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Integrating use of beneficial organisms with chemical crop protection

By J. A. PickeTT

AFRC Institute of Arable Crops Research, Rothamsted Experimental Station,
Harpenden, Hertfordshire AL5 2JQ, U.K.

The selectivity of insecticides, particularly of pyrethroids, is described and
possibilities are proposed for further development of selectivity. The production of
beneficial organisms resistant to pesticides by techniques including genetic man-
ipulation is discussed. Preliminary studies on the use of semiochemicals to improve
the efficiency of entomophagous pathogens in controlling pest infestations, and for
monitoring and manipulating populations of beneficial insects, are described. The
prospects for genetic manipulation of crop plants to improve predation and
parasitism of pests are also discussed.

INTRODUCTION

Although broad-spectrum pesticides are likely to remain the major means of crop protection
for the next 15 years (Finney 1986), increased use of biological agents will be necessary to
overcome problems of pesticide resistance and to reduce possible hazards to the environment.
For the most part, more efficient use of biological agents will invelve protecting and
manipulating the natural populations of beneficial insects and pathogens of pests. This will
necessitate improving the selectivity of chemical crop protection agents between pests and
beneficial organisms and devising ways of manipulating beneficial organisms to enable them
to function more effectively.

SELECTIVITY OF INSECTICIDES

Four main groups of insecticides are currently used in crop protection: the organochlorines,
organophosphates, carbamates and pyrethroids. The pyrethroids are quickly replacing the
earlier groups, and the more recent ones are generally the most selective in terms of relative
activity between pest and beneficial organism. One of the most selective and yet most active
is deltamethrin (1) (Elliott et al. 1974), and early bioassay studies using house flies and honey

1. Deltamethrin.

bees show the improvement in relative toxicity as successive pyrethroids were discovered
(table 1) (Smart & Stevenson 1982). This difference in relative toxicity was subsequently
found to be true for a moth and its parasite: for deltamethrin, the relative toxicity to the
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lepidopteran pest Ephestia kuhniella and its hymenopteran parasite Venturia canescens is 12:1
(Elliott et al. 1983). In the case of the predatory lacewing Chrysoperla carnea, the ability to
hydrolyse pyrethroids selectively (Bashir & Crowder 1983) confers a considerable advantage
over aphid pests, and makes these insecticides very much more selective than most
organophosphorus compounds (table 2) (Stevenson et al. 1984). In the field, the pyrethroid
cypermethrin causes less damage to hymenopteran aphid parasitoids than the organo-

phosphorus compound, demeton-S-methyl (figure 1) (L. E. Smart, J. H. Stevenson &

12 - P Entreated

So
~

cypermethrin

demetron—-S—-M

numbers of adult aphid parasitoids

July
Figure 1. Numbers of adult aphid parasitoids caught by suction sampler, before and after insecticide
application. (S = date of application.)

TABLE 1. TOXICITY OF PYRETHROIDS TO PEST AND BENEFICIAL INSECTS

relative toxicity

discovery
pyrethroid date house fly  honey bee
bioresmethrin 1967 100 100
permethrin 1973 60 5
deltamethrin 1974 1700 11

TABLE 2. TOXICITY OF INSECTICIDES TO AN APHID AND ITS PREDATOR

LD,, micrograms per insect

approximate
Myzus persicae Chrysoperla carnae selectivity
insecticide (adult apterae)  (2nd-instar larvae) factor
demeton-S-methyl 0.0011 0.045 10
permethrin 0.00037 0.077 40
cypermethrin 0.000085 0.039 100
deltamethrin 0.0000038 0.029 1500

J. H. H. Walters, unpublished results), and a mustard crop sprayed with deltamethrin
produced only 127 dead honey bees compared with 2968 dead bees when the crop was sprayed
with the organophosphorus compound, dimethoate, even though active foraging continued
(Garnier & Baumeister 1985). Further modification to the pyrethroid molecule, for example
2 (NRDC 200 (Elliott 1985)), may give even more selective compounds in this group.

Of the wide range of other insecticides now finding minor use or under development, several
show promise for selectivity. For example, the formamidines and acylureas can be less toxic to
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beneficial insects than most conventional insecticides, and although only in restricted use, the
juvenoids and Bacillus thuringiensis endotoxins are highly selective in their activity. As these
endotoxins are naturally occurring proteins, they can be targets for genetic manipulation
studies resulting, for example, in crop plants that produce these materials in their leaves as a
defence against chewing insects (Schell 1986). Highly selective, new insecticides may also be
developed from the study of insect neuropeptides. These substances are effective at extremely
low levels (less than 107'° M) and are involved in the regulation of muscle, endocrine and
metabolic activity, e.g. the muscle neurotransmitter proctolin and the adipokinetic hormone
(AKH) (Menn & Henrick 1985). The baculoviruses currently being developed as biological
control agents (Payne, this symposium) could be genetically modified to produce such
neuropeptides within the target organism. The resulting disruption of the processes on which
they act could have a more immediate effect than the gradual destruction caused by infection
with the natural baculovirus.

PESTICIDE RESISTANCE IN BENEFICIAL ORGANISMS

Pesticide resistance is currently causing considerable concern in agriculture (Jackson 1986).
However, if this resistance could be transferred to beneficial organisms, the advantages would
be substantial. Some work has been done in selecting insecticide-resistant beneficial organisms
(Croft & Morse 1979) and, as has been mentioned above, the lacewing Chrysoperla carnea is
inherently tolerant to certain insecticides. Already, resistance genes from pest species have
been, or are being, cloned, such as the genes responsible for producing high levels of detoxifying
esterases in mosquitoes (Mouches et al. 1986) and in aphids (Devonshire et al. 1986). Although
it is not yet possible to transfer these genes into beneficial insects, the notable success with the
transposable P elements in Drosophila (Rubin 1985) suggests that this will become feasible.

SEMIOCHEMICALS TO IMPROVE THE EFFICIENCY OF ENTOMOPHAGOUS PATHOGENS

Semiochemicals (behaviour-controlling chemicals) such as the insect pheromones are
already being developed for use in agriculture (Pickett 1984). These materials, by influencing
the movement of pest organisms, may be used to bring them more efficiently into contact with
biological control agents such as the spores of entomophagous fungal pathogens. Pathogens
such as Verticillium lecanii are employed against resistant aphids in glasshouses in the U.K., but
it is extremely important’ that the spores are picked up by the pest during the brief period in
which they remain viable. The aphid alarm pheromone, (E)-B-farnesene (3) which

A A =
3. (E)-B-farnesene.
14 [ 95 ] Vol. 318. B
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causes dispersal of aphids when they are attacked, can improve pick-up of V. lecanii spores by
increasing aphid mobility: on plots which were untreated, treated with V. lecanii, and treated
with V. lecanii plus pheromone, numbers of live aphids remaining were in the ratio 9:3:1
(Hockland et al. 1986). Attempts are being made to develop another fungal pathogen, Erynia
neoaphidis, for use against aphids on arable crops (Wilding 1983) and preliminary laboratory
results have shown that the alarm pheromone is again successful in improving the infection of
aphids with this organism (N. Wilding, personal communication). The sex attractant
pheromones of moths are currently being used commercially to control populations of pest
species by interfering with mating (Reece 1985). An alternative use of these sex pheromones
would be to attract moths to a source of an entomophagous pathogen held in the protected
environment of a trap so that the moths, after becoming infected, could transfer the pathogen
throughout the rest of the population during their normal mating and aggregation behaviour
(E. D. M. Macaulay, personal communication).

SEMIOCHEMICALS FOR MONITORING BENEFICIAL INSECTS

Although natural predator and parasitoid populations can be responsible for controlling pest
infestations, their effects are erratic. However, with accurate monitoring of these populations,
their value could be estimated and insecticide treatments planned accordingly. Semiochemicals
such as aggregation pheromones could prove invaluable in providing accurate monitoring
systems. The identification of such pheromones in the case of coleopteran pests has proved
relatively simple, for example, the recent identification of the aggregation pheromone of the
pea and bean weevil, Sitona lineatus (Blight et al. 1984). There is therefore considerable promise
for use of aggregation pheromones to monitor beneficial coleopteran insects. Also, many
hymenopteran parasitoids are attracted to plant compounds, and respond to oviposition
stimulants and attractants produced by their host organisms (Powell & Zhang 1983; Decker
& Powell 1985), which could provide the basis for monitoring systems.

MANIPULATION OF BENEFICIAL INSECTS BY SEMIOCHEMICALS

Honey bees are valuable pollinators of crops and their behaviour is readily manipulated by
pheromones; for example, the recently characterized Nasonov pheromone (Pickett et al. 1980)
can be used to attract honey bees to flowers (Williams et al. 1981) and could be used to attract
them away from crops being sprayed with insecticide; also, it has been shown that the sting
gland and mandibular gland pheromones of the honey bee, which contain isopentyl acetate
and 2-heptanone respectively, can act as repellents when applied to food sources (Ferguson &
Free 1979). Oil-seed rape treated with a slow release formulation of this chemical attracts fewer
foraging honey bees, but the effect is short-lived (table 3) (Free et al. 1985). However, by
producing precursors that release the active material in sunlight, when honey bees are foraging,
more persistence may he obtained (scheme 1) (Liu et al. 1984). Such materials could then be
formulated with an insecticide to reduce hazard to foraging honey bees.

Hymenopterous parasitoids of aphids such as Aphidius spp. are known to make a significant
contribution to the control of cereal aphid populations in certain conditions (Powell 1986). As
parasitism by Aphidius has most impact early in the year, when parasitoid :aphid ratios are
large, the aphid—host and plant attractants mentioned above may be useful in attracting and
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FiGure 2. Inhibition of aphid alarm pheromone activity: lowest relative concentration of some hop
sesquiterpenes causing inhibition of activity of (E)-B-farnesene (EBF).
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TABLE 3. REDUCTION IN NUMBERS OF HONEY BEES FORAGING ON RAPE AFTER TREATMENT
WITH THE PHEROMONAL REPELLENTS, ISOPENTYL ACETATE AND 2-HEPTANONE

reduction
in no. of
time bees relative
after to untreated
treatment plots
min (%)
0-30 85
36—60 67
60-90 34
[ 97 ] 14-2
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retaining parasitoids in the crop at the most strategic stage. The aphid alarm pheromone,
(E)-B-farnesene, is a component of hop plants, which are readily colonized by aphids. In
investigating this anomaly, it was discovered that a series of related sesquiterpenes present in
plants (figure 2) acted as inhibitors of the pheromone, thus allowing aphids to colonize plants
that contained (E)-B-farnesene (Dawson et al. 1984). Many plants contain this compound,
although at lower levels than found in hops, and usually it is associated with a larger amount
of B-caryophyllene, the most active inhibitory compourid (figure 2). Thus air from above the
leaves of certain plants, particularly potatoes and hops, prevents aphids responding to (E)-B-
farnesene (Pickett et al. 1984). Under laboratory conditions, B-caryophyllene is also shown to
lower the dispersal of aphids, when attacked by the predator Chrysoperla carnea, by about 50 %,.
This compound could therefore be applied directly to crops to improve predation of aphids.

GENETIC MANIPULATION OF CROP PLANTS TO IMPROVE PREDATION OF PESTS

Because B-caryophyllene is produced by many plants, it may be possible, by employing plant
breeding programmes or genetic modifications, to enhance production of this compound in
crop plants. This may improve predation of aphids by reducing their dispersal. B-
Caryophyllene is also an attractant for predatory lacewings (Flint ef al. 1979), so could be used
to increase numbers of predators on the crop.

Some predators and parasitoids locate their insect hosts by detecting compounds released
from plants during feeding by the pests. It is possible that crop plants could be genetically
manipulated to produce more of these compounds without the need for prior damage. This
might attract predators and parasitoids into the crop at a more timely stage.

The sex pheromone for a number of aphids has recently been shown to comprise two
compounds, the nepetalactone (4) and the nepetalactol (5) (Dawson etal. 1987). This

9 OH
o 2 o
4. Nepetalactone. 5. Nepetalactol.

pheromone is responsible for attracting males to females on the primary or winter host. These
compounds are closely related to known lacewing attractants (Sakan et al. 1970), and may act
as kairomones in enabling lacewings to locate populations of aphids during periods when these
are scarce. Because these compounds are also produced in plants, particularly those in the
Nepeta genus, the possibility exists for transferring genes into crop plants to attract lacewing
predators.
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Discussion

L. P. J. J. NoLpus (Department of Entomology, Wageningen Agricultural University, The Netherlands).
I would like to make a point regarding the use of semiochemicals to manipulate the behaviour
of noxious or beneficial insects. Aphids, for example, can avoid predation by alarm-
pheromone-induced dispersal which, however, can also enhance mortality from contact
pesticides. If these responses are important in the population dynamics of the insect, does
Dr Pickett think that selection may occur for individuals that no longer react to the alarm
pheromone? Please also comment on whether beneficials might become resistant to
semiochemicals.

J. A. PickeTT. I think it is certain that such insects could become unresponsive to semiochemical
treatments but if, as is becoming the case for pesticides, carefully controlled integrated régimes
are employed, this should be avoided.

I. Harraz (Department of Entomology, Hebrew University of Jerusalem, Israel). Another aspect
relevant to the topic in this paper is where pesticides can be used for enhancement of biological
control. This is done in the control of prickly pear (a noxious plant in South Africa and
Australia) by cochineal scale insects of the genus Dactylopius. When the infested prickly pear
plants are treated with DDT, the pesticide kills predators and parasites of the scale insect, but
not the scale insect itself which is not susceptible to DDT. As a result, the control of prickly pear
is significantly improved by this unusual, selective pesticidal treatment. Possibilities of using
this particular method of integrating biological and chemical measures should not be
overlooked.

J. A. PickeTT. I take note of this interesting point.

J. M. Franz (Gundolfstrasse 14, 6100 Darmstadt, F.R.G.). The recommendation was given to use
methods established by the IOBC/WPRS Working Group ‘Pesticides and Beneficial
Organisms’, for tests on the toxicity of established and new pesticides on beneficial athropods.
These standard methods would seem to be more realistic than simple relative toxicity studies
in the laboratory and are applicable to pesticides in general.

J. A. PickeTT. I am aware of the methods recommended by the Working Group; indeed my
own staff were involved in drawing up these protocols, and I agree that these should be used
when considering selectivity between pests and beneficial organisms. However, our laboratory
studies on selective toxicity provide a good indication of chemical structures likely to be less
hazardous to beneficial organisms. In addition, I did report numbers of live parasitoids
surviving in the field after use of the more selective pyrethroid cypermethrin compared with
the non-selective organophosphorus demeton-S-methyl which is the final test of selectivity.
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J. K. Waace (C.A.B. International Institute of Biological Control, Ascot, U.K.). A problem with the
use of semiochemicals to attract natural enemies is that one may thereby force natural enemies
to forage where they would not normally, instead of in response to natural kairomones which
would presumably bring them to high densities of their pest populations. As a result, the
searching efficiency of these natural enemies could be reduced, and consequently their
reproduction and future population size. The value of such chemicals may therefore be
negative in the long term, unless they were used in conjunction with augmented natural
enemies. In these circumstances the chemicals might then be of special value in directing
released natural enemies to the target pest population.

J. A. PickeTT. 1 agree with your general point but although we may have to consider
augmentation of natural enemies, I feel that this would best be achieved by cultural means.

M. J. Way (Imperial College at Silwood Park, Ascot, U.K.). It seems inevitable that there will often
be problems in rectifying a pest-resistant situation once it has developed. I therefore suggest
that you have not given sufficient emphasis to the development and use of natural enemies that
are resistant to broad-spectrum pesticides that would otherwise harm them. Surely such
natural enemies can play a crucial role by killing residues of resistant pests that might be left
after pesticide application, and which would otherwise form the nucleus from which wholly
resistant pest populations could develop.

J. A. PickeTT. This is a theoretically sound proposal and we are making efforts in this direction.
It would be compatible with my view that we must help the agricultural industry to continue
use of chemical control agents in ways that minimize possibly harmful consequences.

P. T. HaskerL (Department of Zoology, University College, Cardiff, U.K.). As regards attraction of
predators and parasites into a crop by using semiochemicals, is there not a limit to the increase
that can be caused by density-dependent inhibitory reactions by the parasites and predators
involved?

J. A. PickeTT. I agree that inhibition can occur but comment that semiochemicals could allow
the balance to be tipped in favour of control.

H. F. van EMDEN (Departments of Horticulture, and Pure and Applied Zoology, University of Reading,
U.K.). Plant odours will attract parasitoids regardless of presence of prey; if there are few prey
they may not all stay, but they would never be any use unless you could get them into the crop
in the first place!

J. A. PrckeTT. I agree, and that is why the work concentrates on both host and host—plant
chemicals.
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