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Nematostatic Activity of Oxamyl and 
N,N-Dimethyl-1-cyanoformamide (DMCF) on 

Meloidogyne incognita Juveniles 1 
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Abstract: The  nematostatic activity of  oxamyl, methyl-N',N'-dimethy]-N-hydroxy-l-thiooxamim- 
idate (oxamyl-oxime) and N,N-dimethyl-l-cyanoformamide (DMCF) was studied by immersing 10 
Meloidogyne incognita second-stage juveniles into aqueous solutions of various concentrations of each 
chemical. At concentrations of 500 to 8,000 ~g/ml ,  oxamyl quickly immobilized immersed juveniles. 
In all o ther  concentrations studied (down to 4 ~g/ml) ,  oxamyl stopped or reduced movement  of 
juveniles within 24 hours. DMCF also quickly immobilized juveniles at concentrations of 4,000 and 
8 ,000/zg/ml  and reduced movement  at 2,000/~g/ml.  Lower concentrations had no observed effect 
on movement.  In solutions of the oxime from 2,000 to 8,000 gg/ml ,  some reduction of  movement  
was observed, but  most juveniles maintained some motion over a period of 24 hours. Juveniles were 
t ransferred to water from 4,000 # g / m l  solutions of  oxamyl and DMCF after various intervals of 
t ime in order  to determine the effect of durat ion of exposure to the chemicals on the ability of the 
immobilized juveniles to recover normal motion. Some recovery was observed even after 24 hours 
of exposure to DMCF, but  none after exposure to oxamyl for longer than 40 minutes. 

Key words: biological activity, Meloidogyne incognita (Southern root-knot nematode), metabolites, 
mode of  action, nematostatic, N,N-dimethyl-1-cyanoformamide (DMCF), oxamyl (Vydate), oxamyl- 
oxime. 

Oxamyl has been known for several years 
to be effective in controlling nematode in- 
vasion of  roots (8), but its mode of  action 
has not been clearly elucidated. The  fact 
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that oxamyl applied to foliage is effective 
in protecting the roots has led to the con- 
clusion that oxamyl itself, or some biolog- 
ically active metabolite, is translocated to 
the roots of  foliar-treated plants (1,7,8,11). 
However,  the quantities of  oxamyl actually 
found in the root have been extremely small 
in most studies in which analysis for oxamyl 
was performed (2,5,11). This supports the 
view that it may be a metabolite of oxamyl 
which protects  the roots, though to date 
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no metabolite of  oxamyl has been dem- 
onstrated to be biologically active. 

While analyzing corn seeds which had 
been treated with oxamyl as part of  our 
seed-treatment study, two major metabo- 
lites of  oxamyl were found. These were 
methyl-N',N'-dimethyl-N-hydroxy- 1-thio- 
oxamimidate (oxamyl's corresponding ox- 
ime) and N,N-dimethyl-l-cyanoformam- 
ide (DMCF). The  finding of  the oxime has 
been reported in several studies (2,5,11), 
and DMCF was found in oxamyl-treated 
fruit (5). The  oxime has been reported to 
lack biological activity (3,11), but the ac- 
tivity of DMCF has not been investigated. 

This paper reports the results of  prelim- 
inary studies on the nematostatic activity 
of  DMCF in relation to that of  oxamyl and 
its oxime. 

MATERIALS AND METHODS 

Analytical standards of  oxamyl and the 
oxime were obtained from E. I. du Pont 
de Nemours and Co. (Wilmington, Del.). 
DMCF was prepared using a modification 
of  the method of  Harvey and Hart (6). 
Equimolar amounts of  sodium cyanide 
(BDH Chemicals, Toronto,  Canada) and 
d ime thy lca rbamoyl  ch lor ide  (Aldrich 
Chemical Co., Milwaukee, Wis.) were com- 
b ined in freshly dr ied  (over ac t iva ted  
K2C0:3 ) and distilled acetone and allowed 
to react at room temperature with stirring 
for 3 days in a tightly capped Erlenmeyer 
flask. The acetone was then evaporated and 
water added to hydrolyze any unreacted 
dimethylcarbamoyl chloride. DMCF thus 
formed was extracted with diethyl ether 
and, after evaporation of  the ether, was 
obtained in good yield (about 70%). Com- 
parison of  the mass spectrum of the prod- 
uct with that of  a sample of  DMCF ob- 
tained from Du Pont indicated that the 
product was in fact DMCF. 

The nematodes used in the study were 
Meloidogyne incognita Chitwood second-stage 
juveniles reared on tomato (Lycopersicon es- 
culentum L. cv. Stakeless) and hatched from 
hand-picked egg masses within 12 hours 
before use. 

The  effect of  various concentrations of  
DMCF, the oxime, and oxamyl was studied 
by placing 10 hand-picked juveniles into 
0.1 ml of  an aqueous solution of  the 
chemical in a microscope cavity slide. The  

juveniles were observed under the micro- 
scope for any change in their normal sine- 
wave pattern of  motion. Oxamyl was stud- 
ied in this way at concentrations of  4, 8, 
16, 31, 63, 125, 250, 500, 1,000, 2,000, 
4,000, and 8,000 gg/ml ,  DMCF at 500, 
1,000, 2,000, 4,000, and 8,000 gg/ml ,  and 
the oxime at 2,000, 4,000, and 8,000 g g /  
ml. Ten juveniles were also placed in 0.1 
ml of  distilled water as a control. The  ex- 
periments with oxamyl from 4 ~g/ml  to 31 
t~g/ml were performed in duplicate and 
those from 63 to 500 gg /ml  in triplicate. 
The  remaining tests were not replicated. 
It had previously been shown that pro- 
tection of  alfalfa seedlings grown from 
oxamyl-treated seed was not substantially 
improved by increasing the oxamyl 
concentration above 8,000 ~g/ml  (10). 
Therefore,  concentrations higher than this 
were not studied in this experiment. 

The  effect of  duration of  exposure to 
solutions of  oxamyl and DMCF on the ju- 
veniles' ability to recover normal motion 
was studied using 4,000 gg /ml  solutions 
because juveniles were quickly immobi- 
lized at this concentration of  each chemi- 
cal. At 10-minute intervals, 10 juveniles 
were transferred from the 4,000 #g /ml  ox- 
amyl solution to distilled water and ob- 
served for recovery of  normal motion. Ju- 
veniles were transferred to water from the 
4,000 ~g/ml  DMCF solution after 4, 8, 12, 
and 24 hours and similarly observed. 

In all the experiments, evaporation of  
the aqueous solutions was minimized by us- 
ing humidity chambers consisting of  cov- 
ered petri dishes containing a layer of  water 
and supports for the microscope slides. All 
experiments were conducted at ambient 
room temperature (approximately 23 C). 

RESULTS 

In 8,000 ~g/ml  solutions of  oxamyl and 
DMCF, M. incognita juveniles were immo- 
bilized in random configurations within 10 
minutes. After 6 hours in 8,000 ~g/ml  ox- 
amyl, the juveniles were observed to be 
straight and motionless, the position nor- 
mally assumed upon death. Juveniles in 
8,000 jzg/ml DMCF were observed to be 
coiled after 2 hours and straight and mo- 
tionless after 21 hours. Juveniles main- 
tained slow but strong movement for at 
least 7 hours in an 8,000 #g /ml  solution 
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FIG. 1. Approximate time required to immobilize 
50% of the nematodes immersed in six concentrations 
of oxamyl. Bars indicate _+ one standard deviation. 

of  the oxime, and when observed after 24 
hours, six still showed some degree of  
movement.  T h e  juveniles placed in dis- 
tilled water exhibited normal movement 
over a 24-hour period. 

In solutions ofoxamyl  from 500 to 4,000 
/zg/ml, the motion of  the juveniles was 
quickly reduced and they exhibited only 
some twitching of  the tail or spasmodic 
flexing about midpoint in the body. After 
several minutes, motion was completely 
stopped and the juveniles were in random 
configurations. When observed after 20 
hours all juveniles were straight and mo- 
tionless. 

As the concentrat ion of  oxamyl de- 
creased below 500 ~g/ml,  the juveniles 
maintained motion for longer periods of  
time. Coiling or abnormal angular bend- 
ing, as described by Wright et al. (11), was 
common. Figure 1 illustrates the trend ob- 
served in terms of  the approximate time 
required to immobilize 50% of  the juve- 
niles versus the concentrat ion of  oxamyl. 
In concentrations above 31 #g/ml ,  all 
nematodes stopped moving within 2.5 

TABLE 1. Effect o f  durat ion of  exposure  to 4,000 
tsg/ml  solutions of  oxamyl and DMCF on recovery of  
M. incognita juveniles after t ransfer  to distilled water. 

Maximum observed 
recovery 

Time of 
obser- 

Duration of vation 
Chemical exposure %* (hours) 

Oxamyl 

DMCF 

10 minutes 100 24]" 
20 minutes 70 24]" 
30 minutes 90 30]" 
40 minutes 30 28]" 

4 hours  100 0.5~: 
8 hours  60 24z~ 

12 hours  30 12~ 
24 hours  30 3§ 

* Percentage of juveniles which recovered 
motion. 

t Total period of observation = 30 hours. 
Total period of observation = 24 hours. 

§ Total period of observation = 12 hours. 

some degree of 

hours. In the 4 and 8 t~g/ml oxamyl so- 
lutions, movement  of  the juveniles was 
considerably slowed after 21 hours, but 
most were still moving. In all concentra- 
tions below 500 ~g/ml  almost all juveniles 
remained in random configurations after 
20 hours in solution. 

Nematodes immersed in 4,000 ug /ml  
DMCF were immobilized in random con- 
f igurat ions  within 10 minutes.  Some 
straightening and coiling were observed in 
the first 2 hours. In 2 ,000/zg/ml  DMCF, 
the motion of the juveniles was slowed but 
not stopped and all juveniles were still mov- 
ing after 18.5 hours. No effect on motion 
resulted from immersion in 500 or 1,000 
t~g/ml DMCF for up to 18.5 hours. 

Nematodes immersed in a 4,000 t~g/ml 
solution of  the oxime showed slow normal 
movement  for at least 7 hours and the ma- 
jori ty still showed slow movement  after 24 
hours. Most of  the juveniles immersed in 
a 2,000/~g/ml solution of the oxime con- 
tinued normal movement  over a 24-hour 
period. 

T h e  ability of  immobilized juveniles to 
recover normal motion after transfer to 
water from 4,000 ug /ml  solutions of  oxa- 
myl and DMCF is summarized in Table  1. 
Recovery from exposure to 4,000 ~g/ml  
oxamyl was slow, and juveniles exposed for 
longer than 40 minutes did not recover any 
movement  after transfer to water. On the 



Nematostatic Activity of Oxamyl and DMCF: McGarvey et al. 331 

other hand, complete recovery of  nema- 
todes exposed to 4,000 #g /ml  DMCF for 
4 hours was observed within 30 minutes of 
transfer back to water, and some recovery 
of  movement was observed after immer- 
sion in the DMCF solution for as long as 
24 hours. 

DISCUSSION 

The results indicate that DMCF exhibits 
a degree of biological activity, though not 
to the same extent as that of oxamyl. The 
activity of  the oxime appears to be very 
weak relative to DMCF and oxamyl, as 
demonstrated by the continued motion ex- 
hibited by juveniles over a 24-hour period 
in all oxime concentrations studied. 

Oxamyl in high concentration appears 
to be lethal to nematodes exposed to the 
chemical for an extended period of time. 
This  is evidenced by the irreversible 
straightening of  nematodes exposed to 
4,000 ~g/ml  oxamyl for longer than 40 
minutes. However, recovery of motion by 
nematodes after short exposures to 4,000 
#g/ml  oxamyl was observed, indicating a 
reversible nematostatic effect during the 
period of exposure. Oxamyl in low con- 
centration appears to act not as a nemati- 
cide but as a nematostat, as evidenced by 
the lack of straightening of  nematodes in 
oxamyl solutions below 500 ~zg/ml. Also, 
Wright et al. (11) found that M. incognita 
second-stage juveniles recovered normal 
activity upon transfer to water after 24- 
hour exposure to a 32 t~g/ml oxamyl so- 
lution. 

DMCF evidenced a reversible nemato- 
static effect at a concentration of 4,000 # g /  
ml, allowing some recovery of  nematodes 
even after 24-hour exposure to the chem- 
ical. The nematicidal effect of DMCF at 
4,000 ~g/ml  was much weaker than that 
of  oxamyl at the same concentration. Since 
DMCF had no observed effect on the ac- 
tivity of  the juveniles at concentrations be- 
low 2,000 #g/ml,  it is unlikely that it would 
have any nematostatic effect at the con- 
centrations to be expected in roots as a 
result of foliar application of  oxamyl. 

It has been proposed that oxamyl itself, 
even when present in very low concentra- 
tions as a result of translocation from treat- 
ed foliage (11), protects roots by inhibiting 
orientation or feeding ability of nematodes 

(4,9,11). The possibility that the active 
agent is not oxamyl itself, but a metabolite 
of  oxamyl, has been acknowledged (7,9), 
but biological activity of  any oxamyl me- 
tabolites has not been demonstrated to 
date. 

DMCF is the first metabolite of oxamyl 
shown to possess a degree of biological ac- 
tivity against nematodes. While this study 
found the activity of  DMCF to be far lower 
than that of  oxamyl with regard to ne- 
matostasis, DMCF may have some other 
type of activity. The  reason for its nema- 
tostatic activity is not clear, since the DMCF 
molecule does not contain a carbamate 
group and thus probably does not inhibit 
acetylcholinesterase.  Fur the r  investiga- 
tions are planned to determine whether 
DMCF acts by some other mechanism in 
low concentrations, such as inhibition of 
nema tode  o r ien ta t ion  or feeding,  and 
whether there are other metabolites of ox- 
amyl which possess biological activity 
against nematodes. 
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Comparative Electrophoretic Analyses of 
Soluble Proteins from Heterodera glycines Races 1-4 and 

Three Other Heterodera Species 1 
RONALD F. POZDOL AND GREGORY R.  NOEL 2 

Abstract: Modified polyacrylamide gel and SDS-polyacrylamide gel electrophoretic systems using 
a low molarity tris-HC1 buffer and equal pH of homogenizing buffer and stacking gel provided 
improved stacking for separation of soluble proteins from Heterodera schachtii, H. trifolii, H. lespedezae, 
and H. glycines races 1, 2, 3, and 4, compared with previous studies with cyst nematodes, The  four 
Heterodera species were easily distinguished using the polyacrylamide gel system, but  H. trifolii and 
H. lespedezae had similar protein patterns. H. glycines races were not separable by that  system. The  
SDS-polyacrylamide gel system produced different protein patterns for all four Heterodera species 
al though H. trifolii and H. lespedezae differed by only a single band, suggesting that  these two may 
be subspecifically related. A protein band unique to H. glycines races 3 and 4 was not detected in 
SDS-polyacrylamide gel profiles from races 1 and 2. Molecular weight determinations were 55,000 
for distinctive proteins in profiles of H. trifolii and 75,000 for H. glycines races 3 and 4. 

Key words: electrophoresis, soybean cyst nematode, Heterodera lespedezae, Heterodera schachtii, Het- 
erodera trifolii, 

The classical approach to nematode tax- 
onomy based on light microscopic exami- 
nation of morphological features is of pri- 
mary importance in the identification and 
classification of phytoparasitic nematodes. 
However, within some nematode genera, 
conventional taxonomic studies have failed 
to reveal stable features with which to sep- 
arate species. Infraspecific variation and the 
occurrence of physiological races have ne- 
cessitated the development of  taxonomic 
techniques enabling differentiation and 
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classification of  races. Scanning electron 
microscopy, immunology, and electropho- 
resis are becoming increasingly important 
in supplementing data provided by classical 
nematode systematics. 

Protein molecules are important when 
investigating systematic relationships, for 
they accurately reflect genotypic qualities 
of  the taxon (18,25). Biochemical system- 
atics of nematodes has relied primarily on 
detectable differences in protein molecules 
as taxonomic characters. Several research- 
ers obtained consistently distinct soluble 
protein profiles when different nematode 
species were compared by polyacrylamide 
gel electrophoresis (PAGE) (8-10,16,17). 
The  technique was considered to have great 
potential for characterization of  interspe- 
cific variation among plant parasitic nema- 
todes. 

Proteins of species and pathotypes of 
Globodera and Heterodera have been com- 
pared using PAGE. Soluble proteins of sev- 
eral cyst-forming species and pathotypes A 
and E of  Heterodera (sic Globodera) rosto- 
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