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Abstract. Residues of the insecticide-nematicide oxamyl in tomatoes (Lycopersicon
esculentum Mill.) declined more quickly during storage at 15C in modified atmospheres
consisting of 1.5% O2 + 98.5% N2 or 1.5% O2 + 4.0% CO2 + 94.5% N2 than in air. (21.0%
O2 + 79.0% N2). Fruit ripened more quickly in air than in either modified atmosphere.
Chemical name used: S- methyl N',N' -dimethyl -N- (methylcarbamoyloxy)-
1-thio-oxamimidate (oxamyl).  
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In several countries, oxamyl is a registered
insecticide-nematicide used to control a num-
ber of nematode and insect pests of tomato;
applications are permitted up to 1 day before
harvest (Du Pont, 1981). Oxamyl is not regis-
tered in Canada for use on tomatoes, but toma-
toes are imported into Canada from countries
where oxamyl is registered for this crop (Du
Pont, 1981). The United States’ tolerance for
oxamyl in tomatoes is 2 ppm; whereas in
Canada, the maximum allowable residue in
imported tomatoes is 0.1 ppm. Oxamyl de-
grades hydrolytically to oxamyl oxime and
enzymatically to N,N- dimethyl-1-cyanoform-
amide (DMCF) (Harvey and Han, 1978).
DMCF, but not oxamyl oxime, has exhibited
nematostatic activity, but only at high concen-
trations (McGarvey et al., 1984). Our study
was conducted to compare the decline of
oxamyl residues in tomatoes stored in air and
under two modified atmospheres.

Materials and Methods

The soil around the base of twenty
≈23 -week-old ‘Caruso’ tomato plants in a
greenhouse was treated with 1.39 ml Vydate L
(24% oxamyl liquid formulation; Du Pont
Canada, Mississauga, Canada) in 200 ml wa-
ter. This is equivalent to the maximum recom-
mended rate for soil application by drip irriga-
tion for tomatoes (37.5 liters·ha-1) (Du Pont,
1981). A preliminary experiment had shown
that the oxamyl residue in tomato fruit on the
vine increased during the first 3 days follow-
ing soil treatment, and remained relatively
constant for the following 12 days. Therefore,
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fruit were harvested for modified-atmosphere
storage 3 days after treatment.

A total of 200 fruit were harvested on 28
May 1992 and divided into 40 samples of five
fruit each (Expt. 1). Four replicate samples
were immediately prepared for initial residue
determination. The remaining 36 samples were
placed, 3 per bag, in 91 × 56-cm low-density
polyethylene bags (65 µm thick) (Reyes, 1990)
that were sealed with duct tape and flushed
with 21.0% O2+ 79.0% N2 (air control), 1.5%
O2 + 98.5% N2, or 1.5% O2 + 4.0% CO2 +
94.5% N2 (Union Carbide Canada, Linde Di-
vision, Toronto). The bagged samples were
stored at 15C, and the atmosphere was re-
newed with fresh gas mixture three times per
week. One sample was removed from each
bag at weekly intervals for 3 weeks (four
replications per atmosphere), and the bags
were immediately sealed and flushed with the
appropriate gas mixture. In weeks 2 and 3, the
fruit was rated for maturity based on a 6-point
scale similar to the color classification stan-
dard used for U.S. no. 1 grade tomatoes
(Table 1).

The fruit samples removed at weekly inter-
vals were homogenized in a blender, and a
200-g subsample was frozen in a 0.9-liter
mason jar until extracted with 210 ml metha-
nol using a polytron homogenizer (Brinkman
Instruments, Rexdale, Canada). Extracts were
cleaned on solid-phase extraction cartridges
containing 0.4 g Nuchar-Attaclay (McGarvey
et al., 1986). Oxamyl was determined on a
1090 high-performance liquid chromatography
(Hewlett-Packard, Mississauga, Canada) us-
ing a single-stage post-column derivatization
reaction and fluorescence detection
(McGarvey, 1989). An isocratic mobile phase,
consisting of 15% or 20% acetonitrile in wa-
ter, was used at a flow rate of 1 ml·min-1 with
a C-18 column. Four 200-g control samples of
tomato spiked with 100 µg oxamyl yielded a
mean recovery of 83% (CV = 5.7%) using this
method. Residue data were not corrected for
incomplete recovery.

Using the same tomato plants, the experi-
ment was repeated with seven replicate fruit
samples per modified-atmosphere treatment
per week (Expt. 2). Nine weeks after begin-
ning Expt. 1, the soil around the base of each
plant was treated with Vydate L at the same
rate used previously. On the third day after
treatment (21 July 1992), 350 fruit were har-
vested and divided into 70 samples of five fruit
each. Seven samples were immediately pre-
pared for initial residue determination. Three
samples were placed in each of 21 storage
bags, and seven bags each were filled with one
of the three atmospheres. The same atmo-
sphere maintenance and sampling methods
were used as in Expt. 1.

Residue data were examined using repeated
measures analysis (SAS Institute, 1990). Be-
cause the replicate-within-treatment term was
not significant (P > 0.05) in both experiments,
this error term was pooled with the residual
error to give a more powerful test. Data were
analyzed on both the original scale and after
log transformation. Because the same patterns
were observed in both cases, only the results
based on the analysis of the original data are
presented. In both experiments, repeated mea-
sures analysis indicated a significant time ef-
fect (P < 0.001) and a nonsignificant time x
treatment interaction (P > 0.05). The latter
indicated that the pattern of change was the
same for all treatments. In Expt. 1, the overall
treatment effect was borderline in significance
(P = 0.052); whereas in Expt. 2, it was highly
significant (P < 0.01). Because of the large
time effect in both experiments, the data for
each time were reanalyzed separately using a
one-way analysis of variance (ANOVA) (Table
1). Maturity ratings of individual fruit were
ranked within a given replication of all three
treatments (a total of 15 fruit) at each time.
One-way ANOVA of the ranked data and the
raw maturity rating data provided the same
result; therefore, only maturity rating data are
presented (Table 1).

Results and Discussion

The mean oxamyl residue at week 0 was
0.32 µg·g-1 in Expt. 1 and 0.16 µg·g -1 in Expt.
2. The residue was lower in Expt. 2, probably
because the older and taller vines had diluted
the absorbed oxamyl to a greater extent.

In Expt. 1, the oxamyl residue in tomatoes
stored for 3 weeks in 1.5% O2+ 4.0% CO2+
94.5% N2 was significantly lower than in those
stored in air (Table 1). Experiment 2 con-
firmed this result with the difference being
present after 2 weeks; after 3 weeks, tomatoes
stored in either 1.5% O2 + 98.5% N2 or 1.5% O2

+ 4.0% CO2 + 94.5% N2 had significantly
lower residues than those stored in air. Fruit
ripening was significantly faster in air than in
either 1.5% O2+ 98.5% N2 or 1.5% O2 + 4.0%
CO2 + 94.5% N2 (Table 1).

Interestingly, oxamyl residues declined
most slowly in tomatoes that ripened at the
fastest rate. Possibly, the nonripe tissue was
better able to metabolize oxamyl than ripe,
less physiologically competent fruit.

Oxamyl is stable under acidic conditions
and hydrolyzes to oxamyl oxime slowly under
neutral conditions, rapidly under alkaline con-
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Table 1. Weekly residues of oxamyl in and maturity ratings of tomatoes stored in three atmospheres.
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ditions (Du Pont, 1981). The pH of tomato
fruit was not monitored during the residue
study; however, the pH of 10 fruit after 1 week
of storage was 3.97 ± 0.13 in air, 4.24 ± 0.15 in
1.5% O2 + 98.5% N2, and 4.25 ± 0.21 in 1.5%
O2 +  4.0% CO2 + 94.5% N2. The pH of fruit
stored in air was significantly lower (P ≤ 0.05)
than that of fruit stored in either of the modi-
fied atmospheres. The higher pH of fruit stored
298
in modified atmospheres, therefore, may have
contributed partly to the enhanced decline of
oxamyl residues observed in fruit stored in
those atmospheres.

This study showed that modified-atmo-
sphere storage at a moderate temperature (15C)
in 1.5% O2 + 98.5% N2 or 1.5% O2 + 4.0% CO2

+ 94.5% N2 enhanced the degradation rate of
oxamyl and also delayed tomato ripening. To
 -p
our knowledge, this is the first report of accel-
erated oxamyl degradation in modified-atmo-
sphere storage.
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