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Abstract

Field experiments were performed between 1994 and 1997 to evaluate the effect of chlorpyrifos insecticide on
arthropods in maize agroecosystem. The experiments were carried out in Boaco (Central zone) and Managua (Pacific
zone) areas. Experiments were set up according to randomized block design, with large plots (750 m2) and four
replications. The treatments were lL/ha Lorsban 4E (containing 4S0 g a.i../L) and control. Visual sampling, pitfall
traps and yellow traps were used to estimate numbers of pest insects and beneficial arthropods. Chlorpiryfos had a
measureable affect on fell armyworm (Spodoptera frugiperda) and Dalbulus maidis. The plots sprayed with the
insecticide had the lowest population of S. frugiperda and the highest population of D. maidis. Beneficials insects,
mainly parasitoids were more affected than pests by the insecticide sprays. The highest parasitism was found in the
unsprayed plots. Overall, the lowest population of arthropods was found in the sprayed plots, except that in Managua
the highest number of D. maidis were found in the sprayed plots.

1. INTRODUCTION

Maize is an important food crop of the small farmer in Central America. However, the insect pest
attacks considerably reduce the yields. The most commonly practiced method for the control of
insect pests is the use of insecticides [1]. The insecticides most commonly used in maize cultivation
in Nicaragua are chlorpyrifos and carbofuran. Chlorpyrifos is used to control the fall armyworm and
carbofuran for the control of several other pests, such as D. maidis as well as soil dwelling pests.
Even though these insecticides are considered non-persistent, they are implicated in several
problems including adverse effect on beneficial arthropods. There is no information on the impact of
these insecticides on the non target species, inparticular beneficial arthropods in Nicaragua. The
objective of this study was to evaluate the impact of chlorpyrifos on the populations of pest insects
and on the parasitism of Spodoptera frugiperda in maize agroecosystem.

2. METHODS AND MATERIALS

2.1. Field plots
Field experiments were carried out from 1994 to 1997 in Santa Rosa in the Pacific zone and Santa
Lucia in the Central zone of Nicaragua. Santa Rosa is located in Managua at an altitude of 56m
above sea level and has an annual mean temperature of 27 C and average annual precipitation of
1,102 mm. Santa Lucia is located in Boaco at an altitude of 660 meters above sea level and has an
annual mean temperature of 24.7 C and annual precipitation of 873 to 1543 mm. All experiment
were carried out during the first growing season of each year.

The size of plots was of 25x30 m and 40x40m in Santa Rosa and 3 7x3 5m in Santa Lucia. The NB-
6 variety of maize was sown. The soil was prepared in Santa Rosa by using conventional tillage and
mechanical sowing. In Santa Lucia no tillage was used and the sowing method was by hand (using
"espeque") . The density of established crop:was 6x20 cm. (approximately 60,000 plants/ha) in
Santa Rosa, and 85x40cm (approximately 30 000 plants/ha) in Santa Lucia. The total area of each
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experiment was around 6000 and 12800 squared meters. Fertilizer was used according to the
recomendations and it consisted of 90.7 kg/ha NPK (10-30-12) applied at sowing time, and 46%
urea. Urea was applied 45.4 kg/ha one month after the sowing time and 45.4 kg at the beginning of
flowering. The previous crops grown in the experimental plots was also maize. The crops grown in
the neighbouring fields were tomato and maize in Santa Lucia and maize in Santa Rosa.

2.2. Experimental design
The experiment was carried out on a randomized block design, with four blocks and two treatments
which were: (1) treated woth chlorpiryfos (1 L/ha)and (2) untreated control. The number of
applications of chlorpyrifos were three in Santa Lucia (15,35 and 70 days after emergence) and two
in Santa Rosa (25 and 40 days after emergence). The dosage was of 1 L/ha in each application. The
insecticide applications were made using a high volume application with a Matabi knapsack sprayer
Matabi with a capacity of 20 litres and a hollow cone nozzle. The insecticide used was Lorsban 4E
emulsifiable formulation containing chlorpyrifos as active ingredient at a concentration of 480 g/L.

2.3. Artificial infestation
To enhance the incidence of S. frugiperda, in the field, the plants were artificially infested with the
larvae of the pest insect just before spraying. One hundred plants per plot were infested with small,
medium and large larvae by placing the larvae in the whorls. In some cases egg masses were also
used. The artificially plants were then covered with plastic bags in order to protect them against the
insecticide deposit. In order to protect the larvae from the predators (ants) a plastic barrier (cover)
was put on the base of the plant.

2.4. Sampling

2.4.1. Visual Sampling
Visual sampling was carried out to estimate the populations of Spodoptera frugiperda, Dalbulus
maidis and beneficials insects mainly earwigs, spiders an wasps. One subplot of lOx 10 m area was
marked out in the centre of each plot and twelve 10 m long rows were selected. In this subplot 60
plants were sampled by sampling in alternate rows. Two plants were sampled in each row leaving a
plant without sampling until a total of 60 plants in the subplot had been sampled. Fifteen samplings
were done during the crop season. These were done one day before the first application, 1, 3 and 6
days after the first application, and 1, 3, 6, 13, 20, 27, 34, 41, 48, 56 and 62 days after the second
application.

2.4.2. Sampling by use of pitfall traps and yellow traps
Pitfall traps were used to estimate the populations of general predators and yellow traps were used
to estimate the incidence of Hymenopteran parasitoids. Sampling by traps were carried out 2 days
before, and 3 and 6 days after the first application and 3, 6, 16 and 23 days after the second
application. All sampling activities were organized in two groups, during the applications and after
the applications time.

2.4.3. Parasitism of Spodoptera frugiperda.
The artificially infested plants were collected four days after the infestation to evaluate parasitism of
Spodoptera frugiperda. These plants were taken to the laboratory where the larvae were extracted
from them and placed individually in glass jars containing diet. Data on the emergence of
parasitoids were collected.

118



3. RESULTS AND DISCUSSION

3.1. The effect of insecticide sprays on insect populations in general
In general the populations of arthropods was higher in Santa Lucia than in Santa Rosa, this may be
attributed to more favourable climatic conditions and plant diversity in Santa Lucia.

Populations of arthropods in the unsprayed fields were higher than those in the sprayed fields. The
differences were significant in Santa Luda but not in Santa Rosa, where the population was similar
in the sprayed and unsprayed plots. The most common insect found was Dalbulus maidis. In Santa
Rosa the lowest D. maidis population was found in the unsprayed plots.

During the sampling before each application a higher number of insects was found, but immediatly
after the application the population was reduced. After each application the unsprayed plots showed
a higher number of insects than the sprayed plots. Insects found in the different sampling methods
are showed in the Table 1.

It was observed that immediatly after the application, the arthropods population declined in both
sprayed and unsprayed plots. The arthropods population, mainly S. frugiperda and D. maidis, also
declined 60 days after the emergence of the crop; however, some of the beneficials insects, mainly
earwigs (Doru sp), tended to remain during that period. The decrease in arthropods population is
mainly because of the crop maturity.

In general the unsprayed plot showed a higher number of insects. The higher number of pests was
found in the unsprayed plot and the higher number of benefidals insects was found in the sprayed
treatment. The most common pest insects found were Spodptera frugiperda and Dalbulus maidis.
However the population of D. maidis.was high and that of S. frugiperda very low.

TABLE 1. LIST OF ARTHROPODS FOUND DURING SAMPLING AND IN TRAPS

Visual Sampling

Spodopterafrugiperda

Dalbulus maidis

Cicloneda
Doru sp
Polibia sp

Pitfall Traps

Ants

Spiders

Yellow Traps

Mimaridae

Chelonus sp

Scelionidae
Ceraphronidae
Eucoilidae
Ichneumonidae
Torymidae
Pteromalidae
Eurytomidae
Platygasteridae
Eucharytidae
Eulophidae
Chalcididae
Eupelmidae
Diapriidae
Bethylidae
Encyrtidae
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The study suggests that there was no significant effect from insecticide sprays on the total pest
populations, which were statistically similar in both treatments, although the populations in the
unsprayed plots were somewhat higher than those in the sprayed plots.

Before the application of the pesticide there was no significant difference between the insect
population in the treated and untreated plots. However, after the applications insect populations
were higher in the sprayed plots. It could be due to adverse effect of the insecticide on the natural
enemies of the pest. The pest populations fluctuated between sampling intervals, but the highest
populations were found during the first four samplings after the pesticide application.

3.2. The effect of insecticide sprays on Spodoptera frugiperda.
In general the highest number of this insect was found in unsprayed plots. It means the insecticide
was effective against the pest. These results are similar to those reported by Van Huis[l] who found
that chlorpyrifos was effective against S. frugiperda on maize plants. The largest number of fall
armyworms were found 34 days after the second application, which was 60 days after germination.
At this stage S. frugiperda fed on the maize ears as an earworm.

During the application period there was significative difference between treatments, but the
sampling dates were similar. After the application period the treatments were statistically similar.
This was because the effect of insecticide disappeared for this time. At the end of this period the
population of S. frugiperda was decreasing because of the age of the crop and incidence of natural
enemies (Chelonus and Doru spp).

3.3. The effect of insecticide sprays on Dalbulus maidis.
This insect was found in higher populations than any other species. During and after the
applications the highest number of D. maidis was found in the sprayed plots. Significant differences
between treatments were found in both periods. The population of this pest increased at the
beginning of vegetative stage of the crop until after the flowering of the crop because the pest trend
to disappear at the end of the crop season because of the age of maize plant.

Is important to note that the highest population of dalbulus was found in the sprayed plots because
chlorpyrifos do not have effect on this insect, because the pest feed sucking of the plant and the
penetration way of insecticide which is a not sistemic insecticide. Beside the insecticide affected the
natural enemies of the pest, mainly parasitoids, reducing of this way the natural control of the pest.

In former investigations high level of parasitism on dalbulus has been found when no insecticide has
been applied. In the present work we assume the parasitism was affected, because in the unsprayed
plots the dalbulus population was lower because of the natural control was no affected.

3.4. The effect of insecticide sprays on the beneficial arthropods (insect predators)
In general the incidence of predators was low, however there was a highest incidence of beneficial
arthropods in Santa Lucia than in Santa Rosa. Is important to mention all the beneficial insects
found in these experiments are reported by others authors as important agents of natural control on
S. frugiperda. The highest population of these insects was found during the period after applications
in Santa Rosa but there were not significative differences between treatments, however during the
applications period in the unsprayed plots was found a higher population. In Santa Lucia the results
indicate the significative effect of the insecticide on beneficial insects, thus the highest population
was always found in the unsprayed plots. Beside significative differences between treatments were
found.
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A greater number of Cycloneda sp. were found in the unsprayed plots, although they were not
significantly different than the sprayed plots. . During the sampling after applications time
significative difference was found between sampling dates, because 34 days after the second
application the population began to disappear. May be the there was a low population of this insect
in both treatments because this insect was affected in both plots because of the movement of the
insects.

The population of earwigs (Doru sp) was low at the beginning of the vegetative stage of the maize
plant, but it later it increased and higher populations were present at the end of the crop season.
During the applications time the population of earwigs was very low and there was not difference
between treatments nor between sampling dates. During this period the raining season had not
began which could have effect on the population. According to Marenco [2] rainfall helps increase
population of earwigs. After applications there was not significative difference between treatments,
however a higher number of insects was found in most of cases in the unsprayed plots. The highest
population was found during the last two sampling dates. The results found in Santa Lucia indicate
the significative effect of the insecticide on earwigs population, thus the highest population was
always found in the unsprayed plots. Beside significative differences between treatments were
found.

The populations of spiders were greater in Santa Lucia than in Santa Rosa. In Santa Lucia their
populations were significantly greater in unsprayed plots than sprayed plots, but in Santa Rosa there
was no significat difference. The populations of ants were also greater in Santa Lucia than in Santa
Rosa. Therefore, the effect of insecticide sprays on theie populations was monitored only in Santa
Lucia where highest populations were found in the unsprayed plots. The greatest effect of the
insecticide is observed during the time of applications. During this time significant differences
between treatments were found.

The population of Polybia sp was in general quite low, but higher numbers were found during the
period after the insecticide applications. During the applications period no significant differences
were found; however, higher numbers were found in the unsprayed plots. In this period significant
difference between sampling dates was found because one day after the first application this insect
was no found in any plot. During the period after application no significative difference was found
between treatments nor between sampling dates. Even though no significative difference between
treatments was found, a higher number of this insect was found in the sprayed plots. Is important to
mention this insect is flier and could move from sprayed to unsprayed plots and viceversa, also to
this time the effect of insecticide has disappeared.

3.5. The effect of insecticide sprays on beneficial insect parasites.
The Hymenopterous parasitoids were sampled using yellow traps. In general a high diversity of
parasitoids insects were found, the most common families are showed in Table 1. Although the
population of these insects was not too high, the effect of insecticide was measurable. During the
application time significant difference between treatments were found, the highest number of insects
was found in the unsprayed plots. Also significant differences between sampling dates were found.
The highest population was found 6 days after the second application. Although the population of
Braconids was not significantly different in the treated and control plots, highest population of these
parasitoids was found in the unsprayed plots, except during the second and fifth sampling.

The parasitoid belonging to Chelonus group of Braconids is the main and most important parasitoid
of the fall armyworm. During the application period, even though significant difference was not
found a higher number of insects was found in the unsprayed plots. The highest number of
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Chelonus sp was found in unsprayed plots, because in these plots there was a higher population of
fall armyworm and also because the parasitoid was less affected than in the sprayed plots . The
highest population was found during the first sampling, 2 days before the application of clorpyriphos
and during the last sampling 23 days after the second application, when the activity of insecticide
had disappeared.

3.6. The effect of insecticide sprays on the parasitism of Spodopterafrugiperda
Although the level of parasitism was low, during the experiments was possibble to observe that
insecticide application affect the activity of parasitoids. The parasitism on Spodopterafrugiperda
was higher in untreated plots than in the treated.

The most effect of chlorpyrifos on parasitoids is because the insecticide is not applied directly on
them, so the parasitoids do not have any mechanism to escape to the insecticide and of this way they
are more susceptible than pests. The number of larvae collected was very low compared with the
total number of larvae that were used in the artificial infestation. It appears the larvae were affected
by natural conditions and natural enemies, possibly ants.

3.7. The effect of insecticide sprays on the yield of maize
Although the yield was low, because of affect by others factors, it was possible to determine that the
best yield was always obtained in the treated plots; however, the difference was not significant
between the yield from the treated and untreated plots.

CONCLUSIONS

In general Chlorpyrifos had effect on population of insects, however this effect is not yet too clear,
because in some cases the unsprayed treatment showed lower amount of insects. The effect of the
insecticide on parasitism of Spodopterafrugiperda was highest in the sprayed plots, and the highest
percentage of parasitism was found in the unsprayed plots. The population of D. maidis was
favored by application of chlorpyriphos, because the insecticide seems to have an adverse effect on
the natural enemies of this pest. The insecticide was found to be very effective against Spodoptera
frugiperda, as the lowest population was found in the sprayed plots.
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