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Abstract

Horn flies, Haematobia irritans irritans (L.), and stable flies, Stomoxys calcitrans (L.) (Diptera: Muscidae), are
economically important blood-feeding ectoparasites of wild and domesticated animals, including cattle, Bos
taurus L. Conventional insecticides are used for control of biting flies on cattle, but safety concerns and the
buildup of insecticide resistance indicate the need for alternative control tactics. Many botanical extracts and
oils are composed of more than one bioactive compound that can exert different modes of action, delaying or
averting resistance. Plant genera that have shown repellency and toxicity against horn flies and stable flies in-
clude Allium, Azadirachta, Chrysanthemum, Cinnamomum, Cymbopogon, Derris, Eucalyptus, Festuca,
Melaleuca, Melinus, Mentha, Nepeta, Nicotiana, Pelargonium, Pogostemon, Ricinus, Rosa, Syzygium, Vitex,
and Zyloxanthum. Other botanically based methods for biting fly control have been investigated, such as the
use of fatty acids, soybean trypsin inhibitors, and fungal endophytes on forage grasses. Many of the plant-
based control methods have been shown to have strong effects against the two biting fly species, but work has
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only just begun on identifying and, in particular, developing botanically based tactics.
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The Biting Flies

Biting dipterans of the family Muscidae are chiefly known as irri-
tants and occasionally as vectors of diseases of cattle, Bos taurus L.,
and other livestock animals. Two of the most widespread and argu-
ably economically important of such ectoparasites are the horn fly,
Haematobia irritans irritans (L.), and the stable fly, Stomoxys calci-
trans (L.) (James and Harwood 1969, Showler et al. 2014, Showler
and Osbrink 2015).

Horn Fly

Haematobia irritans is established throughout much of the Northern
Hemisphere, including Europe, North Africa, and Asia Minor
(Showler et al. 2014). In the Western Hemisphere, its range extends
from southern Canada to temperate parts of Argentina and Uruguay
(Depner 1961, Carballo and Martinez 1991, Luzuriaga et al. 1991,
Foil and Hogsette 1994). An obligate blood-feeder (Cupp et al.
1998), the pest is hosted almost exclusively by cattle, although it can
also parasitize horses, Equus caballus L.; water buffalo, Bubalus
bubalis (L.); sheep, Ovis aries L.; goats, and some nondomesticated
mammals (Foil and Hogsette 1994, Quiroz 2005, Showler et al.
2014).

Published by Oxford University Press on behalf of Entomological Society of America 2017.
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Adult horn flies are ~4 mm long, brown-gray with a greenish-
yellow sheen, and four dorsal longitudinal thoracic stripes; the out-
ermost two stripes are broken, and the abdomen is blotchy or
checkered (James and Harwood 1969). The wings have an irides-
cent sheen and the mouthparts extend from the anterior of the
head, allowing the insect to pierce through the skin. The fly rarely
leaves its host, mostly settling on the back, sides, neck, and some-
times the head (Foil and Hogsette 1994, Hawkins 2001). Each fly
typically feeds 20-38 times each day (Foil and Hogsette 1994,
Cupp et al. 1998, Hawkins 2001), and a bloodmeal is necessary
for the initiation of mating and egg production (Foil and Hogsette
1994). Adults start mating 3-5 d after emerging from the pupal
stage, and oviposition usually begins in 3-8 d (Lysyk 1992, Foil
and Hogsette 1994). Eggs are mostly deposited in fresh dung, and
the female returns to the host within 1min (Foil and Hogsette
1994). A single female can produce up to 400 eggs deposited in
clusters of 20-25 eggs and the larvae reside within the dung
(Hawkins 2001). Development from egg to pupa requires 4-8 d de-
pending upon temperature (Lysyk and Schaalje 1992), and as
many as 14 generations are completed per year in warm regions
(Hawkins 2001, Showler et al. 2014).
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The horn fly is problematic because its repeated daily feeding
habit stresses livestock, often resulting in reduced body weight gain
in beef cattle (Kinzer et al. 1984, Williams et al. 1985). In areas
where the pest is particularly abundant, individual cows can be in-
fested by as many as 1,000-4,000 flies (James and Harwood 1969).
Under heavy horn fly pressure, cows lose nearly 0.25 kg daily (James
and Harwood 1969) and milk production by dairy cows can decline
by up to 20% (Williams et al. 1985, Metcalf and Metcalf 1993). In
North America, horn fly infestations are responsible for economic
losses of ~US$1 billion annually, including costs for insecticides and
their application (Foil and Hogsette 1994, Cupp et al. 1998,
Hawkins 2001, DeRouen et al. 2010). Although horn flies are not
considered to be important disease vectors, they are the intermediate
host for Stephanofilaria stilesi Chitwood, a filarial nematode that
causes skin lesions on cattle (Foil and Hogsette 1994).

Stable Fly

Stomoxys calcitrans is widely distributed in the Old World and the
Western Hemisphere (Foil and Hogsette 1994, Showler et al. 2014).
This pest is 4-7mm long, generally gray with a greenish-yellow
sheen and four black stripes on the thorax, the outer two of which
are broken, and black blotches or checkering on the abdomen (Todd
1964, James and Harwood 1969, Foil and Hogsette 1994). The
clear wings are iridescent, and the proboscis is slender, projecting in
front of the head to facilitate puncturing skin (Todd 1964, James
and Harwood 1969).

Eggs are mostly deposited in clusters, each composed of 20-100
eggs, inside ovipositional substrates which contain decaying vegeta-
tion, excluding dung unless it is mixed with, or dropped on, vegeta-
tion (Foil and Hogsette 1994). Substrate must be moist and
fermentation is favorable to larval development (Todd 1964).
Common substrates include decaying hay, alfalfa, silage, sugarcane,
beached seaweed, lawn cuttings, compost, piles of waste vegetables
(Simmons 1944, Todd 1964, Skoda and Thomas 1993, Foil and
Hogsette 1994, Broce et al. 2005, Gilles et al. 2008), and cattle ma-
nure on mid-western United States feedlots where summer heat re-
sults in a dry surface crust, sealing moisture within and creating an
insulated habitat (Skoda and Thomas 1993, Foil and Hogsette
1994). Females lay eggs 4-5 times (up to 20 times has been re-
ported), producing 60-800 eggs per female during a lifetime (James
and Harwood 1969, Foil and Hogsette 1994). Larvae burrow into
the substrate to feed and third instars enter the drier parts of their
habitat and pupate there (James and Harwood 1969, Foil and
Hogsette 1994). Most pupae produce an adult in 5-26 d (21-26° C;
James and Harwood 1969). Mating begins in 3-5 d and females
start laying eggs in 5-8 d (Foil and Hogsette 1994). Adult longevity
is <2 wk under field conditions (Killough and McKinstry 1965).

Stable flies attack a wider range of animals than horn flies, in-
cluding dogs, Canis lupus familiaris L.; rats, Rattus rattus (L.);
guinea pigs, Cavia porcellus (L.); rabbits, Oryctolagus cuniculus
(L.); monkeys; cattle; horses; humans; camels, Camelus dromedarius
L.; goats, Capra aegagrus hircus L.; and even pelicans, Pelecanus sp.
(Ngeranwa and Kilalo 1994, Hale 2011, Showler et al. 2014). On
biting, the pest engorges in 3—4 min, which is sometimes interrupted
when the fly changes position and then resumes feeding, often flying
from one animal in a herd to another (James and Harwood 1969,
Foil and Hogsette 1994). Stable flies feed mostly on the host’s lower
front legs where shorter hairs provide relatively little protection and
where the pest is unlikely to be dislodged by motions of the host’s
tail (Foil and Hogsette 1994). Biting leads to some blood loss and in-
flicts pain and, combined with associated stress, this leads to

reduced weight gain and lactation (Bishopp 1939; Freeborn et al.
1925; Campbell et al. 1987, 2001). Economic costs from stable flies
and control measures are ~US$100 million annually in the United
States alone (Campbell 1993), although estimates exceed US$1 bil-
lion (Taylor and Berkebile 2006). Numbers of stable flies per cow
generally range from 25 to 50, but >2 flies per leg is sufficient to
cause economic loss on feeder heifers (Steelman 1976; Campbell
etal. 1977, 1987).

The stable fly’s habit of interrupting its feeding and moving be-
tween host animals contributes toward its efficiency as a vector of
pathogens (James and Harwood 1969), which include several spe-
cies of Trypanosoma (e.g., Trypanosoma evansi, the cause of surra
in horses and camels; Ngeranwa and Kilalo 1994, Coetzer and
Tustin 2004). Stable flies might also mechanically transmit equine
infectious anemia virus. West Nile virus was found to be ingested by
stable flies feeding on infected American white pelicans, Pelecanus
erythrorbynchos Gmelin (Johnson et al. 2010, Hale 2011), and
other disease conditions have been associated with this pest (James
and Harwood 1969, Baldacchino et al. 2013b).

Phytochemicals for Pest Management

Conventional insecticides are inherently toxic and can endanger the
health of humans and livestock, and they are sometimes undesirable
for being highly persistent in the environment, including plants, and
animals. Horn fly and stable fly control is primarily conducted using
conventional synthetic insecticides, but resistance to organophos-
phates and pyrethroids has been observed (Cilek and Greene 1994,
Kunz et al. 1995, Marcon et al. 1997, Oyarzun et al. 2008). In con-
trast, plant-derived products, in general, are considered to be
minimum-risk pesticides and are often exempt from Environmental
Protection Agency registration under section 25(b) of the Federal
Insecticide Fungicide and Rodenticide Act (Cloyd et al. 2009).
Although the uses of rotenone and nicotine are declining, pyrethrum
and neem have become commercially established and other botani-
cal pesticides are being discovered and entering the marketplace for
a variety of agricultural applications. Botanically based compounds
that are active against agricultural pests can be repellent and toxic
against pests (Sharma et al. 1993, Coats 1994, Isman 2006, Krajick
2006, Khater 2012). Plants produce chemical compounds that de-
fend against different pests (Hedin and Hollingworth 1997, Isman
and Akhtar 2007, Mann and Kaufman 2012), but these compounds
are often easily decomposed by a variety of microbes common in
most soils and, as a result, the potential for environmental contami-
nation is reduced (Khater 2012). Broad-spectrum action of many
bioactive plant-derived compounds against a wide array of soft-
bodied arthropod pests (Isman 1999, Alexenizer and Dorn 2007) oc-
curs chiefly because extracts and essential oils have multiple modes
of action, including antifeedant and repellent activity, growth and
fecundity reduction, cuticle disruption, and effects on the octop-
amine pathway in the central nervous system (Saxena 1989, Isman
2000, Enan 2001, Kostyukovsky et al. 2002, Akhtar and Isman
2004, Khater 2011). An advantage of multiple modes of action is
the prevention of or a delay in development of resistance by pest
populations (Feng and Isman 1995). Also, plant-derived bioactive
compounds typically exhibit short residual activity, which reduces
field reentry intervals (<12 h) because of detoxification by tempera-
ture and UV light (Van Lenteren and Woets 1988, Miresmailli and
Isman 2006), but short residual activity can necessitate frequent re-
peat applications (Showler et al. 2004).

Nearly all of the plant species listed in this review as having re-
pellent or toxic bioactive compounds against horn flies and stable
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flies also express bioactivity against other arthropods and diseases.
Many are already in use as traditional arthropod pesticides and re-
pellents, and as traditional medications.

Extracts

Plant extracts are obtained using a variety of solvents and techniques
for extracting different, but not all, compounds produced by the
plant (Tiwari et al. 2011). Botanical extracts that exhibit bioactivity
against pests can be grouped into five major chemical categories: ni-
trogen compounds (e.g., alkaloids), terpenoids, phenolics, protein-
ase inhibitors, and growth regulators. Plants with bioactive
properties against horn flies and stable flies are grouped as extracts
and essential oils (plant genera are listed alphabetically), and other
bioactive aspects of plants are described thereafter.

Allium

Garlic, Allium sativum L. (Amaryllidaceae), is a widely grown crop
that has been reported to have insecticidal and repellent properties
against some pests (Showler et al. 2010, 2011). Cattle were fed gar-
lic at 100 g/cow for 3 d, but no repellent or toxic effects against
horn flies and stable flies was observed (Massariol et al. 2011).

Azadiracta

Neem is obtained from the neem tree, Azadirachta indica A. Juss
(Meliaceae), native to the Indian subcontinent but widely grown in
tropical and subtropical regions of Africa, the Western Hemisphere,
and Australia (Khater 2012). Neem has been applied against pests
as extracts, oil, cakes, and leaves (Schmutterer 1988, 1990; Showler
et al. 2004). It was first identified as having pest management poten-
tial when swarming desert locusts, Schistocerca gregaria (Forskal),
that had defoliated almost all local flora in Africa did not consume
neem leaves (National Research Council 1992). Although neem pro-
duces a variety of compounds, extract efficacy is mainly attributed
to azadirachtin, a nortriterpenoid (a type of limonoid), that acts as
an insect growth regulator against larval insects by disruption of
molting, growth inhibition, and malformation that can result in
mortality (Kraus et al. 1985, Khater 2012). Other insecticidal com-
pounds found in neem extracts include salannin, salannol, salanno-
lacetate, nimbinen, gedunin, dirachtin, nimbolide, and viselinin
derivatives (Jones et al. 1989, Walter 1999, ATS unpublished data).
Neem extract effects result from disruption of endocrine activity, in-
cluding the downregulation of hemolymph ecdysteroid levels that
block release of prothoracicotropic hormone or delay ecdysteroid
production, an action which inhibits molting in insects (Schluter
et al. 1985, Khater 2012), including horn fly larvae (ATS unpub-
lished data). In addition, azadirachtin affects allatropin and juvenile
hormone titers (Kraus et al. 1985, Mordue and Blackwell 1993),
and its antifeedant and deterrent effects against some herbivorous
insects have been reported (Redfern et al. 1981, Rice et al. 1985,
Showler et al. 2004, Greenberg et al. 2005).

When serial dilutions of ethanolic extract of ground neem seed
were blended into 300 g of cow manure, hatching stable and horn
fly larvae reared on the treated manure had LCsy of 7.7 and
0.096 ppm azadirachtin, respectively, based on the number of larvae
that pupated (Miller and Chamberlain 1989). An ethanolic extract
of ground neem seed (2.7 mg azadirachtin/g) blended with cow ma-
nure had an LCso and an LCqy for horn fly larvae of 0.096 and
0.133 ppm azadirachtin, respectively (Mulla and Su 1999). An emul-
sifiable concentrate formulation of azadirachtin, Margosan-O (3 mg
azadirachtin/ml), similarly mixed into cow dung, had an LCs, and
an LCop of 0.151 ppm and 0.268 ppm azadirachtin, respectively,

against horn fly larvae (Mulla and Su 1999). Ethanolic neem extract
administered daily in gelatin capsules at 0.023-0.045 mg azadirach-
tin/kg cow body weight resulted in nearly complete inhibition of
horn fly larval development in the manure, and the same level of in-
hibition was reported under identical conditions when the emulsifi-
able concentrate formulation was given as a feed-through
at>0.03 mg azadirachtin/kg cow body weight or as ground seeds
at > 10 mg/kg body weight (Mulla and Su 1999). Against stable fly,
however, ground seed mixed into cattle feed at 100-400 mg seed/kg
of body weight per day resulted in<50% toxicity (Miller and
Chamberlain 1989).

Horn flies are more susceptible to the effects of azadirachtin
than stable flies and house flies, Musca domestica L. (Miller and
Chamberlain 1989, Mulla and Su 1999). Nevertheless, when eggs of
stable flies were transferred to filter paper treated with 0.01% aza-
dirachtin, 80% ovicidal activity was observed (Mulla and Su 1999).
Also, azadirachtin effects against horn flies are not always evident.
For example, neem cake mixed in mineral salt in a 2% concentra-
tion (azadirachtin was available at 421 mg/kg body weight) failed to
reduce horn fly infestations on cows during a 9-wk period (Chagas
et al. 2010).

Chrysanthemum and Tanacetum
Pyrethrum is likely the most widely used botanical insecticide. The
flowers of chrysanthemum, Tanacetum cinerariaefolium Sch. Bip.
(Asteraceae), are ground into powder and extracted using hexane or
a similar nonpolar solvent (Casida and Quistad 1995). Pyrethrins
are two natural organic compounds from Chrysanthemum cinerarii-
folium (Trevir.) that are neurotoxic to insects (Yang et al. 2012),
and they exhibit repellency in sublethal amounts. Pyrethrins are
widely known as the bases for development of a range of synthetic
pesticides called pyrethroids (e.g., bifenthrin, permethrin, cyper-
methrin). Pyrethrum and pyrethrins are axonic poisons that afflict
electrical impulse transmission along axons, affecting both the pe-
ripheral and central nervous systems of the insect, instigating repeti-
tive nerve discharges that induce paralysis (Ware and Whitacre
2004). In the absence of a synergist, however, such as piperonyl bu-
toxide, dibutyl succinate, and butoxypolypropylene glycol, most of
the paralyzed insects recover from paralytic “knockdown” (syner-
gists also extend the shelf life; Roberts et al. 1963, Khater 2012).
Bruce (1940) reported that pyrethrum at 4 g per hundred weight
(cwt) as a bran-based feed-through in cattle was ineffective for con-
trolling horn flies. Home-made pyrethrum-kerosene extract used as
a topical spray, however, was reported as being efficacious against
horn flies when applied along the backlines of cows (Marlatt 1928).
Although numbers of stable flies were reduced, the spray was rela-
tively ineffectual because of its weak effect and short residual activ-
ity (Marlatt 1928). The greater bioactivity against horn flies might
result from their habit of feeding closer to the dorsal surface of cattle
(around the neck and shoulders), whereas stable flies mostly feed
around the lower legs (James and Harwood 1969, Foil and Hogsette
1994). Stanbury and Goodhue (1960), however, determined that py-
rethrin sprays at 0.025% provided 93% and 94% protection of
cows against horn flies and stable flies, respectively. Control of sta-
ble flies on dairies sometimes relies on combining sanitary measures
with applications of synthetic insecticides (Betke et al. 1986), which
can achieve 99.9% control (Patterson et al. 1981).

Cymbopogon
Lemongrass, Cymbopogon citratus (D.C.) Stapf. (Poaceae), is a na-
tive spice plant of tropical Asia, but it is grown in many temperate
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and tropical areas of the world (Kazembe and Chauruka 2012) for
culinary purposes and for its commercially produced essential leaf
oil (Paranagama et al. 2002). An ethanol extract of lemongrass in a
1:125 aqueous dilution topically applied to cattle provided 100%
repellency for 30 min, 95% for 12h, 98% for 24 h, 97% for 48 h,
98% for 5 d, 95% for 10 d, and 69% for up to 15 d posttreatment
(Milidn 2009). Homogenizing dry leaves of Tasmanian blue gum,
Eucalyptus globulus Labill., with roots and rhizomes of lemongrass,
bulbs of garlic, Allium sativum L., and animal fat applied along the
dorsal line of cattle provided 10.4% and 52.4% repellency against
horn flies on the first and second days, respectively (Heimerdinger
et al. 2004). On stable flies, Barnard (2000) reported that citronella,
a constituent of lemongrass, was as effective as N,N-diethyl-meta-
toluamide (DEET). Agnolin et al. (2010), however, found that citro-
nella from citronella grass, Cymbopogon nardus (L.) Rendle, failed
to repel stable flies from cattle.

Derris, Lonchocarpus, and Tephrosia

Rotenone is an isoflavonoid broad-spectrum cytotoxin obtained
from the roots or rhizomes of tropical legumes in the genera Derris,
Lonchocarpus, and Tephrosia (Fabiaceae). A contact and stomach
poison, rotenone inhibits the electron transport chain in mitochon-
dria and acts as a respiratory enzyme inhibitor (Ware and Whitacre
2004). The only report of rotenone use against either of the two bit-
ing fly species involved bran fed to cattle at a rate of 0.3 g per hun-
dred weight, achieving 100% kill of horn fly larvae in the dung
(Bruce 1940). Pyrethrum at 4 g per hundred weight and tobacco at
Sg per hundred weight were considerably less effective (Bruce
1940).

Festuca

Tall fescue, Festuca arundinacia Schreb. (Poaceae), is the dominant
species on ~20 million ha of grasslands in the humid eastern United
States supporting ~25 million beef cattle (Hoveland 1993). The
grass contains as many as five bioactive alkaloids (Bush et al. 1993,
Siegel and Bush 1996), some of which, when ingested by cattle, are
present in the dung (Westendorf et al. 1993, Dougherty et al. 1998).
Certain alkaloids in tall fescue, however, have serious adverse effects
against livestock and other mammalian herbivores that ingest them
(Paterson et al. 1995, Porter 1995). Extract from tall fescue seed,
containing N-formyl loline, N-acetyl loline, and loline (59:21:20 by
mass, respectively), caused 100% mortality against first-instar horn
flies when dung was supplemented at > 100 pg/g of dung, and the
LDsq was calculated as being 30 pg/g (Dougherty et al. 1998). In an-
other study, first-instar horn flies were exposed to bovine dung sup-
plemented with up to 50 uM of N-formyl loline and of ergotamine
tartrate (Dougherty et al. 1999). N-formyl loline caused a dose-
dependent linear decline in numbers of pupae recovered and its
LDso was 36 M (Dougherty et al. 1999). Ergotamine tartrate
showed significant quadratic dose responses by first-instar horn flies
with an LD of 34 uM.

Melinis

Molasses grass, Melinis minutiflora P. Beauv. (Poaceae), originally
from Africa, has been planted as a pasture grass and is now present
in Brazil, Australia, Hawaii, south Florida, and other tropical re-
gions (Wunderlin 1982, Wagner et al. 1999, Hoffman and
Haridasan 2008). Aside from its use as a livestock feed, molasses
grass is known for its repellency, trapping, and toxic effects against
tick larvae (Ruvalcaba et al. 2004). Four concentrations (10%,
20%, 40%, and 80%) of hexanic extract from molasses grass were

tested against adult and larval stable flies. The 80% concentration
killed 50% of the adults in 3 h compared with 1h for a conventional
dose of cypermethrin (Tobdn and Fcéutica 2011). Half of the larvae
were killed in response to the same dosage in 8 min, while cyper-
methrin took 4 min; lower concentrations took significantly longer
to induce 50% mortality (Tob6n and Fcéutica 2011).

Nicotiana

Nicotine and the related alkaloids nornicotine and anabasine are ob-
tained from aqueous extracts of tobacco, Nicotiana spp.
(Solanaceae) and Anabasis aphylla L. (Chenopodiaceae). All are syn-
aptic poisons that mimic the neurotransmitter acetylcholine, causing
symptoms similar to those produced by organophosphate and carba-
mate insecticides (Hays 1982). Nicotine is in declining use because it
is highly toxic to humans through ingestion, dermal exposure, and
inhalation (Khater 2012). Fed to cattle at a rate of 5g per hundred
weight, tobacco caused only 30% mortality in horn fly larvae devel-
oping in the resulting excreta (Bruce 1940). In a preliminary study
where dosages were not reported, Nicotiana tabacum L. ethanolic
extract that was topically applied to horn flies in vitro was more
toxic than extracts of angel’s trumpet, Brugmansia arborea (L.)
Lagerh.; black elderberry, Sambucus nigra L.; hairy beggarticks,
Bidens pilosa L.; and western ragweed, Ambrosia cumanensis Kunth
(Ramirez et al. 2009).

Ricinus

Castorbean, Ricinus communis L. (Euphorbiaceae), is native to
Africa and parts of southern Asia, but it has spread into many tropi-
cal and temperate areas of both the Western and Eastern hemi-
spheres (Rana et al. 2012). Although ricin is notably toxic and it is
present in the castorbean (Wedin et al. 1986), castor oil used at a
rate of 473 ml on camels had no effect against stable flies, but
1,892 ml per camel prevented stable flies from landing on and biting
camels for 3 d (Cross 1917).

Vitex

Lilac chastetree or monk’s pepper, Vitex agnus castus L.
(Verbenaceae), is a deciduous shrub or tree native to the
Mediterranean region, but now it grows in Europe, Asia, North
America, and possibly elsewhere (Dogan et al. 2011, United States
Department of Agriculture [USDA] 2013). Leaves and flowers of
this species have ketosteroid hormones, and the chloroform fraction
of extracts contains bioactive compounds casticin, vitexilactone,
pinnatasterone, and 17-OH-progesterone, and the ethyl acetate frac-
tion contains vitexcarpan (Ahmad et al. 2010). Dogs sprayed with a
CO; extract of seeds of the lilac chastetree were protected against
stable fly bites for 3 h after treatment when placed in a cage with
200 flies for 3 min (Mehlhorn et al. 2005). Despite that demonstra-
tion of efficacy, further experiments using V. agnus castus against
horn flies and stable flies have not been reported.

Essential Oils

Some botanical compounds have relatively low molecular weights,
such as essential oils, obtained through the process of steam distilla-
tion (Cseke and Kaufman 1999). Essential oils are complex mixtures
of volatile organic compounds produced as defensive secondary me-
tabolites that include various alcohols, terpenes, and aromatic com-
pounds (Khater 2012). There are many examples of essential oils
that are bioactive against a variety of arthropod pests of crops
(Cloyd et al. 2009). A phenomenon among metabolites of essential
oils sometimes results in greater bioactivity. Minor constituents
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reportedly act as synergists, enhancing the effectiveness of the major
constituents through a variety of mechanisms (Berenbaum 1985,
Khater 2012), consequently reducing the required dose of toxicant
substances and the risk of resistance developing in the target pest
(Hieu et al. 2010b). Although repellency of essential oils to mosqui-
toes has been well documented, relatively little testing has been at-
tempted against horn flies and stable flies (Hieu et al. 2010b). The
following are botanical sources from which essential oils have been
used against either or both species of biting fly.

Carapa

Andiroba, Carapa guianensis Aubl. (Sapindales: Meliaceae), is a
Neotropical tree often used for timber and seed oil is used for medic-
inal purposes. Essential andiroba oil at 1% and 5% concentrations
used as a contact spray killed all adult horn flies in 1h and 4 h, re-
spectively (Klauck et al. 2014). An in vitro assay showed that 5%
andiroba essential oil had a repellent effect on horn fly adults
(Klauck et al. 2015). On naturally infested Holstein cows, 5% tea
tree essential oil repelled horn flies such that 12h after treatment,
numbers on the cows were 57.7% lower than on nontreated control
animals (Klauck et al. 2014).

Cinnamomum, Mentha, Matricaria, and Allium

Cinnamomum camphora (L.) J. Presl. (Lauraceae) is native to
China, Taiwan, and Japan, and it is often grown commercially for
its essential oil (Frizzo et al. 2000). When camphor oil was applied
at 1.4ml/kg body weight to the backline of water buffaloes in
Egypt, stable flies were repelled for 6 d (Khater et al. 2009). Under
the same conditions, dosages of 3.6 ml/kg body weight of pepper-
mint, Mentha piperita (Ehrh.) Briq. (Lamiaceae); 3.4 ml/kg body
weight of chamomile, Matricaria chamomilla (L.) Rydb.
(Asteraceae); and 2.9 ml/kg body weight of onion, Allium cepa L.
(Amaryllidaceae), each repelled stable flies for 6 d (Khater et al.
2009). Essential oil of peppermint at 5% each in sunflower oil re-
pelled horn flies from treated areas on pastured and barn-held cows
for >6 and 8 h, respectively (Lachance and Grange 2014).

Cymbopogon

The leaf oil of lemongrass is primarily composed of citral a and b
(78%) and myrcene and limonene (10%; Paranagama et al. 2002),
but the acyclic monoterpenoid components citronella and citronellol
have repellent properties against some insects (Bartlett 1985).
Essential oil of lemongrass at 5% each in sunflower oil repelled
horn flies from treated areas on pastured and barn-held cows for >6
and 8 h, respectively (Lachance and Grange 2014).

Citronella oil from C. citratus, used by Cross (1917) at an unspe-
cified rate on camels, was effective at repelling stable flies for several
hours, but repellency was lost after 17h. In an olfactometer assay,
citronella and citronellol oils were associated with dose-dependent
repellency against stable flies that was superior to empenthrin (a py-
rethroid) and dichlorvos (a volatile organophosphate; Bartlett
19835). Stable flies also avoided feeding on blood mixed with lemon-
grass oil for 12 h (Baldacchino et al. 2013a). Citronellol was toxic to
stable flies after residual contact exposure in jars with LCsq values
of 40.4, 38.7, and 35.7 pg/em? after 2, 4, and 24h, respectively;
LCyo values were 52.8, 50.7, and 39 pg/cm?, respectively (Mann
et al. 2010). Lemongrass and other plants, including Pelargonium
spp., produce geranyl acetate, which is toxic to stable flies after re-
sidual contact exposure in jars with LCsg values of 28.1, 27.2, and
25.2 uglem? after 2, 4, and 24h, respectively; LCo, values were
35.6,39.3,and 35 ug/crnz, respectively (Mann et al. 2010).

Eucalyptus

Eucalyptus (Myrtaceae) represents a large genus of trees, with >600
described species native to Australia, Tasmania, and nearby islands,
and now eucalyptus trees are extensively grown in tropical, subtrop-
ical, and temperate regions worldwide (Moura et al. 2012). Juan
et al. (2011) extracted oils from E. badjensis Beuzev & Welch, E.
badjenus x E. nitens, E. benthamii var. dorrigeonsii Maiden &
Cambage, E. botryoides Smith, E. dalrympleana Maiden, E. fasti-
goota Deane & Maiden, E. nobilis L.A.S. Johnson & K.D. Hill, E.
polybractea R. Baker, E. radiata ssp. radiata Sieber ex Spreng, E.
resinifera Smith, E. robertsonii Blakely, E. rubida Deane & Maiden,
E. smithii R. Baker, E. elata Dehnh, E. fraxinoides Deane &
Maiden, and E. obliqua 1L’Hér and found that component essential
oils 1,8-cineole, a-pinene, a-terpineol, 4-terpineol, and p-cymene va-
pors were toxic to horn flies. Essential oil of E. polybractea had the
highest knockdown activity of 50% at 3.4 min in an enclosed cham-
ber, and a significant correlation was detected between the content
of 1,8-cineole in the Eucalyptus species and toxicity to horn flies
(Juan et al. 2011). Trigg and Hill (1996) determined that 0.5 ml of
p-menthane-3,8-diol from Eucalyptus on the human forearm re-
duced stable fly biting to 6% compared with the control. Eighty-six
percent protection was obtained for Sh when 0.35ml of p-men-
thane-3,8-diol was applied to the human forearm, and this improved
to 94% protection when the dosage increased to 0.5 ml (Trigg and
Hill 1996).

Melaleuca

Tea tree, Melaleuca alternifolia (Maiden. and Betche.) Cheel.
(Myrtales: Myrtaceae), essential oil is known to exert lethal effects
against arthropod pests of crops and humans (Walton et al. 2004,
Koul et al. 2008). Using 1% and 5% aqueous concentrations as con-
tact sprays, all adult horn flies were killed within 3 h (Klauck et al.
2014). An in vitro assay showed that 5% tea tree essential oil had a
repellent effect on horn fly adults (Klauck et al. 2015), and on natu-
rally infested Holstein cows, 5% tea tree essential oil repelled horn
flies such that 12 h after treatment, 61.6% fewer were on the treated
cows than the nontreated control animals (Klauck et al. 2014).

Pelargonium

Many medically important attributes have been ascribed to the ge-
nus Pelargonium, which encompasses many species that are gener-
ally referred to as geraniums (Sawaswathi et al. 2011). Pelargonium
spp. contain the oil geraniol, (2E)-3,7-dimethylocta-2,6-dien-1-ol. In
a laboratory experiment, 2mg of 90% geraniol deterred horn flies
from feeding by >85% and the pest was also strongly repelled using
only 0.1 pg (Zhu et al. 2015). Feeding deterrence caused by 20 mg
geraniol in the laboratory remained >90% during the first 24 h of
exposure, >50% at 72h, and 30% after 4 d (Zhu et al. 2015).
Effectiveness of 30% geraniol (in light mineral oil) on cattle was ob-
served to last 3h (Zhu et al. 2015). Essential oil of geranium at 5%
in sunflower oil repelled horn flies from treated areas on pastured
and barn-held cows for>6 and 8h, respectively (Lachance and
Grange 2014).

Nepeta

Catnip, Nepeta cataria L. (Lamiaceae), is an herbaceous mint native
to Eurasia and North Africa, and now it is grown in most of North
America (Zhu et al. 2009). A number of plants in the genus Nepeta
produce an essential oil rich in a class of monoterpenoid compounds
known as iridoids (Inouye 1991), specifically methylcyclopentanoid
nepetalactones (Regnier et al. 1967, Cavill 1969), that repel some
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insects (Feaster et al. 2009, Zhu 2011). Catnip oil is also bioactive
against the horn fly. In a laboratory experiment, 2 mg of catnip oil
(85% nepetalactones) deterred horn flies from feeding by >85%
and the pest was also strongly repelled using 1 pg (Zhu et al. 2015).
Feeding deterrence caused by 20 mg catnip oil in the laboratory was
retained during the first 6h of exposure,>50% antifeedancy at
72h, and 30% after 4 d (Zhu et al. 2015). Residual effectiveness of
30% catnip oil (in light mineral oil) on cattle was observed to last
24h (Zhu et al. 2015).

On hydrogenation, nepetalactones yield dihydroneptetalactone
diastereoisomers, one of which has been shown to protect humans
from stable fly bites (Feaster et al. 2009, Zhu et al. 2010), with twice
the efficacy of DEET (Zhu et al. 2012). Catnip essential oil at a dos-
age of 20 mg resulted in 96% repellency against stable flies in an ol-
factometer (Zhu et al. 2009), and <15% of stable flies fed in the
laboratory when exposed to 0.2 mg of catnip oil in contrast to 93%
of stable flies that fed in the control. Knockdown time from expo-
sure to volatiles and contact was 19 min in response to a dosage of
20 mg, and a 50 pg dose per stable fly yielded 100% mortality, re-
spectively (Zhu et al. 2011). In field trials using cattle, two formula-
tions of catnip oil provided >95% protection for an hour, and lesser
degrees of repellency were observed for up to 6 h after application
(Zhu et al. 2012). Zhu et al. (2012) also reported that catnip oil in
egg-laying substrate prevented stable fly oviposition by as much as
98%. Further, wax-based catnip pellets distributed in cattle feedlots
resulted in 99% repellency against stable flies for up to 3h (Zhu
et al. 2010). Gelatin caps with 0.1g of catnip oil provided >85%
oviposition deterrence and >98% inhibition of stable fly larval
growth in response to 0.5g of the gelatin microcapsules after 7 d
(Zhu et al. 2014). The deterrent effect of 0.5 g microenscapsulated
catnip oil against oviposition, however, disappeared within 48 h
(Zhu et al. 2014).

Pogostemon

Patchouli, Pogostemon cablin (Blanco) Benth (Lamiaceae), is a
bushy herb native to tropical Asia with more widespread cultivation.
A dosage of 0.5 mg/cm?® provided 3.67h of protection from stable
flies when treated human hands were used as a biting substrate, but
DEET gave 4.47h of protection (Hieu et al. 2010b). When tamanu
nut oil (with a protection time of 0.56 h) was added to patchouli oil,
protection increased to match that of DEET (Hieu et al. 2010b).

Rosa

Rose, Rosa spp. (Rosaceae), in addition to being used as ornamen-
tals, are also utilized for food and medicinal purposes. The physio-
logical functions may be partly attributed to their abundances of
phenolics and flavonoids (Ercisli 2007, Roman et al. 2013). Rosa
spp. produce the alcohol rosalva (9-decen-1-ol), toxic to stable flies
after residual contact exposure in jars with LCso values of 16.3,
15.3, and 13.1 pg/cm? after 2, 4, and 24 h, respectively; LCo values
were 22.6, 21.7, and 17 pg/em?, respectively (Mann et al. 2010).

Syzygium

Clove, Syzygium aromaticum (L.) Merrill and Perry (Myrtaceae), is
native to the Maluku Islands of Indonesia and cultivation has spread
to other parts of Asia and Africa. Essential oil of clove buds and
clove leaves at 0.5 mg/cm? applied to the human hand provided pro-
tection from stable fly bites for 3.25-3.5 h, less than the 4.47 h pro-
vided by DEET (Hieu et al. 2010b). At a dose of 0.25 mg/cm?,
essential oils of clove buds and clove leaves protected human hands
for up to 2.68h (Hieu et al. 2010b), but combining the clove oils

with tamanu oil gave protection nearly as well as DEET (Hieu et al.

2010b).

Zanthoxylum

Japanese pepper, Zanthoxylum piperitum DC (Rutaceae), found in
Japan, China, and the Korean peninsula, and winged prickly ash, Z.
armatum DC, growing throughout Asia, are deciduous shrub-like
trees that are also used for ornamental purposes. These plants pro-
duce essential oils that meet the criteria of minimum-risk pesticides
(Isman 2008). Zanthoxylum species have drawn attention for bioac-
tivity against insects such as the cowpea aphid, Aphis craccivora
Koch (Nissanka et al. 2001), and the maize weevil, Sitophilus zea-
mais Motschulsky (Wang et al. 2011). Steam distillates of seeds con-
tained 28 compounds that were compared against chlorpyrifos and
dichlorvos for efficacy against the stable fly. Fumigant toxicity was
observed for cuminaldehyde, thymol, (1S)-(-)-verbenone, (-)-myrti-
nol, carvacrol, (S)-(Z)-verbenol and others, but all of them were <5
orders of magnitude less toxic than the synthetic insecticides, and
acetylcholinesterase inhibition did not occur to a substantial degree
from any of the Zanthoxylum-produced compounds (Hieu et al.
2012). In another study, Z. piperitum seed oil was determined to
have five major constituents: limonene, cryptone, 1,8-cineole, citro-
nellal, and geranyl acetate (Hieu et al. 2010a). The most active con-
stituents, cuminaldehyde, cuminyl alcohol, limonene, and methyl
cinnamate, gave 82%, 74%, 74%, and 64% repellency, respec-
tively, at 30 min using human hands as hosts, but DEET provided
100% repellency (Hieu et al. 2010a). Increased effectiveness and du-
ration of repellency was obtained using binary mixtures of Z. piperi-
tum steam distillate, Z. armatum seed oil, and bioactive constituents
(each 0.01mg/em?), with tamanu, Calophyllum inophyllum L.
(Calophyllaceae), nut oil (0.99 mg/cm?), which is a synergist (tam-
anu is native to the tropics of eastern Africa, southern coastal India,
parts of southeastern Asia, and Australasia; Hieu et al. 2010a). The
repellencies of aerosols containing 2.5% Z. piperitum steam distil-
late or 2.5% Z. armatum seed oil and 2.5% C. inophyllum nut oil
were comparable with that of 5% DEET aerosol (Hieu et al.
2010a). Ten milligrams of cuminaldehyde, citronellal, neral, linal-
ool, linalool oxide, terpinene-4-ol, 1,8-cineole, and piperitone (com-
ponents of Z. piperitum and Z. armatum essential oils) in 150 pul of
ethanol repelled 86% to 94% of stable flies in a modified static air
olfactometer within 15 min (Hieu et al. 2014).

Fatty Acids

Various natural fatty acids have insecticidal properties, some involv-
ing action on acetylcholinesterase and octopaminergic receptors
(Don-Pedro 1990, Perumalsamy et al. 2015). One milligram of a sat-
urated fatty acid mixture composed of 1:1:1 octanoic acid (also
called caprylic acid, found in the milk of some mammals, coconut
oil, and palm kernels), nonaoic acid (from Pelargonium [geranium]|
spp.), and decanoic acid (also called capric acid, from coconut oil,
palm kernels, and some mammalian milks), collectively called
“C8910 acids” (C8, C9, and C10 mixture), repelled horn flies for at
least 3 d in a laboratory assay (Mullens et al. 2009). Minimum sta-
tistically significant (P < 0.05) repellency levels of the C8910 mix-
ture were 0.06-0.12mg/cm® (on filter paper). In a laboratory
experiment, 2 mg of 90% C8910 acids deterred horn flies from feed-
ing by >85% and the pest was also strongly repelled using 1 pg of
C8910 acids (Zhu et al. 2015). Feeding deterrence caused by 20 mg
of C8910 acids in the laboratory remained >90% during the first
24 h of exposure, and >50% antifeedancy was observed at 72 h, but
at 96 h horn flies fed with negligible interference (Zhu et al. 2015).
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The same study, however, indicated that residual effectiveness of
pure C8910 acids on cattle lasted 24 h (Zhu et al. 2015).

A liquid formulation of 15% C8910 acids in silicon oil applied
at 2.8 mg a.i./em”? was demonstrated to repel stable flies in a blood-
feeding membrane bioassay for >8 h (Mullens et al. 2009). The nat-
urally occurring oleic and linoleic acids, and methyl oleate (from C.
inophyllum nut oil) synergized the repellency of DEET and the
monoterpenoids cuminyl alcohol, cuminaldehyde, and o-phellan-
drene (Hieu et al. 2015).

Soybean Trypsin Inhibitors

Soybean, Glycine max (L.) Merr., trypsin inhibitor (SBTI) is a
serine-type protease inhibitor (DeLoach and Spates 1980) that is
produced by the plant in response to attack by insects and patho-
gens, contributing to resistance against them (Ryan 1990). Soybean
trypsin inhibitors are either constitutive components in various plant
tissues or synthesized (Ryan 1990). DeLoach and Spates (1979)
found that 3 mg/ml in stable fly bloodmeal diet was effective at re-
ducing proteolytic digestion of blood, and Spates (1979) reported
that the same dosage was sufficient to reduce egg production by
90%, slow digestion of hemoglobin, and reduce hemolysis of eryth-
rocytes. When 0.1% (w/v) SBTI was fed to horn flies, fecundity and
egg hatch declined by 78% and 50%, respectively (Spates and
Harris 1984).

Using a dialysis procedure, 20% of SBTI was encapsulated in bo-
vine erythrocytes and fed to female stable flies, resulting in cessation
of egg production, and 50% of adults died (DeLoach and Spates
1980). Protease activity in treated flies was only 20% of nontreated
flies and hemolysin activity was reduced by ~86% because encapsu-
lated SBTT decreased either de novo synthesis or activation of the en-
zymes (DeLoach and Spates 1980). Encapsulation of SBTI might
increase its stability, diminishing the amount needed to inhibit egg
production, reduce midgut protease activity, and increase mortality
(DeLoach and Spates 1980).

Fungal Endophytes and Pasture Grasses

Tall fescue and perennial ryegrass, Lolium perenne L., are com-
monly infected with fungal endophytes such as Neotyphodium spp.
in a symbiotic relationship (Hoveland 1993, Schardl et al. 2004,
Potter et al. 2008). The fungus synthesizes alkaloids that confer re-
sistance to the plant against herbivorous arthropods (Hoveland
1993, Schardl et al. 2004, Potter et al. 2008). Alkaloids extracted
from seeds of endophyte-infected tall fescue had a larvicidal effect
against horn flies in cow dung (Dougherty et al. 1999). A chloro-
form extract (reconstituted in ethanol) of cattle dung from
endophyte-infected pastures of tall fescue mixed with cattle manure
was associated with 80% larval mortality, while cattle dung from
noninfected tall fescue did not result in any mortality (Parra et al.
2016). Parra et al. (2013) reported that cows grazing on endophyte-
infected tall fescue for 2 wk had 50.5% fewer horn flies on them
than cows grazing on noninfected brome grass, Bromus sp., and that
dung from the cattle grazed on the endophyte-infected tall fescue
killed 80% of horn fly larvae (Parra et al. 2013). In a different study,
dung from cows grazed on infected tall fescue was associated with
90% mortality of horn fly larvae compared with 55% mortality in
dung from cows that grazed on noninfected tall fescue, and only
29% of pupae in the dung from cows that grazed on the endophyte-
infected pasture versus 93% in the noninfected pasture produced
adults (Parra et al. 2016). Field-collected dung from cattle that
grazed on infected tall fescue harbored the same number of horn fly
larvae as dung from noninfected tall fescue, but the control dung

supported ~3.5-fold more pupae and produced 4.5-fold more adults
(Parra et al. 2016).

Sawdust

Relative to straw, pine, shavings, sand, and gravel substrates, pine
sawdust reduced larval stable fly populations in livestock bedding
by 46-91% (Schmidtmann 1991). Pine sawdust might be useful for
managing stable fly populations on dairies, but further testing to as-
sess pine species, grades, and quantities of sawdust is needed to as-
certain the best for achieving moderate- to long-term repellency.

Conclusions

Numerous botanically based compounds are bioactive as repellents
and toxins against horn flies and stable flies. Both muscid species
can sense certain bioactive botanical compounds through olfaction
(Bay 1980, Jeanbourquin and Guerin 2009, Oyarztn et al. 2009),
which facilitates repellency. Several biochemical mechanisms are re-
sponsible for toxic effects among different compounds. Some bioac-
tive extracts, essential oils, and isolated compounds were applied
topically, while others were delivered as feed-throughs for reducing
fly survival in manure, and other means of application might be pos-
sible. Although bioactive botanical compounds are not a panacea
for controlling horn flies and stable flies, these chemicals often can
offer environmentally friendly alternatives to many synthetic pesti-
cides that can improve upon safety, and delay or avert the buildup
of resistance. These advantages, and the variety of available com-
pounds, are potentially valuable tools for integrated pest manage-
ment strategies that can be tailored against each of the two biting fly
species. Discovery and development of bioactive botanical com-
pounds has only begun. Many of the botanically based biting fly
control tactics described have not been researched beyond some ini-
tial studies demonstrating their efficacy, and none of them are com-
mercially available products for control of horn flies and stable flies.
Development of delivery methods and extension of residual activity
have yet to be investigated for most botanical compounds and com-
binations require further assessment.

References Cited

Agnolin, C. A, C. J. Olivo, M.L.R. Leal, R.C.R. Beck, G. R. Meinerz, C.L.C.
Parra, P. R. Machado, V. Foletto, C. M. Bem, and P.R.S.]. Nicolodi. 2010.
Eficdcia do oleo de citronella [Cymbopogon nardus (L.) Rendle] no controle
de ectoparasitas de bovinos. Revista Brasileira de Plantas Medicinais 12:
482-487.

Ahmad, B., S. Azam, S. Bashir, A. Adhikari, and M. I. Choudhary. 2010.
Biological activities of a new compound isolated from the aerial parts of
Vitex agnus castus L. African Journal of Biotechnology 9: 9063-9069.

Akhtar, Y., and M. B. Isman. 2004. Comparative growth inhibitory and anti-
feedant effects of plant extracts and pure allelochemicals on four phytopha-
gous insect species. Journal of Applied Entomology 128: 32-38.

Alexenizer, M., and A. Dorn. 2007. Screening of medicinal and ornamental
plants for insecticidal and growth regulating activity. Journal of Pesticide
Science 80: 205-215.

Baldacchino, F. V., C. Tramut, A. Salem, E. Liénard, E. Delétre, M. Franc, T.
Martin, G. Duvallet, and P. Jay-Robert. 2013a. The repellency of lemon-
grass oil against stable flies, tested using video tracking. Parasite 20: 21. doi:
10.1051/parasite/2013021.

Baldacchino, F., V. Muenworth, M. Desquesnos, F. Desoli, T.
Charoenyinyaphan, and G. Duvallet. 2013b. Transmission of pathogens by
Stomoxys flies (Diptera, Muscidae): A review. Parasite 20: 26. doi: 10.1051/
parasite/2013026.

220z 1snBny 0z uo 1senB Aq 6GI6S8E/S L/ 1/8/0Me/wdI/Woo"dno-olWapeo.//:SdjY WOy papeojumod


Deleted Text: -
Deleted Text: . 
Deleted Text: SBTIs 
Deleted Text: &ap;
Deleted Text: . 
Deleted Text: &ap;
Deleted Text: . 
Deleted Text: -
Deleted Text: -

Journal of Integrated Pest Management, 2017, Vol. 8, No. 1

Barnard, D. R. 2000. Global collaboration for development of pesticides for
public health: Repellents and toxicants for personal protection. World
Health Organization, Geneva, Switzerland.

Bartlett, C. 1985. An olfactometer for measuring the repellent effect of chemi-
cals on the stable fly Stomoxys calcitrans. Pest Management Science 16:
479-487.

Bay, D. E. 1980. Antennal olfactory sensilla of the horn fly Haematobia irri-
tans irritans Diptera Muscidae. Journal of the Kansas Entomological
Society 33: 641-652.

Berenbaum, M. 1985. Brementown revisited: Allelochemical interactions in
plants. Recent Advances in Phytochemistry. 19: 139-169.

Betke, P., H. Schultka, and R. Ribbeck. 1986. A Stomoxys calcitrans outbreak
on a dairy farm. Angew Parasitology 27: 39-44.

Bishopp, F. C. 1939. The stable fly; how to prevent it annoyance and its losses
to livestock. U.S. Dept. Agric. Farmer’s Bull. 1097.

Broce, A. B., J. Hogsette, and S. Paisley. 2005. Winter feeding sites of hay in
round bales as major developmental sites of Stomoxys calcitrans (Diptera:
Muscidae) in pastures in spring and summer. Journal of Economic
Entomology 98:2307-2312.

Bruce, W. G. 1940. The medication of cattle for the control of horn flies.
Journal of the Kansas Entomological Society 13: 41-43.

Bush, L. P., F. F. Fannin, M. R. Siegel, D. L. Dahlman, and H. R. Burton.
1993. Chemistry, occurrence and biological effects of saturated pyrrolizi-
dine alkaloids associated with endophyte-grass interactions. Agriculture,
Ecosystems and Environment 44: 81-102.

Campbell, J. B. 1993. The economics of the fly problem, pp. 34-39. In G. D.
Thomas and S. R. Skoda (eds.), Rural flies in the urban environment. Res.
Bull. No. 317, Inst. Agric. Nat. Res., Univ. Nebraska, Lincoln, NE.

Campbell, J. B., R. G. White, J. E. White, R. Crookshank, and D. C. Clanton.
1977. Effects of stable flies on weight gains and feed efficiency of claves on
growing or finishing rations. Journal of Economic Entomology 70:
592-594.

Campbell, J. B., L. L. Berry, J. J. Boxler, R. L. Davis, D. C. Clanton, and G. H.
Deutscher. 1987. Effects of stable flies (Diptera: Muscidae) on weight gain
and feed efficiency of feedlot cattle. Journal of Economic Entomology 80:
117-119.

Campbell, J. B., S. R. Skoda, D. R. Berkebile, D. J. Boxler, G. D. Thomas, D.
C. Adams, and R. Davis. 2001. Effects of stable flies (Diptera: Muscidae) on
weight gains of grazing yearling cattle. Journal of Economic Entomology
94: 780-783.

Carballo, M., and M. Martinez. 1991. Hallazgo de Haematobia irritans en
Uruguay. Veterinaria 27: 20-21.

Casida, J. E., and G. B. Quistad. 1995. Pyrethrum flowers: Production, chem-
istry, toxicology and uses. Oxford Univ. Press, Oxford, United Kingdom.
Cavill, G.W.K. 1969. Insect terpenoids and nepetalactone, pp. 203-238. In
W. I Taylor, and A. R. Battersby (eds.), Cyclopentanoid terpene derivatives.

Marcel Dekker, New York.

Chagas, A. C., M. C. Oliveira, R. Giglioti, F. H. Calura, ]J. Ferrenzini, M. R.
Forim, and A. T. Barron. 2010. Efficacy evaluation of a commercial neem
cake for control of Haematobia irritans in Nelore cattle. The Revista
Brasileira de Parasitologia 19: 217-221.

Cilek, J. E., and G. L. Greene. 1994. Stable fly (Diptera: Muscidae) insecticide
resistance in Kansas cattle feedlots. Journal of Economic Entomology 87:
275-279.

Cloyd, R. A., C. L. Galle, S. R. Keith, N. A. Kalscheur, and K. E. Kemp. 2009.
Effect of commercially available plant-derived essential oil products on ar-
thropod pests. Journal of Economic Entomology 102: 1567-1579.

Coats, J. R. 1994. Risks from natural versus synthetic insecticides. Annual
Review of Entomology 39: 489-515.

Coetzer, J.A.W., and R. C. Tustin. 2004. Infectious diseases of livestock, 2nd
edn. Oxford University Press, Oxford, United Kingdom.

Cross, H. E. 1917. Experiments with emulsions for protecting camels against
the attacks of blood-sucking flies. Bull., Calcutta Superintendent
Government Printing, Calcutta, India.

Cseke, L. ]J., and P. B. Kaufman. 1999. How and why these compounds are
synthesized by plants, pp. 37-90. In P. B. Kaufman, L. J. Cseke, S. Warber,
J. A. Duke, and H. L. Brielmann (eds.), Natural products from plants. CRC,
Boca Raton, FL.

Cupp, E. W., M. S. Cupp, J. M. Ribeiro, and S. E. Kunz. 1998. Blood-feeding
strategy of Haematobia irritans (Diptera: Muscidae). Journal of Medical
Entomology 35: 591-595.

DeLoach, J. R., and G. E. Spates. 1979. Rate of digestion of *'Cr-hemoglobin
by Stomoxys calcitrans. Journal of Medical Entomology 16: 493-496.

DeLoach, J. R., and G. E. Spates. 1980. Effect of soybean trypsin inhibitor-
coated erythrocytes on fecundity and midgut protease and haemocysis activ-
ity of stable flies. Journal of Economic Entomology 73: 590-596.

Depner, K. R. 1961. The effect of temperature on development and diapause
of the horn fly, Siphona irritans (L.) (Diptera: Muscidae). Can. Entomol. 10:
855-859.

DeRouen, S. M., J. E. Miller, and L. D. Foil. 2010. Control of horn flies
(Haematobia irritans) and gastrointestinal nematodes and its relation with
growth performance in stocker cattle. Professional Animal Science 26:
109-114.

Dogan, Y., I. Ugulu, N. Durkan, M. C. Unver, and H. H. Mert. 2011.
Determination of some ecological characteristics and economical impor-
tance of Vitex agnus-castus. EurAsian Journal of Biosciences 5: 10-18.

Don-Pedro, K. 1990. Insecticidal activity of fatty acid constituents of fixed
vegetable oils against Callosobruchus maculatus (F.) on cowpea. Journal of
Pesticide Science 30: 295-302.

Dougherty, C. T., F. W. Knapp, L. P. Bush, J. E. Maul, and J. van Willigen.
1998. Mortality of horn fly (Diptera: Muscidae) larvae in bovine dung sup-
plemented with loline alkaloids from tall fescue. Journal of Medical
Entomology 35: 798-803.

Dougherty, C. T., F. W. Knapp, and L. P. Bush. 1999. Mortality of horn fly
larvae (Diptera: Muscidae) in bovine dung supplemented with ergotamine
and N-formyl loline. Journal of Medical Entomology 36: 73-77.

Enan, E. 2001. Insecticidal activity of essential oils: Octopaminergic sits of ac-
tion. Comparative Biochemistry and Physiology 130: 325-337.

Ercisli, S. 2007. Chemical composition of fruits in some rose (Rosa spp.) spe-
cies. Food Chemical 104: 1379-1384.

Feaster, J. E., M. A. Scialdone, R. G. Todd, Y. I. Gonzalez, J. P. Foster, and D.
1. Hallihan. 2009. Dihydronepetalactones deter feeding activity by mosqui-
toes, stable flies, and deer flies. Journal of Medical Entomology 46:
832-840.

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

Foil, L. D., and J. A. Hogsette. 1994. Biology and control of tabanids, stable
flies and horn flies. Revue scientifique et technique - Office international des
épizooties 13: 1125-1158.

Freeborn, S. B., W. M. Regan, and A. H. Folger. 1925. The relation of flies
and fly sprays to milk production. Journal of Economic Entomology 18:
779-790.

Frizzo, C. D., A. C. Santos, N. Paroul, L. A. Serafini, E. Dellacasa, D. Lorenzo,
and P. Moyna. 2000. Essential oils of camphor tree (Cinnamomum cam-
phora Nees & Eberm) cultivated in southeastern Brazil. Brazilian Archives
of Biology and Technology 43: doi: 10.1590/51516-89132.

Gilles, J., J. F. David, P. LeCompte, and E. Tillard. 2008. Relationships be-
tween chemical properties of larval media and development of two
Stomoxys species (Diptera: Muscidae) from Reunion Island. Environmental
Entomology 37: 45-50.

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

Hale, K. M. 2011. Proximate causation of stable fly (Stomoxys calcitrans [L.])
host use: The influence of phenology and host blood suitability. Ph.D. disser-
tation, Montana State University, Bozeman, MT.

Hawkins, J. A. 2001. The horn fly (Haematobia irritans). Merial Veterinary
Bulletin TSB-0-00028-FTB.

Hays, W. J., Jr. 1982. Pesticides studied in man. Williams and Wilkins,
Baltimore, MD.

Hedin, P. A., and R. M. Hollingworth. 1997. New applications for phyto-
chemical pest-control agents, pp. 1-12. In P. A. Hedin, R. M. Hollingworth,
E. P. Masler, J. Miyamoto, and D. G. Thompson (eds.), Phytochemicals for
pest control. ACS Symposium Series 658, Honolulu, HI.

Heimerdinger, A., C. J. Olivo, M. F. Sobczak, A. M. Gabbi, L.F.B. Scaravelli,
L.E.T. Pereira, and M. A. Piuco. 2004. Utilization of phytotherapetic

220z 1snBny 0z uo 1senB Aq 6GI6S8E/S L/ 1/8/0Me/wdI/Woo"dno-olWapeo.//:SdjY WOy papeojumod



Journal of Integrated Pest Management, 2017, Vol. 8, No. 1

products on the control of Haematobia irritans in dairy cows contaminated
naturally. International Society for Animal Hygiene, Saint Malo p. 255.

Hieu, T. T., S. L. Kim, H. W. Kwon, and Y. S. Ahn. 2010a. Enhanced repel-
lency of binary mixtures of Zanthoxylum piperitum pericarp steam distillate
or Zanthoxylum armatum seed oil constituents and Calophyllum inophyl-
lum nut oil and their aerosols to Stomoxys calcitrans. Pest Management
Science 66: 1191-1198.

Hieu, T. T., S.-I. Kim, S.-G. Lee, and Y.-J. Ahn. 2010b. Repellency to
Stomoxys calcitrans (Diptera: Muscidae) of plant essential oils alone or in
combination with Calophyllum inophyllum oil. Journal of Medical
Entomology 47: 575-580.

Hieu, T. T., S.-I. Kim, and Y.-J. Ahn. 2012. Toxicity of Zanthoxylum piperi-
tum and Z. armatum oil constituents and related compounds to Stomoxys
calcitrans (Diptera: Muscidae). Journal of Medical Entomology 49:
1084-1091.

Hieu, T. T., J. Jung, S.-I. Kim, Y.-J. Ahn, and H. W. Kwon. 2014. Behavioral
and electroantennogram responses of the stable fly (Stomoxys calcitrans L.)
to plant essential oils and their mixtures with attractants. Pest Management
Science 70: 163-172.

Hieu, T. T., W. S. Choi, S.-I. Kim, M. Wang, and Y.-J. Ahn. 2015. Enhanced
repellency of binary mixtures of Calophyllum inophyllum nut oil fatty acids
or their esters and three terpenoids to Stomoxys calcitrans. Pest
Management Science 71: 1213-1218.

Hoffman, W. A., and M. Haridasan. 2008. The invasive grass, Melinus minu-
tiflora, inhibits tree regeneration in a Neotropical savanna. Austral Ecology
33:29-36.

Hoveland, C. S. 1993. Economic importance of Acremonium endophytes.
Agriculture, Ecosystems and Environment 44: 3-14.

Inouye, H. 1991. Iridoids. Methods in Plant Biochemistry 7: 99-143.

Isman, M. B. 1999. Pesticides based on plant essential oils. Pesticide Outlook
April: 68-72.

Isman, M. B. 2000. Plant essential oils for pest and disease management. Crop
protection 19: 603-608.

Isman, M. B. 2006. Botanical insecticides, deterrents, and repellents in modern
agriculture and an increasingly regulated world. Annual Review of
Entomology 51: 45-66.

Isman, M. B. 2008. Botanical insecticides: For richer, for poorer. Pest
Management Science 64: 8-11.

Isman, M. B., and Y. Akhtar. 2007. Plant natural products as a source for de-
veloping environmentally acceptable insecticides, pp. 235-248. In I
Shaaya, R. Nauen, and A. R. Horowitz (eds.), Insecticides design using ad-
vanced technologies. Springer, Berlin, Germany.

James, M. T., and R. F. Harwood. 1969. Herms’ medical entomology, 6th
edn. The McMillan Co., New York, NY.

Jeanbourquin, P., and P. M. Guerin. 2009. Sensory and behavioral responses
of the stable fly Stomoxys calcitrans to rumen volatiles. Medical and
Veterinary Entomology 21: 217-224.

Johnson, G., N. Panella, K. Hale, and N. Komar. 2010. Detection of West
Nile virus in stable flies (Diptera: Muscidae) parasitizing juvenile American
white pelicans. Journal of Medical Entomology 47: 1205-1211.

Jones, P. S., S. V. Ley, E. E. Morgen, and D. Santafianos. 1989. The chemistry
of the neem tree, pp. 19-45. In M. Jacobson (ed.), Focus on phytochemical
pesticides. CRC Press, Boca Raton, FL.

Juan, L. W., A. Lucia, E. N. Zerba, L. Harrand, M. Marco, and H. M. Masuh.
2011. Chemical composition and fumigant toxicity of the essential oils from
16 species of Eucalyptus against Haematobia irritans (Diptera: Muscidae)
adults. Journal of Economic Entomology 104: 1087-1092.

Kazembe, T., and D. Chauruka. 2012. Mosquito repellence of Astrolochii
hepii, Cymbopogon citratus and Ocimum gratissimum extracts and mix-
tures. Bulletin of Environment, Pharmacology and Life Sciences 1: 60-64.

Khater, H. F. 2011. Ecosmart biorational insecticides: Alternative insect con-
trol strategies, pp. 17-60. In F. Perveen (ed.) Advances in integrated pest
management. InTech, Croatia.

Khater, H. F. 2012. Prospects of botanical biopesticides in insect pest manage-
ment. Pharmacologia 3: 641-656.

Khater, H. F., M. Y. Ramadan, and R. S. El-Madawy. 2009. The lousicidal,
ovicidal, and repellent efficacy of some essential oils against lice and flies in-
festing water buffaloes in Egypt. Veterinary Parasitology 64: 257-266.

Killough, R. A., and D. M. McKinstry. 1965. Mating and oviposition studies
of the stable fly. Journal of Economic Entomology 58: 489-491.

Kinzer, H. G., W. E. Haughton, J. M. Reeves, S. E. Kunz, J. D. Wallace, and
N. Urquhart. 1984. Influence of horn flies (Haematobia irritans) on weight
loss in cattle with notes on prevention of loss by insecticide treatment.
Southwestern Entomologist 9: 212.

Klauck, V., R. Pazinato, L. M. Stefani, R. C. Santos, R. A. Vaucher, M. D.
Baldissera, R. Raffin, A. Boligon, M. Athayde, D. Baretta, et al. 2014.
Insecticidal and repellent effects of tea tree and andiroba oils on flies associ-
ated with livestock. Medical and Veterinary Entomology 28: 33-39.

Klauck, V., R. Pazinato, R. Radavelli, A. Volpato, L. M. Stefani, R. C. Santos,
R. A. Vaucher, A. Boligon, M. Athayde, and A. S. da Silva. 2015. I vitro re-
pellent effect of tea tree (Melaleuca alternifolia) and andiroba (Carapa guia-
nensis) oils on Haematobia irritans and Chrysomya megacephala flies.
Tropical Biomedicine 32: 160-166.

Kostyukovsky, M., A. Rafaeli, C. Gileadi, N. Demchenko, and E. Shaaya.
2002. Activation of octopaminergic receptors by essential oil constituents
isolated from aromatic plants: Possible mode of action against insect pests.
Pest Management Science 58: 1101-1106.

Koul, O., S. Walia, and G. S. Dhaliwal. 2008. Essential oils as green pesticides:
Potential and constraints. Biopesticides International 4: 63-84.

Krajick, K. 2006. Keeping the bugs at bay. Science 313: 36-38.

Kraus, W., M. Bokel, A. Klenk, and H. Pohl. 1985. The structure of azadirach-
tin and 22, 23-dihydro-23B-methoxyazadirachtin. Tetrahedron Letters 26:
6435-6438.

Kunz, S. E., M. O. Estrada, and H. E. Sanchez. 1995. Status of Haematobia
irritans (Diptera: Muscidae) insecticide resistance in northeastern Mexico.
Journal of Medical Entomology 32: 726-729.

Lachance, S., and F. Grange. 2014. Repellency effectiveness of seven plant es-
sential oils, sunflower oil and natural insecticides against horn flies on pas-
tured dairy cows and heifers. Medical and Veterinary Entomology 28:
193-200.

Luzuriaga, R., C. Eddi, J. Caracostantogolo, E. Botto, and J. Pereira. 1991.
Diagnosis of infestation of cattle by Haematobia irritans (L.) in Misiones,
Argentina. Revue de Médecine Vétérinaire 72: 262-264.

Lysyk, T. J. 1992. Effect of larval rearing temperature and maternal photope-
riod on diapause in the horn fly (Diptera: Muscidae). Environmental
Entomology 21: 1134-1138.

Lysyk, T. J., and G. B. Schaalje. 1992. Binomial sampling for pest manage-
ment of stable flies (Diptera: Muscidae) that attach dairy cattle. Journal of
Economic Entomology 85: 130-136.

Mann, R. S., P. E. Kaufman, and J. F. Butler. 2010. Evaluation of semiochemi-
cal toxicity to houseflies and stable flies (Diptera: Muscidae). Pest
Management Science 66: 816-824.

Mann, R. S., and P. E. Kaufman. 2012. Natural product pesticides: Their de-
velopment, delivery and use against insect vectors. Mini-Reviews in Organic
Chemistry 9: 185-202.

Marcon, P.C.R.G., G. D. Thomas, B. D. Siegfried, and J. B. Campbell. 1997.
Susceptibility of stable flies (Diptera: Muscidae) from southeastern
Nebraska beef cattle feedlots to selected insecticides and comparison of 3
bioassay techniques. Journal of Economic Entomology 90: 293-298.

Marlatt, C. L.1928. Report [1927-28] of the entomologist. USDA,
Washington, DC.

Massariol, P. B., C. J. Olivo, N. Richards, C. A. Agnolin, G. R. Meinerz, J. F.
Both, L. Faccio, F. Hohenreuther, and S. Martinelli. 2011. Ectoparasite
load alteration in Holstein cows fed with different garlic (Allium sativum
L.) levels. Revista Brasileira de Plantas Medicinais 11: 37-42.

Mehlhorn, H., G. Schmahl, and J. Schmidt. 2005. Extract of the seeds of the
plant Vitex agnus castus proven to be highly efficacious as a repellent against
ticks, fleas, mosquitoes and biting flies. Parasitology Research 95: 363-365.

Metcalf, R. L., and R. A. Metcalf. 1993. Destructive and useful insects, 5th
edn. McGraw-Hill, New York, NY.

Milian, C.A.F. 2009. Evaluacion del efecto repelente del té¢ de limoén
(Cymbopogon citratus) utilizado a diferentes diluciones contra la mosca los
cuernos (Haematobia irritans) en Ganado bovino de doble propésito
durante el mes de entere de 2008 en salamd, Baja Verapaz. Thesis
Universidad de San Carlos de Guatemala, Excuela de Medicina Veterinaria,
Guatemala.

220z 1snBny 0z uo 1senB Aq 6GI6S8E/S L/ 1/8/0Me/wdI/Woo"dno-olWapeo.//:SdjY WOy papeojumod



10

Journal of Integrated Pest Management, 2017, Vol. 8, No. 1

Miller, J. A., and W. F. Chamberlain. 1989. Azadirachtin as a larvicide against
the horn fly, stable fly, and house fly (Diptera: Muscidae). Journal of
Economic Entomology 82: 1375-1378.

Miresmailli, S., and M. B. Isman. 2006. Efficacy and persistence of rosemary
oil as an acaricide against twospotted spider mite (Acari: Tetranychidae) on
greenhouse tomato. Journal of Economic Entomology 99: 2015-2023.

Mordue, A. J., and A. Blackwell. 1993. Azadirachtin: An update. Journal of
Insect Physiology 39: 903-924.

Moura, J.C.M.S., P. Aratijo, M. dos Santos Brito, U. R. Souza, J.O.F. Viana,
and P. Mazzafera. 2012. Validation of reference genes from Eucalyptus spp.
Under different stress conditions. BMC Res. Notes 5: 634-644.

Mulla, M. S., and T. Su. 1999. Activity and biological effects of neem products
against arthropods of medical and veterinary importance. Journal of the
American Mosquito Control Association 15: 133-152.

Mullens, B. A., W. G. Reifenrath, and S. M. Butler. 2009. Laboratory trials of
fatty acids as repellents or antifeedants against houseflies, horn flies, and sta-
ble flies (Diptera: Muscidae). Pest Management Science 65: 1360-1366.

National Research Council. 1992. Neem: A tree for solving global problems.
Natl. Acad. Press, Washington, DC.

Ngeranwa, J.J.N., and D. C. Kilalo. 1994. The ability of Stomoxys calcitrans
and mechanical means to transmit Trypanosoma (brucei) evansi from goats
to camels in Kenya. Veterinary Research Communications 18: 307-312.

Nissanka, A. P., V. Karunaratne, B. M. Bandara, V. Kumar, T. Nakanishi, M.
Nishi, A. Inada, L. M. Tillekeratne, D. S. Wijesundara, and A. A.
Gunatilaka. 2001. Antimicrobial alkaloids from Zanthoxylum tetrasper-
mum and caudatum. Phytochem 56: 857-861.

Oyarzin, M. P., A. Quiroz, and M. A. Birkett. 2008. Insecticide resistance in
the horn fly: Alternative control strategies. Medical and Veterinary
Entomology 22: 188-202.

Oyarzin, M. P., R. Palma, E. Alberti, E. Hormazabal, M. A. Birkett, and A.
Quiroz. 2009. Olfacotry response of Haematobia irritans (Diptera:
Muscidae) to cattle-derived volatile compounds. Journal of Medical
Entomology 46: 1320-1326.

Paranagama, P. A., A.A.C.K. Adhikari, K. P. Abeywickrama, and K.A.N.P.
Bandara. 2002. Toxicity and repellent activity of Cymbopogon citratus
(D.C.) Stapf. and Murraya koenigii Sprang. against Callosobruchus macu-
lates (F.) (Coleoptera: Bruchidae). Tropical Agricultural Research and
Extension §: 22-28.

Parra, L., C. Rojas, A. Catrileo, R. Galdames, A. Mutis, M. A. Birkett, and A.
Quiroz. 2013. Differences in the fly-load of Haematobia irritans (Diptera:
Muscidae) on cattle is modified by endophyte infection of pastures.
Electronic Journal of Biotechnology 15: DOIL: 10.2225/vol15-issue4-full-
text-4.

Parra, L., A. Mutis, M. Chacén, M. Lizama, C. Rojas, A. Catrileo, O. Rubilar,
G. Tortella, M. A. Birkett, and A. Quiroz. 2016. Horn fly larval survival in
cattle dung is reduced by endophyte infection of tall fescue pasture. Pest
Management Science 72: 1328-1334.

Paterson, J., C. Forcherio, B. Larson, M. Samford, and M. Kerley. 1995. The
effects of fescue toxicosis on beef cattle productivity. Journal of Animal
Science 73: 889-898.

Patterson, R. S., G. C. LaBrecque, D. F. Williams, and D. E. Weidhaas. 1981.
Control of the stable fly, Stomoxys calcitrans (Diptera: Muscidae), on St.
Croix, U.S. Virgin Islands, using integrated pest management measures. III.
Field Techniques and Population Control 18: 203-210.

Perumalsamy, H., M. J. Jang, J.-R. Kim, M. Kadarkarai, and Y.-J. Ahn. 2015.
Larvicidal activity and possible mode of action of four flavonoids and two
fatty acids identified in Millettia pinnata seed toward three mosquito spe-
cies. Parasites and Vectors 8: 237-244.

Porter, J. K. 1995. Analysis of endophyte toxins: tall fescue and other grasses
toxic to livestock. Journal of Animal Science 73: 871-880.

Potter, D. A., J. T. Tyler, C. T. Redmond, C. L. Schardl, and D. G.
Panaccione. 2008. Contribution of ergot alkaloids to suppression of a grass-
feeding caterpillar assessed with gene knockout endophytes in perennial rye-
grass. Entomologia Experimentalis et Applicata 126: 138-147.

Quiroz, R. H. 2005. Parasitologia y Enfermedades Parasitarias de los
Animales Domésticos, 3rd edn. Limusa, Mexico City, México.

Ramirez, A. M., A. C. Carillo, and C. R. Molano. 2009. Preliminary screening
of ethanolic extracts of five medicinal plants against Haematobia irritans L.

(Diptera: Muscidae). Revista U.D.C.A Actualidad and Divulgacién
Cientifica 12: 69-78.

Rana, M., H. Dhamija, B. Prashar, and S. Sharma. 2012. Ricinus commu-
nis L—A review. International Journal PharmTech Research 4:
1706-1711.

Redfern, R. E., J. D. Warthen, E. C. Uebel, and G. D. Mills. 1981. The antifee-
dant and growth-disrupting effects of azadirachtin on Spodoptera frugi-
perda and Oncopeltus fasciatus, pp. 129-136. In H. Schmutterer, K.R.S.
Ascher, and H. Rembold (eds.), Natural pesticides from the neem tree,
Azadirachta indica. German Agency for Technical Cooperation (GTZ),
Eschborn, Germany.

Regnier, F. E., E. J. Eisenbraun, and G. R. Waller. 1967. Nepetalactone and
epinepetactone from Nepeta cataria. Phytochem 6: 1271-1281.

Rice, M. ]., S. Sexton, and A. M. Esmail. 1985. Antifeedant physiochemical
blocks oviposition by sheep blowfly. Journal of the Australian
Entomological Society 24: 16.

Roberts, R. H., R. L. Harris, and O. H. Graham. 1963. Effects of additives on
the toxicity of pyrethrins to stable flies and horn flies. Journal of Economic
Entomology 56: 699-702.

Roman, A., A. Stanila, and S. Stanila. 2013. Bioactive compounds and antioxi-
dant activity of Rosa canina L. biotypes from spontaneous flora of
Transylvania. Chemistry Central Journal 7: 73. doi: 10.1180/1752-153X-7-
73.

Ruvalcaba, M. F., F. P. Torre, C. C. Vazquez, and Z. G. Vazquez.2004. Anti-
tick effects of Melinis minutiflora and Andropogon gayanus grasses on plots
experimentally infested with Boophilus microplus larvae. Experimental and
Applied Acarology 32:293-299.

Ryan, C. A. 1990. Protease inhibitors in plants: Genes for improving defenses
against insects and pathogens. Annual Review of Phytopathology 28:
425-429.

Sawaswathi, J., K. Venkatesh, N. Baburao, M. H. Hilal, and M. R. Rani.
2011. Phytopharmacological importance of Pelargonium species. Journal of
Medicinal Plants Research 5: 2587-2598.

Saxena, B. P. 1989. Insecticides from neem, pp. 110-135. I J. T. Arnason,
B.J.R. Philogene, and P. Morand (eds.), Insecticides of plant origin.
American Chemical Society Symposium Series 387, Washington, DC.

Schardl, C. L., A. Leuchtmann, and M. J. Spiering. 2004. Symbioses of grasses
with seedborne fungal endophytes. Annual Review of Plant Biology 55:
315-340.

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

Schmidtmann, E. T. 1991. Suppressing immature house and stable flies in out-
door calf hutches with sand, gravel, and sawdust bedding. Journal of Dairy
Science 74: 3956-3960.

Schmutterer, H. 1988. Potential of azadirachtin-containing pesticides for inte-
grated pest control in developing and industrialized countries. Journal of
Insect Physiology 3: 713-719.

Schmutterer, H. 1990. Properties and potential of natural pesticides from the
neem tree, Azadirachta indica. Annual Review of Entomology 35:
271-297.

Sharma, V. P., M. A. Ansari, and R. K. Razdan. 1993. Mosquito repellent ac-
tion of neem (Azadirachta indica) oil. Journal of the American Mosquito
Control Association 9: 359-364.

Showler, A. T., S. M. Greenberg, and J. T. Arnason. 2004. Deterrent effects of
four neem-based formulations on gravid female boll weevils, Anthonomus
grandis grandis Boheman, feeding and oviposition on cotton squares.
Journal of Economic Entomology 97: 414-421.

Showler, A. T., J. R. Anciso, and B. A. Castro. 2010. Effect of garlic extract on
injury by cowpea curculio, Chalcodermus aeneus Boheman (Coleoptera:
Curculionidae), and other pests to cowpea, Vigna unguiculata L.
Biopesticides International 6: 112-120.

Showler, A. T., J. R. Anciso, and B. A. Castro. 2011. Effect of garlic extract on
selected pests and yield of bell pepper, Capsicum annuum L. (var.
Capistrano). Biopesticides International 6: 36-44.

Showler, A. T., W.L.A. Osbrink, and K. Lohmeyer. 2014. Horn fly,
Haematobia irritans irritans L., overwintering. International Journal of
Insect Science 6: 43-47.

220z 1snBny 0z uo 1senB Aq 6GI6S8E/S L/ 1/8/0Me/wdI/Woo"dno-olWapeo.//:SdjY WOy papeojumod



Journal of Integrated Pest Management, 2017, Vol. 8, No. 1

1

Showler, A. T., and W.L.A. Osbrink. 2015. Stable fly, Stomoxys calcitrans
(L.), dispersal and governing factors. International Journal of Insect Science
7:19-25.

Siegel, M. R., and L. P. Bush. 1996. Defensive chemicals in grass-fungal endo-
phyte associations. Iz J. T. Romeo, J. A. Saunders, and P. Barbosa (eds.),
Phytochemical diversity and redundancy in ecological interactions. Recent
Adv. Phytochem. 30: 81-119.

Simmons, S. W. 1944. Observations on the biology of the stable fly in Florida.
Journal of Economic Entomology 37: 680-686.

Skoda, S. R., and G. D. Thomas. 1993. Breeding sites of stable flies and house
flies, pp. 61-69. In G. D. Thomas and S. R. Skoda (eds.), Rural flies in the
urban environment. Research Bulliten. No. 317, Inst. Agric. Nat. Res.,
Univ. Nebraska, Lincoln, NE.

Spates, G. E. 1979. Fecundity of the stable fly: Effect of soybean trypsin inhibi-
tor on the fecundity. Annals of the Entomological Society of America 72:
845-849.

Spates, G. E., and R. L. Harris. 1984. Reduction of fecundity, egg hatch, and
survival in adult horn flies fed protease inhibitors. The Southwestern ento-
mologist 4: 399-403.

Stanbury, R. E., and L. D. Goodhue. 1960. New fly repellents in dairy sprays.
Agricultural Chemistry 15: 43-44.

Steelman, D. C. 1976. Effects of external and internal arthropod parasites on
domestic livestock production. Annual Review of Entomology 21:
155-178.

Taylor, D. B., and D. R. Berkebile. 2006. Comparative efficiency of six stable
fly (Diptera: Muscidae) traps. Journal of Economic Entomology 99:
1415-1419.

Tiwari, P., B. Kumar, M. Kaur, G. Kaur, and H. Kaur. 2011. Phytochemical
screening and extraction: A review. International Journal of Pharmaceutical
Sciences 1: 98-106.

Tobon, F. A., and Q. Fcéutica. 2011. Insecticidal activity of a Melinus minuti-
flora grass extract on Stomoxys calcitrans flies. Revista Colombiana De
Ciencias Pecuarias. 24: 123-135.

Todd, D. H. 1964. The biting fly, Stomoxys calcitrans (L.) in dairy herds
in New Zealand. New Zealand Journal of Agricultural Research 7:
60-79.

Trigg, J. K., and N. Hill. 1996. Laboratory evaluation of a eucalyptus-based
repellent against four biting arthropods. Phytotherapy Research 10:
313-316.

United States Department of Agriculture (USDA). 2013. Plants database.
(http://plants. usda.gov/java/profile?symbol=VIAG)

Van Lenteren, ]J. C., and J. Woets. 1988. Biological and integrated pest control
in greenhouses. Annual Review of Entomology 33: 239-269.

Wagner, W. L., D. R. Herbst, and S. H. Sohmer. 1999. Manual of the flower-
ing plants of Hawai’i. Revised edition: Volume 2. Bishop Museum Special
Publication 97. University of Hawai’i Press; Bishop Museum Press,
Honolulu, HI.

Walter, J. F. 1999. Commercial experience with neem products, pp. 155-170.
In F. R. Hall and J. J. Menn (eds.), Methods in biotechnology, 5:
Biopesticides. Humana Press, Totowa, NJ.

Walton, S. F., M. McKinnon, S. Pizzutto, A. Dougall, E. Williams, and B. J.
Currie. 2004. Acaricidal activity of Melaleuca alterinifolia (tea tree) oil: In
vitro sensitivity of Sarcoptes scabiei var hominis to terpinen-4-ol. Archives
of Dermatology 140: 563-566.

Wang, C. F., K. Yang, H. M. Zhang, J. Cao, R. Fang, Z. L. Liu, S. S. Du, Y. Y.
Wang, Z. W. Deng, and L. Zhou. 2011. Components and insecticidal activ-
ity against the maize weevils of Zanthoxylum schinifolium fruits and leaves.
Molecules 16: 3077-3088.

Ware, G. W., and D. M. Whitacre. 2004. The pesticide book, 6th ed. Meister
Media Worldwide, Willoughby, OH.

Wedin, G. P., J. S. Neal, G. W. Everson, and E. P. Krenzelok. 1986. Castor
bean poisoning. American Journal of Emergency Medicine 4: 259-261.

Westendorf, M. L., G. E. Mitchell, R. E. Tucker, L. P. Bush, R. J. Petroski, and
R. G. Powell. 1993. In vitro and in vivo ruminal and physiological responses
to endophyte-infected tall fescue. Journal of Dairy Science 76: 555-563.

Williams, J. D., R. W. Suthert, G. F. Maywald, and C. T. Petherbridge. 1985.
The southward spread of buffalo fly (Haematobia irritans exigua) in eastern
Australia and its survival through a severe winter. Australian Veterinary
Journal 62: 367-369.

Waunderlin, R. P. 1982. Guide to the vascular plants of central Florida.
University Presses of Florida, Tampa, FL.

Yang, T., G. Stoopen, G. Wiegers, J. Mao, C. Wang, M. Dicke, and M. A.
Jongsma. 2012. Pyrethrins protect pyrethrum leaves against attack by west-
ern flower thrips, Frankliniella occidentalis. Journal of Chemical Ecology
38:370-377.

Zhu, J. J. 2011. Contact and spatial repellency from catnip essential oil,
Nepeta cataria, against stable fly, Stomoxys calcitrans, and other filth flies.
ACS Symposium Series 1090: 79-96.

Zhu, J. J., X.-P. Zeng, D. Berkebile, H.-J. Du, Y. Tong, and K. Qian. 2009.
Efficacy and safety of catnip (Nepeta cataria) as a novel filth fly repellent.
Medical and Veterinary Entomology 23: 209-216.

Zhu, J. J., C. A. Dunlap, R. W. Behle, D. R. Berkebile, and B. Wienhold.
2010. Repellency of a wax-based catnip-oil formulation against stable flies.
Journal of Agricultural and Food Chemistry 58: 12320-12326.

Zhu, J. J., A. Y. Li, S. Pritchard, K. Tangtrakulwanich, F. P. Braxendale, and
G. Brewer. 2011. Contact and fumigant toxicity of a botanical-based feed-
ing deterrent of the stable fly, Stomoxys calcitrans (Diptera: Muscidae).
Journal of Agricultural and Food Chemistry 59: 10394-10400.

Zhu, ]. J., D. R. Berkebile, C. A. Dunlap, A. Zhang, K. Tangirakulwanah, R.
W. Behle, F. Baxendale, and G. Brewer. 2012. Nepetalactones from essen-
tial oil of Nepeta cataria represent a stable fly feeding and oviposition repel-
lent. Medical and Veterinary Entomology 28: 131-138.

Zhu, J. J., B. J. Weinhold, J. Wehrle, D. Davis, H. Chen, D. Taylor, K. Friesen,
and L. Zurek. 2014. Efficacy and longevity of newly developed catnip oil mi-
crocapsules against stable fly oviposition and larval growth. Medical and
Veterinary Entomology 28: 222-227.

Zhu, J. J., G. J. Brewer, D. J. Boxler, K. Friesen, and D. B. Taylor. 2015.
Comparisons of antifeedancy and spatial repellency of three natural product
repellents against horn flies, Haematobia irritans (Diptera: Muscidae). Pest
Management Science 71: 1553-1560.

220z 1snBny 0z uo 1senB Aq 6GI6S8E/S L/ 1/8/0Me/wdI/Woo"dno-olWapeo.//:SdjY WOy papeojumod


http://plants. usda.gov/java/profile?symbol=VIAG
http://plants. usda.gov/java/profile?symbol=VIAG

