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Abstract The abundance and ecological diversity
of selected groups of beneficial arthropods were
compared between 16 organic and 17 conventional
carrot (Daucus carota L.) fields in the Manawatu
(North Island) and Canterbury and Nelson (South
Island) areas of New Zealand using a suction
sampler. Organic fields had significantly higher
numbers of Hymenoptera: Parasitica, Staphylinidae
(Coleoptera), and Neuroptera (Hemerobiidae)
compared with conventional fields. Organic fields
also had a significantly more diverse predatory and
parasitic community than did conventional fields,
as measured by the "Sequential Comparison Index".
The implications of these results for biological
control of pests in conventional and organic crops
are discussed.
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INTRODUCTION

Modern agriculture has often created conditions
favourable for pest populations, but inimical to
those of beneficial arthropods (Vickerman &
Sunderland 1977; Aebischer 1991; Greig-Smith et
al. 1992). Heavy reliance on synthetic insecticides
and herbicides over the last 40 years has been a
significant factor in the decline of some invertebrate
natural enemy populations in agricultural systems
(Croft & Brown 1975; Aebischer 1991). In contrast,
organic farming involves production systems which
avoid or largely exclude the use of synthetic
fertilisers, pesticides, growth regulators, and
livestock feed additives (Lampkin 1990).

It has been established by some authors that
"organic" farming methods can lead to higher
populations and species diversity of beneficial
arthropods (Dritschilo & Wanner 1980; Hokkanen
& Holopainen 1986; Kromp 1989; Booij &
Noorlander 1992; Moreby et al. 1994). The work of
Dritschilo & Wanner (1980), for example, compared
the abundance and diversity of ground beetles
(Coleoptera: Carabidae) by using pitfall traps on
four pairs of conventional and organic farms in the
United States. All pairs of farms had similar soil
types and cropping histories, but differed in that one
farm in each pair was managed conventionally, the
other organically. Eight hundred and twenty-five
carabid individuals were collected over three
sampling periods, although the bulk of the data was
collected during one period only. Organic farms had
significantly higher numbers of carabid beetles, and
also had about twice the number of carabid species
compared with conventional farms, but the two
farm types had approximately the same level of
community diversity as measured by the Shannon-
Wiener index (Pielou 1969). Kromp (1989) also
studied carabids in relation to organic/conventional
agriculture, and showed that the abundance and



308 New Zealand Journal of Crop and Horticultural Science, 1996, Vol. 24

species number of this group of beetles, caught in
pitfall traps, was considerably higher in "biological"
(equivalent to organic) winter wheat than in
conventional wheat.

Some "farming systems" studies have also shown
that populations of carabids and other beneficial
arthropods are higher under some low-input (though
not organic) regimes compared to high-input regimes
(Booij & Noorlander 1992; see Holland et al. 1994
for a review). However, in these studies, the
multivariate nature of the trials resulted in the
causes of invertebrate population differences not
being clearly identified.

The present work differs from these published
studies in that it concerns a single crop type and
analyses populations and community diversity of a
range of taxa. Sixteen carrot (Daucus carota L.)
fields grown under the New Zealand "Bio-Gro"
certification scheme (Anon. 1994) were sampled.
These carrots are exported as a diced, frozen product;
or sold as a "fresh-market" product. The 17
conventional fields with which they were compared
were also mainly for the production of frozen
product, with some for fresh market outlets.

The fields covered a latitudinal distance of
c. 750 km and were in the North and South Islands
of New Zealand.

In New Zealand, the main carrot pest is the
carrot rust fly, PsilarosaeF. (Scott 1984). However
it was beyond the scope of the labour available to
pursue the consequent effect, if any on pest
populations and crop yields. The aim of the work
was to determine whether populations and
communities of beneficial arthropods differed
between conventional and organic fields.

MATERIALS AND METHODS

In March and April 1994, a survey was carried out
in 16 organic and 17 conventional carrot fields in
the Manawatu (North Island) and Canterbury and
Nelson (South Island) areas of New Zealand. The
fields belonged to growers producing carrots for
Wattie Frozen Foods Limited. The organic fields
had all been certified under the New Zealand Bio-
Gro Organic Production Standards. To become
certified, any property or product must have met the
production standards set out in the Certified Bio-
Gro Organic Production Standards of the New
Zealand Biological Producers and Consumers
Council, 1994 (Anon. 1994). These include no use
of artificial fertilisers or pesticides during the
previous 2 years.

Field sampling was carried out using a "Vortis"
suction sampler which extracts invertebrates from
herbage or debris from the plant and ground surface
(Arnold 1994). The invertebrates were collected in
a plastic cup (350 ml) attached to the sampler. The
Vortis and related designs have several advantages
over traditional suction samplers, such as the "D-
vac" (De Barro 1991; Macleod et al. 1994; Alan et
al. 1995).

In each field, on one sample date per field, 15
Vortis samples were taken. Samples were taken in
a line, starting and finishing 15 m from the crop
margin, along the centre of the longer axis of the
paddock. One sample consisted of five, 5-s suctions,
with the Vortis being placed in a new position for
each 5-s period. Each of these pooled 25-s samples
extracted arthropods from an area of 0.1 m2. Before
the plastic cup was attached to the Vortis, c. 70 ml
of 70% ethyl alcohol and a label were placed in it.
Additional alcohol was added once sampling had
finished if large amounts of soil had been taken in.

All samples were taken under dry conditions
with no free water on the carrot foliage. Samples
were taken during mid season, though crop growth
stage varied from plants at 15 cm high and full
canopy closure, but there were no consistent
differences between organic and conventional crops
in this respect.

Of the 16 organic fields sampled, the carrot
varieties were: 'Chantenay Red Core' (six fields),
'Manchester Table' (seven fields), and 'Egmont
Gold' (three fields). Of the 17 conventional fields
sampled, the carrot varieties were: 'Chantenay Red
Core' (eight fields), 'Manchester Table' (three
fields), 'Fontania' (three fields), and' Spring Market
Improved' (three fields).

Numbers of beneficial arthropods
In the laboratory, the original plastic cup containing
each Vortis sample (soil, arthropods, and alcohol)
was filled to the top with a saturated solution of
magnesium sulphate. The sample was mixed
thoroughly and some of the arthropods floated to
the surface. A 25 ml pipette was used to remove the
smallest arthropods; the others were removed with
forceps. The mixing was repeated at least three
times for each sample (magnesium sulphate
restirred) to separate all arthropods from the debris.
By the third mixing and extraction of each sample,
only occasional single arthropods were detected
(after the mixing and flotation process, the debris of
10 samples were examined to verify the efficiency
of this method). The specimens were then rinsed


