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Abstract

Traditionally, Maori farmers used kawakawa leaves to deter insect pests
from attacking their crops. Nevertheless, few published studies actually
report deterrent effects of kawakawa against herbivorous insects. This
study examined the effects of aqueous kawakawa extracts on the settling
behaviour of a common insect pest, the pea aphid Acyrthosiphon pisum. In
laboratory studies using Vicia faba as a host plant, significantly fewer
aphids settled on leaf discs or seedlings sprayed with kawakawa extract
compared with those settling on water-sprayed control plants. However, in
semi-field trials using potted V. faba plants, no difference between the
numbers of aphids settling on sprayed or control plants was observed.
Further work is required to examine the mechanisms underlying the insect-
repelling effects of kawakawa, and to establish whether there is potential
of using kawakawa extracts for organic botanically-derived pest control.

Introduction

Many plant-derived chemicals are toxic to insects or induce an
avoidance or antixenotic effect. Chemical such as nicotine and pyrethrins
are still used for plant-protection in conventional or integrated pest
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management, especially in closed production systems such as glasshouses
or polytunnels. Products from other plants, such as neem (Azadirachta
indica), although historically used by traditional farmers to protect their
crops, are now forming the basis for plant-based ‘biorational’ insecticides
(Isman 2006; Prasad et al. 2015).

Kawakawa (Piper excelsum ((G. Forst.) Mig.)) is a member of
Piperaceae family, and, historically, Maori farmers used burning
kawakawa leaves to produce toxic fumes that protected their crops from
insect pests (Brooker et al. 1987). Previous research on botanically-
derived crop protectants from members of the Piperaceae has identified a
range of compounds with insecticidal or repellent properties (e.g. Scott et
al. 2005; de Souza et al. 2020), and kawakawa is known to contain a
number of chemicals that negatively affect insect performance (myristicin,
elemicin, juvadecene, lignins; Briggs 1941; Russell & Fenemore 1973;
Bowers 1980; Nishida et al. 1983; Russell & Lane 1993). Russell and
Lane (1993) reported that kawakawa leaf extract deterred feeding in ants
and the larvae of green- and brown-headed leaf rollers. More recently,
kawakawa extracts have been incorporated into commercial insect-
repelling balms and sprays (e.g. Earth Energies NZ; The Herb Farm).

Kawakawa leaves are not repellent or toxic to all insects, and many
species of arthropod herbivores naturally occur on kawakawa foliage
(Hodge et al. 2001). Kawakawa leaves commonly exhibit a ‘bullet holed’
appearance caused by feeding Cleora scriptaria larvae. This holed pattern
has been hypothesized to arise from the accumulation of chemical
repellents at feeding sites which induces regular larval movement (Beever
1987; Hodge et al. 1998). In laboratory trials, however, Hodge et al.
(2000) observed no avoidance of damaged leaves or damaged plants by C.
scriptaria larvae, although Hodge et al. (2007) later found that larvae
restricted to a diet of artificially damaged leaves did exhibit reduced
growth.

The current study aimed to further examine the repellent effects of
kawakawa towards insect herbivores by performing a series of laboratory
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bioassays involving a commonly-occurring insect pest, the pea aphid
Acyrthosiphon pisum (Harris). To investigate the potential of aqueous
kawakawa extracts for applied plant protection, the settling behaviour of
natural populations of pea aphids in a field setting was also examined.

Methods

Kawakawa seeds were obtained from New Zealand Tree Seeds,
Rangiora, NZ. Kawakawa seedlings were grown under glasshouse
conditions at Wye College, Kent, UK, with a light:dark cycle of 16:8 h, a
minimum day time temperature in the range 15-18°C and a minimum
night time temperature in the range 12-15°C.

To make the leaf extract, 100 g of fresh leaves were chopped and boiled
in 100 ml of water for 30 min. The liquid was filtered (Whatmans No 1
filter papers) and the filtrate stored in a refrigerator at 4°C until used. To
supply leaves for bioassays, tic beans (V. faba L. var minor) were grown
under the same glasshouse conditions.

Aphid settling assays were carried out in an insect growth facility at a
temperature of 19°C and a relative humidity of 50-80%, with lighting
provided by racks of six 65-W fluorescent tubes. A green clone of the pea
aphid, Acyrthosiphon pisum, was used in the assays. These aphids were
cultured at low density on tic bean seedlings grown in pots of damp sand.
To examine the effect of kawakawa extract on the settling behaviour of
apterous pea aphids four sets of assays were performed: (1) leaf disc two-
way choice assay; (2) whole leaf two-way choice assay; (3) leaf disc no
choice assay; whole plant two-way choice assay.

For the leaf disc two-way choice assay, discs (diameter 2 cm) were cut
from tic bean plants using a cork borer and either dipped in kawakawa
extract or dipped in water. Two discs from each treatment were then
placed (adaxial side upwards), alternately and equally spaced, around the
edge of plastic Petri dishes (diameter 9 cm) with a moist filter paper in the
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base. Twelve apterous pea aphids, which had been starved for 1 h, were
placed into the center of each dish. The number of aphids settled on each
disc was counted after 4 h.

For the leaf two-way choice assay, leaves were removed from tic beans
and either dipped in water or dipped in kawakawa extract. The petioles of
pairs of leaves (one from each treatment) were then placed into pots (8 cm
diameter) of damp sand so the adaxial sides of the leaves were facing.
Twelve aphids were released into the center of the pot and the then the pot
placed into a clear perforated plastic bag which was fastened around the
pot using an elastic band.

The leaf disc no-choice assay was set up in a similar fashion to that
described above for the two-way leaf disc assay, but in this case all four
discs in each Petri dish were either dipped in water or dipped in the
kawakawa extract treatment.

Two ‘semi-field’ trials were performed using potted tic beans (20 d
after sowing; approx. 4-6 true leaf stage). Plants were sprayed to run off
using a hand sprayer with either water or kawakawa extract, arranged
alternatively in trays, and placed out in the horticultural area of Wye
College, UK (51.185290N, 0.944352E). The first field trial was started on
26/5/05 (n =12 per treatment), and the second on 19/7/05 (n = 15 per
treatment). The plants were checked after 24 h and 48 h, and the presence
of any aphids recorded.

Seven batches of kawakawa extract were made overall, and used to
perform seventeen two-way choice leaf disc assays (with between 6 and 18
Petri dishes per assay: 179 Petri dishes in total), thirteen no choice leaf
disc assays (each with 5 Petri dishes per treatment), three two-way choice
leaf assays (each with 15 pots) and two field trials.
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Results

In the leaf disc two-way choice assays, 1415 (67%) of the total number
(2148) of aphids tested had settled on a leaf disc when assessed at 24 h. Of
those settled aphids, in any one trial, between 13% and 45% had settled on
the discs coated with kawakawa extract (Figure 1). In total, only 25% of
the 1415 settled aphids had settled upon kawakawa treated leaf discs. On
only one occasion, the final trial using the Batch #7 kawakawa extract, was
the aversion towards kawakawa treated leaves not statistically significant
(Figure 1).
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Figure 1. Proportion (%; +95% CIs) of pea aphids settled on leaf discs
coated with aqueous kawakawa extract in 2-way Petri dish choice assays.
17 assays were run, using seven different batches of kawakawa extract.
Total proportion was calculated as a weighted mean of all aphids that had
settled.
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The age of the extract, at least within the range used, did not
significantly affect the repellent action towards pea aphids in the two-way
Petri dish choice assays (rr = 0.11, P = 0.66 for N = 17; Figure 2). The
oldest extract tested had been stored at 4°C for 27 days and these discs
were settled by only 29% of aphids. When tested on the same day as the
extract was made, the proportion of aphids that settled on the kawakawa
treated discs ranged from 15% to 36% (Figure 2).
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Figure 2. The relationship between the proportions (%) of pea aphids
which settled on leaf discs coated with aqueous kawakawa extract in two-
way choice assays as a function of extract age.

Three series of two-way choice leaf assays were performed, involving
two batches of kawakawa extract. In all three series, fewer than half of the
settled aphids were found on the kawakawa treated leaves (Figure 3). The
avoidance of the kawakawa treated leaves was not as clear as that seen in
the leaf-disc assay, especially in the two assays that used the Batch#2
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extract (Figure 3). Overall 174 (36%) of 488 settled aphids were found on
the kawakawa treated leaves.

In the no-choice leaf disc assays, where aphids were exposed to
kawakawa treated leaf discs and control leaf discs in separate Petri dishes,
significantly fewer aphids settled on the kawakawa treated leaf discs than
on the controls (Figure 4; paired t-test, t=3.37, P = 0.028 for 4 d.f.).
Overall, 62% of (519/840) aphids settled on the control discs after 24
hours, whereas 47% (392/840) of aphids settled on the kawakawa treated
discs.
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Figure 3. Proportion (%; +95% CIs) of pea aphids settled on detached
leaves coated with an aqueous kawakawa extract in 2-way choice assays.
Total proportion was calculated as a weighted mean of all aphids that had
settled.
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Figure 4. Proportion (%; £95% CIs) of pea aphids that settled on leaf discs
coated with an aqueous kawakawa extract or on water in no-choice Petri
dish assays.

In total, only 45 aphids were recorded in the first field trial and 12 in
the second; all of these aphids were alate pea aphids. Although there was a
significant difference in aphid numbers between the two trials, there was
no overall effect of spray treatment (Figure 5; F15 = 0.02, P = 0.889). In
fact, the split between the treatments over the two trials and all days was
virtually equal, with 29 aphids occurring on the kawakawa treated plants
and 28 on the water sprayed controls.

Discussion

The results of the assays, in general, indicate that pea aphids show an
aversion towards settling on leaves treated with a kawakawa extract.
However, the avoidance of kawakawa-treated leaves was not absolute:
some pea aphids settled on kawakawa treated leaf tissue in every assay,
and almost half the aphids (47%) settled on treated leaf discs when given
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no other choice. Additionally, in a field setting no significant difference in
aphids settling on kawakawa treated or water sprayed plants was observed.
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Figure 5. Number of pea aphids (mean £ SE) settled on potted tic bean
plants sprayed with water or an aqueous kawakawa extract over two field
trials at Wye, UK.

Previously, kawakawa material was shown to deter feeding or settling
in insects (Russell & Lane 1993), although the precise chemical
mechanisms behind these effects still appear to be unknown. Modern
techniques, such as high-pressure liquid chromatography and mass
spectrometry, may offer assistance in this regard (e.g. Lei et al. 2015; Obst
et al. 2017). The use of olfactometers and wind tunnels could help
elucidate whether any avoidance behavior displayed by the insects is due
to olfactory or tactile responses to chemical cues. In addition, bioassays
where kawakawa leaf material is incorporated into the artificial diets of
commonly-culture insect species (e.g. Silkworm Mulberry Diet; Instant
Drosophila Medium; Cricket Chow) may help to identify the mechanism
of effects on insect growth and development.
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The aphid avoidance response to kawakawa was observed only under
certain conditions, and not in every assay performed. Further work is
needed to examine the generality of kawakawa repellent effects, or insect
aversion response, of different aphid species, other taxonomic groups, and
chewing insect herbivores. The longevity of avoidance responses, the
influence of repeat applications, varying extract concentrations and
modifying the extraction process (e.g. steam distillation; solvent
extraction; Soxhlet extraction), also warrant further study.

Although kawakawa is frequently mooted as a crop protection agent, |
am unaware of any other published reports where the effects of kawakawa
extracts have been systematically tested for their effects on the abundance
of insect pests, plant damage or, ultimately, crop yield under field
conditions. The semi-field trials performed here suggested there was no
avoidance effect of this water-based extract against aphids under field
conditions. However, it conceded that the number of insects observed in
these semi-field trials was low and the observations occurred over a short
term, and thus considerably more work is required to establish the
potential of kawakawa extracts for use as botanically-derived crop
protection agents.
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