller in 1977. Phorate was applied in 
tile planting furrow both  years. Soybeans, 
GIycine max (L.) Merr. 'Ransom'  were 
planted in all plots. Fensulfothion and 
phorate were applied and soybeans planted 
on 16 June 1976 and 15 June 1977. T h e  
herbicides alachlor, linuron, metribuzin, or 
vernolate were sprayed over the entire soil 
surface within plots by 2 d after planting. 

Plots were four rows wide and 12 m long 
(1976) or 9 m long (1977). Treatments  were 
arranged in a randomized complete block 
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Table  1. Trea tments  used to determine the effects of pesticide combinations on soil nematodes associated 
with soybean. 

Trea tmen t  Class 

Chemical rates (kg ai /ha) 

Upper  Coastal Central Crops 
Plains Research Research 

Station--1976 Station--1977 

Untreated control 
Fensulfothion 
Phorate 
Alachlor 
Linuron 
Metribuzin 
Vernolate 
Fensulfothion + alacblor 
Fensulfothion + l lnuron 
Fensulfothion + metribuzin 
Fensulfothion + vernolate 
Phorate + alacblor 
Phorate + l inuron 
Phorate + metribuzin 
Phorate + vernolate 

Insecticide-nematicide 2.24 2.24 
Insecticide 1.12 1.12 
Herbicide 4.48 4.48 
Herbicide 1.12 1.12 
Herbicide 0.56 0.56 
Herbicide 4.48 

2.24 + 4.48 2.24 + 4A8 
2.24 + 1.12 2.24 + 1.12 
2.24 + 0.56 2.24 + 0.56 
2.24 + 4.48 
1.12 + 4.48 1.12 + 4.48 
1.12 + 1.12 1.12 + 1.12 
1.12 + 0.56 1.12 + 0.56 
1.12 + 4.48 

design with four replications of each treat- 
ment.  Data  were collected f rom the center 
t w o  r o w s .  

A composite of 10-12 soil cores 2.5-cm d 
taken to a depth  of 15-20 cm was collected 
from the center two rows of each plot. In  
1976 soil samples for nematode  assay were 
taken f rom each plot before t rea tment  and 
at 60 and 180 d after t reatment .  In  1977 
samples were taken at month ly  intervals. 

Different extraction techniques were 
used each year. In  1976 a 100 cm s subsample 
was taken f rom each composite sample and 
processed by a modification of a centrifugal- 
flotation technique (8). In  1977, 500 cm s of 
soil were processed with  a semi-automatic 
e lutr ia tor  ( 4 ) a n d  centrifugal-flotation (8). 

T r e a t m e n t  means were compared  with a 
least significant difference (LSD) if the F 
value in the analysis of variance was signif- 
icant. 

R E S U L T S  

Experiment 1: Helicotylenehus dihystera 
populat ions  were unaffected (P = 0.05) by 
most  pesticides alone and in combinat ion.  
At  60 d, alachlor + phora te  or  fensul- 
fothion increased their  numbers  above the 
untreated control, phorate  alone, and fen- 
sulfothion alone (Table  2). By 180 d after 
planting,  there were more  (P = 0.05) H .  
dihystera in fensulfothion + alachlor and  

Table 2. Effect of pesticides and pesticide com- 
binations on the populat ion density of Helicotyl- 
enchus dihystera at Rocky Mount,  North Carolina, 
1976. 

No. of 
H. dihystera/lO0 

cm3 soil 

Trea tment  60 d 180 d 

Untreated control 65 65 
Fensulfothion 55 138 
Fensulfothion + alachlor 330 588 
Fensulfothion + metribuzin 52 55 
Fensulfothlon + vernolate 72 345 
Phorate 68 150 
Phorate + alachlor 242 299 
Phorate + metribuzin 115 188 
Alachlor 72 200 
Metribuzin 105 140 
Vernolate 170 308 

LSD (0.05) 178 203 

fensulfothion + vernolate-treated plots 
than in the unt rea ted  control or the fensul- 
fothion t reatment .  Th i s  response also oc- 
curred in the vernolate  t rea tment  compared  
to the unt rea ted  control. 

Bacterial feeding nematode  numbers  
were enhanced (P -- 0.05) by vernolate,  
alachlor, l inuron, and  metr ibuzin  over the 
untreated control. Metr ibuzin or alachlor 
+ phorate  resulted in more  (P -- 0.05) of 
these nematodes than  phora te  alone. Pho- 
rate and fensulfothion + metr ibuzin  re- 
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d u c e d  (P = 0.05) the i r  p o p u l a t i o n s  b e l o w  
the  u n t r e a t e d  con t ro l .  

Experiment 2: R e d u c t i o n  (P --  0.05) of  
the  t o t a l  p l a n t - p a r a s i t i c  n e m a t o d e  p o p u l a -  
t i on  was ach ieved  on ly  w i t h  f ensu l fo th ion  
+ l i n u r o n  or  m e t r i b u z i n .  T h e r e  were  465 
p l a n t - p a r a s i t i c  n e m a t o d e s / 5 0 0  cm ~ soil  in  
the  u n t r e a t e d  con t ro l  a n d  103 a n d  130 in  
the  respec t ive  c o m b i n a t i o n s  a t  68 d.  

F e n s u l f o t h i o n  a n d  p h o r a t e  a lone  a n d  in  
c o m b i n a t i o n  w i t h  e i the r  a l ach lo r ,  l i n u r o n ,  
or  m e t r i b u z i n  p r o v i d e d  con t ro l  (P --  0.05) 
of Tylenchorhynchus claytoni ( T a b l e  3). 
T h e  he rb ic ides  a l o n e  h a d  n o  a p p a r e n t  effect 
on  this  n e m a t o d e .  

P o p u l a t i o n  dens i ty  dif ferences  of  Het- 
erodera glycines j uven i l e s  were  n o t  signif- 
i c an t l y  d i f fe ren t  a t  P --  0.05, b u t  the  p rob-  
ab i l i t i e s  were  b e t w e e n  0.05 a n d  0.10 ( T a b l e  
3). 

A t  97 d, the  p o p u l a t i o n  dens i t y  of  H .  
glycines was l l .8 - fo ld  g rea t e r  a f te r  fensul-  
f o th ion  + a l a c h l o r  t r e a t m e n t  t h a n  w i t h  n o  
t r e a tm en t .  T h e y  were  a lso  3.1-fold g rea te r  
w i th  f ensu l fo th ion  + a l a c h l o r  t h a n  w i t h  
f ensu l fo th ion  a lone .  

Fresh  shoo t  weights  f rom pes t ic ide-  
t r ea ted  p lo ts  d i d  no t  differ  (P -- 0.05) f rom 
the  u n t r e a t e d  con t ro l  ( T a b l e  4). Likewise ,  
shoot  weights  f rom p h o r a t e  o r  f en su l fo th ion  
t r ea t ed  p lo t s  d i d  n o t  differ  (P --  0.05) f rom 
these pes t ic ides  + herb ic ides .  M e t r i b u z i n  
p lus  e i t he r  o r g a n o p h o s p h a t e  r e d u c e d  (P  --  
0.05) shoot  weights  b e l o w  the  h ighes t  yield-  

Table 4. Shoot weight of Ransom soybean treated 
with pesticides at the Central Crops Research Sta- 
tion, Clayton, North Carolina, 1977. 

Fresh shoot wt 
Treatment (g/3 m of row) 

Untreated control 1,393 
Fensulfothion 1,785 
Fensulfothion + metribuzin 1,168 
Fensulfothion + alachlor 2,285 
Fensulfothion + linuron 1,588 
Phorate 1,105 
Phorate + alachlor 1,495 
Phorate + metribuzin 283 
Phorate + linuron 2,135 
Alachlor 1,343 
Linuron 1,320 
Metribuzin 1,070 

LSD (0.05) 1,168 

ing  plots .  T h e  c o r r e l a t i o n  coefficients for  
H. glycines vs. shoot  w e i g h t  were  --0.48 (P 
= 0.05) a n d  --0.46 (P  = 0.05) for  30 a n d  
68 d a f te r  p l a n t i n g ,  respect ive ly .  

D I S C U S S I O N  

P h o r a t c  a n d  f e n s u l f o t h i o n  are  p o o r  
ncma t i c ide s  a n d  caused  l i t t l e  r e d u c t i o n  in  
n e m a t o d e  p o p u l a t i o n s .  I n  some cases nema-  
tode  con t ro l  w i t h  f ensu l fo th ion  was im- 
p r o v e d  in  c o m b i n a t i o n  w i t h  a he rb ic ide .  F o r  
example ,  p o p u l a t i o n s  of H. glycines + T. 
claytoni + smal l  n u m b e r s  of  o t h e r  p l an t -  
pa ras i t i c  n e m a t o d e s  were  r e d u c e d  signif-  

Table 3. Effects of pesticides alone and in combination on the population density of Heterodera glycines 
and Tylenchorhynchus claytoni at Clayton, North Carolina, 1977. 

No. nematodes/500 cruz soil 
Heterodera glycines 

juveniles Tylenchorhynchus claytoni 
Treatment 30 d 68 d 97 d 30 d 68 d 97 d 

Untreated control 165 125 58 78 250 365 
Fensulfothion 33 188 223 10 58 50 
Fensulfothion + alachlor 55 125 683 28 30 193 
Fensulfothion + linuron 40 73 285 3 I0 25 
Fensulfothion + metribuzin 85 78 152 0 23 45 
Phorate 170 367 420 5 0 10 
Phorate + alachlor 103 158 235 0 43 15 
Phorate + linuron 98 105 258 13 113 80 
Phorate + metribuzin 75 270 228 25 75 76 
Alachlor 113 25 293 63 223 173 
Linuron 10 175 450 75 340 403 
Metribuzin 10 123 258 83 435 275 

LSD (0.05) NS NS NS 53 212 250 
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icantly at Clayton only by fensulfothion + 
linuron or metribuzin. 

Pesticide combinations more commonly 
caused increases in nematode populations, 
particularly with fensulfothion + alachlor. 
Phorate + alachlor and alachlor alone were 
also associated with population increases. 

The  effect of alachlor on the nematodes 
and/or  on the activity of fensulfothion or 
phorate may be complex. The  herbicide may 
be affecting organisms other than nema- 
todes, particularly bacteria, since popula- 
tions of bacteria-feeding nematodes in- 
creased with their use. Alachlor could 
stimulate hatching of nematode eggs. Al- 
teration of plant  metabolism by various 
pesticides or pesticide combinations could 
also affect nematode feeding and /or  repro- 
duction. 

Behavior of some of these pesticides has 
been reported. Meyers (11) found that or- 
ganic phosphates and organic carbamates 
affected nematode reproduction rather than 
viability. Hough and Thomason (7) found 
that concentrations of aldicarb (0.01 mg/ml  
in sand columns) disrupted the male sensory 
system of Heterodera schachtii Schmidt so 
that it could not find females. 

The  role of herbicides on nematodes, 
particularly in combination with nemati- 
cides is poorly understood. Johnson et al. 
(9) demonstrated that herbicides were not  
nematicidal, whereas King et al. (10) found 
Meloidogyne arenaria (Neal) Chitwood 
root-gall density was increased over that in 
the control at lower rates and reduced at 
higher rates of the herbicides EPTC and 
vernolate. This  response varied between 
peanut and tomato. The  herbicides used in 
some of our treatments were stimulatory, 
yet appeared to control nematodes in other 
treatments. We had some stimulation in 
population size with vernolate alone as well 
as in combination wth fensulfothion. King 
,~t al. (10) suggested that the herbicides 
could alter the host-parasite relationship. 
Chemical reactions in the soil between 
herbicides and nematicides that  alter the 
activity of a nematicide or insecticide have 
not been shown but  could possibly occur. 

Nematode population increases could 
also be a function, to some extent, of the 
root biomass. When roots are protected early 
the root biomass will generally be greater 

than in unprotected roots. Subsequently, 
after a nematicide has degraded, nematodes 
have a greater food base that can sustain a 
larger population. 

The  significantly lower fresh shoot 
weight of plants from the metribuzin + 
phorate or fensulfothion treatments is due 
primarily to phytotoxicity resulting from 
the interaction of the organic phosphate 
pesticides with metribuzin. 

Extensive studies will be required to 
adequately evaluate the mechanisms in- 
volved in the interactions between pre- 
emergence herbicides and insecticide- 
nematicides and to identify compatible 
components in an integrated pest manage- 
ment system for soybeans. Although a com- 
plete explanation cannot be derived from 
this experiment, our studies have demon- 
strated the subtle changes in nematode 
populations which occur when herbicides-  
particularly alachlor, but  to some extent, 
metribuzin and vernolate-were used in 
combination with an insecticide and a 
nematlcide. In actual practice gradual or 
subtle changes in population densities of 
nematodes could go undetected unless large 
reductions in soybean yields are observed. 
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Dynamics of Concomitant Populations of Hoplolaimus columbus, 
Scutellonema brachyurum, and Meloidogyne incognita 

on Cotton ~ 
Helmuth Kraus-Schmidt and Stephen A. Lewis 2 

Abstract: Cot ton seedl ings grown in a g reenhouse  a nd  a g rowth  c h a m b e r  were inocula ted  wi th  
Scutellonema brachyurum, Hoplolaimus columbus, and Meloidogyne incognita, singly and  in  all  
possible combina t ions ,  at  two ini t ia l  popu l a t i on  (Pi) levels (100 and  300/100 cm3). S. brachyurum 
alone was no t  pa thogen ic  to cot ton at  these popu l a t i on  levels. I t  fed p r imar i ly  as an  ectoparasi te  
b u t  m a t u r e d  and  r ep roduced  wi th in  the  root  w h e n  it pene t ra ted .  Popula t ions  of S. brachyurum 
increased in the  presence of H. columbus b u t  were suppressed  by M. incognita. H. columbus 
suppressed  dry shoot  weights  of  cot ton (P = 0.05) at a Pi  of  300/100 cm3 soil. S imul taneous  
inocu la t ion  of H. columbus with  e i ther  M. incognita or  S. brachyurum increased H. columbus 
popu la t ions  over t r ea tmen t s  wi th  H. columbus alone,  bo th  at  60 and  90 d af ter  inoculat ion.  M. 
incognita suppressed  cot ton shoot  weights  significantly (P = 0.05) at  bo th  Pi levels. Inocu la t ion  
wi th  S. brachyurum increased M. incognita popu la t ions  60 d af ter  inocula t ion ,  while H. columbus 
suppressed  popu la t ions  of M. incognita. Most larvae of M. incognita did not  develop to m a t u r i t y  
in  the  presence of H. columbus. Giant  cells abor ted  a nd  were necrot ic  20-25 d af ter  inocula t ion .  
Since M. incognita and  H. columbus feed on different  tissues, the  inh ib i t i on  of  M. incognita m a y  
have  resul ted f rom a physiological  effect of H. columbus on the  host .  Key words: N e m a t o d e  inter-  
actions, popu l a t i on  dynamics ,  cotton,  lance nematode ,  spiral  nematode ,  root -knot  nematode .  

Soils of agricultural lands rarely contain 
monospecific nematode populations. In- 
stead, most soils contain numerous species 
of plant-parasitic nematodes with overlap- 
ping host ranges. In South Carolina, 25% 
of the samples collected in 1978 from cotton 
fields contained Hoplolaimus columbus 
Sher. Of these samples, 48% also contained 
Scutellonema brachyurum (Steiner) An- 
drfissy and 7% Meloidogyne spp. (11). Re- 
cently, large populations of S. brachyurum 
(Steiner) Andr~issy have been associated with 
poor growth of cotton in South Carolina 
(F. H. Smith, unpublished). 

Received for publication M May 1979. 
1Contribution No. 1700 of the South Carolina Agricul- 

turat Experiment Station. Portion of a Ph.D. dissertation by 
the senior author, Clemson University. 

ZRespectively, Graduate Research Assistant and Associate 
Professor, Department of Plant Pathology and Physiology, 
Clemson University, Clemson, South Carolina 29631. Present 
address of senior author: Quimica Schering Colombiana 
S.A., Apt. Aereo 29995, BogotA, Colombia, South America. 

Population dynamics and pathogenicity 
of plant-parasitic nematodes in competition 
may differ from monospecific populations 
usually studied experimentally (6,7,14). 
Bird et al. (3) reported that H. columbus 
replaced M. incognita (Kofoid g: White) 
Chitwood as the dominant species in a 
Georgia cotton field after four growing 
seasons. The nature of the competitiveness 
of H. columbus was not reported. Since H. 
columbus frequently occurs in combination 
with S. brachyurum and M. incognita in 
South Carolina, the potential exists for in- 
creased crop losses due to interactions 
among the three species. These interactions 
may require changes in nematode pest man- 
agement programs. 

The objectives of these studies were 
to 1) investigate interactions among H. 
columbus, M. incognita, and S. brachyurum 
on cotton, 2) establish the effects of con- 
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