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KEY WORDS ABSTRACT The lone star tick, Amblyomma americanum (L.), is a widely
Azadirachtin distributed three-host obligate blood-feeding ectoparasite in the United States
Bioactive compounds and Mexico. It mostly attaches to white-tailed deer, Odocoileus virginianus
(Zimmerman) and wild Turkey, Meleagris gallopavo L., as well as a wide

Egg hatchability . . .

. variety of other, domestic and wild hosts such as cattle, dogs, horses, goats,
Fecundity quail, squirrels, opossums, hares, coyotes, and humans. Diseases known to be
Insect growth regulator transmitted by 4. americanum include ehrlichiosis, rickettsiosis, tularemia, and
Sublethal effects protozoan infections. Two commercial neem-based products registered for home
Toxicity and garden use, Neemix (a viscous liquid) and AzaSol (a powder), containing

4.5 and 6% azadirachtin (a limonoid), respectively, as the labeled active ingredient,
were assessed for contact toxicity, fumigant toxicity, deterrence, and sublethal
effects on egg laying and hatching. We determined that Neemix also contained
high concentrations of three additional bioactive limonoids: Nimbolide, nimbin,
and salannin. When concentrations of azadirachtin were approximately the same,
the two neem-based formulations caused similar contact mortality against larvae.
High concentrations of Neemix-induced complete mortality from volatiles when
larvae and adults were exposed and nonazadirachtin compounds appeared to
be the cause. Neem-based products can induce multiple bioactive effects that
differ from other neem-based products because the products might be comprised
different bioactive constituents and because the products might have the same
constituents but in substantially different amounts. Only Neemix was deterrent
against larvae, which might have resulted from the presence of the bioactive
compounds other than azadirachtin. Growth regulator and sublethal effects on
egg laying and egg hatchability were not observed. The feasibility of protecting
hosts against A. americanum using the neem-based products is discussed.

Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does
not imply recommendation or endorsement by the U.S. Department of Agriculture.
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INTRODUCTION

The lone star tick, Amblyomma americanum (L.),
widely distributed across Eastern, Southeastern, and
Midwestern regions of the United States and south
into Mexico (James and Harwood, 1969; Childs
and Paddock, 2003), is an obligate blood feeder that
attaches to three different hosts during the larval,
nymphal, and adult stages (Holderman and Kaufman,
2014). It is typically found in secondary growth in
woodland habitats (Kollars, 1993) where white-tailed
deer, Odocoileus virginianus (Zimmerman), and wild
Turkey, Meleagris gallopavo L., are common hosts,
as well as a wide variety of other, domestic and wild,
hosts (e.g., cattle, dogs, horses, goats, quail, squirrels,
opossums, hares, and coyotes), and humans (Cooley
and Kohls, 1944; Bishopp and Trembley, 1945; James
and Harwood, 1969; Kollars ef al, 2000). Several
days after a blood-engorged adult female drop from its
host, ~5,000 eggs are deposited in a protected location
(e.g., leaf litter) (Patrick and Hair, 1979). After larvae
hatch and undergo a quiescent period, they “quest” for
a host (James and Harwood, 1969). Questing involves
climbing up an object, such as a blade of grass, and
waiting for a host to brush past the larva which moves
onto the host, seeks a favorable feeding site, inserts its
chelicerae into the skin and ingests blood for 1-3 days,
drops from the host to digest its blood meal, and
molts into a nymph. Nymphs repeat the process and
become adults. The life cycle under natural conditions
is ~2 years (Troughton and Levin, 2007). Seasonal
population peaks occur mainly during late spring to
early fall (Semtner and Hair, 1973; Kollars et al., 2000).

A. americanum is the most frequently reported
species of tick to bite humans in the Southeastern and
South Central United States (Masters et al., 2008).
Diseases known to be transmitted by A. americanum
include ehrlichiosis, rickettsiosis, tularemia, and
protozoan infections (James and Harwood, 1969;
Holderman and Kaufman, 2014).

Control practices for ixodid ticks sometimes include
insecticide treatment of deer (Solberg et al., 2003),
reduction of vegetative undergrowth (Allan er al.,
2010), and exclusion of deer from tick management
areas (Bloemer ef al., 1990; Holderman and Kaufman,
2014). For protection of humans from 4. americanum,
repellents applied to clothing are recommended.

Botanical products that contain bioactive compounds
are desirable for pest management when they are effective
and complement natural enemy activity (Ascher, 1993;
Schmutterer, 1990, 1995; Koul, 2005, 2016). Bioactive
plant-derived compounds, in general, are considered to
be minimum-risk pesticides and are often exempt from
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Environmental Protection Agency registration under
section 25(b) of the Federal Insecticide and Rodenticide
Act(Cloydetal.,2009). Neem - Azadirachtaindica A. Juss
(Meliaceae) - based insecticides containing azadirachtin
can control >400 species of insects (Schmutterer, 1990;
Isman, 1999; Walter, 1999; Greenberg et al., 2005),
and some neem-based insecticides have negligible
effects on beneficial insects (Schmutterer, 1995; Haseeb
et al., 2004). Although neem extracts include a variety of
bioactive compounds, efficacy is most often attributed to
azadirachtin, a nortriterpenoid (type of limonoid), that
acts as an insect growth regulator (Kraus et al., 1985;
Schluter et al., 1985; Prabhaker et al., 1986; Mordue and
Blackwell, 1993; Greenberg et al., 2005; Khater, 2012).
Other bioactive compounds, some with insecticidal
properties, detected in neem extracts include salannin,
salannol, nimbinen, gedunin, and dirachtin derivatives
(Jones et al., 1989; Walter, 1999); therefore, antifeedant
and deterrent effects of neem against some herbivorous
insects might be attributable to such compounds
(Redfern et al., 1981; Rice et al., 1985; Showler et al.,
2004; Greenberg et al., 2005). An important advantage
of multiple modes of action is delayed resistance
development by pest populations (Feng and Isman, 1995).

Research on natural products, including neem-
based formulations, against ticks has been increasing
particularly against species that infest pets and
cattle (Denardi et al., 2010, 2011, 2012; Flor-Weiler
et al., 2011; Benelli et al., 2016), but relatively little
has been conducted for control of A. americanum.
Because A4. americanum is encountered primarily in
wooded habitats, if tick control is needed, widespread
application of conventional pesticides will likely be
unacceptable because of environmental concerns.
Similarly, acaricides, deterrents, and repellents for
topical use on humans, livestock, and pets must
conform to stringent safety standards. Hence, less toxic
approaches, such as using botanically-based pesticides,
might provide alternative means of control. While
neem and other azadirachtin-containing solutions have
been tested against a variety of ixodid ticks (Mulla and
Su, 1999; Handule et al., 2002; Landau et al., 2009;
Broglio-Micheletti et al., 2009; De Sousa et al., 2014),
A. americanum has not been fully assessed as a target.
The purpose of this study was to determine lethal,
deterrent and repellent, and sublethal effects of two
commercial neem-based home and garden pest control
products on A. americanum.

MATERIALS AND METHODS

Insect

All experiments were performed at the USDA-ARS
Knipling-Bushland United States Livestock Insects
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Research Laboratory (KBUSLIRL) in Kerrville, Kerr
County, Texas. Amblyomma americanum used in
the experiments was obtained from a closed colony
of 10" and 11" generation of originally wild-caught
(August 2006) ticks maintained at KBUSLIRL.
Engorged female A. americanum were fed on living
cows, Bos taurus L. Bioassays mostly involved larvae
because they constitute a free living stage that becomes
attached to the host.

Neem Products

Two commercial neem products for home and
garden pest control were tested. Neemix 4.5 (Certis,
Columbia, MD, USA) is an emulsifiable concentrate
containing 4.5% azadirachtin labeled as the active
ingredient. AzaSol (SoluNeem, Sausalito, CA, USA)
is a wet table powder with 6% azadirachtin labeled as
the active ingredient. Both products are sold as insect
growth regulators that kill during molting and during
egg eclosion, pupation, and adult eclosion. Nondiluted
Neemix was too viscous to spray but it could still be used
in our bioassays. The highest aqueous concentration
of the formulated product that, although viscous, was
feasible for bioassays was 16.7%. Neemix and AzaSol
bioassays were conducted and analyzed separately.
Deionized water was used for preparing treatment
dilutions and as negative controls. In all bioassays,
treatments were arranged in a completely randomized
design.

Selected bioactive limonoid compounds that are
commonly found in neem extracts, nimbolide, nimbin,
and salannin and were quantified in Neemix and AzaSol
by high-performance liquid chromatograph-(HPLC)
electrospray ionization mass spectrometry (MS) on
an Agilent (Agilent Technologies, Atlanta, GA, USA)
model 6224 ESI-time-of-flight MS in conjunction with
an Agilent model 1260 Infinity binary pump HPLC
system. HPLC conditions were: Column, ZORBAX
Extend-C18 Rapid Resolution HT (2.1 mm x 50 mm,
1.8 um); mobile phase A, 0.1% formic acid in water;
mobile phase B, 0.1% formic acid in acetonitrile;
flow rate, 0.2 ml/min; gradient, 0% B to 100% B in
20 min. MS conditions were: Detection, positive ion,
profile mode; mass range, m/z 100-m/z 3200; scan
rate, 0.7 spectra/s. A standard curve was constructed
over the range of 10 ng to 3,000 ng/mL from analysis
of authentic nimbolide (m/z 467.207; retention
time 14.75 min), nimbin (m/z 541.243; 15.30 min),
and salannin (m/z 597.306; 15.7 min). Samples for
analysis in organic solutions were diluted directly with
acetonitrile. Aqueous samples were concentrated by
solid-phase extraction (C18 ZipTip; Millipore) and
eluted in acetonitrile/0.1% formic acid.
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Contact Toxicity

Lethality of each dilution and the controls were
assessed using >3-week-old larvae according to the
immersion method described by Klafke et al. (2006).
This involved releasing 78-172 larvae into each of
36 10 mL glass tubes for the Neemix bioassay and
89-234 larvae into each tube for the AzaSol bioassay
(the variability is because larvae are small, fast, and
difficult to handle in precise numbers). The tubes were
immediately sealed with a cap.

Treatments, each replicated six times, were 100
(undiluted), 75, 50, 25, and 12.5% aqueous dilutions
of formulated Neemix (4.5, 3.375, 2.25, 1.125, and
0.56% a.i., respectively), and, in a separate bioassay,
16.7, 12.5, 8.35, 4.15, 2.75, 1.6, 0.8, 0.4, and 0.2%
formulated AzaSol (1, 0.75, 0.5, 0.25, 0.16, 0.096,
0.048, 0.024, and 0.012% a.i., respectively). Deionized
water was used as the control for each bioassay. After
1 ml of each dilution was deposited in separate tubes of
larval ticks, each tube was shaken vigorously by hand
for 10 s, and gently shaken using a mechanical rocker
for 10 min. The larvae in each tube were transferred
using a #5 1.6-cm camel hair paint brush (Charles
Leonard, Glendale, NY) to a 13 cm diameter filter paper
disc and air dried at room temperature for 10 min. The
larvae from each treatment replicate were placed in a
packet constructed by folding filter paper (#1 Whatman,
GE Healthcare, Little Chalfont, Buckinghamshire,
England) into 8 cm x 8 cm packets with the sides folded
so that each of the folded sides was closed tightly with
a No. 3 Bulldog clip (Hunt Manufacturing, Statesville,
NC). The packets were stored in an environmental
chamber at 28°C and 80-90% RH for 24 h. Numbers
of living and dead tick larvae were counted. Ticks were
considered to be dead if they were unable to move on
their own, even after prodding with a needle.

Fumigant Toxicity

About 10>1 month old 4. americanum larvae
were placed in 6 cm dia x 1.5 cm deep Kimax glass
dishes (Kimble Chase, Vineland, NJ) with well-fitting
lids. Nondiluted, and 87.5, 75, and 62.5% aqueous
dilutions of Neemix (4.5, 3.94, 3.38, and 2.81% a.i.,
respectively), and, in a separate bioassay, a 16.7%
(1% a.i.) aqueous dilution of AzaSol and deionized
water were used as the controls. 1 mL of each
treatment solution and the control was soaked into a
1 mL ball of cotton at the bottom of a 1.5 mL plastic
micro test tube (Bio-Rad Laboratories, Hercules, CA)
with a 3 mm diam hole punched in the closed lid. One
micro test tube was placed inside each glass dish, and
each treatment was replicated five times. Dead larvae
were counted at 30 min, and 1, 2, 3, and 4 h. The same



4 Biopesticides International

bioassay was used to assess toxicity of volatiles against
engorged adults.

Growth Regulatory Effects

A. americanum larvae used in this bioassay were
used after they had fed on a cow host and dropped
off for 1-5 days. Aqueous formulated Neemix
dilutions of 3.125, 6.25, 12.5, and 25%, and AzaSol
dilutions of 0.3, 0.612, 1.25, and 2.5% were used
with a deionized water-only control in this assay.
The dilutions were each anticipated to be marginally
or completely sublethal because they were based on
results from the contact toxicity bioassay. Larval A.
americanum was immersed in each dilution in groups
of 25 per dilution in the same way as described for the
contact toxicity bioassays. After placing the larvae on
filter paper for 10 min to dry, the groups of larvae
were transferred to a 50 ml vial until they molted.
Dead ticks were counted 20 days later (before molting
began), and dead ticks were counted again 37 days
later (after molting was complete). Each treatment
was replicated six times.

Deterrent Effects

Aqueous formulated Neemix dilutions of 50, 45.8,
41.6, 37.4, 33.2, 29, 25, and 21% (2.25, 2.06, 1.87,
1.68, 1.49, 1.3, 1.12, and 0.94% a.i., respectively),
and, in a separate bioassay, a 16.7% aqueous solution
of formulated AzaSol (1% a.i.), and deionized water
controls, were applied to 30 cm long, 2 cm wide
filter paper strips in a 1 cm wide band across the strip
(10 cm from one end). The upper and lower edges of
the “barrier” were marked lightly with a pencil. The
treatment “barrier” was air dried for 5 min, and each
strip of paper was suspended from the top crossbar
of a simple wooden frame 35 cm high such that the
treatment “barrier” was 10 cm from the crossbar.

In the Neemix bioassay, 10-17 larvae were released
2 cm from the bottom of each paper strip, and 10-16
larvac were released on each strip in the AzaSol
bioassay. Ixodid ticks are negatively geotropic, crawling
upward on vertical surfaces (Kroeger et al, 2013;
Romaschenko et al., 2013). At 1, 10, and 30 min, the
numbers of larvae that crossed the treatment “barrier”
were counted. The strips were exchanged for new ones
between each of six replications.

Effects on Fecundity and Egg Hatchability

Replete F24 colony-reared adult females were
collected from their bovine host over 3 days. All of the
females were weighed, and those that were between
0.45 and 0.75 g were set aside for use in the experiment.
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Of 221 ticks collected, 44.8% were within this weight
range.

Dionized water was used to dilute the two neem
products. Neemix was diluted to make sublethal
concentrations (based on results of the contact lethality
bioassay) of 25, 12.5, and 6.25%, and AzaSol was diluted
to 3, 1.5,and 0.75%. Ticks were immersed in the same way
as in the contact lethality bioassay using enough solution
to completely submerge the adult ticks. The ticks were
placed on dry filter paper and each tick was gently blotted
with a Kimwipe (Kimberly-Clark, Neenah, WI) to remove
excess solution. Ticks were then placed in individual
30 mL shell vials which were kept in an environmental
chamber at 22°C, 94% RH, and 12:12 (L:D) photoperiod.
After 30 days, the females were removed from the glass
vials which by that time contained 1-2 egg masses each.
The vials had been weighed before use, and the weight of
the empty vial was subtracted from the weight of the vial
containing eggs to obtain egg mass weights. The vials
were placed back into the environmental chamber for
7 weeks; then, two persons made percentage egg hatch
estimates for each vial, and the two estimates were used
to get an average percentage egg hatch. Each treatment
was replicated 30 times.

Statistical Analyses

Treatment differences for the contact toxicity data
and the fecundity and egg hatchability data were
detected using a one-way ANOVA, and means were
separated using Tukey’s honestly significant difference
(HSD) (Analytical Software, 2008). Fumigant toxicity
and deterrence were analyzed using repeated measures
to detect differences associated with treatments and
with time and to detect treatment X time interaction.
The fumigant toxicity and deterrency datasets were also
analyzed using one-way ANOVA to detect differences
between specific treatments at each sampling time,
and Tukey’s HSD was used to separate means.
Percentage data were expressed as ratios before arcsine
square root transforming data for statistical tests,
but nontransformed (percentage) data are presented.
Because normality and homogeneity of variance
assumptions were not violated, data were not log(x+1)-
transformed. Percentage data were arcsine square root
transformed before analysis.

RESULTS

Neem Products

Neemix was found to contain
953.8 pg/mL of nimbolide, 2703.2 pg/mL of
nimbin, and 26314.9 pg/mL of salannin. AzaSol had
9.3 ug/mL of nimbolide, 28.4 pg/mL of nimbin, and
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205.9 pg/mL of salannin; hence, Neemix had 102.6-,
95.2-, and 158-fold more nimbolide, nimbin, and
salannin, respectively, than AzaSol.

Contact Toxicity

The lowest concentration of Neemix, 12.5%, did
not cause more mortality of larval A. americanum than
the control which failed to kill any (Fig. 1). The 25,
50, and 75% concentrations, and nondiluted Neemix,
however, killed 5-, 19.7-, 162.7-, and 212.7-fold more
larvae than the lowest concentration (F = 257.09, df =
5, 17, P < 0.0001), although the maximum mortality
was only =63% (Fig. 1). The lowest four concentrations
of AzaSol did not cause significantly more mortality
than the control (Fig. 2). The 2.75, 4.15, 8.3, 12.5,
and 16.7% concentrations induced 66.7-, 79.5-, 224-,
265-, and 332-fold greater mortality than the control
(F=158.86,df =9, 29, P<0.0001), but the maximum
mortality was only =66% (Fig. 2).

Fumigant Toxicity

Repeated measures analysis detected fumigant
treatment (F = 65.26, df =4, 124, P <0.0001) (Fig. 3a)
and time (F = 138.31, df =4, 124, P < 0.0001) effects
on larval A. americanum. In terms of the treatment
effects, each consecutively greater concentration
caused more mortality (P < 0.05) than the next lower
concentration; the 67.5, 75, 87.5%, and nondiluted
Neemix concentrations resulted in 4.7-, 7.3-, 15.7-, and
22.3-fold greater mortality than the control (Fig. 3a).
Larval mortality increased at each time of observation
until 3 h, but mortality at 4 h did not differ from 3 h.

Volatiles from nondiluted Neemix caused complete
mortality among larval 4. americanum by 3 h, and
the mortality observed in the 87.5% concentration
treatment was not statistically different from 100% by
2 h (Fig. 3b). By 3 h, the nondiluted Neemix had killed
all of the larvae (Fig. 3b). In the lower concentration
treatments and the control, 57.1 to 94%, and 51 to 92%
less mortality was observed by 3 and 4 h, respectively,
than in the two high concentrations (F' = 47.62, df =24,
124, P < 0.0001) (Fig. 3b). Mortality in the control, in
the 67.5 and 87.5% concentrations, did not rise above
8, 30, and 48%, respectively, during the 4-h experiment
(Fig. 3a).

When Neemix volatiles were used for killing
adult A. americanum, repeated measures analysis
detected treatment (F = 97.23, df = 4, 99, P < 0.0001)
(Fig. 4a) and time (F = 77.39, df = 4, 99, P < 0.0001)
effects. In terms of treatment effects, the two highest
concentrations caused >81% more mortality than the
two lower concentrations and the control (Fig. 4a).
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Fig. 1. Mean % standard error percentages of
Amblyomma americanum larval mortality after 10 min
immersion in five Neemix concentrations, 78-172
larvae/replicate (one-way ANOVA, Tukey’s honestly
significant difference, P < 0.05).
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Fig. 2. Mean + standard error percentages of
Amblyomma americanum larval mortality after 10 min
immersion in nine AzaSol concentrations, 78-172
larvae/replicate (one-way ANOVA, Tukey’s honestly
significant difference, P < 0.05).

Overall mortality was relatively low during the first
hour, increasing 9-fold by 2 h, and by 11.8-fold by
3 h, leveling off thereafter at =4.8%. A treatment x
time interaction was detected (F = 18.40, df = 16, 99,
P <0.0001).

Volatiles from nondiluted Neemix killed all of the
adults by 2 h, and the mortality observed in 87.5%
concentration treatment was not statistically different
from the nondiluted concentration by 3 h (Fig. 4b).
In the lower concentration treatments and the control,
80-100%, and 75-100% less mortality was observed
by 3 and 4 h, respectively, than in the two high
concentration treatments (F = 63.59, df = 24, 124,
P < 0.0001) (Fig. 4b). Mortality in the control, in the
67.5 and 87.5% concentration treatments, did not rise
above 0, 25, and 15%, respectively, during the 4 h

experiment (Fig. 4b).



6 Biopesticides International

©
o

T

o
©
£
S
:
g 604 b
§ [
8
. 404
<
k: .
820' 1 d
) T
8.
§ e
0
s 100 875 75 675  Control
E Neemix concentrations (%)
() Neemix a a a
S 10 concentrations
© by formulation
g g | 10%
3 —O— 87.6%
s v 75%
2 610 676% b
g —i— Control
N! 4 bed
<
®
> 2
°
]
Z 0
0.5 1 2 3 4
E Hours

Fig. 3. Mean + standard error percentage mortality
of Amblyomma americanum larvae exposed to volatiles
from Neemix at four concentrations, 10 ticks/replicate.
(a) Repeated measures analysis; (b) one-way ANOVA
(Tukey’s honestly significant difference, P < 0.05).

No differences in larval or adult mortality were
detected between the greatest AzaSol concentration,
16.7%, and the control. Mortality never rose above 2%
in the AzaSol fumigant toxicity bioassay.

Growth Regulatory Effects

Whilethe 6.25,12.5,and 25% Neemix concentrations
caused 24.7-97.2% mortality before molting began,
none of the concentrations showed growth regulator
effects against larvae molting into nymphs. In the
AzaSol bioassay, no premolting mortality was observed
and growth regulator effects did not occur.

Deterrent Effects

Repeated measures analysis detected Neemix
treatment (F' = 77.64, df =8, 134, P <0.0001) (Fig. 5a)
and time (F = 20.30, df = 2, 134, P < 0.0001) effects
on A. americanum larvae. In terms of treatment effects,
the low, 21%, concentration was no more deterrent than
the control (Fig. 5a). The 25, 29, 33, 37.6, 41.6, 45.8,
and 50% concentrations deterred 27.9, 35.7, 65.5%,
56.8, 63.8, 74.3, and 86%, respectively (Fig. 5a). The
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Fig. 4. Mean + standard error percentage mortality
of Amblyomma americanum adults exposed to volatiles
from Neemix at four concentrations, 10 ticks/replicate.
(a) Repeated measures analysis; (b) one-way ANOVA
(Tukey’s honestly significant difference, P < 0.05).

numbers of A. americanum larvae that crossed the
treatment barrier increased by a relatively gradual
27.9% throughout the 30-min assay. A treatment X time
interaction was not detected.

Percentages of larvae that crossed the treatment
“barrier” mostly diminished with decreasing
concentrations (Fig. 5b) (F = 25.75, df = 26, 134,
P <0.0001). The fewest, 3.6 and 2%, were in the 45.8
and 50% Neemix concentration treatments, respectively
(Fig. 5b).

Repeated measures analysis and ANOVA did
not detect AzaSol treatment differences. Repeated
measures analysis detected a time effect (F = 16.60,
df=2,29, P=0.0001). A treatment x time interaction
was not detected.

Effects on Fecundity and Egg Hatchability

The sublethal concentrations used in this assay did
not affect egg mass weight or egg hatchability. The
pooled averages for egg mass weight and for percentage
egg hatch were 0.224 + 0.003 g and 93% + 6.4,
respectively.
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Amblyomma americanum larvae that crossed the
treatment “barrier” comprised eight different
concentrations at 1, 10, and 30 min, 10-17 larvae/
replicate. (a) Repeated measures analysis; (b) one-
way ANOVA (Tukey’s honestly significant difference,
P <0.05).

DISCUSSION

Neemix has a relatively weak and short (24 h)
feeding and oviposition deterrent effects against
boll weevil, Anthonomus grandis grandis Boheman,
on cotton squares (Showler et al., 2004), but the
product was not assessed for contact and volatiles
lethality, or sublethal effects. Used against the beet
armyworm, Spodoptera exigua (Hiibner), Neemix
showed relatively weak or moderate oviposition and
feeding deterrence, and weak or moderate ovicidal and
larvicidal efficacy (Greenberg et al., 2005). On the horn
fly, Haematobia irritans irritans L., Neemix exhibited
moderate adult knockdown capabilities, relatively low
repellency, moderate or strong adult mortality from
exposure to volatiles, no ovicidal activity, strong insect
growth regulatory effects, and sublethal effects on egg
production. AzaSol showed weak adult knockdown, no
repellency, strong insect growth regulatory effects, and
no sublethal effects (ATS, unpublished data).

Interms ofthe labeled active ingredient, azadirachtin,
the 12.5% and 25% Neemix concentrations contained
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0.56% and 1.125% azadirachtin, respectively, roughly
similar to AzaSol’s 8.3% and 16.7% concentrations
which contained 0.5 and 1% azadirachtin, respectively.
The lethal contact potency of the two commercial
products differed substantially with AzaSol producing
149.3- and 44.3-fold greater larval mortality,
respectively, than the corresponding Neemix
concentrations, suggesting that AzaSol might contain
lethal bioactive compounds aside from nimbolide,
nimbin, and salannin, which were found in substantially
greater concentrations in Neemix than in AzaSol. Neem
trees produce at least 35 bioactive compounds that
include salannin, salannol, salannolacetate, gedunin,
nimbin, nimbinen, nimbolide, dirachtin, and viselin
(Jones et al., 1989; Mulla and Su, 1999; Walter, 1999;
Jayaraj and Ignacimuthu, 2005; Babu et al., 2006). In
neem-based emulsifiable formulations, other limonoids
are often present in relatively low concentrations,
unlike neem kernel extract in which the other limonoids
are generally absent (Jayaraj and Ignacimuthu, 2005).
Further, there is more than one kind of azadirachtin
(azadirachtin A, azadirachtin B, and others) (Ramesh
and Balasubramanian, 1999), and azadirachtin has
more than one mode of action against arthropods (Kraus
et al., 1985; Schmutterer, 1990; Mordue and Blackwell,
1993; Khater, 2012).

Neemix contact lethality against Dermacentor
albipictus was greater when compared to 4. americanum
using the same concentration, and decreasing
concentrations of Neemix reduced larval D. albipictus
mortality gradually (ATS, unpublished data) while
efficacy against A. americanum dropped dramatically
at concentrations <75%. These observations suggest
that D. albipictus is more susceptible to Neemix than
A. americanum, and that A. americanum appears to
have a concentration threshold between 75 and 50%,
over which susceptibility to Neemix greatly increases.
AzaSol’s contact lethality against D. albipictus (ATS,
unpublished data) and 4. americanum were roughly
the same and abrupt changes in efficacy from one
concentration to the next did not occur to the extent
observed when Neemix was used against larval
A. americanum.

Although the maximum concentration of AzaSol,
16.7%, was fluid enough to include in the bioassay,
it was too viscous to apply as a spray. The 100%
concentration of Neemix was also too viscous to use
as a spray. Maximum spray able Neemix and AzaSol
concentrations in our study were the 75 and 12.5%
concentrations, respectively.

While azadirachtin can affect insects in different
ways (Schmutterer, 1990; Suman et al., 2013), its utility
is mostly as a growth regulator (Schluter et al., 1985;
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Prabhaker et al., 1986; Mordue et al., 1998; Showler
et al., 2004, Greenberg et al., 2005; Khater, 2012). On
A. americanum, however, relatively high concentrations
failed to inhibit molting from the larval stage to
the nymphal stage. Because of similarities between
responses of D. albipictus (ATS, unpublished data) and
A. americanum to each of the two neem-based products,
it is possible that the products and azadirachtin do not
affect other ixodid ticks in terms of growth regulation.
Hence, the occurrence of more than one bioactive
compound in the neem-based formulations and the
variety of effects on D. albipictus suggests that the
nonazadirachtin compounds exerted effects other than
growth regulation (ATS, unpublished data). Neemix and
AzaSol were deterrents and caused contact mortality
against larvae, at least some of which might have resulted
from bioactive compounds other than azadirachtin.
A number of bioactive insecticidal compounds, some
with insecticidal properties, have been detected in
some neem extracts, including salannin, salannol,
nimbinen, gedunin, and azadirachtin derivatives (Jones
et al., 1989; Walter, 1999; Koul et al., 2003, 2004). The
frequent presence of bioactive compounds in neem
extracts and oils is often suggested as an explanation
for observed ranges of activities caused by neem-based
products against insects (Redfern et al., 1981; Rice et al.,
1985; Schmutterer, 1990; Showler et al., 2004, 2017;
Greenberg et al., 2005; Hasan and Ansari, 2011). In the
instances of nimbolide, nimbin, and salannin, detected
in relatively large quantities in Neemix (in contrast to
substantially smaller quantities in AzaSol), nimbolide
is cytotoxic; salannin can deter feeding, delay molting,
and kill larvae and pupae; nimbin is an antifeedant
(Cohen et al., 1996; Govindachari et al., 1996), but
their ranges of bioactivity and efficacies against pest
species have not yet been fully explored. Neem seed can
contain varying amounts of nimbin and salannin from
18.2 to 636.8 mg/kg, and from 45.4 to 1830.3 mg/kg,
respectively. Amounts of such bioactive compounds
can vary as a result of genetic influence and from
environmental factors (Sidhu ez al., 2004). The negligible
mortality associated with AzaSol volatiles in contrast
with the lethal effects of Neemix volatiles indicates that
nimbolide, nimbin, salannin, or another nonazadirachtin
bioactive compound (with greater volatility, perhaps,
than typical limonoids), or a combination of them,
had a lethal respiratory effect. Although limonoids are
not particularly volatile, neem seed oil volatiles were
reported to kill pulse beetle, Callosobruchus maculatus
F., eggs, larvae, and adults (Reddy and Singh, 1998).
The same concentrations showed that Neemix and
AzaSol volatiles affected D. albipictus larvae (ATS,
unpublished data) about the same as we observed for
A. americanum, including the two higher concentrations

Vol. 13, no. 1

having substantially greater potency than the lower
concentrations. While the formulations we tested were
not highly effective against 4. americanum, enhanced
potency against A. americanum, and possibly other tick
species, might be obtained by purifying and applying
bioactive compounds singly or in selected combinations.

Extracts of azadirachtin-containing plants such as
chinaberry, Melia azedarach L., have sublethal effects
on aspects of southern cattle fever tick, Rhipicephalus
(Boophilus) microplus (Canestrini), reproduction
(De Sousa et al., 2014), but the concentrations and
immersion times we used for Neemix and AzaSol failed
to affect reproduction of A. americanum. Sublethal
concentrations of Neemix and AzaSol also did not
affect D. albipictus egg laying and hatching (AS,
unpublished data).

Only moderate larval contact mortality against
A. americanum larvae was achieved by Neemix even
when the undiluted formulation was used; hence, the
product appears to be of little use as a control tactic.
Similarly, AzaSol used at the highest possible aqueous
concentration, 16.6%, has moderate killing power
against A. americanum larvae. Although at the highest
concentrations of Neemix, volatiles were effective at
killing A. americanum larvae and adults within hours,
it is difficult to conceive of a way in which Neemix
volatiles could be used for protection of humans
and animals. However, the fact that ixodid ticks are
relatively hardy and robust arthropods (particularly
the adults), and 4. americanum is susceptible suggests
that Neemix contains volatile compounds that might be
useful in terms of fumigant activity against insects in
enclosed spaces.

Because Neemix, particularly at the highest
concentrations, deterred 4. americanum and AzaSol
was not deterrent, azadirachtin likely played no role.
We could not ascribe the relatively strong deterrent
activity observed when the 50 and 45.8% Neemix
concentrations were used to specific bioactive
compounds. While limonoids are not particularly
volatile, limited volatility might have been involved in
the observed deterrence but it seems more likely that
other, more highly volatile, components of Neemix that
we did not detect were responsible.

While Neemix and AzaSol might not be practical
and sufficiently efficacious in their present formulations
for control of A. americanum, we did find attributes,
particularly regarding the lethality of Neemix volatiles,
that should be pursued as a fumigant for controlling
pests in enclosed spaces, such as storage containers.
Our study demonstrated that neem-based commercial
products can have multiple effects against ticks,
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and that different neem-based products can contain
substantially different concentrations of a variety of
bioactive limonoids that are not indicated on the label.
The presence and abundances of those limonoids might
confer a variety of modes of action to neem-based
products. Although azadirachtin has received much
attention for being an insect growth regulator, other
modes of action by azadirachtin and other bioactive
compounds (e.g. nimbolide, nimbin, and salannin)
should be explored for pest management applications.

Our study showed that AzaSol is less active
against larval A. americanum than Neemix, but even
Neemix did not have appreciable effects unless it was
used at relatively high concentrations (e.g., >35% for
substantial fumigant effects). Observed responses of
the larvae, however, indicate that Neemix, in particular,
has biological activity that might be useful for tick
control. The diversity of bioactive compounds that
are found in neem extracts and in Neemix (compared
to AzaSol) suggests that heightened efficacy might be
attainable by isolating bioactive ingredients of Neemix,
none of which, excluding azadirachtin, are identified on
the commercial label. Isolation and testing of bioactive
components in Neemix is a useful next step in assessing
natural organic chemicals that, in more pure and
concentrated formulations than those found in Neemix,
have strong pest control properties at relatively low
concentrations.

In terms of practical applications for the neem-
based commercial products used in this study effective
protection against A. americanum is possible. Control
on large wild ungulates presents a challenge (ATS,
unpublished data) but there is at least one method for
applying acaricides to white-tailed deer (Pound et
al., 2000). Because tick control is important in areas
frequented by the public and in environmentally
protected areas such as wildlife refuges that can harbor
hosts of disease-vectoring tick species to wild host
animals, livestock on adjacent rangeland, and humans,
application of botanically-based (organic) compounds
such as those that occur in Neemix (and possibly other
neem-based commercial products) using devices such
as the four-poster applicator (Pound et al. 2000) might
become a viable management tactic. Further research
on the bioactive constituents of commercial neem-
based pesticides might yield important information
about bioactive compounds that have previously not
been assessed for use against ticks.

Acknowledgements. We thank Jessica Harlien,
Wayne Ryan, Elizabeth Gomez, Margarita Barco, Elias
Showler, Lizbet del Torres, Alyssa Poore, and Alyssa
May for technical assistance. Mass spectrophotometry

Showler et al.: Neem products and lone star tick 9

analyses were conducted in the UTHSCSA Institutional
Mass Spectrometry Laboratory, supported in part by
UTHSCSA and NIH grants 7P30CA54174-14 and
IS100D016417-01 to Susan Weintraub. The expert
technical assistance of Sammy Pardo is gratefully
acknowledged for the mass spectrophotometry.

REFERENCES

Allan, B.F., Dutra, H.P.,, Goessling, L.S., Barnett, K.,
Chase, J.M., Marquis, R.J., Peng, G., Storch, G.A.,
Thach, R.E. and Orrock, J.L. (2010) Invasive
honeysuckle eradication reduces tick-borne disease
risk by alternating host dynamics. PANS, 107,
18523-18527.

Analytical Software. (2008) Statistix for Windows.
Analytical Software, Tallahassee, FL.

Ascher, K.R.S. (1993) Nonconventional insecticidal
effects of pesticides available from the neem tree,
Azadirachta indica. Arch. Insect Biochem. Physiol.,
22, 433-449.

Babu, V.S., Narasimhan, S. and Nair, G.M. (2006)
Bioproduction of azadirachtin - A, Nimbin and
salannin in callus and cell suspension cultures of
neem (Azadirachta indica A. Juss.). Curr. Sci., 91,
22-23.

Benelli, G.R., Pavela, R., Canale, A. and Mehlhorn, H.
(2016) Tick repellents and acaricides of botanical
origin: A green roadmap to control tick-borne
diseases? Parasitol. Res., 115, 2445-2460.

Bishopp, F.C. and Trembley, H.L. (1945) Distribution and
hosts of certain North American ticks. .J. Parasitol.,
31, 1-54.

Bloemer, S.R.,, Mount, G.A., Morris, T.A.,
Zimmerman, R.H., Barnard, D.R. and Snoddy, E.L.
(1990) Management of lone star ticks (Acari:
Ixodidae) in recreational areas with acaricide
applications, vegetative management, and exclusion
of white-tailed deer. J. Med. Entomol., 27, 543-550.

Broglio-Micheletti, S.M.F., Valente, E.C.N., de Souza
L.A., Dias, N.S. and de Araujo, A.M.N. (2009)
Extratos de plantas no controle de Rhipicephalus
(Boophilus) microplus (Canestrini, 1887) (Acari:
Ixodidae) em laboratorio. Rev. Bras. Parasitol. Vet.
Jaboticabal, 18, 44-48.

Childs, J.E. and Paddock, C.D. (2003) The ascendency of
Amblyomma americanum as a vector of pathogens
affecting humans in the United States. Annu. Rev.
Entomol., 48, 307-337.

Cloyd, R.A., Galle, C.L., Keith, S.R., Kalscheur, N.A. and
Kemp, K.E. (2009) Effect of commercially available
plant-derived essential oil products on arthropod
pests. J. Econ. Entomol., 102, 1567-1579.



10 Biopesticides International

Cohen, E., Quistad, G.B., Jeffries, P.R. and Casida, J.E.
(1996) Nimbolide is the principal cytotoxic
component of neem-seed insecticide preparations.
Pestic. Sci., 48, 135-140.

Cooley, R.A. and Kohls, G.M. (1944) The genus
Amblyomma (Ixodidae) in the United States. J.
Parasitol., 30, 77-111.

De Sousa, L.A.D., DaCosta, D.P., Ferri, PH. and
Showler, A.T. (2014) Soil quality influences efficacy
of chinaberry, Melia azedarach L., Fruit extracts
against Southern cattle fever tick, Rhipicephalus
microplus (Canestrini). Ann. Entomol. Soc. Am., 107,
727-740.

Denardi, S.E., Bechara, G.H., Oliveira, P.R. and Camargo-
Mathias, M.I. (2010) Azadirachta indica A. Juss
(neem) induced morphological changes on oocytes
of Rhipicephalus sanguineus (Latreille, 1806)
(Acari: Ixodidae) tick females. Exp. Parasitol., 126,
462-470.

Denardi, S.E., Bechara, G.H., Oliveira. P.R. and Camargo-
Mathias, M.I. (2011) Inhibitory action of neem
aqueous extract (Azadirachta indica A. Juss) on the
vitellogenesis of Rhipicephalus sanguineus (Latreille,
1806) (Acari: Ixodidae) ticks. Microsc. Res. Tech.,
74, 889-899.

Denardi, S.E., Bechara, G.H., Oliveira, P.R. and Camargo-
Mathias, M.I. (2012) Ultrastructural analysis of
the oocytes of female Rhipicephalus sanguineus
(Latreille, 1806) (Acari: Ixodidae) ticks subjected
to the action of Azadirachta indica A. Juss (neem).
Ultrastruct. Pathol., 36, 56-67.

Feng, R. and Isman, M.B. (1995) Selection for resistance
to azadirchtin in the green peach aphid, Myzus
persicae. Experientia, 51, 831-833.

Flor-Weiler, L.B., Behle, R.W. and Stafford, K.C. (2011)
Susceptibility of four tick species, Amblyomma
americanum, Dermacentor variabilis, Ixodes
scapularis, and Rhipicephalus sanguineus (Acari:
Ixodidae), to nootkatone from essential oil of
grapefruit. J. Med. Entomol., 48, 322-326.

Govindachari, T.R., Narasimhan, N.S., Suresh, G.,
Partho, P.D. and Gopalakrishnan, G. (1996) Insect
antifeedant and growth-regulating activities of
salannin and other c-seco limonoids from neem
oil in relation to azadirachtin. J. Chem. Ecol., 22,
1453-1461.

Greenberg, S.M., Showler, A.T. and Liu, T.X. (2005)
Effects of neem-based insecticides on beet armyworm
(Lepidoptera: Noctuidae). Insect Sci., 12, 17-23.

Handule, I.M., Ketavan, C. and Gebre, S. (2002) Toxic
effect of Ethiopian neem oil on larvae of cattle tick,
Rhipicephalus pulcheullus gerstacker. Kasetsart J.,
36, 18-22.

Vol. 13, no. 1

Hasan, F. and Ansari, M.S. (2011) Toxic effects of neem-
baed insecticides on Pieris brassicae (Linn.). Crop
Prot., 30, 502-507.

Haseeb, M., Liu, T.X. and Jones, W.A. (2004) Effects
of selected insecticides on Cotesia plutellae
endoparasitoid of Plutella xylostella. Biocontrol, 49,
33-46.

Holderman, C.J. and Kaufman, P.E. (2014) Lone Star
Tick Amblyomma americanum (Linnaeus) (Acari:
Ixodidae). EENY580, Entomology Nematology
Department  UF/IFAS  Extension, Gainesville,
Florida, USA.

Isman, M.B. (1999) Pesticides based on plant essential
oils. Pestic. Outlook, 10, 68—72.

James, M.T. and Harwood, R.F. (1969) Herms’ Medical
Entomology. 6™ ed. The McMillan Co., New York,
New York, USA.

Jayaraj, S. and Ignacimuthu, S. (2005) Botanical pesticides
for sustainable crop protection. In: Jayaraj, S. and
Ignacimuthu, S., editors. Sustainable Insect Pest
management, Narosa Publishing House, New Delhi,
India, pp. 161-175.

Jones, P.S., Ley, S.V., Morgen, E.E. and Santafianos, D.
(1989) The chemistry of the neem tree. In:
Jacobson, M., editor. Focus on Phytochemical
Pesticides. CRC Press, Boca Raton, Florida, USA,
pp. 19-45.

Khater, H.F. (2012) Prospects of botanical biopesticides
in insect pest management. J. Appl. Pharm. Sci., 2,
244-259.

Klatke, G.M., Sabatini, G.A., de Albuquerque, T.A.,
Martins, J.R., Kemp, D.H., Miller, R.J. and
Schumaker, T.T.S. (2006) Larval immersion tests
with ivermectin in populations of the cattle tick,
Rhipicephalus ~ (Boophilus) — microplus  (Acari:
Ixodidae) from state of Sao Paulo, Brazil. Vet
Parasitol., 142, 386-390.

Kollars, T.M. (1993) Ticks (Acari: Ixodidae) infesting
medium-sized wild mammals in southwestern
Tennessee. J. Med. Entomol., 30, 896-900.

Kollars, T.M., Oliver, J.H., Durden, L.A. and Kollars, P.G.
(2000) Host associations and seasonal activity
of Amblyomma americanum (Acari: Ixodidae) in
Missouri. J. Parasitol., 86, 1156—1159.

Koul, O. (2005) Insect Antifeedants.
BocaRaton, FL, USA.

CRC Press,

Koul, O. (2016) Naturally Occurring Insecticidal Toxins.
CABI, Wallingford, UK.

Koul, O., Multani, J.S., Singh, G., Daniewski, W.M. and
Berlozecki, S. (2003) 6p-hydroxygedunin from
Azadirachta indica, its potentiation effects with
some non-azadirachtin limonoids in neem against



2017

lepidopteran larvae. J. Agric. Food Chem., 51,
2937-2942.

Koul, O., Multani, J.S., Goomber, S., Daniewski, W.M.
and Berlozecki, S. (2004) Activity of some non-
azadirachtin limonoids from Azadirachta indica
against lepidopteran larvae. Aust. J. Entomol., 43,
189-195.

Kraus, W., Bokel, M., Klenk, A. and Pohl, H. (1985)
The structure of azadirachtin and 22, 23-dihydro-
23B-methoxyazadirachtin. Tetrahedron Lett., 26,
6435-6438.

Kroeger, T., Bourquin, M. and Guerin, P. (2013) A
standardized in vivo and in vitro test method for
evaluating tick repellents. Pestic. Biochem. Physiol.,
107, 160-168.

Landau, S.Y., Provenza, F.D., Gardner, D.R., Pfister, J.A.,
Knoppel, E.L., Peterson, C., Kababya, D., Needham,
G.R. and Villalba, J.J. (2009) Neem-tree (4zadirachta
indica Juss.) Extract as a feed additive against the
American dog tick (Dermacentor variabilis) in sheep
(Ovis aries). Vet. Parasitol., 165, 311-317.

Masters, E.J., Grigery, C.N. and Masters, R.W. (2008)
STARI or masters disease: Lone star tick-vectored
Lyme-like illness. Infect. Dis. Clin. N. Am., 22,
361-376.

Mordue, A.J. and Blackwell, A. (1993) Azadirachtin: An
update. J. Insect Physiol., 39, 903-924.

Mordue, J.A., Simmonds, M.S.J., Ley, S.V., Blaney, W.M.,
Mordue, W., Nasiruddin, M. and Nisbet, A.J. (1998)
Actions of azadirachtin, a plant allelochemical,
against insects. Pestic. Sci., 54, 277-284.

Mulla, M.S. and Su, T. (1999) Activity and biological
effects on neem products against arthropods of
medical and veterinary importance. J. Am. Mosq.
Control Assoc., 15, 133-152.

Patrick, C.D. and Hair, J.A. (1979) Ovisposition behavior
and larval longevity of the lone star tick, Amblyomma
americanum (Acarina: Ixodidae), in different habitats.
Ann. Entomol. Soc. Am., 72, 308-312.

Pound, J.M., Miller, J.A. and George, J.E. (2000) Efficacy
of amitraz applied to white-tailed deer by the
‘4-poster’ topical treatment device in controlling
free-living lone star ticks (Acari: Ixodidae). J. Med.
Entomol., 37, 878-884.

Prabhaker, N., Coudriet, D.L., Kishaba, A.N. and
Meyerdirk, D.E. (1986) Laboratory evaluation of
neem-seed extract against larvae of the cabbage
looper and beet armyworm (Lepidoptera: Noctuidae).
J. Econ. Entomol., 79,39-41.

Ramesh, A. and Balasubramanian, M. (1999) Rapid
preconcentration method for the determination of
azadirachtin-A and -B, Nimbin and salannin in neem

Showler et al.: Neem products and lone star tick 11

oil samples by using graphitised carbon solid phase
extraction. Analyst, 124, 19-21.

Reddy, A.V. and Singh, R.P. (1998) Toxicity of neem
(Azadirachta indica A. Juss.) Seed oil volatiles
against pulse beetle, Callosobruchus maculatus Fab.
(Col., Bruchidae). J. Appl. Entomol., 122, 607-611.

Redfern, R.E., Warthen, J.D., Uebel, E.C. and Mills, G.D.
(1981) The antifeedant and growth-disrupting effects
of azadirachtin on Spodoptera frugiperda and
Oncopeltus fasciatus. In: Schmutterer, H., Ascher,
K.R.S. and Rembold, H., editors. Natural Pesticides
from the Neem Tree, Azadirachta indica. German
Agency for Technical Cooperation (GTZ), Eschborn,
Germany, pp. 129-136.

Rice, M.J., Sexton, S. and Esmail, A.M. (1985) Antifeedant
physiochemical blocks oviposition by sheep blowfly.
J. Aust. Entomol. Soc., 24, 16.

Romaschenko, A.V., Shnaider, E.P., Petrovskii, D.V.
and Moshkin, M.P. (2013) Conjugated variability
of spontaneous activity and behavioral response to
olfactory stimuli in the taiga tick (Ixodes persulcatus).
Biol. Bull., 40, 471-478.

Schluter, W., Bidmon, H.J. and Grewe, S. (1985)
Azadirachtin affects growth and endocrine events in
larvae of the tobacco hornworm, Manduca sexta. J.
Insect Physiol., 31, 773-777.

Schmutterer, H. (1990) Properties and potential of natural
pesticides from the neem tree, Azadirachta indica.
Annu. Rev. Entomol., 35, 271-297.

Schmutterer, H. (1995) The Neem Tree, Azadirachta
indica A. Juss., and Other Meliaceous Plants:
Sources of Unique Natural Products for Integrated
Pest Management, Medicine, Industry and Other
Purposes. VCH Publishers, Weinheim, Germany.

Semtner, P.J. and Hair, J.A. (1973) The ecology and
behavior of the lone star tick (Acarina: Ixodidae). J.
Med. Entomol., 10, 618—628.

Showler, A.T., Greenberg, S.M. and Arnason, J.T. (2004)
Deterrent effects of four neem-based formulations
on gravid female boll weevil (Coleoptera:
Curculiondiae) feeding and oviposition on cotton
squares. J. Econ. Entomol., 97, 414-421.

Sidhu, O.P., Kumar, V. and Behl, H.M. (2004) Variability
in triterpenoids (Nimbin and salannin) composition
of neem among different provenances of India. /nd.
Crops Prod., 19, 69-75.

Solberg, V.B., Miller, J.A., Hadfield, T., Burge, R.,
Schlech, J.M. and Pound, J.M. (2003) Control of
Ixodes scapularis (Acari: Ixodidae) with topical
self-application of permethrin by white-tailed deer

inhabiting NASA, Beltsville, Maryland. J. Vector
Ecol., 28, 117-134.



12 Biopesticides International Vol. 13, no. 1

Suman, D.S., Wang, Y., Bilgrami, A.L. and Gaugler, R. standardized laboratory conditions. J. Med. Entomol.,
(2013) Ovicidal activity of three insect growth regulators 44, 732-740.
against Aedes and Culex mosquitoes. Acta Trop., 128,
103-109. Walter, J.F. (1999) Commercial experience with neem
products. In: Hall, FR. and Menn, J.J., editors.
Troughton, D.R. and Levin, M.L. (2007) Life cycles of Methods in Biotechnology, 5: Biopesticides. Humana
seven ixodid tick species (Acari: Ixodidae) under Press, Totowa, New Jersey, pp. 155-170.

Accepted: 6 May 2017



