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Nematostatic Activity of Oxamyl and
N,N-Dimethyl-1-cyanoformamide (DMCF) on
Meloidogyne incognita Juveniles’

B. D. McGARVEY, J. W. POTTER, AND M. CHIBA?

Abstract: The nematostatic activity of oxamyl, methyl-N’,N'-dimethyl-N-hydroxy-1-thiooxamim-
idate (oxamyl-oxime) and N,N-dimethyl-1-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 ug/ml, oxamyl quickly immobilized immersed juveniles.
In all other concentrations studied (down to 4 pg/ml), oxamyl stopped or reduced movement of
juveniles within 24 hours. DMCF also quickly immobilized juveniles at concentrations of 4,000 and
8,000 ug/ml and reduced movement at 2,000 ug/ml. Lower concentrations had no observed effect
on movement. In solutions of the oxime from 2,000 to 8,000 ug/ml, some reduction of movement
was observed, but most juveniles maintained some motion over a period of 24 hours. Juveniles were
transferred to water from 4,000 ug/ml solutions of oxamyl and DMCF after various intervals of
time in order to determine the effect of duration 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-1-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 Han (6).
Equimolar amounts of sodium cyanide
(BDH Chemicals, Toronto, Canada) and
dimethylcarbamoyl chloride (Aldrich
Chemical Co., Milwaukee, Wis.) were com-
bined in freshly dried (over activated
K,CO;) 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
DMCEF, 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 ug/ml, DMCF at 500,
1,000, 2,000, 4,000, and 8,000 ug/ml, and
the oxime at 2,000, 4,000, and 8,000 ug/
ml. Ten juveniles were also placed in 0.1
ml of distilled water as a control. The ex-
periments with oxamyl from 4 ug/mlto 31
ug/ml were performed in duplicate and
those from 63 to 500 ug/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 ug/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 ug/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 ug/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 ug/ml DMCEF 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 ug/ml solutions of oxamyl and
DMCF, M. incognita juveniles were immo-
bilized in random configurations within 10
minutes. After 6 hours in 8,000 ug/ml ox-
amyl, the juveniles were observed to be
straight and motionless, the position nor-
mally assumed upon death. Juveniles in
8,000 ug/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 ug/ml solution
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Fic. 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. The juveniles placed in dis-
tilled water exhibited normal movement
over a 24-hour period.

In solutions of oxamyl from 500 to 4,000
ug/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 concentration of oxamyl de-
creased below 500 ug/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 concentration of oxamyl.
In concentrations above 31 ug/ml, all
nematodes stopped moving within 2.5

TasLe 1. Effect of duration of exposure to 4,000
ug/ml solutions of oxamyl and DMCF on recovery of
M. incognita juveniles after transfer to distilled water.

Maximum observed

recovery
Time of
obser-
Duration of vation
Chemical exposure %* (hours)
Oxamyl 10 minutes 100 24+
20 minutes 70 24+
30 minutes 90 30%
40 minutes 30 28+
DMCF 4 hours 100 0.5%
8 hours 60 24%
12 hours 30 12%
24 hours 30 38

* Percentage of juveniles which recovered some degree of
motion.

T Total period of observation = 30 hours.

¥ Total period of observation = 24 hours.

§ Total period of observation = 12 hours.

hours. In the 4 and 8 ug/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 ug/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-
figurations within 10 minutes. Some
straightening and coiling were observed in
the first 2 hours. In 2,000 ug/ml DMCEF,
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
ug/mi DMCF for up to 18.5 hours.

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

The 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 ug/ml
oxamyl was slow, and juveniles exposed for
longer than 40 minutes did not recover any
movement after transfer to water. On the
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other hand, complete recovery of nema-
todes exposed to 4,000 ug/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.

Ozxamyl 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 pg/ml oxamyl for longer than 40
minutes. However, recovery of motion by
nematodes after short exposures to 4,000
rg/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 ug/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 ug/ml oxamyl so-
lution.

DMCF evidenced a reversible nemato-
static effect at a concentration of 4,000 ug/
ml, allowing some recovery of nematodes
even after 24-hour exposure to the chem-
ical. The nematicidal effect of DMCF at
4,000 pg/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 pg/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 DMCEF 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. Further investiga-

‘tions are planned to determine whether

DMCF acts by some other mechanism in
low concentrations, such as inhibition of
nematode orientation or feeding, and
whether there are other metabolites of ox-
amyl which possess biological activity
against nematodes.
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