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SuMMARY. As an agroecosystem makes the transition from conventional to organic practices,
changes in the pest management tactics used are often apparent. Despite varying degrees of
efficacy among tactics, the issue of whether or not numbers of insect and nematode pests and
their damage will become more severe in an organic system depends on the specifics of the
pests and crops involved. Although many conventional systems rely on reactive strategies to
deal with pest problems, an alternative approach is to redesign systems so that plant health is
maximized, regardless of pest numbers, although this approach takes planning and time. An
abrupt transition from conventional to organic may be risky if pest numbers are high and
alternative practices are not yet in place. Hybrid systems, involving decreasing levels of
conventional tactics and increasing levels of organic tactics, may be needed before the transi-
tional period begins, in order to bridge the gap and lessen the impact of crop losses during the
transitional period. The design of cropping systems with minimal pest impact requires a much
more extensive and specific knowledge base than needed for reactive strategies.

s the transition from conventional to organic production oc-
curs, the management of insect and nematode crop pests can
ose particular difficulties. An obvious difference between
conventional and organic production systems in the United States is in
the use of synthetic chemical pesticides, but important changes in pest
management strategies and philosophy occur as well.

Changing pest management tactics

Chemical control options available to organic producers are limited to
certain organically-derived materials and natural products. However, a wide
variety of nonchemical alternatives are available, which vary in their efficacy and
frequency of use against insects or nematodes (Table 1). The relative rankings
of efficacy or utility (Table 1) are arbitrary, but reflect the particular importance
of the host-parasite relationship and crop sequences in managing plant-parasitic
nematodes (McSorley, 1998) and the particular importance of manipulating
natural enemies for insect pest management (Altieri, 1994; Letourneau, 1997;
Smith and McSorley, 2000). In addition to some of the more commonly used
methods (Table 1), a number of other options are applicable in various situa-
tions, including use of tillage, sanitation, trap crops, various physical factors
(heat, flooding), and other methods (Landis, 2000; Letourneau, 1997;
McSorley, 1998; Powers and McSorley, 2000; Romoser and Stoffolano,
1998).
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While these alternative practices
are useful in many situations, reduc-
tions in pest numbers achieved may
not be as rapid or drastic as those
achieved with chemical pesticides. For
example, numbers of plant-feeding
insects are often lower in intercropped
systems than in monoculture (Andow,
1991), but could be reduced to ex-
tremely low levels following insecti-
cide application. Reductions in root-
knot nematode (Meloidogyne incog-
nita) damage following soil solariza-
tion were not as great as those ob-
tained by soil fumigation with methyl
bromide (Overman and Jones, 1986).
Yields of a fall tomato (Lycopersicon
esculentum) crop were similar follow-
ing solarization or methyl bromide
fumigation, but yield of double-
cropped tomato in the following spring
in methyl-bromide-treated plots was
nearly three times that in solarized
plots (Overman and Jones, 1986). In
some situations, however, less pest
mortality and reduced yield may be
tolerated and profitable if treatment
costs are lower and if a premium price
is obtained for an organically grown
product.

Changing pest
management strategies

Although spectacular short-term
reductions may be achieved through
the use of pesticides, pest populations
will recover over time. The resurgence
of stubby-root nematodes (Paratri-
chodorusspp.) following soil fumigation
(Weingartner etal., 1983) or the emer-
gence of leatminers ( Liviomyza spp.) as
pests following insecticidal spray pro-
grams (Schuster et al., 1996) are two
well-known examples of pest popula-
tions reaching higher levels following
conventional pesticide practices. Over
time, pest populations in some conven-
tional sites may stabilize at higher lev-
els than those present in some organic
production sites.

Recent data on root-knot nema-
todes in vegetable production systems
illustrate the fact that nematode popu-
lation levels are not necessarily higher
in organic systems, despite the lack of
availability of chemical nematicides
(Table 2). Thus, in a fumigated site
such as Immokalee, nematode popula-
tion levels in plots fumigated preplant
with methyl bromide recovered by the
end of the tomato season, although
much higher levels were reached in
nonfumigated plots (Table 2). Nema-
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tode populations in sites that did not
receive any fumigation treatments sta-
bilized at higher (Alachua County) or
lower (Pine Island) levels than the 267
nemas/100 cm? (43.8 nemas/inch?)
soil reached in methyl bromide-treated
plots in Immokalee, Fla. (Table 2).
The Pine Island location was an or-
ganic site that involved a number of
different treatments, one of which in-
cluded use of a resistant tomato culti-
var that lowered root-knot nematodes
levels below detection (McSorley et
al., 1999).

While chemical pesticides may
provide quick reductions in pest popu-
lations, once the applications cease
and provided that the crop is still avail-
able, pest populations have a natural
tendency to increase to whatever car-
rying capacity the host crop will sup-
port (Powers and McSorley, 2000).
Future treatments are required to keep
pest populations suppressed, and the
pest management strategy is essen-
tially reactive.

An alternative strategy for pest
management may be to design systems
in which the carrying capacity or equi-
librium level of the pest population is
reduced (Altieri, 1987; Powers and
McSorley, 2000). For instance, the
carrying capacity of a pest species in
the presence of natural enemies is likely
lower than that in a system in which
natural enemies are absent (Altieri,
1994; Bird and Berney, 1998). For
example, populations of mite pests
(Acarina) on fruit crops stabilize at
much lower levels when predators are
present than in intensively sprayed or-
chards where predators are reduced or
absent (Croftand Hoyt, 1983; Zalom,
1997). Up to 90% of leafminers were
parasitized in nonsprayed tomato fields

in Florida, but leafminers can become
an important secondary pest if the
parasitoid wasps (Hymenoptera) that
provide biological control are reduced
by indiscriminate insecticide use
(Schusteretal., 1996). Nematode pests
may also stabilize to lower equilibrium
levels when natural enemies are main-
tained (Kerry, 1987; Stirling, 1991).
Over a 14-year monoculture of nema-
tode-susceptible cereals in the United
Kingdom, populations levels of the
cereal cyst nematode (Heterodera
avenae) were high [15 to 70 eggs/g
(425 to 1,985 eggs/oz) soil during
the first 4 years, fell to 10 eggs /g (284
eggs/oz)in the fifth year, and to levels
below 10 eggs/g with a continuing
slow decline in following years ( Gair et
al., 1969). Decline was attributed to
buildup of fungal antagonists over time
(Kerry, 1987). By using several alter-
native pest management practices, it
may be possible to design systems in
which pests are prevented from reach-
ing high levels (Altieri, 1987; Luna
and House, 1990; Powers and
McSorley, 2000). This strategy of
agroecosystem design is particularly
applicable to organic systems, for which
reactive tactics may be lacking.

Limitations in making
transitions

An abrupt transition from an in-
tensive pesticide program to an or-
ganic system could be difficult. Many
of the tactics used in alternative sys-
tems require some time for develop-
ment and may not have much initial
impact against high pest populations
present following a conventional sys-
tem (natural enemies not yet in place,
etc.). In one site to which a mulch of
yard waste compost was added to

Table 1. Alternative practices useful in managing insect or nematode pests.

Management Efficacy against
practice Insects Nematodes
Resistant cultivars +++7 +++
Rotation crops + +++
Cover crops +++ +++
Releasing predators /parasites +++ 0
Enhancing natural enemies +++ +
Optimizing field borders +++ 0
Soil solarization + +++
Intercropping +++ 0
Destruction of weed hosts + +++
Organic amendments 0 +
Optimizing planting date + +
Improved crop tolerance + +

0 = limited use or ineffective; (+) = effective in some specific cases; (+++) = applicable in many cases.
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Table 2. Population levels of the root-knot nematode (Meloidogne incognita) following susceptible vegetable crops,”
preceded by various management options.

Management Nematodes/
Location Season  Crop conditions’ 100 cm® soil  Reference
Immokalee, Fla. 1996 Tomato Preplant fumigated with methyl bromide 267 b* McSorley et al., 1997
Not fumigated 1242 a
Alachua Co., Fla. 1994 Squash Transplanted, yard waste compost 416 a McSorley, and Gallaher, 1995
Transplanted, no compost 460 a
Pine Island, Fla. 1997-98 Tomato Cowpea cover crop, then pepper crop™ 230 a McSorley et al., 1999
Solarization, then pepper crop 59 a
Weeds, then pepper crop 105 a
Marigold ( Tagetes minuta) cover crop,
then pepper crop 124 a
Pepper crop, then resistant tomato 0a

“Scientific names: tomato = Lycopersicon esculentum, squash = Cucurbita pepo, cowpea = Vigna unguiculata, pepper = Capsicum annuum, marigold = Tagetes minuta.
YNo nematicides were used at these sites, except as noted.
*Nematode population density at final harvest of crop indicated. Means in column for each location followed by the same letter do not difter (P< 0.05) according to Duncan’s

multiple-range test.

VCropping sequence at this organic site involved a summer cover crop or solarization, a fall crop of pepper, and a spring crop of susceptible (or resistant) tomato.

modify the soil environment, popula-
tion levels of root-knot nematodes
reached 707 nemas/100 cm?® (115.9
nemas/inch?) soil during the first year
after application, but only 55 and 72
nemas/100 ¢cm® (9.0 and 11.8 ne-
mas/inch?®)soilin the second and third
years respectively (McSorley and
Gallaher, 1996). In the cereal cyst
nematode example mentioned previ-
ously, crop yields were poor during the
first 4 years of the long monoculture,
reached levels that were half of the
yields achieved by crop rotation dur-
ing years 4 to 8, and improved after 9
to 10 years (Gair et al., 1969). Kerry
(1987) recognized a delay, or induc-
tion period, while biological control
agents built up, followed by a suppres-
sive phase in subsequent years, when
populations of antagonists were suffi-
cient to maintain the target pest at low
levels. The length of time needed to
stabilize unusually high pest popula-
tions depends on the system, but a
producer may be unwilling to tolerate
several scasons of very heavy pest pres-
sure and poor yields while making the
transition.

Instead, it may be preferable to
make preliminary preparations over
several seasons, even before the transi-
tion period to organic certification
begins, phasing out intensive chemical
practices while phasing in alternative
practices. The use of some chemical
pesticides during this period will delay
the certification process, but may pro-
vide an opportunity to manage the
extreme pest populations that may be
present following conventional prac-
tices. During this period, intensively
sprayed insecticides could be replaced
by less frequent sprays, lower rates,
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and materials less toxic to natural en-
emies (Stary and Pike, 1999). The
integrated pest management (IPM)
approach of scouting and treatment
on demand is applicable to organic
systems. However, some IPM pro-
grams are essentially pesticide man-
agement programs (Luna and House,
1990). As such, they may not be valid
organic tactics, but may help to bridge
the gap to the early stages of transition.
In the meantime, some organic tactics
could be incorporated, such as ma-
nipulation of field borders to encour-
age natural enemies, an approach that
has been used successfully in Califor-
nia (Nicholls et al., 2000) and Ger-
many (El Titi and Landes, 1990). As
the agroecosystem is gradually rede-
signed, a variety of practices may be
used to augment natural enemies and
toincrease plant diversity in the system
and in the landscape (Altieri and
Nicholls, 1999; Letourneau, 1997,
Luna and House, 1990; Stary and
Pike, 1999), and then the transition to
organic certification can proceed.
Alternative chemicals might be
used before making a transition from
nematode management by methyl bro-
mide, and solarization may be useful
during the transition period. The com-
bination or integration of several
nonchemical tactics such as use of cover
crops, rotation, resistant cultivars, or
organic amendments may be required
for nematode management in organic
systems (McSorley, 1998). The use of
organic amendments in nematode
management is particularly problem-
atic. In the long term, organic amend-
ments may stimulate nematode an-
tagonists (Kerry, 1987), but the im-
proved crop fertility and growth due

to organic amendments may stimulate
plant-parasitic nematodes as well
(McSorleyetal., 1997). In this regard,
it is important to recognize that crop
performance, not dead nematodes, is
the ultimate goal of most producers.
In one instance, nematode numbers in
an Alachua Co., Fla. site were similar in
plots amended with yard-waste com-
post and in nonamended plots (Table
2). However, yields of yellow squash
(Cucurbita pepo) in amended plots
were 45.6% greater than the state aver-
age while those in nonamended plots
were 37.6% lower than the state aver-
age for that year (McSorley and
Gallaher, 1995). Despite the presence
of high numbers of root-knot nema-
todes, the organic amendment im-
proved crop performance, soil fertility,
organic matter, and water-holding ca-
pacity. Improving crop tolerance to
nematodes may be useful in organic
systems and especially in systems in
which natural enemies have not had
sufficient time to build up.

The greatest limitation in making
the transition from conventional to
organic systems is the relative lack of
information about designing
agroecosystems with minimal pest im-
pact. Relatively little information may
be required for using a reactive, con-
ventional strategy. In contrast, detailed,
specific information on pest biology
and ecology for a particular produc-
tion system is required to redesign an
agroecosystem for optimum pest man-
agement using alternative methods.
Luna and House (1990) conceptual-
ized the transitional phase as involving
decreases in material inputs (pesticide,
fuel, fertilizer) with increases in infor-
mation inputs (biological control, crop
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and soil ecology). The specific infor-
mation required for effective pest man-
agement may be lacking in many cases.
In addition, the utility of basic pest
management practices and principles
varies depending on the specific sys-
teminvolved. Thus, in reviewing stud-
ies that compared insect management
in polyculture and monoculture,
Andow (1991) noted that 52.7% of
natural enemies were higher in
polyculture as expected, but for 9.3%
of natural enemies, the reverse oc-
curred. This example underscores the
need for specific information just to
determine whether a particular prin-
ciple may apply or not; even more
information would be required to un-
derstand how to apply principles to
specific situations. This knowledge
must be obtained from new research
studies and site-specific tests.
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