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SummaRy. Insecticidal soap and horticultural oil have the potential to kill in-
dividuals within populations of soft-bodied insect pests by suffocation. However,
scientific literature is inconsistent about the efficacy of insecticidal soaps and
petroleum-based oils against armored scale (Hemiptera: Diaspidae) and soft scale
(Hemiptera: Coccidae). We examined the efficacy of horticultural oil and in-
secticidal soap against armored and soft scales at different developmental life stages.
Studies were conducted in the laboratory and field with two species of armored scale
[ pine needle scale (Chionaspis pinifoliae) and oleander scale (Aspidiotus nerii)] and
two species of soft scale [ calico scale (Enlecanium cevasovium) and striped pine scale
(Toumeylla pini)]. All insecticide applications were made at a rate of 2 gal per 100
gal water. Our laboratory results suggested that horticultural oil and insecticidal
soap killed both calico scale (73% and 93%, respectively) and oleander scale (67% and
78%, respectively) when insecticides targeted 1-day-old scales. Scale insects built up
tolerance to both materials over time after they settled. However, our field data
indicated that horticultural oil had high control of settled armored scale [oleander
scale (90%) and pine needle scale (83%)], but failed to control settled soft scale
[stripe pine scale (5%)]. Insecticidal soap reduced armored scale [oleander scale
(54%)]. Neither horticultural oil nor insecticidal soap significantly reduced pop-
ulations of adult armored or soft scales compared with a control. Overall,
horticultural oil killed a greater percentage of armored scales than soft scales,
whereas insecticidal soap gave greater control against soft scales. We suggest that
differences were driven by chemical properties of both insect integuments and
insecticides. The waxy cover of an armored scale might reduce penetration of polar
insecticidal soap whereas polar integument of a soft scale might impede infiltration
of the lipophilic horticultural oil. Consequently, timing application to crawler stage
is important for effective management of armored or soft scale with horticultural
oils and insecticidal soaps.

2002; Cranshaw and Baxendale, 2005;
Weinzierl, 2000). Both oil and soap can
kill natural enemies on contact (Bostanian

oil have been used since the late

Insecticidal soap and horticultural
1800s to manage soft-bodied in-

sect pests of fruits, shade trees, and
ornamental plants (Weinzierl, 2000).
Insecticidal soaps are made ofa potas-
sium salt of a plant-derived fatty acid
with long carbon chains (Weinzierl,
2000; Yu, 2015). Horticultural oils
have a narrow distillation range that
allows them to be applied on leaves
with reduced phytotoxic effects (Agnello,
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and Akalach, 2004, 2006; Oetting and
Latimer, 1995; Smith and Krischik,
2000). Nevertheless these materials are
commonly used to manage scale insects
(Hemiptera: Coccoidea) in integrated
pest management (IPM) programs be-
cause of their short-term residual tox-
icity (Gill and Raupp, 1989; Miller,
1989; Miller and Davidson, 2005;
Raupp et al., 2001; Sadof and Sclar,
2000).

Horticultural oil blocks the spi-
racles necessary for gas exchange and

can asphyxiate an insect when carbon
dioxide and other toxins accumulate
to toxic levels (Yu, 2015). In addi-
tion, oils can combine with the fatty
acids within the insect body to
interfere with normal metabolism
and destroy membranes, particularly
of immature insects (Ebeling, 1936;
Miller, 1989; Phillips and Smith,
1963). Similarly, insecticidal soap in-
duces mortality by penetrating the
insect’s body and disrupting the nor-
mal function of cells and membranes
and causing asphyxia (Cating et al.,
2010; Koehler et al., 1983; Miller,
1989; Tremblay et al., 2008).

Despite incorporation of oils and
insecticidal soaps in IPM programs,
there is conflicting information in the
scientific literature as to whether oils
or soaps can reduce population of soft
and armored scales in a consistent
manner. Numerous studies on ar-
mored scale insects have shown that
horticultural oils consistently provide
at least 85% reduction in scale popula-
tions (Frank, 2012; Hollingsworth,
2005; Pless et al., 1995; Raupp
et al., 2001; Sadof and Sclar, 2000;
Xiao et al., 2016). However, other
studies have shown less than 50%
control with horticultural oils and
insecticidal soaps for soft scale
(Dreistadt, 1996; Grafton-Cardwell
and Reagan, 1999; Hubbard and
Potter, 2006; Phillips and Smith,
1963; Pless et al., 1995; Reinking,
1964) and armored scale (Addesso
et al., 2016a, 2016b; Caldwell, 2003;
Heller et al., 2004; Rebek and Sadof,
2003).

The life history of scale insects
can make timing of application and
insect stage important determinants
of efficacy of oils and insecticidal soaps
(Hubbard and Potter, 2006; Raupp
et al., 2001; Sadof and Sclar, 2000).
During egg production, adult ar-
mored and soft scales are sessile. Eggs
are laid under the waxy cover of an
armored scale or under the body of
a soft scale. These hatch into a mobile
dispersal stage called a crawler that can
walk or be blown by the wind.

Units
To convert U.S. to SI, To convert Slto U.S.,
multiply by U.S. unit Sl unit multiply by
29.5735 fl oz mL 0.0338
0.3048 ft m 3.2808
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
(°F-32) = 1.8 °F °C (°Cx1.8)+32
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Once armored scale insects find
a suitable place to feed, they settle
and stay in that location until adult
winged males emerge or until adult
females die (Rosen, 1990). Armored
scale insects are characterized by their
waxy cover, often called a test, which
forms 24 to 48 h after they settled and
encloses the top of their body (Miller
and Davidson, 2005; Rosen, 1990).
Covers of armored scales are made of
wax, proteins, and old cast skins (ex-
uviae) (Rosen, 1990). For example,
california red scale (Aonidiclln anr-
antii) is composed of 45% waxes, 47%
proteins, and 8% of exuviae (Dickson,
1951). These proteins are amphi-
pathic molecules that contain hydro-
philic and hydrophobic fragments. In
contrast, waxes are composed of only
a long-chain fatty acid bonded to
a long-chain alcohol group. Because
of their nonpolar carbon chains, waxes
are extremely hydrophobic (Ben-Dov
and Hodgson, 1997; Hackman, 1951;
Sewald and Jakubke, 2002).

Some families of soft scale insects
retain functioning legs, so they can
move to different parts of their host
plant to complete their life cycle
(Ben-Dov and Hodgson, 1997;
Kosztarab, 1996). For example, cal-
ico scales feed on leaves during the
summer and move to the bark early in
the fall where they complete their life
cycle (Hubbard and Potter, 2005).
However, other species, such as
striped pine scale, remain where they
settle much like armored scales
(Clarke et al., 1989). Soft scales pro-
duce honeydew from a pair of tri-
angular plates at their posterior.
Honeydew is composed mostly of
sugars and amino acids (Ben-Dov
and Hodgson, 1997; Leroy et al.,
2011; VOIkl et al., 1999; Woodring
ctal., 2004). Wax is secreted from the
epidermal cells onto the outer surface
through the pore canals which form
a bulky wax cover over insect bodies.
Unlike armored scales, wax content of
soft scales is relatively low (Ben-Dov
and Hodgson, 1997; Hackman,
1951; Tamaki and Kawai, 1969). For
instance, the body weight of white wax
scale (Ceroplastes destructor) is made of
13% wax, 86% honeydew, and 1% in-
tegument (Hackman, 1951). Covers
form by indian wax scale (Ceroplastes
psendoceriferus) contain about 16%
true wax (Hashimoto et al., 1967).

We hypothesized that horticul-
tural oil and insecticidal soap would
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have different efficacy against ar-
mored and soft scales because of the
presence or absence of a waxy cover.
Yu (2015) reported that the rate of
penetration of liposoluble insecticides
correlated with the amount of lipid in
the insect integument. We used two
species of each armored and soft scale
for this study.

Pine needle scale is an armored
scale that has two generations per year
in the midwestern United States
(Philpott et al., 2009; Shour and
Schuder, 1987). They usually over-
winter as eggs on the needles but may
also winter as mated adult females.
The first generation hatches from
overwintering eggs in May or eggs
laid by overwintering females in June
(Katovich et al., 2014; Rosen, 1990;
Shour and Schuder, 1987). Once
crawlers settled, they do not move
for the rest of their lives and produce a
white wax that covers their bodies
(Beardsley and Gonzalez, 1975;
Katovich et al., 2014; Kosztarab,
1996; Miller and Davidson, 2005;
Rosen, 1990). The second gener-
ation hatches in late July or early
in August (Katovich et al.; 2014;
Shour and Schuder, 1987).

Oleander scale is a tropical
armored scale that reproduces year-
round and needs 50 to 60 d to com-
plete a generation. Both sexes feed
principally on leaves. In shade house
studies, eggs hatch in a period be-
tween 3 and 8 d. The minimum pre-
oviposition period of adult females
was 23 d. In contrast with pine needle
scale, oleander scales lay their eggs in
small groups over a period of up to
61 d (Miller and Davidson, 2005;
Provencher et al., 2005).

Striped pine scale is a soft scale
that produces three generations per
year in Georgia where hatching starts
in March (Clarke et al.,, 1989);
whereas in Colorado, these produce
one generation per year and start hatch-
ing in the beginning of June (Cooper
and Cranshaw, 2004). After eggs hatch,
females crawl and settle in the shoot,
usually on the most recent growth, but
older growth may be infested when
population densities are high. Females
may produce five eggs per hour and in
excess of 1800 eggs during a 2-week
period (Clarke et al., 1989). In Indi-
ana, there is one generation per year
(personal observations).

Calico scale is a soft scale insect
that produces one generation per year

in the midwestern United States.
Each adult female produces between
3700 and 4700 eggs in a single
clutch, depending on host plant
(Hubbard and Potter, 2005). Eggs
normally hatch in the middle of May
in Indiana. First instars crawl to the
leaves where they settle and feed on
leaf tissue. In the middle of July,
calico scales molt to the second instar
and remain on the leaves until the
middle of September, when they
move to the trunk and twigs to over-
winter. From March to the middle
of April, they develop into adults
(Hubbard and Potter, 2005).

We conducted this study to de-
termine efficacy of horticultural oil
and insecticidal soap on two species
each armored and soft scales under
field and laboratory conditions at dif-
ferent life stages of scale insects.

Material and methods

REPRESENTATIVE INSECTICIDES.
All experiments were conducted using
insecticidal soap (Bonide®; Novelty
Manufacturing, Lancaster, PA) or
a petroleum-based horticultural oil
(Ultra-fine Oil; Whitmire Micro-Gen
Research Laboratories, St. Louis, MO)
both at a rate of 2 gal of insecticide per
100 gal of water (2% solutions). All
foliar applications of insecticides were
applied to runoft.

PINE NEEDLE SCALE AssAYS. One
hundred and fifty-two scots pine trees
(Pinus sylvestris) were obtained from
a private nursery in West Olive, MI.
Trees were ~15 inches tall, planted
in the Meigs Research Farm, West
Lafayette, IN, on 13 May 2014. Trees
were infested by fastening 15-cm-long
pine branches infested with pine needle
scale in the egg stage on 26 May.

Biology of the first generation
of pine needle scale was observed
weekly. On 17 July, after the second
generation began to hatch, a total of
16 trees were randomly selected and
sprayed with either horticultural oil or
water in a completely randomized
design with eight replications. Appli-
cations were made with a 3-gal
sprayer (Solo, Newport News, VA)
to the canopy until runoff, using
40 mL of solution about per plant,
targeting young crawlers of the sec-
ond generation of pine needle scale.
A total of six infested needles (three
from new growth and three from old
growth) were randomly selected from
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each plant and taken to the laboratory
to calculate mortality on 1 Aug. [15
d after treatment (DAT)] and 21
Aug. (35 DAT), respectively. At least
100 scales were examined per plant.
Scale insects were considered dead if
the body was dry and black or dark
brown color. In contrast, scales were
determined to be alive if it was yel-
lowish to orange and excreted hemo-
lymph when punctured.

In a second experiment on 20
Aug. 2015, a total of 15 trees from
the original site that were infested
with pine needle scale on 26 May
2014, were used to test the effective-
ness of horticultural oil, insecticidal
soap, or water against adults in a com-
pletely randomized design with five
replications. Application and evalua-
tion of insect mortality were con-
ducted as previously described.

OLEANDER SCALE ASSAYS. English
ivy (Hedera belix) plants were used to
test the efficacy of oil and soap against
oleander scale insects. Plants grown
without insecticides were purchased
from Midwest Groundcovers (Chicago,
IL) and transplanted into 1-gal pots on
10 July 2015. Trees were fertilized by
mixing 19N-2.6P-10.0K slow-release
fertilizer  (Start-N-Grow  19-6-12;
Ferti-lome, Bonham, TX) into the top
3 cm of soil at the time of planting and
watered as needed for the rest of the
secason. Plants were maintained in
a shade house at Throckmorton Purdue
University Agricultural Farm, West
Lafayette, IN.

Oleander scale was used because
we had access to a colony growing on
the fruit of butternut squash ( Cucur-
bita moschata) that we could use to
artificially infest host plants with
crawlers of known age. Two separate
experiments were made using olean-
der scale. The objective of the first
experiment was to evaluate the effect
of insecticidal soap and horticultural
oil on first instar nymphs and adult
females on intact plants. On 14 Sept.,
21 english ivy plants were selected
and taken to the laboratory for 1 week
to infest them with the crawler stage
of oleander scales. The plants were
infested by brushing crawlers from a
colony on butternut squash each day
for 5 d. After infestation, the plants
were returned to the shade house and
randomly assigned to one of the tree
different treatments (water, horticul-
tural oil, insecticidal soap) on 21 Sept.
2015 in a completely randomized

620
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design. A single insecticide applica-
tion was made with a 3-gal sprayer
until runoff using 30 mL of solution
about per plant, targeting first instar
nymphs between 2- and 7-d old. At
15 and 21 DAT, five leaves infested
with oleander scale were selected
from each plant and taken to the
laboratory to assess mortality. Under
stereoscope, an ultra-fine needle (0.5
inch) was used to puncture each scale
to determine if it was alive. Scale that
expulsed hemolymph when punc-
tured were considered alive. At least
hundred scales were examined per
plant. On 16 Nov. 2015, the study
was repeated targeting adult females.
Methodology was similar, but plants
were grown under artificial light in
the laboratory and insecticide appli-
cation was delayed for ~5 weeks,
when scales were mated adult females.

In the second experiment, effi-
cacy of oil and soap were observed on
crawler, first and second instar under
laboratory conditions. We created
a cohort of first (5- to 9-d old) and
second instar (21- to 26-d old) scales
on 20 english ivy plants artificially
infested from our squash colony for
4 d and placed under shadecloth. On
10 and 26 Sept. 2015 (5 and 7 d after
infestations, respectively), 18 leaves
infested with at least 20 oleander scale
insects at each date were selected,
taken to the laboratory, and placed
into a 1.5-mL microcentrifuge tube
with water. Six leaves were randomly
selected to be treated with horticul-
tural oil, insecticidal soap, or water
in a completely randomized design.
About 2 mL was enough to cover the
entire surface of a leaf using a 6-fl oz
bottle sprayer (The Bottle Crew,
Farmington Hills, MI). Mortality
was observed 8 DAT as described
previously.

CALICO SCALE AssAYS. To evalu-
ate efficacy of horticultural oil and
insecticidal soap on crawlers, twigs
with swollen calico scale filled with
eggs, were collected from naturally
infested honeylocust trees (Gleditsia
trincanthos) located in Carmel, IN. In
addition, 18 leaves were collected
from an ‘Autumn Blaze’ maple tree
(Acer Xfreemannii) on the Purdue
University campus, West Lafayette,
IN. Each of 18 leaves were placed in
separate petri dishes on top of cotton
wool dampened with water and held
at room temperature (25 °C) to keep
leaves green. Thirty scale insects in

the crawler stage were transferred
from twigs to an excised maple leaf
using a paint brush on 2 June 2015.
One day after infestation, petri dishes
were randomly selected to be treated
with horticultural oil, insecticidal
soap, or water for a total of six repli-
cations in a completely randomized
design. Products were applied with
a 6-fl oz bottle sprayer until the leaf
was covered completely, which was
accomplished with ~2 mL of solution.
To assess mortality, each scale was
visually examined 8 DAT under a ste-
reoscope to determine if dead or alive.
Dead scales were brown whereas live
scales were yellow.

To evaluate effects of oil and
soap on the first and second instars,
a stand of infested honeylocust trees
in Lafayette, IN, was used to collect
scale insects for this study. For each
experiment, 18 infested leaves were
randomly selected. Four infested leat-
lets were excised from each leaf and
placed in petri dishes on top of cotton
wool dampened with water. Six of the
18 petri dishes were randomly chosen
to be treated with horticultural oil,
insecticidal soap, or water. Products
were applied as described above.
Mortality was assessed 8 DAT. Re-
search was conducted on first instar
nymphs on 29 June and 16 July and
second instars nymph during 24 July
2015.

STRIPED PINE SCALE ASSAYS.
Scotch pine trees were used to test
the efficacy of oil against striped pine
scale in the field. A total of 14 natu-
rally infested trees with striped pine
scales were selected in a Christmas
tree farm in Fort Wayne, IN. Trees
were ~6 years old and ~2 m tall. On
26 June 2014, seven trees were ran-
domly selected and sprayed with hor-
ticultural oil using a 3-gal sprayer.
Application targeted young crawlers
and ovipositing female of striped pine
scales. Three twigs from each tree
were collected from branches whose
leaves were covered with sooty mold
on 10 and 19 July (14 and 33 DAT).
In the laboratory, three 12-cm twig
sections were used to assess mortality
of young and adult scale insect on
twigs. Live young scales were yellow
whereas dead young scales were
brown. Live adult scales were smooth
whereas dead adult scales were shriv-
eled and the color was faded brown.

ABBOT’S CORRECTED MORTALITY.
Percent mortality on leaves treated
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with insecticide was corrected for
mortality on the untreated leaves us-
ing the following formula.

X 100 = corrected mortality

where X was the percent survival of
the water control and Y was the
percent survival of the treatment
(Abbott, 1925).

DaATa ANALYsIS: Statistical analy-
ses were performed using one way
analysis of variance of all mortalities
of each different scale insect species
and life stages, using Statistica (ver-
sion 12; StatSoft, Tulsa, OK). Before
analysis by general linear model pro-
cedure, Shapiro-Wilk and Levenes’
tests were conducted to determine
normality and homogeneity of vari-
ance. If data did not meet these
assumptions, arcsine transformation
was performed. Scale insect mortality
was the response variable whereas
cach treatment was an independent
categorical variable. Means were
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Results

PINE NEEDLE SCALE. Mortality of
first instar pine needle scale was signif-
icantly greater after application of hor-
ticultural oil than untreated control at
15 (F=234.59;df=1, 14; P<0.001)
and 35 DAT (F = 62.00; df = 1, 14;
P <0.001) showing corrected mortal-
ity of 84% and 80%, respectively (Fig.
1A). However, neither horticultural
oil nor insecticidal soap was able to
kill adult scales when compared with
the untreated control (F=1.84;df=2,
12; P=0.201) (Fig. 1D).

OLEANDER SCALE. Application of
horticultural oil or insecticidal soap
killed significantly [at 15 DAT (F =
99.72;df = 2,18; P< 0.001) and 21
DAT (F = 35.21; df = 2, 18; P <
0.001)] oleander scale when targeted
first instar stage under shade house
conditions (Fig. 1B). Horticultural
oil provided acceptable levels of Ab-
bot’s corrected mortality with rates of

s Oleander scale
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90% at 15 DAT and 81% at 21 DAT.
Insecticidal soap was less effective against
armored scales with only 54% and 23%
corrected mortality at 15 and 21 DAT,
respectively (Fig. 1B). Although both oil
and soap killed significant numbers of
adults (F= 8.49;df = 2, 15; P=0.003),
their corrected mortality was only 35%
and 34%, respectively (Fig. 1E).
Laboratory experiments showed
similar results. When compared with
untreated control, both horticultural
oil and insecticidal soap showed
higher mortality of oleander scale
at the crawler stage [1-d old, 8 DAT
(F=06.24;df =2,15; P=0.011)]
and first instar [5- to 9-d old, 8 DAT
(F=23.89;df=2,15; P<0.001)].
At the crawler stage, horticultural
oil and insecticidal soap were statis-
tically similar with corrected mor-
talities of 67% and 78%, respectively
(Fig. 2A). However, when settled
first instars were targeted, horticul-
tural oil (45%) showed a greater re-
duction compared with the water
control, followed by insecticidal soap

Striped pine scale
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20 |
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F
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0 I .
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Fig. 1. Efficacy of horticultural oil (Ultra-fine Oil; Whitmire Micro-Gen Research Laboratories, Saint Louis, MO) and
insecticidal soap (Bonide®; Novelty Manufacturing, Lancaster, PA) on mortality of armored (pine needle and oleander) and
soft (striped pine) scale insects on live plant hosts in field assays. Applications were made to immature stages of (A) pine needle
scale, (B) oleander scale, and (C) striped pine scale. Applications were made to adult stages of (D) pine needle scale,

(E) oleander scale, and (F) striped pine scale. Means (+sE) followed by different lowercase letter are significantly different
(P<0.05) according to a Fisher’s protected least significant difference. Letters a—c represented differences 14 or 15 d after
treatment (DAT), whereas z—y represented differences 35 or 21 DAT. Abbot’s corrected mortality was the mortality of the
treatment corrected for observed mortality in the control.
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(18%) (Fig. 2A). When second instars
were targeted (21-26 d old), there
was no statistical differences in scale
mortality [8§ DAT (F = 2.88; df = 2,
15; P=0.087)] (Fig. 2A). However,
corrected mortalities (38% and 32%
by horticultural oil and insecticidal
soap, respectively) were similar to mor-
talities when adults were targeted in
the shade house study.

CaLico scaLE. The capacity of
horticultural oil and insecticidal soap
to kill soft scales declined as scales
aged. When applications targeted cal-
ico scale crawlers, mortality by insec-
ticidal soap and horticultural oil was
significantly higher than untreated
control [8 DAT (F = 6.59; df = 2,
27; P=0.005)]. Horticultural oil and
insecticidal soap showed Abbott’s
corrected mortality of 73% and
93%, respectively (Fig. 2B). However,
when insecticidal soap and horticul-
tural were sprayed during settled first
instar stage (29 June), only insecti-
cidal soap (61% reduction) had sig-
nificantly fewer live scales than
untreated control. Two weeks later,
both insecticidal soap and horticul-
tural oil failed to control calico scale
when targeted late first [16 July (F =
2.92; df = 2, 15; P = 0.084)] and
second instar scales [24 July, 8 DAT
(F=0.15;df =2, 15; P=0.874)].

STRIPED PINE SCALE. Like calico
scale, horticultural oil failed to

Oleander scale

ReseArRcH REPORTS

control striped pine scale insect when
targeting first instars [14 DAT (F =
0.06;df=1,12; P=0.801), 33 DAT
(F=0.28;df=1,12; P=0.606)] (Fig.
1C) or the adult stage (F=0.14; df =
1, 12; P = 0.718) under field condi-
tions (Fig. 1F).

Discussion

We found horticultural oil and
insecticidal soap to be equally effec-
tive at controlling the crawler stages
of both armored and soft scales. But,
after scales had settled and begun to
feed, horticultural oil was more effec-
tive than insecticidal soap against later
stages of armored scales than soft
scales. Conversely, insecticidal soap
was more effective against later stages
of soft scales than horticultural oil. The
differential capacities of these materials
to kill armored and soft scales over time
may explain the lack of consistent re-
sults in the literature (Caldwell, 2003;
Dreistadt, 1996; Hollingsworth, 2005;
Phillips and Smith, 1963).

The results of this study suggest
that the lipophilic nature of horticul-
tural oil made it a more effective
insecticide against later-stage ar-
mored scales than the more polar
insecticidal soap. After armored scales
settled, they made a covering formed
of secreted wax filaments produced by
pygidial wax glands (Miller and
Davidson, 2005; Rosen, 1990). Wax

Calico scale

is about half of the composition of
armored scale covers (Hackman,
1951), which facilitates the capacity
of lipophilic insecticides such as hor-
ticultural oil to penetrate them. The
penetration of liposoluble insecticides
is positively correlated with the total
amount of lipid in the insect integu-
ment (Pepper and Hastings, 1943;
Yu, 2015). Our study showed that
horticultural oil killed >80% of both
pine needle and oleander scale long
after they had settled. These results
and postulated mechanism would be
consistent with much earlier studies
of the efficacy of oil spray (Oronite
Crystal) against different stages of
California red scale (Ebeling, 1936).
Horticultural oil did not control ar-
mored scale in the adult stage due to
the continued accumulation of wax in
the covers (Miller and Davidson,
2005; Rosen, 1990). We postulate
that the wax cover of this stage of
scale insects was thick enough to pre-
vent solutions of 2% horticultural oil
or insecticidal soap from penetrating
it and reaching the scale body below.
However, previous studies showed
high rates of adult mortality resulting
from applying a 4% solution of horti-
cultural oil in the dormant season
(Pless et al., 1995; Sadof and Sclar,
2000) suggesting that wax can be
penetrated when more concentrated
oil solutions are used.

Furthermore, our results suggest
that insecticidal soap is a more effec-
tive insecticide against later stages of

B . soft scale because it is less lipophilic
g0 f 2 o than horticultural oil. Like armored
scales, soft scales will cover their bod-

ies with bulky materials, called a “test”
0.1 after they settle. However, the wax
0T fractions of soft scale tests are smaller
HI I3 than those of armored scale tests
(Ben-Dov and Hodgson, 1997). In
%& contrast, soft scales are also covered
a\“‘\\&\é with honeydew, which is about 95%
L4 water and is composed mainly of amino
acid and carbohydrates (Ben-Dov and
Hodgson, 1997; Leroy et al., 2011;
Volkl et al., 1999; Woodring et al.,
2004). We postulate that the high
concentration of aqueous material in
the soft scale covers better facilitates the
penetration of polar insecticidal soap.
This is consistent with Olson and
O’Brien (1963) who reported that in-
secticides with minimal hydrophilic
properties (low partition coeflicient)
more readily penetrated the hydro-
philic cuticle of american cockroach

=== Horticultural oil

— ecticidal soz
60 | Insecticidal soap

Abbott's corrected mortality (%o)

h
80 1
60 1
X
T
20 4 |] !
0 I

Stage of scale

Abbott's corrected mortality (%)
e
(=1}

Stage of scale

Fig. 2. Effects of applying horticultural oil (Ultra-fine Oil; Whitmire Micro-Gen
Research Laboratories, Saint Louis, MO) and insecticidal soap (Bonide®; Novelty
Manufacturing, Lancaster, PA) on mortality when applied to leaves with different
stages of armored (oleander) and soft (calico) scales in laboratory assays. (A)
Oleander scales were treated 1 d after transferred to leaves, 5-9 d after settled,
21-26 d after settled. (B) Calico scales on treated 1 d after transferred to leaves,
settled first instar, late first instar, and second instar nymph. Means (+SE)
followed by different lowercase letter are significantly different (P < 0.05)
according to a Fisher’s protected least significant difference. Letter a—c represented
difference among 1-d-old scales whereas z—y represent differences among scales in
the first instar stage. Abbot’s corrected mortality was the mortality of the
treatment corrected for observed mortality in the control.
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(Persplaneta americana) than nonpolar
insecticides.

Our results showed that insecti-
cidal soap maintains its efficacy after
calico scale produced honeydew dur-
ing the first instar, whereas horticul-
tural oil failed to kill calico and striped
pine scale insects at the same age. For
this reason, we do not recommend
horticultural oil to control soft scale
insects despite its high capacity to
kill 1-d-old crawlers. However, under
natural conditions, it takes ~19 d from
the first to the last egg to hatch on
calico scales (Hubbard and Potter,
2005) and over 1 month on striped
pine scale (personal observations). As
such, only a very small proportion of
scale crawlers will be 1-d old. The
remaining life stages including second
instars and adult stages, were unaf-
fected by applications of either horti-
cultural oil or insecticidal soap. We
excluded pupilarial-scale insects that
develop to adults within the sclero-
tized exuviae of their penultimate
molt because they are relatively few
species with this characteristic among
the Coccoidea (Gullan and Williams,
20106).

In summary, our results help to
explain the selectivity of horticultural
oil and insecticidal soap in terms of
the wax fraction on the integument of
armored and soft scales. During the
crawler stage, both soft and armored
scales are susceptible to horticultural
oil and insecticidal soap because of
the absence of wax (Ben-Dov and
Hodgson, 1997; Rosen, 1990). Later
after they settle, the greater con-
centration of wax on the covers of
armored scales repels the polar insecti-
cidal soap but promotes penetration of
the lipophilic horticultural oil. Con-
versely, the lower concentration of wax
on the integument of soft scales repels
the lipophilic horticultural oil and fa-
cilitates the infiltration of the more
polar insecticidal soap. Last, results of
this study suggest that generalizations
about scale insects should be made
with caution as the morphology of
different scale groups can have pro-
found effects on their management.
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