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Abstract, An ecosystem approach was used to assess the effects of soil contamination with
an arganophosphate insecticide on ecological succession in a 3-acre old field on the Piedmont
of New Jersey, Diazinon was applied to one-half of the field in May 1967 and again in May
1968 at a rate of 12 lbs of active ingredient per acre. A latin square experimental design was
used to analyze the effects of the insecticide on the density, diversity, and production of
vegetation; the density and diversity of herb-stratum arthropods; and the trophic relationships
that developed on treated and untreated areas.

In 1967, insecticide contamination produced a significant enrichment in both density and
diversity of vegetation as well as a conpsisient trend toward greater plant biomass on treated
areas. The vegetation changes represented a summation of small but consistent differences in
major producers common o both treated and unireated areas, Plant differences were believed
due to a phytotaxic effect of diazinon on Convolvalus sepinm, which was significantly reduced
on treated areas. Other plant species normally inhibited by Corvolvalius subsequently flourished
on treated areas.

Herb-stratum arthropod populations were similar on treated and untreated areas in 1947,
despite the vegetation differences. Only a trend toward greater insect diversity on ireated
areas was present. The failure of indirect arthropod differences to develop was due to the
similar availability of dominant producers and thus food weh bases on treated and untreated
areas. Radionuclide tracer studies indicated that ragweed (Ambrosia artemisiifolia) was the
major food web hase for resident consumers in the latter part of the growing season. The
trophic transfer from ragweed was quite similar in treated and untreated areas. The lack of
arthropod differences was thus attributed to similar availability of ragweed biomass in both
areas.

Vegetation differences were absent in 1968 following a second treaiment with diazinon.
Moisture appeared to be a major factor influencing the impart of the insecticide during the
two summers. Vegetation differences developed in June 1967 at a time when rainfall was
almost absent, In 1968, however, considerahle rainfall occurred during the same period, The
increased rainfall stimulated a greater seedling development than in 1947, thus apparently
overcoming the effects of the insecticide, Environmental factors such as soil moisture can there-
fore interact with pollutants and sericusly influence the degree of ecosystem modification.

Experimental research is currently needed to assess
the residual effects of organic insecticides on our
natural ecosystems. Little is yet known about the
ecological effects of insecticide residues, many of
which are known to be quite persistent in nature
(Edwards 1966, Nash and Woolson 1967, Woodwell
et al. 1967). Past insecticide studies (Rudd 1964)
have focused mainly on the effects on a single biotic
- component of an ecosystem. Only recently have inte-
grated ecosystem approaches been attempted (Bar-
rett 1968, Malone 1969} which stress both direct and
indirect effects of insecticides on trophic interactions.

Concern has developed over the possible conse-
quences of insecticide residues on secondary succes-
sion in abandoned farmland (Egler 19464, Rudd
1964)., Malone (196%9) used a high soil residue of
diazinon, an organophosphate insecticide, to study the
effects of an insecticide stress on early succession in
an abandoned field in New Jersey. Malone found
that diazinon residues induced floristic enrichment
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during the first vear of succession. Changes in herb-
stratum arthropod populations alse resulted, some
of which were suggestive of food chain alterations
and thus represented indirect effects of the insecticide.
Other indirect effects of insecticides have been re-
ported (Edwards 1966, Barrett 1968), which further
emphasize the need for an ecosystem approach to
the pesticide problem.

The present study was designed to determine if the
significant results obtained by Malone could be re-
peated under similar conditions and to isolate the
causative mechanisms for any indirect insecticide
effects on food web components. Diazinon was again
used to study the effects of soil residues on secondary
succession in an old-field ecosystem. Experimental
treatments were replicated over two successive sum-
mers to enable temporal comparisons between dif-
ferent years as well as comparisons with Malone’s
study. \

Past insecticide research has dealt only with the
structural composition of experimental and control
communities, Attempts to define causal mechanisms
for indirect effects are thus usually speculative.
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Radioactive tracers, however, afford one means of
identifying these causal mechanisms through analysis
of the functional processes of ecosystems (i.e. food
chains, energetics). Radionuclide tracer techniques
were thus used in the present research to investigate
possible insecticide effects on trophic relationships in
both experimental and control areas. This method
provides a direct measure of the influence of changes
at one trophic level on other food web components.

MATERIALS AND METHODS

Diazinon is a short-lived (Malone er al. 1967),
wide-spectrum (Mulla 1965, Harris and Mazurek
1966) organophosphate insecticide. It was selected
for use in insecticide studies at Rutgers University
(Malone et al. 1967) due to its future potential for
agricultural usage and because it was believed that
a single, moderately heavy application of a short-
lived insecticide would induce responses character-
istic of contaminated ecosystems vet permit the eco-
system to recover fairly rapidly.

The study was conducted in a 3-acre field (Fig. 1)
adjacent to Hutcheson Memorial Forest in East Mill-
stone, New Jersey. The field, located on the Pied-
mont Plateau, had a soil type of primarily silt loam
(Ugolini. 1964) with a slopeless topography. The
field had been cultivated with orchard grass (Dac-
tylus glomerata) since 1962, The patterns of secon-
dary succession in fields of this area have been well
documented (Bard 1952, Pearson 1959).

The entire 3-acre field was deeply plowed and
disced twice during April 1967, After discing, the
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Fig 1. Diagram of 3-acre study area showing paired
treated (Tri.) and untreated {Untrt.) subplots. Locations
of 10-20 m vegetation sampling areas (V) and 100 m?®
tracer quadrats ¢i.e., P-1) are indicated.
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field was subdivided into paired treated and untreated
subplots, each about 0.75 acres. Diazinon was then
sprayed on both treated subplots on May 5, 1967 at
a rate of 12 lbs active ingredient per acre. The insec-
ticide was applied, carrier free, as a 50% wettable
powder using a cammercial spraying vehicle. Both
treated and untreated subplots were disced to a depth
of 5 cm on May 5 thereby creating an insecticide
residue in the soil of the treated area. The field was
then left to natural revegetation until April 1968
when the experiment was repeated. The field was
deeply plowed again on April 16, 1968 and disced
twice on April 30. Diazinon was applied to the same
treated subplots on May 9 using the same formula-
tion, rate and spraying apparatus. All subplots were
disced and abandoned.

Soil samples were collected periodically during
both summers to determine the persistence of diaz-
inon residues. Samples were collected at depths of
0-5 and 10-15 cm in treated areas to follow the dis-
tribution and vertical movements of the insecticide.
Untreated samples were also collected periodically
to check for lateral contamination. Each soil sample
was composited from four equal portions (2 qt—
1967, 1 qt—1968) collected at random within each
subplot. Eight hundred grams of soil were removed
from each compasite and mixed with petroleum
ether at a 1:1 ratio for diazinon extraction. Liquid
aliquots were collected from the soil-ether mixture
following a one-hour agitation on a roll mill tumbler.
Aliquots were later analyzed for diazinen content
using gas chromatographic facilities of the Depart-
ment of Agricultural Chemistry at Rutgers Univer-
sity.

Vegetation was harvested frem within 10 x 20 m
quadrats (Fig. 1). The same quadrat locations were
used both summers. Twenty, ¥4 m?2 areas were har-
vested, five from each quadrat, at two-week intervals
aver the growing season. Sample locations were se-
lected using a table of random numbers. All plants
within each ¥4 m? area were clipped at ground level,
bagged and returned to the laboratory. Each sample
was sorted by species, oven dried at 90° C for 24
hrs, and weighed for biomass estimations. Treated
and untreated plant communities were compared
throughout the growing season for changes in density,
biomass and species diversity.

Arthropods associated with the herbaceous vege-
tation were sampled in 1967. A 10-sweep removal
technique (Crossley and Howden 1961, Malone
1969) was used to sample the arthrapods from 1 m?
of vegetation. The sweep net had a diameter of 30
em, a I-mm mesh and a 93-cm handle. Samples
were collected on three dates beginning in early Fuly
and at three-week intervals thereafter. Twenty sweep
samples were obtained on each date, five from at
random within each treated and untreated subplot.



