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Abstract Armoured scale insect (Hemiptera:
Diaspididae) leaf infestations were monitored from
rows of kiwifruit (Actinidia deliciosa (A.Chev.) C.F.
Liang et A.R. Ferguson var. deliciosa) vines in three
blocks at each of 11 sites, at 3-8 times from Decem-
ber until May. The relationship of scale leaf infesta-
tion with distance across kiwifruit blocks (scale
distribution) was analysed using different regression
models. Scale distributions were best described us-
ing linear models for 26 kiwifruit blocks and for
seven blocks using quadratic models. Scale distri-
butions derived using live scale followed similar
patterns to those derived from total scale. Overall
53% of sites or blocks had significant linear or quad-
ratic scale distributions. Kiwifruit blocks with high
scale infestations invariably had significant scale
distributions whereas those with low infestations had
non-significant distributions. The finding of signifi-
cant relationships using regression models with par-
allel lines or curves for different sampling times at
some sites, showed scale distributions hold through-
out the season. In the simplest situation scale infes-
tations were highest in kiwifruit rows adjacent to
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alternative host plants and declined linearly away
from the scale source. These findings were consist-
ent with the hypothesis that scale distributions were
caused by the aerial dispersal of crawlers from al-
ternative host plants.
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INTRODUCTION

Greedy scale Hemiberlesia rapax (Comstock),
latania scale Hemiberlesia lataniae (Signoret), and
oleander scale Aspidiotus nerii Bouche, are the ar-
moured scale insects (scale) most commonly found
on kiwifruit (Actinidia deliciosa (A.Chev.) C.F.
Liang et A.R. Ferguson var. deliciosa) in New Zea-
land and are important quarantine pests (Berry et al.
1989; Lo & Blank 1989; Steven 1990; Blank et al.
1992, 1993). There are two generations of scale each
season in northern regions of New Zealand, with
major periods of crawler production occurring in
spring about the time of kiwifruit fruit set and again
before harvest (Blank etal. 1995a,b, 1996). All three
scale species are polyphagous and are found on a
wide range of woody perennial hosts, many of which
occur, in close proximity to kiwifruit orchards
(Blank et al. 1990). These alternative host plants
were found to be important sources for the aerial
invasion of scale crawlers into kiwifruit orchards
(Blank et al. 1987; Blank et al. 1990).

The distribution of armoured scale within kiwi-
fruit orchards was of little interest when the indus-
try was reliant on a calendar-based, prophylactic,
spray programme approach to controlling pests
(Blank & Olson 1988; Blank 1991). The New Zea-
land kiwifruit industry is committed to producing
fruit free from insecticide residues using a pro-
gramme known as KiwiGreen. When a critical level
of scale infestation is exceeded within 90-120 days
of harvest, only approved pesticides may be applied
for control. Mineral oil sprays are used after
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February as these are exempt from international tol-
erances for spray residues (McKenna & Steven
1993; McKenna et al. 1995). The implementation of
this programme requires the routine monitoring up
to 4 times every growing season of c. 10 000 ha of
kiwifruit, using a leaf sampling procedure (Blank et
al. 1994; Steven et al. 1994). There is considerable
potential to improve the scale sampling plan to make
it more meaningful, accurate, and cost-effective but
this requires certain fundamental knowledge about
scale infestations that are as yet poorly understood.
One essential prerequisite to developing scale sam-
pling plans is to understand the distribution of the
pest.

Studies on the aerial dispersal and settlement of
scale crawlers into kiwifruit orchards from alterna-
tive host plants have provided some information
about scale distribution (Blank et al. 1987; Blank et
al. 1990). For example, at the site where crawler
invasion was first demonstrated, levels of scale leaf
infestation were highest in kiwifruit blocks imme-
diately adjacent to taraire trees (Beilschmiedia tarairi
Benth. and Hook, f.) and declined in blocks further
away. The 1 ha area of taraire trees had an estimated
27 million taraire leaves infested with 1—4 million
live mature scale during periods when crawlers may

be released. Each mature scale (all are female) can
produce up to 60 crawlers in a lifetime. The poten-
tial for aerial invasion is massive, even assuming
only a small proportion of crawlers became airborne.
Blank et al. (1990) measured scale invasion on 25
orchards using scale-free kiwifruit trap plants. Scale
invasion was high immediately adjacent to a wide
range of alternative scale host plants, not just taraire.
These high risk locations commonly had invasion
and settlement levels of > 100 scale/100 leaves over
the growing season. Of equal importance was the
finding that low levels of scale invasion (4-10 scale/
100 leaves) were measured in orchards with no ob-
vious alternative host plants in the near vicinity.
What effect does scale invasion have on scale infes-
tations across kiwifruit blocks and does this vary
between sites with a high or low risk of scale inva-
sion?

Kiwifruit orchards have commonly been devel-
oped as rectangular blocks with six or more rows of
kiwifruit 5 m apart running parallel with a row of
shelter on either side. This enables relatively long
tractor runs up the rows with sufficient headland
space (7 m) to turn around. Shelter surrounds the
kiwifruit vines to form the kiwifruit block and protect
the fruit and new cane growth from wind damage.

Table 1 Descriptions of sites used to measure scale distributions, leaf assessments, shelter types, and risk of scale
invasion characteristics.

Site

1990/91
Kerikeri Inlet

Kerikeri Res. Centre
Kerikeri central

Maunu
Maungatapere

Whatatiri
Glenbervie

1995/96
Sherwood
Kamo
Kiripaka

1996/97
Kiripaka

Structure

pergola

T-bar
pergola

pergola
pergola

pergola
T-bar

pergola
T-bar
T-bar

T-bar

a Cryptomera japonica; b Bambusa
matsudana X S. alba.

Row
alignment

east

north
north

north
north

north
east

north
east

north

north

Rows

5

7
5

5
7

7
5

6
6

7-9

7-9

oldhami; c Casuarina

Scale invasion
Shelter

Jap. cedar8, bamboob,
casuarinac

Jap. cedar
Jap. cedar, bamboo,
casuarina, gumd

Jap. cedar, poplar*, taraire
willowf, poplar

Jap. cedar, poplar, taraire
Jap. cedar, casuarina, gum

willow, taraire
Jap. cedar, casuarina
Jap. cedar, taraire,
casuarina, bamboo

Jap. cedar, taraire, casuarina

glauca; d Eucalyptus saligna; e

risk

low

low
low

high
low

high
low

high
low
high

high

Populus spp

Leaf
assessments

6

6
5

7
8

8
5

6
6
6

3
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