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STABLE FLY' BIOLOGY AND CONTROL
 
IN NORTHWEST FLORIDA'·'
 

Jerome A. Hogsette,' Joseph P. Ruff,' and Carl J. Jones' 

Abstmct: This paper gives an overview of stable ny, Stomoxys calcilmllo'l (L.), biology, 
ecology, nnd control in Northwest Florida. Differences in stable fly biolog)1 nnd ecology 
between ).Jorthwest Florida and other locations, as cit.ed in the literature. nrc discussed. 
Stable fly control techniques fIrc described, with emphasis on: elimination 01' reduction of 
larval habihlls; results of a hymenopteran purasite survey that provide infonnntion necessary 
for future biological control pl'ograms; pesticide-impregnated ear tags and tnB tapes for 
control of adult flies on cattle; pesticide-impregnated yarn wrapped on William traps for 
suppression of stable fly adults; [lenal spmy of noled for odult suppression on beaches. 
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In Northwest FIOIida, the stable fly, Stomoxys calcitrans (L.), is a blood·feeding 
pest capable of being a nuisance to both humans and animals (King and Lenert 
1936; Hogsette et al. 1981). During most of the year, the ny's plimary host is 
cattle. However, large numbers of nies can suddenly appear on Gulf beaches 
during the late summer and cady fall when winds are from the north. Once on the 
beaches, the fly's primary host, i.e., the one most commonly encountered, is 
humans. Landing rates of 80 to 100 nies per minute on humans are not uncommon 
during outbreaks (J. L. Brown, Dog Fly Control, Panama City, FL, personal 
communication)_ This can make outdoor recreation an unpleasant experience, 
which in turn can result in large financial losses for the tourist industry. 

Although this phenomenon has been noted in other littoral areas of the U.S., 
e.g., coastal New Jersey and the Great Lakes (Honsens 1951; Love and Gill 1965; 
Voegtline et aL 1965), numerous efforts have been made to research the stable fly 
problem in Northwest Florida along the Gulf Coast (e.g., King and Lenert 1936; 
Simmons and Dove 1941; \Villiams and Rogers 1976). The most recent effort, the 
result of a cooperative agreement between the United States Department of 
Agriculture (USDA) and the State of Flol'ida, Department of Health and 
Rehabilitative Services (HRS), was begun in the fall of 1980 and was scheduled t.o 
continue through 1986. The headqual'ters for field projects is the West Florida 
Arthropod Research Laborntol'Y (WFARL), located in Panama City, FL. A large 
portion of the laboratory projects are perfonned at the Insects Affecting Man and 
Animals Research Laboratory (lA.i\'lARL), a USDA facility in Gainesville, FL. 
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The mojor thrust of the stable fly project has been to investigate stable fly 
biology and control techniques which could be assembled into an Insect Pest 
Management (!PM) program for area·wide stable fly management. Results of 
various individual studies are presented herein as part of an overview of stable fly 
biology and control in Northwest Florida. 

Study Area 
The study area, which consists of the western portion of the state from 

Tallahassee to the Alabama border near Pensacola, can be divided into three distinct 
zones (Fig. 1). The agricultural zone, farthest from the coast, is characterized by a 
variety of farms that usually include livestock. Dairy, beef, swine, and poultry 
operations are numerous (Fye et al. 1980). The concentrations of dairy farms near 
Chipley and west of Jay were of particular interest to us because dairies have 
been reported to be major producers of stable flies by virtue of routine 
management practices (Williams et al. 1980). The coastal zone is characterized by 
urban or rural areas without large concentrations of animals. There is one dairy in 
Panama City and several small herds of beef cattle (Fye et al. 1980). Besides the 
dairy, the many backyard horse operations found throughout the coastal zone are 
potential sources for the production of small numbers of stable flies, depending 
upon individual management practices. The stable fly can be a serious pest of 
dogs in the coastal zone, which may be why it is referred to locally as the dog fly. 
Ears are the preferred feeding sites, probably due to the exposed skin and paucity 
of pelage on the ears of most breeds. Penned hunting dogs are especially 
vulnerable. Since they cannot escape the flies' persistent attacks, they will 
eventually acquiesce and allow flies to feed almost undisturbed. Flies feeding in 
this manner can notch the ears and leave them permanently disfigured. Accounts 
of unique fly.avoidance behavior displayed by unpenned dogs and other animals 
are numerous. 

Alabama 

AGRICULTURAL ZONE 
CH1':,lEY } Georgia 

-~-----

Fig. 1. Stable fly project study area. The coastal zone is the unshaded area 
bordering the Gulf of Mexico. 
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The agricultural and coastal zones are separated by the sand hill zone (Fig. 1), 
characterized by planted pine forests. There has been some development around 
the scattered ponds and lakes, but the zone is largely uninhabited. Natural media 
for the development of large numbers of immature stable flies have yet to be 
discovered; however. we have found adults in the zone during the summer and fall 
months. 

Larval Habitats 
In many parts of the U.S., stable fly larvae develop in manure, spilled feed, and 

decaying vegetation (Bishopp 1931; Anderson and Poorbaugh 1964; Meyer and 
Petersen 1983; Petersen and Meyer 1983). In Florida, we have found that 
decaying vegetation is used almost exclusively; larvae have not been found in 
association with cow manure unless the manure has been dropped on hay. ]n this 
case, the hay would become wet with moisture from the manure and, with the 
onset of fermentation, become a suitable site for larval development. Larvae 
develop in the vicinity of the hay-manure interface, but not in the manure itself. If 
the manure is covered with layers of hay and is in a state of decomposition, stable 
fly larvae and pupae have been obselved in and around the manure. In this case, 
the manure is more suitable for fly development than the hay, especially if the hay 
has not yet begun to decompose. Stable flies have been found in manure samples 
from cage-layer houses but usually make up about 1% or less of the total house 
Oy/stable fly population (Hogsette 1979). It has not been determined whether 
stable fly larvae are actually feeding on chicken manure or utilizing spilled 
feed. 

Most of the media routinely utilized by stable flies for larval development are 
transitory in nature. However, this does not preclude the possibility of transitory 
materials forming semipermanent habitats because of routine deposition of media 
in one location and intermittent retardation of decomposition due to variation in 
moisture levels, i.e., rainfall. This greatly compounds the control problems since 
immature populations cannot be estimated without ftrst determining the location 
and status of all potential breeding sites. 

In the agricultural zone, residues from large bales of rolled hay, deposited by 
cattle while feeding, constitute the greatest single stable fly breeding medium 
currently found in dairies. An average of 28,000 larvae per sq m was found in 
residues on a dairy near Tallahassee (patterson and Morgan 1986). Residues can 
remain active as breeding sites for several months and become quite thick, 
especially when new bales are routinely placed on top of old residues. With urine, 
manure and rain being mixed in as new residues are deposited, the habitat offers 
flies a variety of tolerable temperature and moisture ranges. The residues insulate 
lalVae from ambient temperatures and prevent them from being crushed by cattle. 
Residues deposited during a dry period may remain relatively inactive until rains 
come, except for fermentation initiated by urine and manw'e from the cattle. If the 
rains are intermittent and residues become alternately dry and moist, larval 
activity may also be intermittent until the residues are no longer attractive as 
oviposition sites. 

Hay residues can be ovel'looked by farmers 8S contributors to their fly problem 
since residues are usually scattered throughout the pastures and fly larvae cannot 
be seen without digging beneath the sul'face layer. Status of hay residues, i.e., 
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active or inactive, must be determined by inspection since the surface layer of hay 
may look the same on active and inactive residues. 

Rolled hay is fed from the fall until late spring and l'esidues arc therefore 
available for fly production into the summer months. In Missouri, stable nics have 
been found to oviposit in rolled hay bales stored in fields (Hall et a!. 1982). This 
phenomenon has not been observed in Florida. 

Another cattle feed used by dairymen in ol'thwest Florida is greenchop, the 
top pOlt.ions of young forages that ha\'c been cut and fed immediately. Residues 
from spillage or overfeeding are used by stable flies as oviposition sites. The 
habitat provided by greenchop residues has qualities similar to those of rolled hay 
residues, Le., wide temperature and moisture ranges and protection from cattle 
and ambient temperature. Since greenchop has not been dried prior to reeding, 
residues decompose much faster than rolled hay residues, and do not require as 
much moisture from outside sources to remain attractive to stable nies. During the 
course of this project, semi-permanent stable fly habitats have been noted in and 
around feed troughs where farmers routinely overfeed greenchop. Greenchop is fed 
from late fall until spring and does not usually contribute to the fly problem in the 
summer months. 

Silage is also conducive to stable ny breeding in Northwest Florida. Larvae 
may be found in peripheral areas of trench and bunker silos and in spillage around 
upright silos and feed troughs. Semipermanent habitats have also been observed 
at sites where silage is fed routinely during the fall and winter months. Silage is 
utilized by overwintering stable fly populations in Northwest Florida (\Villiams et al. 
1980) and other parts of the U.S. (Scholl et .1. 1981). 

In the coast..nl zone, grasses and algae washed 01' hauled ashore from the Gulf, 
bays and freshwater lakes are the only known media potentially available for large
scale stable fly breeding. Along the bay shores, large numbers of stable flies can 
develop in Turtlegrass, Thalassia lestudium (Koening and Sims), and shoalgrass, 
flalodule wrightii (Aschers) if grasses have been deposited well above the nonnal 
high tide mark and are in a state of active fel1nentation when flies are in the 
coastal zone searching for oviposition sites (Simmons and Dove 1941). The 
freshwater grasses, coontail, Cerotophyllum demersum (L.). eurasian watermilfoil. 
Myriophyllum spicalum (L.), pondweed, Polomogelon spp., and tlIpegrass, Vallisneria 
americana (Michx.), will also support stable Oy development (Williams et al. 1980) 
under similar conditions. Since these conditions rarely occur in the proper sequence, 
the development of stable flies in aquatic grasses is limited. This is evidenced by 
lUng and Lencl't's (1936) unsuccessful attempts to find stuble fly larvae in aquatic 
grasses during a 4-yr study period. Habitats provided by aquatic grusses are 
very short-lived; only one generation of nies may be able to fully utilize the 
medium before it becomes unsuitable for larval development (Simmons and Dove 
1941). Although it was originally believed that stable flies developed in bay grasses 
along the coast and then moved inland in large numbers to annoy livestock (King 
and Lenert 1936), research has since shown that the agricultural zone is the 
primary source of ny development and fly outbreaks occur along the coast even 
when deposits of grasses on the bay shores are nonexistent (Williams et al. 
1980). 
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Adult Behavior 
In the agricultural zone, the stable fly is mainly a livestock pest. People are 

rarely bitten unless fly populations are large and cattle or other livestock are not 
nearby. Flies usually feed below the knees and hocks of the host, but they may 
move onto the sides and backs if populations are large (> 25/leg). Economic 
threshold estimates for beef cattle (avg. daily count) range from 25 (Steelman 
1976) to 50 flies/animal (Campbell et al. 1977). 

Stable fly populations on dairies in Northwest Florida are not randomly 
distributed and trap counts will vary from place to place on the same dairy. For 
consistently high trap counts, traps must be placed where nies normally congregate 
(e.g., cattle loafing sites, holding pens near milking parlors). Stable flies tend to 
wait in one location for cattle instead of following the cattle around the dail)' 
(Hogsette and Ruff 1987). Attractant Self-Marking Devices (ASMDs), fluorescent 
dust·coated devices that allow wild stable nies to mark themselves (Hogsette 
1983), were placed at loafing/watering sites on opposite sides of a pasture. The 
ASMDs on each side of the pasture were coated with a different color dust. Flies 
were usually marked and captured on the same side of the pasture. \Ne found fly 
movement on dairies during the spring and summer to be limited, but in the fall of 
the yeal', it was not uncommon to see flies moving between dairies that were ca. 5 
km apart. 

When it became evident that stable flies invading the coastal zone were not 
developing in littoral deposits of marine grasses, the possibility of long·range fly 
migration was suspected. Although trapping techniques in use prior to 1971 led 
scientists to believe that flies were not moving through the sund hill zone in large 
numbers (Williams 1973), with the development of the Williams trap (Williams 
1973), stable flies were captured in large concentrations in the sand hill zone in 
power line rights·of-way (Williams and Rogers 1976). By the use of marked, 
laboratory-reared stable flies, a flight range of 112 km was established and the 
capability of long-range flight confirmed (Anon. 1971). The ability of stable flies to 
migrate even longer distances was demonstrated in 1981 when wild stable flies 
were marked on ASMDs at inland sites and captured on Williams traps on Gulf 
beaches 225 km away following the pussage of a frontal system (Hogsette and Ruff 
1985). Stable flies arriving on Gulf beaches could therefore be originating from 
points in Southeastern Alabama or Southwestern Georgia. 

It was noted by early Northwest Florida natives that stable flies appeared on 
the beaches in late summer and fall (the fly season) when winds blew from a 
northerly direction (King and Lenert 1936). The same is true today, but other 
factors are now known to be involved. During the fly season, north winds are 
characteristically associated with strong high pressure arcas which mayor may not 
be associated with cold fronts. Relatively small groups of flies may arrive daily on 
Gulf beaches over a peliod of several days if a high pressure area causes a 
northerly wind flow through Northwest Florida (John L. Brown, Dog Fly Control, 
Panama City, FL, personal communication). Likewise, large numbers of flies may 
suddenly appeal" on the beaches immediately following the passage of a cold front 
(Hogsette and Ruff 1985). 

To further confound matters, wind direction in coastal Northwest Florida is 
influenced by local sea· breeze fronts, particularly during the fly season. [n the 
morning hours, prevailing (geostrophic) northerly winds blow without obstruction. 
\Vhen the land has been warmed sufficiently by the sun, heated ail" over the land 
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moves vertically due to convection. A sea-breeze is set up as air over the Gulf 
moves in to fill the void. This sea-breeze front is propagated as the pressure 
gradient moves inland. There is a vertical wind shear at the boundary where the 
sea-breeze front meets the geostrophic wind. At ground level, this is characterized 
by an area of relatively calm ail' movement. Although we have seen this boundary 
as close to the beach as 1.6 km, it may push inland for 8 km or more (Muon 
1966). Stable flies collect along the Gulf side of the boundary and move with it 
back and forth between the beach and the southern portion of the sand hill zone. 
The resulting bands of flies are readily visible and their inland movement can be 
easily followed (B. W. Clements, West Florida Arthropod Research Laboratory, 
Panama City, FL, personal communication). By sunrise, the geostrophic winds will 
have over-powered the sea-breeze front and northerly winds return the flies to the 
beaches along with additional flies that may have moved through the sand hill 
zone during the previous day. This localized fly movement will continue until 
coastal Northwest Florida is no longer under the influence of the high pressure 
area that caused the north winds. Afterw'ard, northerly winds are usually light « 

3.6 m/sec) and, because of the sea-breeze front, stable flies become stranded in 
inland areas causing much discomfort to the inhabitants, their animals, and 
probably to wildlife as well. 

Stable flies are not uniformly distributed when they arrive on the beaches. 
Some coastal locations are noted as "hot spots" presumably because of their 
spatial relationship to the large bay and river systems in the area (Fig. 1). Once on 
the beach, flies may be moved to other coastal areas by geostrophic winds which 
sometime blow parallel to the coast depending upon wind direction and the 
curvature of the shoreline. 

In 1981, a stable fly trapping program was initiated in a six-county area in 
Northwest Florida (Hogsette et al. 1981). Thirty-four Williams traps were placed 
at 23 locations on dairies, fire towers, and beaches in the agricultural, sand hill and 
coastal zones, respectively. When data collected for three consecutive years 
were analyzed (the GLM procedure, SAS User's Guide: Statistics, 1982 ed.), we 
noted two factors pertinent to stable fly migration. First, there was a highly 
significant (P < 0.0001) relationship between the arrival of flies on the beaches 
and the passage of cold fronts. Although there was a significant (P < 0.01) 
relationship between the arrival of flies in the sand hill zone and the passage of 
cold fronts, other weather-related variables appeared to be more influential on 
population levels in that area. This suggests that stable flies are migrating at levels 
higher than the 30- to 120-cm flight ceiling reported by Williams and Rogers 
(1976); i.e., stable flies may be passing high over the sand hill zone and 
descending on the beaches first in large concentrations (Hogsette and Ruff 1985), 
or flies that arrived on the beaches passed through the sand hill zone at low levels, 
but not where our traps were located. Secondly, there were no noticeable 
reductions in stable fly population numbers in the agricultural zone after the 
passage of cold fronts. While it might be remotely possible that flies at our 
trapping locations had not been influenced by frontal passages, a more plausible 
explanation would be that only small numbers of the overall population had been 
influenced. The disappearance of 1 to 2% of a lOO,OOO-fly population at a farm 
would be difficult to detect and could occur with minimal change in apparent 
population numbers due in part to the distribution and feeding habits of the fly. 
Since we found that a large percentage of flies that have migrated to the coast are 
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physiologically young, Le., ovaries at stage 3 (the resting stage) using the method of 
Scholl 1980, it may be possible to determine when migratory flies leave a farm by 
watching for a sharp reduction in the percentage of physiologically young flies in 
the population when a frontal system passes through, 

Recent observations of stable flies probing flowers, presumably in search of 
nectar (Tseng et al. 1983), support the theory that beach populations are in a 
migratory phase. Records of similar behavior can be found in the literature 
(Surcouf 1921; Hammer 1942), but little significance had been given to this 
phenomenon since it was assumed that stable flies could not survive for more than 
a few days without a blood meal. 

In recent tests, Jones ct al. (1985) demonstl'ated that stable flies arc able to 
survive ror as long as 15 (x = 6.7) and 19 (x = 13.7) days on honey plus pollen 
diffusates, and pollen diffusates, respectively. Pollen granules, perhaps too large to 
pass through the proboscis, were not found in the flies' digestive tracts, but flies 
could potentially utilize amino acids and other pollen diffusates. Stable flies 
cannot reproduce without blood meals (Jones et al. 1985), but the nutrients in 
nectar and pollen diffusates would keep flies alive, and thus increase their chances 
of finding blood meals and ultimately reproducing. Nectar may also be utilized as 
a high.energy food to replenish flies' energy reserves depleted during long·range 
migration. Stable flies can probably store nectar in the crop and digest it as 
needed for energy (Jones et a1. 1985), an ability which has been observed in other 
blood·feeding Diptera (Day 1954; Stoffolano 1983). This storage and utilization 
mechanism would enable stable flies to survive during periods of prolonged flight 
and provide them with an alternate food source when blood meals were not 
available. Three times as many flies captured on beaches were nectar-positive 
compared to flies captured on inland farms during the same time period. 

Control Measures 
The control techniques noted here have been used at various sites in the 

agricultural and coastal zones. The integration of these techniques into pest 
management programs will follow the completion of a predictive model of stable 
fly population dynamics which is now under development. 

In the agricultural zone, stacking and burning active rolled hay residues can 
result in a rapid decrease in adult stable fly populations (R. S. Patterson, and M. 
J. McGowan, persona] communication). Although stacking can be done manually, 
the use of heavy equipment, such as a front· end loade,r, is helpful since the hay 
can be tightly compacted and difficult to move otherwise. Hay residues with active 
larval populations are typically wet beneath the surface and must be burned 
repeatedly over a period of several days in order to completely char the hay and 
effectively kill the fly larvae and pupae. As an alternative to burning, wet hay 
residues can be stacked, covered with black polyethylene, and left to compost. 
With the exception of emergency situations where a rapid reduction of fly numbers 
is required, this overall procedure may not be practical for many producers unless 
it is done on a routine basis. This is not to imply that reduction of larval habitats 
is unimportant in a control program. However, individual producers must devise 
and utilize methods suitable to their particular operations. Attempts to burn hay 
residues in place, Le., without stacking, have been largely unsuccessful. If rolled 
hay being fed to stock is placed on wagons (or other mobile platforms), residue 
accumulations can be minimized by moving the wagons a short distance once or 
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twice a week. The thin layers of hay that will be deposited tend to dry completely 
without becoming attractive as oviposition sites. Routine removal of rolled hay 
residues would greatly reduce or eliminate the stable fly populations on many 
northwest Florida dairies (Fye et al. 1980; Hogsette et al. 1981). 

A survey of hymenopterous pupal parasites conducted in the study area 
indicated that Spalangia cameron£ Perkins is the parasite most commonly found on 
Northwest Florida dairies during the fall, winter, and early spl,jng (Greene et a1. 
1987). Other parasites found in smaller numbers were Muscidi[urax spp., S. endius 
Walker, and S. nigroaenea ew·tis. Parasitized fly pupae were usually found in semi
permanent habitats such as silage and hay residues neal' feeding or storage areas. 
This information will be useful in determining which parasites to mass-real' when 
future biological control programs are designed. 

For fly control on cattle, insecticide-impregnated ear tags and ear tapes have 
been shown to be beneficial (Hogsette and Ruff 1986). Control devices applied to 
cows' ears allow animals to treat themselves and others with pesticide as they 
groom and otherwise interact. Unfortunately, the body areas receiving the best 
coverage, i.e., the neck and shoulders (Beadles et a!. 1977), do not include those 
areas where stable flies normally feed, i.e., lower portions of the legs. Therefore, 
reduction of stable fly populations can be slower and less dramatic than the 
reduction of horn fly (Haematobia irl'itans, L.) populations. Control devices applied 
to cows' tails (ear or tail tapes) contact much of the animals' hind legs, sides, and 
backs (Beadles et a!. 1977). We found that permethrin tail tapes would eliminate 
stable fly populations from dairy cattle in 24 hl' (Hogsette and Ruff 1987), however, 
retention must be improved before they can be marketed. Ear tags/tapes are 
usually applied for horn fly control, and stable fly control is considered a 
secondary benefit. Horn flies have become resistant to the pyrethroids released 
from ear tags/tapes (Quisenberry et al. 1984; Sheppard 1984; Schmidt et al. 1985) 
and the use of these devices in northwest Florida has decreased. We have 
observed the application of ear tags/tapes primarily for stable fly control only in 
cases where flies are actively feeding on cattle and humans alike. 

We tested permethrin EC and WP formulations as contact residuals on 
unpainted wood in shaded locations 011 dairies. Since the results have been 
variable, depending upon the location and type of wood, this technique is not 
presently recommended for field use. However, we successfully utilized orion yarn 
impregnated with pennethrin EC (Koehler and Patterson 1982) and wrapped in a 
continuous coil round the fiberglass panels of Williams traps (omit the tack trap) 
as a fly-killing device. Yarn is soaked in a 1% solution of permethrin at 66°C for 20 
to 30 min. and allowed to air dry (Koehler and Patterson 1982). Fiberglass panels 
are notched top and bottom at l.3·cm intervals so the yarl1 will stay in place 
(Tseng et 8\. 1986). We have found these toxic devices to remain active in the field 
for a minimum of 4 months with no apparent decrease in efficacy from exposure to 
sun, rain, or temperature extremes. Treated yarn can be used soon after 
impregnation or stored for up to 1 yr indoors in plastic bags. When permethrin is 
applied to wooden surfaces, persistence of residues is not predictable over time. 
Sublethal exposure levels may be found less than 1 month after the date of 
application. The continued use of permethrin on wooden sill·faces would contribute 
to the development of permethrin resistance to stable fly populations. The 
impl'egnated yarn would therefore be the method of choice for several reasons. 
First, yam can be left in the field for 4 months with no decrease in efficacy. 
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Second, yam~wrapped toxic devices can be used intermittently during the year to 
reduce fly populations to desired levels. Also, few new buildings in Northwest 
Florida are being constructed of wood. So, if the application of permethrin to 
wood were a satisfactory technique, the number of unpainted wooden application 
sites are limited or unavailable on many farms. Yarn-wrapped toxic devices can be 
placed on stakes or hung singly on fences wherever needed. 

In the coastal zone, the major control effort is aimed at stable Oy populations 
after they arrive on the beaches. In late summer Bnd fall when the winds blow 
from a northerly direction, observers monitor the beaches for the arrival of stable 
flies. Once fly landing rates reach 5 per minute on an observer, the director of the 
aerial spray program is notified and the spray plane is dispatched to the problem 
area. The plane dispenses nnled in soybean oil from an altitude of 31 to 46 m and 
dead flies can usually be found 5 to 10 minutes after the spray cloud moves across 
the beach. This temporary, but very effective, method of control will be employed 
to eliminate stable fly adults on the beaches until other more satisfactory methods 
are devised. 
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Abstract: The seasonal abundance of the twospolted spider mite, Tetranychu.c; urlicae Koch, 
on cantaloupe is described. Population levels were low during early vegetative growth, 
increasing as plants matured. The initial period of rapid mite population growth was timed 
with the male flowering stage of the plants. These data suggest that acaricide applications 
muy be delayed until just before the cantnloupc reproductive stage. tn supplementary 
studies, nine materials were evaluated for mite conlJ'oL Only dicofal and avermectin Bl kept 
mites at a low level throughout the experiment Cyhexatin gave good initial control, but mites 
rapidly increased 1 week after treatment. Fenbutntin oxide was ineffective. Of four pyrethroids 
evaluated, two (fenvalerate and cypermethrin) caused significant mite increases, and two 
(bifenthrin and fenpropathrin) provided inconclusive results. Sulfur provided poor control 
and produced phytotoxic symptoms on the melon foliage. 
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Cantaloupe (Cucumis melD L. var. reticula/us) and other varieties of melons in 
this species comprise a major commodity group produced in the semi-arid regions 
of the southwestern United Stales. In California and Texas, two of the largest 
melon producing states, crops worth S170 million and $30 million, respectively, 
are grown annually (Califomia Crop and Livestock Reprt. Sel'v. 1986; Anon. 
1983). 

Spring cucurbit crops in California arc infested by a number of arthropod 
pests, including tetl'anychid mites (primarily the twospotted spider mite [TSMl, 
Tetranychus urticae Koch). The common practice for mite management on melons 
is either to use a prophylactic acaricide treatment at an early plant growth stage, 
or to survey the perimeter of the field for the presence of mites and treat if any 
are found. Using these methods, growers apply from 1 - 4 acaricide treatments 
(usually dicofol) for mite control. Dicofol has a high degree of efficacy against 
spider mites on melons, and resistance has not been detected. However, resistance to 
this material has been noted in other crops in California (Dennehy and Granett 
1984) and no other effective acaricides arc registered for use on melons. 

The objectives of the present study were I) to describe the seasonal abundance of 
TSM in order to define critical times in which t.o begin control measures, and 2) to 
evaluate matetials as acaricides in the event. that TSM becomes resistant to dicofol. 

MATERIALS AND METHODS 

Field trials were conducted in the spl'ing of 1984 and 1985 at the Imperial 
Valley Experiment Station neal' EI Centro, CA. The cantaloupe variety 'Topmark' 
was planted 9 February 1984 and 31 January 1985 with 30.5 cm plant spacing 

I ,\CARI: 'I'eLrllnychidnl}.
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and 2.03 m row spacing. Seeds were planted on the south facing slope of slant 
beds to take advantage of incident solar radiation, which warmed the soil and 
reduced germination time. Following germination and plant establishment, the 
beds were leveled to provide a flat growing surface for proper vine development 
(Kasmire 1981). This and other common agronomic practices of the area were 
followed. 

Seasonal Abundance a.nd Spray Timing 
Entire plants wefe sampled weekly by randomly selecting 15 plants (1984) and 

20 plants (1985) from the field. In 1984, the abaxial surfaces of all leaves of the 
sampled plants were sprayed with a commercially available hair spray to fix mites 
to the leaves and ensure that no intraplant mite migration occuned (Holtzer et al. 
1984). Hair spray was not used in 1985, because plants were placed individually in 
plastic bags and stored at 4°C. In both years, TSM adult females on each leaf 
were counted using a binocular microscope (20· 30X). Due to the unusually high 
number of mites in 1985, only lh of each leaf was examined. Counts were 
transformed to whole leaf counts (i.e., doubled) before analysis. Average numbers 
of adult females per leaf were calculated. 

In addition to mite counts, information on plant phenology was gathered 
weekly. Three phenologyical stages were recognized: 1) the vegetative period (the 
time before flower production); 2) the male nower period (when 50% of the plants 
had male flowers); and 3) the reproductive period (when 50% of the plants had 
female flowers). This last stage signified the initiation of the fruiting cycle. 

Acaricide Trials 
Plots consisted of four rows of melons (9.9 m long in 1984; 7.5 In long in 1985) 

arranged in a randomized complete block design with 4 replicates. Pesticide 
applications were made with a hand-operated, two row, C02-pressurized sprayer, 
calibrated to deliver 36.8 liter of total material per hectare at H pressure of 2.8 kg/ 
sq em. Applications were made on 10 May 1984 and 15 May 1985. 

Materials to be evaluated were chosen based on their chemical classification, 
modes of action, or known efficacy against mites in other agronomic situations. 
Dicofol is the standard material used in this area for mite control. Two organotin 
compounds, cyhexatin (Plictran) and fenbutatin oxide (Vendex) are registered for 
mite control on other crops. Four pyrethroids, fenvalerate (pydrin), cypermethrin 
(Ammo), fenpropathrin (Denito!) and bifenthrin (as FMC 54800) were chosen 
because t.his class of compounds typically causes spider mite population increases 
(Hull and Starner 1983). However, fenpropathrin and bifenthrin have shown some 
acaricidal activity in addition to broad-Sl}ectrum insecticidal properties (McKinlay 
and Halford 1986). Sulfur (Super 6) has shown good acaricidal activity against 
other mite species and also is used occasionally on melons. The final material, 
avennectin Bl (Abamectin), is a macrocyclic lactone natural product of the soil 
microorganism Streptomyces auermitilis. This material has shown very high toxicity 
to a number of mite species in several different families (Green and Dybas 1984). 
All materials and the rates at which they were tested are listed in Tables 1 and 2. 
Dimethoate (Cygan) was sprayed 11 April 1984 on all plots at a rate of 0.56 kg 
(AI), to reduce high numbers of western flower thrips, FranhlinieUa occidentalis 
(pergande), which feed on spider mite immatures and eggs (Gonzalez et al. 
1982). 
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Table 1.	 Average number of adult female spider mites per plant for pesticide 
treatments counted on 4 sampling dates. EI Centro, CA. Spring 1984. 
Percent control is shown in parentheses.-

Material Rate Pre Posttreatment 
and formulation (kglha) 9 May 16 May 23 May 29 May 

Dieofol 1.6EC 0.9 161a 26( 75)e 52( 72)d 36( 78)c 
Cyhexatin 50W 3.9 169a 29( 73)e 73( 62)ed S9( 48)be 
Fenvalerate 2.4EC 0.4 136a 193(-124)a 254(-63)a 184(-33)ab 
Cyperrnethrin 2.5EC 1.5 207a 143( 9)ab 228( 4)a 245(-16)a 
Bifenthrin 2 E 0.1 162a 135( -32)ab 202( -9)ab 222(-35)ab 
Avermectin O.15EC 0.04 160a 83( 18)be 152( 17)abe 139( 15)abe 
Control 161a 102 be 185 ab 164 abc 

- Means followed by the same letter arc not significantly different (P > 0.05); Duncan's (1951) multiple 
range test. 

Table 2.	 Average number of adult female spider mites per plant for pesticide 
treatments counted on 5 sampling dates. EI Centro, CA. Spring 1985. 
Percent control is shown in parentheses.-

Material Rate Pre	 Posttreatment 
and formulation (kg/hal T5'Kii"aY 22 May 28 May 5 June 11 June 

Dieo!ol l.6EC 0.9 118. 18(89)e 39( 84)e 38(76)d 47( 73)e 
Cyhexatin 50W 3.9 lOOn 34(76)e 128( 38)h 93(30)abe 106( 29)b 
Fenbutntin oxide 4L 1.4 125n 84(53)b 208( 19)ab 75(55)ed 108( 42)b 
Fenpropnthrin 2.4EC 0.4 108. 92(40)ab 246(-I1)a 90(38)be 152( 6)ab 
Bifenthrin 2 E 0.1 li4a 38(77)e 134( 43)b 107(30)abe 192(-13)a 
Sul!ur 8 F l.8 li5. 125(24). 236( 0). 95(38)abe l80( -5). 
Avermeelin 0.15EC 0.04 134. 27(86)e 14( 95)e 44(75)d 35( 82)e 
Control 1028 146 a 209 ab 136 a 152 ab 

- Means followed by the slime letter are not significlIlltly different (P > 0.05); Duncan's (1951) multiple 
range test. 

Spider mite densities were evaluated by counting the adult female mites on the 
abaxial surface of five selected leaves from five melon plants per plot. Beneficial 
arthropods, F. occidentalis, Orius sp., Chrysopa carnea (Stephens), Hippodamia sp., 
Scymnus sp., and Stethorus sp., also were counted on these leaves. Counting in the 
field (i.e., nondestructive sampling) allowed sampling of the same plants each week 
and assessment of the mite population development over time, without altering 
mite abundance by removing foliage from the field. 

The sampling scheme varied slightly between the 2 yr. In 1984 every third leaf 
on each plant was counted. This procedure was used because no a priori 
information was available on the distribution of adult females on the melon plant. 
In addition, foliage of all ages could be sampled. Concurrent sampling studies 
(perring, unpublished data) showed that adult female mites were most abundant on 
leaves 10 through 20, where leaf number 1 was the closest to the crown of the 
plant. No significant difference was observed in the number of mites on these 10 
leaves. Therefore, in 1985 five of these 10 leaves on the primary branch were 
selected for mite counts. Counts were made on 9 May (pretreatment), 16 May, 23 
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May, and 29 May 1984, and on 15 May (pretreatment), 22 May, 28 May, 5 June, 
and II June 1985. 

Cantaloupes were harvested on 31 May and 6 June 1984 from 9.3 m of the 
middle two rows. Only melons that were at "full slip" (i.e., formation of 8 complete 
abcission layer between the fruit and the vine) were selected on the first harvest 
date. On the second date, all remaining melons were picked. Cantaloupes were 
graded into carton size classes using the fruit weight, 23 count = 720 - 853 g; 18 
count ~ 854 - 1065 g; 15 count ~ 1057 - 1293 g; and 12 count ~ 1294 g (Johnson 
and Mayberry 1982). Percent sunburned fruit also was determined. In 1985, all 
fruit were picked on 11 June from 5.7 m of the center two rows. Fruit were graded 
into carton size classes, and evaluated for several qualities that affect crop value. 
These included the amount of skin netting (rate from 1 - 3, where 1 was the most 
developed netting), flesh color inside the fruit (rate from 1 - 3, where 1 was the 
most mature fruit with the highest color quality), the percent sunburned fruit, and 
whether the melon was at full slip. 

Statistical analysis consisted of two-way analysis of variance (ANOVA); 
Duncan's (I95l) multiple range test was used to separate means of the different 
treatments at P = 0.05. Conversion of the mite counts to percent control, which 
takes into account the natural increase or decrease of mites in the control plots, 
was performed using Henderson's (1955) formula. 

RESULTS AND DISCUSSION 

Seasonal Abundance and Spray TIming 
Data collected in 1984 and 1985 showed a low initial rate of increase for the 

mite population, followed by a rapid increase later in the growing season (Fig. 1). 
This period of rapid growth began just prior to the reproductive cycle of the 
cantaloupe plants (Le., at male flower production), regardless of the relative 
differences in mite densities between the two seasons. Similar results have been 
obtained in studies on other spider mites. Banks grass mite, Oligonychus pratensis 
(Banks), population increases have been shown to be closely associated with 
reproductive physiology of corn and sorghum (see PelTing et al. 1983 and 
references therein). Changes in plant nutritional quality or microenvironmental 
conditions may explain this association (Pening et a1. 1983, 1986). 

The period of rapid increase in mite numbers dming 1984 began in the middle 
of the male flowering period. However, in 1985, the population increased earlier, 
beginning near the start of male flowering. The higher mite levels that were 
present in 1985 probably resulted from this earlier onset of rapid population 
growth. 

Acaricide Trials 
Arthropod counts in 1984 indicated that only F. occidentaJis numbers were 

sufficiently high to affect the spider mite population. As long as thrips were 
abundant, spider mite populations failed to increase. Application of dimethoate 
reduced thrips levels, allowing mite density to increase. In 1985, thrips and other 
beneficial arthropod numbers were low at the time of pesticide application. 

Of all materials evaluated, dicofol provided the most consistent control. 
Although mite density in dicofol treatments did not diffe.. significantly (P > 0.05) 
from the control plots in 1984, this material did provide 75% initial control (Table I). 
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Fig. 1.	 Average number of adult female twospotted spider mites counted on each 
sampling date in 1984 and 1985 studies. Plant phenological stages are 
represented by vegetative (time before flowering), male flower (50% of 
plants with male flowers), and reproductive (50% of plants with at least 
female flowers). 
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In 1985, 89% control was obtained, which was significantly (P < 0.05) different 
from control plots (Table 2). Mite numbers in the dicofol plots increased slightly 
by the second week posttreament; however, the numbers failed to reach damaging 
levels, and control remained above 70% after 3 and 4 wk (1984 and 1985, 
respectively). These findings concur with those of Dhooria and Sagar (I975) as 
they reported good control of T. cinnabarinus (Boisduval) on squash.melon using 
dicofol. No apparent resistance to this material has been documented in the 
Imperial Valley, even though dicofol is used for mite control virtually every year. 
Perhaps, resistance has not developed because cantaloupe is not a perennial crop; 
therefore, the mite population is not subjected to intensive selection pressures for 
an extended time period. 

Cyhexatin also provided fairly good initial control (73% in 1984 and 76% in 
1985), but spider mite abundance increased rapidly following the ftrst week 
posttreatment (Tables 1 and 2). Cyhexatin is used effectively for control of 
tetranychids on strawberries (Halford and McKinlay 1985), nut and fruit trees, and 
ornamentals although repeated applications are recommended. The initial control 
that was obtained in my studies indicates that this material would work in a 
control program, if multiple applications were feasible. The other organotin 
compound tested in 1985 (fenbutatin oxide) had only marginal initial effectiveness 
(53%) although this was significantly (P < 0.05) different from the control (Table 
2). This material is used effectively in citrus and orchard ecosystems (Esguerra 
and Haramoto 1981), where adequate coverage is obtained with high volume 
application. In my trials, sufficient amounts of the material may not have reached 
mites on the abaxial leaf surfaces. 

An increase in tetranychid mite numbers following applications of some 
PYl'ethroids has been noted by a number of authors (Basha et al. 1982; Hull and 
Starner 1983; Penman and Chapman 1983; Riedl and Hoying J983; Hurkova J984). 
In my 1984 study, fenvalerute and cypermethrin caused mite numbers to increase. 
Significantly (P < 0.05) higher numbers of mites were found in the fenvalerate 
plots compared with the control plot on the first posttreatment count date; 
negative percent control was obtained with both fenvalerate and cypermethrin 
(Table 1). Fenvalerate (~124% control) caused a greater increase than did 
cypermethl'in (-9% control), although absolute mite numbers were not significantly 
(P > 0.05) different. Bifenthrin, evaluated in both years, showed inconsistent 
results. In 1984, a negative percent control was obtained, although absolute mite 
numbers were not significantly (P > 0.05) different from the control (Table 1). In 
1985, the initial kill resulted in significantly (P < 0.05) fewer mites than the control 
and the percent control was close to that obtained with cyhexatin (Table 2). 
However, like cyhexatin, control was short·lived, and after 4 wk mites resurged to 
a level nonsignificantly (P > 0.05) different from the control; negative percent 
control (·13%) was obtained. Fenpropathrin, tested in 1985, failed to provide 
adequate mite control, although unlike the pyrethroids used in the 1984 study, it 
did not cause a mite increase immediately following application. Basha et al. (1982) 
noted a similar mite response to fenpropathrin. Overall, bifenthrin and fenpropathrin 
showed some promise for specific uses in the melon agroecosystem. These 
materials might be useful to control insect pests in the presence of mites because, 
unlike other pyrethroids, they did not appear to cause spider mite resurgence. 
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Sulfur was ineffective for control of mites in 1985; population densities did not 
differ significantly (P > 0.05) from those in the control (Table 2). Sulfur has been 
used for mite control on a number of agricultural crops (including melons) in the 
past. Although 'Topmark' is considered sulfur~tolerant, symptoms of phytotoxicity 
appeared as small brown spots on the foliage. 

Avermectin showed inconsistent results for the 2 yr. In 1984, inadequate (18
15%) control was obtained for the 3-wk posttreatment period (Table 1). However 
in 1985, excellent control was obtained through the 4 wk posttreatment (Table 2). 
Avermectin has a mode of action that is different from the other acaricide classes; 
thus, it may be useful in managing resistance in the future. It is effective on all 
stages of spider mites and has shown high efficacy against other mite species 
(McCoy et al. 1982; Green and Dybas 1984). 

Plot yields of all treatments in both years were not significantly (P > 0.05) 
different from the control, although there was a trend toward higher melon 
production in the dicofol and avermectin plots. The percentage of fmit that was 
sunburned, a result of mite damage to the foliage, did not differ among treatments 
in either year. This percentage ranged from 27% (bifenthrin) to 41 % (avermectin) 
in 1984 and from 8% (avermectin) to 30% (fenbutatin oxide) in 1985. Similarly 
other yield parameters measured were not significantly (P > 0.05) different among 
treatments in 1985. The number of slipped fruit ranged from 7 to 15 per plot, the 
mean netting was 2.5 to 2.6, and the average color ranged from 1.8 to 2.1. 

Although the numbers of fruit per plot were not significantly different at P = 0.05, 
calculations of total production on a hectare basis showed that all materials, 
except sulfur in 1985, had a percent increase when compared to control treatments 
(Table 3). Yield increases, however, did not necessarily coincide with the best mite 
controls (for example, fenvalerate and cypennethrin had mOl'e mites than the 
control, yet had higher yields). The highest percent increases were avermectin and 
dicofol in both seasons. 

CONCLUSIONS 

The usual practice for TSM control in California melon fields consists of 
acaricide treatments early in the growing season. These initial applications may 
occur anytime from the cotyledon stage through the vegetative period. Data 
collected in the present study showed that mite populations were at low densities 
at this plant growth stage and population levels remained low until just before the 
reproductive cycle. Population growth was virtually undetectable until plants were 
in the male flower stage. Therefore, I recommend delaying the application of 
pesticides until the male floweling stage, at which time treatment may be necessary. 
This delay may preserve beneficial arthropods which are import~nt in the 
management of spider mites and other pests such as flea beetles, lepidopterous 
larvae, and aphids. Unnecessary disruption of this beneficial fauna undoubtedly 
results in more frequent pesticide applications later in the season. 

When pesticide application does become necessary, selection of acaricides and 
insecticides can have a dramatic impact on spider mite control and melon 
production. Pyrethroids should be avoided when mite populations are detected. 
However, the relatively new pyrethroids, such as bifenthrin and fenpropathrin, may 
provide some mite control when used against insect pests. Miticides used on other 
agricultural commodities are not necessarily efficacious against spider mites on 
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Table 3.	 Number of boxes per hectare in each size class, calculated from plot 
yields. EI Centro, CA, 1984 and 1985. 

Treatment 12'5 15's 18'5 23's Total % increase· 

1984 
Dicefel Oat 86a 420a 3lGa 822a 87 
Cyhexatin Oa 104a 361a 316a 781a 78 
Fenvalerate Oa 17a 304a 3730 694a 58 
Cypermethrin Oa 86a 232a 259a 577a 31 
Bifenthrin Oa 52a 173a 430a 655a 49 
A\'ermectin 22a 528 390a 509a 973a 121 
Control Oa 17a 173a 250a 440 

1985 
Dicofol 36a 227a 400a 259a 922a 31 
Cyhexatin 72a 198ab 378a 166a 814a 15 
Fenbutatin oxide Oa 171ab 378a 240a 789a 12 
Fenpropathrin Oa 156ab 489a 105a 904a 28 
Bifenthrin 36a 141ab 400a 222a 799a 13 
Sulfur Oa 57b 400a 240a 697a -1 
Avermectin 36a 198ab 519a 277a 1030a 46 
Control 36a 579b 353a 259a 705a 

.. % increase is ule percentnge by which the trentment total number of boxes per hectnre exceeds the 
control totals. A negative value, therefore. corresponds to n yield that is lower than the control 
yield. 

t Means followed by the Slime letter are not significantly different (P > 0.05); Duncan's (1951) multiple 
range test. 

cantaloupe. Perhaps by altering application methods these materials would be 
effective on a vine crop like melons. In my tests, dicofol provided the most 
consistent level of control during both seasons, yet avermectin performed well in 
the 1985 study. If resistance to dicofol becomes 8 problem, avermectin could be 
substituted into 8 mite control program. 
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LABORATORY BIOASSAYS OF THE ACUTE AND ANTIFEEDANT
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Abstract: In diet-incorporation bioassays, an analogue of avcnnectin (L656,748) was ca. 1.500 
times more active against neonate Spodoptera exigua (HObner) than 8vermectin 81 (Abamectin). 
LC~o values in ng active ingredicnt/ml diet (with 95% fiducial limits) were 00480 (0.447·0.515) 
for the analogue and 755.4 (616.4·897.2) for avennectin 81. [0 leaf disk bioassays where both 
third instar lilrvae and leaf disks were treated, the avcrmectin analogue proved to be as toxic 
ns a methomyl standard with 2·\ h post-appHcation. Avcrmectin Bl was significantly less 
IIcU"c. In residue tests using leaf disks, both avenncctin analogue and methomyl caused 
significant levels of mortality for third ins tar larvae fOI' at least 14 d post-application, by 
which time avermectin B1 was no longer effective. Although residues of nvermectin Bl 
produced significant antifeedanl effects immediately following application, this effect was not 
evident by 7 d post-treatment. Only residues of the 8\'ennectin analogue produced significant 
reductions in food consumption per lalVae after 14 d. Thus, the analogue of avermectin has 
considerably more potential for use against S. exigua than a\.'ermectin Bt. 

Key Words: Spodoptcra exiguQ. beet annywonn, avennectin. Abamectin, food consumption. 
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Avermectin Bl (Abamectin), a macrocyclic lactone produced by the mycelia of 
Streptomyces avermitilis, has substantial biological activity against a variety of 
economically important arthropods (Grafton-Cardwell and Hoy 1983; Burts 1985; 
Robertson et aL 1985; Grout and Morse 1986). The primal)' mode of action 
appears to be as a mimic or dislUpter of the neurotransmitter gamma aminobutylic 
acid (Fritz et al. 1979; Kass et al. 1980; Mellin et al. 1983), but the visual system 
also is impaired in some insects (Agee 1985). Studies documenting both the 
selectivity of avermectin Bl (Hoy and Cave 1985) and sublethal effects on pest 
species (Robertson et al. 1985; Wright 1984; Beach and Todd 1985), suggest that 
this compound might be useful in integrated pest management (!PM) programs. 

Avermectin Bl has potential fol' incorporation into IPM programs in celery and 
tomatoes for control of the Icafminer, Liriomyza lrifolii Burgess, as this chemical 
does not damage the parasite-based biological control system (Trumble 1985). 
Since the complex of Eulophid and Pteromalid species can provide up to 90% 
control of the leafminer in celery (Trumble and I akakihara 1983), and the 
problems associated with development of insecticide resistance by L. trifolii are 
escalating (Keil et al. 1985), maintenance of parasite activity is becoming 
increasingly important UnfOltunately, avennectin B1 does not provide economically 
effective suppression of the beet armyworm (BAW), Spodoptera exigua (Hubner) 
(Zehnder and Trumble 1985), which is also a key pest in celery and tomato. 
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Therefore, the current practice of applying broad spectrum pesticides such as 
methomyl for HAW control, which kills the learminer parasites without suppressing 
leafminer populations (Oatman and Kennedy 1976; Trumble and Toscano 1983), 
effectively eliminates the selective advantage of avermectin BI. 

Although several approaches have potential for solving this problem, we 
examined the possibility that an analogue of avermectin Bl (L656,748) might have 
a broader range of biological activity which would include BAW. We report here 
several laboratory bioassays designed to compare the impact of avermectin 
analogue, avermectin Bl, and methomyl on HAW survival and food consumption. 

MATERIALS AND METHODS 

Diet-Incorporation Bioassay 
All HAW used in the following trials were from a laboratory colony established 

in 1982 from larvae collected in an untreated research plot in Orange Co., CA, and 
maintained on a modified lima bean diet (Patana 1969) at 27 ± 1'C, LD:16-8. The 
colony has been supplemented with several hundred wild insects to preserve the 
gene pool. The age of neonate BAW was "standardized" by selecting individuals 
which eclosed during a 4 h hour period. Thirty larvae « 4 h old) were tested per 
dose, with seven doses per treatment plus a control. The entire assay was 
replicated four times. Doses (ng Al/ml diet) tested were: avermectin B1 (18 gAil 
liter EC, MK 936) = 100, 200, 400, 800, 1200, 1800, 2400; avennectin analogue (6.0 
g AI/liter EC, L656,748) = 0.1, 0.2, 0.3, 0.45, 0.6, 0.8, 1.10, and 2.0. Suspensions 
and controls were made by adding materials to an aqueous 0.1% Tween 80 
solution to produce 50 ml. 

Each dose was added to 1300 ml of artificial diet (Patana 1969) after the diet 
had cooled to 45.3°C in an ice bath. The mixture was blended for two minutes and 
then ca. 15 ml were poured into 30 ml plastic cups. The diet was allowed to dry 
for 1- 4 h before one neonate HAW was placed in each cup. Cups were covered 
with opaque plastic lids and placed in an environmental chamber set at 27 ± 1°C 
and LD: 16-8. Larval mortality was assessed at day 7 in all treatments. Data 
initially were analyzed using the Proc Probit Procedure (SAS lnst. Inc. 1985) after 
correction for control mortality with Abbotts (1925) fOl1nula, and then judged for 
suitability for the probit model using the criteria of Vandekar and Dulmage (1982). 
Control mortality did not exceed 10%. 

Leal-Dish Bioassay and Food Consumption. Trials 
Larvae used in these tests were from the laboratory colony described previously. 

Ages were standardized by selecting test populations from eggs oviposited during 
a 12-h period, rearing them on a lima bean diet at 27 ± l°e, and exposing them to 
pesticide application and/or residues within 12 h following molt to the third 
instal'. 

Spray applications for contact + residue and residue-only trials were made 
using a carbon dioxide pressurized backpack sprayer operating at a pressure of 
2.81 kg per sq. cm and calibrated to deliver 935 literlha. A water control was 
included in each test. Rates in kglha for each experimental compound are listed 
on the tabular material. All tests consisted of four replicates of 20 larvae per 
treatment (five larvae per diet container), and four treatments: methomyl, avermectin 
analogue, avermectin Bl, and a control. Thus, the total number of larvae used per 
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test was 320. A few larvae (never more than 5% per treatment, normally less than 
2%) were lost due to cannabalism. Since the cause of death could not be 
determined precisely (i.e., whether cannabalism occurred after death or death 
occurred due to cannabalism), these insects were excluded from the analyses. 

Lanrse were classified as dead when no heartbeat could be detected visually, 
or as moribund when no response occurred to prodding, but the heart was still 
beating. Examination intervals varied from 4 h to 24 h, and have been listed with 
the tabular material for each test. All data were analyzed using the GLM 
procedure of SAS (SAS Inst. 1985) following an arcsine square root transfonnation, 
and means were compared with Duncan's New Multiple Range Test (DNMRT, 
Duncan 1955). 

In contact + residue tests, larvae were placed on leaf disks in screen cages 
(3 mm high X 2.2 cm diameter), and the cages were randomly assigned to 
treatments. The insects, leaf disks and screen cages were treated, thus exposing 
larvae to direct contact plus residue even if the larvae left the disks and moved 
onto the screen. Since leaf disks (2.1 cm diameter) in the cages were changed at 24 
h intervals, celery plants were treated at the initiation of the study, held in the 
laboratory at 22 - 25°C, and replacement leaf disks were cut from these plants 
(variety HK 5270-R). The leaf disks rested on moist cotton which prevented the 
plant material from drying too rapidly, and were covered with 25 mesh screening 
to inhibit movement off of the leaf disk. The wide mesh screen also allowed free 
air movement across the disks, preventing larval "fumigation" by vapor action 
from treated surfaces. Following treatment, cages were held at 27 ± 1°C in a 
photoperiod of LD: 16-8. 

In residue-only tests, lalvae were placed randomly in cages with leaf disks 
taken from celery (variety HK 5270- R) which had been treated as described 
previously. \Vhere larvae were exposed to residue immediately following pesticide 
application, the leaf disks were allowed to dry for approximately 1 h prior to 
introduction of the larvae. Following pesticide applications, test plants were placed 
outdoors beneath an overhang, where they were protected from the nearly 3.8 em 
of rain that fell during the first week and a half on the test. Additional leaf disks 
were collected as needed from these plants at 1·3 wk posttreatment. The plants 
received ca. 4.5 - 5 h of direct radiation (outdoor sunlight) each day. Thus, the 
degradation rates of the pesticides were less than could be expected if the plants 
had been exposed to actual field conditions, but the variable of rainfall was 
eliminated. Outdoor temperatures during the study fanged from 4.4· 15.6°C during 
the first week, 4.4 - 18.3°C during the second week, and 1.6 - 21.1°C through the 
third week. As in the previous tests, larvae on treated disks were held at 27°C and 
a photoperiod of LD: 16-8. 

Leaf disks from each replicate in the residue studies were changed at 24 h 
intervals for the 72 h following each test. Samples were frozen immediately. 
Recordings of leaf consumption initially were made with a Li-Cor Leaf Area Meter 
(Li-Cor Inc., Lincoln, NE) to determine the area of the leaf which was completely 
eaten through by the larvae. Since BAW larvae also may feed on just the leaf 
surface (i.e., epidermis and palisade mesophyll), and such damage will not be 
recorded by the leaf area meter, the additional surface area eaten was cut from the 
disks with a scalpel and the leaf consumption then was reassessed with the leaf 
area meter. All data were corrected for ca. 9.1% shrinkage of the leaf disks which 
occurred during storage (as measured by undamaged, frozen disks, n = 20). 
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RESULTS AND DISCUSSION 

Diet-Incorporation Bioassay 
In diet bioassays, avermectin analogue was ca. 1,500 times more toxic to BAW 

than averrnectin Bl (Fig. 1). The dosage required to cause 90% mortality was 1,972 
ng AI/mI diet (95% fiducial limits = 1,563 - 2,857) for avermectin Bl versus only 
1.067 (0.956 - 1.226) for the avermectin analogue. In spite of the wide variation in 
toxicity, the parallel slopes generated for the probit lines suggest that response of 
the test population was similar for both compounds. 
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Fig. 1.	 Comparative toxicities of diet-incorporated 8vel'mectin Bl (abamectin) and 
a chemically derived analogue of avermectin to fIrst instal' Spodoptera 
exigua larvae. Curved lines denote the 95% fiducial limits. 

Leal-Disk Bioassay and Food Consumption Trials 
In contact + residue tests, the avermectin analogue proved to be as toxic as 

the methomyl standard by 24 h posttreatment (Tables 1 and 2). Avermectin Bl 
acted substantially slower, but by 72 h all larvae were moribund, regardless of 
whether the application rate was 0.0112 (Table 1) or 0.0224 kg/ha (Table 2). Larvae 
in the avermectin Bl treatments from both tests were maintained for an additional 
48 h, at which time all were dead. Although this suggests that avelmectin HI 
should be an effective control compound for BAW, field trials have demonstrated 
that this chemical is not efficacious (Zehnder and Trumble 1985). 

Incomplete coverage and failure to directly contact larvae are possible causes 
for the lack of effective BAW suppression by avermectin Bl in field situations. 
Late ins tar BAW exhibit a negatively phototactic behavior, and hide either at the 
center of the celery plant or underground during the daylight hours (Griswold and 
Trumble 1985). Thus, the largest larvae are protected in refugio during the normal 
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Table 1.	 Cumulative percent mortality of third·instar Spodoplera exigua over 72 h 
resulting from contact + residual activity of selected insecticides. 

Treatment Cumulative % mortality posttreatment
and kg AI/ha 4 h 24 h 48 h 72h 
methomyl 1.008 100.00 a 100.00 a LOO.OO a 100.00 a 
avermectin 0.0112 

analogue 64.25 b 97.37 at 98.75 at LOO.OO a 
averrnectin B1 0.0112 1.25 c 10.90 b 30.64 b 62.85 bt 
control (water only) 0.00 c 0.00 c 0.00 c 0.00 c 
• Means of four replicates of 20 larvae per treaLmentj means in columns followed by the same letter are 

not significantly different at the P ::; 0.05 le\'el, DNMRT (Arcsine transfonnlltion, unLransfonned means 
presented). 

t	 Remaining larvae moribund; Int\'ae exposed to Dvermectin 81 died '4;lhin 48 h foll()\\'ing the tennination 
of the i2 h UlSt. 

Table 2.	 Cumulative percent mortality of third-instal' Spodoplera exigua over 72 h 
resulting from contact + residual activity of selected insecticides. 

Treatment Cumulative % mortality posttreatment· 
and kg AI/ha 3 h 18 h 24 h 48 h 72 h 

melhomyl 1.008 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 
avermectin 0.0112 

analogue 81.25 b 86.25 b 100.00 a LOO.OO a 100.00 a 
avermectin Bl 0.0224 10.00 c 33.75 c 48.75 b 63.75 b 73.75 b 
control (water only) 0.00 c 0.00 c 1.25 c 6.25 c 11.25 c 
- Means of four replicates of 20 laIVDc per treatment; means in columns followed by the same letter are 

not significantly different at the p..:s 0.05 level, DNJ\'1RT (Arcsine transfonnnlioll, unlrnnsformed means 
presented), 

pesticide application peIiod. While contact with avermectin 81 residues immediately 
following application resulted in good control, a significant loss in effectiveness 
was evident at 7 d (Table 3). By 14 d the impact of remaining residues on 
mortality was undetectable with this assay. 

The avermectin analogue demonstrated relatively longer residual effects (Table 3). 
Even after residues aged for 14 d, exposure resulted in many larvae being 
moribund at 48 h, and 30% larval death after 72 h. This compound, therefore, has 
considerably more potential for controlling BAW in the field than avermectin BI. 
Paralysis of the larvae exposed to sublethal residues of avermectin analogue may 
have additional value in IPM programs for celery if this chemical, like avermectin 
Bl, has little impact on beneficial Hymenoptera {Trumble 1985}. Thus this 
chemical may have potential not only as a pesticide, but as a means of extending 
the "window" of suitability of S. exigua as a host for parasites and/or predators. 
Such an extension would be achieved without risk to the grower, as the larvae do 
not feed following the onset of morbidity. 

The trends in leaf area eaten per larvae were nearly identical whether 
measurements were made of areas where leaves were eaten completely through or 
overall surface area eaten was assessed. In aU treatments, larvae fed on just the 
surface of the leaf (i.e., epidermis and palisade mesophyU tissues) in approximately 
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Table 3.	 Cumulative percent mortality of third instar Spodoptera exigua exposed 
to residual activity of selected insecticides following application. 

Days post Cumulative % mortality posttreatment· 
application Treatment 4h 24h 48h 72h 

o melhomyl 100.00 a 100.00 a 100.00 a 100.00. 
avermectin analogue 30.00 b 100.00 a 100.00 a 100.00 a 
avermectin Bl 12.50 c 43.50 b 50.66 b 75.10 b 
control (water only) 2.50 c 2.50 c 2.50 c 2.50 c 

7 methomyl 38.75 a 70.02 a 89.67 a 96.25 a 
avermectin analogue 0.00 b 29.00 a 33.97 a 57.69 a 
avermectin Bl 1.25 b 6.92 c 10.62 c 27.42 c 
control (water only) 1.25 c 1.25 c 2.50 d 2.50 d 

14 melhomyl 0.00 a 16.60 a 40.70 a 55.92 a 
avermeclin analogue 0.00 a 0.00 b 11.59 b 30.56 b 
avermeclin B1 0.00 a 0.00 b 0.00 c 3.95 c 
control (water only) 0.00 a 0.00 b 0.00 c 0.00 c 

• See previous table for application rales; means of four replicates of 20 larvae per trentment per date; 
means ill columns within days posttrcntment followed by the same letter are not significantly different 
at the P .:5 0.05 level. DNMRT (Arcsine transfonnntion). 

the same proportion. Therefore, there were no clear behavioral differences in leaf 
area consumption which could be ascribed to any given treatment. 

The leaf area consumed by larvae treated with pesticides was variable. 
Exposure to residues of either the avermectin analogue or methomyl was adequate 
to cause 100% mortality immediately following application, and significantly 
reduce feeding 7 d post application (Table 4). Only the avermectin analogue 

Table 4.	 Impact of chemical residue on leaf area consumption by $podoptera 
exigua.-

Days Area of leaf Total surface area 
postb'eatment Treatment "holed" (sq. cm)t eaten (sq. em) 

o	 control 0.098 a 0.138 a 
avermectin B1 0.045 ab 0.049 ab 
avermectin analogue 0.000 b 0.000 b 
methomyl 0.000 b 0.000 b 

7	 control 0.128 a 0.196 a 
avermectin B1 0.168 a 0.295 a 
avermectin analogue 0.005 b 0.021 b 
methomyl 0.027 b 0.032 b 

14 control 0.083 b 0.123 c 
avermectin B1 0.145 a 0.262 a 
avermectin analogue 0.257 c 0.041 d 
methomyl 0.147 a 0.183 b 

• Values	 represent average leaf arell eaten per larvlle in 24 h. Means in columns within days 
posttreatment are not significantly different if followed by the snme letter (P .:5 0.05, DNMRT), see 
Table 2 for application rates. 

t "Holed" =	 eaten completely through the leaf. 
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significantly reduced feeding at 14 d posttreatment. Avel'mectin Bl residues 
reduced leaf area consumption at 0 d posttreatment, which was consistent with 
earlier reports showing a feeding reduction by the alfalfa weevil on alfalfa 
immediately (48 h) following application (Pienkowski and Mehring 1983). However, 
BA\V feeding in our trials was equivalent to or greater than that of control insects 
for 7 and 14 d old residues. Thus. the short antifeedant effect on BAli'. coupled 
with incomplete coverage in field situations and a possible stimulation of feeding 
by 7 + d·old residues, may help explain the lack of economically useful suppression 
of BAW provided by avennectin Bl in celery. 

An increase in leaf area consumption was noted for larvae feeding on 
methomyl·treated leaves 14 d after application. Pienkowski and Mehring (1983) 
noted a similar increase in food consumption for alfalfa weevil larvae on foliage 
treated with carbofuran. 

Although the avennectin analogue has demonstrably more activity against 
BAW than avermectin Bl. additional field·oriented research will be necessary to 
document the impact on: 1) BAW populations and damage, 2) Liriomyza tn/olii 
survival and fitness. and 3) parasitoid survival. success, and fitness. \-Vith this 
information. the potential for inclusion of the averrnectin analogue in current 
integrated pest management and resistance management programs can be 
assessed. 
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Abstract· A new diet that contained 4% soybean protein and 2% Pho.nnamedia* for rearing 
the boD weevil, Allthonomus gmlldis Boheman, was developed. Adequacy of the diet was first 
tested by comparing it with a standard diet that contained 5% liquid-cyclone processed 
cottonseed flour using the laboratory adapted strain of boll weevil. Tests were conducted to 
detennine the average weight, eggs per female per day, percent emergence, and percent egg 
hatch. The same tests were then conducted with feral weevils (parental) collected from 
squares, adapted to the diet, and followed for seven generations. There was a significant 
decline in eggs per female per day in the FI and F2 generations. There were no other 
differences between the generations that were clearly related to the adaptation of the boll 
weevils to laboratory rearing. 

Key \\lords: Boll weevil, artificial diet, soybean·Phannamediaoz, adaptation, AllthorlOmus 
grcmdis. 

J. Agric. Entomol. 4(1): 29-32 (January 1987) 

The boll weevil, AnLhonomus grandis Boheman, is generally restricted in the 
wild to cotton, GosS)pium spp., for feeding and reproduction. Thus, most fonnulated 
diets used in rearing this insect in the laboratory contain some cotton product as a 
feeding stimulant, usually produced from growing cotton. One of the first such 
diets used a powder extracted from cotton squares with acetone (Earle et aI. 
1959). Other diets used germinated cottonseed (Vanderzant and Davich 1961), 
dried cotton leaves (Mool'e et al. 1967) or Pharmamediat!t' (Traders Oil Mill Co., 
Forth W01~h, TX 76101) (Lindig et al. 1979). Each or these diets, except the one 
containing Pharmamediadll , required preparation of the cotton ingredient. 

It is not I>ossible to grow cotton everywhere nor is it available at all times of 
the year. Therefore, a diet that is both acceptable to the boll weevil and produced 
from commercially available ingredients would be highly desirable for laboratory 
rearing. The diet of Lindig et al. (1979) contained promine D and Phannamediat!t', 
2.26 and 6.44 g/lOO g, respectively. However, Pharmamedia«l contains as much as 
0.3% total gossypol, which may be toxic to the weevil. Moore (1983) found that 
diets containing gossypol with 3.25% protein and 0.2% gossypol were detrimental 
to boll weevil development. The effects of gossypol could be overcome by 
increasing the protein in the diet to 6.5%; however, for reasons of economy, this is 
not a desirable option. In addition, there may be effects which were not measured 
or visible. Thus, it seems desirable to minimize the amounts of gossypol in the 
diet. 

I COLEOPTERA: Curculionidlle. 
I In coopellition with the South Carolina ACric. Exp. Sln. Accepted for publication 5 JanuaJ)' 1987. This 

article reports the results of rusellrch only; mention of a proprietaJ)· product does not constitute an 
endorsement or u recommendation for its use by the USDA. 
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Moore and Whisnant (1985) reported 8 diet for rearing the boll weevil that 
contained 4% soybean protein and only 2% Pharmamedia*; however, no data were 
reported as to the effects of the diet on boll weevil rearing and quality. The study 
reported here compares the soybean-Pharmamedialll diet of Moore and Whisnant 
(1985) with the liquid-cyclone processed cottonseed Oour (LCP-CSF) diet (Moore 
1983) and quantified the adaptation of a feral population of boll weevils to 
laboratory rearing using the soybean-PharmamedisCl diet. 

MATERIALS AND METHODS 

Cotton squares containing boll weevil eggs were collected from the field in 
August 1982 and approximately 1,000 boll weevils emerged. These were divided 
into two groups, placed in separate cages, and held in 8 room with a 16:8 (L:D) 
photoperiod, 27Q C. and approximately 40% RH. Each generation, 30 pairs of boll 
weevils were held to determine oviposition and hatch, with data being taken on 
days 3 - 10. From each day's collection, 150 eggs were placed on moist filter paper 
in petri dishes; after 4 days, the hatch of these eggs was determined. Also, four 
petri dishes containing diet with 60 eggs were established for each generation to 
determine average weight, percent emergence, and days to 50% emergence. The 
boll weevils were collected, counted, and weighed each day after emergence began. 
The variation or change in the variables from the parental generation to F7 was 
examined for the effects of adaptation to laboratory rearing. 

The laboratory boll weevils used in the comparison between the LCP-CSF and 
soybe8n-Pharmamedia~diets were from a colony that was established in the early 
19605 with a field collection of boll weevils from Sou th Carolina. It was maintained in 
the laboratory (Cotton Production Research Unit ICPRU!, Florence, SC) on the 
diet of Moore et al. (1967), except that 5% LCP-CSF had heen substituted for the 
leaf powder and egg albumin. The comparison diet substituted 4% soybean protein 
and 2% Pharmamedia~ for the LCP-CSF. 

Tests comparing the effectiveness of the soybean-Pharmamedialll and LCP·CSF 
diets were repeated fOUf times using the laboratory colony. Comparisons between 
the regular colony on LCP-CS F and soybeon-Pharmamediaill diets were tested with 
the mean ± S.E. in the l test. The same factors were tested to follow the variation 
in results from the parental through the F7 generation. These comparisons were 
tested by Duncan's (1951) multiple range test. 

RESULTS AND DISCUSSION 

The diet with LCP-CSF as the basic protein had been successfully used as the 
standard diet for a number of years by the CPRU, so it was used as the basis of 
comparison with the new diet. That the new diet was satisfactory was shown by 
the results (Table 1) where no differences were found between the original colony 
on the LCP-CSF diet and the soybean-Pharmamediatl diet. 

When a population of insects is first subjected to laboratory rearing, there is an 
initial delay in production as adaptation occurs (Boller 1972). The results (Table 2) 
showed the weights for all generations were greater than the parental. There was a 
significant decline in eggs per day per female from the parental to the FI 
generation; the F: generation was low but not significantly less than the parental. 
There were other differences; percent hatch was greater in F3 than in FI or 
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Table 1.	 Comparison of the original colony on LCP-CSF and soybean-Phannamedi.a~ 

diet and the original colony and the new (7th generation) colony on a 
soybean-PharmamediaCl diet. 

Diet 

LCP-CSF 

Colony 

original 

Avg. 
weight 
(mg) 

18.4 ± 0.2 

Eggs/ 
female 
/day 

7.9 ± 0.9 

Mean + S.E. 

% % 
hatch emergence 

87.0 ± 2.1 68.5 ± 3.7 

Days 
to 50% 

emergence 

18.1 ± 0.2 

Soybean-
Pharmamedia" original 

new 
t· 

17.3 ± 0.3 
15.8 ± 0.2 

2.37 

7.7 ± 1.2 
6.3 ± 0.5 

1.07 

86.0 ± 1.5 59.9 ± 5.3 
90.5 ± 3.5 67.5 ± 1.9 

1.18 0.9 

19.3 ± 0.4 
19.9 ± 0.3 

2.0 
·l test requires 3.182 for 3 df 01. the 0.05 level of confidence. Four replications for each colony. 

Table 2.	 Variations during adaptation of feral boll weevils to an artificial dieet 

Eggs/ Days 
Avg. weight female/ % % to 50% 

Generation (mg) day hatch emergence emergence 

Parental 12.3 a 5.8 ab 94.5 ab 
F, 15.6 b 3.1 c 88.7 a 62.4 ab 19.3 
F, 16.1 b 4.0 bc 95.0 ab 55.0 a 19.1 
F, 15.4 b 6.4 a 98.8 b 65.2 ab 20.2 
F. 16.4 bc 6.3 a 93.8 ab 62.4 ab 19.4 
F, 17.1 c 6.0 ab 89.7 a 61.2 ab 19.6 
F, 16.4 bc 5.2 ab 92.8 ab 57.5 ab 20.0 
F, 15.8 b 6.3 a 90.5 ab 67.5 b 19.9 
• Estllblished from 1,000 boll weevils that emerged from field·collected squares, August 1982. 
t	 Numbers followed by the same leIter are not significantly different at P = 0.05 level, Duncan's (1951) 

multiple range test. Absence of lellers indicates nonsignificance. 

Fti, percent of emergence was less in Fz than in F7 and parental weight of weevils 
from squares was less than all generations on the artificial diet. There is no 
obvious relationship between these differences and the values found in either the 
parental or F7 generations. The decline in the number of eggs per female per day 
in the FI generation was the only change that seemed clearly related to adaptation 
of the boll weevils to the artificial diet. 

Comparison of the test results of the original colony with the seventh generation 
of the new colony showed comparable values on the same diet (Table 1). The 
results suggested that problems in adaptation of the feral weevils to the new diet 
were minimal, and that the soybean-Phannamedia,z diet was comparable to the 
LCP-CSF diet and should be satisfactory for rearing the boll weevil. This suggested 
that adaptation over the seven generations was minimal and that the major 
limitation on the gene pool of the colony would be that imposed by location and 
selection of the boll weevils used to establish the colony (Bartlett 1985). 
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BACILLUS THURlNGIENSIS BERLINER ON
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Abstract: Contact activity of thuringiensin. the thennostablc p·cxotoxin of Bacillus lhuringiensis, 
was highly effective at 0.18% Alan day two post-spray against motile forms of Telran}'chus 
urticac nnd T. cin!lClborinus, and 2 lower log dilution treatments were highly effective by day 
6. In tesls with T. urticae. thuringiensin did not demonstrate systematic or translaminar 
acrh'ily. A high degree of residual activity was demonstrated for 14 days against females of 
both mite species. Dicorel was similarly effective for 10 days with 11 significant decrease in 
activity observed on day 12 and 14. Contact and residual activity was vcry high at 0.18% Al 
against eggs of the lwospotted spider mile. Egg hatch was also significantly reduced by 
dienochlor and dicoro!. 

Key Words: Jl·cxotoxin, Bacillus lhuringiellsis, tWQspollcd spidcr mite, caroline spider 
mite, contact nnd residual toxicity, eggs and motilc fonns. 

J. Agric. Enlomol. '1(1): 33·40 (January 1987) 

The activity of the heat-stable p-exotoxin of Bacillus thuringiensis Berliner 
(thuringiensin) against insects has been reviewed by Heimpel (1967), Bond et a1. 
(1971), and Sebesta et a1. (1981). Its use 3S an insect control agent continues to be 
investigated (Cantwell and Cantelo 1981, 1982). Thuringiensin must be ingested to 
be effective as a toxicant, and RNA biosynthesis in insects is inhibited through 
competition with ATP for binding sites (Sebesta and Horska 1970). 

There are few published reports of activity against mites. Krieg (1968) reported 
that an unquantified supernatant of Ht. was effective against the carmine mite 
Tetranychus telarius [= T. cinnabarinus (BoisduvalJl. Hall et al. (1971) found that 
thuringiensin controlled the citrus red mite, Panoflychus citri (McGregor). These 
reports, plus the specific mode of action mentioned above prompted our study. We 
report here the results of thuringiensin application for contact and residual activity 
against the twospotted (T urticae Koch) and carmine mites. 

MATERIALS AND METHODS 

The history and maintenance.f of mite colonies are described by Neal et al. 
(1986). The heat stable ~-exotoxin of B. lhuringiensis was provided as thuringiensin 
(ABG 6162, DiBeta~ 1.8% Al w/w liquid preparation by Abbott Laboratories 
(North Chicago. IL) and tested at log dilution concentrations. Other products were 
test standards obtained as commercial formulations and all were applied in water. 

I ACARI: "reLranychidae. This article reports the result of research only. Mention of a proprietary product 
does not cons~itute an endorsement or a recommendation for ils use by the USDA, nor does it imply 
registration under FIFRA as amended. Accepted for publication 6 January 1987. 

, Florist and Nursery Crops Lab., Horticultural Sciences Inst., ACric. Res. Center, USDA, AHS, Beltsville, 
MD 20705. 

1 Department of Entomology, Ohio Agric. Res. and Deve\. Center, Wooster. OH 44691. 
• Wooster, OH mite colony has been maintained for 10 years without significant exposure to pesticide. 
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Tests were conducted in a greenhouse or a Sherer walk·in environment chamber 
programmed at 26 ± lac and 14:10 (L:D) photoperiod unless stated otherwise. 

In all tests (whether on whole plants, leaf sections trimmed to rectangles [5 X 8 
cmJ or leaf disks 13.3 cml IRodriguez 19531), vigorous, greenhouse-grown 'Henderson' 
bush lima bean, Phaseo/us lunatus Linnaeus, was used. Plants were grown at 
Beltsville, MD, in 12.5 em diameter plastic pots with a mixture of perlite, peat, and 
sterilized soil at a ratio of 1:1:1 (Promixill). At Wooster, OH, similar plants were 
grown in 10 em diameter plastic pots with Metro·Mix 350~ media, a mixture of 
Canadian peat and processed pine bark. 

Contact Activity Against .Motile Forms 
Thuringiensin was evaluated at three log dilution concentrations from 0.18% AI 

against the twospotted and carmine mite. Dicofol (EC) was evaluated at 0.048% 
AI. For each test treatment all but two leaves were removed from each plant. The 
two remaining leaves were trimmed to form a rectangle to expedite counting. A 
small amount of lanolin was applied to each petiole to restrict movement of mites. 
A section of bean leaf from the mite colony was attached to each test leaf 48 h 
before testing. All leaves, treated and untreated, were infested in the same 
manner. Treatments were randomly assigned. Care was taken to apply a leaf 
section with an equal number of mites per leaf. Treatments were applied to eight 
plants each reduced to two trimmed leaves. Formulated chemicals in water were 
applied as a fine mist to runoff with a household hand-pump atomizer. Plants were 
maintained in a greenhouse (18· 37°C) and watered as needed. Half the plants 
were examined at 2 days and half at 6 days posttreatment. 

Residue and Systemic Treatments Compared 
A spray application of thuringiensin at 0,0018% AI for residue activity on leaves 

was made with a small hand-held, pump· type sprayer. Soil drench for systemic 
activity consisted of applications of 200 ml solutions of thuringiensin at 0.0018 and 
0.018% AI and oxamyl (L) at 0.03 percent AI to potted plants. A section of a mite 
infested leaf was pinned to each leaf of treated and untreated plants for 24 hand 
removed. Plants were placed in a controlled enviJ'onment chamber held at 27°C 
and 16:8 (L:D). For each treatment there were foul' plants with two leaves) and 
each leaf was treated as a single replicate. Counts were made of live and dead 
adults on both leaf surfaces at intervals 2, 4, and 7 days post-treatment. Nymph 
mortality and numbers of healthy eggs were recorded from a leaf disk sample at 7 
days. 

Residue Activity Against Female Mites 
Six plants per treatment with two entire leaves per plant were sprayed with a 

fine mist to run-off. Thuringiensin was evaluated at three log dilution concentrations 
(0.0018, 0.Ql8, nnd 0.18% An and with dicofol as a standard at 0.048% AI. Plants 
received normal maintenance in a greenhouse for the duration of the test. Six leaf 
disks were cut from treated leaves at 2-day intervals beginning at day 0 for eight 
consecutive intervals. Each disk was infested with five female mites, and were 
handled as described by Neal et al. (1986). Mite mortality was recorded after 3 
days. 



NEAL Cl a!.: Acaricidal Activity of Thuringiensin 35 

Contact and Residual Activity Against Eggs 
Two tests were conducted to measure effects of thuringiensin on T. urticae egg 

hatch. Thuringiensin was applied at the same three log dilution concentrations as 
in the previous test, together with dienochlor (0.03%) and dicofal (0.02%) standards. 
Test 1: Five females were placed on eight untreated leaves to oviposit. After 2 
days the mites were removed and treatments were applied. The % hatch was 
recorded three days later. Test 2: Five females were placed on eight treated leaf 
disks and those alive after 3 days were removed. Observations for egg hatch were 
made 4 days later. 

Translaminar and Translocation Activity 
Thuringiensin was evaluated for leaf absorption through both adaxial (upper) 

and abaxial (lower) leaf surfaces and as a soil medium drench for plant uptake by 
root absorption. Oxamyl (L) was the test standard. Application methods and rates 
were the same as in the preceding test, except that treatments were expanded to 
include application to only the upper leaf surface and only the lower leaf surface. 
Mites were exposed to either the treated or untreated leaf surface. Ten females 
were transferred with a small brush to a filter paper tab which was placed in a 4.5 
em diameter lanolin arena on each leaf. Mites remaining on the tab after several 
minutes were presumed injured or dead and replaced. Tabs were removed. Each 
treatment was applied to three plants, with two leaves. Each leaf was considered a 
replicate. Live females were counted 3 and 4 days following infestation. Leaves 
were removed at 7 days and healthy eggs and nymphs/female were counted. 

Count Date 
To establish an optimum schedule of observation, a preliminary test showed 

that of the high numbers of live immature mites observed on leaves treated with 
the ~Mexotoxin at day 4 posttreatment, nearly all were larvae. Thuringiensin is 
reported to cause death at critical development stages (Sebesta et al. 1981), 
exhibiting activity similar to an IGR. Therefore, the final observations were 
extended to a minimum day 6 posttreatment to allow for any residual effects by 
the time of first molt (Refer to: Contact Against Motile form; Residue and 
Systemic Activity, and Translaminar and Translocation activity). 

Statistical Analyses 
All experiments were analyzed as factorials with mite and chemical treatments 

as factors. Subsamples were treated as replicates. For experiments measuring 
percent mortality, data were transformed using an arcsin transformation to correct 
for heterogeneity of variance. If the analysis of variance F statistic was significant 
(P = 0.05), means were separated by Duncan's New Multiple Range Test. 

RESULTS 

Contact Activity Against Motile Forms 
Thuringiensin at the highest (0.18% AI) fate was as effective as dicofol at day 2 

posttreatment against motile fonns of both species (Table 1). The twospotted 
spider mite was more sensitive to the lowest concentration of f3-exotoxin than the 
carmine mite. A dose effect occurred across the three log rates of thuringiensin at 
day 2 against the motile forms of both mite species. The mortality of females and 



'I'huringiensin 0.0018 31.0b 82.4b 13.2a i2.2b 17.7b 69.6b 5.9a 31.0b 
ThU1ingiensin 0.018 55.7e l00.0c 33.2b 98.ic 56.4c 88.7c 25.8b 71.2c 
Thuringiensin 0.18 99.0d 100.Oc 9i.lc 99.9c 99.0d lOO.Od 99.4c 97.8d ?

z 

Dicorol 0.048 99.6d lOO.Oc 98.9c 99.5c 100.Od lOO.Od lOO.Oc lOO.Oe 
\Vater 5.78 24.0a 9.2a 6,5a 8.3a 12.3a 3.4a 3.8. 

Table 1. Effectiveness of thuringiensin against motile forms of '1'etranychu8 urticae and T. cinnabarinus (Beltsville, MD). 

x% mortality· 

T. urticai! T cinnabarinw. 

Females Nymphs & males Females Nymphs & males 
Rate: DAY DAY DAY DAY 

Treatment % Al 2 6 2 6 2 6 2 6 

.. :\'!ean!> within columns followed by the same Icttcr are nOI r.ignificamly different at the 0.05 level acconlinJ!: to Ollnc3n's new multiple ronRC test. 
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nymphs and males of both species greatly increased [rom day 2 to 6 at the two 
lower rates of thuringiensin. Leaf damage due to phytotoxicity was severe at the 
0.18% AI rate. 

Residue and Systemic Treatments Compared 
Thuringiensin as a residue treatment on the leaf and oxamyl as a drench 

significantly increased adult mortality {Table 2). Thuringiensin did not demonstrate 
systemic activity at 2, 4, or 7 days posttreatment as there were relatively high 
numbers of eggs and nymphs on leaf disks at 7 days. 

Residue Activity Against Female lv.files 
Thuringiensin demonstrated a relatively high degree of residual stability for 14 

days posttreatment against females of both mite species (Table 3). A dose 
response was observed for the three rates on day 0 and may be presumed for the 
test peliod. based on the relatively stable activity over time at the two lower rates. 
The residue of dicofo} was highly active through day 10 and was less effective at 
day 12 and 14 for both mite species. 

Contact and Residual Activity Against Eggs 
When eggs laid on untreated leaves were treated directly for contact activity, 

significant reductions in % hatch occwTed only at the highest I1lte of thuringiensin 
(Table 4). Surprisingly, dienochlor and dicofol also significantly reduced egg hatch. 
Egg hatch was also reduced after adult mites were allowed to feed and oviposit on 
the treated leaf surface. Fewer eggs were laid on leaves treated with thuringiensin 
at the higher rate due to mite mortality. Dienochlor and dicofol similarly reduced 
egg hatch. 

'f'ranslaminar and Translocation Activity 
There was no significant difference in the number of live females at either 3 or 

4 days posttreatment on leaves of which the opposite side was treated with 
thuringiensin (Table 5). Female survival was significantly lower at 3 days and all 
died by 4 days after being placed on the treated surface. Oxamyl as an opposite 
surface treatment did not significantly reduce the numbel' of females; however, 
there were significantly fewer nymphs compared with the untreated leaves after 7 
days post-infestation. This suggests some tl'allslaminar activity. There was no 
significant difference between the number of live females on plants treated with 
media drench of thuringiensin at both rates and untreated plants at either 3 or 4 
days. Also, the number of healthy nymphs was not reduced after 7 days. In 
contrast, oxamyl 8S 8 drench, significantly reduced the number of live females and 
effectively demonstl'8ted translocation activity. 

DISCUSSION 

Thuringiensin, the f3-exotoxin of Bacillus thwingiensis was similar in activity in 
tests against both species of mites; however, motile forms of T urticae were more 
sensitive to contact treatments at the low rate. The f)-exotoxin demonstrated 
residual stability which is consistent with a finding by Hall et a1. (1971) in studies 
with the citrus red mite. Based on mite mOliality, no significant translaminer or 
systemic activity was detected. Severe phytotoxicity was repeatedly observed at 
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Table 2.	 Comparison of residue and systemic activity of thuringiensin against 
Tetranychus urticae (Wooster, OH). 

i% adult mortality· X no. at 7 days· 
Rate: Posttreatment Posttreatment 

Treatment % AI 2 d 4 d 7 d Eggs Nymphs 

Residue 
Thuringiensin 0.0018 7.8a 41.7a 81.9a 2.5a 4.8a 

Sys~emic 

Thuringiensin 0.0018 0.8b 1.6bc 32.9b 75.5b 28.4b 
Thuringiensin 0.018 1.7b 2.8bc 24.8bc 92.2bc 37.8b 
Oxamyl 0.03 4.6ab II.7b 75.9a 0.2a 1.2a 
Untreated O.Ob O.Oc 11.3c ]]6.0c 37.lb 
'MeIlIlS within columns followed by the same letter are not significantly different at the 0.05 level 

according to Duncan's new multiple range test. 

Table 3.	 Residual activity of thuringiensin against Tetranychus cinnabarinus and 
T. urticae females (Beltsville, MD). 

x% mortali ty 

Rate: Residue age (dayst 
Treatment % AI o 2 4 8 
T. cinnabarinus 
Thuringiensin 
Thuringiensin 
Thuringiensin 
Dicofol 
Water 

T. urticae 
Thuringiensin 
Thuringiensin 
Thuringiensin 
Dicofol 
Water 

0.0018 
0.018 
0.18 
0.048 

0.0018 
0.018 
0.18 
0.048 

56.7 
64.3 

100.0 
100.0 

0.0 

51.7 
62.1 

100.0 
100.0 

17.2 

56.7 
73.3 
t 

100.0 
3.3 

43.3 
82.1 
t 

100.0 
30.0 

43.3 76.6 
83.3 93.3 
t t 

100.0 100.0 
3.3 0.0 

53.3 33.3 
90.0 86.7 
t t 

100.0 100.0 
1.1 16.7 

50.0 
76.6 
t 

16.7 
6.7 

36.7 
86.7 
t 

27.6 
6.7 

• Days 6, 10, and 14 not shown.
 
t Plant!! collapsed from phytotollicity; disks were unavailable after day O.
 

Table 4.	 Contact and residual effect of thuringiensin on Tetranychus urticae egg 
hatch (Wooster, OH). 

Contact	 Residue 

x no. 
Rate: eggslleaf % No. Jive % 

Treatment %A1 treated· hatcht eggs/nymphs hatch 
Thuringiensin 0.0018 43.6 37.lb 144 84.7 
Thuringiensin 0.018 32.8 37.9b 37 59.4 
Thuringiensin 0.18 38.6 1O.3a 0 10.0 
Dienochlor 0.03 47.5 10.4a 153 18.3 
Dicofol 0.02 37.0 4.7a 128 0.0 
Untreated 50.4 36.8b 419 90.0 
• 4 <I11YS after removing females. 
t	 Mellns followed by t.he same letter are not significantly different at the 0.05 level according to Duncan's 

new multiple range test. 

12 



Table 5. Translaminar and translocation activity of thuringiensin against Tetranychus urticae on bush lima bean plants z 
(Wooster, OH). t'] 

> 
Mean no.• 

t"" 

:< 
Surface !"

'l'reatment 
Rate 
% AI 

Mites on 
surface 

treated 
or drench 

Live females 
3 d 4 d 

Live eggs 
7 d 

Nymphs 
7 d 

> n 

~. 
Thuringiensin 0.0018 Adaxial 

Abaxial 
Abaxial 
Adaxial 

6.3b 
8.3b 

6.5b 
5.8b 

39.8e 
26.1bc 

74.0bed 
88.7cde 

n 
is: 
!!!. 

Thuringiensin 0.Ql8 
Adaxial 
Adaxial 

Drench 
Abaxial 

6.5b 
7.2b 

5.7b 
6.5b 

33.0e 
44.7e 

138.7f 
88.7ede 

> n".< 
~ 

Abaxial Adaxial 8.2b 7.2b 26.5be 6l.8bc 
~ Abaxial 

Adaxial 
Adaxial 

Abaxial 
Adaxial 
Drench 

0.7a 
0.7a 
6.3b 

O.Oa 
O.Oa 
6.2b 

O.Oa 
O.Oa 

27.5be 

O.Oa 
0.28 

102.5de 
[ 

Oxamyl L 0.03 Abaxial 
Adaxial 

Adaxial 
Drench 

7.3b 
0.7a 

5.3b 
O.Oa 

8.3ab 
O.Oa 

49.8b 
O.Oa 

~. 
0 

"•5· 
Untreated 7.7b 7.5b 64.0d 123.7ef 
• Means within l:olumns followed by the same letter afe not .<;ignificantly different at the 0.05 11.'\11.'1 accordinl: to Duncan"s new multiple range test. 
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the high log dilution of 0.18% AI concentration. Thuringiensin shows exceptional 
promise as an effective acaricide with long residual activity against egg and motile 
forms. 
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Abstract Five of tv.'clve nuoroaliphatic sulfones tested in baits against laboratory colonies of 
Solenopsis invicta caused 80% worker mortality within 20 days; with one exception, all 
compounds caused deat.h of the queen within 46 days. In field tests conducted in Georgia 
and Florida, several of these compounds were as effective as the Amdro standard. 
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The red imported fire ant (RIFA), Solenopsis inlJicla Buren, is a major pest species 
that has been the target of control programs involving chemical baits since the 
early 1960s (Lofgren et al. 1963, 1964; Banks et al. 1973; Alley 1973; Harlan et al. 
1981). Mirex bait was the chemical control method of choice from 1962 through 
1977 at which time its registrations were cancelled by the Environmental Protection 
Agency (Johnson 1976). This action initiated an intensive effort by ARS-USDA to 
find other chemical toxicants, as well as insect growth regulators, and reproduction 
inhibitors for use in baits against fire ants (Lofgren 1986). Requirements for hait 
toxicants are strict because the chemical must: 1) exhibit delayed toxicity, 2) be 
effective over an extended dosage range, 3) not he repellent to ants, 4) formulate 
with carriers easily, and 5) he environmentally acceptable (Stringer et 81. 1964; 
Banks et 81. 1977; Williams 1983). Of the more than 7000 chemicals tested as bait 
toxicants since 1958, only mirex, hydramethylnon known as Amdro (American 
Cyanamid Company; Williams et aI. 1980), 1-{8-methoxy-4,8-dimethylnonyl)-4-{I
methylethyl) benzene called Pro-Drone (Stauffer Chemical Company), renoxycarb 
which is called Logic (Mang Agrochemicals, lnc.), and abamectin known as 
Affirm (Merck, Sharp & Oohme Research Laboratories) have been developed 
commercially. 

Vander Meer et 81. (1985) reported the discovery of a new class of delayed 
action insecticides, fiuoroaliphatic suifones, that showed promise against fire ants 
in addition to other insect pests. They demonstrated that the heptadecaOuoroctyl 
radical yielded the best delayed activity and both the Ouorocarbon and sulfone 
groups were essential to the activity. Tests with 54 fluorinated sulfonamides and 
sulfonic acids showed the prerequisite delayed toxicity essential for effectiveness 
against RIFA. Several promising chemicals from these initial screening tests were 
selected for secondary laboratory screening tests. 

This paper reports on bait toxicant studies with a new class of insecticide, 
fluorollliphatic sulfones, against laboratory colonies and field populations of RIFA 

HYMENOPTERA: Fonnicidllc. 
, Acceillcd for publicntion 2 January 1987. 
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MATERIALS AND METHODS 

The procedures used were similar to those described by Williams (1983). All 
laboratory colonies were 10 - 20 months old and consisted of a queen (monogynous), 
eggs, larvae, and pupae and ca. 40,000 workers. They were reared according to 
methods described by Banks et al. (1981) except they were maintained on a diet of 
honey-water, hard-boiled chicken eggs, and house fly pupae. Food was withheld for 
5 days prior to the test. The test chemicals were dissolved at 1.0% w/w in once· 
refined soybean oil which was absorbed on pregel defatted corn grits (Lauhoff 
Grain Company, Danville, IL). Ants were allowed to feed (ad lib.) on the bait (5 g) 
for 2 - 3 days after which any bait remaining was removed and replaced with the 
standard diet. ObseIVstions were made on the status of the queen, brood, and 
workers for 44 - 46 days or until the queen, brood, and> 90% of the workers were 
dead (whichever came first). Each chemical was tested against four laboratory 
colonies. Check colonies were fed the bait formulation without the toxicant and 
monitored along with treated colonies. 

Field assays were conducted in Florida and Georgia. All chemicals were 
dissolved in once-refined soybean oil (SBO) at concentrations of 1.0 - 2.5% (w/w). 
The oil solution was absorbed. onto pregel defatted corn grits 30% by weight of 
total fonnulation to yield baits containing 0.30, 0.60, or 0.75% active ingredient 
(AI). All baits were applied with a tractor-mounted auger applicator (Williams et al. 
1983) at 3.3, 4.9, or 8.1 g Allha. Amdro fire ant bait (0.88% An was applied at the 
label recommendation rate of lOA g AI/ha. All treatments were applied to 0.4 ha 
plots except those in Brooks County, GA, which were on 1.2 ha plots. Plots were 
located in non-grazed permanent pastures (Lake City, FL, and Brooks County, 
GA) or vacant land in an industrial park (Homerville, GA). Each treatment was 
replicated 3 times. Pre and posttreatment counts of active nests were made on a 
0.2 ha circle in the center of each of the 0.4 ha plots; in the Brooks County, GA, 
test control was monitored on three 0.2 ha circles in each of the 1.2 ha plots. Each 
nest was evaluated by estimating the number of workers and the presence or 
absence of worker brood. Pretreatment and posttreatment evaluations were made 
at 6 and 12 wk using a population index system devised by Harlan et al. (1981) as 
modified by Lofgren and Williams (1982). Thus, each colony was rated on its size 
(no. of worker ants ranging from < 100 workers to > 50,000) and presence (normal) 
or absence (abnormal) of worker brood. From this information, each colony was 
assigned a rating (1 - 25). The total of the ratings for the colonies in each plot was 
the "population index" (PI) for that plot. The pre and posttreatment population 
indexes were used to calculate the percent control. Untreated plots similar in size 
to treated plots were monitored as controls. 

Data were analyzed by using general linear models (GLM) in SAS (Statistical 
Analysis Institute, Inc., Cary, NC 27511, 79.5 version) with percent reduction as 
the dependent variable. Duncan's multiple range test was used to compare means 
for each treatment. 

RESULTS AND DISCUSSION 

Acceptance (= bait removal from dish) of the SBO laboratory control oil bait 
averaged 98%. Acceptance of three of the chemical baits (10709, 10733, 29778) 
ranged from 53 to 70%, while acceptance of the remainder varied from 16 to 39%. 



43 \VILLIAMS et oJ.: Fire Ant Control with Fluoroaliphatic Sulfoncs 

Whether this variability represents true repellency of the chemicals or the effect of 
impurities is not known. Despite this variation in bait acceptance, 5 of the 12 
fluoroaliphatic sulfones caused > 80% kill of the workers within 20 days (Table 1) 
and 10 gave over 90% kill within 34 days. With one exception, the compounds 
killed the queens from the 4 replicates (4 colonies with 1 queen per colony) within 
46 days. In one of the colonies treated with 10714, the surviving queen never 
produced viable eggs and only 450 workers remained when the test was terminated 
after 46 days. Reduction in brood numbers after 2 weeks posttreatment averaged 
from 24 to 91%; however this variation is not necessarily significant because it 
could represent mortality, development of larvae and brood to the adult stage, or 
both. 

All of the compounds produced good delayed kill ranging from 1 to 24% after 2 
to 3 days. Queen mortality occurred faster with 10702 and 29778 « 20 days); 
however our general observations revealed that the queens in all of the tests were 
either sick or dead by 21 days and in most cases within 7 to 14 days. 

The laboratory colony results showed that all the coml>ounds warranted field 
tests; however, these tests are expensive, time consuming and labor intensive. 
Other factors important to e\'entual commercialization such as oil solubility, bait 
acceptance, and availability were considered. Compound 29778 wus not very 
soluble in soybean oil and the actual amount available to the test colonies was 
uncertain. Although worker mortality was not monitored beyond 16·20 days, 
29778 showed the lowest worker mortality of all the compounds tested for that 
time period. Fluorosulfonamide 10714 did not kill all of the queens in the four 
replicates and WliS not field tested. The remaining ten toxicants were tested in the 
the following three tests. 

Field assays were initiated in July, 1982, in Lake City, FL, using compounds 
29757, 29758, and 29759. Prior solubility tests indicated that two of the chemicals, 
29757 and 29758, were not completely soluble at the desired concentration of 2.5%; 
therefore, they were tested only at 1.0% in the soybean oil while 29759 was tested 
at tv.'o concentrations, 1.0% and 2.5%. The results of these tests (Table 2) did not 
indicate a significant difference (P > 0.05) between any of the three chemicals and 
the Amdro standard at the 6 01' 12 week posttreatment period. Also, there was no 
significant difference between the two concentrations of 29759. 

The second set of tests was conducted in Homerville, GA, in April, 1983. The 3 
compounds previously tested and five additional compounds (10702, 10707, 10710, 
lO712, and 10733) were evaluated. No significant differences (P > 0.05) in percent 
reduction in the population indices at 6 wk posttreatment were noted with 29757, 
29759, lO702, 10733, and Amdro (std.) although the mean percent reductions 
ranged from 60 to 81 %. The remaining compounds gave less than 50% control. No 
results are reported 12 wk posttreatment in this test series because severe 
reductions in the PC of the control plots caused by very heavy rains resulted in no 
significant differences (P > 0.05) between any of the treatments and the 
control. 

The third in Brooks County, GA, (May, 1984) involved four chemicals, two of 
which (10709 and 10717) had not been field tested before. Even though compound 
10710 gave poor control in the Homerville test, it was retested because it was 
readily soluble in soybean oil, and was reported to be highly active against leaf
cutting ants (Febvay et aJ. 1985). Compound 29757 was tested again because it had 
given consistently good results in the two prior field tests and because baits 
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Table 1.	 Toxicity of baits containing several fluoroaliphatic sulfones to workers and 
queens in four monogynous laboratory colonies of the red imported fire 
snt. t 

Mean worker mortality (%) and 
queen mortality(*} at indicated 

Chemical days posttreatment* 
(AI3-No.) Structure 2 - 3 9 - 10 16 - 20 23 - 27 32 - 34 44 - 46 

10702 CGF"SO,NH, 18 65 90**** 

10707 C8F"SO,N(C,H,), 4 71 91*** 95 99.9* 

C2Hr. 
I
 

10709 C8F"SO,NCH,C=CH 1 26 63 79 96** 99.9** 

H
I 

10710 n-C8F"SO,NCH,CH=CH, 1** 60 80 94 99** 

H
I 

10712 C8F"SO,NCH(CH,), 10 38 84* 93* 98* 99* 

H
I 

10714	 n-C8F"SO,NCGH, 24 38 51 77 84** 97* 
(;ecrystalized 
linear isomer) 

CH" 
I
 

10717 C8F"S02NCH= CH2 19 39* 67 80* 94* 99.9* 

10733 C8F"SO,NC2H.CI 8 53 81 94*'* 99.9* 

H
I 

29757 C8F"SO,NC,H, 13 44 71* 97**· 

H 
I
 

29758 

29759 

29778 

C8F"S02NCH, 

C8F"SO,NH,

I_N 
C8F"SO,J~ 

4 

7 

o 

28 

35 

9* 

46** 

46* 

25*** 

90* 

68 

92* 

7S* 97** 

Control§ o 1 2 2 3 3 
t	 Five grams of bait offel'lHI 10 each colony; bait cOII~isttJd of 1.5 g ~oybeall oil contllining 1% loxicllnt and 

toxicant applied on 3,5 g of I)regel defutted com grits; four colonies per treatment.*Each asterisk (.) denotes death of a colony queen; c.g., for AI3-IOiOi, the queen in three colonies died 
16-20 days after exposure while the (Iueell in t.he 4th colony died after 32·34 days; colonies were 
presumed dead and discnrded when (IUee" expired, Ihull worker mortality shown represents ollly that 
ror colonies with II surviving queen. 

§ Bait without toxicant; six coionies/trelllment. 
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Table 2.	 Effects of granular soybean oil baits containing fluot'oaliphatic sulfones 
on field populations of the red imported fire ant in Florida and 
Georgia.· 

Toxicant	 Mean reduction (%) in 
conc. (%) population index at 

Chemical wlw Rate weeks indicated t 
(AI3-No.) in ssa g (AI)/ha 6 12 

Lake City, FL, July. 1982 
29758 1.0 3.3 99a 84a 
29759 2.5 8.1 958 91a 
29757 1.0 3.3 830 730 
25759 1.0 3.3 81a 75a 

Amdro (std.) 2.5 10.4 93a 91a 
Control Ob Ob 

Homerville, GA, April. 1983 
29757; 1.0 3.3 81a 
25759 1.0 3.3 80a 
10702 1.0 3.3 75ab 
10733; 1.0 3.3 60abe 
10712 1.0 3.3 49bed 
29758 1.0 3.3 40dee 
10710 1.0 3.3 30de 
10707 1.0 3.3 30de 
Amdro (std.) 2.5 10.4 79a 
Control§ 16e 

Brooks County, GA, May, 1984 
10710	 2.5 3.3 98a 87a 

29757	 2.0 4.9 94a 86a 
29757 1.0 3.3 92a 87a 

10709 2.5 3.3 82be 82a 

10717 2.5 3.3 75c 90a 
Amdro (std.) 2.5 LO.4 9lab 94a 
Control 4d 5b 
• Bait consisted	 of 70'i:: pregel deflltled com grits impregnated with 30% of the soybean oil-toxicant 

solution. Application rate of the formulation was 2.2 kg/ha. Mean of three treated and control plots 
unless indicate'd otherwise. 

t Data corrected with Abbou's formulu for check mortality. Means within columns followed by the SlIme 
letter are not significnnUy different Ilt the P > 0.05 level of confidence hll.'led on BUllenn's multiple 

range le~t. 

t r.,·lelln of twO pIOLS. 
§ Mean of four ploLS, nil other controls avg. of three plots. 

containing this compound appeared more acceptable (i.e., less repellent) to the 
ants in laboratory bait acceptance tests (C.S. Lofgren et aI., unpublished data). 
The datn in these tests (Table 2) demonstrated again that 2975i was very effective 
against RIFA being equal to the Amdro standard at both concentrations tested. No 
significant differences (P > 0.05) occurred between the two concentrations (1.0 and 
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2.0%) of 29757 in this test. Compound 10710 was also as good as the Amdro 
standard at 6 wk posttreatment evaluation. At 12 wk, all of the compounds were 
equally effective (P > 0.05). 

OUf data demonstrate that several of the fluoroaliphatic suUones may be 
suitable as bait-toxicants for control of the RIFA since they meet four of the five 
criteria established by Williams (l983) as listed in the introduction of this paper. 
Their delayed-action and their activity against other insects (Vander Meer et aI. 
1983) suggest that further study of these chemicals to assess their potential for 
controlling other pest ants and insects is warranted. Finally, Gliffin Corporation of 
Valdosta, GA, has been licensed by the U. S. Department of Commerce to develop 
these compounds commercially as fire ant toxicants. After assessing all biological 
data and availability of compounds, Griffin Corporation decided to commercialize 
compound 29757. 
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Abstract: Field experiments on the distribution of early instars of second-generation Ostrinia 
nubilalis (Hubner) on maize plants revealed that a significantly higher percentage of larvae 
moved to primory ears nod ear shoots (potential cars) thun to other locations on the plant. 
L01Vtll movement started within 24 hours after egg hatch. In the primary ears lind ear shoots, 
many of the larvae were found on the silks, outer husks, and leaf sheaths. This indicates that 
primary ears and ear shoots may be the primary locations to scoul for early instaTs of the 
second-generation of O. flubilalis in maize plants. 
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The second generation European com borer (ECB), Ostrinia nubilalis (Hubner), is 
very damaging to maize in North Carolina (Umeozor et 01. 1985b). Of the three 
main ECB control techniques (plant resistance, biological, and chemical IChiang 
and Hudson 1972; Brindley et a1. 19751), chemical is the most promising against 
second-generation ECB. Maize hybrids currently grown in North Carolina are 
susceptible to ECB attack and biological agents have not provided effective and 
consistent control. Chemical control is often ineffective due to the critical 
importance of proper application timing (Batchelder and Questel 1931; Showers et aI. 
1983). 

The design of an ECB control program for a particular area is influenced by 
the number of generations per year (Showers et a1. 1983). In North Carolina, the 
ECB goes through three generations per year (Umeozor, unpublished data) and 
the second generation is the most significant cause of maize yield reductions. 
Early instars of second-generation ECB were reported by Showers et al. (1983) to 
feed on pollen at the leafaxils, in the leaf sheaths, and around the sheath collars 
before entering the stalks, ear shanks, and ears. Timing of insecticidal control for 
this generation is, therefore, very critical because applications must be made 
before the larvae tunnel into the plant. But, proper timing of insecticidal 
applications is dependent on effective scouting techniques and, at present, suitable 
techniques for use in North Carolina are not available (Umeozor et 01. 19858). 
Showers et al. (1983) observed that intensive scouting is necessary to detennine 
the need and time of application for ECB control during the tasseling and silking 
stages of maize development. 

Even though the location of ECB larvae on the maize plants has been 
described by several investigators, the distribution of early instars of second
generation ECB has received only limited attention. While some studies (Caffrey 
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and WOl~hJey 1927; Cox 1955; U. S. Dept. Agric. 1962; Showers et al. 1983; Shelton 
et a1. 1986) only mentioned the primary feeding sites of young ECB larvae, Beard 
and Turner (1942) reported the percentage of larvae found in different locations 
for the plants dissected at 10, 20, and 30 days after infestation. The knowledge of 
ECB larval distribution at the tenth day after infestation is not of much use in a 
scouting program designed to determine whether chemical control is warranted 
since larvae enter the stalk in less than 10 days. Patch (1943) compared the 
locations of ECB in resistant and susceptible maize hybrids but plants were 
artificially infested between 14 and 32 days before the pollen~shedding stage. 
Therefore, the percentage of ECB larvae reported in this study for different plant 
parts during the silking and pollen-shedding stage of plant development involved 
late ins tars. The location of ECB larvae on the maize plants has also been 
described by Batchelder (1949); however, the percentage of larvae reported per 
location included both early and late instars. 

Scouting for second-generation ECB egg masses has infrequently been a 
reliable indicator of potential ECR larval damage. For instance, second~generation 

ECB larval damage was evident before Ferro and Fletcher-Howell (1985) could 
find the first egg mass. Thus, a quantitative knowledge of the distribution of early 
instars of second-generation ECB on the maize plant may enhance scouting 
efficiency provided there was ample time following larvae detection to initiate 
effective control measures. This study was undertaken to investigate the disbibution 
of early instars of second-generation ECB on the maize plant as a prerequisite to 
the development of an effective scouting technique for this pest in North 
Carolina. 

MATERIALS AND METHODS 

Field studies wel'e conducted at the Central Crops Research Station, Clayton, 
NC, during 1983 and 1984 to investigate the distribution of early instars of second
generation ECB larvae on maize plants. A 2 X 10 X 13 factorial experimental 
design was used during both years. Treatments were level of infestation (2 
levels - 6 and 12 egg masses per plants), time after infestation (10 consecutive 
days), and location of the larvae on maize plant (13 locations - six leaves below 
and above the primary ear, and the plimary ear). 

In 1983, each of the 200 whorl stage (stage 2 as defined by Hanway 119661) 
plants within the field were isolated by removing adjacent plants so that none of 
the experimental plants touched any of their neighbors. This early isolation 
created a low plant population and most of the plants produced ear shoots 
(potential ears) down to the fourth leaf below the primary ear thereby creating 
additional habitat for the ECB larvae. In order to reduce the number of ear shoots 
to more normal levels in 1984, the same number of plants wos isolated in the late 
whorl stage (stage 3 as defined by Hanway 119661). Each of these plants was 
artificially infested once during the silking and pollen-shedding stage (stage 5 as 
defined by Hanway [19661) with either 6 or 12 egg masses at the black-head stage 
of development. Egg masses were pinned to the underside of the first two leaves 
below, and above the primary ear to simulate natural infestation (Showers et a1. 
1983). Egg masses were obtained from Pfizer Genetics, Olivia, MN. 

For 10 consecutive days after infestation, 10 plants per day per level of 
infestation were harvested by hand. Each plant was dissected and the number of 
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larvae at each of the 13 locations was recorded. Each location consisted of a node 
and the leaf, the plimary ear, and/or ear shoots arising from the node. Voucher 
specimens of adult EeB are located at the North Carolina State University Insect 
Collection. 

The data were analysed using analysis of variance. Mean percent larvae per 
location were subjected to mean separation test using Fisher's (protected) least 
significant difference (LSD) (P ~ 0.05) (Statistical Analysis System [SAS] 1982). 

In 1984, three separate experiments were conducted to assess the influence of 
EeB egg mass location on the distribution of early instal'S on the plant. A 2 X 3 X 
13 factorial design was used in each experiment. Treatments were infestation level 
(2 levels, 6 and 12 egg masses per plant), days (3), and location of larvae on maize 
plant (13 locations, six leaves below and above the primary ear, and the primary 
ear). 

In the first experiment, egg masses were placed on the fourth and fifth leaves 
below the primary ear; in the second experiment, they were placed on the first two 
leaves below, and above the primary ear; and in the third, egg masses were placed 
on the fourth and fifth leaves above the primary ear. Forty·two plants per 
experiment were each isolated from other plants at the late whorl stage (stage 3 as 
defined by Hanway 119661). Each of these plants was artificially infested once 
during the silking and pollen-shedding stage (stage 5 as defined by Hanway [19661) 
with either 6 or 12 egg masses at the black-head stage of development. Plants 
were infested by pinning the egg masses to the underside of the leaf. 

For three consecutive days (fourth to sixth day after infestation), seven plants 
per level of infestation per experiment were harvested by hand. Each plant was 
dissected and the number of ECB larvae at each of the 13 locations per plant was 
recorded. The data for each experiment were subjected to MEANS procedw'es 
(SAS 1982) to determine the mean location of ECB larvae on the plant. 

RESULTS AND DISCUSSION 

During both years of study, analysis of variance indicated that the percent 
ECB larvae per location varied significantly among the 13 within plant locations 
(P ~ 0.001). However, days after infestation and levels of infestation had no 
significant effect on ECB larval distribution on the maize plant. Since the levels of 
infestation had no significant influence on ECB larval distribution, it appeared 
that the distribution of early instal'S of second generation ECB was not density 
dependent at the levels of infestation (6 and 12 egg masses per plant) used in this 
study. In 1983, but not in 1984, the interaction between days after infestation and 
location of larvae on the plant was significant. This suggests that as days 
progressed, a significant number of ECB larvae moved from onc location to the 
other. When this interaction was examined graphically, no well defined pattern of 
hnval movement from location to location over time emerged. Thus, this interaction, 
though significant, was considered to be of little or no practical importance. 

A significantly higher percent of ECB lalvae was found, during both years, in 
the primary ear compared to any othel' location (Table 1). This indicated a 
significant level of larval migration on the plant since no egg masses were placed 
on the primary ear leaf. In 1983, when the experimental plants were isolated 
dwing stage 2 of plant development (Hanway 1966), a significantly higher percentage 
of larvae was associated with the first four leaves below the primary ear compared 
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Table 1.	 Distribution of early instars of second-generation European corn borer 
(ECB) on the maize plant. 

Mean %	 ECB laIVae· t 

Location	 of laIVae on plant 1983 1984 

L. 6th leaf above primary ear O.8j	 OAh 
2. 5th leaf above primary ear	 1.6hij O.9gh 
3. 4th leaf above primary ear	 2.6ghi 2.0fg 
4. 3rd leaf above primary ear	 3.0gh 5.0e 
5. 2nd leaf above primary ear	 5.5ef lOAd 
6. 1st leaf above primary ear	 5.6e 12.2c 
7. primary ear	 21.1a 25.1a 
8. 1st leaf below primary ear	 15.6c 21.3b 
9. 2nd leaf below primary ear	 17.3b 12.2c 

10. 3rd leaf below primary ear 13.9c	 5.7e 
11. 4th leaf below primary ear	 8.0d 2.5f 
12. 5th leaf below primary ear	 3.8fg 1.3fgh 
13. 6th leaf below primary ear 1.2ij O.5h 
·n - 200. 
t	 Means within the same column followed by the same letter are nOl significant!)· different (P .:5 0.05; 

Fisher·s (protectedl least significant difference ISAS, 19821). 

to any other leaf below or above the primary ear (Table 1). However, because early 
isolation created a low plant population at a young plant stage, these plants 
produced ear shoots down to the fourth leaf below the primary ear before tasseling 
and silking (an abnormal situation). In 1984, when the plants were isolated during 
stage 3 of plant development (Hanway 1966), this was not the case; only the first 
leaf below the primary ear was associated with an ear shoot (a more normal 
situation). This first leaf below the primary ear had a significantly higher percentage 
of larvae compared to any other location below or above the primary ear (Table 1). 
The higher percentage of lmvae found in the primary ear and in other locations 
that produced ear shoots indicates that the early instal'S of second-generation ECB 
were attracted more to the ears and ear shoots than to any other location on the 
maize plant. In the leaves associated with ears and ear shoots, most of the laIVae 
were found on the silks, outer husks, ligule, and leaf sheaths. In all other locations, 
they were found mainly on the ligule and leaf sheaths. 

The mean larval location on the plant in 1983 was 9.9, which most closely 
represented the first leaf below the primary ear. In 1984, the mean larval location 
on the plant was 8.8, which most closely represented the primary ear location 
(Table I). 

In each of the three separate experiments involving egg mass placement at 
different locations on the plant, the mean larval location for day 4 through 6 aftpr 
infestation, was confined within a zone from the first leaf below to the first leaf 
above the primary ear (Table 2). In each of the three experiments, some larvae 
were found at all locations except at the sixth leaf above the primary cal' when egg 
mass placement was at the fourth and fifth leaves below the primary ear. The 
standard deviation of mean laIVsl location on the plant for each day and for each 
experiment was ca. two locations (Table 2) indicating that the pattern of laIVal 
distribution on the plant was similar among the three experiments. 



4 9.8 2.4 7.0	 2.0 7.9 2.1 
5 8.0 1.8 7.2	 2.0 7.5 1.8 
6	 9.8 1.8 7.0 1.9 7.8 2.0 ? 

Z 

·9 represenls 2nd leaf helo..... primary ear; 8 represents 1st leaf belo..... primary ear: 7 represents primary car. 

Table 2. Mean location of early instars of second-generation European corn borer (EeB) on the maize plant, 1984. 

Egg masses placed on· 4th and Egg masses placed on 1st and 2nd Egg masses placed on 4th and 
Days 5th leaves below primory eor leaves below, and above primary ear 5th leaves above primary eor 
after j: location· STD of i location x location· STD of .t location .t location· STD of i location 
infestation of laJvae of larvae of larvae of larvae of lalvae of larvae 
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This study revealed that a significant number of early instars of second· 
generation ECB moved from other locations on the maize plant to the primary 
ears and ear shoots. It was observed that larval movement started within 24 hours 
after egg hatch. During the silking and tasseling stage of maize development, most 
natural ECB egg masses are deposited on the primary ear leaf and on the first two 
Icaves below and above the primary ear; the early instal'S resulting from these eggs 
remain within the same area (Showers et al. 1983). Thus, the location of a 
significant number of ECB larvae on the primary ear region observed in this study 
can be regarded as representing a natural situation. This study strongly indicates 
that the primary eal's and ear shoots are the focal points on which a morc efficient 
scouting system can be developed for the economically damaging second-generation 
ECB larvae. 
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Abstract: Orchard experiments were conducted during the swnmers of 1985 and 1986 to 
evaluate hexythiazox and clofentezine for control of the European red mite. Panon)'chus ulmi 
(Koch), twospottcd spider mile, Tetranychus urticae Koch, and schoene spider mite. T. 
schoenei McGregor. Proposed minimum dose rates of hcxythiazox and c10fentezine effectively 
controlled moderate densities of P. ulmi within 7 d of applications. Results with hcxythiazox 
and clofentezine evaluated at doses near their proposed maximum dose rates showed that 
these chemicals have a slower toxic effect on T. urticae and T. schoenei, than on P. 
ulmi. 
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schoenei, spider mite, European red mite, twospottcd spider mite, schoene 
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The European red mite, Panonychus ulmi (Koch), and the twospotted spider 
mite, Tetranychus unicae Koch, are the hyc principal mite pests of North Carolina 
apple orchards. Occassionally, the schoene spider mite, T. schoenei McGregor, has 
occurred in association with either the European red mite or twospotted spider 
mite. Integrated mite control based on biological control of spider mites 
supplemented with physiologically selective acaricides has been practiced in North 
Carolina for a number of years (Rock 1972)_ Cyhexatin (Plictran~ 50 WP) and 
fenbutatin-oxide (VendexiZ 50 WP), two organotin acaricides, and propargite 
(Omiteoll 30 WP), a propynyl sulfite miticide, are three selective acaricides 
developed in the early 19705 which effectively kill spider mites but not most 
predaceous mites (Rock and Yeargan 1970). Because organotin resistance has been 
reported for the twospotted spider mite in tree-fruit crops (Edge and James 1982; 
Hoyt et aI. 1985) and possible resistance reported for the European red mite 
(Swift and Polk 1984; Hoyt et al. 1985), selective acaricides are needed to replace 
the organotins where resistance in spider mite populations to the chemicaJs is 
known to have developed or eventually may develop. Clofentezine (Apollo~ 50 SC) 
and hexythiazox (Saveylll 50 WP) are selective acaricides (Hoy and Ouyang 1986) 
and registration on apple is likely. Both acaricides are chemically unrelated to 
each other and any registered pesticide used in the past. Both acaricides act as an 
ovicide and larvicide, and have chemosterilant octivity on adult female spider 
mites since egg hatch is prevented (Aveyard et al. 1986; Hoy and Ouyang 1986). 
Hexythiazox shows good activity against the egg, larva and protonymph stages of 
tetranychid mites but does not kill deutonymph and adults (Aveyard et al. 1986). 

ACARIA: Tetranychidae. 
t Accepted rOT publicotion 11 Februory 1987. 
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Both hexythiazox and clofentezine are less toxic to tetranychid eggs as the eggs 
mature (Aveyard et al. 1986; Hoy and Ouyang 1986). 

To ensure' the long term success of these new, experimental acaricides, the 
proper use pattern should be employed at the outset. Integrated mite control 
procedures, which combine the use of maximum biological control by predators 
and the lise of selective acaricides only when needed, should dictate the application 
of the nearicides. Therefore, the current study was conducted to determine the 
relative effectiveness of hexythiazox and c10fentezine in summer treatments for 
control of different population densities of spider mites. 

MATERIALS AND METHODS 

Tests were conducted in 1985 and 1986 in a mature apple orchard at Clayton, 
NC, and also in 1986 in a 6 yr·old apple ol'chard at Fletchel', NC. Both orchards 
have been used for pesticide evaluation studies, therefore a routine acaricide spray 
program has not been followed. Chemical treatments were applied dilute to runoff 
to four single-tree replicates using conventional high pressure handgun equipment 
at 350 psi at ca. 30 liters/tree at the Clayton orchard and with an air carrier 
sprayer at ca. 2300 liters/ha at the Fletcher orchard. Treatments were arranged in 
a randomized complete block design in the Clayton orchard and nom'andomized in 
the Fletcher orchard. Cyhexatin was the standard for comparison with other mite 
control treatments. Estimates of spider mite densities were made weekly from 
samples of 25 mature leaves per replicate. Motile mites were counted on the 
leaves using a stereomicroscope and the adult mites were not separated from 
immature motile mites. Mite predators were not in sufficient numbers to influence 
spider mite densities. Statistical analyses were performed using the prepared 
computer programs of the Statistical Analysis System (SAS Institute 1982). 

RESULTS 

Effects of the treatments on spider mite populations are summarized in Table 
1. Results of Test 1 show that the 142 and 284 g IAIllha rates of clofentezine wel'e 
comparable to cyhexatin in controlling, for at least 21 d, a low population of P. ulmi 
(ca. 3 to 4/leaf in the check). Combining the insecticide/acaricide formentanate 
(Cal'Zol~ 92 SP) with clofentezine (142 g IAIllha) gave no bettel' P. ulmi control 
than clofentezine applied alone. In Test 2 clofentezine (142 g [AIllha) and 
hexythiazox (71 g (All/ha) gave P. ulmi control comparable to cyhexatin for 42 d 
for moderate P. ulmi densities (4 to 16 mites/leaf in the check). The 7- and 14-d 
posttreatment densities of P. ulmi were low in Tests 1 and 2 indicating a rapid 
toxic effect of c10fentezine and hexythiazox on P. ulmi. 

Tetranychus urticae population densities in treatments of clofentezine at 142 
and 294 g [AIJ/ha were significantly (P .5. 0.05) greater than T urticae densities 
following treatments with cyhexatin at 7-d posttreatment, but densities were not 
significantly (P.5. 0.05) different at 14- and 21-d posttreatment (Test 1). Combining 
fonnetanate (780 g [A~lha) with clofentezine (142 g [AIJlha) did not significantly (P 
.5. 0.05) T. urticae densities when compared with the clofentezine (142 g IA1J!ha) 
treatment applied alone (Test 1). The pretreatment T. urticae densities in Test 1 
were not significantly (P .5. 0.05) different except for the higher density in the 
c10fentezine plus formetanate treatment. Tetranychus urticae densities remained 



Table l. Control of spider mites with acaricides in North Carolina experimental apple urchards, 1985· 1986. 

Number of motile mites/lear 

P. ulmi T. urticClI! T. schoenei 

Post- Pust-
Rate Pre- Posttreatment d Pre treatment d Pre treutment d '" 0 

'I'rcalmcnt (g [AII/ha) treatment 7 14 21 2S 35 42 treatment 7 14 21 treatment 7 14 21 (") 

'.' 

Clofemezinc 142 0·••0 

Test 1- Claytun. NC 
O.lb O.Ob O.Ob 

(appficatiotl~ un 18 June /985) 
10.011 9.28 Llh O.Ob t 

::r: 
0 
x 

Clofemezinc 284 3.0 OAb O.lb O.lb 11.011 6.6a 2.4ah O.lb ':'. 
~ 

Clofentczinc + 142 2.6 0.7b 0.3b OAb 26.5a 4.1ah 2.0Ab OAb ;; 
Formeumate 7SO 0 x 

Cyhe:<8tin S49 2.4 O.lb O.lb O.2b 10.lb a.Ih OAb O.5h 0 

Check 3.3 4.1a 3.la 3.:1a 3.3b a.lab 3.5a '1.211 ~ 
(") 

Clofcnlezine 142 3.8 
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0.6b 
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low (ca. 3 to 5 mites/leaf) in the check during the 21-d posttreatment period. The 
results from Test 3 showed no significant (P .:S: 0.05) differences in T urticae 
densities among treatments for the pl"e- and posttreatment periods, with a low T. 
urticae density of ca. 2 to 4 mites/leaf in the check during this time. Even though 
significant differences of T. urticae densities among treatments were absent, trends 
arc evident. All chemical treatments showed a decrease in T. urlicae densities 
during the 21~d posttreatment period. Clofentezine evaluated at two rates (71 and 
142 g [Al[/ha) and hexythiazox evaluated at two rates (71 and 106 g [Alllha) showed 
less T urticae control than cyhexatin at 7·d posttreatment (Test 3). However, at 
14- and 21-d posttreatment periods only the lower rnte of clofentezine at the 14-d 
posttreatment density of 4.4 T. urlicae/leaf showed a less rapid toxic effect when 
compared to cyhexatin. The combination of formetanate (1039 g [AII/ha) with 
clofentezine at two rates (71 and 142 g [AII/ha) reduced T. ul'licae densities to 
levels comparable to cyhexatin for all posttreatment periods (Test 3). Results of 
treatment performance towards T. sclwenei densities are shown in Test 3. 
Although the prc- and posttreatment T. schoenei densities were low and not 
significantly (P ~ 0.05) different, except for the pretreatment density in the 
dofentezine (142 g [AI[lha) plus formetanate (1039 g IAII/ha) treatment, T. 
schoenei densities on the check trees increased 29 fold (to 8.7 mites/leal) by the 
14-d posttreatment:. The two treatments with pretreatment T schoenei densities 
>1 mite/leaf were hexythiazox (106 g IAII/ha) at 7. L mites/leaf and clofentezine 
(142 g IAlllha) plus ronnetanate (1039 g /ArJlha) at 17 mites/leaf. The relatively 
slow posttreatment toxic effects of the two treatments on T schoenei appeal' to be 
similar to the effects of the two treatments on T urlicae (Test 3). Results with T 
urticae and T. schoenei indicate that clofentezine and hexythiazox show a less 
rapid toxic effect by the 7-d posttreatment than shown for P. ulmi. The 7-d 
posttreatment densities for P. ulmi treated with clofentezine or hexythiazox were 
comparable to cyhexatin, while the general trend was that 7'. urticae and T. 
schoenei 7~d posttreatment densities were higher than fol' cyhexatin. 

DISCUSSION 

Hexythiazox at the 71 g [A11/ha rate, which is less than the proposed minimum 
use rate of 124 g !Al!/ha. effectively controls at least moderate densities of P. ulmi 
(S/Ieal) within 7 d of application. Clofentezine evaluated at the proposed minimum 
use rate of 142 g [AIJ!ha likewise controls moderate P. ulmi densities within 7 d of 
treatment. Clol'entezine evaluated at the proposed maximum use rate of 284 g 
[AIJ/ha showed T. urticae control equal to cyhexatin only by posttreatment d 14. 
Likewise, the toxicity of hexythiazox appears to be slower against T. urticae and T 
schoenei than against P. ulmi. For a mite complex with low predator and high T. 
urticae or T. schoenei densities, combining the new acaricides with another 
selective acaricide having a more rapid toxic effect (e.g., cyhexatin) would probably 
be of advantage over using the new acaricides alone. Results of this study indicate 
that the new acaricides may be used alone during the summer once spider mites 
reach the treatment threshold. In North Carolina commercial apple orchards P. 
ulmi is the predominant spider mite species with a treatment threshold of 7/leaf 
(Rock et aI. 1987). 

'Hexythiazox and clofentezine are toxic to eggs of T. urticae (Hoy and Ouyang 
1986) and P. ulmi (Aveyard et al. 1986) and clofentezine is toxic to the early motile 
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stages of T. urticae and P. ulmi (Aveyard et al. 1986). Experiments evaluating the 
toxicity of hexythiazox to the immature motile stages of P. ulmi have not been 
reported. In the present study I determined neither mite egg densities nor 
separated the adult stage from the immature stages. An explanation for the slower 
toxic response of the t\vo acal'icides on T. urticae and T. schoenei than on P. ulmi 
could be because the adult stage in populations of T. urlicae and T. schoenei was 
prominent at the time of acaricide application while the egg and immature stages 
were prominent for P. ulmi populations. However, a predominance of one 
developmental stage is less likely to occur in June or July, when the acaricides 
were applied, than in April or May when mite population densities are beginning 
to increase. A more likely explanation is that the two acaricides have more toxic 
activities toward P ulmi than toward the other two spider mite species since 
taxonomically closely related mite groups may exhibit wide differences in response 
to toxicants (Jeppson et al. 1975). 

Hexythiazox and clofentezine applied in spring prior to P. u(mi winter egg 
hatch can provide P. ulmi control until July or even season· long control due to a 
combination of wint.er egg kill and residual control of early motile forms (Aveynrd 
et al. 1986). However, two major concerns with use of the acaricides applied neal' 
bloom are that the ncuricides will be used yearly without regard to actual need, and 
this acaricide use pattern has historically resulted in rapid selection of resistant P. 
ulmi strains. Hexythiazox and clofentezine fit ideally into 8 mite management 
program, and taking advantage of their selective toxicity by using them at 
minimum spray dosages during the summer, when need can best be determined, 
will help to delay or prevent resistance in spider mites. 
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Abstract' Adult house ny (Musca domestica L.) populations were sampled with spot cards at 
weekly intervals for 41 wk in 23 caged layer poultry houses in Georgia. Fly numbers were 
rein ted to house design, cage design and waste management. Houses with infrequent manure 
clean-outs and (ow angle, nearly horizontal, drop-shields had the highest ny populations. 
Regardless of design, significanlly more flies (P ~ 0.01) were sampled at the front and back 
of houses than in the center. 

Key Words:	 Spot curds. house fly, Musca domeslica, design influences on fly populations, 
within house ny distribution. 
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House flies (Musca domestica L.) often develop in tremendous numbers in 
manure beneath caged layer hens. Emerging flies may be noxious to farm workers 
and to neighbors living in the area (Axtell L970). Demographic changes that bring 
more people to previously rural areas intensify the need for effective fly 
management in layer facilities. 

Adult fly populations may be sampled using II number of techniques, including 
scudder grill counts and counting of fly numbers on the arbitrary surface (Scudder 
1947), sticky tapes (Raybould 1964), spot cards (Axtell 1970), insecticide·baited 
traps (Burg and Axtell 1984), and subjective visual estimation by trained observers 
(Beck and Turner 1985). 

Spot card sampling was used for this study. Spot cards do not discriminate as 
to species, but during this study house flies were the dominant filth flies at each 
facility. Spot cards offer several advantages to producers. Card sampling is easy to 
implement and maintain, and growers who use and annotate cards can develop 
records of population levels, manure clean-outs, insecticide use and fly complaints 
from neighbors. 

Control programs, as might be expected when sampling in 23 layer houses, 
varied considerably. This study did not evaluate the prudence of action thresholds 
or the effectiveness of chemical control programs. 

The purpose of this study was to examine the influence of house design, cage 
design and waste management system on adult fly populations. Spatial distribution 
of adult flies within layer houses was also investigated. 

METHODS AND MATERIALS 

Within House Adult Fly Distribution 
Seven north GeoJ'bria layer farms that held ca, 360,000 hens in 23 houses were 

studied. There were 3 house designs, with further division according to cage 

1 OlPTERA: Muscidae. 
2 Accepted for publication 6 March 198i. 
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design, and the method and frequency of waste removal. Specifics on the number 
of houses of each type and descriptions of design peculiarities follow in the 
discussion on design. 

Spot card sampling to indicate house fly activity was conducted from Feb 19· 
Oct 15, 1982, with cards changed at weekly intervals. Fecal spots and vomit drops 
on one side of the card were counted. Five spot cards, 177 X 227 mm index cards, 
were hung from rafters with thumb tacks in each house over a center aisle with 
care taken to avoid the direct air flow of fans. Cards were equal distances apart 
lengthwise down the house (Fig. 1). Data were recorded as a mean number of 
spots per card per day by position within houses. 

15.2 a 10.4 b 9.7 b 9.6 b 15.8 a 
Front of House Back of House 

Fig. 1.	 Season-long spot count means, by position within house, expressed as 
number of spots/card/day, for 23 caged layer houses. Means followed by 
unlike letters differ significantly (P .5: 0.01) according to Duncan's New 
Multiple Range Test. 

Design Influence 
Within house adult distribution data were combined and converted to season

long means, in spots/card/day, to examine average fly numbers for various house, 
cage and waste management systems. Types examined included: 1) A high-rise 
house, a multi-story layer facility with cage rows and walkways suspended from the 
rafters over a 1.5 - 2 m deep manure pit. Manure fell and accumulated for at least 
a year. Cage rows in this house were partially stacked one over another. Drop
shields, deflective barriers running the length of cage rows, protected birds in the 
cage tier below from the droppings of birds above. Drop-shields were plastic and 
set at a steep, 65° angle. 

Flush houses, layer houses that use large volumes of water discharged at the 
upper end of concrete~lined manure pits to flush waste into lagoons were sampled. 
Flush houses were subdivided according to cage design. 28) A flush house with 
partially stacked cage rows that did not require drop~shields was sampled. This 
house was maintained on a I - 2 d flushing schedule. 2b) Flush houses with 
staggered cages and free fall of manure into pits were also sampled. These houses 
were flushed every 3 - 4 d. 

Push-out houses handle layer waste by allowing it to fall into long, shallow, ca. 
25 cm, earthern pits. Pits are paralleled by concrete walkways that act to contain 
waste. Manure is pushed out by garden tractors with side-mounted scraper blades. 
Push~out houses were segregated according to cage design, and the frequency and 
st.yle of waste disposal. 3a) Push-out houses with staggered cage design and free 
fall of waste into pits were examined (Fig. 2). Manure in these houses was 
removed frequently, every 4th d, into deep, 3 - 3.5 m, open concrete pits. 3b) 
Virtually identical push-out houses with long term manure accumulation, 8 - 12 wk, 



HORTON: Poultry House Design: Influence on Adull House Fly Dislribution 63 

Fig. 2.	 Staggered cage design allowing free fall of manure to pits without need of 
drop-shields to protect lower tiers of birds. 

were also sampled. 3c) Push-out houses with cages stacked almost directly over 
one another were sampled. Nearly horizontal, 8°, plywood drop-shields protected 
lower tiers of bil'ds from the droppings of the birds above (Fig. 3). Drop-shields 
were not cleaned on a regular basis. Waste accumulated in manure pits fOl' periods 
varying from 6 - 12 wk. 

Statistical analysis, for comparison of spatial distribution within houses, and 
examination of the affects of house design, cage style and waste management on fly 
numbers were both subjected to ANOVA, with mean separation by Duncan's New 
Multiple Range Test. 

RESULTS AND DISCUSSION 

Within House Adult Fly Distribution 
Analysis of season long means by position within houses showed significantly 

higher (P .:::; 0.01) spot counts from the front and back sampling positions than at 
the three sampling positions in the center of the houses (Fig, L), This trend was 
consistent through the entire 41 wk period in each of 23 houses. This pattern did 
not appear influenced by fly density, house type, cage design, waste management 
scheme or chemical control program. These data are in agreement with Willson 
and Mulla (1975) who caught more house nies in baited jug·traps at the end of 
cage rows. 

This clumped adult fly distribution may have implications for on-farm sampling 
of fly populations. Lysyk and Axtell (1986) provided guidelines that help to 
determine the minimum number of spot cards needed to make well~infonned fly 
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Fig. 3.	 Stacked cage design requiring drop·shields to protect lower tiers of birds 
from the dl'oppings of birds above. Note accumulation of manure for fly 
breeding. 

management decisions. The higher numbers of flies sampled at the ends of houses 
with both spot cards and baited jug-traps lend support to recommendations that 
growers concentrate their sampling effOlts in the front of houses. Fanner acceptance 
and use of card sampling is greater with placement in the front of houses. 

Design Influence 
Poultry industry personnel feel that house design and waste management 

schemes may influence fly numbers (8. Thompkins and R. Duck, personal 
communication). Frequent flush waste removal systems are considered to have 
lower fly numbers than manure accumulation type houses. Such was the case in 
this study, 8S farms with flush houses did indeed show superior fly control (Table 
1). Frequent manual removal of waste, every 4 d, into deep, open concrete pits 
also resulted in low fly numbers. Push·out houses with long term manure 
accumulation had significantly more flies (P ~ 0.05). Highest fly numbers were 
found in push-out houses, where stacked cages placed tiers of cages almost 
directly over one another, with low angle drop-shields protecting lower tiers. 
Manure clung to these shields and provided substrate for oviposition and larval 
development. Fly breeding was observed in manure present on these drop-shields, 
and this design feature is partially responsible for higher fly numbers in these 
houses. These observations should provide insights into design-related fly problems 
inherent in caged layer facilities. 
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Table 1.	 Season-long spot card means, expressed as number of spots/card/day, 
for various caged layer houses, cage designs, and waste systems. 

House types	 X specs/day 

Infrequent push-out, with stacked cages and nearly horizontal, 
8°, plywood drop·shields 13.3 a· 

Infrequent push·outs with staggel-ed cages and free fall of 
manure into pits [2,9 a 

High·rise, with stacked cages, 65°, plastic drop-shields and 
manure accumulation in an open-sided pit 11.5 b 

Frequent push-out into deep, open, concrete pits with staggered 
cages and free fall of manure into pits 9,8 be 

Flush, nushing evelY 3 - 4 d, with staggered cages and free faU 
of manure into pits 8,5 e 

Flush, nushing every 1 - 2 d, with partially stacked cages and 
free fall of manure into pits 5.5 d 

• ~'Ieans followed by unlike leiters differ significantly (P .5 0.05) uccording to Duncan's Kew l\'lultillie 
Range TcSL 
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Abstract: Studies were conducted in 1985 and 1986 to evaluate the status of European corn 
borer resistant corn lines on stalk borer, Papaipema nebris (Gue1ll3e). Three inbred corn lines 
were evaluated in greenhouse tests in 1985 in a completely random design with 10 replications 
per inbred. No statistical differences were observed among lines B73, B75, or B86 when 
plants were rated on a 0 - 4 damage scale. In 1986, field studies were conducted utilizing a 
randomized complete block design with five inbred lines [B73, B85, 852, 886, BS9(CB)C5), 
fOUf replications, and ten subsamples per plot. Results suggest that BS9(CB)C5 experienced 
the least injury from stalk borer infestations, with the proportion of severely damaged plants 
significantly reduced (P < 0.05). Based on the results from these studies, breeding and 
further testing of com genotypes for management of stalk borer is recommended_ 

Key Words: Stalk borer, PapClipema nebns, corn, Zea mays, DIMBOA, host resistance. 
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The stalk borer, Papaipema nebris (Guenee), is a native North American insect 
that has, in recent years, become increasingly important as a pest of seedling corn, 
Zea mays (L.). Increased weed populations associated with conservation and no-till 
cropping systems have resulted in an increase in stalk borer damage. This increase 
is the result of an ovipositional preference for perennial grasses and weeds 
(Stinner et a1. 1984). The pest is univoltine in Iowa with larvae normally under
going seven to nine instars. Upon eelosion in the spring, larvae bore into suitable 
grass weed species, feeding in the stem of the plant until the girth becomes too 
small to accommodate additional growth of the larva (Decker 1931). At this point, 
larvae move to large-stemmed plants and continue to tunnel. Frequently, in 
agronomic situations, third- and fourth-instal' larvae infest nearby corn_ Damage to 
com is evident as 'shot-hole' leaf feeding, and, subsequently, whorl death (Lowry 
1927; Decker 1931). If the corn plant is attacked late in its development, it will 
usually escape severe damage and show little or no sign of attack (Decker 
1931). 

Inasmuch as predicting tile time of movement into corn is difficult, conventional 
insecticides have proven somewhat ineffective as a control method for stalk bore I' 

larvae. Therefore, other methods of control warrant investigation. Host resistance 
has been demonstrated with another tunneling pest of corn, the European corn 
borer (ECBj, Ostrinia nubilalis (Hubner). K1un et aL (1967) repol~ed that the 
biochemical basis for resistance to leaf feeding by first generation ECB was 2,4· 
dihydroxy-7-methoxy-l,4 benzox8zin-3-one (DITvIBOA). Several inbred lines have 
since been developed that are resistant to first, second (sheath-collar feeding 
resistance), or both generations of EeB in Iowa (Guthrie and Dicke 1972; Guthrie 

LEPIDOPTERA: Noctuidne. 
2 Accepted for publication 27 March 1987. 
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et 81. 1971). These inbred lines, however, have not been tested for 
resistance against stalk borer. Hence, the objective of this study was to evaluate 
ECB-resistant inbred corn lines for resistance to stalk borer feeding. In addition, the 
consequences of using genotypes of corn resistant to stalk borer is discussed. 

MATERIALS AND METHODS 

Experiments were conducted in 1985 and 1986 to evaluate ECB-resistant 
inbred lines for stalk borer resistance under greenhouse and field conditions. 

1985 Greenhouse Experiment 
Three inbred corn lines, with 10 replications (plants) each, were planted 

individually in pots (11.35 liter capacity) on 12 July and allowed to grow to the 3 - 4 
leaf stage. On 26 July, each plant was infested by carefully transferring one larva 
from its rearing dish directly into the whorl of the plant with a camel-hair brush. 
Larvae used in the experiment were reared from eggs obtained from gravid moths 
the previous season. Third and fourth-instal' larvae were used because field grown 
corn is typically attacked by larvae of this size. The three inbred lines tested, with 
reference to ECB status, were: 873 (susceptible to leaf feeding by fIrst-generation 
ECB and sheath-collar feeding by second-generation EeB), 875 (resistant to first 
generation EeB only), B86 (resistant to first and second generations of EeB). 

Injury to infested plants was assessed at 4, 6, and 9 d postinfestation. Plants 
were rated as having: 0, no leaf feeding; 1, leaf feeding only on old leaf tips; 2, 
light leaf feeding in whorl and (01') stem tunneling; 3. heavy leaf feeding in the 
whorl; and, 4, dead-heart. Experimental units were arranged in a completely 
random design. Data were subjected to analysis of variance, with means separated 
(P < 0.05) by the Student-Newman-Keuls range test (Newman 1939). 

J986 Field rest 
To expand the scope of the evaluations and incorporate field conditions into 

the experiment, five inbred corn lines were planted neal' Ames, LA, on 9 June. 
Plots /7.6-m by 4 rows (76.2-cm wide)J were arranged in a randomized complete 
block design, with each valiety replicated four times. To account for plant to plant 
variation, 10 plants within each plot were evaluated for resistance. Inbred lines 
evaluated in the expanded field tests were: B73, B85 (resistant to first generation 
ECB only), B52 (resistant to second-generation ECB only), B86, BS9(CB}C5 
(resistant to first- and second-generation of ECB). 

Each plant was infested as in 1985 at the 4 - 5 leaf stage (8 July) in the whorl 
with a single fourth- or fifth-instar stalk borer larva. Injury to the infested plants 
was assessed as in 1985 but at 3, 8, and 15 d postinfestation. In addition to 
evaluating raw damage ratings, data were transformed to proportion of plants 
expressing any feeding injury (i.e., no. plants rated 2:. 1.0/no. plants infested) and 
proportion of severe feeding injury (i.e., no. plants rated 2:. 3.0/no. plants infested). 
This procedure was done to account for the fact that severely damaged plants 
have been shown to exhibit significant yield losses while damage by light leaf 
feeding is minimal (Bailey and Pedigo 1986; Levine et al. 1984). Hence, severely 
damaged plants represent future yield losses more accurately than raw ratings. 
Data were evaluated by analysis of variance (nested design for raw ratings) with 
means subjected to the Student-Newrnan-Keuls range test (P < 0.05). 
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RESULTS AND DISCUSSION 

Results from the 1985 greenhouse evaluation of corn inbred lines did not 
indicate resistance to common stalk borer (Fig. 1). Although there was a numerical 
difference between the lines, there was enough plant to plant variation to obscure 
statistical significance. In addition, varieties often ObSCIVCd to be high in DIMBOA
based resistance to ECB under field conditions have often failed to perform under 
greenhouse conditions (Guthrie et al. 1986). 

Damage rating value 
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Fig. 1.	 Mean greenhouse damage ratings of com inbred lines at three postinfestation 
intclvals. Bars labelled by the same letter within rating dates are not 
significantly difrerent (df ~ 2, 27; P < 0.05) based on the Student
Newman-Keuls range test. Ames, lAo 1985. 

Results from the field experiment with five inbred lines demonstrated statistical 
differences at each postinfestation date when raw damage ratings were compared 
(Table 1). Three days after infestation, inbred line B85, which is resistant to first 
generation EeB, showed resistance to early feeding by stalk borer. Eight days 
after infestation, only BS9(CB)C5 demonstrated resistance to stalk borer feeding. 
At the final rating date, the rankings remained the same, with BS9(CB)C5 injured 
significantly less than the other inbred lines. The data suggest that factors 
affecting resistance to both first and second generations of Eea arc necessary to 
achieve stalk borer suppression. Moreover, because BS9(CB)C5 is more resistant 
than B86, the mode of resistance to stalk borer probably is different between 
these two lines. Guthrie (1981) noted that 95% of resistance-induced mortality fol' 
ECB occmred during the 5 d following egg hatch on corn. Since stalk borer larvae 

6 
Days postlnfestatlon 
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Table 1.	 Mean lield damage ratings of corn inbred lines at three postinfestation 
dates. Ames, lA. 1986. 

Days postinfestation 

Inbred com line 3 8 15 

873 U3a" 1.65a 1.53a 
885 a.68b 1.78a 1.83a 
852 U3a 2.03a l.76a 
886 l.03ab 2.03a 1.93a 
8S9(C8lC5 0.78ab 1.08b l.OOb 
F-value 4.76 5.36 5.57 
• Means followed by the	 same leiter within columns {Ire not significnnlly different (df = 4. 12; P < 0.05) 

based on the Student-Newman-Keuls range test. 

initialy develop on weed hosts, control from ECB-resistant corn lines may be less 
dramatic. 

"''hen data were transformed to represent proportion of plants expressing any 
leaf feeding, the differences were less dramatic (Table 2). Differences between 
lines did not become obvious until 8 d after infestation, when BS9(CB)C5 had less 
leaf feeding that the other lines. This response suggests that stalk borer larvae 
begin to feed on all inbred lines, but: may not continue to feed on BS9(CB)C5. On 
lhe linal sample date, BS9(CB)C5 remained relatively resistant to leaf fceding, but 
B85 and B52 also demonstrated some level of resistance to overall leaf feeding. 

Table 2.	 Mean proportions of corn inbred Hnes expressing any feeding injury in 
the lield at three postinfestation dates. Ames, IA. 1986. 

Days postinfestation 

l.nbl'ed corn line 3 8 15 

873 0.70s· O.BOab 0.90a 
885 0,48a 0.83ab O.BOab 
852 0.63a O.90a O.77ab 
886 O.73a O.90a 0.90a 
8S9(C8)C5 0.53a 0.70b 0.63b 
"'-value 2,43 3.00 2.03 
• l\-leans followed	 by the same letter within columns are not significantly different (df = -I, 12; P < 0.05) 

based on lhe Sludcnl-Newmon-Keuls range lest. 

Evaluation of the pl'Opol'tion of severely damaged plants (Table 3) reveals that 
BS9(CB)C5, once again, expressed superior qualities at the final two rating dates. 
Based on these evaluations, BS9(CB)C5 may be useful in breeding tests to 
incorporate complete or partial resistance to seedling corn subject to stalk borer 
attack. 

From a management standpoint. the potential use of host resistance to stalk 
borer could mean reduced insecticide inputs to corn grown in minimum and no
Ullage cropping systems. Moreover, in terrace situations where generally only the 
first four to eight rO\'Io's are subject to attack (Levine et a1. 1984), resistant varieties 
may provide a management alternative. For example, rather than attempting to 
manage stalk borer larvae with insecticides as they move from weeds to corn, 
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Table 3.	 Mean proportions of com inbred lines expressing severe feeding injury in 
the field at three postinfestation dates. Ames, IA. 1986. 

Days postinfestation 

Inbred corn line 3 8 15 

B73 0.33a' 0.55. 0.43hc 
B85 0.23. 0.53. 0.65. 
B52 0.43a 0.65. 0.63.b 
B86 0.28. 0.58. 0.60.b 
BS9(CBjC5 0.23. 0.23b 0.25c 
F-value 1.05 4.56 6.65 
• Means followed by the same	 leller within columns are not significantly different (df "" 4, 12; P < 0.05) 

bosed on the Student·NewmOIl·Keuls range test.. 

resistant varieties may be used in border rows to limit damage. This system would 
maintain the integrity of the cropping operation (i.e., com is still planted and tilled 
as before) but eliminate the need for an application of insecticides. 

In these experiments at least one inbred line of corn, BS(CB)C5, shows 
potential for reducing damage by stalk borer. Based on this finding, we recommend 
further investigation and bl'eeding trials to evaluate the wide-scale potential for 
using resistant varieties as a management strategy. 
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Abstract" Laboratory tests with Il nuclear polyhedrosis virus of the vclvctbean caterpillar, 
Anticarsia gemmatalis I-Hibner, were conduClcd to detennine mortality Ilnd consumption of 
soybean foliage by infected larvae. Total leaf area consumed by healthy larvae averaged 
100.15 em' of 'Bragg' foliage per lar\'8. Feeding was reduced by 95.9% when larvae were 
infected althe beginning of the 2nd instat. Reductions of 78.6% and 36.4% werc observed in 
larvae infected in the 3rd and 4th instars, respectively. Leaf consumption by larvae infected 
in the 5Lh instar was not significanlly different from that of control larvae. An increased 
stadial length was noted in virus·infected 5th ins tars. A dosage of 1.5 X 103 polyhedra/larva 
resulted in Loo, 100, 77.5, and 48.8% mortality of larvae infected in the 2nd, 3rd. 4th, and 5th 
instars, respectively. Results suggest that field applications would need to be timed against 
3rd instar 01' younger 181vae to obtnin maximum mortality and prevent economic loss. 

Key Words: Velvetbeon cat.erpillar. Anlicarsia gemmawli.l;, nuclear polyhedrosis virus. 
feeding inhibition, soybean. 

J. Agric. Enlomol. 4(1): 72-77 (January 1987) 

Development of economic thresholds for insects which receive virus treatments 
is generally considered more difficult than development of thresholds for chemical 
insecticides because the virus requires a longer period to cause mortality, 
particularly when applied against older larvae. Glass (1958) made field treatments 
to apples with a granulosis virus of the red-banded leaf roller, Agyrotaenia 
uelutinana (Walker), and found that the vil'us killed too slowly to prevent economic 
injury to the fruit. Laboratory studies with a nuclear polyhedrosis virus (NPV) of 
Heliothis zea (Boddie) (lgnoffo 1966; Whitlock 1977) have demonstrated that larval 
mortality decreases as more mature larvae are infected, indicating that the age of 
the population to be controlled is important in considering the application of a 
virus suspension as a microbial insecticide. 

Although infected larvae may live and continue to feed for several days post
infection, their feeding might be lessened significantly compared with that of 
uninfected lalVae. Harper (1973) noted that 5th instal' larvae of the cabbage looper, 
Trichoplusia ni (Hubner) infected with 811 NPV, consumed the same amount of 
artificial diet as healthy larvae, but that larvae infected in the 2nd, 3rd, and 4th 
instal'S were able to consume only 2, 5, and 10%, respectively, of their total 
potential. Drake and McEwen (1959) found that cabbage looper larvae infected 
with an NPV 6 d after hatching ate about 50% less at the 9th d of age than control 
18.lVae of the same age. 

I LEPIDOPTERA; Noctuidae.
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The purpose of our study was to gain information concer'ning feeding inhibition 
and mOliality of virus-infected laNae of the velvetbean caterpillar (VBC), Anlicarsia 
gemmalafis Hubner, at a constant temperature and dosage. This information could 
then be useful in timing applications of this virus for the suppression of VBC 
populations on soybean. The virus used was an NPV imported from Santa 
Catarina, Brazil, previously described by Carner and Turnipseed (1977), Allen and 
Knell (19771, and Gatti et al. (1977). 

MATERIALS AND METHODS 

Crude virus preparations for all trials were obtained by macerating diseased 
larvae with a mortar and pestle containing distilled water and straining through a 
double layer of cheesecloth. Virus suspensions were standardized at 1.5 X lOS 
polyhedral inclusion bodies (PIB) per ml by counting PIBs with a hemacytometer. 
Fresh preparations were made for each trial. 

Newly hatched VBC larvae obtained Cram a laboratory colony were reared on 
'Bragg' soybean foliage until they were used for testing. In each trial 20 l81vae 
were infected for each of the groups of 2nd, 3rd, 4th and 5th instars by pipetting 
0.01 ml of virus suspension (1.5 X 103 PIBs per larva) onto a 1.45 em:! soybean leaf 
disc. Larvae were infected as soon as possible after they had molted to the desired 
instar. Larvae were given untreated soybean leaflets after the inoculated discs had 
been consumed. Foliage was replaced daily so that fresh leaflets were always 
available. Infected larvae as well as 20 control larvae were placed individually in 
plastic petri dishes lined with moistened filter paper and were held in a rearing 
chamber at 26.7 ± 2°C and 50 ± 10% RH. Daily consumption of soybean leaf area 
in em:! was determined for both treated and untreated larvae with a LiCor 3000 
portable leaf area meter (Lambda Instruments Corporation). No attempt was made 
to correct for leaflet expansion or shrinkage. Foliage consumption by treated larvae 
was not measured prior to virus treatment. Consumption before treatment was 
obtained from the foliage consumption data of the contl'Ol larvae. Leaflets fed 
upon by treated larvae were placed between two sheets of plastic before being 
placed on the conveyor belt to reduce contamination of control larvae. L8Ivae were 
also checked daily for molting and mortality. 

A total of four trials was conducted. In Trials 1 and 2, lalvae were provided 
with 'Bragg' leaflets excised from field-grown plants in mid to late vegetative 
stages (V~ - VII) (Fehr et al. 1971). In Trial 3, lalvae were given 'Bragg' leanets from 
field-grown soybean plants in mid to late reproductive stages (Rs - Rs). Because of 
the unavailability of field-grown foliage at the time Trial 4 was conducted, leaflets 
excised from soybean grown in a greenhouse (VI!· Vr.) were used. 

Because of the possible differences in leaf area consumption of greenhouse and 
field foliage by VBC larvae, a method outlined by previous researchers (Boldt et 
a!. 1975; Hammond et al. 1979) for estimating field leaf consumption from 
greenhouse leaf consumption was utilized. This method involved establishing the 
specific fresh leaf weights of greenhouse and field leaves by determining the 
weight per surface area (mg/cm') of the leaflets. Twenty leaflets of each type were 
measured with the area meter and weighed. Specific leaf weights of field and 
greenhouse 'Bragg' foliage were 16.9 and 9.2 mg/cm:!, respectively. Because the 
specific weight of greenhouse leaflets was only 54.4% of the specific weight of field 
leaves, consumption rates of greenhouse foliage in Trial 4 were multiplied by 0.544 
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to correct for this difference. Data from Trials 1 - 3 and corrected data from Trial 
4 were combined. All data were analyzed using analysis of variance (P = 0.05) with 
means separated by Duncan's (1955) Multiple Range Test (P = 0.05). 

RESULTS AND DISCUSSION 

Mean total leaf consumption by untreated VBe larvae was 100.15 cm2 per larv8 
at 26.7°C with 15.3 and 70.6% of this total consumed during the 4th and 5th 
instars. respectively (Table 1). King (1981) found total consumption of 'Bragg' 
foliage by VBC to be 104.17 em' at 24·C. Boldt et al. (1975) reported consumption 
of VBC on 'Clark 63' soybeans at 30'C to be 84.4 em' with the majority of feeding 
occurring during the final two larval stages. Although only five larval instars (plus 
prepupal period) were identified in this study, Boldt et al. (1975) noted that some 
VBe larvae had five and others six. Reid (1975) found that numbers of instal'S of 
VBC varied from five to seven. 

Table 1.	 Foliage consumption and development times for untreated larvae of 
Anlicarsia gemmatalis fed 'Bragg' soybean leaflets. 

Foliage consumption % of total Development time 
Instal' (cm2t consumption (days)' 

1st 0.62 ± 0.12 0.62 1.98 ± 0.02 
2nd 3.94 ± 0.58 3.93 3.45 ± 0.24 
3rd 7.96 ± 0.72 7.95 2.00 ± 0.11 
4th 15.33 ± 1.36 15.30 2.58 ± 0.38 
5th 70.76 ± 9.08 70.65 3.39 ± 0.47 
Pl'epupa 1.60 ± 0.15 
Total 100.15 + 10.63 100.00 14.99 + 1.10 
• Mean ± SE. 

When larvae were treated with NPV at the beginning of the 2nd or 3rd instal', 
they consumed only 4.1 and 21.4%, respectively, of the total leaf area eaten by 
control larvae (Table 2, Fig. 1). Both of these groups suffered 100% mortality in all 
four trials with little or no feeding occurring during the 2· 3 d period preceding 
death. 

Although total consumption by larvae treated at the beginning of the 4th instar 
was significantly reduced compared to that of control larvae (Table 2, Fig. 1), 
larvae were still able to consume 63.6% of the total consumed by controls. 
Mortality was 77.5% with fatally infected larvae surviving an average of 7.45. dafter 
treatment and consuming a mean leaf area of 51.60 cm2• Virus-treated 4th instars 
which developed into normal pupae (22.5%) consumed 74.99 cm2 and pupated in 
an average of 8.16 d after treatment. Daily leaf area consumed by treated 4th 
instars was only slightly reduced as compared to untreated larvae for several days 
following virus treatment (Fig. 1). 

Lat\'ae treated with NPV at the beginning of the 5th instal" can be divided 
almost equally into those which died in the larval stage (48.8%) and those which 
developed into pupae (51.2%). Total foliage consumption by both groups combined 
(Table 2, Fig. 1) or either group considered separately was not significantly 
reduced from that noted for control larvae. Fatally infected 5th instars consumed 



Table 2. Foliage consumption, percent mortality and days from \'irus ingestion until death for NPV-treated larvae of Ant.icarsia 
gemmatalis. 

Feeding Consumption after 
lnstar Total consumption inhibition virus infection Mortality Days from virus Z 

treated (cm 2)·t ;: (%)§ (cm2,-t (%)" ingestion to death· t 
." 
< 

2nd 4.15 ± 1.3ge 95.9 3.56 ± 1.51b 100.0 ± 0.00 5.48 ± 0.40b 
~rd 21.39 ± 6.88e 78.6 17.25 ± 6.27b 100.0 ± 0.00 6.20 ± 0.49b 
4th 63.70 ± 4.42b 36.4 51.60 ± 4.59a 77.5 ± 7.22 7.4f) ± 0.328 
5th 94.80 ± 5.35a 5.3 64.21 ± 5.86a 48.8 ± 4.27 8.20 ± 0.68a 
Control 100.15 ± 1O.63a 

• Mean ± SF..
 
t Means followed by Ihe :>ame leiter are nOI significantly differenl al the ;1'# level. Duncan's (19;-1;') IImhilJle range test. "
 

"
o 

•.; Includes consumption hefore and after virus Ireatmerll: consumption before treatment was calculaled from consumption by untrealed larvae (Table I).
 
~ Feedinl; inhibition was calculated 3;; 100 . IImean lotal consulllption of treatt'd larvae/mean total consumption or untrcotcd larvat') x 100[. o
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Fig. 1.	 Daily leaf area consumed (cumulative) by untreated A. gemmatalis larvae 
and by larvae treated with a nuclear polyhedrosis virus at the beginning of 
the 2nd, 3rd, 4th, and 5th inst8l's. 

an average of 68.6 cm 2 of foliage prior to death, which occurred an average of 8.2 d 
after inoculation. Fifth instal'S surviving to the pupal stage ate 60.1 cm2 of foliage 
and pupated in an average of 6.45 d. Control 5th instal'S required only 4.99 d until 
pupation (3.39 in 5th, 1.60 as pl'epupae, Table 1). Thus, even though daily feeding 
by virus·treated 5th instal'S was reduced by a mean of 22.5% after the 2nd d 
posttreatment, the longer period priol' to pupation or death resulted in no 
difference between tot.al consumption by virus treated and untreated larvae. 

The chemical treat.ment threshold for VBC in South Carolina is presently 6 
medium to large lalvae per foot of row and 15% defoliation after bloom. Application 
of NPV suspensions at this point would not be effective since lalvae would 
continue to feed until shortly before they died (approximately 6 - 8 d, Table 2). If 
application of this NPV is to be successful in preventing VBC from causing 
economic damage, applications should be timed to prevent as many lmvae as 
possible from reaching the final instal'. Field applications would have to be timed 
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against populations consisting predominately of 3rd instar, or younger, l6Ivae 
because treatment at this stage of development led to 100% mortality in all tests 
with only minor foliage consumption before or afler infection_ Virus applications 
against populations composed primarily of 4th and, especially, 5th instars would 
not be effectve in preventing these individuals from causing additional defoliation 
due to their continued high rate of leaf consumption after infection (Fig. 1)_ The 
results of these tests suggest that in field situations in which larvae are 
predominately late instal' and considerable defoliation has already taken place, a 
more immediate means of control, such as conventional chemicals, should be 
utilized. 
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Abstract: Two experiments were conducted to dctcnnine the within·tree distribution of 
catfacing injury on peaches. In the first experiment, three two-way comparisons were made 
among upper and lower levels, inside and outside areas, and between-row and within-row 
areas. The second experiment examined more closely the vertical distribution of catfacing 
injury by sampling damaged fruit within three vertical strata. Statistical analyses from both 
experiments suggested that damage inflicted by catfacing insects is randomly distributed 
over the tree, and current methods of "random" selection of fruit are unbiased. 

Key Words: Hemiptera, sampling, spatial patterns, catfacing, peaches. 
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The efficacy of various insecticides and other management tactics against 
insect pests of peaches is usually determined by examining a sample of fruit for 
evidence of damage. A sample may consist of from 25 to 200 randomly-selected 
fruit per treatment plot (Bobb 1970; Phillips and DeRonde 1966), but researchers 
have failed to reveal exact methods for random selection of fruit or whether 
damaged fruit is randomly distributed over the tree. 

Catfacing damage to peach tree fruit in North Carolina is caused by an 
hemipteran complex which includes the tarnished plant bug, Lygus lineolaris 
Palisot de Beauvois, and several stink bugs IAcrosternum hilare (Say), Euschistus 
serous (Say), E. tristigmus (Say), E. variolarius (Palisot de Beauvais), and Thyanta 
custator (F.) (Meyer and Ritchie 1983)1. This paper describes experiments which 
were designed to determine the within-tree distribution of catfacing injury. 

MATERIALS AND METHODS 

The orchard used in the first experiment was a 4-h8 commercial block of 18-yr
old trees of various cultivars located in Nash Co., NC. This orchard received 
regular applications of insecticides (azinphosmethyl and carbaryl) and fungicides 
(captan, sulfur, and benomyl). Orchard-floor vegetation consisted primarily of large 
crab grass, Digitaria sanguinalis (L.) Scopoli. Within~tree distribution of catfacing 
injury was determined by sampling ten 'Biscoe' peach trees which were selected 
on the basis of fruit load and evenness of foliage. Sample trees were located within 
three rows of the border of the orchard. All ripe fruit on the trees were sampled, 
thus sampling occurred during different intelvals in early- and mid-August. Each 
tree was divided using a modified post and string system (Meagher and Hull 1987) 
so that three two-way comparisons could be made. Fruit located in upper levels 
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(above 1.5 m) were compared with those in lower le\'els, inside area fruit (trunk of 
tree to 1.5 m) were compared to outside area fruit, and between-row (BROW) area 
fruit were compared to within· row (\VRO\V) area fruit. The BROW areas faced the 
alley between rows; the WROW areas faced adjacent trees in the row. Analysis of 
variance and a mean separation test (Duncan's Multiple Range Test) (SAS 
Institute 1982) were used to test the hypothesis that there were no significant 
differences among strata in percentage of catfaced fruit. Also, contrasts were made 
between upper and lower, inner and outer, and BROW and WROW areas. A 
Spearman rank correlation analysis was used to test the hypothesis that the 
percentage of catfaced fruit and total fruit were related (SAS Institute 1982). 

The orchard used in the second experiment was a 29·yr-old planting of 'Elberta' 
peaches at the Central Crops Research Station in Clayton, Johnston Co., NC. 
Dominant vegetation on the orchard floor included pansy (Viola rafinesquii Greene), 
chickweed ISteliaria media (L.) Cyrilla!. vetch (Vicia sp.), sheep-sorrel (Rumex 
acetosella L.), common dandelion (Taraxacum officinale Wiggers), and bermuda 
grass (Cynodon dactylon L.). Ground cover management consisted entirely of 
mowing, but for experimental purposes, the orchard was not mowed until late in 
the season (mid·July). Ten trees were randomly chosen from a O.16-ha block that 
had been treated with full-schedule (10) applications of fungicides (sulfur and 
capron), but no insecticides. During mid-August, a wooden pole calibrated in 
meters was propped against each tree (perpendicular to the ground), and all fruit 
were harvested and labeled as belonging to one of three possible height ranges: 0 - 1, 
1 - 2, or > 2 m. All fruit were examined for evidence of damage from catfacing 
insects, and the data were analyzed by a 2 X 3 chi-square contingency table. 

RESULTS AND DISCUSSION 

Analysis of variance from the first experiment was not significant (P = 0.1938), 
and the mean separation test showed little difference among strata (Table 1). 
Paired contrasts showed no significant differences, although slightly more fruit 
injury was found in the upper areas (Table 2). The rank correlation analysis was 
not significant (P = 0.3222), suggesting that thel'c was no relationship between 
catfacing injury and the number of fruit per stratum. Biovin and Stewart (1983) 
found no significant difference in population densities between the upper and 
lower strata or among directional quadrants of apple trees when sampling for 
adults and nymphs of four mirid species. 

The second experiment examined more closely the vertical distribution of 
catfacing injury. Catfacing data were pooled from all trees according to height 
range (Table 3). The percentage of fruit damaged by cntfacing insects, while 
extensive at all levels, increased slightly in progressively greater height ranges. 
The chi-square test for significance of damage showed no significant differences in 
amounts of damage among the three height ranges (X2 = 3.19, df = 2, P > 0.05). A 
small number of fruit were located above 3 m, but since commercially grown trees 
seldom exceed this height, these fruit were included in the third height range. 

The results from both studies suggest that fruit damage by catfacing insects is 
randomly distributed over the tree, and current methods for "random" selection of 
fruit give unbiased estimates of damage. 
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Table 1. Mean percentage of 'Biscoe' peaches with catfacing injury per stratum,
 
n ~ 10,	 Nash Co., NC, 1986. 

Stratum* % mean ± SE Duncan grouping 

9 29.1 ± 4.4 a 
1 27.0 ± 6.7 a 

14 24.5 ± 5.2 ab 
11 23.3 ± 3.9 ab 
12 22.2 ± 2.3 ab 
6 20.8 ± 9.2 ab 

15 20.8 ± 3.0 ab 
10 20.2 ± 6.9 ab 
3 18.1 ± 4.9 ab 
8 16.5 ± 4.3 ab 

16 14.8 ± 2.8 ab 
5 14.8± 2.1 ab 
4 14.6 ± 3.1 ab 
7 13.9 ± 3.2 ab 

13 13.6 ± 1.8 ab 
2 10.6 + 2.9 b 

.. Lower sll'uln = 1- 8; upper strahl = 9 - 16; inside simla = odd; outside strahl = even; \'·iROW strata = 
1,2,5,6,9, to. 13, 14; aRmV stratn = 3,4,7,8, II, 12, 15, 16. 

Table 2.	 Mean percentage of 'Biscoe' peaches with catfacing injury pel' area in 
tree, n = 10, Nash Co., North Carolina, 1986. 

Area 

Upper 

Lower 

Mean + SE 

19.2 ± 1.56 

15.1 ± 1.38 

Pr> F 

0.0805 

Inside 

Outside 

20.0 ± 2.15 

15.9 ± 1.23 
0.3708 

WROW 

BROW 

18.2 ± 1.83 

16.6 ± 1.58 
0.3753 

Table 3. Mean percentage of 'Elberta' peaches with catfacing injury per height in 
10 trees, Johoston Co., NC, 1983. 

Height Total no. 
range (rn) of fruit % catfacing· 

0- 1 584 6.0 
1 - 2 1828 6.6 
>2 1813 7.8 

• Xl = 3.19, df = 2, 110t significant. Ill. P = 0.05. 
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Abstract: Heliothi.,'i Sccnt~ cone traps baited with 3Z:97E or (E) and 97Z:3E or (Z) blends 
of ll-tetradecenyl acetate were evaluated for efficiency against the European corn borer 
(ECB), Ostriflia nubi/alis (}-Hibner), male moths at six South Carolina locations. The E 
pheromone blend caught significantly more moths than tbe Z blend at the extreme eastern 
location, while the opposite occurred at the three western locations. Both blends captured 
significant numbers of Eea males at two central South Carolina locations, but the differences 
between blends lacked significance, Catches for the Z blend at the extreme eastern location 
and for the E blend at the extreme western location did not differ significantly from catches 
for the unbaited traps. 

Key Words:	 European corn borer, Ostrinio Ilubilalili. pheromones, pheromone trapping, 
pheromone blends. 

J. Agric. Entomol. 4(1): 82-86 (January 1987) 

The European corn borer (ECB), Ostrinia nubilalis (Hubner), represents a 
major threat to corn, cotton, sorghum, and vegetable crops in the southeastern 
United States. The effectiveness of insecticides against this pest depends on 
proper tJrning of applications to coincide with the period between egg hatching and 
larval tunneling into the plant. This can be accomplished by monitoring moth 
flight activity. Blacklight traps are extremely effective (DuRant 1969; Roelofs et a1. 
1972; Showers et al. 1974; Kennedy and Anderson 1980), but thei.r need for a 
power source and lack of specificity make them impractical for use by growers. 

IGun and Robinson (1971) reported that male ECB moths responded to the cis 
(Z) isomer of ll-tetradecenyl acetate but were inhibited by the trans (E) isomer. 
Kochansky et a1. (1975) found that the isomeric composition of the sex pheromone 
recovered from females was 4Z:96E for New York moths and 97Z:3E for moths 
from London, Ontario, Canada. Several studies have verified the existence of these 
two (E and Z) pheromone strains (Carde et al. 1975, 1978; Klun and Cooperators 
1975; Klun and Maini 1979; Kennedy and Anderson 1980; Roelofs et al. 1985). The 
existence of hybrid pheromone strains has been reported by several workers (Klun 
and Maini 1979; Ketmedy and Anderson 1980; Roelofs et al. 1985). Roelofs et al. 
(1985) reported that two sites in central New York have mixed ECB populations of 
a bivo!tine biotype with flights in June and August utilizing the E pheromone 
isomer and a univoltine biotype with a July flight utilizing the Z isomer. 

I LEPIDOfYrERA: Pyralidlle. Voucher specimens of Qstn·nia Iluhi/alis (Hubner) adult males Ilre deposited 
in Clemsoll Universi~y Dept. of Entomol. lvluseum col1ec~ion. 

1 T(.'chnical contribution no. 2675 of Somh Carolina Agricultural Experim(.'n~ Station, CI(.'msOIl University. 
Accepted for publication 22 April l!J87. 
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Few ECB pheromone trapping studies have been conducted in the southeastern 
United States. Kennedy and Anderson (1980) reported that both the Z and E 
strains occurred sympatrically in eastern North Carolina. In South Carolina, 
DuRant et al. (1986) found that the E strain predominated in several eastern 
locations while the Z strain was predominant at Clemson, in the extreme 
northwestern corner of the state. 

Until recently, ECB pheromone trapping studies often were hampered by the 
lack of an efficient trap. \Vebster et at (1986) reported that the Heliothis Scentry'SI 
cone trap captured significantly higher numbers of ECB male moths than the 
PheroconiZl IC sticky wing trap. 

This study was conducted to evaluate the relative effectiveness of the Z and E 
blends of the ECB sex pheromone at each of six locations in South Carolina. 

MATERIALS AND METHODS 

Pheromone-impregnated Pheroconill lures were purchased from 'Trece, Inc., 
Salinas, CA. These lures were silicone rubber septa (rubber stoppers, red, sleeve 
type, 5 by 9 mm). Traps were Albany Heliothis ScentryC' traps purchased from 
United Agri Products, Fresno, CA. Lures were positioned in the center of the 
entrance (lower opening) of the trap using a taut wire. Traps were attached to 
metal conduit pipes such that the entrances were 1 m above the ground, and were 
arranged in 8 linear, randomized complete-block design with three replications of 
each treatment (Z, E, and unbaited) adjacent to field boundaries or in grassy 
alley\vays within fields. Traps and replications were at least 30 m apart. Traps 
were monitored and rerandomized weekly, and lures were replaced biweekly. ECB 
males were removed weekly and identification was confirmed by examination of 
genitalia. All traps were placed in and around corn and/or sorghum fields, and 
corn and/or sorghum had been in the fields or the immediate vicinity during 1985. 
The six locations monitored were (Fig. 1): Pee Dee Research and Education 
Center (PDREC, 1), Dalzell (2), Pelion (3), Newberry (4), Fountain Inn (5), and 
Clemson (6). Trapping dates were 4 April- 3 October (PDREC), 2 April - 1 
October (Dalzell), 24 April- 1 October (Pelion), 9 April- 30 September (Newberry), 
15 April- 30 September (Fountain Inn), and 15 April - I October (Clemson). Trap 
catches were summed for the season and transformed to log (x + 1) for analysis of 
variance with mean separation by Student·Newman-]<euls' test (Sakal and Rohlf 
1969) at the 5% level of probability. 

RESULTS AND DISCUSSION 

The E pheromone blend caught significantly more ECB males than did the Z 
blend at PDREC (Table 1). Totals for the season were 235, 21, and 3 for the E, Z, 
and unbaited traps, respectively. 'The Z-baited traps failed to catch significantly 
more moths than did the unbaited traps. Totals for Dalzell were 140, 31, and 2 for 
E, Z, and the unbaited, respectively. Differences between the E and Z catches 
lacked significance, but both blends captured significant numbers of moths 
compared with the unbaited. At Pelion, totals were 105, 221, and 7 for E, Z, and 
the unbaited, respectively. Again, catches for E- and Z·baited traps did not differ 
significantly but both caught significantly more moths than the unbaited. Totals for 
Newberry were 226, 1839, and 1 for E, Z, and the unbaited, respectively. Each 
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Fig. 1. European corn borer pheromone trap locations in South Carolina, 1986. 

Table L European corn borer male moth catches in traps baited with 3:97 (E) and 
97:3 (Z) blends of Z and E-ll-tetl'adecenyl acetate and in unbaited traps 
at six South Carolina locations in 1986. 

No. males per trap· 

Location E Z Unbaited 

PDREC (l)t 78.3a 7.0b l.Ob 
Dalzell (2) 46.7a 10.3a 0.7b 
Pelion (3) 35.0a 73.7a 2.3b 
Newberry (4) 75.3b 613.0a 0.3e 
Fountain Inn (5) 29.3b 405.7a 0.3e 
Clemson (6) l.7b 143.7a 3.0b 
'" Meuml within rows followed by the Sllme letter do nol differ significantly flt the S% level according to 

Student-Newmnn-I\culs' test (Sokal lind Rohlf 1969) of mellllS trunsformed to log (x + I). 
t Numbers in parentheses refer 10 locations of traps in SOllth Carolinll (See Fig. 1). 

mean differed significantly from the other two means. This same trend was 
observed at Fountain Inn, where the totals were SS, 1217, and 1 for E, Z, and the 
unbaited, respectively. Total catches at Clemson were 5, 43], and 9 for E, Z, and 
the unbaited, respectively; the Z~baited trap catches were significantly greater 
than for the E and unbaited traps. The E-baited traps did not catch significantly 
more moths than the unbaited. 
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The Z blend became relatively more efficient from east to west (Tables 1, 2). 
These differences were relatively consistent for each location throughout the 
season (Table 2), indicating that differential responses to pheromone blends on 
different dates (Roelofs et al. 1985) do not occur frequently in South Carolina. The 
most notable exception was the Dalzell location, July - September, when relatively 
higher percentages of moths were captured by the Z blend. Although the E blend 
at Clemson failed to catch significantly morc moths than the unbaited, the 
existence of the Z strain of ECB at PDREe, and of the E strain at Clemson, 
cannot be ruled out. The sympatric occurrence of both strains in central South 
Carolina indicates that the existence of hybrids is highly probable. 

Table 2. \Veekly EW'opean corn borer male moth catches in traps baited with 3:97 
(E) and 97:3 (Z) blends of Z and E-ll-tetradecenyl acetate at six South 
Carolina locations in 1986. 

No. males per three traps per week (E,Z) 

PDREC Dalzell Pelion Newberry Fount.ain Inn Clemson 
Month" (J )' (2) (3) (4) (5) (6) 

Apr. 8.0,0.0 9.7,0.3 LO.3.38.7 3.0,20.5 0.0,2.0 
May 4.6,0.2 3.0,0.6 0.2.0.8 11.8, L55.3 1.5,52.5 0.0,52.8 
June 20.8,2.0 11.5,0.0 0.8,0.0 1O.0,U.8 0.3,4.5 0.0,2.3 
July 13.0,0.5 4.8,3.0 2.8,4.6 11.2,94.4 1.6,21.4 0.6,23.4 
Aug. 9.4,1.6 2.8,2.0 6.8,12.0 6.0,43.3 1.8,65.0 0.5,11.0 
Sept. 1.5,0.5 1.8,0.8 8.5,23.8 5.6,82.0 12.0,116.2 0.0,9.0 
Oct. 0.0,0.0 8.0,1.0 26.0,51.0 0.0,10.0 
%Z 8.2 18.1 67.8 89.J 93.3 98.9 
"Based on trllJl moniloring dates, i.e., dilltl for a local ion mOl1ilored on I ,luly would llppear under July, 

even though the 11Ioths had been CllplUl'ed 25 ,June - I July. 
t Numbers in Illlrenthcses refer to loctltions of Inll'll in Soulll Cnrolilll1 (See Pib(. I). 
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NOTE
 

A FIELD PROCEDURE USING DISPOSABLE MATERIALS
 
TO EVALUATE HORN FLY' INSECTICIDE RESISTANCE'
 

Key Words:	 Horn fly. Haematobia irrilalls, pyrethroid, fenvalcrnte, resistance, technique, 
procedure. 

J. Agric. Entomol. 4(1): 87·89 (January 1987) 

Pyrethroid resistance in the horn fly, Haematobia irritans L., (Quisenberry, 
S. S., J. A. Lockwood, R. L. Byford, H. K. Wilson, and T. C. Sparks. 1984. J. Econ. 
Entomol. 77: 1095-1098; Sheppard, D. C. 1984. J. Agric. Entomol. 1: 305-310; 
Schmidt, C. D., S. E. Kunz, H. D. Petersen, and J. L. Robertson. 1985. J. Econ. 
Entomol. 78: 402·406) is a continuing problem in the southern United States. and 
has been detected in California (Dunning, L. L., W. H. Johnson, R. S. Knight, E. 
C. Loomis, N. K. McDougald, P. D. Smith, and C. B. Wilson. 1986. Calif. Agric. 40: 
8-10) and Hawaii (Kunz, S. E., and C. D. Schmidt. 1985. J. Agric. Entomol. 2: 358
363). 

The technique described here was developed at the request of participants in a 
horn fly pyrethroid resistance workshop hosted by Dr. Jack Campbell, University 
of Nebraska, in Denver, CO, April 22 and 23, 1986. The technique is rapid, 
inexpensive (ca. $6.00 for one population), and easily conducted. It compares 
favorably with the residue-an-glass exposure technique developed in 1982 
(Sheppard, D. C., and N. C. Hinkle. 1986. J. Agric. Entomol. 3: 100-102), from 
which it was adapted. In eleven pairs of tests run concurrently, the regression 
analyses of the residue-on-glass tests had an average standard deviation of 1.25 
while this technique with residues deposited on filter paper had an average SD of 
1.45. This technique uses residues on filter papers held in plastic petri dishes to 
reduce clean-up labor and expense of materials, while allowing modifications to 
facilitate use in the field. It has been successfully used to develop significant 
dosage mortality regressions with horn flies and house flies, Musca domestica L., 
using pyrethroids and organophosphates. Early users of this technique in Alabama, 
California,	 Florida, Nebraska, North Dakota, Ohio, Oklahoma, South Dakota, 
Texas, and \Vyoming reported it was useful in documenting pyrethroid resistance 
in horn flies. Most researchers used this method in the field and judged the 
technique well suited to this application. 

Because this technique is used in a similar manner as the glass petri dish 
technique, the reader is referred to the previously cited paper by Sheppard and 
Hinkle (1986, lac cit.) for procedures common to the two techniques. 

Materials needed to use this technique to determine a dosage-mortality 
regression for one population include: 

1. ca. thirty 100 X 20 mm plastic petri dishes 
2. 9 em Whatmanoll #1 qualitative filter papers, Whatman Ltd., Maidstone, 

England. 

I DIPTERA: Muscidllc.
 
'l Accepted for publication 20 May 1987.
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3. technical fenvalerate (or other toxicant) 
4. acetone 
5. aluminum foil 
6. 10.0 ml pipettes 
7. ten 50 m) Erlenmeyer flasks or similar containers 
8. probe to melt holes in bottom of petri dish 
9. 60 d nail to melt hole in side of petri dish 

10. 5 mm inside diameter glass tube ca. 10 em long for insect "pooter", A cut
down pasteur pipette works fine. 

11. 4 mm inside diameter latex tube about 60 em long for "pooter" 
12. insect net 

Petri dishes are prepared for use by melting six to eight holes (ca. 1.5 mm 
diameter) in the bottom of each one. Then melt one hole (ca. 8 mm diameter) in 
the side of each petri dish bottom to accommodate pooter. 

Filter paper treatment begins with the preparation of a stock solution and then 
serial dilutions of the toxicant of choice. As an example. a dilution scheme for 
fenvalerate to test for pyrethroid resistance in horn flies is described. 

Dissolve 0.1272 grams a.i. of fenvalerate per 20 ml acetone. One ml of this 
stock solution delivers loo JJg/cm2 when applied to a 9 cm filter paper. 

The stock solution (tOO JJg/cm:l as applied) produces a residue much more toxic 
than needed except for the most resistant populations. A series of dilutions is 
made by pipetting together equal volumes of this and subsequent solutions and 
acetone. Solutions are identified by the J.lg of a.i. per square cm delivered when 
used at 1 ml per 9 cm filter paper. A coml>lete series of dilutions is shown 
helow: 

100 ~g/cm' 0.781 
50 0.39l 
25 0.J95 
12.5 0.0977 
6.25 0.0488 
3.125 0.0244 
1.562 0.0122 

In choosing the initial dosage range consider that a very highly resistant 
laboratory strain had nn LCr.o of 12.5 J.lg/cm2 and a susceptible laboratory strain 
showed no mortality at the 0.0244 level. Most pyrethroid-resistant strains of horn 
flies will exhibit an LDlO· LD90 range within the residue levels of 0.0977 to 12.5 /Jg 
fenvalerate/cm2, but will not necessarily cover this entire range. Most susceptible 
horn flies will show 8 similar response within the range of residue levels of 0.0244 
to 0.781. As each of the dilutions is prepared, cap with aluminum foil to minimize 
evaporation. 

To treat the filter papers, first lay them in rows of three on aluminum foil. 
Three papers treated with one of each of the desired dilutions are used for a test. 
Pencil onto each paper the dose that it will receive. Treat each paper with 1 ml of 
the appropriate solution. The acetone will evaporate in ca. 1 min, but leave the 
papers undisturbed for 2 to 3 h. \Vrat> papers from each level in foil packets and 
store at least 24 h to "cure." Hours-old·residues give higher kills than residues 
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allowed to age 1 d or more. If kept in foil packets these fenvaleratc treated papers 
can be used after 6 months or longer. Papers for many tests can be prepared at 
one time. 

A "pooter" is fabricated by cupping a small piece of loose-knit fablic over one 
end of the 5 rom glass tube and inserting this end into the latex tube. A "pooter" 
will serve for occasional aspiration of horn flies. If insects are mouth aspirated 
with regularity allergy problems may develop (Douglas, R. B. 1984. Antenna. 8: 
193-194). The small battery powered aspirator by Hausherr's Machine Works 
(Toms River, NJ 08753) may be modified for this purpose. 

A resistance factor (RIS) can be calculated if a susceptible strain is tested with 
the resistant strain. This requires another set of petri dishes and papers with 
residues of ca. 0.781- 0.0244 ~g/cm2. This addition makes calculation of a RIS 
possible, but resistant strains tested alone will yield useful results for comparing 
populations and determining changes in one population. 

Treated papers may be assembled the day before a test. Place the appropriate 
treated filter papers in the petri dish tops. Place the bottom of the petri dish on 
as if it were the top. Tape this assembly together. Prepare three dishes for each 
"residue level to be tested. lnclude a zero residue level for a check. Net horn flies 
from cattle, aspirate them from the net, and blow 12 - 15 flies into each dish, 
covering the hole with tape. Data is collected by dish but the three dishes per 
level are pooled for analysis to yield about 40 flies per level. A greater number per 
level may yield a better dosage-mortality regression, but ca. 40 per level is 
convenient and normally adequate. Immediately after introducing horn flies to 
each level record any dead or injured individuals and the time. Flies unable to 
stand are considered to be dead. Two hours after introduction count the dead 
flies. Count totals for each level if not done previously. Compute percent mortality 
at each level. Correct for check mortality if necessary. An estimate of LC values 
can be obtained by plotting these values on semi-log probit graph paper. Better 
estimates may be achieved with the aid of one of the computer programs for 
probit analysis such as the one by Daum (1970. Bull. Entomol. Soc. ArneI'. 16: 
10-14). 

Because it is unnecessary to anesthetize insects before introduction to the toxic 
residue, this technique should be useful in studying toxicological responses of 
many delicate insects. 

D. CRAIG SHEPPARD 
and NANCY C. HINKLE 
Department of Entomology 

University of Georgia 
Coastal Plain Experiment Station 

Tifton, GA 31793 
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NEW DISTRIBUTION RECORDS FOR APHODflJS ERRATICUS (L.)I 

Key Words: Aphodiu5 ermlicus, dung beetle, Scarabaeidae, caltle dung, new distribution. 

J. Agrie. EntomoL 4(1): 90-91 (January 1987) 

Aphodiu5 erraticus (L.) is a widely distributed European dung beetle that was 
accidentally introduced into the United States many years ago (Horn, G. H. 1887. 
Trans. Am. Entomol. Soc. 14: 1-110). This species of beetle, together with other 
species of dung-feeding insects, aids in the degradation of animal dung, especially 
cattle dung dropped on pasture. Aphodian beetles also make tunnels in dung 
deposits which are used by predators to search and find immature stages of dung
breeding flies such as the horn fly, Haematobia irritans (L.) and face fly, Musca 
autumnalis (DeGeer), two introduced pests of livestock. A program to introduce 
exotic species of dung-feeding beetles to combat dung-breeding pest flies is 
currently under.vay by the USDA Agricultural Research Service. A survey of 
existing dung-inhabiting insects is necessary to determine the beetle species 
present in certain areas of the country to aid in determining which species of dung 
beetles to introduce. 

In 1930, A. erralicus was collected in a cattle pasture in the mountains of North 
Central New Jersey and was reported to be commonly collected in many of the 
higher elevations of several northeastern states (Siro, R J. 1930. J. T. Y. Entomol. 
Soc. 38: 139-147). In 1940, A. erraticus wa. recorded from Maryland, New York, 
Pennsylvania, Nova Scotia, southern Quebec and eastern Ontario (Brown, W. J. 
1940. Can. Entomol. 72: 72-73). The most recent publication on the distribution of 
A. erralicus in North America added Indiana, Michigan, North Dakota, South 
Dakota, \Visconsin, and British Columbia to the distribution list (Blume, R. R. 
1986. Southwest. Entomol. Supp!. 9: 1-55). No information is currently available to 
indicate the presence of A. erraticus south of southern Virginia (R. D. Gordon, U. S. 
National Museum, Personal communication). 

Examination of cattle dung dropped on pasture in Georgia during 1985 and 
1986 revealed 35 specimens of A. erraticus from ca. 100 cowpats in Gordon County 
at the Northwest Georgia Branch Experiment Station in Calhoun, GA, and 17 
specimens from ca. 250 cowpats in Putnam County at the Georgia Central Branch 
Experiment Station near Eatonton, GA. The specimens were found only during 
March through May each year. Previous surveys for dung associated beetles in 
Georgia during the past 20 years by one of us (GTF) had not revealed any A. 
erraticus specimens. 

The presence of A. erraticus in Georgia is not too surprising since the counties 
where specimens were captured represent the lower portion of the "Applachian 
Highlands" (Gordon County) and the piedmont area (putnam County). However, 
this coUection data is definitely a noteworthy extension of the southern distribution 
for the species. Examination of cattle dung in pastures from north Georgia to 
southern Virginia and/or Indiana was not possible, but it is probable that A erraacus 

I COLEOPTERA: Scarnbncidnc. Accepted for publicntion 29 May 1987. 
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is established in those areas. Visits to insect museums located at the University of 
Georgia (Athens, GAl, Clemson University (Clemson, Se), Auburn University 
(Auburn, ALl, and the State of Florida Department of Agriculture, Division of 
Plant Industry (Gainesville, FL) did not reveal any specimens from Georgia or 
from any other southeastern state. These fmdings indicate that A. erraticus has 
recently become established in the southeastern United States. Voucher specimens 
from this study are deposited in the insect museum, Department of Entomology. 
University of Georgia, Athens, GA, and in the JSH collection. 
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Tifton, GA 31793 
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NOTE
 

ISOLATION OF MORAXELLA BOVIS
 
FROM THE CROPS OF FIELD-COLLECTED FACE FLIES'
 

I(cy Words:	 Musca autumnalis. face fly, Moraxella bOllis, infectious bovine kerato
conjunctivitis (IRK), transmission, crop contents, field isolations. 

J. Agric. Entomol. 4(1): 92-94 (January 1987) 

Since its introduction to North America in 1952, the face fly, Musca autumnalis 
DeGeer, has been associated with an increase in infectious bovine keratoconjunctivitis 
(IBK) (Pugh and Hughes. 1975. J. Amer. Vet. Med. Assoc. 176: 310-313). The 
bacterium Moraxella bovis Hauduroy is commonly associated with 18K (Pugh and 
Hughes 1975), although irritation of the bovine eye may be needed to pl'edispose 
the animal to the disease. Numerous studies have implicated the face fly as a 
vector of M. bouis (Gerhardt, Allen. Greene. and Smith. 1982. J. Amer. Vet. Med. 
Assoc. 180: 156-159; AJ·ends. Wright, Barlo. and Lushy. 1984. J. Econ. Entomol. 77: 
394-398). 

Steve and Lilly (1965. J. Econ. Entomol. 58: 444-446) reported that the 
hemolytic form of A1. bouis could remain viable on the external surfaces of face 
flies for up to 3 d, but was rapidly destroyed within the digestive tract. However, 
Glass, Gerhardt, and Greene (1982. J. EccH. Entomol. 75: 545-546) recovered 
viable bacteria from the crops and midguts of flies fed M. bauls suspensions, and 
from the crops of flies which had fed on the eyes of cattle infected with M. bouis 
(Glass and Gerhardt. 1983. J. Ecan. Entomol. 76: 532-534). Arends, Barto, and 
Wright (1982. J. Econ. Entomol. 75: 816-818) found that face llies could transmit 
M. bouis up to 6 h after 10 min of exposure to M. bouis infected plates. 
Regurgitation of fluid containing M. bouls from the crop of flies onto the eyes of 
cattle bas been proposed as a plausible means of transmission of the bacterium 
(Glass and Gerhardt. 1984. J. Econ. Entomol. 77: 399-401). 

Few field studies have attempted to determine the route of transmission of M. 
bouis by face nies. Berkebile, Hall, and Webber (1981. J. Eeon. Entomol. 74: 475
477) isolated M. bouis from fewer than I% of 5,314 face flies collected near IBK
infected cattle. However, no attempt was made to discriminate between internal 
and external contamination of the flies. 

The purpose of this study was to examine the crops of field-collected face flies 
for A1. bovis. Isolation of bacterium from within the crop of face flies is a first step 
towards confirming regurgitation as a potential means of transmission of M. 
bouis. 

Female face flies were collected from five dairy fanns in Blount County, TN. 
during the summer of 1984. Cattle on each farm had developed clinical IBK during 
each of the previous 3 yrs. Flies were netted from around the heads of cattle, cold 
anesthetized, and taken to the laboratory. All flies were dipped in 70% alcohol and 
name sterilized. The crop was removed and plated onto half of a 5% bovine blood· 
agar plate using the techniques of Glass, Gerhardt, and Greene (1982. J. Econ. 
Entomo!. 75: 545-546). After 2'1 h incubation at 34°C, preliminary identification of 

OIlY['ERA; Muscidae. Accepted for publication 29 J'\'lny 1987. 
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M. hauls was made by locating nat, B-hemolytic, gray-white colonies. Identification 
was confirmed by tbe method of Pugh, Hughes, and McDonald (1966. ArneI'. J. 
Vet. Res. 27: 957-962). All cattle were visually examined for IBI< when the nies 
were collected, and the number with corneal ulcers or lesions indicative of IBI< 
recorded. 

A total of 1,403 female flies was examined, with seven confirmed isolations of 
M. bouis (Table 1). These are the first field isolations of M. bouis from face fly 
crops. IBK occurred in cattle from each of the five herds during the course of the 
summer. The percent of cows with clinical symptoms of IBK ranged from 2.1% in 
herd 1 to 9.4% in herd 4. The incidence of 18J< in cattle and the number of M. 
bauls isolations were lower than those noted by Berkebile, Hall, and Webber 
( (981). 

Table 1.	 Isolation of J\1orcL'(elia bouis from the crops of face flies, Musca Qulumnalis, 
and the numbers of cows with apparent cases of infectious bovine 
keratoconjunctivitis (lBK), Blount Co., TN, June· Sept. 1984. 

Isolations 

No. Cows with No. flies No. M. bouls % of flies 
Herd cows IBK' examined isolations with M. bouis 

1	 48 1 286 3 1.12 
2	 33 1 147 1 0.68 
3 28 2 76 0 0.00 
4	 53 5 683 3 0.44 
5 19 1 229 0 0.00 

Totol 181 10 1403 7 0.50 
• Towl indivirhl!ll cows with Clppur~nt cn~tJi'l of IBK 

Mora:cella bavis occw's in both symptomatic and asymplomatic cattle (Heruicksen. 
1973. Bacterial. Rev. 37: 522-561). Glass and Gerhardt (1984) found that face nies 
were particularly effective in acquiring M. hauis from cattle prior to the development 
of clinical 18K. They recovered M. bovis from face fly crops several days earlier 
than the bacterium was recovered from cotton swabs, regardless of the IBK 
symptoms. Shugart, Campbell, Hudson, Hibbs, \Vhite, and Clanton (1979. J. Econ. 
Entomoi. 72: 633·635) and Broce and Elzinga (1984. J. Med. Entomoi. 21: 82·85) 
found that M. autwnnalis can cause damage to the bovine conjunctival tissues. 
Glass and Gerhardt (1984) suggested that abrasive action of the prestornal teeth 
could loosen desquamating eunucleate corneal epithelial cells with attached bacteria 
dudng feeding. Bacteria attached to the epithelial cells would not necessarily be 
picked up by an absorbent cotton swab. In this study, four out of seven M. bavis 
isolations from flies came from herds with no visible symptoms of IBK at the time 
of collection. Bacteria were isolated from nies up to 3 wk prior to the development 
of clinical IBK in a herd and as long as 7 wk following apparent disappearance of 
fBJ<. Isolation of M. bouls did not correlate significantly (I' = +0.26) to clinical 18K 
symptoms. 

Glass, Gerhardt, and Greene (1982) recovered viable M. bouis from the crops of 
face nies, and Glass and Gerhardt (1983) suggested that l'egurgitation of crop 
contents containing M. bavis onto bovine oculw· tissue was a plausible route of 
transmission of the bacterium. Although laboratory data supported this hypothesis, 
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no field evidence exists to confirm nor refute it. Our results indicate that M. bouis 
can survive in the crop of face flies under field conditions. This is a necessary 
prerequisite to transmission of M. bouis via regurgitation of crop contents. 
Additional evidence is needed to determine the actual role of regurgitation 
towards the epidemiology of IBK. 

The authors gratefully acknowledge the assistance of Mr. Mark Geusemann in 
all aspects of this project We also thank Mr. Wallace Greene for bacteriological 
identifications. 
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Ab...lract: This revicw presents a detailed account of the impacts of various agricultural 
practices on mosquito production and populations in agricultural biotopes. A large number of 
mosquito species produced due to food production and processes have been discussed in 
relation to different breeding habitats. Various agricultural practices such as crop systems, 
irrigntion, drainage. tillage, pest control, sanitation. and washing and cleaning of fruits, 
produce and animals, nil playa significnnt role in relation to mosquito production. Of most 
significance among these practices are nood irrigation. rice culture. and irrigated pastures 
which produce mosquitoes including those incriminated in the transmission of mosquito· 
borne pathogens of man and animals. Additionally. the agricultural use of pesticides has 
resulted in thc devclopmcnt of insecticide resistance and cross-resistance in mosquito 
vectors, thus making the use of chemical control agents difficult in vector control programs. 
There is a strong need for coordination of agricultural practices with public health 
operntions. especially vector control programs. 

Finally, sanitation of both the agricultural fann and fann premises in relat.ion to mosquito 
production has been thoroughly discussed in this review. 

Key Words: Agricultural practices, vectors, mosquito production. 

J. Agric. Entomol. 4(2): 97-131 (April 1987) 

I. INTRODUCTION 

The developmcnt of new practices and techniques in crop husbandry and 
expansion of food and fiber production have benefited mankind greatly, but at the 
same time has resulted in increased activity of disease vectors. [n man's constant 
struggle for the production of more food and fiber, the resulting practice of 
monoculture philosophy has greatly perturbed homeostatis in our agl'oecos)'stem. 
Not only has man simplified the ecosystems through monoculture, the development of 
monoculture practices has contributed greatly to the maintenance and proliferation 
of mosquito populations. 

Of the various farming operations, irrigated agriculture plays a major role in 
enhancing or crcating new habitats for mosquito larvae. For examplc, intermittent 
or semipermanent flooding of rice fields will create vast expanses of breeding 
sources for several mosquitoes, such as Anopheles species and Culex species 
(Surtees et al. 1970), Aedes and Psorophora species (Olson and Meek 1977). Apart 
from irrigation practices, othcr farming operations which may affcct mosquito 
populations include crop systems, dl'8inage schemes, tillage, weed growth, pest 
control, sanitation, animal production and food processing plants. The publications 
of Bailey et al. (l954) and Davis (1961) provide some useful information on various 
fann operations in relation to mosquito production and control. Other pertinent 
references on the impact of individual agIicultural practices on mosquito populations 
include those by AI-Azawi and Chew (1959), Bettini et al. (1978), Curtis (1985), 
Edmunds (1958), Georghiou et al. (1973), Gunstream and Chew (1964, (967), 
Lancaster and Tugwell (1969), Klass and Olson (1985), Lewis (1965), McDonald 
and Savage (1972), Mitchell and Bohart (1976), Magi (1978), Magi et al. (1984), 
Mulla and Darwazeh (1976), Rankin and Olson (1985), Reed (1978), and Webbe 
(lOOt). Control of mosquito population through environmental management practices 
has been presented in a fairly recent manual (\V.H.O. 1982). 

The present review is intended to focus attention mainly on various agricultural 
practices in relation to their impact on the growth, dynamics and genesis of 
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mosquito problems on the farm, farm premises and adjoining communities. The 
relationship of some auxiliary agricultural activities such as log ponds, Jagooning of 
wastewater in animal production and wastewater 1'1'0111 produce and fruit washing is 
also discussed. 

II. BREEDING HABITS 01' MOSQUITOES 

Selected species encountered in irrigated agricultural biotopes arc represented 
by several important genera, Aedes, Anopheles, Culex, Culiseta, Afansonia, and 
Psorophora. Lalvae of most of the species in these genera are found in shallow and 
intermittent water with some vegetation and/or organic matter. Anopheles, Culex, 
and Culiseta deposit their eggs on the surface of permanent and semipermanent 
bodies of water. Aedes and Psorophora are floodwater species which lay their eggs 
on moist soil or other substrates from where surface water has receded and which 
may be subjected to flooding later. Eggs of t.hese species develop fully but 
hatching is delayed until after conditioning and drying when the eggs are wetted 
again. The time between batching of eggs and adult emergence varies with species 
and environmental condit.ions, especially water temperature. Tn hot weather, 
development of aquatic stages may be completed in as short a time as 4 to 5 days; 
in cool weather, development may require several weeks. Most Aedes and Psorophora 
mosquitoes develop faster than .4.nopheles, Culex, and Culiseta. 

For general information it is appropriate to give a generalized picture of 
different mosquito species and their breeding sources in different ecosystems. 
Table] lists some selected species of mosquitoes most of which have been found 
to breed in various aquatic habitats associated with or created by agricultural 
pursuits. In is quite apparent that agroecosystems play a significant role by 
providing diverse breeding sites for a number of important species of mosquitoes, 
especially those incriminated in the transmission of several pathogens of man and 
animals. Therefore, the impact of various agricultural practices, namely, crop 
cultivation, inigation, drainage, wastewater disposal, pest control, and farm sanitation, 
on mosquito production is critically analyzed ill the following sections. 

Table 1. Breeding habitats of selected mosquito species. 

Species 

Aedes: 
aegypti 

Habitat 

Rainwater barrels, tanks, cisterns, 
tin cans, w·ns, wntel' in banana palm 
and treeholes 

Footnote 
reference· 

3,10,25 

bicristatus Shallow ponds, roadside ditches, 
meadow pools 

1 

canadensis Woodland pools, small streambed 
pools 

3 

cantator Coastal marshes (fresh and salt
water), pools from rain or drainage 

3 
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Table 1. Continued, 

casplUS 

calaphylla 

cil1ereus 

dec/jcus 

detritus 

dorsalis 

excruclCUlS 

fjtc!Jii 

increpitus 

melanimon 

nigromaculis 

sollicitans 

spencerii 

taeniorhYflchus 

thelcter 

tn'seriatus 

Swamps (brackish water) 

Meadow pools, melted snow pools 

Rain-filled pools, woodland pools 

Sphagnum bog swamJ)S 

Salt marshes 

Fresh and brackish waters, tidal 
marshes, overflow from artesian 
wells, borrow pits, inigation ditches. 
seepage areas, flooded fields 

Temporary pools in open swamps, 
flooded grassy marshes, woodland 
pools 

Grassy meadow pools, roadside 
cattail pools 

Pools and depl'essions filled by rain
water, irrigation wHler and melted 
snow 

Rice fields, irrigated pastures, rain 
pools, other agricultural fields 

Alkaline water in rain-filled depres~ 

sions, borrow pits, inigation ditches 
and irrigated pastures 

Salt marshes 

Irrigated meadows, melted snow 
pools, rain pools 

Salt marshes, ditches, borrow pits, 
etc. 

Rain pools and overflow from irriga
tion ditches 

Treeholes, weed clogged ditches 

17 

1 

3 

3 

27 

2,3,7 

3 

3 

1.18,26,31 

1,3,7,36,31 

24 

3 

1,24 

3 

7 
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Table 1. Continued. 

uexans 

vexans nipponi 

Anopheles: 
aconitus 

albimarlUs 

albitarsis 

annuLaris 

couslani 

culicifacies 

{rancisca'lUS
 

freebomi
 

{uneslus 

gambiae 

georgian-us 

jeyporiensis candidiensis 

labranchiae labranchiae 

muculatus 

Rain pools, floodwater pools, bOlTow 
pits, seepage area, irrigated pastures, 
weed-clogged ditches, etc. 

Paddy fields 

Rice fields, irrigation ditches, pools 
in creek beds, reservoirs 

Fl'esh/brackish water in sunli t lagoons, 
rain pools, seepage pools, irrigation 
ditches, margins of ponds, streams 
and lakes 

Rice fields, marshes, overflows, etc. 

Rice fields, ponds, reservoirs, bmckish 
water, marshes, etc. 

Shallow margins of dams 

Irrigation ditches, stream breeder 

Irrigated pastures, rice fields 

Rice fields, irrigation ditches, sunlit 
seepage water, roadside pools, irri
gated pastures 

Seepage water, swamp ditches, stream 
margins, dams and rice fields 

Rice fields, puddles, rain pools, 
sluggish streams, all sorts of collection 
of water 

Hoofprints in seepage areas and 
pastures, potholes, sluggish swamp 
streams 

Rice fields (hilly areas) 

Rice fields, upland streams, brackish 
coastal marshes 

Rock pools, stream seepage, ditches, 
rice fields, etc. 

3,7,19,25 

16 

3 

3,17 

3 

32 

10 

1,26 

1,4,6,10, 
18,25,26 

10,32 

5,10,30,32 

3 

JO 

10 
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Table I. Continued. 

maculipennis maculipennis Rice fields, seepage water, pools, 10 
lake margins, riverbeds 

mangyanus Irrigation ditches, streambeds 10 

min/mus Rice fields, irrigation ditches, slow 10 
moving streams 

nigerrimus Rice fields, impounded water, borrow 10 
pits, sluggish streams 

occidentalis Ponds, creeks, swamps, seepage 
water 

peditaelliatus Rice fields 22 

pharoensis Rice fields, swamps, shaUow margins 5,10,32 
of dams 

philippinensis Rice fields, borrow pits, swamps, 10 
ditches, tanks, etc. 

quadrimacutatus Rice fields, marshesJ swamps, sunlit 10 
impounded water 

rhodesiensis Shallow margins of dams, lice fields, 32 
etc. 

riuulorum Shallow margins of dams 32 

sacharoui Sunlit coastal marshes, fresh or to 
brackish water 

sergenti Rice fields, irrigation canals, borrow 10 
pits, seepage water 

sinensis Rice fields, irrigation ponds, swamps, 2,10,15, 
slow streams 16,19 

squamosus Rice fields, dams 32 

stephensi "Veils, cisterns, roofgutters, sewage 2,10 
treatment plants, sewage effluents 

sundaicus Seawater lagoons and swumps to 

superpictus Streambed pools, irrigation canals, 7 
seepage water, etc. 



104 J. Agric. Entomol. Vol. 'I, No.2 (1987) 

Table 1. Continued. 

vagus vagus 

fDalkeri 

ziemannt 

Culex: 
annulirostris 

annulus 

Gillen-notus 

bitaeniorhynchus 

etythrothorax 

{Hscocephala 

hayashii 

nwlestus 

orientalis 

pollens 

peus 

pipiens 

poicilipes 

quinquefasciatus 

res/uans 

salinarius 

sitiens 

Rice fields 

Seepage water, etc. 

Rice fields 

Rice fields 

Rice fields 

Rice fields 

Rice fields 

lITigated pastures, tulc swamps, 
ponds, lakes 

Rice fields 

Rice fields 

Sewage and eutrophic wastewater 

Rice fields 

Rice fields, irrigations ponds, etc. 

Irrigated pastures, meadows, catch 
basins, dairy drains, cesspools, log 
ponds 

Water lagoons, weed-clogged ditches 

Rice fields, leafaxils (banana) 

Foul water in rain barrels, tubs, 
catch basins, septic tanks, cess
pools, ditches, ground pools, irrigated 
pastures 

Seepage water from irrigation canals, 
hoofprints 

Seepage water from i.rrigation canals 

Natural and mun~made habitats 

22 

7 

5 

4 

5 

4 

1,26 

23 

16 

33 

16 

2,13,15,16 

1,26 

7,28 

5,14 

1,3,26 

1,7 

7 
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Table 1. Continucd. 

tarsalis 

terrilans 

lheileri 

tignpes 

tn'taeniorhynchus 

uishnui 

Culiseta: 
incidens 

inornata 

longiareolala 

lv/ansonia: 
afl'icana 

uniformis 

Hmrophora: 
ciliata 

columbiae 

discolor 

signipennis 

Rice fields, clear/loul waleI' in ditches, 
inigation system, gl'ound pools, 
marshes, streambeds, rain barrels, 
hoofprints, irrigated pastures 

Seepage water from irrigation canals 

Muddy watcr (rain pools) 

Rice fields and dams 

Rice fields, irrigation ponds 

Rice fields, irrigation ponds 

Rain barrels, rock pools with 
leaves 

F,-eshly flooded pools, duck-club 
ponds, irrigation water, seepage 
water, borrow pits, weed-clogged 
ditches, spring washes and irrigated 
pastures 

OverOow pools from poultry sheds 

Rice fields 

Rice fields, ponds and ditches with 
aquaphytes 

Rice fields, rain-filled pools 

Hice fields, rain water pools, in"i
gated fields, drainage and seepage 

Rice fields, rain 1>0015, overflow 
pools from streams 

Temporary ground pools, irrigation 
seepage areas 

1,3,6,18,26 

7 

17 

32 

9,11,15,16, 
19,21,22,28 

15,16 

1,6,7,8,26 

17 

5 

5 

3 

3 

3 

• I. Bohan and Wlishino (19iB) 4. Cates (1968) 
2. Cnnnichnel (19.2) 5. Chandler and HighlOn (19';'5) 
3. Carpenter and 1...1 ClIsse (J9[)[j) 6. Elbel ct al. (19.1) 
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Table 1. Continued. 
7. Edmund (1958) 21. Magi (l!liB) 
8. Famlr8 llnd rvlullu (Wi4) 22. Magi ct. al. (1984) 
9. HeaLhcote (1970) 23. r.,·luanglllllll el al. (1972) 

10. Henns and ,James (196 J) 24. Philcn und Cllrmichael (1956) 
11. Hill (1970) 25. Rao el a!. (1969) 
12. Horsfall (19:12a) 26. Reed (1978) 
13. Kumada et Ill. (1972) 27. Service (1972) 
14. Lang und Ramos (WSll 28. Shroyer llnd SiverJ)' (l970j 
15. l'\'lakiya (1970) 29. Smith (1970) 
16. Makiya (Wil) 30. Surtees ct Ill. (I970) 
17. l\.'!arglliit and 'rllhori (1971) 31. Telford (1958) 
18. Markos and Sherman (1970) 32. WebblJ (19GI) 
19. McDonuld and SHvngc (1972) 33. Yamamoto lind SugiurlI (1974) 
20. Meisch (1072) 

III. EFFECT OF AGRlCULTURAL PRACTICES
 
ON MOSQUITO PRODUCTION
 

Crop production enterprises entail several field operations such as crop systems, 
irrigation, drainage, tillage, pest control and farm sanitation. During agricultural 
modemization there has been a tremendous improvement and progress achieved 
in most of these operations. However, inadequate attention has been paid to the 
compilation and review of data on the impact of cUl'l'ent agricultural practices on 
the population buiJd lip of disease vectors, especially mosquitoes, associated with 
agricultural biotopes. Of the several farming practices listed above, crop systems, 
irrigation, drainage and tillage seem to play significant roles in providing suitable 
breeding habitats for mosquitoes. Pest control, especially chemical control methods 
and farm sanitation, come next in their impact on mosquito proliferation in 
agricultural fields. It is, therefore, quite appropriate to shed light on the effects of 
various farm management systems on mosquito breeding and their populations. 

A. AGRICULTURAL CROP SYSTEMS: 
Both agricultural crop plants and mosquitoes share water as the most essential 

requirement for their growth and development. In agroecosysterns where irrigation 
water is essential for the production of crop plants, any prolonged presence (4 to 5 
days or longer) of standing irrigation or rain watcr can provide ideal breeding sites 
for many species of mosquitoes. These sites could be encountered in a variety of 
crop situations such as rice fields, irrigated pastures, hay meadows, and irrigated 
field and tree fruit crops. In this section, information available on these three 
types of agricultural ecosystems is discussed in relation to mosquito production. 

I) Rice Fields: 
Rice fields constitute ecological habitats unlike other agricultural crop fields 

and mosquito breeding is likely to occm in most fireas of rice fields. In other 
agricultural crop systems, mosquito breeding occurs in depressions and low spots 
where water can accumulate and stand for 4 days 01' longer due to poor drainage 
01' penetration of water. Use of excess water and improper leveling of land as well 
as other factors are conducive to standing water for prolonged periods, thus 
resulting in heavy mosquito production. 
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Rice is cultivated in many countries of the world, especially tropical and 
subtropical counbies, with varying climatic and soil conditions. Rice production 
practices may not only vary from country to country, but. may also differ within the 
same country depending on climate, soil, and water factors. In the literature, a 
myriad of mosquito species belonging to different genera have been reported to 
breed in rice field ecosystems. These species include Ae. melallimoll Oyar, Ae. 
nigromaculis Ludlow, Ae. uexaliS Meigen, An.. freeborni Aitken, An gambiae Giles, 
An. pharoensis Theobald, An. quadrimaculatus Say, An. sinensis Theobald, ex. 
antennatus Becker, Cx. hayashii Yamada, ex. orientalis Edwards, Cx. pallens 
Coquillett, Cx. poicilipes Theobald, Cx. larsalis Coquillett, Cx. tritaeniorhynchus 
Giles, Cx. uisJmui Theobuld, Ma. africana Theobald, Ma. unifon11l:s Theobald, Ps. 
ciliata Fab., Ps. columbiae Oyal' and Knab (= con[innis Lynch Al'I'ibalzaga), Ps. 
discolor Coquillett and other species (Andis and Meek 1984; Andis et a1. 1983; 
Carmichael 1972; Carpenter and La Casse 1955, Chandler and Highton 1975; Elbel 
et al. 1971; Heathcote 1970; Hill 1970; Horsfall 1942a; Mackey and Hoy 1978; 
Makiya 19iO, 1971; Markos and Shel'man 1970; Meisch et al. 1982; McDonald and 
Savage 1972; Meish 1972; Mogi et al. 1984; Olson and Meek 1977, 1980; Smith 
1970; Surtees et al. 1970; Telford 1958). fn a relatively recent review, Bang and 
Pant (1983) listed 19 anopheline species associated with rice cultivation in tropical 
Asia. Considering this wide variety of riceland mosquitoes, the incidence of several 
mosquito-borne diseases of mun and animals is directly related to rice cultivation 
in various endemic as well as epidemic regions of the world. On record, rice fields 
are heavily implicated as to their I'ole in [he increase of malaria, filariasis, and 
several arboviral encephalitides of humans and animals, with bird populations 
serving as alternate and/or reservoir hosts (Reeves and Hammon 1962; Smith 
1970; Surtees 1970), 

Owing to the continuous fight against hunger in the wake of a growing world 
population, increased acreage is devoted to rice cultivation. 'With this ecological 
change there has been a significant shift in riceland mosquito species composition, 
especially in favor of disease vector(s) in certain areas. SUI·tees et al. (1970) 
studied the effect of this change from natural conditions to extensive inigation and 
rice cultivation in Kenya. In the two study sites, i.e., one village in an area of 
umodified traditional agriculture and the other situated in a newly irrigated area 
(- 1000 hal of riceland, the total number of adult mosquitoes captured on human 
baits were almost identical. However, the species composition in the two areas was 
very different. In the unmodified area the species composition was 99% Mansonia 
51'. and < 1% Anophele.'i species, whereas in the new riceland An. gambiae 
constituted 65%, Mansonia 51'. 28%, and Cx. quinquefasciatus Say (= fatigans 
Wiedemann) 5%. This change in species composition. especially if there is furthel" 
extension in rice culture in the region, could affect not only the incidence of 
malalia but also the pattern of transmission of arboviral infections to which 
humans arc exposed. 

Modification of naturnl habitats into ricelands contributed to increased incidence 
of malaria in the southern United States during the 19th Century (Boyd 1941). 
Rice growing increased rapidly along the coastal plains. The clearing of forested 
areas by early settler~ exposed many shaded habitats to breeding by An. 
quadrimaculatus Say and therefore resulted in epidemic malaria in the newly 
modified areas. 
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The rice fields of California are usually flooded throughout the growing season; 
these fields provide aquatic habitats for An. freebomi and ex. tarsalis, potential 
vectors of malaria and encephalitis, respectively. In addition, large numbers of Ae. 
melanimon and Ae. nigromaculis are frequently produced by the initial flooding of 
rice fields. According to Gray (1956), however, it appears that An. freeborni 
produced in rice fields in California is not important as a malaria vector, because 
malaria has declined after 1920 and has been eradicated since then from the 
United States even though the expansion of rice culture greatly increased the 
abundance of this and other vectors. Reeves and Hammon (1962) studied the 
relationship between agricultural irrigation and arbovirus infections in man. They 
found that human infections with both Westel11 and St Louis equine encephalitides 
was positively related with irrigated agricultural land including rice fields. 
Extensive irrigation provided breeding habitats for vector mosquitoes, e.g. ex. 
tarsalis. Season bird populations attracted to food and nesting sites also increased 
in numbers in the irrigated areas. Many of these birds fed upon by infected 
mosquitoes developed viraemia sufficient to infect other mosquitoes feeding on 
these viraemic birds. Thus, man, by modifying the environment, fostered the 
growth of a bird-mosquito based virus cycle and became involved himself in the 
cycle. 

In Venezuela, Berti and Montesinos (1946) studied the relationship of the 
malaria vector, All. albimanus Wiedemann, with the flooding of rice fields. It was 
noted that flooding of rice fields enhanced the population build up of the vector, 
resulting in malaria outbreak 2 to 4 months later in the area. In British Guiana, An. 
darlingi Root was reported to breed in fairly large bodies of water such as rice 
fields and irrigated cane fields and ditches, again creating suitable conditions for 
build lip of potential disease vectol's (Giglioli 1947). 

In Europe, rice growing was considered largely responsible for the increase in 
malaria in Portugal. Extensive rice culture resulted in the seasonal abundance of 
the malaria vector, An. maculipennis Meigen in the area (Hill and Cambournac 
1941). In Central Italy, Bettini et 81. (19iB) demonstrated that man·made mosquito 
breeding habitats produced high populations of several anopheline species including 
An. labranchiae F'alleroni, the main potential vector of malaria. 

In Asia, several naturally infected vectors of Japanese B encephalitis such as 
Cx. vishnui in India, ex. gelidu.s Theobald in Malaya and BOl'l1eo (Gould et a1. 1962; 
McDonald et al. 196i), and Cx. annulus Theobald in Taiwan (Detels et al. 1970) 
have been found to breed in rice fields as well as other bodies of water. The 
populations of these mosquitoes are affected by the extent and availability of rice 
fields as ideal habitats. The abundance of these vectors in rice fields is sometimes 
responsible 1'01' the outbreaks of encephalitis and for maintaining varying degrees 
of endemicity (Anonymous 1976). Another important vector of Japanese B 
encephalitis is ex. t.rilaeniorhynchus, which primarily breeds in t'ice fields in Japan 
and other countries in t.he Orient, along with other species such as An. sinensis 
Wiedemann, vector of' malaria (Mogi 1978). Hill (1970) showed that there was a 
sharp increase in the abundance of ex. tritaeniorhynchus in the fourth quarter of 
the year which was reflected by increased infection in pigs as amplifying hosts, 
and possibly also in human population. Anopheles spp. may have a low vector 
efficiency, but their high densities produced in rice fields do permit a celtain 
degree of malaria transmission to take place. Chen et a!. (1967) reported that 
malaria outbreaks due to An. sinensis occurred in those areas of Korea where rice 
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cultivation dCIJended upon rain water and where water stood for a few days. 
However, in areas with adequate irrigation system where rice lields were not 
continually nooded, there was no apparent malaria. 

ln general, anopheline species that transmit malaria, are usually considered as 
inhabitants of broad flat lands with certain exceptions such as the All. balabacellsis
dims Bais3s COmlJlex, minimus Theobald, maculatus Theobald, sergentii Theobald, 
etc. Hence they can be abundant in rice paddies, especially in tropical climates 
where vedors develop profusely all yeal' round, leading to high endemicity. Tn 
temperate or rarely subarctic regions, seasonal endemicity is prevalent with 
vectors multiplying I'8pidly during the summer months. This results in sufficient 
contact with human population, ensUJ;ng effective transmission of the disease 
pathogens. The most intensive malaria transmission occurs in nat lands of the 
world, except in Asia where transmission occurs also in foothills (Anonymous 
19(6). Therefore, the species associated with rice culture in the foothill area of 
Asia could be responsible also for epidemics of malaria. In Africa, mosquito 
species breeding in rice fields include malaria vectors such as An. gambiae in West 
Africa (Thomson (945), An. pharoensis in Kenya (Grainger 1947), and An. coustani 
tellebrosLLs in Nigeria (Barber and Olinger 1931). 

Apart from vectors of malaria and encephalitides, vectors of filariasis include 
20 or more species of Aedes, Anopheles, Culex and Mansonia mos<luitoes. 
Bancl'Oftian filariasis is largely an lITban and sublITban disease due to the availability 
of breeding sources of its principal vector, ex. quinque{asciatus (Subra 1980). 
However, in rural areas the Anopheles malaria vectors often transmit the disease 
which can then be associated with rice cultivation. Village populations in Tanzania 
and Uganda near rice fields which had heavy breeding of An. gambiae and An.. 
{unestus Giles had higher microfilarial rates than villages where there were no 
nearby rice fields und subsequently had lower numbers of Anopheles mosquitoes 
(Smith J955). 

The periodic form of bl'ugian filariasis is transmitted by Mansonia and Anopheles 
spp. The impol'tant. vectors in most areas are species of the formcr genus with 
high infection rates as compared wit.h those of the latter having less epidemiological 
importance (Anonymous 1976). Mansonia mosquitoes generally do not breed in 
rice fields and rather prefer breeding sites in ponds and swamp forests with rooted 
plants. In contrast to malaria and encephalitis, the incidence of brugian filariasis, 
therefore, is not affected by rice culture due to the habitat preferences of its 
vectors. 

2) Irrigated Pastures and Hay l\1eadows: 
In pasture and hay meadow lands, irrigation or rain watel' con produce large 

numbers of mosquitoes, especially Aedes and Psorophora when the water remains 
long enough for the immatures to develop and adults to emerge. 

In an B·year larval slm!eillance effort in irrigated pastures of California, Reed 
(1978) collected 10 mosquito species. Greater than 99% of the species collected 
were Ae. nigromaculis, Ae. melanimon. Cx. tarsalis and Cs. inomata ,"Villiston. In 
Wyoming, Pennington and Lloyd (1975) studied mosquito breeding in various 
habitats such as meadows, alkali depressions and vegetation choked ditches 
extensively nood irrigated by the Laramie River. Based on adult catches in bovine
baited traps, the most dominant species (79%) were Ae. melanimon and Ae. 
dorsalis Meigen; othel' less abundant species were Ae. idahoensis Theobald, Ae. 
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campestris Dyur and Knab, Ae. flauescens Theobald, Ae. {ilchii Felt and Young, es. 
inornala, and ex. larsalis. In Nebraska, excess water standing in overly inigated 
pastures provided ideal breeding sites for ex. tarsalis and es. inornata (Edmund 
1958). 

The use of irrigated mountain hay meadows for grazing of livestock is 
widespread in the Rocky Moutain States of U.S.A. In many valleys, the bottom 
land meadows are flooded almost continously throughout the spring and early 
summer. In these habitats panding occurs after irrigation later in the season. 
These aquatic habitats are reported to be very favorable for mosquito breeding 
(Anonymous 1967). Mosquitoes such as Ae. spencerii Theobald, are found breeding 
in irrigated meadows (Carpenter and LaCasse 1955). 

It is obvious from the above discussion that irrigated pastures and hay 
meadows can provide ideal breeding sites for several species of mosquitoes such 
as Ae. melanimofl, Ae. n.igromaculis, Ae. spencerii, es. inornata and ex. tarsalis. 
Mosquito hazards in these areas could be minimized by following water management 
practices, maintenance of desired land slope, and suitable land drainage system to 
avoid ponding in low-lying areas and small depressions. 

3) lrrigat.ed Crops: 
Excessive ilTigation usually is damaging to crop plants except rice culture. 

Proper water management and conservation can prevent 01' minimize mosquito 
production in irrigated aglicultW'al fields. In the past, some fruit crops in Califomia 
posed a serious problem of Aedes mosquitoes; however, this problem was overcome 
by employing improved irrigation practices and applications of insecticides in fruit 
orchards (Spiller 1968). In earlier reports irrigated date groves in the Coachella 
Valley of southern California were found to harbor high populations of Ps. 
columbiae (= confinnis) (Al-Azawi and Chew 1959; Gunstl'eam and Chew 1967) and 
Ae. uexans Meigen (Gunstream and Chew 1964). This situation is still true today 
where irrigation cycles in summer produce several broods of mosquitoes. The 
invasion of citrus irrigation furrows by some floodwater mosquitoes in the coast.al 
southern Florida has been reported in fairly recent studies (Curtis and Frank 1981; 
Curtis 1985). The furrows which were flood irrigated provided good breeding 
habitats for Ae. vexan.s, Ps. columbiae and Ps. hOlUardii Coquillett. Oviposition sites 
of Ae. uexans included leaf tiller and citrus irrigation furrows under tree canopy 
where hatching of the eggs was stimulated by crown flood irrigation or excessive 
rain fall (Curtis and Frank 1981). Unlike Ae. uexans, which oviposited on the upper 
portion of il'l'igation fUl"l'ows, Ps. columbia and Ps. !wwardii laid their eggs in the 
lower region of the furrows and both species showed similar distributional 
relationships to water depth in the furrows (Curtis 1985). lmmatures of the latter 
two species showed a steady increase with increasing water depth up to 
approximately 35 cm. Immatures of Ae. uexans, however, remained low up to a 
depth of 50 - 60 cm in the furrows where a steep increase in number was noted. In 
the cotton area of Gezira (Sudan) irrigation canals colonized by a Palearctic 
aquaphyte, Potamogeton perfoliatus increased 8\.val'eness against the breeding of 
An. gambiae (= arabiel1sis) in the late 1930s (Lewis 1965). Also, residual water 
pools in the fields became special problem areas breeding this mosquito species. 
These situations are most likely to be common in irrigated crops in the developing 
countries where water conservation and improved irrigation practices are not 
adequately developed or rarely practiced. 
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A change in the cropping system can result in a change in mosquito species 
composition in agricultural habitats. This phenomenon was studied by McDonald 
and Savage (1972) in the semitropical island of Okinawa where the change [rom a 
predominately l;ce cultivation to pineapple and sugar cane cultures resulted in a 
dramatic change in mosquito fauna during a lO-year period. 1960·70. During this 
period the amount of land used for rice production decreased by about 63%. 
whereas land utilized for pineapple and sugar cane increased by 79% and 100%. 
respectively. Due to this transition in cropping system, the number of mosquito 
species, especially those breeding in rice fields. e.g., An. sinensis and Cx. 
tritaeniarhynchus, was reduced by 82 and 91 %, respectively. Culex quinque[asciatus 
was reduced by almost 70%. The reduction in An. sienensis and Cx. truaeniorhynchus 
decidely aided in malaria and Japanese B encephalitis control programs. 
Nonetheless, with the reduction in the above species. the population levels of Ae. 
vexans grew by 100%, apparently due to the availability of standing pools of water 
with organic debris as ideal breeding sites for this species in the crop fields. 

It is important to note that a large amount of irrigation water is lost by seepage 
from unlined canals carrying irrigation water to agricultural fields. The seepage 
loss alone or in combination with deep percolation from irrigated fields often 
results in wet and ponded areas in roadside ditches, borrow pits, and other low· 
lying areas. Such habitats created by seepage or overflow produce large numbers 
of mosquitoes. For example. in seepage areas in Nebraska, Edmund (l958) found 
Ae. dorsalis, Ae. nigromaculis, Ae. uexans. Cx. tarsalis. es. inornala and several 
other species breeding in seepage, surface pools and roadside borrow pit.s. Other 
sources of mosquito breeding associated with field irrigation system include 
blocked natural drainage ways. canals and laterals choked with vegetation. Areas 
flooded by overflow from canals and laterals, and surface pools created by leakage 
from irrigation conveyance structures during nonoperationaJ periods can also 
provide habitats for mosquito breeding. 

4) Log Ponds: 
In the broadest sense, forest cutting and lumber industry are part of 

agricultural endeavors. In the process of storing and curing the trees. the logs of 
some trees are floated in large water ponds for several months before they are cut 
or processed in a lumber mill. Ponds where cut trees and logs are stored become 
highly enriched with organic matter. These habitats attract and support heavy 
breeding of ex. pipiens pipiens, ex. peus and ex. tarsalis in the orthwestern 
United States and Western Canada (Gjullin and Eddy 1972). Other Culex species 
are probably encountered in log ponds in other parts of the world. Some of the 
species breeding in log ponds could be vectors of discases. A small log pond can 
produce extremely heavy populations of mosquitoes which could promote sustenance 
of disease transmission in endemic areas. These mosquitoes (primarily Culex 
species) could fly up to a mile and invade residences, mills and other establishments 
and create nuisance problems as well as a potential explosive situation for disease 
transmission (Gjullin and Eddy 19721. 

5) Animal Production: 
A variety of practices employed in confined animal production for hides, meat, 

eggs and milk can lead to the production of heavy populations of mosquitoes. The 
most important element in animal husbandry that leads to mosquito production is 
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improper disposal and management of animal drinking water, or wastewater. For 
example, leaky faucets and watering cups and troughs used in poultry, dairy, beef 
and horse fanns result in water accumulations (l\'lulla, unpublished data). These 
accumulations are generally polluted with animal manure, thus creating ideal 
conditions for the breeding and development of ex. quinque{asciatus. On some 
farms, drinking water is stored in open tanks, balTels or tubs and these at times 
result in heavy breeding of Culex species. 

On dairy farms, cows are washed before milking two or three times a day. 
Similarly, manure troughs and milk rooms are washed and cleaned daily. Wash 
water from the barn is carried in pipes or open ditches to a holding pond 01' 

lagoon. The dairy lagoons are heavily laden with manure and organic plant 
material, potentially creating ideal conditions for ex. quinque{ascialus and ex. peus 
breeding. Dairy wastewater lagoons require constant surveillance and management 
(Sjogren 1968; Steelman et al. 1967; Whitten 1967; Womeldorf et al. 1969). In 
California, lagoons kept clear of vegetation and floating organic debris produce 
little or no mosquitoes. However, lagoons with vegetation in the shallow portion 
and floating islands (manure and growing grasses), provide ideal conditions for 
mosquitoes (Whitten 1967). Dairy drains and lagoons with some vegetation have 
been known to produce hordes of mosquitoes (Bailey et al. 1954; Mitchell and 
Bohart 1976). Dairy manure holding ponds with weedy sides could also provide 
ovipositional and breeding sites for mosquitoes. [n the Central Valley of California, 
deep well-managed manure holding ponds did not pose serious mosquito hazards; 
however, those with weedy margins were feared to offer ovipositional and breeding 
sites for mosquitoes (Olson et a1. 1980). 

Washing and cleaning of premises occupied by other animals such as pigs, beef 
animals and others, also generate a great deal of organically rich wBshwater, if not 
managed or disposed properly can become a source of heavy mosquito production. 

One important factor in the animal-mosquito interaction is the attraction of 
host-seeking mosquitoes to animals. Animal farms not only provide ideal breeding 
sources but also readily available supply of blood for host-seeking mosquitoes. It 
has been reported that animals per se provide an ample source of food and that 
pl·emises where animals are grazed or confined may provide ideal places of 
oviposition and breeding of mosquitoes (AI-Azawi and Chew 1959). Pockets of 
standing water in hoofprints of animals make ideal breeding sites for several 
species of mosquitoes (Chambers et a!. 1981). 

Apart from dairies and pigeries, the mismanagement of water or water-carrying 
de....ices at chicken ranches and poultry houses may result (n mosquito production. 
In Israel. Col. theileri and es. longiareolala were found breeding in small ponds 
created by overnows from a poultry shed (1\tlargalit and Tahori 1971). In these 
habitats the latter species was more dominant than the former. 

From the above discussion it is quite evident that animals not only provide a 
direct source of blood meals for adult mosquitoes, but the mismanagement of 
water at animal barns and poultly sheds can create ideal sites for mosquito 
oviposition and larval breeding. More often than not, mosquitoes produced as a 
l'csult of animal production practices are important vectors of diseases. 

6) Food Washing and Processing Plants: 
Processing of harvested produce, fmits and animal products is an important 

industry within the crop and animal husbandry systems. Most har....ested fruit 
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produce and tuber crops require washing, disinfecting and/or waxing before it is 
packed for cold storage or fresh market. In processing plants, washing or 
wastewater in open drains 01' improper disposal of this water may create mosquito 
problems, especially where water is standing for some period of time in bins or 
vats, or the water is transferred to ponds and lagoons. In one study (Mulla 1961) in 
southern Califolnia, uncovered olive vats full of water at a local olive packing firm 
were found to breed large numbers of Cx. quinquefasciatus and to a lesser extent, 
ex. peus. These vats ranged in diameter from 7 to 15 ft. and in depth they were 3 
to 8 f1. They were kept filled with water from May through October, a period 
during which they were not used for olive processing. Being situated in the center 
of a town, these vats supported heavy populations of mosquitoes, resulting: in .:I 

constant source of nuisance mosquito problem. In another study, Shroyer and 
Siverly (1970) found that some 11 waste lagoons associated with food processing 
plants (especially vegetable l>rocessing plants) in Indiana, supported Cx. pipiens 
populations. Environmental changes such as fluctuations in water level and change 
in the natw'e of wasLe material, did not have a suppressive effect on the 
populations of this species. 

Other instances where mosquito problems could arise around food processing 
plants would be through improper management of wastewater from washing of 
harvested produce such as potatoes, colocasia, and other vegetables and fruits. 
Although the information on mosquito production as a result of food processing 
plant activities seems quite scarce, the improper disposal of water from the 
washings of harvested produce can yield habitats most congenial for mosquito 
breedings. 

B. IRRIGATION 
While the mismanagement of irrigation ...vater in agricultural crops and its 

relation to mosquito pl'Oduction has been already discussed under crop system 
above, the immense importance of irrigation as a farming practice per se along with 
its types and role in mosquito breeding, needs separate treatment in this section. 
Water is one of the most essential requisites for the growth and production of crop 
plants. Watering or irrigation of crop plants has been practiced fol' several 
thousand years. As an age·old art, irrigation has followed its path thmugh various 
ancient civilizations, e.g., the Assyt;an irrigation system from the Nile canal in 
Egypt, 2000 B.C., Indian irrigation and water reservoirs in Ceylon, 300 B.C., and 
the famous Tu-Kiang Darn in the China Dynasty, 200 B.C. (Hansen et al. 1980). 
Due to modernization in agriculture, today irrigation is practiced in four general 
ways, namely, surface irrigation, subsurface irrigation, trickle 01' drip irrigation, and 
sl>rinkler irrigation. Progress and advances made in each of these categories of 
irrigation systems, have been thoroughly assessed and discussed in several notable 
publications (Anonymous 1981; Hansen et al. 1980; Howell et al. 1981; Kelly et al. 
1981; Kruse et al. 1981; Sneed et al. 1981). Surface irrigation employs flooding 
which may be in the form of uncontrolled wild flooding or controlled flooding with 
corrugations, borders, checks, basins or fUI'l'ows. In subsurface method, the soil 
surface is wetted little if any. and it could be controlled by lateral slIpply ditches, 
or uncontrolled from excess application of water to adjacent or higher Jields. In 
the trickle of drip irrigation, filtered \\o'ater is sllpplied near plants through an 
extensive network of pipes. Unlike the drip method, in the spdnkler system the 
soil surface is wetted much like by rainfall. 
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Irrigation methods vary in different regions and on different farms, depending 
on soil type, topography, water supply, crops, economic conditions, and customs. 
Surface il'l'igation by using corrugations is conducted in forage crops such as 
alfalfa, clover, hay, and pastures; whereas flooding by the use of border strips and 
basins is practiced in rice, fruit trees and foliage crops. Surface flooding by 
furrows is suitable in row crops. Subsoil OJ' subirrigation methods favor soils that 
have impervious subsoil, permeable loam or sandy loam surFace soil, with uniform 
topography and moderate slopes. Trickle irrigation works best for fruits such as 
citrus, deciduous fruits and tomatoes, retaining considerable moisture at harvest, 
but is not feasible and economical for closely planted crops like alfalfa and cereal 
grains. Sprinkler irrigat.ion system has been used in alt types of soil and lands of 
different topography and slopes, and for a variety of crop plants. Sprinkler system 
is helpful in situations such as shallow-rooted crops, seed germination, control of 
soil temperature (as in lettuce) and humidity (as for tobacco). Sprinklers also help 
in frost protection, crop cooling, and application of fertilizers and pesticides. 

From the foregoing discussion on irrigation, it seems that mosquito problems 
can occur mainly with surface ilTigation and sometimes with spri.nkler system, only 
where soil topography permits ponding in low-lying areas. Surface irrigation in the 
form of wild flooding has been implicated in the production of mosquitoes in 
different crop situations such as rice fields, pastures, and irrigated field crops. 
Rice fields which are irrigated by wild nooding have been shown to offer suitable 
breeding habitats for a number of Aedes, Anopheles, Culex, Mansonia and 
Psorophora mosquitoes (see Table 1). It is interesting to note, however, that 
anopheline and culicine species, including important disease vectors of malaria and 
encephalitis, outnumber other insect genera in riceland ecosystems. Some of these 
species have also been found to follow a certain pattel'll of succession in I'iceland 
habitats. For example, in the I'icefield of Butte County, California, mosquitoes 
appeared in tlU'ee distinct phases, Aedes appearing first, Culex then and Anopheles 
later on (Markos and Sherman 1957). In the Aedes phase, Ae. melanimon appeared 
immediately after flooding of rice fields. The declining population of Ae, melanimon 
was succeeded by ex. tarsalis (Culex phase) which was followed by An. freeborni 
(Anopheles phase), Since rice fields offer suitable sources for mosquito breeding, 
Cates (1968) studied the effect of irrigation on mosquito populations in rice fields 
in Central Taiwan. Mosquito species composition in these fields was An. 
sinensis - 8.5%, Cx. annulus - 8570, ex. bitaeniorhynchus Giles - 1%, and ex, 
tritaeniorhynchus - 5%, It was noticed that intermittent flooding and drying of the 
fields was highly detrimental to mosquito larvae by completely elminating larval 
habitats of these mosquitoes, However, duration of flooding is an important factor 
in eliminating production of these mosquitoes, 

Apart from rice fields as the major breeding sources of mosquitoes, flood
irrigated pastures and hay meadows also provide good breeding habitats for 
mosquitoes. In a study on transient mosquito problems associat.ed with irrigated 
pastures in California, Husbands (1974) l'eported that almost 80% of the 1,000,000 
acres (404,690 hal pastmeland was capable of creating mosquito problems. These 
pastures which were Oood-irrigated 15 - 20 times/year produced large number of 
mosquitoes such as Ae, melanimoll, Ae. nigromaculis and Cx. tarsalis. Other species 
that are reported to breed in irrigated pastures include Ae. spencerii, Ae. uexans, 
An. {ranciscanus, Cx. erythorthorax, Cx. peus and Cs. inornata (see Table 1 for 
details). 
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lrrigated crops, especially row crops where surface irrigation is practiced by 
using cOl1l1gations, checks and furrows, also provide good habitats for mosquitoes. 
AI·Azawi and Chew (1959) found that in;gated date checks in California, provided 
breeding sites for Ps. columbiac. After each hi-weekly flooding, watel" stayed in the 
lanes for 3 - 8 days. The aquatic development of this species was completed within 
this time at water temperature of 26°C or above. It is important to mention here 
that convel'sion of irrigation practices from flood to sprinkler system alone may 
not reduce mosquito problem without properly controlled water management 
system. Recently it was demonstrated that changing the irrigation method from 
flooding to low-pressure sprinkJe system did not significantly alter the occurrence 
of PI;. columbiae eggs in irrigated fields of soybean, rice and sorghum in the 
riccland areas of Texas (Rankin and Olson 1985). It was also noted that the 
relative abundance of this mosquito was significantly higher in field sites with 
sprinkle irrigation at fuJI-pan evaporat.ion rate (i.e., all water in soil lost to 
evaporation replenished via irrigation) than sites irrigated at Ih- to Iii-pan rates. 
The amount of excess water from sprinkler system run at full pan decidedly had a 
marked influence on the num ber and abundance of Ps. columbiae eggs in the 
fields. Similarly. excess irrigation water standing in cotton fields in EI Salvador, 
was also noted to harbor high population of the malaria vector, An. alblmanus 
(Bailey et al. 1981a). Apart from irrigated crops, water in irrigation structures, e.g., 
canals, ditches, etc., housed a number of mosquito species. Table 1 lists a large 
number of mosquito species breeding in irrigation structures as well as seepage 
areas associated with these structures. 

From the discussion on irrigation, it could be concluded that of the four 
general methods, surface irrigation using corrugations, basins, checks, and furrows, 
are primarily responsible for mosquito problems in various agricultural biotopes 
such as rice crops, pastures and irrigated field and tree fruit crops. ft also draws 
OUl' attention to the fact that improved irrigation methods and cultlll'al practices 
need to be evaluated and employed to help reduce mosquito problems in 
agricultural crops. 

c. DRAINAGE: 
The removal of excess irrigation water from the soil can greatly help reduce 

mosquito breeding in agricultural fields. For example, rice fields that were drained 
early in the season provided ovipositional sites for noodwater mosquitoes, whereas 
fields that were drained later in the season did not provide ovipositional sites for 
such mosquitoes (Horsfall 1942b). It appeal'S that in general timing of draining 
excess water from the fields is important from the standpoint of mosquito 
breeding in agricultural ecosystems. In one study carried out in a malarious focus 
in Haiti, Schliessman et al. (1973) found that. drainage of the land contributed a 
great deal to controlling breeding of the malaria vector. An. alblmanus. With the 
construction of drainage systems in that region, the amount of larvicide (DDT 
2.5%) was reduced by > 66% of the annual quantity used in controlling mosquitoes. 
The drainage system aiding in permanent elimination of temporary and semi
permanent mosquito breeding habitats, increased utilization of land fOl' agricultural 
purposes; it further improved accessibility to breeding habitats by facilitating 
larvicidal operations. The drainage system also helped in retention of permanent 
populations of larvivorous fish in some habitats. In other habitats, it was useful in 
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attaining some degree of natural and biological control of mosquitoes depending 
on variations in salinity and organic pollution. 

It is beyond the scope of this work to give a detailed description of the various 
types of drainage system being used in different habitats. However, a very broad 
and general outline of the drainage types is presented here in relation to mosquito 
production. Drainage system per se could be various types, i.e., surface drainage, 
return flow system, vertical drainage, etc. Surface draining includes ditches or 
drains which are used to collect excess or waste irrigation watcr as well as storm 
water during rainy periods. The wastewater collected and/or diverted into lo\\'
lying canals could be reused to irrigate other lands. In the return now system, the 
excess ilTigation water is collected in a sump situated at a low point in the field. 
Water from the sump is lifted by pumps into a pipeline which carries the water 
back into the il'l'igation system (Bailey et al. 1954). The excess water could also be 
used in il'l'igating other fields. Vertical drainage, a system designed in California 
for fields with hard pan, consists of vertical holes of varying lengths depending on 
soil texture and thickness and location of hard pan. These holes drilled in the field 
are used to remove excess water, especially in irrigated pastures and agricultural 
fields of heavy soils (Lewis and Christenson 1971; Lewis et al. J972, 1973; Lewis 
and Brandl 1975). This system is not only useful in water management, but under 
certain soil profile conditions is also effective in eliminating mosquito breeding 
sources (Mulligan et al. 1979). However, the economics of this strategy are not too 
attractive as yet. 

Irrespective of the draining system, soil drainage is necessary to remove excess 
water from the fields in order to avoid water logging and ensure better crop yield. 
From the standpoint of water conservation and management, the drained 
wastewater which is of good quality containing fertilizers, is reused in irrigating 
other croplands. Last but not least, the removal of excess water from agricultural 
fields through drainage is one of the most effective measures to control mosquitoes 
through source reduction. 

It should, however, be pointed out that sUl'face drainage of water could create 
another mosquito problem in the drains. Mulla and Darwazeh (1979) studied 
mosquito production in some 600 km of surface drains in a large agricultural valley 
in southern Califol'llia. They found that mosquito breeding, especially ex. tarsalis, 
'.vas found in the upper stagnant portions of the irrigation drains. As the water 
flow and volume increased downstream, mosquito production decreased. Cleaning 
of vegetation and presence of lal'vivorous fish reduced mosquito productions. 
However, in small vegetation-clogged drains, mosquito production could be quite 
significant. 

D. SALINE SOILS AND WATER: 
Inasmuch as excess water is not useful to crop plants excepting rice paddies, 

the use of excessive irrigation water in poorly drained soils can result in serious 
soil related problems such as high water table, water logging and salinity. High 
water table and water logging may result in ponding in irrigation ditches and 
depressions or low-lying areas in fields, thereby enhancing habitats for larval 
mosquitoes. At the same time, the deposition of salts (saline) in water-logged soils 
can lead to the problem of salinity and pH differential of both soil and soil water. 
\\rrtether saline soil or v,,'ater can playa significant role in providing new habitats 
for mosquito breeding, is a subject that has been poorly addressed in the 
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literature. It is a well-known fact that mosquitoes breed in a variety of habitats 
ranging from freshwater to brackish salt water. Therefore, a change in the chemical 
composition of habitat soil and water as a result of ill-managed irrigation and poor 
soil conservation could lead to a change or succession of mosquito species in a 
certain area. Species succession as prompted by a change in the cropping system, 
i.e., pineapple and sugar cane replacing rice cultivation, has been demonstrated in 
the island of Okinawa (McDonald and Savage 19(2). In this example, the new 
habitats were more conducive to the breeding of Ae. vexcUlS t.han An. sinensis and 
ex. tn·taeniorhynchus, both breeding extensively in rice paddies. A change in the 
chemical composition of mosquito breeding habitnt may be suitable for the 
breeding of one 01' more species but may preclude the oviposition and larval 
development of certain other species. In this context, a brief discussion of the 
effects of different inorganic salts or the oviposition and larval development of 
some mosquito species, is appropriately made here. 

In studies on the effect of soil/water salinity and pH on the oviposition of Ae. 
dorsalis and Ae. "jgromaculis in the Salt Lake marshes and adjoining irrigated 
meas, Petersen and Rees (1966) reported that watCi' pH was not correlated with 
the presence or absence of mosquitoes. The latter species was more restricted in 
selecting breeding sites and about lOX more sensitive than the former species, to 
high concentrations of Na and CI ions in the breeding sites. In laboratory tests, 
these authors (l967) found that oviposition of both species was reduced when the 
concentration of NaCI, CaCh, and KCl was increased from zero to 6%; Ae. 
nigromaeulis was unaffected by increases in KCI concentration. Moreover, eggs of 
both mosquitoes laid on soil with high salt concentration failed to undergo normal 
darkening process, especially in Ae. nigromaculis eggs. The eggs of Ae. dorsalis 
were more tolel'8nt to NaCI concentrations than those of l1.e. nigl'Omaculis. Egg 
hatching in Ae. dorsalis on soil moistened with salt concentration occurred at 4.1% 
of NaCl, whereas eggs of Ae. nigromaculis did not hatch at as low as 1.65% 
concentration of NaC!. 

Evidence shows that the response of different species to water salinity may not 
be identical. For example, of the nonfarm mosquitoes such as the three tree-hole 
mosquitoes, Ae. triseriatus Say, An. barberi Coquillett und Orlhopodolnyia signifera 
Coquillett, the latter species oviposited Il1me frequently than the other species at 
water salinity of 4.6 In mhos/cm, measured as electrical conductivity (Petersen and 
Willis 1971). (n an earlier study, McGaughey (l968) found that the salt marsh 
mosquito, Ae. taeniorhynchus, responded to sulfates in combinations with other 
salts such as sodium chloride, sodium sulfate, magnesium sulfate, ferrous sulfate, 
sulfuric acid in sodium chloride, and an artificial marine salt mixture. The 
ovipositional reSI)onse appcared to be due to the chemical and not osmotic 
pressure except when at vel)' high levels the chemical solution was repellent. 
Similarly. Bailey et al. (198Ib) found that oviposition or An. albimanus was 
reduced in water with increasing concentration of sea waler; oviposition of this 
species in pure sea water dropped to as low as 10%. 

Habitat water chemistry nol only affects oviposition bUl it certainly can affect 
the survivorship of mosquito larvae in the habitat. Studies hnve shown that larvae 
of Or. signifera were more ubundant in highly saline water (4.6 m mhos/em) than 
those of An. barberi (3.9 111 mhos/em) and Ae. lriseriatus (3.2 m mhos/em) (Peterscn 
and Willis 1971). The higher numbers of Ialvae of these thrce species in tree-hole 
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water were reported to be due to high levels of 1< (298 ppm) in the water (Vrtiska 
and Pappas 1984). 

High salt concentrations in habitat water can be detrimental to the development 
of mosquito larvae. For example, Cs. incidells Thomson, exposed to valious 
concentrations of NaCl, showed a distinct correlation between the increasing salt 
concentration and increase in developmental stress and larval mortality (Lee 1973). 
The LC50 of NaC} for the larvae of this mosquito was 0.47%. At 0.5% NaCl was 
morc inhibitory to the development of female than male mosquitoes. These 
concentrations, however, are too high to be encountered in larval habitats. In 
another study on the effect of seawater on the development of two strains of An. 
albimanus, increasing salt concentration (measured as 0, 25, 50 and 100% seawater) 
reduced the development and survival of immature stages except one strain which 
developed into pupae. These pupae were not affected by water salinity and 
emerged into adults. The habitat range of this species extends to brackish salt 
water. In nature, however, especially estuarine habitats and brackish water, 
mosquito breeding is associated with the presence of vegetation in the habitat. 

Based on the foregoing discussion, salinity or habitat soil and wuter may be 
distressful to the breeding of one group of mosquitoes but may be suitable for 
other species. From the standpoint of soil conservation, salinity of soil and water is 
highly undesirable. Moreover, the change in species composition in favor of 
disease vectors as influenced by salinity will be even more alarming. However, 
more data are needed to support this notion. 

E. TILLAGE AND LEVELING: 
Tillage or land preparation is not only important for the health of crop plants, 

but is also very useful from the standpoint of mosquito control. Tillage may have a 
direct impact on the production of mosquitoes. In small pastureland plots and 
playa lakes, soil tillage provided effective control of Aedes and Culex mosquitoes in 
west Texas (O\,.len et al. 1970). Mosquito control due to tillage practices resulted 
from egg burial, crushing, and eggs turned under the soil surface to a depth 
sufficient to prevent hatching or trapping of newly hatched larvae. In a later study, 
Cooney et al. (1981) demonstrated that tractor plowing and disking provided 74 to 
100% control of Ae. vexan:-; in grassy depressions and river flood plains. Mosquito 
control was due to displacement of eggs from the top 1.2 em of soil to a depth of 
over 12.5 em. The displacement of eggs therefore, caused trapping of newly 
hatched lalvae and preventing their further development to adult emergence. It 
was also shown that egg hatch did occur but the development of larvae to adult 
stage was prevented by increasing soil cover. 

Unlike the direct impact of tillage practices on mosquito production, improper 
or faulty land preparation may result in ilTegulal' field topography, depressions, 
uneven water channels and poor land drainage. These problems can yield ponding 
and habitat formation for mosquito larvae in agricultural fields. In Scotts Bluff 
County, Nebraska, irregular soil topof:,'Taphy produced surface ponding in depressions 
of irrigated pastures and hay meadows. Water applied through wild flooding 
enough to cover high spots acted as good breeding habitats for several mosquito 
species, i.e., Ae. dorsalis, Ae. I)exans, ex. tarso/is and Cs. inomata (Edmunds 
1958). 

Pmpedy leveled fields not only help reduce mosquito problem but also 
produce higher emp yields at lower cost. (Bailey et al. 1954). Good slopes of the 
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field allow more efficient irrigation and uniform crop stand. For most crops, a 
slope of at least 0.2·0.3 ft/IOO (0.2 to 0.3%) is desirable for good drainage. For 
pasture lands, a slope of 0.3 to 0.5 ft/100 is desirable. A properly leveled field 
should have a continuous slope in the direction of irrigation runs. Soils with low 
water absorbing capacity require flatter slopes fOi' crop production. Also, soils 
which have a high capacity for water penetration require the lower portions of 
inigation run to be almost l1at, allowing for spreading of excess irrigation water. In 
some cases, a small drain at the end of irrigation run can reduce ponding in the 
lower portions of the field. It should be pointed out thut depressions made by 
hoofs of grazing animals in pastures can hold watcr for sufficient time to permit 
completion of development of one brood of mosquitoes following flooding. Another 
major problem in terms of mosquito productions in irrigated fields is the creation 
of channels or borrow furrows from which dirt is removed for building borders for 
irrigation checks. These trenches along borders hold water for 4 . 5 days or longer, 
sufficient time to allow for the development of immature stages of floodwater 
mosquitoes. 

The slope of soil surface and frequency of irrigation (flooding) can influence 
the abundance of mosquito larvae. Travis and Bradley (1943) for example found 
that the density of Aedes larvae in salt marshes in Florida was somewhat higher on 
irregularly contoured marshes than on nat surfaces. Most of the eggs were found 
on the tops and sides of hummocks or potholes within the marsh. Other studies 
indicated that sites with lower flooding frequencies usually had greater proportion 
of Aedes larvae of the total mosquitoes than those with higher flooding frequencies 
(Buttrick 1913; Connell 1939; Pl'ovost 1968). This in pal't is due to the drying 
requirements for Aedes eggs. La Salle (1974) reported that marsh sites in North 
Carolina with similar flooding frequencies had higher proportions of Aedes larvae 
(Ae. sollicitans \Valker, Ae, l.aeniorhynchus Wiedemann) than Af10pheles bradleyi 
King in depressions with exceptionally steeper slopes. The highest proportion of 
Aedes at any given flooding frequency, ranging from to to 35 floodings/month, 
OCCUlTed in sites with slope indices between 0.24 (25%) and 0.45 (45%). Such steep 
slopes are not encountered in agricultural fields, although depressions having these 
kinds of slopes may be abundant. The proportion of Aedes larvae in the samples 
suddenly increased as the slope index increased from 0.05 to 0.15, and decreased 
gradually beyond 0.45. The slope index was calculated by dividing the depth of a 
depression by the horizontal distance from top of the ridge to the vertical line 
from the deepest part of the depression. 

It is quite apparent that tillage in the form of plowing and disking can be 
useful in mosquito control in agricultw'al fields by burying the eggs or eliminating 
depressions and low spots. Faulty land preparation such as uneven soil topography, 
and undesirable land slopes and depressions can result in ponding, pro.... iding 
breeding sites not only for noodwater mosquitoes but also for stagnant water 
mosquitoes. 

F. PEST CONTROL: 
Pest control operations, especially those involving the use of chemical pesticides in 

agricultural biomes, could have useful or harmful impact on mosquito populations. 
Harmful impact includes mainly the development of insecticide resistance by 
mosquito populations as a result of indirect selection I)ressure through the 
agricultural use of pesticides. This notion was first reported by Hamon and 
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Garrett-Jones (1963) who found that insecticide resistance in anopheline mosquitoes, 
An. gambiae, An. sacharovi Favre, An. stephensi Listcn, An. culicifacies Giles and 
An. sundaicus Rodenwaldt, was mainly due to selection pressure resulting from the 
use of agricultural insecticides and mosquito larvicides, e.g., DDT, lindane and 
dieldrin. 

Later on Georghiou (1969) pointed out that indirect selection occulTed through 
the use of organophosphorus (OP) and carbamate insecticides in agricultural crops 
within the proximity of Anopheles breeding areas. Incipient tolerance to malathion 
was shown in An. allJim.anus in Central America, especially Guatemala and 
Nicaragua. In those countries, intensive parathion selection pressure was applied 
for six months (July to January) each year in the cotton growing areas. Resistance 
in adult An. albimanus to malathion was first demonstrated in heavy cotton 
production localities lying in the Pacific coastal plains of El Salvador (Brceland et 
at. 1970). Various insecticides including malathion and parathion, were used to 
combat insects attacking cotton crops. In a later study, Georghiou (1972) confinned 
these findings on the insecticide resistance of An. albimanus in areas of intensive 
agriculture especially cotton andlol' rice in El Salvador. This study revealed a 
direct correlation between cotton pest control and level of resistance in this 
mosquito. Cotton crop was subjected at various intervals, 3 days to hi-weekly, for 
6 months (July to January) to several applications of different insecticides. 
lnsecticides applied were in the order of parathion, methyl parathion, malathion, 
azodrin, trichlorfon, azinphos-methyl, DDT, carbaryl and others. As a result of 
repeated applications of these pesticides against cotton insect pests, An. albimanus 
developed a mosaic pattern of resistance to several or and carbamate insecticides. In 
the coastal areas of the Departments of La Libertad and La Paz, El Salvador, and 
in Matagalpa of Rio Viejo, Nicaragua, moderate to high level of resistance to 
parathion, malathion, and propoxur was found in the larvae which extended to the 
adult st.age as well. The level of resistance. however. fluctuated, being lower at the 
beginning (July) and higher at the end (January) of the cotton spraying season. 
Further studies by Georghiou et al. (1973) revealed that resistance in An. allJimanus 
Imvae to parathion, methylparathion, malathion, fenitrothion, carbaryl, and pl'Opoxur 
rose during the cotton spray period and declined during the nonspray period in El 
Salvador. The decline in resistance of mosquito larvae was lower to OP insecticides 
than to cal'bamates; it was attributed to unequal integration of the respective 
resistance genes with fitness factors. 

In some localities of La Paz. EI Salvador where cotton was replaced by 
intensive rice cultivation, several insecticides namely, methyl parathion. carbaryl, 
methyldemeton, naled (dibrom), and tamaron, were applied in rotation to control 
insect pests attacking rice crop. Applications of these pesticides to rice fields 
resulted in resistance of An. allJirnanus to propoxul' and cross-resistance to 
carbaryl, parathion. methyl parathion, malathion and fenitrothion (Georghiou 1972). 
Lowe et al. (1980) reported a 210X increase in resistance of this species to 
temephos in El Salvador. Temephos had a very limited use in that: area and 
resistance to this compound, therefore, seemed to be due to the cross-resistance 
mechanism in An. albimal1fls. 

Bailey et al. (1981a) studied the population dynamics of An. albimanus during 
cotton sprays in the cotton and noncotton growing areas in El Salvador. In that 
study, adult and larval samples from both areas did not show significant differences 
from July 1977 to March 1979. Adult densit.y was slightly reduced cady in the 
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spray season in both areas. Population density of both adults and larvae reaching 
their yearly maxima at the end of the second spray season, indicated that 
resistance and cross-resistance to pesticides was due to agricultural sprays in the 
cotton growing area. 

From the foregoing discussion, it seems quite obvious how purposeful 
applications of insecticides to control insect pests in agricultural biotopes can 
affect susceptibility of mosquito vectors breeding in these habitats. [n view of the 
resistance problem in An_ albimanus larvae to malathion, fenitrothin, and propoxur 
in Central America, there is an urgent need for coordination of pest control 
operations in both agriculture and public health. The prior extensive use of 
promising insecticides such as malathion, fenitl'Othin, etc., in agricultural crops 
within malarious areas hampers their subsequent effectiveness in mosquito control 
programs. There is a grent need for the development of specific control agents 
used safely for vector control and not agricultural pests. 

Unlike the problem of mosquito resistance, the use of agricultural pesticides 
can hm'e some beneficial results by directly controlling mosquito populations. In 
situations where mosquito breeding occurs within agricultural fields such as lice 
paddies, mosquito populations become directly exposed to insecticidal treatments 
which are applied to control agricultural insect pests. For example, some 25 
pesticides were used to control insects, fungi, and weeds in rice and soybean crops 
in Texas. The toxicity of these compounds at the maximum field application rates 
to immatw'e Ps. columbiae was studied by Klass and Olson (1985) under laboratory 
conditions. This study showed that swvival of 2nd-instal' larvae [I'om eggs treated 
with pesticides was reduced by acephate (7%), carbofuran (42%), malathion (38%) 
methylparathion (56%), toxaphene (36%) and the fungicide triphenyltin hydroxide 
(38%). In another study, Lancaster and Tugwell (1969) obtained effective control of 
mosquitoes from insecticidal applications made to control rice water weevil, 
Lissorhoptrus OJyzophilus in Arkansas. As preflood treatments of rice plots against 
L. ol}'zophilus, both carbofuran (0.5 Ib/A) and fensulfothion (Dasani!.") at 0.75 Ib/A 
as seed treatments against rice weevil, provided 90 and 97% reduction of mosquito 
larvae, respectively. Also, natul'8l populat.ion of Ps. columhiae was found in 
untreated control plot but not in the treated ones. In a field study carried out by 
Chambers et al. (1981) in rice fields in Louisiana, early season applications of 
carbofuran granules at 19.04 kg/ha against L. oryzophilus prevented the development 
of several rice field mosquitoes, An. crucians. An. quadn-macuLalus, ex. erralicus, 
Cx. salinarius, Ps. columbiae and Uranolaenia sapphirina. Late season applications 
of methyl parathion at 2.34 kg/ha against rice stink bug Oehalus pugnaz (F.), 
prevented the reestablishment of mosquitoes and othel' nontarget organi5ffis. 
Moreover, late season applications of methomyl (dosage not given) to adjacent 
soybean field drifted into rice fields and suppressed mosquito populations. Bang 
and Self (1971) reported that in south Korea the use of insecticides to control 
insect pests in rice crops provided 30% reduction in natural population of Cx. 
t.ritaeniorhynchus. Fenitrothion (Ee) applied twice at 0.38 and 0.90 kg/l18 against 
rice stem borer resulted in theoretical concentrations of 0.76 and 1.62 ppm, 
respectively, in 5 em deep rice fields. Mosquito larvae exposed to treated field 
water sustained 100% mortality in 2 - 3 days. Moreover, no naLUral reinfestation by 
Culex larvae was noticed in treated field water during the fenitJ-othion treatment. 

[n other studies on the effects of agricultural sprays on the abundance of 
mosquitoes, Stut.z et al. (1964) documented that aerial sprays of malathion to 
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control the Mediterranean fruit fly Ceratitis capitota had a significant impact on 
Ae. aegypti Linn. in domestic zones in Miami, Florida. During the 1963 spray 
season, 39 applications of the malathion sprays at 1 gal/acre were made over a 
total of 5,125 acres of urban areas. The spray mixture consisted of 1.2 Ib of 25% 
WP malathion with 1 pint of protein bait in 1 gal of water. In the coastal areas of 
EI SalvadOl', Hobbs (1973) found that adult population of An. aibimanus was 
inversely related to aerinl applications of parathion, methyl parathion. malathion, 
azodrin, DDT, and carbaryl in cotton fields. At the same time cotton spraying also 
controlled larval mosquito populations in most breeding places. In the noncotton 
growing areas, adult density of All. albimanus remained relatively high during the 
cOlton season. In contrast, reduction in mosquito abundance in the cotton
producing areas, was attributed to agricultural insecticides used to combat insects 
injurious to cotton crop. 

The previously mentioned studies clearly show that pesticidal applications 
made to control agricultural insects can have a direct impact on mosquito 
populations cohabiting with target insect pests of agricultural crops. 

Apart from insecticides, herbicides are used to control aquatic or semi-aquatic 
weeds in aquatic situations such as rice fields, irrigation canals and lakes. Aquatic 
habitats with undesirable vegetation of weeds produce high populations of 
mosquitoes (Al-Az8wi and Chew 1959; Darwazeh and Mulla 1974). Weed control is 
therefore, carried out in various aquatic systems such as inigation ditches, ponds, 
and drainage sumps to prevent mosquito breeding and to allow free water flow in 
both irrigation and drainage structures (D8Iwazeh and Mulln 1974). For example, 
weed control in certain mosquito breeding habitats has become an essential part 
of mosquito abatement programs in California (McFarland 1968; \Vitten 1968). 

Herbicides which are applied against weeds in aquatic habitats mayor may not 
have toxic effects on mosquito larvae. In experimental ponds in California, 
Darwazeh and Mulla (1974) showed that several soil sterilant type herbicides such 
as simazine (801'1'), atre,ine (801'1'), propazine (801'1'), caprol (80), ametryne (801'1'), 
and prmllital (2EC) al I to 5 Ib/A each, were inocuous to various aquatic 
organisms including mosquitoes (ex. tarsa/is) for up to 4 days posttreatment. In 
contrast to these triazine herbicides, molinate, propanil and thiobencBl'b showed 
toxicity to mosquito eggs and larvae. In laboratory tests, the acute LC50 and LC9lI 
values of this compound to 4th·instar larvae of ex. quinque{asciatus, were 1.0 and 
2.4 ppm and to Ps. columbiae, 1.2 and 3.9 ppm, respectively (Chambers et al. 
198!). Molinate applied at a field rate of 6.72 kg/ha or 4.42 ppm in 15.24 em of dce 
field floodwatel' to control weeds, also provided complete control of the larvae of 
An. crucialls Wiedemann, An. quadrimacuiatus Say, Cx. erralicus Dyar and Knab, 
ex. salif/arius Coquillelt, Ps. columb£ae and Uf'. sQpphirina Osten Sacken in rice 
fields for 2·3 weeks. Molinate in mixture with propanil and thiobencarb alone at 
the maximum field application rates in Texas soybean and rice fields were found 
to cause 25 to 30% reduction in the egg hatch of Ps. coiumbiae under laboratory 
conditions (Klass and Olson 1985). The molinate/propanil tank mix also caused 
21% reduction in the sUlvival of 2nd·instar larvae from pesticide treated eggs of 
Ps. columbiae. Hence, these herbicides at the field rates apparently will have a 
dual advantage of controlling both aquatic weeds and mosquitoes. 

The foregoing discussion indicates that aplJlication of herbicides in aquatic 
habitats can affect mosquito populations in two distinct ways. Certain herbicides 
such as rooHnate, propanil and thiobencarb can put direct toxic pressure on 
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mosquito larvae. Other herbicides such as triazine compounds which lack direct 
toxicity Lo mosquito larvae can suppress mosquito populations by making their 
habitats unsuitable for breeding due to elimination of plants. 

G. FARA1 SANl'liITION: 
Sanitation on the farm 01' farm premises is important from the view point of 

mosquito control. The term "farm" is defined as agricultural fields, irrigation 
structures and trees grown in und around the main crop land. Farm premises 
include mainly farm house(s) and animal shelters. This section, therefore, is 
devoted to mosquito problems arising from improper sanitation in both agricultw'al 
fields and farm premises. 

I) Crop Fields: 
From the standpoint of crop production and prolection, sanitation of the farm 

is an important. consideration, cspecially to prevent insect and disease problems in 
agricultural crop situations. Pathogen-laden fallen plant leaves and other debris 
may result in epiphytotics in crop plants. Similarly, fallcn plant debris and crop 
residues can be a good source of harboring insect stagcs, especially hibcrnating 
stages that can pose a potential threat to the crop husbandry. From the standpoint 
of mosquito breeding there are insufficient data to implicate improper crop or 
orchard sanit.a.tion with mosquito production. However, there are instances where 
mosquito density is related to fallen plant debris and grassy or weedy irrigation 
ditches in agricultural crops. AI·Azawi and Chew (1959) noted that larval·pupal 
densities of Ps. columbiae were much higher in gl'assy areas and under pruned 
fronds than in areas without covel' in irrigated date palm lanes in southern 
California. Mulla and Darwazeh (1978) also found that irrigation drains with heavy 
vegetation had mosquito l8Ival breeding, whereas drains cleared of vegetation 
mechanically were devoid of mosquito larvae. 

In agricultural crop situations, mosquito breeding has been reportcd in a 
valiety of plants or plant parts. Herms and James (1961) cited Orlhopodom)/ia sp. 
in broken bamboo, leafaxils and tl'eeholes, Ae. aegypli. Ae. sierrensis Ludlow and 
An. barberi in treeholes and An. bellalor Dyar and Knab and An. cnlzii Dyar and 
Knab in water in Icafaxils of bl'omeliads. In the Philippines, Ae. poicilius and Ae. 
/lauipennis were found to breed abundantly in the leafaxils of wild banana, Afusa 
crrans botoan (Lang and Ramos 1981). Trees grown around the farm premises can 
also become a good source of treehole mosquitoes. Tree holes in a variety of trees 
such as mango J\1angi{era indica, gulmohal' Poinciana regia, Karanj Pongamia 
pinnata, and Kallal Fiscus sp. were found to breed Ae. aegypti, Ae. allJopictus 
Skuse, Ae. uitlat.us Bigot, Ae. thompsoni Theobnld, and Ae. reginae Edwards (Rao 
et al. 1969). 'free holes occasionally occul'ring in scrub oak, sycamorc, black 
walnut, cottonwood and in old orchard b'ces such as cherry, English walnut and 
olive, which cun store rain and sprinkler water, can be ideal habitats for the 
western treehole mosquito Ae. sierrensis and its relative Ae. deserticola Zavortink 
(Bailey et a!. 1954; Bohart and Washino (978). These holes could be corrected by 
filling them up with fine sand 01' draining them by boling the t.runk 01' limb with a 
brace and bit (Mitchell and Bohort 1976). 

The above mentioned studies show that sanitation in and around agricultural 
fields is one of the impol'tant mcans to reduce 01' cOlltrol mosquito problems. 
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2) Farm Premises: 
Farm premises mainly include farm house(s) and animal shelters constructed 

on agricultural lands. Improper maintenance and poor sanitation in and around 
these quarters could result in mosquito production. 

3) Farm House!>': 
Good sanitation and properly construct.ed sewage systems are necessary around 

farm houses. Cesspools and faulty septic tanks can offer ideal breeding habitats 
for the house mosquitoes (Bailey et al. 19&4). Similarly faulty septic drain and 
overOow from septic tank can provide additional breeding sources for mosquitoes 
(Mitchell and Bohart 1976). To avoid public health hazards, especially breeding 01' 
mosquitoes, the construction of these flH.:ilities should conform to approved 
sanitation and public health standards. 

4) Animal Shelters: 
Sanitation and water management around animal shelters are important in 

preventing mosquito hazards on the farm. Troughs used for watering animals may 
be potential sources of mosquito breeding (Bailey et al. 1954). Troughs with fallen 
leaves and not cleaned regularly may produce mosquitoes. Leaks and overnow 
from these troughs can also result in ponding in hoofprints of animals around 
water troughs; these small pockets of standing water provide good habitats for 
mosquitoes. Mosquitoes such as An. preloriensis Theobald and An. pUficlulalus 
punclulalus Doenitz have been known to breed in the hoofprints of animals 
(Herms and James 1961). 

Adult mosquitoes are attracted to host animals for feeding and to their 
hoofprints for oviposition. Adult mosquitoes such as Ps. c:ofwnbiae were found 
absent on irrigated ranches that lacked livestock as necessary principal host for 
mosquitoes (Al-Azawi and ehe\\! 1959). Chambers et al. (1981) demonstrated that 
hoofprints and harvest equipment tracks part.ially filled with water and rice plant 
debris, offered good ovipositional sites for Ps. columbiae and ex. saiinarius. 1b 
prevent mosquito oviposition and breeding in hoofprints, water troughs should be 
cleaned regularly and unnecessary overnow from these troughs be minimized. 
Bailey et al. (1954) recommended that mosquito breeding around animal shelters 
could be prevented by providing proper drainage, paving and/or the use of u 
mound of gravel. These workers also pointed out that many water holding 
containers are not necessary on the farm. These should be overturned or disposed 
of from the premises. 

IV. SUMMARY 

Information on the impact of various agricultural practices on mosquito 
populations has been synthesized in the present review. The breeding habits of a 
large numbcr of species belonging to different genera, i.e., Aedes, Anopheles, Culex, 
CulisetQ, Mansonia, and Psorophora, have becn discussed. Agricultural developments 
and practices may enhance or decrease the potential of mosquito production 
depending on the prevailing circumstances. 

Of the v8I'ious agricultural operations and management pl'uctices, crop systems 
by and large appeal' to pl'Ovide breeding sites for a number of mosquitoes 
including disease vectors of malaria, filuriasis and encephalitis. Washing and 
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cleaning of fruits, produce and animals can result in standing water and mosquito 
production. Rice fields, irrigated pastures, and hay mendows provide ideal breeding 
habitats for several species of mosquitoes. Mosquito production in irrigated crops, 
i.e., date palms, cotton, pastures. rice fields, etc.. and in irrigation structures such 
as canals, irrigation valves, culverts, ditches, has been discussed. In general, 
development of irrigation schemes results in an increase in the number and type of 
mosquito breeding sources. Certain practices entailing source reduction measures 
readily mitigate mosquito breeding in agricultural systems. 

liTigation or rainwater which is considered as the most essential I'equil'crnent 
for both crop plants and mosquitoes, plays a significunt role in mosquito breeding 
and proliferation. Of the various systems of inigution, surface irrigation by 
corrugations, basins, and furrows, has been implicated in mosquito production in a 
variety of crop situations such as rice fields, pastures, date palms, cotton, fruit 
tree crops. etc. Drainage or removal of excess irrigation water from cultivated 
lands is not only helpful to the yield of crop plnnts but is also useful in controlling 
water logging and salinity problems. Soil drainage aimed at removing excess or 
waste water from irrigated fields has been found essential in controlling mosquito 
problems, especially those which are vectors of malaria. It has been documented 
that conslJuction of drainage stlUctures in a mal8lious area contributed a great 
deal in controlling the malaria vectOl', An. albimanus. It also reduced larvicidal 
application by over 66% of the usual quantity applied annually. Moreover, t.he role 
of saline soil and water in relation mosquito production in irrigated agriculture is 
also addressed to in this review. 

Soil tillage are land preparation being considered as one of the basic requirements 
in crop cultivation, has direct detrimental impact on mosquito breeding through 
egg burial and eliminating breeding sources. Indirect impact of land preparation on 
mosquitoes comes through uneven topography und undesirable land slopes which 
result. in ponding and favor mosquito breeding. 

Agricultural pest control operntions involving chemical pesticides can lead to 
the development of insecticide resistance in mosquitoes. In the literature, resistance 
and cross-resistance, especially in malaria vectors, An. albimanus, An. culic:ifacies, 
An. gambiae, An. sacharoui, An. stephensi, and An. sundaicus, to organophosphate 
(OP) Bnd carbamate insecticides, are documented to be due in part. to selection 
pressure resulting from agricultural use of insecticides. Insecticides used to control 
insects attacking rice and cotton crops have also shown acute toxicity to mosquito 
larvae in these habitats. Moreover, certain herbicides such as molinate, used to 
control weeds in rice fields have been found toxic to mosquito larvae. 

Finally, sanitation on the farm and farm premises including farm house and 
animal shelters, is found vel'Y important in controlling mosquito hazards. Fallen 
plant debris and weeds which may block water flow in irrigation ditches may lead 
to ponding and mosquito breeding habitats in the ditches. Tree holes in fl'uit and 
shade trees. and leafaxils of certain plants (i.e., banana leaves) can pl'Ovide 
breeding sites for mosquitoes. At the farm house, cesspools, open drains, faulty 
septic tank or its overnow can pose potential health huzard, especially resulting in 
heavy production of mosquitoes. Around animal shelters prolonged stay of water 
in \vater troughs, barrels, and tubs can breed mosquitoes. \Vater now from troughs 
and small pockets of water in hoofprints of animals can provide additional sites for 
mosquito oviposition and breeding. 
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Abstract: The horn ny, Hucmatobia irritafls (L.) is a major pest. of pastured cat.t1e in North 
Dakota. Since 1980 increasing numbers of Nonh Dakota caU.lcmcn ho\'c controlled this fly by 
the use of Jlyrcthroid·impregnal.ed ear tags. During the summer of 1985, t.he first reports of 
Oy control failure in herds treated \vith insecticide car tags werc received. In our 1986 study, 
p;,:rethl'Oid insecticide resistance was document.ed in horn Oy populat.ions in four locations in 
North Dakota. The degree of resistance was quantified fol' the herds tesled. 
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The horn fly, Haematobia irritans (L.), is a serious biting fly pest of cattle 
which causes economic losses (Kunz et al. 1984; Quisenberry and Strohbehn 1984; 
Meyer and Kopp 1985). Prior to 1980, livestock producers used chlorinated 
hydrocarbons and organophosphate insecticides as sprays. in back-rubbers, in 
dusters and in oilers for horn fly conb·ol. In 1980, pyrethroid-impregnated livestock 
insecticide ear tags became commercially available and were effective in providing 
horn fly control 011 pastured animals (l<opp et al. L982). North Dakota livestock 
producers rapidly adopted the use of insecticide car tags through the early 19805 
and the effectiveness of the tags was documented in trials conducted in the state 
(Kopp et al. 1982; Kopp and Meyer 1983; Kopp et 01. 1984). 

Increased dependence on insecticide-impregnated ear tags ]'csulted in decreased 
use of sprays, dust bags, oilers and back rubbers for hol'll fly control. In August of 
L985, the first reports of insecticide ear tags not providing adequate control were 
received. During the grazing season of 1986 we observed the first instances of horn 
fly control failure on cattle treated with insecticide ear tags in )Joreh Dakota. 

Nationally, widespread usage of pyrethroid ear tags had been followed by the 
development of pyrethroid insecticide resistance in populations of horn flies. The 
history of the documentation of hom fly resistance to pyrethroids began in the 
southern Uniled States (Sheppard 1984; Sparks et al. [985; Sheppard and Hinkle 
1985; Kunz and Schmidt 1985; Schmidt et al. 1985). 

The objective of this study was to document and quantify levels of resistance 
to synthetic pyrethl'oid insecticides in North Dakota horn Oy populations. 

MATERIALS AND METHODS 

Horn flies were collected with either a Black and Decker rechargeable vacuum 
when cattle were l'esl.mined 01' by sweep netting over the backs of cattle when 
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penned. Collected flies were held in a 1 ft sq (30.5 sq cm) screened cage until 
sufficient numbers were collected. Ten to 12 flies were transferred from the 
holding cage into plastic petri dish assay chambers (Sheppard and Hinkle, 
personal communication) for the test. Disposable plastic petri dishes (Falcon 
:#1005), 100 mm in diameter, were prepared by melting eight small ventilation 
holes in the dish bottom and one hole, ca_ 65 mm in diameter, in the side to use as 
a lly introduction portal. Whatman No_ L filter paper disks, 9 cm in diameter. were 
treated with 1 ml of an acetone solution of fenvalerate using the dilution series 
given in Table 1 (Sheppard and Hinkle 1986). The treated disk was 1}laced in the 
cover of the test dish and the dish was invelted. All treatment concentrations were 
replicated three times and held in a prepared field kiL 

Table 1.	 Dilution series of fenvalerate concemrations prepared by pipetting 1 ml 
of acetone solution onto filter paper disks. 

Dose range j.Jg/crnz 
Step 50% dilution per step 

I 12.50 
2	 6.25 
3	 3.12 
4	 1.56 
5	 0.78 
6	 0.39 
7	 0.19 
8	 0.09 
9	 0.04 

The effect of the pesticide on the test insects was assayed at hourly intervals 
fol' 4 hI' following: treatment. Insects which could no longer walk were considered 
dead for the purposes of the test. Data '''ere analyzed using the SAS probit 
analysis (SAS 1982) and a resistance ratio was determined bused on a 2 hI' LCfiO 
value derived from a known susceptible lab strain of horn nies tested lIsing the 
same procedure by Or. Craig Sheppard (University of Georgia). 

Horn fly populat.ions were tested from four North Dakota locations. Tests were 
made at Buchanun (central NO) on 30 July and 4 September; Ft. Vales (south
central ND) on J4 August; Enderlin (sout.h-east) on 5 September; and Carson 
(south-west NO) on 10 Septelnber. 

RESULTS AND DISCUSSION 

All populations of hom flies tested showed high levels of resistance to fenvalerate. 
The t.ested herds were selected because they showed control failure in 1986 and 
had a previous history of the use of insecticide ear tags. In all tesls herds, the 
insecticide ear tags had been applied according to the label recommendations. 

A 79-fold resistance in the Ft. Yates flies was the highest degree of resistance 
found in this study (Table 2). The resistance ratio (14) for Carson flies was the 
lowest tested; however, high fly numbers indicated that control was not achieved 
at even this resistance level. Flies from the Buchanan herd were retested on 4 
September and the resistance ratio had dropped from 40 to 32 over that pCliod.. 
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Table 2. Response to fenvalerate of tested horn fly populations. 

Resistance 
ratio 

Location LC", LC,. Slope (R/S)' 

Lub susceptible 0.13 
Buchanan, NO (i/30/86) 5.15 H.73 2.81 40 
Buchanan, NO (9/4/86) 4.10 8.22 4.24 32 
Ft. Vates, NO 10.28 39.86 2.18 i9 
Enderlin, ND 2.64 5.52 4.00 20 
Carson, NO 1.62 4.00 2.83 14 

• Resistance mlio "" Test LCM/Lab LC.YI. 

Statistically different levels of resistance were found between populations of 
nics from the locations tested; this estimate was based on the existence (or lack 
thereot) of overlap in the 95% confidence intervals fol' the tested populations (Fig. 1). 
Although the resistance ratio dropped at the Buchanan site this difference was not 
significant when estimated by the overlap of 95% confidence intervals. 
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Fig. 1.	 LCso values and confidence intelvals for the tested populations of hom 
nies. LC50S not connected by the same line are significantly different. 
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Herds found to have pyrethroid-resislant flies all had a history of yearly use of 
pyrethroid-impregnaled ear tags from 1981 or 1982. Thus, control failures were 
first noted on herds of producers who have traditionally had ny control 
programs. 
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Abstract: The biology and behavior of Atholus ,."tI,hjrc:hi Bickhul'rlt were !ltudicd in the 
labol'atmy to define tbe developmental history find hnbils of this manuru-nt.tl'8cted beetle. 
Females deposit eggs in soil (0.5 - 2.0 em deep) beneat.h the manure. Embryonic incubation 
required 24 hr, larval development (2 instal's) ell. 11.G d, and pupation 10 adult llvcJ'ogcd 14 d 
at 25 - 28°C. Development from egg to adult averaged 26.3 d. 

I<cy Words: Hist.eridac, predator beetles. horn l1y, Oy suppression. 

J. Agric. Entoma!. 4(1): 136-140 (April 19B7) 

Several imported species of Histeridae are being evaluated as potential control 
agents of the horn ny, Haemalobia irrilans (L.). Most species of Histeridae are 
carnivorous and the adults and larvae prey upon insects that are commonly found 
in cardon, excrement, and other decomposing organic substances (Balduf 1935). 
An established breeding colony of Atholus rothhirchi Bickhardt. an African histerid 
(Legner et al. 1981), is under investigation to determine if the common occurrence 
of these beetles in cattle dung (Toyama and fkeda 1976) contributes to horn fly 
suppression. We report here on preliminary investigations of the biology of A. 
rothhirc:hi. 

MATERIALS AND METHODS 

At/lOtus rothhirchi wus colonized in September 1985 from 5 adults collected in 
Maui, HI. These adults were placed in a plastic cage (8.5 cm X 25 cm diameter) 
filled to a depth of ca. 2.0 em with sandy soil, and held in constant light at 25
28°C and 40 - 90% RH. The cage was fitted with a lid constructed partially of 
cotlon muslin to provide ventilation. Approximately 100 g of fresh cow manure was 
placed on the soil surface ,.,Iith stable fly eggs added as a food source. Fresh 
manure was added occasionally as manure aged and dried and became unsuitable 
for maturing fly larvae. The cages wel'e cleaned cn. every 4 wk. Beetles and 
manure were removed from the cages, the soil was carefully sifted 3·4 times to 
recover Atholus eggs and l8Ivae, and the manure was broken ap8l't and meticulously 
inspected for adults and lalvae. Containers holding the sifted soil and the 
inspected manure were flooded with tap water which caused undetected adults to 
float Lo the surface for subsequent recovery. No eggs or larvae were recovered in 
this manner. 

Oviposition sites were determined for A. rothhirchi by making daily observations 
to determine ovipositional activity as previou.sly reported for I-lister coenosus 
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Erichson and Hisler incertus Marseul (Summerlin et aL L981). Eggs were removed, 
individually isolated in 50 em X 0.7 em petri dishes containing moist sandy soil, 
Hnd measured (length and width) using a binocular microscope with an eyepiece 
micrometer. Measurements of width were of the widest portion of the egg. Eggs 
were held at the same ambient conditions described above, covered with a dark 
cloth, and inspected several times a day for hatching. Measurements of newly 
hatched larvae were made as described with the width being determined at the 
widest portion of the head capsule. Larvae were provided 300·400 stable ny, 
Stomoxys ealeitrans (L.), eggs as food on a daily basis. Following cclosian, the 
neonate larvae were transfeJ'l'cd individually to 5 em X 0.7 em petri dishes 
containing moist filter paper disks so that observations of the larval instal'S could 
be achieved without obstruction. Larvae were held at ambient conditions under a 
durk cloth for the dUl'fition of their development. Individuals were removed 
periodically for measw'ement. Observations were made daily from oviposition to 

adult eelosion. New adults were transferred to separate cages and held under 
similar conditions; each generation was kept separate. The times required for egg 
incubation, l8Ival instal'S, initiation of pupal cell formation, pupation, and adult 
development were recorded. 

RESULTS AND DISCUSSION 

Adult A. rothkirchi are black, oval beetles varying from 4.0 mm to 4.3 mm in 
body length and from 2.6 mm to 2.9 mm in width. Males and females are 
morphologically indistinguishable. Elytra are striate with 5 complete striae, and 
the 5th is sometimes joined to the sutuml stria near the basal margin of the elytra; 
tibia of the forelegs are distinctly tridentate (Fig. L). 

Males and females mated in or under the manure to which they were attracted. 
Females deposited single eggs vertically 01' horizontnlly in the soil 0.5·2.0 cm 
beneath the manure. Eggs were pearly white, glistening, and bluntly rounded at 
both ends (Fig. 2). Newly deposited eggs measured 0.858 X 1.716 mm in width and 
length, respectively (Table 1). The incubation pel'iod for the eggs was 24 hr at soil 
temperatures of 25 - 28°C. 

Only two larval instal'S of A. rothkirchi were obsen'ed. This is consistent with 
the findings of Lindner (1967) in his study of six other species of histerids. Newly 
hatched larvae were uniformly white but the head capsule became fully pigmented 
(dark brown) within 6 hr. The initial length of newly hatched larvae (Fig. 3a) 
ranged from 3.4 to 6.1 mill, und the head capsules were a uniform 0.572 mm wide. 
The duration of the first larval instal' was highly variable ranging from 3 to 11 d, 
averaged 7.5 d. After molting to the second instal' (Fig. 3b) the head capsule 
measured 1.0 mm. The initial length of the second stage larvae mnged from 6. L to 
8.6 mm. This increased to ca. 11.4 mm plioI' to pupation. Afler 3 - 6 d the maturing 
second instal' lmva became a prepupa (Fig. 4) characterized by a uniformly pale 
yellow coloration, and spent from l to 3 d constructing a pupal chamber beneath 
the manure. \,vithin the chambers. newly formed pupae were white with the head 
depressed beneath the pronotum. The abdomen was conical; the last segment had 
vestiges of anal ul'Ogompbi (Pig. 5). Pupae averaged 4.1 mm in length. Pupation 
OCCUlTed in this fragile chamber constructed of manure and sand particles (Fig. 6). 
Prepupal larvae exposed on moist filter paper disks in petri dishes (5 em X 0.7 
em) c11e'....ed and shredded the paper and formed pupal chambers with the 
maslicated paper (Fig. 7). 
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Fig. \. Adult A. roth/~i,.(;hi.
 

Fig. 2. Egg.
 
Fig. 3. (aj First instar larva, (b) Second instal' larv3.
 

Fig. 4. Pl'epupa.
 
Fig. 5. Pupa.
 
Fig. 6. Pupal chamber mude of manure and sand particles.
 
Fig. 7. Pupal chamber mude of masticated filter paper.
 



Table 1. Measurements of developmental stages and developmental times of Atholus rothkirchi reared in the laboratory at 25
28°C. 

Number Length (mm) Width (mm)' Development time (days) 
Stage observed Range Mean + SD Range Mean + SD Min Max Mean + SD 

Egg 12 1.716' 0.858' 1 1 1 
1st instal" 8 3.4 . 6.1 5.2 ± 0.9 0.572 t 3 11 7.5 ± 3.1 
2nd instar 13 6.1· 8.6 6.5 ± 0.8 1.001 ' 3 6 4.1 ± 1.2 
Prepupa 10 11.3·11.4 11.4 ± 0.05 1 3 2.4 ± 0.8 
Pupa 8 3.9· 4.6 4.1 ± 0.3 13 15 14.4 ± 0.9 
Adult 8 4.0· 4.3 4.2 + 0.1 2.6·2.9 2.7 + 0.2 23; 30t 26.3 + 3.1 
• Measurements of width wert" of the widest portions of the egg and adult abdomen; measurements of IUl":ae were of the width of the head capsule.
 
t No variation exi!"t~c1 in widlh or length within accuracy of measurement.
 
~ Variations in the value~ of minimum and maximum are due to the use of different laf"\'al sample sets and to mortality and variation in developlllent niles between
 

stages of individuals. 
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Dl1I'ing maturation, eyes of the pupae darkened first, followed by the darkening 
of the legs, thorax, and abdomen. Thirteen to fifteen d Wel'C required before 
eclosion. The newly-formed adult beetles remained in their pupal chamber another 
3 - 4 days as they became fully pigmented and hardened. Adults emerged from the 
chambers by gnawing through the chamber wall. Development from egg to adult 
averaged 26.3 d. 

As more A. rothkirchi become available through laboratory rearing, tests will be 
conducted on the efficiency or these beetles in consuming larvae of N. irritans, S. 
calcitl'rl/1s and Musca domeslica (L.). 
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BOLLWORM AND TOBACCO BUDWORM':
 
SUSCEPTIBILITY TO METHOMYL AFTER A DECADE OF USE'
 

D. A. \Volfenbarger,3 S. M. Mayeux;~ R. J. Palazzo;' 
J. B. Graves,' J. R. Raulston,' and L. Guerra-Sobrevilla' 

Abstroct: 'lbpically-appJied conccnlrl.ltions of methomyl required to kill 50% of the tobacco 
budworm. f1cliothis uirescetls (P.), and the bollworm H. zell (Boddie), larvae of labomtory
reared strnins (LSS) that were considered to be susceptible 10 insecticides varied from 0.054 
to 8.0 jJg/larva (average 1.8) and 0.036 to 0.2 1lg/lar\'3 (8\'crage 0.15), respectively. From 1966
1983. topical applications of mcthomyl to field-collecled strains (FeS) of the tobacco 
budwonn from 46 collections made in nine stales in the United States and St. Croix, Virgin 
Islands, resulted in LD!JO values ranging from 0.14 to 160.82 Ilg/Iarva (average 11.90). LD9) 
mlues for 14 of these collections were 2::: 10 jJg/lar....a, and strong resistance (2::: 50 jJg/larva) 
.....as shown in insects collected from colton near Ltl Feria. TX. Shreveport, LA. und the 
lrnperial Vnlley, CA. LOw values for two of 9 collections from r\'lcxico also exceeded 50 Ilg/ 
larva. Although a trend for resislance to methom.yl was apparent in tobacco budwonns, 
bollworms from 40 collections showed no such trend. In addilion, responses to methomyl of 
crosses of LSS and FCS of the tobacco bud.....onn are reported, lind those of adults vs. Imvae 
of both species are compared. Response of bollworm reared from various hosts and then 
treated were also compared. 

Key Words:	 Insecticide resistance, methomyl, :'Jorlh America, l\'fexico, bollwoml, tobacco 
budworm. 

J. Agric. Entomol. 4(2); 141-152 (April 1987) 

In L970, methomyl was registered for use on cotton in the United States to 
control the tobacco budworm, Heliothis uirescens (F.). and the bollworm, I-l. zea 
(Boddie). Prior to that, carbaryl ......'85 widely used to control these insects on cotton 
and corn. However, Adkisson (H)68) reported resistance in the tobacco budwonn 
to carbaryl after this insecticide had been used for about 10 years. 

In Texas, the toxicity of methomyl to the tobacco budwol'm in laboratory tests 
was first reported by Wolfenbarger and Redfern (1968), and in field experiments 
against the bollworm-tobacco budworm complex from 1968 to 1970, by Hanna 
(1970) and McGarr (1973). Wolfenbarger (1973) detennined 4- to 8-fold greater 
LDoo values for field-collected strains (FCS) than for 8 laboratory susceptible 
strain (LSS) of the tobacco budworrn. Lentz et al. (\974) in Arizona, Pate (1966) 
and Furr (\978) in Mississippi, osky et al. (1980) in the Lower Rio Grande Valley 
(LRGV) of Texas, Herzog and Ottens (1982) in Georgia, Martinez-Carrillo and 
Reynolds (1983) in California, Luttrell et al. (1979) in Arkansas, and Gra,'es and 
Clower (1975) and Mayeux (L976) in Louisiana, obtained one or more LDr.o values 
fol' FeS and/or LSS strains of the tobacco bud worm to methomyl. Also, 
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Wolfenbarger et aJ. (1981), Herzog and Ottens (1982), Luttrell et aJ. (1979), Mayeux 
(1976) and Lentz (L974) obtained one or more LDr.o values for methomyl against 
LSS and/or FeS bollworms. An overview of the variations in response, reflecting 
the status of resistance or susceptibility, to methomyl with the strains of these two 
Heliothis species is provided here by the consolidation of the determinations of the 
various authors and additional determinations made at Brownsville, TX, for 
insects collected in the LRGV, Mexico, and El Salvador. We reported the 
responses of LSSs and FCSs of the tobacco burlwOl'tnS to methomyl and the 
variation of response to methornyl of bollworms collected from different host 
plants. 

MATERIALS AND METHODS 

Methomyl was obtained in technical grade from the manufacturers. Strains of 
tobacco budworms from St. Croix, Virgin Islands (Furr 1978), Mississippi (Pate 
1966), North Carolina (Herzog and Ottens 1982), Missouri (Luttrell et aJ. 1979), 
and Louisiana (Graves and Clower 1975) were designated as LSS by the authors. 
Another susceptible strain, obtained from the USDA, ARB, Tucson, AZ, was 
reared at Brownsville, TX (Wolfenbarger et al. 1984), and at Riverside, CA 
(Martinez-Carrillo and Reynolds 1983). Eggs and larvae of FCS bollworms were 
collected in the field from corn and cotton, and those of FCS tobacco budworms 
were collected from tobacco, cotton, 01' crimson dover in the United States, 
Mexico, and EI Salvador. 

Handling of Insects 
At our laboratory in Brownsville, TX, both LSS and FCS were reared in the 

following manner. Pupae were held in cartons (0.5 - 1.0 liter capacity) containing 
vermiculite, until they emerged. Adults were then placed in clean cartons, each of 
which was supplied with sugar water and a cheesecloth cover that served as an 
oviposition substrate. Newly-emerged larvae of each strain were held singly in 22· 
ml plastic cups containing ca. 10 ml of artificial diet throughout the test. Methods 
used at the other locations are described in the appropriate references. 

Thpical Treatment of LSS alld FCS Larval! and Adults to Determine LDw Values 
Fifty percent serial dilutions in acetone of methomyl were made to achieve 13 

doses of 160 to 0.0195 J.lg/larva or adull Various concentrations were applied 
topically with a microapplicator to the dorsum of the thorax of the insect as 
described for larvae by the Entomological Society of America (1970). Prior to 1973 
we treated 30 - 300 lalvae per dose in 2 - 5 replicates; these larvae were of the first 
through sixth generation from the field, and each larva weighed 35 ± 5 mg 
(Wolfenbarger and Redfern 1968; Wolfenbarger 1973). Thereafter, we treated 30 - 150, 
25 ± 5 mg larvae per dose in 2 - 5 replicates; these replicates were also of the first 
through sixth generation from the field (Nosky et al. 1980). All lalvae from each 
generation were used in tests, but numbers differed from generation to generation. 
The doses were bracketed to provide LD50 values (expressed as micrograms of 
toxicant/larva), and 95% confidence intervals were determined by the probit 
analysis given in SAS User's Guide (1979). A significant difference in LDr,o values 
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between strains and crosses of strains was assumed to exist when the confidence 
intervals (C.L) did not overlal>. 

Analysis of the Variation in Response of the Tobacco Budworm and Bollworm to 
A1etlwmyl in the United States and the LRGV Ouer nme 

The L050 values for 46 PCSs of the tobacco budworm, taken in 11 of the years 
between 1966 and 1983 und averaged for the years in which at least one LOr.n was 
determined, were tested by Iinenr regression of SAS User's Guide (1979) ,...herc X 
= year and Y = mean LDfIO. LOr,o values for 40 FCSs of the bollworm, taken in 
seven of the years from 1968 to L983 and averaged for the years in which at least 
one LOt.o was determined, were also tested by the same regression equation. Also, 
LDr-1) values for 13 FCSs of the tobacco budworm frolll the LRGV were used for 
the lincal" regression equation. In addition, the standard deviation (s) for the mean 
wus determined by a programmable calculator. 

Respoflse of Tobacco Budll10rm FCS, LSS, alld Reciprocal Crosses to iVletJwmyl 
The pes tested with methomyl was collected from cotton in 1974. Reciprocal 

crosses of the FCSs (no more than t,,,,·o generations from lhe field) and the Tucson 
LS (Wolfenbarger 1973) were made, and the progeny of these crosses were reared 
and topically treated as were those of the FeS and LSS. 

RESULTS AND DISCUSSION 

I?espoflse of LSSs of the '/hbm:co Budworm to MetilOmyl 
The LOr,n values obtained for the Tucson LSS ranged frill 0.054 to 8.0 f.lg/larva, 

H 148·fold difference; L051l values for the other LSSs nlllged from 0.17 to 1.64 /lg/ 
larva, a to-fold difference ('fable 1). The mean ± s for all LO.:.o values for the 
touacco budworm was 1.82 ± 2.48. The s was greater than the mean, indicuting 
wide variation. 

Response of 46 FCSs of the 'lobacco BlIdworm to Met/1Omy' in the United States and 
the Virgin Islands 

The LDroo values for FeS tobacco buclwonns collect.ed between 1966 and 1983 
at various sites in nine slates and rhe Virgin Islands ranged from 0.1· 160.82 Ilg/ 
larva, and the mean ± s for all locations was 11.90 ± 26.99 (Table 2). LDsos ± s in 
1966, 1970, 1972, 1974, 1975, 1976, 1978, 1979, 1980, 1981. 1982, and 1983 were 0.56, 
13.33 ± 4.35,0.74 ± 0.53,0,94, 15.48 ± 28.57,8,32 ± 6.46, 1.28 ± 1.63,3.01 I 0.93. 
26.96 ± 32.58, 6.64 ± 5.42, 13.44 ± 15.66 and 80.93 ± 112.98. The large standard 
deviations about the meal1~ indicate wide variation in LD.j{I values across the 
United States and the Virgin Islands (Table 2). However. both time and space are 
involved, and representative collections must be made from time-to-time within 
each area if true response of these insects to methomyl is to be known. LDr,u 
values for fourteen (30%) of Lhe collections wore ~ 10 /lg/lal'va. Resistance was 
most. strongly indicated in the collections from La Feria, TX, Shreveport. LA, and 
the Imperial Valley, CA, with LOr,1) values of 160.82, 80.0, and about: 50.0 /lg/Iarvu, 
respectively. The LDfiO values of 13 FeSs in the LRGV, an arca of ca. 13,000 km::!, 
avenlged 17.74 ± 43.25 J.Ig/larva, again indicated wide \,fII·iation among collections 
(Table 2). 
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Table	 L. Toxicity of methomyl to laboratory susceptible strains of the tobacco 
budwonn and the bollworm. 

LD50 (llg/laJ'V8 
arter 48 - 72 h) 
(95% confidence Year 
interval) tested Source of strain 

Tobacco BucJworm 
0.056	 1966 Mississippi (Pate 1966) 
4.4 (3.2-5.6) 1967 Tucson 
2.5	 1970 Tucson (Wolfenbarger 1973) 
0.20	 1972 Louisiana (Graves and Clower 1975) 
0.054 (0.022-0.096) 1974 Tucson 
1.64	 1976 Sl Croix (Furr 1978) 
0.24 (0.19-0.3) 1977 Tucson 
0.13 (0.09-0.19) 1978 Tucson 
8.0	 1978 Tucson (Nosky et aJ. 1980) 
0.17 (0.13-0.21) 1979 North Carolina (Herzog and Ottens 1982) 
0.081 (0.065-0.098) 1979 Tucson (Martinez-CarriJIo and Reynolds 1983) 
3.9 (2.6-5.2) 1980 Tucson 

Bollworm 
0.35 (0.27-0.44) 1967 Arkansas 
0.2	 1972 Louisiana 
0.036 (0.032-0.041) 1977 Missouri (Luttrell et aJ. 1979) 
0.072 (0.064-0.09) 1977 Missouri (Luttrell et aJ. 1979) 
0.098	 J980 Georgia (Wolfenbarger et 81. 1981) 

Table 2. Toxicity of methomyl to field·collected strains of the tobacco budworm 
(found on cotton, unless oihcn.... ise stated). 

LD" (~g/I..va 
arter 48 - 72 h) 
(95% confidence Year 
interval) tested Source of strain 

0.56 
10.25 
16.4 
0.1 
0.2 
0.62 (0.46-0.83) 
1.0 
1.0 
1.5 
0.94 
2.03 (1.14-3.49) 
2.60 (a-a)' 
3.83 (2.60-7.98) 
4.51 (1.91-113.0) 
5.37 (3.20-20.19) 

1966 
1970 
1970 
1972 
1972 
1972 
1972 
1972 
1972 
1974 
1975 
1977 
1975 
1975 
1975 

Rolling Fork. MS (Fun 1978) 
Brownsville, TX (\Volfenbarger 1973)
 
Brownsville, TX (\Volfenbarger 19(3)
 
Louisiana (Graves and Clower 1975)
 
Louisiana (Graves and Clower 1975)
 
Arizona (Lent.z et al. 1974)
 
Louisiana (Graves and Clower 1975)
 
Louisiana (Graves and Clower 1975)
 
Louisiana (Graves and Clower 1975)
 
Brownsville, TX
 
DeITy. LA (Burr Cucumber) 
Hammond, LA (Crimson Clover)
 
Monroe, LA (Crimson Clover)
 
Bordelonville. LA
 
Walerproof. LA (CI;mson Clover)
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Table 2. Continued. 

10.0 (a-a)' 
80.0 (a-a)" 

1.64 
4.28 

11.82 
15.52 
0.14 
0.55 (0.46-0.66) 
3.15 (2.28-4.73) 
2.35 (1.71-3.45) 
3.67 (1.66-5.65) 
3.92 (2.31-8.99) 

>50.0 

0.06 (0.0-0.21) 
2.19 (1.09-4.17) 
3.45 (1.44-5.82) 
3.80 (2.13-11.83) 
6.71 (4.16-13.02) 
9.79 (2.44-a)' 

10.50 (2.97-23.23) 
16.63 (8.44-31.99) 
0.3 (0.23-0.38) 
0.51 (0.13-1.08) 
4.05 (1.05-8.11) 
6.13 (4.56-8.14) 

13.52 (8.68-23.67) 
15.59 (10.77-20.89) 
19.38 (8.38-31.38) 
48.02 (30.92-89.31) 

1.04 (0.71-1.48) 
160.82 (58.5-5881.33) 

1975 
1975 
1976 
1976 
1976 
1976 
1978 
1978 
1978 
1979 
1979 
1980 
1980 

1981 
1981 
1981 
1981 
1981 
1981 
1981 
1981 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1983 
1983 

Shreveport, LA 
Shreveport, LA 
St. Croix, VI (FUIT 1978) 
Hollyknoll, MS (Furr 1978) 
Stoneville, MS (Furl' 1978) 
Greenville, MS (Full' 1978) 
Louisiana 
Brownsville, TX 
Cameron, SC 
Georgia (Herzog und Ottens 1982) 
Califomia (M81tinez-Canillo and Reynolds 1983) 
Bl'Ownsville. TX 
Imperial Valley. CA (Martinez-Carrillo and 
Reynolds 1983) 
MSt 
Pharr, TX 
AKt 
Weslaco, TX 
Raymondville, TX 
Brownsville, TX 
TX' 
AK' 
AKt 
NCt 
LA' 
CAt 
LA' 
TX' 
CAt 
CAt 
Mercedes, TX 
La Feria, TX 

• "a" indicates infinity.
 
t Taken from Leeper and Raffa (1986).
 

Furr (1978) in Mississippi found a 27-fold increase in LD50 values of methomyl 
between 1966 and 1976, which indicated increased resistance. Tn addition. the LDso 
values for rcss in Louisiana in L975 were LO- to 400-fold greater than the vaLue 
for the LSS reported for L972 by Graves and Clower (1975). In California, 
Martinez-Carrillo and Reynolds (1983) observed an increase in FCS resistance of 
13-fold between 1979 and 1980 (Table 2). Working with another California FCS 
collected from the same area, Leeper and Raffa (1986) determined an LDso of 48 
Ilg/Iarva which resembled the results obtained by Martinez-Carrillo and Reynolds 
(1983), (Table 2). 

Elsewhere in the United States, Leeper and Raffa (1986), showed mean LD50 of 
7.66 in 1981; we obtained a LDr,o ± s of 5.63 ± 3.35 from collections made in 1981 
and the standard deviation we det.ermined for 1981 included the mean LDso of 
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Leeper and Raffa (1986). In 1983 we determined an LD"o value of 80.93 and from a 
line drawn between 1981 and 1983 data points showed a value of 13.0 for 1982. 
Leeper and Raffa (1986) determined a mean LD50 of 13.44 in 1982. Thus, the 
estimated value for 1982 was confirmed fol' the tobacco budworm. 

The lineal' regression, Y ~ 9.30 + 2.27X (I' ~ 0.50) was not significant (df ~ II, 
P .5. 0.05); however, mean LD5lI values for the FCSs indicated a [rend for 
increasing resistance from 1966 to 1983. Also, because the smaller larvae used 
after 1973 may have been slightly morc susceptible to methomyl, peaks were 
observed in 1970, 1975, 1976, 1980, 1982, and 1983; valleys were observed in 1966, 
1972, 197,1, 1978, 1979, flnd1981. However, both peaks and valleys gradually rose 
over the 17 years. More LOr,1I values have been determined in the LRGV, and over 
a longer period of time, than in any other area of the United States. LDlios of 
methomyl to strains collected in the LRGV area averaged 13.33, 0.94, 0.55, 3.92, 
5.63 and 80.93 ~g/lal'Va in 1970, 1974, 1978, 1980, 1981, and 1983, respectively, for 
an average LD50 of 17.74 ± 43.26. The linear regl'ession Y = -17.66 + 3.02X (I' = 
0.47) was not significant (df = 4, P .5 0.05) for 26% of the strains tested (12 of the 
46). These data also indicated a trend for increasing resistance over the 6 ye8l"S 
the st.rains were treated. Peaks of resistance were observed in 1970 and 1983, while 
valleys were observed in 1974 and 1978. On the other hand, a peak and a valley for 
the LDr.o values across the United States occurred in 1980 and 1981, respectively. 
Also, the LOao values of Leeper and Raffa (1986) confirmed the peak and valley 
senario for resistance by the tobacco budworm to methomyl. 

Response of Nine FCSs of the Tobacco 13udworm to Methomyl in Mexico 
The LD,,, values averaged 16.1 ± 26.66 ~g/Iarva and ranged from 0.043 ~gllaIva 

for collections from Hermosillo, Son., to 66.65 Ilg/Ialva for collections from Torreon 
and Matamoros, Coah.. and Gomes Palacio, Chih. (Fig. 1). (Because the latter 
three collection sites were within 30 km of each other, the insects were combined 
and designated as the Torreon collection.) Wide variation was again indicated by 
the s which was ca. 70% greater than the mel\n, and the high and low values for 
the nine ress differed 1,550-fold. The second and third highest LDao values 
occurred in 1981 in a strain from Felipe Carrillo Puerto, Mich., and in 1970 in a 
strain from Cd. Mante, Tamps., respectively. Values for collections made at 
Hermosillo, Mexicali, Caborca, Valle de Yaqui. and Guaymas, Son., and Manuel, 
Tamps., averaged 0.42 ± 0.4 Ilg!larva, indicated resistance in only 2570 of the 
strains tested in 1980· 1981. 

In 1982 Leeper and Raffa (1986) determined an LD:-.o of 3.6 j.1g/larv8 for insects 
from Mumuncuera, Son., and this value was 12.4-fold greater than the LOao of 0.29 
which they obtained in 1981. We suggest Ihut such variation can be expecled. 

Comparisons of Responses of FCS and LSS 7bbacco Budworms to Met.JlOmyl 
The LDr,o values and C.l.s for the FCS and LSS treated with methomyl were 

0.94 (0.44 - 3.54) and 0.054 (0.022 - 0.096), respectively. Treated progeny of the FCS 
X LSS and LSS X FCS crosses had LDlifl values and C.l.s of 0.4 (0.27·0.54) and 
0.7 (0.59 - 0.82), respectively. Thus, the C.l.s of the LOr,o values of methomyl fol' 
the FeS and the reciprocal crosses were significantly different from those of the 
LSS. Similar results were obtained by ROllsh and \Volfenbarger (1985). The same 
authors, working with crosses of FCS tobacco budworms from Torreon, Mexico, 
and LSS tobacco budwonns from St. Croix, V.I., reported that resistance exhibited 
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\C
MEXICALI 0.2 (1981) METHOMYL 

'cASORCA 0.38 (1981) .. BOLLWORM 
\\0 HERMOS;(:LO 0.043 (19811 

o TOBACCO BUDWORM 
VALLE	 DE YAQUI. ~ 

0.47 l\UAYMAS 0.28(198~1 (19~ 
• TORREON 66.65 (1981) 

( 
MANTE 19.3 (1970)
 

TEPIC 0.13 (981) ~ •• MANUEL 1.17 (1980)-->
 
FELIPE CARRILLO PUERTO. ... POZA RICA 0.062 (1981)
 

56.65	 (19811 ~ 

MAZATAN 0.61 (I980) 

EL SALVADOR 
2.98 (1980) 

Fig. 1.	 LDr.o values for toxicity of methomyl (J..Ig!lslva) to strains of the tobacco 
budworm and the bollworm from various areas of Mexico, t970· t981. 

by the progeny to methomyl was autosomal and incompletely dominant. The LDr". 
values obtained fOI" the reciprocal crosses overlapped the 95% C.I.s of the LDr.n 
values for the Torreon FeS, and they were intermediate to the Torreon FCS and 
the St. Croix LSS, suggesting that the progeny of crosses of resistant and 
susceptible strains resemble the resistant parent more than the susceptible parent 
in their response to methomyl. Collectively, all the crossing experiments indicated 
that methomyl resistance was inherited as a dominant trait. These results support 
the earlier work (Roush and Wolfenbarger 1985) and arc presented to sUPI>ort the 
outcome of pairings when resistant and susceptible insects reproduce. 

Respomie lo Methomyl of Adults vs. Larvae of the Tobacco Budworm 
The LOw values and C.f.s for larvae of the LSS tobacco budworm were 0.13 

(0.09 - 0.L8) as compared to 1.79 (0.29 - 3.63) for adults, a L4-fold difference; for the 
FCS, they were 0.L4 (0.09 - 0.L9) for larvae and 1.71 (1.34 - 2.21) for adults, a 12
fold difference. These results are presented to show the magnitude of difference of 
doses required to kill adults vs. larvae, an important consideration in studies of 
resistance. 

Response of LSS Bollworms to Methomyl 
The LD" values obtained for five LSSs (Table I) ranged from 0.036 Lo 0.35, a 

lO·fold difference. The mean ± s of the LOr,o values was 0.15 ± 0.13, the s being 
87% of the mean. 

Response of 40 FCS Bollworms t.o Melhorn)'l in the Unit.ed Slales 
Between 1967 and 1983, LD;,o values for collections of insects ranged from 0.071 

to 5.67 J.lg/lan'a (Table 3) and averaged 1.4 ± 1.5. Thus, Lhe LDoo values for the 
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Table 3. Toxicity of methomyl to the bollworm found on various hosts at various 
sites in the United States, 1967 - 1983. 

LD,~ (~g/Ian'a 

in 48 or 72 h) 
(95% confidence Year 
interval) tested Collection site Host 

0.2 1967 AZ' cotton 
0.43 (0.36-0.5) 1972 La Palma, AZ· cotton 
0.85 (0.32-1.40) 1975 SI. Joseph, LA corn 
0.99 (0.16-2.0) MOl1l'oe, LA cotton 
1.35 (1.0-1.88) Alexandria, LA clover 
1.39 (0.01-5.47) Alexandria, LA cotton 
1.39 (0.55-2.49) Waterproof, LA clover 
1.80 (a-a) , Campti, LA clover 
1.9 (a-a) , Ferriday, LA cotton 
2.0 (a-a) t Baskin, LA clover 

2.12 (1.61-3.Dl) Lecompte, LA clover 

2.30 (1.12-4.92) Shreveport, LA corn 
2.35 (1.55-3.64) Cheneyville, LA soybean 
2.65 (1.88-3.87) Shreveport. LA clover 
2.79 (1.88-5.24) Lafayette, LA cotton 
3.16 (2.19-4.94) Cheneyville, LA cotton 
3.26 (2.38-4.75) Wamerton, LA corn 
4.40 (a_a)' Delhi, LA clover 
4.54 (3.25-7.17) Baton Rouge, LA cotton 
'1.60 (a-a) , Hammond, LA clover 

5.67 (3.24-18.14) Monroe, LA clover 
0.47 (0.37-0.61) 1978 GM cotton 
0.86 (0.58-1.43) GM cotton 
0.61 (0.04-0.78) 1981 LAI cotton 
0.27 (0.2-0.5) GAl sweet 

corn 
1.56 (0.85-2.49) GAl peanuts 
0.09 (a-0.16)t 1982 Monte Alto, TX cotton 
0.094 (0.05-0.17) Mercedes, TX cotton 
0.12 (0.09-0.14) Robsto'....n. TX cotton 
0.13 (a-a) , San Sebastian. TX cotton 
0.14 (0.1-2.0) LA§ sweet 

corn 
0.14 (0.11-0.86) CAl sweet 

corn 
0.15 (0.1-0.22) TX§ cotton 
0.16 (0.04-0.34) AI(~ soybean 
0.16 (0.08-0.25) AI<S cotton 
0.16 (0.12-0.2) Brownsville, TX cotton 
0.19 (0.13-0.26) Mexicos cotton 
0.23 (0.14-0.33) AZI corn 
0.23 (0.06-0.4) LA§ cotton 
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Table 3. Continued. 

0.37 (0.02·0.61) IL§ sweet 
corn 

0.54 (0.47-0.63) 1982 Brownsville, TX cotton 
0.94 (0.08-2.07) CA sweet 

corn 
0.071 (a-a)t 1983 i\'lercedes, TX cotton 
0.088 (0.025-0.19) Brownsville, TX cotton 
0.09 (0-0.25) GA§ peanuts 
0.1l (0.07-0.16) LA§ cotton 
0.12 (0.078-0.21) Brownsville, TX cotton 
0.12 (0.03-0.22) DE§ s\",'eet 

corn 
0.27 (0.11·0.53) LA§ cotton 
0.34 (0.17-0.85) Santa Maria, TX cotton 
0.36 (0.23-0.67) San Benito, TX cotton 
0.77 (0.Q7-1.48) GA§ peanuts 
* Lentz el at (197'1). 
... ··a"' indicntes infinity. 
::: Herzog nnd Otten" (1982). 
;j Leeper and Raffa (986). 

bollworm were 9-fold less than those for the tobacco budworm. LOr,us ± ... in 1967, 
19i2, 1975, 1978, 1981, 1982, and 1983 were 0.2, 0.4:1, 2.59 ± 1.36,0.66 ± 0.78, 0.23 
± 0.24, and 0.23 ± 0.22. The linear regression Y = 0.86 - 0.013 X (I' = 0.093) was 
not significant (elf = 5, P = .::;: 0.05) for 7 of the 17 years (1967 - 1983) in which at 
least one LDr.o was obtained. Also, the slope of the linear regression indicated 
increasing susceptibility. The highest value was found in Louisiana in 1975, but in 
the same stat.e Ilnd year, the average value foJ' 19 collections from corn, cotton, 
crimson cloveI', and soybeans Wl.lS 2.6 ± 1.4 ~g/larva and no significant. differences 
in the responses of these insects from these various plants was found (Bradley et 
aI., 1966), also observed that bollworm resistance was not related to the host on 
which the insects were found). Furthermore, the C.l.s of 14 of the collections 
overlapped, suggesting that higher mean LD:.o values than those found in Texas 
(0.27 in 1982· 1983), Arizona (0.31 in 1967 and 1972), or Georgia (0.66 in 1978) were 
equal for Louisiana at least in 1975 (Table 3). Leeper and Raffa (1986) found 8n 
LDr.o of methomyl greater than L ~g/Iarva in only one of 20 stlllins from 8 states in 
t.he United States and one in Mexico. In 1982 and 1983, all OUI' LDMls averaged 
0.24 and 0.23 ~g/Iarva, respectively, while those of Raffa and Leeper (1986) 
averaged 0.26 and 0.27, respectively, and in 1981 they showed an average LD50 of 
0.66 ~g/larva which was like our average of 0.67 in 1978. LD:.os of 12 collections 
from the LRGV in 1982 and 1983 averaged 0.19 ± 0.15. In 1982 and 1983 those 
from other areas averaged 0.32 and 0.14, respectively indicating greater susceptibility 
in the bollworm to methomyl. Hence, an average of the 1982 - 1983 LDr.o values for 
the bollworm was 93-fold lower than that for the tobacco budworm during the 
same years. Thus, bollworms collected in different locations and test.ed in different 
laboratories across the United States, responded similarly to methomyl. 
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Response to Melhorn)'l of Bollworms Collected from Corn or Cotton in Mexico and El 
Salvador in J983 

LDw values for the Mexico collections, except those from Tapachula, Chis., 
averaged 0.12 I.1g/1arva (Table 4), and these were as susceptible as the LSS in the 
United Slntes in 1977 and 1980 (Table 1). In 1982, Leeper and Raffa (1986) showed 
two LDr,ns from Mexico whose mean value of 0.17 was similar' to the value we 
obtained (with the indicated exception) the following year. Strains collected from 
cotton grown in El Salvador and Tapachula had LD50 values 28X to 50X greater 
than the average for the nine other Mexican strains collected from corn (Table 4). 
These differences may be attributed in part to the fact that insects on cotton 
undergo a great deal more insecticide pressure than do those on corn. The C.I.s of 
the LD:;o values for FeS strains from Tapachula (6.03) and from Monroe, LA, 
(5.67), the highest in the United States, overlapped, indicating that the strains 
responded similarly to methomyl, but they did not overlap those of the other nine 
Mexican strains (Tables 3, 4). Thus, the two groups were significantly different in 
their response to methomyl. 

Table 4.	 Toxicity of methomyl to the bollworm, collected in EI Salvador, C.A., and 
various sites in Mexico, on corn or cotton,· 1983. 

LD"" (~g/Ial"va after 48 h)
 
(95% confidence interval) Year tested Collection site
 

0.15t (0.07-0.22) 
1.63 X 10-" (a-Om8); 
0.071 (0.037-0.11) 
0.082 (0.017-0.21) 
0.087 (0.033-0.35) 
0.1 (0.08-0.14) 
0.12 (0.09-0.15) 
0.14 (0.05-0.38) 
0.22 (0.11-0.4) 
0.28 (0.15-0.47) 
6.03 (1.97-112.0) 
3.4 (a-a); 

1982 
1983 

Veracruz, Vel'.
 
Veracruz, Vel'.
 
Merida, Vue.
 
EI Guayabo, Tamps.
 
Rio Bravo, Tamps.
 
Abasolo, Tamps.
 
San German, Tamps.
 
Matamoros, Tamps.
 
Aldama, Tamps.
 
Abasolo, Tamps.
 
Tapachula, Chis.
 
EI Salvador, C.A.
 

• All collections on corn except those from Tapachula and EI Salvador.
 
t Taken from Leeper and Raffo (1986) .
 
.t "a" indicfltes infinity.
 

Response	 to Methomyl of Adults vs. Larvae of the Bollworm 
The LDr.o values and confidence intervals for larvae of the LSS were 0.21 

(0.12 - 0.34) and fOl" the adults, 2.59 (2.32 - 2.88) a 12-fold difference; the confidence 
intervals did not overlap. Hence, bollwonn adults were significantly more resistant 
to methomyl than were larvae. 

SUMMARY 

The LD:;o values for three ress of the tobacco budworm in the United States 
and two in Mexico were 2:: 50 ~g/insect during the period 1975 - 1981. Frequent 
monitoring of as many ress as possible can disclose trends toward resistance to 
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insecticides. Although FeS bollworms tested did not show trends for resistance to 
methomyl, the monitoring for changes in response might be of value HS the number 
of years during which this insect is exposed incl'eases. 
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CULICOIDES SPP.' COLLECTED NEAR RUMINANTS
 
IN JAMAICA AND THEIR RELEVANCE TO BLUETONGUE'
 

Ellis C. Greiner:l and Samuel C. Rawlins" 

Abstmcl: Eight. species of Culic;vides were collected from light lraps oJlerated neal' cattle and 
goat herds at. St. Thomas and Mona, Jamaica, respectively ovcr u 2-ycar period. Mean 
number of biting midges collected from the former site was 56 pel' tmp night. in contrast to 3 
nies per night at. Mona. Three species comprised more than 99% of the catch: C. (urcns, C. 
illsignis, and C. pllsiflus. Seasonal trends indicated C. insignis and C. ptlsillw; populat.ions 
reached their maximum dul'ing the autumn months, but that the populations were higher in 
the first. year than in the second. 

Key Words: Culitoides, rllIninunt.s, Jamaica, bluetongue virus, vectors. 
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Twelve species of Cutic:uides have been reported from Jamaica (Wirth and 
Blanton 1974). Past studies on Culicoides spp. in Jamaica were directed towards 
pest species of the human population (Linley and Davies 19(1). No data have been 
reported on the species of biting midges associated with ruminants on the island 
other than noting the presence of some which feed on large mammals. 

A serological sUlvey for bluetongue viral group antibodies showed that ruminants 
in Jamaica were commonly exposed to this group of viruses. Approximately 81% of 
496 cattle, 77% of 100 sheep and 82% of 479 goats were seropositive by the agar 
gel immunodiffusion test (AGID) (Gibbs et al. 1983). Bluetongue viruses are 
primarily transmitted by species of Culicoides. Cuticoirles insignis Lutz is the only 
species in the Caribbean region that has been reported to carry bluetongue virus 
(Greiner et al. 1985). A 2-year study reported here was initiated in 1983 to examine 
the Culicoides fauna associated with domestic ruminants on the island of Jamaica 
as part of a regional study on the epidemiology of bluetongue. 

METHODS AND MATERIALS 

A New Jersey light t.rap modified with fine-mesh screen cone (40 mesh) was 
operated every other week near a goat herd at Mona, St. Andrew, and near a 
cattle herd at Golden Grove, St. Thomas. The goat herd averaged 100 individuals 
during the study and the dairy herd normally contained ]00 cows. Traps were 
operated 5 pm - 8 am from May 1983 to April 1985. Insects were collected into 
10% formalin containing a few drops of Triton LOOX. The catch was presorted at 
the Universit.y of the West Indies and the small dipterans were shipped to the 
University of Florida where they were identified to species, sex, physiological state 
and then counted. 

Mona is in the parish of S1.. Andrew, a dry part of Jamaica, about 7 km from 
the sea and this farm is irrigated. St. Thomas is located about 2 km from the coast 
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in the eastern end of the island and this region is normally a wet area. 
Precipitation records were collected from both study sites. 

The numbers of C. {urens Ortiz, C. ill.signis, and C. pusiflus Lutz and all biting 
midges versus rainfall at St. Thomas were compared and analysed by correlation 
coefficient. A general linear model procedure compared the biting midges collected 
in the wet months (May, June. and August through November) with those in the 
dry months versus monthly precipitation. These analyses were run using SAS on a 
personal computer. 

RESULTS 

Eight species ' ...·ere collected (Table 1). The predominant species at both sites 
were C. {w'ens, C. insignis, and C. pusillus. The mean number of specimens 
collected per trap night and the species diversity were greater at the wetter site at 
St. Thomas (Table I). 

Table 1. Culicoides spp. collected in light traps near goats and cattle in Jamaica. 

St. Thomas neal' cattle" Mona near goats t 

Total # Mean #/ Total # Mean #/ 
collected collection collected collection 

C. [w'ens 3076 45.2 97 1.7 
C. insignis 349 5.1 23 < 1 
C. pusiUus 335 4.9 32 < I 
C. jamaicensis 6 < 1 1 < I 
C. [oxi 4 < 1 0 0 
C. panamensis 2 < 1 0 0 
C hoffmani 1 < 1 0 0 
C. IJorinqueni 1 < 1 0 0 
Totals 3774 55.5 153 2.6 
,. 68 trnp nights.
 
t .'i8 trnp nights.
 

Seasonal nuctuations in numbers of the predominant midges coHected at St. 
Thomas indicated marked differences over the 2-yl' period. Culicoides insignis 
populations increased in August or September reaching their peaks in October in 
both years, although the 1983 peak was about 10% greater than in 1984. Culicoides 
pusillus followed a similar pattern, but the increase which began in the fall of t.he 
second year did not reach its maximum size until February (Fig. L). Populations of 
all three species were highest in the fall of 1983 and then dropped dramatically 
and remained low for the remainder of the study (Fig. 1). Culicoides [urells 
appeared to have multiple peaks during the late spring and the summer. 

At Mona. no more than nine C. pusillus were collected on any tl'ap night and 
three specimens of C. insignis were the maximum number of this species caught 
per night. Only on two occasions were more than 10 C. fW'ens trapped per night. 
and the highest number was only 32. Due to the low numbers of Cldic:oides 
collected at Mona, they were not gl·aphed. 

Only single specimens of the minor species were trapped at anyone time. 
Culic:oides jamaicensis Edwards was trapped in June, July, and December. C. foxi 
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Fig. 1.	 Numbers of Culicoides trapped per night neal' cattle at St. Thomas. B = C. 
borimlueni, F = C. [oxi, H = C. hoffmani, J = C. jamaicensis, and P = C. 
panamensis. 

Ortiz in June, July, and November, C. panamensis Barbosa in July and November, 
C. hoffmani Fox in October, and C. borinqueni Fox and Hoffman in May. 

Nulliparous C, pusiUus were present from October through December whereas 
nullipurous C. insignis were obtained from March through August and C. furens in 
January - February, .June - July, and October. 

During this study, precipitation at Mona was generally less than the 30-year 
mean for that region. This was also the case at St. Thomas where precipitation 
was generally higher than at Mona (Fig. 2). 
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DISCUSSION 

The numbers of biting midges collected per tmp night at both sites were vcry 
low compared to those recorded near cattle in Puerto Rico and St. Croix; they 
were similar, however, to collections near sheep in Barbados (Greiner et al. 1984). 
Cu/icoides furcns was the predominant species trapped in both Jamaica and St. 
Croix, whereas C. insignis and C. pusillus were morc commonly collected than C. 
{urclls in Puerto Rico lind Barbados. The remainder of the species collected from 
Jamaica also were collected from the other islands in low numbers (Greiner et al. 
1984). All species colleeled in this study have been reported previollsly from 
Jamaica (\Virth and Blanton 1974). 

No specimens of C. uariiper1l1is (Coquillett), the only pJ'oven vector of bluetongue 
virus in the New \o\/orld, were collected [rom the two sites in ,Jamaica. A single 
isolate of bluetongue virus has been reported from C. insignis from Florida and the 
potential role of C. insigllis in the transmission of bluetongue viruses has been 
suggested (Greinel' et al. 1985). None of the other species trapped near livestock in 
Jamaica has been incriminated in the transmission of bluetongue viruses. 

Whereas precipitation is important to the maintenance of larval and pupal 
habitats for Culicoides spp.• no direct correlation was seen between the adult 
Culicoides populations and rainfall on a month by month basis (r = 0.02). Jamaica 
had less than normal precipitation during this study (Fig. 2). This does not explain 
the low number of Culicoides trapped because C. [llrens is primarily a salt marsh 
breeding species and C. pusillus uses fresh cow manure as one of its oviposition 
sites. Thus these two species should not be as adversely affected by low rates of 
precipitation as other species which use freshwater aquatic habitats. 

No serological or virological evidence for transmission or the presence of 
bluetongue viruses was available from these two sites during this study, however, 
approximately 80% of domestic ruminants in Jamaica were seropositive for 
bluetongue (Gibbs et Ill. 1983). The most likely species to be involved with the 
transmission of these viruses in Jamaica are C. ills/gnis and C. pu.sillus which feed 
mainly on ruminants. Although C. {u.rens also feeds on ruminants, it probably is 
not likely to be an efficient vector because of its wide host range. 
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BIOLOGY AND CONTROL OF THE GRAPE ROOTWORM,
 
F/DIA V/T/CIDA WALSH,' IN CENTRAL NEW YORK'
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Geneva, NY 14456
 

Abslmc:t: An infeshltion of a previously devastating, univoltinc pest of New York grllpCS, the 
grape rootworm (Cnl, Fillia uitic:ic!a Walsh, was detected in E1 4-htl 'Elviru' vincyord in 
Dresden. NY, and wus ussocinted with a precipitous decline in yield over three }lel-lI's. Based 
on a sampling unit of soil 30 X 30 em and 20 em deep, GR densities in Mu)' 1985 averaged 
50.7 (11 8EI\'1) lar....ae lind pupae pCI' ten soil samples. Evaluation of within-soil distribution 
inclicnl.ed I.hat from May to September, 1985, the mcan location of larvae had moved 
significnnlly downward and toward the central axis of vines. Weekly sampling: of soil fOllns of 
GR showed that pupae lirst appeared in mid-May and pupation peaked sharply in mid-June 
and ceased by the end of June. Appearance of teneral adult GR in soil ......8S similarly abnlpt, 
occurring over a 30-day period beginning 1 June. Based on laboratory and field measure
ments, the duration of the egg stage is 12 - 13 days and the pupal stage 14· 16 days. A 
preoviposition period of':s 19 days was observed in the field. females lived an avcragc of 18 
days, and on average produced 251 eggs. CarbaI)'1 residues on foliage were \'el)' toxic to GR 
adults even after 16 days of field weathering. Commercial field trials corroborflled the 
laboratoI)' e\'idence of efficacy of foliar treatments of carbaryl against adult GR. Foliar 
treatments targeted against adults musl be timed to prevent egg deposition; this may be 
accomplished either by weekly monitoring of soil fOllns or weekly inspection of vine foliage 
for characteristic chnin-Iike fceding damage of GR. 

Key \~lords: Grupe roolworl11, Fic/ia viticida, grape pests, insecticide, soil insect pest.. 
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Among the pests that northeastern vineyardists encountered 70·80 years ago, 
the gl'ape rootwonn (GR), Fidia uiticida Walsh, was one of the most devastating 
(Johnson and Hammar L9LO). Hundreds of thousands of dollars in damage were 
attributed to this pest. Currently, GR is of little economic concem, but the recent 
discovery of a localized infestation in cent1'81 New York prompted renewed interest 
in its biology and control. 

Grape t'ootworm is a native sl>ecies whose original range covered much of the 
eastern half of the United States from South Dakota, Kansas, and Texas to the 
east coast (Slingerland and Craig 1902). The primary hosts are wild and cultivated 
grapes (Vilis spP.), Virginia creeper (Parthenocissus Quinquefolia), and redbud 
(Cercis canadensis). Most GR are univoltine. but it is not uncommon for some 
individuals to require two years to complete development (lse!y 1942). 

The infested vineyal'd was located in the Pingel' Lakes Region on it westeJ'l1 
slope of Seneca Lake, neal' Dresden, NY. The affected area, a block of the variety 
'Elvira,' covered approximately 4 ha. Rapidly declining yields in this area (Table 
1) led to the discovery of GR larvae during an inspection of the vineyBl'd in the fall 
of 1984. Field studies begun the following spring. In addition to the problems 

I COLEOPTERA: Chl)'1l0IllClidlic. 
1 Acccpted for publiclll.ion 2!) .Iune 19B7. 
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Table	 1. Yield records· from 1978 - 86 for the 4·ha block of 'Elvira' grapes in 
which studies of grape rootworm, Fidia uiticida were conducted. 

Year	 Yield (kg/ha) 

1978t 9678 
1979 12814 
1980 17766 
1981 18617 
1982 20074 
1983 14181 
1984 8961 
1985* 3540 
1986 9970 

• Taylor Wine Comptln)' routinely collect~d yield statistics for this block. All fruit htlrvested (rom the 
block were weighed and towl weight summed.
 

t Vineyard plant~d in 19i5 and first harvested in 1978.
 
t Carbs!')" treatments for GR began in 1985.
 

resulting from GR, reductions in yield at this site were attributed to overcropping 
of vines and to nutritional problems (N. Shaulis, personal communication). 

Our objective was to formulate management protocols for control of GR within 
the context of contemporary viticultural practices. In this paper we describe 
aspects of biological and ecological phenomena of the life history of GR These 
include: 1) spatial and temporal distribution of GR in vineyard soil, 2) GR 
phenology, 3} development under controlled temperature conditions, and 4) efficacy of 
carbaryl for controlling adult GR 

MATERJALS AND METHODS 

Soil distribution of larvae and pupae was studied by perfOiming excavations. 
Soil was delicately removed and sifted from the area within a 50·cm radius of the 
vine trunk and to a depth of 60 em. The vertical depth and horizontal distance of 
pupae and larvae from the vine axis were recorded for each individual found. 
Mean (± 2 SEM) depth and distance from the central axis of the vine was 
computed for each sampling date. Excavations were extremely time consuming (ca. 
5 - 6 h per vine) Dnd therefore were performed on single vines at different times 
throughout the year to characterize temporal variation in GR distribution in the 
soil. It was not possible to charactelize betwecn·vine vRJiation in GR distribution 
in the soil since only one vine was sampled on any sampling date. 

Phenology of the Dresden population was monitored throughout the growing 
season. Soil samples 30 X 30 X 20 cm were taken [rom 10 em away from the west 
side of vine trunks. Ten randomly·selected vines were sampled weekly from 2 May 
to 17 September, and numbers and stages of GR were recorded in the field by 
carefully sifting through the excavated soil. After tenersl adults were first noted in 
the soil, above·ground portions of vines were obselved for presence of GR adults 
and eggs. Additionally, adult emergence was monitored using leaf damage as an 
index. The percent of vines with leaves showing feeding damage was used as an 
indication of density of emerged adults. When adults were first observed, sampling 
for eggs began. This involved randomly selecting vines and stripping away the 
loose, outer bark in search of underlying egg masses. 
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During weekly sampling, all stages of GR collected were placed in a controlled
environment chamber to monitor development rates. The chamber was held at a 
mean temperature of 19.4 ± l.8°C, and 70 ± 10% RH, and with a 16 h photophase. 
Adult GR were kept in large holding cages made of white cloth sides and each 
contained a small pOlted grape vine. Small plastic containers (19 em X 14 cm X 10 
em) were used for life table studies and pesticide bioassays. 

For estimating egg production of GR, mating pairs were removed from the 
vineyard or holding cages and placed in the aforementioned small plastic containers 
with fresh grape foliage and a water source. A simple artificial oviposition 
substrate made of thin cardboard was found to allow successful oviposition of GR 
These were constructed from 7 X LO em pieces of 1 mm-think cardboard sheet 
which were rolled up and secured with a paperclip to provide overlapping areas. 
These cylinders were easily removed daily from the small plastic holding containers 
and unrolled to check for egg clusters. Eggs removed from the cylinders were 
placed in 1 oz. plastic cups (Anchor Hocking Co., St. Paul, MN) to monitor 
incubation times and hatchability. 

Egg and pupal development times in the environmental chamber (19.4 ± 1.8°C) 
were used to calculate degree·day development times. Computations were made 
using a lower threshold of lOoC which was based on estimates for a similar soil 
pest. the corn rootworm, Diabrolica longicornis (Ruppel et a1. 1978). Field 
development times were then estimated for egg and pupal stages based on 
published air and soil temperature data for Geneva, NY, the nearest official 
weather station (Publications Dept., NYSAES. 1985), which was located ca. 17 km 
north of the field site. Soil temperature data were extrapolated to obt.ain 
approximate temperatures for the mean depth of GR throughout the pupation 
period (ca. 14.5 em). 

The effectiveness of field-weathered residues of carbaryl on grape leaves for 
controlling GR adults was estimated in the laboratory. Carbaryl (Sevin 80S, Union 
Carbide Co., Research Triangle Park, NC) was applied as a foliar spray to 2.8 ha 
of the infested vineyard on 19 June at a rate of 2.25 kg Al/ha with a hooded boom 
over-the-row sprayer operated at 500 psi. A total volume of 467 Iitel'/ha was 
applied. Leaves were collected from the vines at intervals of I, 5, 9, 16. and 23 
days post-spray. Leaves for controls and all adult grape rootworm were collected 
from an untreated area of 0.35 ha (528 untreated vines). Evaluations of residue 
activity were terminated after 23 days posttreabnent because adequate numbers of 
adult GR eQuId no longer be collected from the vineyard. Treated leaves were 
brought to the laboratory and immediately Illaced in the plastic containers with 10 
field-collected adult CR. Groups of 10 beetles were replicated 5 times per 
collection date. Each replicate consisted of a plastic container which held 2 leaves 
and 10 beetles. Each bioassay container held approximately the same amount of 
leaf surface. The petiole of each leaf used in the containers was held in a Water 
Pik (Aquapic, Syndicate Sales, Tnc., Kokomo, IN) to prevent wilting of leaves. 
Mean (± 2 SEM) mortality at 24, 48, and 72 h was recorded for each date that 
residues were evaluated for toxicity to GR. Individuals were recorded as dead if 
they did not respond to probing with a fine brush by moving away from the 
brush. 

Field trials were conducted in May 1986 in 8n attempt to corroborate the 1985 
laboratory-based estimates of carbar.yl efficacy against. adult GR. Emergence of 
GR was closely monitored within the 4-ha infested vineyard. Once emergence was 
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well underway (11 June), the density of adult GR was estimated in 4 blocks of 171 
vines each. Two of the blocks were juxtaposed at one end of the vineyard and the 
other two blocks were juxtaposed in the center of the vineyard. Designations of 
treated or control block were randomly made within each of the two pairs of 
blocks_ Densities were estimated for each block by counting all adult GR on each 
of 10 randomly-selected vines in each of the 4 blocks (2 treated + 2 untreated 
blocks). Within 12 h of estimating adult GR densities in each block, carbaryl 
treatments (Sevin 80S) were applied to the 2 trealed blocks at the ratc of 2.25 kg 
AIlha. Spray conditions, equipment, and volume were as described for 1985 
residue efficacy trials. Posttreatment densities of adult GR were estimated at 192 
h with the same methodology as used for pretreatment counts. Median (95% CL) 
values of infestation per vine were computed for treated and untreated plots using 
the Wilcoxon test (Mini tab, State College, PA). The two treated and untreated 
regions used for the experiment comprised an area of 2.75 ha. The remaining 1.25 
ha of the infested vineyard was treated with carbaryl in the same manner as the 
experimentally·treated area. 

RESULTS AND DISCUSSION 

Distribution and Density 
Larval distributions in the soil changed markedly as the season progressed. On 

2 May, 90% of the laJvae were within 25 em of the surface and they were found to 
60 em from the vertical vine axis (Fig. l). The mean depth at this date was l4.5 em 
(0.85 SEM) and the mean distance from the vine was 24.2 cm (1.5 SEM). By 17 
September (Fig. 2), the mean depth of Imvae had increased to 23.5 cm (1.65 SEM) 
and mean distance from the vine had decreased to 15.6 em (4.0 SEM). Both mean 
depth and distance from the vine in May were significantly different than in 
September and October (Fig. 3). The trend toward the end of the season was for 
l8lvae to be located deeper in the soil and nearer to the vine trunk than during the 
early season. 

Evaluation of larval distribution in the soil was undertaken in order to select an 
appropriate sampling unit for monitoring phenology of grape rootworm and for 
estimating density of larvae in the soil. Based on the results of the distribution of 
larvae in the soil in May 1985, soil samples 30 X 30 X 20 em were taken from 10 
em away from the west. side of vine trunks. This sampling unit circumscribed the 
mean depth and distance of larvae from vines in the May sample (Fig. L) and it 
was used for monitoring phenology and density of GR during 1985 and 1986. 
Though this sampling unit was very satisfactory for monitoring phenological 
developments of GR, evaluations of GR distribution in the soil in September and 
October of 1985 (Figs. 2 and 3) illustrate that the mean of GR larval distribution 
had shifted downward in the soil and toward the trunk of the vine. Due to this 
shift in within-soil distribution of GR during the season, we concluded that we 
were unable to accurately estimate densities of GR larvae in the soil by using our 
30 X 30 X 20 cm sample, and therefore abandoned further evaluation of larval 
densities. We attributed the change in distribution of larvae in the soil to the 
unusually dry conditions that pl'evailed in centml New York during the summer of 
1985. Average cumulative rainfall for the months of July, August, and September 
for this region is 21.5 em. During July, August., and Septembel' of 1985 t.he 
cumulative rainfall for this same area was 16.4 em. By August of 1985 the upper to 
em of soil was extremely dry and contained few larvae. 



Fig. 1.	 Distribution of GR larvlle in the soil around II vine on 5/2/85 at Dresden, 
NY. Dotted line shows area chosen for weekly soil sampling to monitor 
phenology. Bars show mean (± 2 SEM) depth and distance of larvae from 
vine. 
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Fig. 2. Distribution of GR. larvae in vineYlird soil on 9/Ji/85 at Dresden, NY. Bars 
show mean (± 2 SEM) depth und distance of lorvlle from vine. 
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Fig. 3.	 Distribution of GR larvae in vineyard soil on LO/17/85 at Dresden, NY. 
Bars show mean (± 2 SEM) depth and distance at larvae from vine. 

Weekly sampling of soil-borne forms of GR was initiated during the first week 
of May, 1985. The first GR pupa was found on 18 May and pupation subsequently 
peaked around 1 June (Fig. 4). The duration of adult emergence, as depicted by 
observation of teneral adults in the soil, lasted approximately 50 days. The first 
teneral beetle \vas recovered from the soil on 31 May. \Vith one exception, all 
larvae found during l\'1ay and June were latter instars. Latter instar forms found in 
June and July were assumed to be individuals which required two years to 
complete development. No pupal or adult forms were found in the soil in 1985 
after 19 July. 

The temporal pattern of foliar damage by GR correlated well with estimates of 
adult emergence based Oil soil sampling. First leaf damage was observed on 5 June 
1986, and beetles were first noted in soil samples on 31 May. The onset of adult 
emergence occurred very rapidly; within 10 days of the first obselvation of feeding 
damage, all vines observed had detectable feeding injmy. As soon as adults were 
detected, we began sampling for egg clusters. No eggs were found until 27 June. 
This was approximately 13 days after peak emergence, and although GR were 
prevHlent in the vineyard, it was common to search for 20 - 30 minutes without 
finding an egg mass. 

The phenology of the Dresden GR population in 1985 was 2·4 weeks ahead of 
tlUlt reported for GR development in the Lake Erie Region of NY (Felt 1903; 
Johnson and Hammar 1910). We cannot be certain whet.her the differences 
between the phenology we observed in the Finger Lakes Region (Dresden location) 
and that reported from the Lake Erie Region me normal or unusual. However, at 
an abandoned 'Catawba' vineyard located near Lake Erie in which GR were 
discovered in 1985 (and only the second location in ",rhich we have found GR in 
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Fig, 4.	 Phenology of Dresden GR population in 1985 based on weekly soil samples 
of 10 randomly-selected vines and the sampling unit depicted in Fig, 1. 

the State), the first adult GR emerged a full month later than observed at the 
Dresden location. Direct comparisons must be made with caution because there 
may be differences in amount and duration of snow covel' and in subsequent soil 
heat unit accumulation between these two locations, 

Development Rates 
The average time between laboratory observations of egg deposition and egg 

hatch was 12.4 (0,14 SEM) days at a temperature of 19.4 ± l.8 D e. Using the 
assumed lower threshold of lODe, 210 DD were required for egg development. 
Based on this estimate of the heat unit requirements for egg development, we 
project that eggs would require approximately 18 days to hatch under the ambient 
vineyard temperature regimes recorded during the period when eggs were first 
observed in 1985. We were unable to corroborate this estimate with field 
observations of egg development times because we could not know the age of egg 
masses we observed in the field, Eighty-three percent of the eggs deposited in the 
laboratory ( = 1834) hatched. Observations of pupal development were made rOI· 

only three individuals in the laboratory; for these individuals the pupal stage 
required an average of 14 days (0.7 SEl\'1) 01' 238 DO above lODe, Field records of 
the first observed pupal and adult forms found in soil sampling also indicated that 
pupal development required 14 days. The preoviposition period was observed to 
be ~ 19 days in the field based on the time interval between first observed adults 
and eggs. The mean oviposition period in the labol'8tol'Y was 14 days (8,9 SEM) 
days, Female beetles survived an average of 18.4 days (4,2 SEM) in the laboratory. 
We were unsuccessful at rC8Iing GR from egg to pupal stages in the laboratory, so 
lalval development times could not be directly measured. However, because GR is 
a univoltine pest (Webster 1895) most larvae produced by adults emerging in June 
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and early July (Fig. 4) will not pupate until the end of Mayor early June of the 
following year. Assuming a 14-day pupal stage, an approximate 14-day preovi
position period, and a 7- to 14-day egg development period, the average GR 
spends LO - 11 months ill the larval stage. 

COIl/.rol of GR Adults 
Carbaryl residues were vcry toxic to GR adults for at Icast 16 days posttreatnlcnt. 

Residue-laden leaves collected on the day of spraying resulted in total mortality of 
adult GR within 24 hours (Fig. 5). Residue-Iadened leaves continued to result in 
high mortality of Gil. adults after 16 and 23 days of weathering in the field. 
However, control mortality became extremely high at 23 days posttreatment and 
adequate numbers of GR for conducting bioassays were impossible to find in the 
infested vineyard. We hypothesize that the high control mortality at day 23 is the 
result of CR which move into treated areas and then return to untreated areas of 
the vineyard. However, adult CR were not found in treated areas of the vineyard 
following carbaryl applications and the observed increase in control mortality .at 
day 23 may have resulted from an increasing age-structure of the CR population. 

120,--------------------, 
D carbaryl 

~ check 
100 

20 

5 9 16 
DAYS POST - SPRAY 

23 

Fig. 5.	 Mortality of GH exposed to field-weathered foliar residues of carbaryl at 
increasing post-spray weathering intervals(mean ± 2 SEM, N = 500). 

Field trials conducted to evaluate the eflicac)' of soil treatments of carbofuran 
(Fw'adan 4F, FMC Corporation, Philadelphia, PA), and designed to allow comparison 
of carbofuran soil treatments wit.h foliar treatments of carbaryl were unsuccessful. 
The previously mentioned down"..·ard movement of larvae dUling the season 
resulted in large reductions in CR larval populations in both treated and untreated 
plots by September compared with those present in May of 1985. Carbofuran is 
not registered for use on grapes in New York State. 

Evaluation of posttreatment densities of CR adults following carbaryl treatments 
in 1986 cOIToborated the 1985 laboratory-based estimates of carbaryl efficacy (Fig. 6). 
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Fig. 6.	 Incidence (median, 95'k eL) of adult GR on grapevines in carbaryl-treated 
and untreated areas at Dresden, 1986. 

No GR adults were found on any of the vines inspected in eit.her of the treated 
plots. The significant reduction observed in the untreated check from pretreatment to 
posttreatment is hypothesized to have resulted from movement of GR between 
treated and untreated plots. 

Unlike the situation at: t.he tUI'll of the century when grupe I'ootworm infested 
over 8,000 h8 of grapes in the Lake Erie Grape Belt and growers had inadequate 
grape rootworm control measures, ow· results indicate that this pest can be easily 
controlled with properly limed carbaryl treatments. Carbaryl treatments have 
prolonged efficacy, but should be applied before GR begin depositing egg masses 
under bark. Timing of treatments to control adults before eggs are deposited may 
be accomplished either by weekly inspection of soil samples for teneral adult GR 
or by weekly scouting of vineyards for the characteristic chain-like feeding damage 
often found on the lower plnnt canopy. It appears that adult GR may first appear 
as early as the last week of May, as we observed in the Finger Lakes Region. 
However, our limited observntiolls in the Lake Erie Region and published reports 
of phenology fol' the region (\oVebster 1895; Slingel'1and 1900; Johnson and Hammar 
1910) indicate that adults muy emerge as much as one month later in \.... estern Ne\\1 
York. 
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Abstract· Observations in a 2-ycar study showed thal pyrethroid impregnated cattle ear tags 
selected for horn flies that were more resistant than those selected with pyrethroid sprays. 
The highest resisUl.nce factor when selected with a spray was 31, with one tag it was G3 and 
with two tags it was 183. At the end of the first year the calculated creect of a diagnostic 
dose was to kill 76% of the spnl), selected flies and 0'70 or 1% of the one lag or rwo tag 
selected flies. Total season's dose of pyrethroid per cow was similar among treatments (0.4 g 
in the one tag treatment., 0.8 g for two tags, and 0.6 g for the spwy). Pyrethroid resistant 
horn fly control with three sprays/yr wns at. least equal to tagging l:wice in a yl' with one or 
two tl.lgs/head and materials cost 84 • 9270 less. 

Unselected horn flies 2.8 km from pyrethroid resistant horn flies (selected for 5 years) 
remained highly susceptible. Some competitive disadvantage of PYl'clhroid resistant nies may 
partially account for the stability of this unselected population and for rapid drops in RlS 
seen when pyrethroid selection ceases in resistant populations. 

Key Words:	 Pyrethroid, resistance, fenvalerate, horn ny, Hm:matobia irritans, car tags, 
slow release device. spray. 

J. Agric. Entomol. ,1(2): 167-178 (April 1987) 

Pyrethroid resistance in hol'l1 flies in the southern United States is widespread 
and well documented (Sheppard 1984; Quisenberry et aL 1984; Schmidt et a1. 
1985). The rapid developments of pyrethroid resistance and stirofos resistance 
(Sheppard 1983) in hom flies were both associated with the use of insecticide 
impregnated cattle ear tags. This supports the widely held but untested hypothesis 
that currently marketed ear tags select rapidly for resistance because of persistent 
release of pesticide from the tags as reviewed by Sheppard (1984), Sheppard and 
Hinkle (1985), and Sparks et al. (1985). 

The following studies address this question directly. Do pyrethroids inherently 
select rapidly for resistance in horn flies, or are the release characteristics of 
currently available pyrethroid cuttle ear tags a major contributing factor? Some of 
the first year of the Central Branch Experiment Station study was published in 
JAE (Sheppard and Hinkle .1985) as part or the Livestock lInd Poultry Entomology 
Symposium at the Southeastern Branch meeting of the Entomological Society of 
America, Greenville, SC, 30 January 1984. All of the first year of that study is 
presented here to mainl..1in continuity, along with later obselvations and other 
studies. 

I DIPTERA: :\-lul>cidue.
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MATERIALS AND METHODS 

Central Branch Station 
Studies were conducted at the Central Branch Experiment Station (CBESj, 

located in Putnam County, from July 1984 to October 1985. Three large experimental 
areas holding 100 - 250 cow-calf pairs were used as pyrethroid treated experimental 
units. These three areas were on a line running NW-SE and each was ca. 3.5 km 
from the next area, the two farthest areas being ca. 7 km apart. 

The GSlTison area was the most northwesterly area and received the one tag 

per cow treatment. In 1984 ten-gram 8% fenvalerate tags were applied on 3 July 
and 15 August. Old tags were always removed when fresh ones were applied but 
old tags were left at the end or the fly season. Fenthion was applied on 19 
September 1984, and after these tests were concluded in 1985 as a systemic 
grubicide. This treatment reduces adult hom fly populations for a short time. In 
1985 all Ganison area cows were tagged with a ten-gram 8% fenvalerate tag on 21 
May. On 30 August, 25 cows were retagged with this same commercial tag and 75 
cows were retagged with experimental pyrethroid-organophosphate combination 
tags. 

The Tom Hall area was between the other two areas and received the two tag 
per cow treatment. In 1984 ten-gram 8% fenvalerate tags were applied on 7 
August. Fenthion systemic grubicide was applied 20 September 1984, and post-test 
1985. In 1985 Tom Hall cows were tagged 22 May with ten-gram 8% fenvalerate cal' 
tags. On 27 August 1985 all cows were retagged with experimental pyrethl'Oid
organophosphate combination tags. 

The Glades area was the most southeasterly of the three treated areas and 
received the 0.01% fenvalerate spray treatment. These cattle were sprayed on 5 
July, 28 August, and 19 September in 1984 and on 24 May, 18 July, and 25 
September in 1985. Fenthion systemic grubicide was applied 20 September 1984, 
and posttest 1985. Whenever it was necessary to move cattle from one experimental 
area to another, all horn flies on these cattle were killed with a spray of dioxathion 
immediately before transporting them. This eliminated any unnatural introduction 
of hom flies from one area to another. 

Horn flies from a fourth experimental area (Rich's) at CBES were suspected to 
be very susceptible in 1984. The Rich's area was 2.8 km NE of the Garrison and 
2.8 km N of the Tom Hall area. Cattle in Rich's received two fenvalerate tags per 
head for routine horn Oy control on 10 July 1984. Pyl'ethroids had never been used 
in Rich's before (unlike other areas at CBES). and control was judged to be 100% 
one day after tagging. Tags were removed 16 August 1984 in an attempt to 
conserve remaining susceptibility of horn flies in the area. Privately owned cattle 
on adjacent property were assumed to host a similar horn fly population. All 
subsequent hom fly control in this area was accomplished with sprays of dioxathion. 
This population was first bioassayed in October 1984. All bioassays of the Rich's 
area were conducted with female horn flies. 

Adult horn fly populations were periodically monitored in each pyrethroid 
treated area by counting horn flies on one side of 20 - 40 cows. Binoculars were 
used when necessary. 

Pyrethroid resistance in hom flies in the four expelimental areas was monitored 
by periodically bioassaying field-captured adults with a series of measured 
fenvalerate residues in glass petri dishes (Sheppard and Hinkle 1986). Horn flies 
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were captured with an aerial insect net at CBES and transported to the Coastal 
Plain Experiment Station for testing on the same day. Only females were used for 
bioassays of the three pyrethl'oid treated populations through July 1985. Bioassays 
of these populations in August, September, and October 1985 were conducted with 
mixed sexes. Lab reared susceptible hom nies of appropl'iate sex(es) were always 
concunentIy exposed to a similar selies of fenvalerate residues of lower concentration. 
Daum's computer programs for pl'Obit analysis (Daum 1970) was used to determine 
LCCtO values and slopes of dosage·mortality regression lines for each test. Dividing 
the suspected resistant strain's LCr,o by the concurrently determined susceptible 
LCMI produced the resistance ratio (RIS) for the suspected resistant strain. 
Nonoverlap of 95% confidence limits of the LC50 of two populations was used to 
determine if the LCsos (and thus RISs) were significantly different. 

Although a diagnostic dose was not actually applied, percent mortalities of 
horn flies from the four experimental areas were calculated at a diagnostic dose 
(LC99 of susceptible) for each time horn flies were bioassayed. This technique for 
measuring change in resistance is more sensitive to changes in resistant allele 
frequencies than comparisons of LCso or LCoo values (Roush and Miller 1986). 
Since diagnostic doses were not actually employed the percent mortality at these 
calculated doses were not analyzed statistical1y but were only attributed with the 
significant differences of the "parent" data, the OIiginal dosage mOltality regression 
lines. These significant differences al'e minimal since the more sensitive diagnostic 
dose test would have detected genetic change more quickly (Roush and Miller 
1986). Hom mes from all three experimental areas with pyrethroid treatments 
were bioassayed pretreatment and in late October in 1984. 

In 1985 horn flies from the three experimental areas selected with pyrethroid 
ear tags or sprays were bioassayed five times, once in May previous to any 
treatment in 1985 and four more times, the last on 23 October. The Rich's horn tly 
population was bioassayed in June and September 1985. 

While Hall and Wilhens Beef Study Areas 
Compslisons of pyrethroid resistance levels in hom flies selected with pyrethroid 

sprays or ear tags were also conducted with populations from two other University 
of Georgia experimental areas in northeast GA. Horn ny control with pyrethroids 
in these areas was not monitored as closely as at CBES, but the history of 
pyrethroid use in these areas, especially in 1984 and 1985, allows for valid 
comp8Jisons of differences in hom fly resistance selection with pyrethroid sprays 
and ear tags. Pyrethroid cattle ear tags were used on practically all of the ca. 200 
cows and replacement heifers at the \¥hite Hall Beef Farm. Clarke Co., GA, from 
1981 through 1985. In 1981 and 1982 one 8% fenvalerate tag per cow was used (01' 

horn fly control. In 1983 and 1984 two of these tags were used on each cow and 
one on each calf. In 1985 flucythrinate and permethrin ear tags were used, at two 
per head on cows and heifers. 

One hundred to 140 adult cattle were maintained at the Wilkens Beef Unit, 
Wilkes Co., GA, and pyl'cthroid cattle cal' tags were used 1981·1983. An 
organophosphate spray was used briel1y in late 1983. PYl'ethroid sprays were used 
exclusively in 1984 and 1985. In 1984 three spray treatments of 0.057% pennethl'in 
were applied, and in 1985 three 0.01% fenvalerate sprays were used on 6 June. 19 
July, and 2 October to control horn nies. 
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Bioassays for pyl'ethroid resistance were conducted on horn flies from the 
';Vhite Hall on 9 May, 3t July, and 26 September, and at the '-\'ilkens Study area 
on 23 May and 26 September, 1985. These were conducted in the same manner as 
bioassays \\~th CBES nies described earlier. 

RESULTS AND DISCUSSION 

CBES /984 
Resistance ratios of horn flies in the Glades, Garrison, and Tom Hall areas at 

CBES were behveen 1.6 and 5.0 before pyrethroid treatments were begun in 1984 
(Table 1). Overlap of' 95% confidence intervals indicat.ed no significant differences 
in LCroos. Slopes were very low (Table 1), due to a mix of suscept.ible and resistant 
individuals (presumably introduced by previous 3 yr intermittent use of pyrethroid 
cattle ear tags), this mix producing a very heterogeneous population. After the 

Table 1.	 RISs and slopes of dosage~mortality regressions of foul' horn fiy 
populations at the Central Branch Experiment Station, Putnam, Co., GA 

Organo
phospate 

Pyrethroid trealed treated 

Glades Garrison Tom Hall 
0.01 % spray 1 tag/cow 2 lags/cow Rich's 

R/S Slope R/S Slope R/S Slope R/S Slope 

/984 
6/5 2.1 1.1 
6/19 1.6 1.3 5.0 0.9 

>' > 
8/3 6.2 1.6 

> > > 
> 

10/24,25 26.7a t 2.2a* 55.Db 3.lb 46.3ab 2.2ab 1.1 1.0 

1985 
5/16 24.2a 4.8a 14.8a 1.2ab 19.4a 1.3b 

>	 > > 
6/17 0.9 2.5 
7/1 25.la l.8a 63.0b 2.6b 72.9b 3.4b 

> 
8/27 19.1a l.6a 56.4b 2.la >182.8c 2.1a 

> 
9/9 1.5 2.7 
9/24 8.5a 2.98 20.2a 2.8a 23.0a 2.2a 

> 
10/23 31.3a 2.0a 45.8a 2.6b 56.6a 2.4ab 
.. > pyrethroid trealment. 
t Resistance ratios Oil the sHIne dnte lind followed by the same lelter nTC not sign. diff. based on overlap 

of 95% confidence limits of Lel.os. 
:I: Slopes of doslIge lTlortnlil,y regression lines on the same dules followed by different letters DTC nol 

parallel as determined by DlIum's Ilrogrnm for probi! analysis (DUlllll 1970). 
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short selection periods in 1984 (16 weeks for the one tag and spray. and 11 weeks 
for the two tag treatment) resistance factors and slopes increased substantially 
(Table 1). The one-tag treatment caused the RIS to increase to 55.0 which was 
significantly greater than the RIS of 26.7 selected by the spray treatment over the 
same period. The two-tag treatment \.V3S installed 5 wk later and produced an 
intermediate HIS of 116.3, not significantly different from the other two pyrethroid 
selected populat.ions. 

LCr.os used to calculate these and later resistance factors at CBES are given in 
Table 2 as well as susceptible LC99 values used as diagnostic doses. 

Dosage-mortality regl'ession slopes in these three populations steepened in 
response to the greater homogeneity caused by removal of susceptibles from the 
previously heterogeneous populations. The slope of the sprayed population was 
significantly lower than that of the one tag treated population, due to the presence 
of more susceptibles. The slope of the sprayed population WIlS not different from 
the two-tag treated population which was selected for five weeks less. 

The Rich's area horn ny population was first bioassaycd late in 1984 after it 
had recovered from a 5 wk pyl'ethroid ear tag treatment in midsummer. Prior to 
1984 no pyrethroids had been used there. Two months after this selection period 
the Rich's hoi'll nies were determined to be susceptible (RIS = 1.1), but with a 
very low slope (0.97) indicating a wide range of susceptibility. This wide range of 
susceptibility was probably caused by an increase in the proportion of resistant 
individuals. It follows, then, that the unselected Rich's population had a RIS of 
substantially less than 1.1, and that the laboratory reared susceptible strain used 
in these tests would have appeared somewhat "resistant" if compared with the 
original Rich's horn meso A similar situation was reported by Schmidt et al. (1985) 
where the "lab" (susceptible) strain of horn lly had a RIS of 3.3 - 5.2 when 
compared with a susceptible field strain. This is not to say that these laboratory 
strains are resistant, but that. certain wild strains were extremely susceptible prior 
to pyrethroid exposure. 

Comparisons of mortalities of the four experimental populations calculated at a 
diagnostic dose also indicated a much 10wer frequency of resistant alleles in the 
population treated with the spray treatment (Table 3). Pretreatment diagnostic 
dose mortalities wel'e 54 - 78%. After 16 wk selection the sprayed population 
exhibited an estimated i67r mortality at the diagnostic dose, and corresponding 
values in the one and two lag treated populations were 0 and 17r (Table 3). Rich's 
area horn llies were recovering from a five wk exposure to t.wo fenvalenue tags/ 
head and calculated mortality at the diagnostic dose was 38%. 

CBES 198.5 
Resistance factors dropped in the three experimentally treated al'ea~ between 

lute October of 1984 and 16 May 1985. Similar decreases in pyl'ethroid HIS had 
been noted each spring from 1982 - 1985 at the Alapaha Experimental Range. 
Ben'ien Co., GA (unpublished data). The RIS of the tag-trealed horn ny populations 
at CBES dropped substantially to less than 20, but the area that. had been 
sprayed showed i.l VCIY minor decrease (Table 1). The slope of the spray-selected 
population was also inexplicably higher t.han both tag-selected populations on 16 
May 1985. In every other comparison made since pretreatment bioassays were 
conducted the spray-selected population had a lower R/S and usually a lower 
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Table 2.	 LCws of four hom fly populations at the Central Branch Experiment Station, Putnam. Co., GA, and LCr.os and LC!l9s of 
the Inhoratory susceptible strain. 

Organophosphate Laboratory 
Pyrethroid trealed tl'eated- sllsceptible 

Glades Garrison Tom Hall 
~ 

O.OI'k spray 1 tag/cow 
LCMls t 

2 tags/cow Rich's 
LCw+ LC,,+ >

~ 

~. 
1984 

'" 6/5 
6/19 

0.0038 
0.0010 0.0030 

0.0018 
0.00060 

0.0081 
0.0038 

5 
~ 8/:J 0.0042 0.00083 0.0045 

10/24. 0
-~ 0.025 0.052 0.043 0.0011 0.00094 0.0052 ~ 

.~ 

1985 z 
5/16 0.012 0.0073 0.0095 0.00049 0.0018 P 

6/17 0.00039 0.00042 0.0013 '" 
7/1 0.016 0.040 0.046 O.oo06:J 0.0037 ~ 

'" 8/27 0.0055 0.016 0.053 0.00029 0.0018 ~ 

9/9 0.00072 0.00060 0.0016 
9/24 0.0024 0.0058 0.0066 0.00029 0.00062 

10/23 0.0047 0.0068 0.0084 0.0001" 0.00032 
• i I.e,. for the slls('('ptible population in these tests was 0.0030 jJg f{'nvalerate/em! on gillS';. Actual susceptible LC!l'~s for each date are given in Table 2. 
t Jlg fenvaler:llc/cm 2 011 l':loss. 
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Table 3. Calculated mortality of four horn fly populations at a diagnostic dose 
(LC99 of susceptible)- at the Central Branch Experiment Station, Putnam, 
Co., GA. 

Organophosphate 
Pyrethroid treated treated t 

Glades Garrison Tom Hall 
0.01% spray 1 tag/cow 2 tags/cow Rich's 

1984 
6 - 5,19 63% 78% 54% 
8-3 53 
10  24,25 i6 0 1 38% 

1985 
5 - 16 0 23 17 
6 - 17 91 
7 - ] 12 0.4 0 
8 - 2i 22 2 0.1 
9-9 84 
9 - 24 4 0.3 1.2 
10 - 23 1 0 0 
- i Left for thc susceptible I>opuintion in these tests was 0.0030 IJg fenvulcrate/cm2 on glass. Actual 

susceptihle Le"s for each date nrc gh'cn in Table 2. 
t Two 8'70- fcnvnlernlc tags/head were 3P1>lied for f> wk in July - August 1984. 

slope. Application of the diagnostic dose principle also indicated that the spray 
treated population was more resistant at this time (Table 3). 

TI'eatments were started at eBES on 21- 24 May 1985, At six weeks (1 July) 
horn flies in the tag-treated areas had much higher R/S values, but the RIS of 
horn flies from the sprayed herd had increased very little. At this time flies from 
both tag-treated herds had RISs significantly greater than that of nies from the 
sprayed herds (Table 1). Calculated effects of a diagnostic dose indicated a 
decrease in frequency of resistant alleles in the spray treated population and an 
increase in the tag treated populations (Table 3). 

Eight weeks later (27 August) the Glades herd had been sprayed again (18 
July) but the tagged herds retained the original tags applied in late May. The 27 
August bioassays revealed that the spray-selected horn flies again had a RIS 
significantly lower than those on the tagged herds, and that the flies on the one 
tug per cow herd had a RIS significantly lower than the flies on the two tag per 
cow herd. The RIS of l82.8 seen in the two-tag treatment may be the highest 
reported in a wild population. Apparently (he two tag per cow treat.ment was 
releasing a dose of fenvalerate selective for more highly resistant horn nies than 
the one tag treatment. This is indicated by the substantial increase in RIS of horn 
nies in the two tag per cow area since I July and the slight drop in R/S in the one 
tag-selected horn nies. Extrapolating from a figure in Miller et a1. (1983). these 
tags were releasing ca. 1.2 mg/day on 27 August (98 - 99 days). Thus the one-tag 
treatment was releasing ca. 1.2 mg/day per cow and the two-tag treatment ca. 2.4 
mg/day. Horn flies exposed to the residues deposited by these release rates and 
higher were increasing in numbers in both areas in the month before 27 August 
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1985 (Table 5). The diagnostic dose showed similar trends with the spray treated 
population exhibiting much more susceptibility (22% mortality \'s. 2.0 or 0.1% for 
the one or t\.\'o tag treatments) (Table 3). 

The next series of bioassays was conducted on 24 September. The Glades herd 
had not been sprayed for 10 weeks and the RlS of these horn flies had decreased 
to 8.5. The Tom Hall and Gan;son herds had been retagged on 27 and 30 August 
respectively, 4 wk earlier. In spite of the recent retagging RISs decreased to 23 
and 20 in these horn fly populations. Previous application of fresh pyl'cthroid tags 
to treat resistant horn lly populations in this study and an earlier one (Sheppard 
1984) had always caused increases in RISs. Release rates of the experimental tags 
in use were not known, but they were moderately effective in reducing horn fly 
numbers (Table 3) as fresh tags usually are even on resistant horn flies. Perhaps 
some unrecognized phenomenon depressed RIBs in all three pyrethroid treated 
areas or an error in lab procedure may have decreased the apparent. RISs. An 
error in lab procedure seems unlikely because the Lew for the susceptible strain 
used to compute RISs was below average on 24 September which would have 
increased RISs. On 24 September the susceptible LC50 was 0.00029 and the 
average for mixed sex populations in 1985 was 0.00033 Ilg/cm2. Also, the residue 
lcvels used to treat susceptibles were always produced from the same dilution 
series used to treat petri dishes for the resistant populations. In spite of the 
unexpected drop in RlSs in all treatments, direct comparison of the RISs again 
indicated that the two-tag treatment had the highest RIS, and the spray treatment 
the lowest. But these were not significantly different, nor were the slopes of the 
dosage-mortality regressions. Diagnostic dose mortalities also showed less differences 
among the three pYl'ethroid treated populations (Table 3). 

The last bioassays in 1985 were conducted on 23 October. Gludes area cattle 
had been sprayed 1 month previously and horn nies there exhibited the highest RI 
S (31.3) seen in the population receiving the spl'8y treatment in 2 years (Table 1). 
Tagged herds had not been re-treated, but showed higher RISs than on 24 
September (Table 1). RISs of the three pyrethroid-treated populations were not 
significantly different. The slope of the regression line of horn flies in the one-tag 
area was significantly steeper than that in thc sprayed area. Diagnostic dose 
mortalities (Table 3) also showed little difference in response. After 2 years of 
selection migration (Beadles et at 1975; Kinzer and Reeves 19(4) may have been 
overriding the differences produced earlier by the different treatments. 

Rich's area horn flies were bioassayed twice in 1985, on 17 June and 9 
September. Both of these tests showed very low RlSs of ca. 1 and moderately high 
slopes (Table 1). The high slopes indicated that this population was homogeneously 
susceptible, as opposed to the heterogeneous situation in October 1984 when the 
population was recovering from its first pyrelhroid exposure. This population had 
remained highly susceptible even when in close association wit.h pyrethroid 
resistant populations for at least 2 years and pyl'ethroid treated populations fol' 5 
years. Diagnostic dose mortality (Table 3) showed that Rich's hoi'll flies essentially 
recovered the susceptibility it had lost in the first year of the study_ Also, the 
pyrethroid treated populations experienced reduced RISs whenever pyrethroid 
selection was reduced or eliminated, especially over winter (Table 1). A given level 
of selection seems to cause a population to seek the lowest RIS that will allow 
survival to that exposure level. Unselected horn flies in the 1984 - 85 CBES study 
tended to "emain susceptible or to increase in susceptibility to pyrethroids. 
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Pyrcthroid resistant hom flies may be less fit than susceptibles in a I>yrethroid 
free environment and be selected against. Some dispersal of horn flies almost 
certainly occurred from the resistant populations into the Rich's area (susceptible), 
and vice versa. These areas were only 2.8 km apart, and marked horn flies have 
been recorded to tmvel as far as 26 km within 1·2 wk (Beadles et aJ. 1975) and 12 
km in 10 h 01' less (Kinzer and Reeves 1974). 

Calculated mortalities at a diagnostic dose for CBES horn fly populations in 
1985 showed more resistance selection by ear lags than sprays in posttreatment 
populations (Table 3). 

White Hall (md Willwns Beef Study Areas 
At t.he While Hall farm one pyrethroid impregnated tag per cow was judged La 

give excellent horn fly control in 1981. Control became poorer each succeeding 
year until two tags pel' cow and one per calf gave poor control in 1984. In 1985 
expelimenlal Ilucythlinate cattle ear tags and a pennethlin-chlorpylifos combination 
tag maintained horn fly numbers below 50/side of cow for only 6 4 8 wk. 

At the Wilkens farm one tag per cow was judged to give excellent control in 
1981 and fair control in 1982. In 1983 two pyrethroid lags per cow were judged to 
give poor control and were supplemented with organophosphate sprays. The 
permethrin sprays employed in 1984 were judged t.o give excellent horn fly control. 
The three 0.01% fenv81erate sprays in 1985 also gave good control « 50 horn 
flies/side) of the moderately resistant horn nies. 

In 1985 pretl'eatment resistance factol's were 20 on the farm willI the recent 
history of tagging and 7 on the farm where horn flies had been controlled with 
pyrethroid sprays for 2 years. The highest resistance factors measured on these 
areas were 72 on the tagged farm and 14 on the sprayed farm. 

flom Fly Control, Cost o( Chemical and Other Inputs, CEES 
A 0.01% fenvalerate spray administered three times in 1984 and t.hree times in 

1985 gave similar control when averaged over a season as one 01' two fenvalerate 
tags applied once or twice at CBES (Tables 3 and 4). Usually when horn fly counts 
(including a careful inspection of the animal's underside) were made within 1 day 
after a spray treatment no horn flies could be seen. On only one occasion (6 July 
1984) cu. one horn fly per animal was seen 1 day after spray. So, the relatively 
heavy dose of fenvalerate applied on a spray day did kill pyrethroid resistant horn 
flies that could survive the small continuous dose delivered by ear tags. In 1984 
one tag apl>lied twice (early and mid-year) gave control similar to two tags applied 
early (Table 4). In 1985 both the one tag and two tag treatments were applied 
twice, and control was similar with both levels (Table 5). Horn fly counts on the 
two tag treatment were no lower than with one tag in 1985, perhaps due to the 
greater R/S (as high as 183) generated by that treatment (Table I). 

Under the conditions of these tests cost of materials, time, labor and stress on 
animals were greater with the ear tag treatments when compared to the spray 
treatments. The retail cost of Ectrin@ cattle cal' tags when used in this study was 
ca. $0.90 each and ca. $30/qt. for Ectrin® 10% \VDL. At these prices3 it would cost. 
$1.80 or 83.60 to tag a cow twice a season with I or 2 tags respectively, as was 
done in this study. If H 33% waste is allowed for in applying 2 liters of 0.01 III) 

3 Anliciplltccl relail cost for 1!)8i will be .$0.61 ·O.65/lng. 
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'rable 4.	 Horn l1y numbers per side of cow in three experimental areas at CBES, 
1984. 

Glades 
0.01 % fenvalerate Garrison Tom Hall 

Date spray 1 tag/head 2 tags!head 

7/3 115 >* 211 
> 

7/6 6 
8/2 34 
8/7 72 70 >415 
8/8 140 
8/15 328 137 80 

> 
8/16 36 

> 
8/29 o 193 122 
9/5 62 181 34 
9/12 105 113 76 

> <' < 
9/20 o 7 91< 

10/3 13 12 12 
10/24 72 90 94 
11/9 21 33 14 
Avg. posttreatment no. 67 76 74 
• > Pyre\.hroid treatment.
 
t < FClllhion systemic gmbicide applied.
 

Ectrin@ spray per cow 3 times in a season then the cost of a season's control with 
spray is ca. 80.29. This is a savings of 84 - 92% over the one or two tag treatments 
applied. Since each animal was not restrained and treated individually when 
sprayed, the spray treatment required about lfJ as much time and labor as did 
tagging, and stress to labor and cattle was less. This advantage would be 
considerably less where cattle are difficult to corral. 

Amount of Pyrethroid Applied by Sprays or Tags 
The amount of fenvalerate applied to each cow in each treatment at CBES was 

similar in this study, but the timing and size of doses was different. F'envalerate as 
a spray was applied three times over an average test period of 150 days. In three 
of four instances tags were applied twice to cover this same period (75 days/tag 
treatment). Miller et al. (1983) reported that fenvalerate tags release ca. 25% of 
their active ingredient in 75 days. Thus, cattle tagged twice with one 01' two 8% 
fenvalerate tags in a 150-day period would receive cumulative doses of ca. 0.4 and 
0.8 g fenvalerate respectively. This would be in daily doses (actually continuous) 
averaging ca. 0.0027 g and 0.0053 g respectively. The three 0.01% sprays are 
assumed t.o have applied 2 titers of solut.ion on each cow each time. This would 
result in a dose of 0.2 g for that day and 0.6 g for the season. Daily dose (on spray 
days) "muld be ca. 37 times as much as the two tag t.reatment, even though the 
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Table 5.	 Horn ny numbers per side of cow in three experimental areas at CBES, 
1985. 

Glades 
0.01% fenvalerate G8ITison Tom Hall 

Date spray I tag/head 2 tagslhead 

5/22	 58 > 35 > 50 
>" 

5/24	 0 22 45 
5/29	 10 42 51 
6/6	 54 61 56 
6/12	 14 50 21 
6/19	 20 32 21 
6/26	 47 66 16 
7/1	 226 84 68 

> 
7/26	 28 275 178 
8/9	 85 288 225 
8/27	 >160 
8/30	 148 > 171 
9/24	 184 109 87 
9/18	 84 38 100 
9/24	 186 29 172 

> 
10/8 79 72 103 
10/23 124 28 162 
Avg. posttreatment no. 86 91 98 
,. > Pyrcthroid \.rcfllmcnl. 

season's spray dose (0.6 g) is intermediate to the one tag (0.4 g) and two tag (0.8 g) 
treatments. 

Thus total chemical used was very similar among the three treatments and is 
not the cause of the tags selecting for more resistant populations. The constant, 
relatively low daily dose of chemical from the tags gave resistant horn nies a 
constant advont.nge over susceptible ones. But with the spray treatment highly 
resistant nies were favored only for a port.ion of a spray period. When a spray was 
first applied all horn nics (e\'en resistant ones) were killed. at least for a fe\\-' days, 
so the level of resistance present in the field was not an advantage for a short time 
after a spray was applied. Also. after the deposit on the cattle had largely decayed 
more susceptible nics could survive again. Thus highly resistant nies only had an 
advantage during the "mid-life" of a spray instead of every day for m3ny months 
as in the case of ear tag treatments. One can speculate that the sprayed 
population at CBES would have remained more susceptible if highly resistant tag
select.ed populat.ions had not been relatively nearby to immigrate into the Glades. 
At the Wilkens Beef Study Area horn flies that had become too resistant to cont.ml 
with pyrethroid ear tags were readily controlled with pyrelhroid sprays and the RI 
S was lower than those seen where ear tags were in use. 

In the long run, a practical use pattern of pyrethroid sprays con achieve 
average season-Ion~ horn fly cont.rol equal t.o ear tags and result in a lower level or 
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resistance with less costs and labor. The lower resistance selection of the spray 
seemed to be because the intermittent selection pressure allowed greater relative 
survivorship of susceptibles over a season and may have allowed some cost of 
resistance to d"ive the population toward susceptibility. 

ACKOWLEDGMENTS 

This study would not have been possible without the facilities and excellent cooperat.ion 
provided by the Central Branch ExperimelH Station and the Whitehall <Uld Wilkens Beef 
Study Arcus. The author is grat.eful for suggestions and material supplied hy Fermelllfl 
Animal Health and the technical assistance of Ms. Nancy C. Hinkle and J. Delano 
Tuylor. 

REFERENCES CITED 

Bcadles, rv!. L.. J. A. Miller, W. F. Chamberlain, J. L. Eschle, and R. L. l\·tillel·. 197[l. The 
horn ny: Mcthoprcllc in drinking water of cattle for control. J. Econ. 
Entomol. 68: 781-785. 

Daum, R. J. 1970. Revision of two computer programs for probit analysis. Bull. Ent.olllol. 
Soc. Amer. 16: to-14. 

Kinzer. H. G., and J. i\.1. Reeves. 1974. Dispersal and host locat.ion of the horn fly. Environ. 
Entolllol. 3: \07-111. 

Miller, J. A., D. D. Oehler, and S. E. Kunz. 1983. Release of pyret.hroids from insecticidal ear 
tags. J. Econ. Entomol. 76: 1335-1340. 

Quisenberry, S. S .. J. A. Lockwood, R. L. Byford, H. K Wilson, und T. C. Sparks. 1984. 
Pyret.hroid resistance in the horn fly, Haemalobia irri(rlllS (L.l (Dipteru: I'vluscidae). ,1. 
Eeon. Enlomo!. 77: 1095-1098. 

Housh. R. T., and G. L. Miller. 1986. Considerat.ions for design of insecticide resistance 
monitoring programs. J. Econ. Entomo\. 79: 293-298. 

Schmidt, C. D.. S. E. Kunz, H. Oelva1' Petersen. and J. L. Robertson. 1985. Resistance of 
horn nies (Diplera: Muscidae) 10 pennethrin and fenvalemte. ,1. Econ. Ent.omo\. 78:·102
406. 

Sheppnrd, C. 1983. Stirofos resistance in a population of horn Hies. ,I. Georgia Entomol. Soc. 
18: 370-376. 

Sheppard, D. C. 1984. Fenvalerate and nucyt.hrinate resistance in a horn fly populat.ion. J. 
Aglic. Entomol. I: 305-310. 

Sheppard, D. C., and N. C. HinkJe. 1985. Pyret.hroid resistance in horn llies: The problem, 
causes, l]/ld possible solutions. J. Agric. Enlomol. 2: 317-32·1. 

Sheppard, D. C., l]nd N. C. Hinkle. 1986. A procedure for evaluation of horn fly, Haemalobia 
im'(rlllS (L.) pyretbroid resisulIlce by exposure to pyrethroid residues on glass. ,I. Agric. 
E11tolllOI. 3: 100-102. 

Sparks,	 T. C., S. S. Quisenberry. J. A. Lockwood, R. L. Byford, and H. T. Roush. 1985. 
Insecticide resistance in the horn fly. Haell/atobia irrilalls. J. Agric. Entomol. 2: 217
233. 



EVALUATION OF THE FLY BUSTER", A COMBINATION
 
MINERAL-SALT FEEDER/AEROSOL SPRAY DEVICE FOR
 

SUPPRESSION OF HORN FLY, HAEMATOBIA IRRITANS' AND
 
FACE FLY, MUSCA AUTUMNAL/S,' ON RANGE CATTLE','
 

Emmett R. Easton
 
Plant Science Department
 

South Dakota State University
 
Brookings. SD 57007
 

Abstract' A combination mineral feeder/aerosol-spray device was evaluated for the suppression 
of horn and fnce flies, Haematobia irn"(alls (L) and Musca llulumllll/is DeGeer, respcdively, 
under range conditions in east central South Dakota. An untreated control was compared 
with three insecticide treatments applied with the aerosol applicator. CrotoxyphosfDichlon.-os 
(CiovapOS) provided 91.2% control for horn flies and 95.7% control of face nies. Fenvalerate 
(EcLrin~) provided 85.5% control for horn fly and 57.9% for the face fly. Tccruchlorvinphos/ 
Dichlorvos (Ravap·), gave the poorest fnce fly control (40.7%) but reduced horn fly numbers 
by BIA'k. Beef coLLie used the device to obtain salt and minerals. 

Key Words: Mineral feeder/spray device, control, Haemutobia irritlUlS, Musco lwlum"alis. 

J. Agric. Entomol. 4(2): 179·1B2 (April 1987) 

Prior to the late 1970s the most common application techniques for control of 
horn ny, Haematobia irrilans (L,), in the USA were sprays, back-rubbers and dust 
bags. The back-rubber was developed in South Dakota (Rogoff 1961). Kessler and 
Berndt (1971) showed dust bags worked equally well for horn fly control. Better 
results were obtained when cattle were conditioned or forced to use the devices. 
Horn fly suppression is improved by cross-fencing pastures so animals are 
required to puss under the dust bag or back-rubber en route to water or salt. 
Unfortunately cross-fencing is often impractical. 

Ear tags using pyrethroids have provided excellent control of the horn fly in 
states of the north central region (Easton 1983) and have been of varying success 
in reducing face fly, Musca autu11l11alis DeGeer, populations in the USA for over 4 
years. 

Unfortunately resistance is a problem with pyrethroid ear tags. ft was first 
documented in Florida in 1981 (Schmidt et al. 1985) and is now reported in 10 
states: Alabama, California, Georgia (Sheppard 1984), Kentucky, Louisiana, Kansas, 
Nebraska, Oklahoma, and Texas (Kunz 1985; ](unz and Schmidt 1985). In 1985. 
resistance was confirmed in northwestern Nebraska (David Boxler, personal 
communication). Three farms in the adjacent Mission area of South Dakota were 
also suspected of having resistant horn fly populations. Animals that were tagged 
with fenvalerate ear tags were observed to have over 250 flies/animal side in 
August 1985 (Jack Shugart, personal communication). Control failures were also 
reported for perrnethrin tags in Todd County, South Dakota. Pyrethroid ear tags 

DlPT'ERA: Muscidae. 
! Contribution of the South Dakota Agric. Exp. 8ta. No. 2185. Thi~ work wns supported by NC 1M. NCR 

99 and the SDS Biotech Corporat.ion. 
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are also commonly used to control the face fly in South Dakota (Easton et al. 
1985) but use of pyrethroid ear tags for face fly contl'ol is not advisable if resistant 
horn flies are believed to be present. 

MATERIALS AND METHODS 

The Fly Buster.pJ,~ a combination mineral and salt feeder/aerosol spray device 
(Fig. 1), was evaluated on pastured cattle in east central South Dakota in 1985 to 
determine its feasibility for use as an alternate management option for control of 
horn fly and face fly. 

Fig. 1. The "Fly Buster." 

• Countryside Manufucturers, Elwin, SD 57233. 
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Each unit consists of n 54.4·liter liquid insecticide tank on a tripod supporting 
base. A feeding container above the tank holds 22.7 kg of feed or mineral salt. 
Freon 12 propellant pressurizes the system. A 3·way bulb valve is linked to a 
hinged face flap which animals must move inward to access the food. \Vhen a cow 
pushes the face flap inwm'd the head and shoulders of the animal are sprayed. 

Units were evaluated on four separate farms near Badger and DeSmet, SD. 
Numbers of horn flies on one side of 15 cows were counted during morning hours 
and on sunny, non·windy days. All face flies on the heads of 15 animals were 
counted. Units were placed with separate herds of approximately 100 head of beef 
catde. A unit charged only with mineral salt was provided for an untreated control 
herd. Insecticide treatments were a 1.0% Cl'Otoxyphos/Dichlorovos (Ciovap'~), 

0.05% fenvalerate (Ectrine ) and 1.25% Tetrachlorvinphos/Dichlol"vos (Ravap~) 

insecticide. All units were provided with :\'lorton's Farm and Ranch T·M salt 
containing iodine and other trace minerals. Animal acceptDnce and use of the 
devices were good. 

RESULTS AND DISCUSSION 

The best control was achieved using a 1% spray of Ciovup that provided 91.2 
and 95.7% reduction, respectively, of horn llies and face flies (Table 1). EetTin 
provided 85.5 and 58.0% suppression respectively. Ravap was the least effective 
material for face nies (40.7%) while horn fly reduction was better (81.4%). 

Table 1.	 Count and percent control data for the horn fly and the face fly lIsing the 
"Fly Buster" in foUl' separate pastures" 

Fly counts 

Huvap (1.25%) Ectl'in (0.05%) Ciovap (1.00%) Control 

Date Hoi'll Face Hoi'll Face Hoi'll race Horn Face 

25 June 0.86' 3.53t 0.46 0.45 4.46 0.13 22.-10 6.33 
3 July '1.13 3.53 6.47 7.87 2.53 0.73 39.33 16.87 

17 July 12.26 10.93 10.93 11.73 2.93 0.73 22.93 IOA6 
26 July 3.86 12.40 3.00 l4.26 lo73 1.20 26.30 22.80 
5 Aug 2.13 15.53 0.40 5.00 1.26 1.80 20.06 25AO 

27 Sept 0.93 0.06 0.06 0.00 13.40 lo60 

% control 

25 June 96.2 44.2 97.9 92.8 80.1 97.9 
3 July 89.5 79.1 83.5 53.3 93.5 95.7 

17 July '16.5 - 4.5 52.3 -12.1 87.2 93.0 
26 July 85.3 45.6 88.6 37.4 93A 94.7 
5 Aug 89A 39.0 98.0 80.3 93.7 92.9 

27 Sept 93.0 96.2 99.5 100.0 
Mean 81A 40.7 85.5 57.9 91.2 95.7 
• R:wap and Ec~rin were tcsted in sepanlte pastures 8 miles weRt of Badger. lw\'ap was tested 6 miles 

southwest of DeSmet. The control herd was 9 miles south of Brookings. 
t Mean 110. of nicl!/side from Ii) lInimals counted posttreatment. 
t Mean no. of nies/face from 15 animals counted posUreatml'llt. 
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Depending upon the size of a particular cuttle herd, the cost over several years 
for the operation of the "Fly Buster" should at least be economically competitive 
with the annual pun:!Iase of insecticide ear tags. When first introduced. ear tags 
retailed for approximately Sl.OO/tag, but in areas such as Mission, SO, where tags 
containing pyrethroid materials were not working effectively in late 1985, they wel-e 
currently retailing for only $0.75 - 0.85 each. A producers cost could be estimated 
at $120/100 cows annually for tags. Estimated insecticide cost using the "Fly 
Buster" is approximately $0.67/head for the period from June through September. 
lnitial cost of the device is $300.00 - 400.00. Salt or mineral supplement must be 
replaced on a routine basis. 

The resistance management implications of this device are encouraging. 
Insecticides can be readily alternated so as to avoid season-long selection with a 
single material. Animals are treated as they access salt so the entire herd never 
receives treatment as \.vould be the case with an aerial 01' a ground spray 
operation. This sporadic treatment pattei'll may act to preserve a I-efugia of 
susceptible genotypes. 

The 90 - 95% reduction in horn flies using Ciov8p in the "Fly Buster" should be 
considered better long-term management than the 98 - 99% control received using 
pyrethroid ear tags. Resistance is likely to be selected for more rapidly when 98% 
of the population is continually eliminated. \Vhen resistance develops the pyretiu-oid 
ear tags are no longer of value. 

On the other hand, sporadic application of short residual insecticide materials 
to suppress a population by 80 - 90% places less selective pressure on a population. 
Rapid resistance development is less likely. In this study horn fly reductions of 
80·90% kept fly populations below an economic threshold (50 flies/side). 
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NOTE
 

FACTORS AFFECTING THE DEPOSITION OF REGURGITATED
 
MATERIALS ONTO A SUBSTRATE BY MUSCA AUTUMNALISI,2
 

I(ey Words: Musca autllmnalis, regurgitation. 

J. Agric. Entomol. 4(3): 185-188 (July 1987) 

The bacterium Moraxella bovis Hauduroy is considered the primary causative 
agent of infectious bovine keratoconjunctivitis (IBK) in cattle (Hughes, Pugh, and 
McDonald, 1965, Amer. J, Vet. Res, 26: 1331,1338). The face fly, Musca aulumnalis 
DeGeer, has been implicated as the pJimary means by which M. bovis is transmitted 
(Brown and Adkins. 1972. Amer. J. Vet. Res. 33: 2551-2556; Arends, Wright, Barto, 
and Lusby. 1984, J. Econ. Entomol. 77: 394,398). The precise means by which M. 
bovis is transmitted by tv!. autumnalis have been debated since the introduction of 
the face fly onto this continent. Steve and Lilly (1965. J. Eccn. Entoma!. 58: 444· 
446) reported that M. bovis survived on the external surfaces of face flies for up to 
three days but were destroyed within the digestive tract. This finding was not 
substantiated by Glass, Gerhardt, and Greene (1982. J. Econ. Entomol. 74: 545, 
546), who recovered viable M. &ovis from the crops of face flies fol' up to 48 hI's 
after ingestion. Glass and Gerhardt (1984. J. Eeon. Entomol. 77: 399-401) showed 
that the bacterium could be regurgitated onto the eyes of cattle by face nies. 

"Ve have found that I'egw'gitated material is rarely deposited onto a substrate 
by face flies confined within petri dishes (Coleman and Gerhardt, Unpublished 
data). Deposition of regurgitated nuid onto a substrate (i.e., cows eye) is necessary 
if mechanical transmission of M. &ovis is to occur via regurgitation. The purpose of 
this study was to determine if certain factors would increase the rate of deposition 
of regurgitated fluid onto a substrate by M. aulumnalis. 

Female face flies, maintained for six days at 24°C and 76% RH, were used for 
all experiments. Adults were held in 450 ml cardboard containers with screened 
tops and were pl'Ovided with water and sucl'Ose ad libitum. One day prior to 
experimentation, sucrose was removed and only water provided. 

Experiment I 
Groups of 1, 2, 4, 8, 13, and 19 flies were placed in petri dishes (9 em in 

diameter). Each dish contained 200 III of 4.8% Tr)'pticase·soy·broth (TSB) in water 
(w/v), an amount that allowed all nies to feed to repletion. The number of 
regurgitation droplets deposited onto the surface of the petri dish was recorded 
for each group of flies for a 15 min period. Each test was replicated ten times. The 
mean number of drops deposited by each size class of flies was calculated, as were 
the mean number of drops deposited/fly/group. The Student·Newman-Keuls' Test 
was used to determine if means were significantly different (P < 0.05). 

Experiment 2 
Groups of 5 or 10 flies were placed within petri dishes containing 100 IJI of 4.8% 

TSB, an amount that allowed all J1ies to feed to repletion. The number of 

I DIPTERA; r\'fU8cidue. 
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regurgitation drops deposited onto the surface of each petri dish were recorded for 
each group of flies for a 15 min period. Following this period, five TSB starved 
flies were added to those petri dishes containing only five flies. During the next 15 
min the number of drops deposited onto the surface of each petri dish by each 
group of flies were recorded. Each test was replicated ten times. The mean 
number of drops deposited per group for each 15 min period were calculated, as 
were the number of drops deposited/lly/gl'Oup. Student's T-Test was used to 
determine if means were significantly different (P < 0.05). 

Experiment 3 
Groups of five face flies were fed to repletion on 100 J,Jl of 4.8% liquid TSB to 

which a small amount of fluorescein isothiocyanate had been added. Five min after 
a group of flies had fed they were placed in wire cages (6 X 9 em) which were 
fastened: a) over the eyes of a cow (in a position which allowed flies to feed on 
oral secretions), b) on a block of wood 3 III from a cow, or c) on a block of wood in 
the laboratory. Each test was replicated 20 times. After 30 min all flies were 
removed [rom the cages, An opaque hood was placed over each cage to darken it, 
and an ultraviolet lamp used to locate regurgitation droplets on the walls of the 
cage and or around the eye of the cow. The mean number of drops deposited by 
each group were determined. Means were examined for significant (P < 0,05) 
differences using the Student·Newman-Keuls' Test, 

Significantly greater numbers of regurgitation droplets were deposited onto the 
surface of petri dishes by the larger groups of flies in the first experiment (Table 
1). However, when the number of drops deposited/fly/dish were considered, no 
significant differences between groups were found. Regurgitation normally began 
within 5 min of the initiation of feeding. DW'ing regurgitation each fly remained 
stationary, reducing contacts between individuals, Except for flies which had 
momentarily discontinued regurgitating, individuals did not disturb other flies in 
the petri dish. 

Table 1.	 Influence of numbers of Musca autumnalis in petri dishes on the 
deposition of regurgitation droplets. 

Mean number of Mean number of 
Number drops (± SE) drops deposited 

flies/group Replicates deposited/gl'Oup· per fly per group· 

1 10 O.On (0.00) O.OOa 
2 10 0.5n (0.10) 0.25a 
4 10 0.7n (0.13) 0.18n 
8 10 2.9b (0.32) 0.36n 

13 10 3.7b (0.44) 0.28n 
19 10 7.0c (0.68) 0.36a 

• :\1clIns	 in u column followed by a different letter are significanlly different (Student-Newmnn-Keuls' 
Test, P < 0.0;'). 

'The addition of unfed llies to flies already regurgitating resulted in a significant 
increase in the number of drops deposited onto the substrate, both per petri dish 
and per l1y pel' petri dish (Table 2). Unfed flies actively searched for food and 
frequently encountered flies which were regurgitating. It seems likely that it was 
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Table 2.	 Effect on the deposition of regurgitation drops by the addition of unfed 
Musca autumnalis to regurgitating Musca autumnalis. 

No. of No. of nies Mean nO. drops Mean no. drops 
flies 1st added 2nd deposited/dish deposited/dish 
15 min 15 min 1st 15 min (+ SE) 2nd 15 min (+ SE) 

5 5 0.2a* (0.13) 4.5b (0.88) 
5 0 O.4a (0.22) 0.2a (0.13) 

lO 0 1.5a (0.34) 0.9a (0.31) 
.. Means in D row followed by II different letter urn si/,'nificontly differcnt (Studcnt'l; T·'I'est, P < 

0.05). 

during these interactions that fluid was deposited onto the substrate of the petri 
dish. 

For M. bouis to be transmitted by M. autumnalis the vector must be on the 
host. Results of the experiment to test the effect of the presence of the cowan 
regurgitation are summarized in Table 3. Those flies on the cow deposited four 
times as many drops as the control group in the laboratory. \o\'hile the exact cause 
of this increase was not detenllined, each cow appeared disturbed by the presence 
of the flies. Constant head and eye movements by the cow frequently dislodged 
the flies and may have contributed to the increase in the deposition of regurgitation 
droplets. 

Table 3.	 Effect of the presence or absence of a host on the deposition of 
regurgitation drops by Musca autumnalis. 

Mean no. of Mean number of drops 
drops deposited deposited per fly 

Group per group (± SE) pel' group 

On cow 6.05a' (0.86) 1.21a 
(Exp.) 
Near cow 1.37b (0.26) 0.27b 
(Control) 
In lab Q.60b (0.22) 0.12b 
(Control) 
• Means	 in 8 column followed by 0 different. letter are significant.ly different (Student.·Newmnn·Keu!s' 

Tcst, P < 0.05). 

In spite of the paucity of research on regurgitation, more and more evidence is 
accumulating that implicates regurgitation as a mode of pathogen transmission 
(Dipeolu. 1982. Internat. J. Zool. 9:57-61; Markus. 1980. J. Parasitol. 66:361-362). 
Glass and Gerhardt (1984. J. Econ. Entomol. 77:399-401) demonstrated that 
regurgitation was a viable means of transmission of M. bouis by M. autumnalis. 
While face flies fed TSB will not normally deposit regurgitation droplets onto a 
substrate, our present study found that interactions between conspecific flies and 
between flies and cattle increased the rate of deposition of regurgitated fluid onto 
a given substrate. Cheng (1967. J. Econ. Entomol. 60:598-599) and Gerhardt, Allen, 
Greene, and Smith (1982. J. Amer. Vet. Med. Assoc. 180:156-159) found that the 
incidence of IRK rose with increasing numbers of face flies. Although numerous 



188 J. Agric. Entomol. Vol. 4, No. 3 (1987) 

possibilities exist which couJd explain this find, ow' studies suggest that interactions 
between feeding flies can promote the deposition of regurgitated fluid. A 
combination of increased damage to ocular tissue (Broce and Elzinga. 1984. J. 
Merl. Entema!. 21:82-85) and an increase in pathogen deposition might be 
reflected by increases in apparent cases of 18K, although no studies have 
examined this issue. It is plausible that factors such as those examined in this 
study might effectively promote transmission of M. bovis. 

RUSSELL E. COLEMAN' and REID R. GERHARDT 
Department of Entomology and Plant Pathology 

University of Tennessee 
Knoxville, TN 3790}·}071 
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AbstracL· Boll weevils, AntlJonomus grandis Boheman, were trapped in the field during the 
fall of the year and brought into the laboratory for study. Weevils were classified as being 
fat, intermediate or lean. Weevils were fed bolls and squares Cor 14 days in the laboratoI)' 
and checked for \"Oillingncss to fly. An average of 39.3% of the lean weevils new as compared 
.....'ith 69% of faL weevils which flew. Weevils classified as having intennediate fat were not 
used. Approximately 1.8 times more night was observed in fat. weevils which were prepared 
to leave the field for overwintering sites as compared with lean weevils. 

Key Words: Flight, boll weevil, A'lthollomus gmlldis. 

J. Agric. Entomol. 4(3): 189·192 (July 1987) 

Brazzel and Newsom (1959) described diapause in boll weevils, Allthonomus 
grandis grandis Boheman, as: cessation of gametogenesis, atrophy of gonads, 
increased fat content, decreased water content, and decreased respiration rate. 
Mitchell and Taft (1966) suggest that weevils need very litUe rat to survive the 
winter and even those in "intennediate diapause" are quite capable of surviving 
the winter. 

In the past, Haynes et al. (1981) used flight tests to evaluate and develop 
improved diflubcnzuron dip tests for the weevil. Flight tests were further used to 
measure the effectiveness of weevils treated with diflubenzuron plus irradiation for 
the first 5 days posttreatment (Haynes and Wright 1984), Finally, flight tests were 
useful in determining the most effective sugar treatments which resulted in 
increased longevity and mating of weevils treated with diOuhenzuron plus irradiation 
(Haynes 1985). 

The purpose of this study was to determine whether there were any significant 
differences in flight activity between fat and lean, trap-captured weevils held in 
the laboratory for 14 days. If so, the flight tests might be useful in diapause 
studies of weevils in the laboratory. 

MATERIALS AND METHODS 

The boll weevils used in this study were collected from a field, located 14.5 kIn 
NW of Eupora, MS, in Webster County. Modified infield traps (Dickerson et al. 
1981) were used to capture the weevils between 6 October and 12 November 1984. 
Eight traps were placed along the western edge of the field ca. 9 m apart. The 
traps were baited with 3 mg grandlure filters 24 hours prior to checking to 
maximize catches (McKibben et a1. 1980). \Veevils were collected from the traps 3 
days/week from 10/6-11/12/84. The captured weevils were brought to the laboratory 
and held in 450 ml paper cartons provided with screen tops. Groups of approximately 

COLEOPTERA; Curculionidae. 
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100 weevils were held in each container and fed fresh squares and boils (5-10 days old) 
daily. The incubator was beld at 32 ± I·C and set for a 12 h light: 12 h dark 
cycle. 

Prior to conducting the flight test, the weevils were classified Beording to amount 
of fat they contained based on the methods of Brazzell and Newsome (1959). \Veevils 
were frrst examined to detennine if the cuticle was hard; aU newly emerged weevils 
were discarded. Weevils whose tracheae and internal organs were covered by fat 
bodies were termed fat Those individuals having fewer fat bodies were classified as 
having intermediate fat. Lean weevils were those individuals with highly visible 
tmcheae and intemal organs and very little fat The color of the fat was noted as being 
yellow, light yellow, or white. Moisture content of fat and lean weevils was detennined 
hy chemical titration using the lilll Fishel' methods as desclibed by Jones (1981). 

The trap-captured field weevils were held in the laboratol~Y and aged for as long 
as 14 days before they were tested for flight. The tests were conducted in a heated 
room (32-33 D C) which was illuminated to 350-375 foot-candles. Due to the inconsistent 
numbel"s of weevils which were being trapped, there were only three replications of 
tests on days 1-5, 12 and 13. Six replications of tests were made on day 11, and 
nine replications were made on days 6-LO. Groups of 10 mixed sex weevils were 
held in 50-ml greased beakers for 2-3 min to allow the weevils to acclimate 
themselves after moving from the incubator to the flight room. They were dumped 
onto a flight platfonn (12.7 em diameter; 18.4 em high) which was placed inside a 
plastic box (26.7 em wide X 35.6 em long X 11.4 em high) coated with petroleum 
jelly to prevent weevils which fell from the platform from escaping. Since three 
tests were run simultaneously, it was sometimes difficult to record every weevil's 
flight. The number which flew in 5 min wns deduced by subtracting the number of 
weevils which remained on the platform or in the box from the total number 
released. Occasionally weevils flew out of the bottom of the box and these were 
also counted. Data were analyzed using ANOVA to detennine significant differences. 
All statistical comparisons were based on the 1% and 5% probability level. 

RESULTS AND DISCUSSION 

Approximately 2000 boll weevils were trapped from 6 October through 12 
November. When those weevils' elytm were raised for examination of the abdomen, it 
was found that most of them had harneded cuticles. The few young weevils which 
had soft cuticles were discarded since they were not reprp.sentative of the older 
weevils being tested. Thirty·one percent of the weevils were classified as fat, 
having severe hypertrophy of fat bodies so that neither the tracheae nor the 
digestive tract could be seen through the tergum. Forty-two percent of the weevils 
were classified as lean, having very little fat; parts of the tracheae and digestive 
tract were quite visible. Twenty·seven percent of the boll weevils had an 
intermediate amount of body fat and were not used in the night test. The color of 
the fat bodies in the fat weevil group appeared yellow through the dorsal tergum 
whereas lean weevils' sparce fat bodies were more nearly white. Weevils having an 
intermediate amount of fat had light yellow fat. It was found tJwt the watel' 
content of fat weevils was 38.2-43.5% during October-November compared with 
50.9 in lean weevils. Brazzel and Newsom (1959) reported that diapausing weevils 
collected from ground trash from December.Februar:y contained 47·48% water 
compared with 60-65% when weevils were reproductively active in April. 
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Differences in flight between fat and lean weevils are shown in Figure 1. If the 
percent of weevils taking flight each of the 14 days of testing was related to their 
body fat, the following observations could be made. In no instance was less than 
20% flight nor more than 90% flight observed regardless of the amount of fat they 
contained. Lean weevils flew within a range of 20-49% for 12 days of the test; on 
days 5 and 12, however, flight was noted to be 50-60%. More specifically, 20-29% 
flew on days 10 and 14; 30-39% flew on days 1,3,6,9, and 11; and 40-49% flew on 
days 2. 4. 7, 8, and 13. It is interesting to note that the flight of lean weevils 
generally alternated between 30-39% and 40-49% flight. during the test. 
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Fig. 1.	 Flight activity of fat or lean boll weevils collected from the field and held 
in the laboratory for as long as 14 days. Symbols indicate significance as 
determined by ANOVA (••, P ~ 0.01; ., P ~ 0.05). 

It was found that 50-89% of the fat weevils took flight during the 5 min tests 
each day. Specifically, 50-59% of them flew on day 14 of the test and 80-89% flight 
was noted on days 7 and 12. The majority of the flights were above 60%. For 
example. on days 2, 3, 8, 9, 10, and 11, night was 60-69% and on days 1, 4, 5, 6, 7, 
and 13, flight was 70-79%. cleady. 71.4% of lean weevil flights occurred within a 
range of 60-79%. These differences between fat and lean weevils were highly 
significant except on days 2. 4. and 5 of the test. On all other days, except day 9 
(P = 0.05), the differences were found to be significant at the 1% level of 
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probability. The reason for increased flight in fat weevils as compared with lean 
weevils may have been due to the fact that they were physiologically ready to 
leave the cotton field and seek out overwintering !-iites. 

The flight ratio (% flight of fat weevils divided by % flight in lean weevils) was 
relatively consistent throughout the 14-day holding period. Fat weevils flew at a 
rate 1.5-2.5 times greater than that found in lean weevils, based on the ten days 
where the flights were found to be significant. The average flight ratio of fat 
weevils was 1.8 ± 0.27 times greater than lean weevils. 

Increased fat was one of the five characteristics of diapause found in boll 
weevils (Brazzel and Newsom 1959)_ Based on their studies with Schistocerca 
americana Drw)', Krogh, and Weis-Fogh (1951) found that 85% of flight energy 
carne from combustion of fat. Also, \Vigglesworth (1949) found that Drosophila 
melanogaster Meig draw upon glycogen stored in fat bodies for flight energy. Thus, 
it was easy to understand why boll weevils, heavy with fat as they enter diapause, 
would certainly have the energy reserve for considerably more flight than the much 
leaner, nondiapausing weevils. Other hormonal conditions probably contribute to 
the diapausing weevils desire to l1y and seek out overwintering sites. 

Another charactelistic of diapause was decreased water content. Water loss in 
some insects may limit the duration of their ilight. For example, with the locust, 
Sc;histocerc;a americana Drury, night was limited by metabolic water loss and 
ceased when it reached 2-3% of body weight (Weis-Fogh 1953). In this report it was 
found that fat weevils contained 14.5-25% less water than lean weevils. Obviously, 
water Joss at the level mentioned did not reduce flight in fat weevils; in fact, their 
llight was nearly double that of lean weevils. 

Based on highly significant differences between fat and lean weevils, it appears 
that this flight test may be useful in further laboratory studies related to 
diapause. 
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Abstract: The soybean, Glycine max (L.) Merrill, insect.-resistant breeding line GatIR 81·296 
was tested for resistance against three polyphagous species of Spodoplem, the fall ann)wonn 
(FAW), S. frugiperda (J. E. Smith), the yellowstriped annywonn (YSAW), S. omithogalli 
Guenee, and Ule southern arm)'worm (SAW), S. eridania (Cramer). In no-choice laboratory 
foliage-feeding bioassays, mortality of FAW and YSAW was significantly greater when larvae 
were reared on foliage from the culuvar 'GaBoy 17.' Larval development time was significantly 
increased and larvol weight at 14 days was significantly reduced for all three species when 
fed foliage of Gatln. 81·296. Pupal weights were also significantly lower when YSAW and 
SAW were reared on GauR 81-296 foliage. In dual-choice laboratory bioassays using leaflet 
discs, larvae of all three species preferred discs from the susceptible soybean, 'CaSoy 17.' 
Resistance of GatJR 81·296 to Spodoplera sp. appears to be due to larval nonpreference or a 
combination of Imval non-preference and antibiosis_ 

Key Words:	 Spodoptera (rugiperoa, Spodoplera omilhogalli, Spodoplera eddania, Glycine 
max, host plant resistance, larval non-preference, antibiosis. 
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The fall annywonn (FAWl, Spodoptero frugiperda (J. E. Smith), the yellowstriped 
armyworm (YSAW), S. ornilhogaUi Guenee, and the southern armyworm (SAW), S. 
eridania (Cramer), are polyphagous, attacking a wide variety of wild and cultivated 
plant species, Their importance as pests was recognized by early researchers who 
provided detailed observations on the biology and host range of FAW (Luginbill 
1928), YSAW (Cmmb 1929), and SAW (Chittenden and Russell 1909). 

Soybean, Glycine max (L.) Merrill, has been reported as a host plant for both 
FAW and YSAW (Tw-nipseed and Kogan 1976; Oliver and Chapin 1981), although 
both species prefer other hosts (Luginbill 1928; Crumb 1929). Although numerous 
other legumes have been noted as SA\V hosts (Chittenden and Russell 1909; 
Oliver and Chapin 1981), no record of soybean serving as a host plant for SAW has 
been found. During the 1986 field season, isolated infestations of SAVllarvae were 
observed in soybean plots located on the Coastal Plain Experiment Station, 
'rifton, GA. 

Screening of soybean genotypes for resistance to lepidopteran defoliators 
generally utilizes pest species commonly encountered on soybean, such as the com 
earworm, Heliolhis zea Boddie, the soybean looper (SBL), Pseudoplusia includens 
(Walker), and the velvetbean caterpillar (VBC) Anticarsia gemmalali's Hubner 
(SuUivan 1985). Because Spodoplera sp. only occasionally infest soybean in sufficient 
numbers to cause significant injury, soybean resistance against these species is not 
a priority item for researchers. Yet lmowledge of the level of resistance to 
SpodopLera sp. in soybean germplasm used for breeding purposes could help 
prevent the release of soybean varieties with good resistance to key pests but 
lowered resistance to occasional pests. The soybean plant introductions (PO 229358 
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and 227687 are known to have resistance to several lepidopteran defoliators, 
including the beet annywonn, S. exigua (Hubner) (Turnipseed and SuUivan 1976; 
Lambert. and Kilen 1984; Smith 1985). However, the response of FA\V, YSAW, and 
SAW larvae to insect·resistant soybean genotypes has not been reported. 

The soybean breeding line GatIR 81·296 is an Fll genotype resulting from a 
'GaSoy IT X PI229358 cross. This genotype combines good levels of resistance to 
SBL and VBe with acceptable agronomic qualities (unpublished data). It was 
selected from other soybean lines based mainly on the results of field screening 
using naturally occurring SBL and VBe populations. While its resistance to SBL 
and VBe has been examined in detail (Beach and Todd 1988), little is known 
about the resistance of GatlR 81·296 to generalist lepidopteran hel'bivores such as 
the armyworm species mentioned above. Thc purpose of this study was to 
compare the responses of FAW, YSA\V, and SAW larvae in no-choice feeding tests 
and multiple·choice preference tests involving the resistant soybean genotype. 
GaUR 81-296, and the susceptible parental genotype, 'GaSoy 17.' 

MATERIALS AND METHODS 

Source of Thst Insects 
All insects used in this study ,,,'ere obtained from laboratory colonies 

maintained on arti.ficial diet (Greene et al. 1976) at 25°e. 75% RH and 14L:IOD 
photoperiod. The SA\" colony was established from larvae infesting soybean plots 
at the Coastal Plain Experiment Station, Tifton, GA. Sufficient larvae to establish 
colonies of FAW and YSAW could not be obtained from soybean. Moths collected 
from blacklight traps were used to establish a YSAW colony. Larvae of the FAW 
were obtained from a labol'atory colony established from specimens collected in 
corn, Zea mays (L,). The YSA\V and SAW colonies had undergone two generations 
in the laboratory prior to testing. The FAW colony was a long established 
laboratory culture subjected to biannual infusions of wild stock to maintain 
diversity (D. J. Isenhour, personal communication). Species identification of YSA\\' 
and SAV\' colonies was confirmed using key~ for Spodoptera sp. larvae (Levy and 
Habeck 1976) and adults (Todd and Poole 1980). 

PreparatiDn Df Plant Material 
Soybean plants used as a soul'ce of foliage were grown under greenhouse 

conditions. Lighting was provided by 40 W Sylvania Gra-Luxe nuorescent tubes. 
Observed greenhouse temperatures ranged from 25-32°C, 

Plant<; were grown in 12·cm-diameter plastic pots (2-3 plants/pot) containing 
Pro-Mixilll potting soil. Seeds were treated with Nitragen~ soybean inoculum prior 
to planting. Pots containing seeds were arl'anged in I'OWS inside 90 by L20 cm metal 
pans. Water was maintained in the pans so that moisture could be taken up 
through holes in the bottom of the pots. Plants were grown for 4 weeks before 
tests were started. Fully expanded lealleL<; wcre picked from t.he ard and 4th 
trifoliolates of Vr.·Y I; stage soybean plants (Fehr et at. 1971). 

Sufficient foliage to te~t all three insect species concurl'cntly could not be 
obtained. Thus, ror each inl'icd species, fl scparut.c group of pl<llll.s was established 
from the sumo ~.;ced source undcr condi1.ion~ iden\.ical to those descrihcd above. 

NtJ-Clwice Feeding Bioa.~say 

Neonates of each of the three species were pla{;ed into individual plaslic dishes 
(9·cm-diumeter) lined with moistened !ill-cr paper. Fresh. excised fuli<lge from 
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either 'GaSoy 17' or GatlR 81-296 plants was provided to larvae inside dishes. 
Dish edges were sealed during the first 24 hours with Parafilmll to prevent escape 
of small larvae. After this timc, Parafilmill was removed and fresh foliage of the 
apPl"Opriate soybean genotype was pl"Ovided as needed until death or pupation. 
Test insects were held in a rearing room at 25°C, 75% RH, and 14L:lOD 
photoperiod. Larvae werc weighed at 5, 8, 14, and 18 days of development on a 
Mettle~ AElOO electronic balance. Because many FAW larvae had pupated by the 
18th day. larval weights for this species were not taken at that time. All pupae 
were weighed 3 days after pupation. 1Vlortalit)' and development times were 
recorded for each individual during the larval and pupal stages. 

Replicates consisted of 40 Imvae (1 laJva per dish) per soybean genotype for 
each of the three insect species. Data were analyzed for each insect species using 
a one-way Analysis of Variance (P.:o:; 0.05) program from the Statistical Analysis 
System (SAS 1982). 

Dual-Choice Preference '[est 
Discs (2 cm') were punched from fully expanded 'GaSoy 17' or GaUR 81-296 

soybean leaflets using a cork borer. Leaflet discs were placed abaxial side down in 
14·cm·diameter plastic dishes lined with moistened filter paper (l disc of each 
soybean genotype per dish). Discs were oriented side-by-side near the center of 
the dish and ca. 2 em apart. T\,,'enty neonates were placed onto the surface of the 
fllter paper between the discs. Dishes were then covered and sealed with Para.film~ to 
prevent larval escape. Dishes containing lesnet discs and neonate larvae were 
placed in a chamber maintained at 30°C in total darkness. At the end of 24 hours. 
dishes were removed and the number of lal·vae feeding on each disc was recorded. 
L8Ivae not observed to be feeding on one of the leaflet discs were excluded from 
counts. 

Twenty dishes (1 dish = 1 replicate) were used to test the relative preference 
of each of the three insect species. Data were analyzed as described for the no
choice feeding bioasay. 

RESULTS 

No-Choice Feeding Test 
Percent mortality of FAW and YSAW larvae was high when larvae were reared 

on GauR 81-296 (Table I). in the case of FAW, 42.5% (17/40) of larvae reared on 
81-296 died before the 5th day of development. In contrast, most YSA\V mortality 
occurred later, as mortality was only 5% (2/40) by the 5th day and 25% (10/40) by 
the 8th day of development when reared on 81-296. Mortality of SAW larvae was 
10% or less on both genotypes. 

For those individuals which successfuly developed to the pupal stage, larval 
development was significantly lengthened for all three species reared on GatIR 81
296 (Table 1). FA\¥ had the largest increase in mean development time (5.0 days) 
of larvae reared on GatIR 81-296 compared with 'GaSoy 17.' Mean development of 
SA\V larvae increased only 1.7 days when reared on GatlR 81·296. No differences 
were noted in pupal development times for FAW and YSAW larvae reared on the 
two genotypes, while pupal development of SAW was slightly (but significantly) 
increased fol' individuals I'ared on GaUR 81·296 (Table 1). 

When reared on GaUR 81·296 foliage, FAW and YSAW laIvae were significantly 
smaller at 5, 8, and 14 days of development as compared to larvae reared on 
'CaSoy L7' (Table 2). Larvae of YSA\V were also significantly smaller on GaUR 
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81·296 at the 18th day of development No significant differences were noted in hlIval 
weights bet\veen SAW IBlvae on the two soybean genotypes at 5 or 8 days of 
development. However, SAW larvae developing on GatIR 81-296 were significantly 
smaller at 14 and 18 days. 

Table 1. Percent mOltali~ and development of fall armywonn (FAWl, yellowsbiped 
armyworm (YSA\V), and southern armywOlm (SAW) larvae and pupae 
when reared on insect-resistant (GaUR 81-296) or susceptible ('GaSoy 
IT) soybean foliage, Tifton, GA, 1986. 

Insect Soybean Mortality (%) Development (days)' 
species genotype larval pupal larval pupal 

'GaSoy IT 12.5 0.0 19.7 ± 0.3b 8.2 ± 0.2a 
PAW 

GatIR 81-296 62.5 5.0 24.7 ± 0.7a 8.1 ± 0.2a 

'GaSoy IT 35.0 10.0 21.5 ± 0.5b 10.7 ± 0.2a 
YSAW 

GatIR 81-296 77.5 7.5 24.2 ± 0.9a 11.1 ± 0.5a 

'GaSoy IT 5.0 2.5 27.7 ± 0.3b 10.5 ± 0.2b 
SAW 

GatIR 81-296 10.0 0.0 29.4 ± 0.3a 11.3 ± 0.2a 

• Mean	 ± SE~·1. Menn poirs follov.'cd by the same IcHef lllll not significantly different, analysis of 
vuriance (P> O.05). 

Pupal weights of FAW were not significantly different for individuals reared on 
the two soybean genotypes (Table 2). Conversely, YSAW and SAW pupal weights 
were significantly reduced when larvae were reared on GaUR 81-296. 

Dual Choice Preference Test 
When pl'Ovided a choice between leaflet discs of 'GaSoy IT and GatlR 81-296, 

significantly more neonate larvae of all three species were found feeding on the 
'GaSoy IT discs after 24 hours (Table 3). Most of the FAW larvae (79.5%) 
originally introduced into each dish were noted feeding on one of the leaflet discs 
after 24 hours. Somewhat less SAW (69%) and YSAW (61%) laNae were found 
feeding on a soybean disc after this period. Mmtality was < 5% during this test 
for any of the 3 species. The larvae (all 3 species) not found on discs were 
observed moving around the dish or on the inside of the lid. It is not known if this 
movement is a nonnal component of larval behavior in these species or if this 
indicates dissatisfaction with one or both soybean genotypes. 

DISCUSSION 

Foliage of the soybean cultivar 'GaSoy 17' appeared to be adequate as a source of 
nutIition for FAW and SA'N larvae. Swvivnl ofYSAW to the adult stage on 'GaSoy 17' 
was reduced (55%) compared with FAW (87.5%) and SAW (92.5%). When provided an 
exclusive diet of foliage from the resistant genotype GaUR 81-296, mortality and larval 
development time increased for both FAW and YSAW. When SAW were provided 
only GatIR 81-296 foliage, mOl1ality did not increase; however, larval and pupal 



Table 2. Larval and pupal weights or rail armyworm (FAW), yellowstriped armyworm (YSAW), and southern armyworm (SAW) 
when reared on insect-resistant (GaUR 81-296) or susceptible ('GaSoy 17') soybean foliage, Tifton, GA, 1986. 

Insect Soybean Larval wt. (mg fresh wt.) at:" Pupal wt. 
species genotype 5 days 8 days 14 days 18 days (mg fresh wt.) 

'GaSoy 17' 3.3 ± 0.20 18.2 ± 1.80 282.8 ± 19.20 .m t 182.2 ± 4.6a 
FAW 

GaUR 81-296 1.1 ± 0.2b 6.7 ± 1.7b 74.3 ± 14.4b 168.6 ± 6.4a 

'GaSoy 17' 3.7 ± 0.3a 16.5 ± LOa 271.6 ± 20.4a 891.9 ± 55.9a 252.6 ± 8.7a 
YSAW 

GaUR 81-296 1.6 ± O.lb 10.0 ± 1.2b 191.2 ± 21.2b 642.3 ± 46.1b 199.3 ± 11.0b 

'GaSoy 17' 1.8 ± O.la 6.2 ± O.4a 45.5 ± 3.5a 217.8 ± 16.6a 249.4 ± 5.4a 
SAW 

GaUR 81-296 1.6 ± O.la 6.8 ± 0.6a 32.1 ± 3.5b 129.6 ± 14.3b 219.4 ± 4.5b 

* Menn ± SEM. Mean pairs rollowed by the same letter are not significantly different, analysis of \'anance (P > 0.05). 
t FAW laNai weights we~ not taken at 18 days 85 many individuals pupated prior to this time. 
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development were significantly lengthened. Reductions in larval weights of all 
three species taken at arbitrary points in development (5. 8, 14, and 18 days) also 
indicated that growth proceeded more slowly on GatIR 81-296. 

The general mechanism by which the genotype GatIR 81-296 slowed larval 
growth of all three species and reduced survival (FA'" and YSA\V) is not clear. 
The responses noted during this study were 8 result of larval non-preference (lack 
of proper feeding stimulants and/or presence of feeding inhibitors) and possibly 

Table 3.	 Preference of neonate fall armyworm (FAW), yellowstriped armyworm 
(YSAW) , and southern armyworm (SAW) for leaflet discs of insect
resistant (GatIR 81-296) or susceptible ('GaSay 17') soybean in a dual
choice test, Tifton, GA, 1986. 

No. larvae/leaflet disc· 

Soybean genotype FAW YSAW SAW 

'GaSay 17' 11.3 ± lAa 904 ± 0.9a 11.9 ± 0.9a 
GatIR 81-296 4.6 ± 0.5b 2.8 ± 0.5b 1.9 ± OAb 
.. Mean ± SEM. Means bosed on 20 dishes, 20 larvae!dish, I leaflet disc of bolh soybean genolypes! 

dish. Mean pairs followed by the same Jetter are nol significantly different, anal);sis of variance (P > 
0.05). 

antibiosis (the presence of a substance which adversely afffects nonnal growth and 
development) (Painter 1951). Larval non-preference was demonstrated when 
neonates of all three species showed a clear preference for GaSoy when provided 
leanet discs of both GaSay and 81-296. Thus, increased mortality andlar slowed 
growth in the no·choice test could be due to altered feeding behavior of larvae 
restricted to Gatill 81·296 foliage as opposed to the presence of metabolic 
inhibitors. Resistance to SBL is suspected as being a combination of larval non
preference and antibiosis in the soybean genotypes PI227687 (Smith 1985) and 
PI229358 (unpublished data). Similar mechanisms probably also operate against 
Spodoptera sp. larvae feeding on GatIR 81-296. 

Of the three species tested, SAW seemed least affected by the soybean 
genotype GatIR 81·296. SUfvivaJ of this species was similar on 'GaSoy 17' and 
GatIR 81·296 with mean development time to the adult stage increased by only ca. 
2.5 days, although pupal weights were significantly lower on GaUR 81·296. The 
possibility exists that the host plants of previous generations (wild stock from 
which laboratory colonys were originated) influenced the outcome of these tests as 
the SA\V colony was the only one established from specimens collected in 
soybean. If outbreaks of SpodopLera sp. on soybean become more frequent., this 
subject could be worthy of further research. 

In conclusion, the breeding line GaUR 81·296, selected on the basis of resistance 
to SBL and VBC, also has some resistance against SAW and has increased levels 
of resistance against FAW and YSA\V when compared with its susceptible parental 
genotype, 'GaSoy 17.' In previous tests with greenhouse foliage, GatIR 81-296 and 
its resistant parental genotype, PI229358, exhibited a similar level of resistance to 
SBL and VBe larvae (Beach and Todd 1988). PI229358 has been shown to have 
multiple resistance to v8lious lepdiopteran and coleopteran defoliators (Clark et al. 
1972; Hatchett el at. 1979; Layton et al. 1987), altllOugh the three Spodoptera sp_ 
which are the subject of this paper had apparently not been previously tested 



BEACH and TODD: Soybcan Resistance to Spodoptera sp. 199 

against PI229358 or lines derived from this PI. The breeding line GaUR 81-296 
appears to have retained, at least in part, this multiple resistance aspect 
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Abstract: The development of the exotic parasitoid Palcxorista laxa (Curran) (DIPTERA: 
Thchinidae) nnd its host. Heliothis zea (Boddie) (LEPIDOPTERA: Noctuidae), was studied 
on artificial diet. and pest-resistant and susceptible soybean genotypes, These laboratory 
studies showed that H. zea l8lVsl dc\'ciopment was fastest on artificial diet and slowest on 
leaves of the plant introductions (PIs) 171451 and 229358. The H. zea lar...a1 growt.h rate on 
the cultivar 'Govan' was greater than on the (wo resistant Pis, while the gro.....1.h rate on 
'Bragg' was greater than on PIl71451. The only significant effect on P. lara ''''as on larval 
development period; this was shortest on diet-fed H. zeu larvae and longest on P1229358-fed 
Ia.rvae. P. laxa larval development period on Pll71451-red hosts was not different from that 
on 'Bragg'- and 'Covan'-fed H. zea larvae. 

I(ey \\lords: Soybean, Heliothis zea, Pnlcxorista taxa. parasitoid. plant resistant, 3-trophic 
level interaction, antibiosis. 
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Palexorisw, laxa (CWl'lm) is a lalval parasitoid of Heliothis armigem (Hubner) 
(LEPIDOPTERA: Noctuidae) in India and Afi·ica (Jackson et al. 1976). Females 
lay mernbranous·type eggs (Hagen 1964) on mid· to late·instar larvae. The eggs 
hatch within 15 seconds of oviposition and the larvae penetrate the host cuticle 
and begin to feed (Chauthani and Hamm 1967). The parasitoid larvae kill the host 
and pupate in 4 to 9 days at 20 to 35°C (Jackson et al. 1976). 

Palexorista La.m has been imported into the United States [rom India (Chauthani 
and Hamm 1967; Bryan et al. 1969; Jackson et al. 1.976) and Arrica (B. M. Shepard, 
personal communication) for evaluation against Hcliothis species in cotton in 
Arizona, as well as cotton, soybeans and other crops in the southeastern United 
St.ates. The colony used in this study originated from parasitized H. armigera 
larvae collected on pigeonpea, Cajanus cajan (L.) Millsp., in Kenya, Africa, by B. 
M. Shepard in June 1982. Evaluations conducted with this colony have shown that 
P. taxa has good host-finding ability on soybean, good reproductive capacity. and 
may be able to overwinter in South Carolina in field cages (J. F. Grant, personal 
communication). 

Host·plant resistance has been reported to a wide variety of soybean insect 
pests since the discovery of resistance to the Mexican bean beetle, Epilachna 
variuestis MuJsant (COLEOPTERA: Coccinellidae), by Van Duyn et al. (1971) in 
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plant introductions (Pis) 171451, 227687 and 229358. These PIs exhibit resistance 
to several important noctuid pests of soybean, including corn eanvorm (CEW), H. 
zea (Boddie), soybean looper (SBL), Pseudoplusia includens (Walker), and 
velvetbean caterpillar (VBC), Aflticarsia gemmatalis Hubner (Turnipseed and 
Sullivan 1976; Sullivan 1985). 

The effects of pest-resistant soybeans on the development of a Tachinid 
parasitoid, Varia ruralis Fallen, have been studied in the SBL by Grant and 
Shepard (1985). They found that parasitoid development was adversely affected in 
SBL fed the Pl229358-derived breeding line, ED73-371, but not in hosts fed other 
PI229358-derived line, D75-10230. The effects of pest-resistant soybeans on the 
development of hymenopterous parasitoids of lepidopterolls species have been 
studied by Yanes and Boethel (1983), Powell and Lambert (1984), Orr and Boethel 
(1985), and Beach and Todd (1986). Rogers and Sullivan (1986) studied the effects 
of two of the PIs on the Lygaeid predator Gercoris punctipes (Say). All of these 
studies documented adverse effects on the development of beneficial species when 
hosts or prey fed on pest-resistant soybean genotypes. 

If P. laxa is to contribute to the reduction of CEW populations in soybean, 
then it should not be adversely affected by commercial pest-resistant soybean 
genotypes currently under development. The objective of this study was to 
compare the development of P. taxa in CEW larvae fed the pest-resistant PIs 
171451 and 229358 with parasitoid development in host fed pest-susceptible cultivars 
and artificial diet. 

MATERIALS AND METHODS 

The study was conducted in a rearing chamber at 26.5 ± 1°C, 60% ± 10% and a 
photoperiod of 14:10 (L:D). CEW eggs and P. laxa adults used in this expedment 
were from laboratory colonies maintained at Clemson University by J. F. Grant 
and R. E. McWhorter. The source of the Clemson P. laxa colony was a colony 
maintained since 1982 by J. E. Powell at USDA Delta States Research Center, 
Stoneville, MS. 

Diet-reared CE\V were fed on pinto-bean cliet modified fi'om that of Greene et al. 
(1976) by the substitution of alfalfa meal for soybean protein. Diet-fed larvae were 
reared individually in 30-ml plastic diet cups containing 10 to I5-ml of diet. Plant
fed CE\V larvae were reared individually in 9-cm diameter petri dishes. Moistened 
filter paper was placed on the bottom of each petri dish to prevent dessication of 
the foliage. Leaves were replaced at 1 to 3-d intervals, depending on larval size. 
Soybean leaves for leaf-fed CEW were from the upper one-thiJ·d of field-grown 
plants in growth stages between Vll and R5 (Fehr and Caviness 1977). Before the 
leaves were used as food for the CE\V larvae, they were immersed in water to 
remove dirt, washed in 0.05% sodium hypochlorite to destroy surface-borne 
entomopathogens, and finally rinsed in water. 

After CEW larvae moulted to the fifth instal', they wre exposed to ovipositing 
P. taxa females in a 31 X 31 X 41-cm Plexiglas cage. CEW larvae were removed 
and weighed when P. laxa oviposition had been observed on most CEW individuals. 
The CEW diet treatments were continued until CEW pupation or emergence of P. 
taxa larvae. CEW pupae and P. laxa puparia were weighed on the day of pupation. 
CEW age at parasitization, the lengt.h of the P. taxa egg + larval stage, the number 
of P. la:ca per host, and P. taxa pupal duration and adult sex were recorded 
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for each individual. Experimental insects were monitored twice daily from 
parasitization to adult emergence. 

CEW growth on the five diets was monitored using lalvae that had not been 
parasitized by P. laxa. The length of CEW latval life and the pupal weight 1 d 
after pupation were recorded. A growth rate index was calculated from these data 
by dividing pupal weight by the length of laNai life. This growth index provided a 
combined measure of the two aspects of antibiosis resistance. 

Data were analyzed using analysis of variance (ANOVA). In this experiment it 
was impossible to precisely control either CEW weight at parasitization or the 
number of P. taxa. eggs laid per host. Because both of these factors could affect P. 
laxa performance, they wre considered as covariates in the A lOVAS. \Vhere one 
or both of these factors were significant (P < 0.05), adjusted means were used to test 
for differences among treatments using Fisher's LSD test (Steel and Torrie 1980). 

RESULTS AND DISCUSSION 

Because of antibiosis resistance effects, CEW were older at parasitization on 
the PIs than on the cultivars and artificial diet (Table I). Despite this age 
difference, mean Jruval weight at parasitization was not significantly different among 
treatments and aU larvae were stung dwing the first 24 h of the fifth instar. 

Table 1.	 Weight and age of fifth-instar Heliothi$ zea laNae when parasitized by 
Palexorista laxa. 

Weight at Age at 
Host parasitization parasitization 
food (mg) (days) 

Artificial Diet 232.4 ± 5.32a' 7.6 ± 0.14a' 
'Bragg' 227.9 ± 7.57a 12.9 ± 0.20c 
'Govan' 228.7 ± 11.53a 11.4 ± 0.30b 
PI171451 209.8 ± 7.70a 13.8 ± 0.20d 
PI229358 227.6 + 8.32a 15.4 ± 0.22e 
• Mean ± SE. Within II column, means followed by different letters are significantly different (P < 0.05, 

Fisher's LSD lest). 

On all diets, the mortality of CEW larvne from causes other than P. taxa 
parasitization was minimal « 4%) after the larvae had reached the fifth instar. 
Because the study of CE\V mortality caused by plant resistance was not an 
objective of this experiment and had been documented previously (Hatchett et al. 
1976), no formal data on mortality were recorded prior to the beginning of the fifth 
instar. However, it was apparent that mortality in instars 1 to 4 was higher on the 
PIs than on the susceptible cultivars and artificial diet. 

Artificial diet was significantly (p < 0.05) better than the four soybean 
genotypes for CEW growth (Table 2). 'Govan' was the best soybean genotype for 
CEW growth while PI229358 was the worst. These data are similar to those 
reported by Beland and Hatchet (1976), in that they confirm the resistance of 
PI229358 compared to 'Bragg'. The difference in CEW pupal weight recorded 
between P1229358 and 'Bragg' (Table 2) is larger than that reported by Hatchett et 
al. (1976). In addition, our study shows the two Pis to be equal in antibiosis 
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resistance, in contrast to the conclusion of Lambert and Kilen (1984) and Powell 
and Lambert (1984) that PI171451 is less resistant to the CEW than PI229358. 

Table 2.	 Development of Heliothis zea reared on artificial diet and four soybean 
genotypes. 

Larval Pupal Growth 
Host development weight rate index* 
food n time (days) (mg) (mg/day) 

Artificial 32 13.4 ± 0.33et 414.0 ± 7.54a t 31.0 ± 0.57a t 
diet 

'Bragg' 24 19.4 ± 0.38a 326.5 ± 8.71b 17.1 ± 0.65bc 
'Govan' 15 18.1 ± 0.48b 329.5 ± 11.00b 18.5 ± 0.83b 
PI171451 26 20.1 ± 0.37a 292.3 ± 8.43c 14.7 ± 0.63d 
PI229358 7 19.9 + 0.70a 295.1 + 16.11bc 15.0 + 1.21ed 

puplll weight • Gro..... th rate index = 
Inn-al development lime 

t Mean ± SR. \\!ithin 1.1 column, 1lll'IlJlS folJO\'>'cd by different letters are significllntly different (P < 0.05, 
F'isher's LSD test). 

Palexorista laxa larval development time was significantly (P < 0.05) shorter on 
diet-fed CEW than on 'Bragg'- or PI-fed CE\V, while pal1lsitoid larval development 
time on 'Bragg'- and 'Govan'·fed larvae was significantly (P < 0.05) shorter than on 
PI229358-fed larvae (Table 3). Palexorista laxa larval development period on 
PI171451-fed larvae was not different from that on 'Bragg'- and 'Govan'-fed larvae. 
No significant difference in larval development time was found between male and 
female parasitoids (F = 1.1; df = I, 268; P > 0.05). The number of P. laxa puparia 
per host and host weight at parasitization were significant covariates in this 
analysis. P. laxa larval development time declined as the number of puparia per 
hnst increased (F = 18.5; df ~ I, 268; P < 0.001). Larval development time 
increased as host weight decreased (F = 27.6; df = 1, 268; P < 0.001). The latter 
relationship had been observed previously by R. E. l\1c\Vhol'ter (personal 
communication). 

Table 3.	 Effect of Heliothis zea larval diet on size and development of Palexon'sta 
laxa. 

Larval Pupal Puparial 
Host development development weight 
food time (days) time (days) (mg) 

Artificial 5.1 ± 0.07a' 9.0 ± 0.05a' 53.5 ± 0.97a* 
diet 

'Bragg' 5.5 ± O.lOb 9.0 ± 0.07a 40.8 ± 1.47b 
'Govan' 5.3 ± 0.15ab 8.9 ± O.l1a 40.9 ± 2.15b 
PI171451 5.6 ± O.lIbc 8.9 ± 0.08a 38.9 ± 1.53b 
PI229358 5.8 ± O.lle 8.9 ± 0.08a 37.3 ± 1.57b 
"	 Mean ± SE. Within u column. means folowed by different. let:t.crs are significantly dirferent (P < 0.05, 

Fisher's LSD test). 

The covariance analysis indicated that a lOO-rug reduction in CEW weight at 
parasitization increased P. taxa larval development time by only 0.4 ± 0.08 d. In 
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the field, the antibiosis of the pest-resistant genotypes would result in smaller 
CEW larvae than on susceptible cultivars. However, this size reduction should 
have relatively little impact on the total development time of P. laxa on resistant 
genotypes because of small rate increase of P. laxa larval development time as 
CE\V size declines. 

No significant differences (P < 0.05) were found among treatments in either 
the number of P. taxa pupalia per host or the P. laxa pupal development time. 
However, the pupal development time of female parasitoids (9.3 ± 0.05 d) was 
significantly greater than that of male parasitoids (8.6 ± 0.5 d) (F = 98.7; df = I, 
268; P < 0.001). 

The mean weight of P. laxa puparia was significantly (p < 0.05) greater on 
diet-reared hosts that on the plant fed hosts. However, there was no significant 
differences in pupanal size among the four soybean genotypes (Table 3). Male and 
female P. laxa puparial weights were not different (F = 1.7; df = 1,267; P > 0.05). 
The number of P. taxa pupalia per host was a significant covariate in this analysis 
(F = 51.2; df = 1, 267; P < 0.001). On a,'erage, there was a decline in puparial 
weight of 5.2 ± 0.72 mg for each additional parasitoid larva developing in a host. 
This indicates that competition for food occurs among P. laxa larvae when two or 
more larvae develop within a single CEW host. 

Out data indicate that the only effect on development of P. laxa in hosts fed 
pest~resistant soybeans is an increase in larval development time in hosts fed 
PI229358. Even though this increase in larval development time is statistically 
significant, it involves an increase of no more than 0.5 d over the 14 d larval/pupal 
development time. The effect of this increase in development time on the rate of 
population increase for P. laxa on PI229358 is likely to be minimal. 
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Abstract: A 3-year study was conducted to develop treatment strategies that preclude soil 
sampling for insecticidal control of wireworms on potato. Against a sugarbeet wireworm, 
Limotlius californicw; (Manncrhcim), density of 7.5 wireworms/m2, at least 2 years of 
treatment were required for economic control: first yeDr trCl.ltmcnt of either a preplant 
broadcast (PPB) application of Conofas at 4.48 kgllm or a planting time seed-picce furrow 
(PTSF) application of [onaCos at 2.24 kg/ha, and second year treatment of either PPB, PTSF, 
or a postemergence sidedress application (PESD) of phorate at 2.24 kg/ha. Further reduction 
in tuber damage was obtained in the third year with PTSF or PESO. Against a similar 
density of Great Basin wirewonn, Ctenicem pruilli"a Horn, trealment regimens could not be 
evaluated because tuber damage levels did not exceed 1.0%. However, similar control of this 
species could be expected with the same treatment regimens found to be effective against 
the sugarbeet wireworm. 

Key \Vords:	 Great Basin wirewonn, Clcnicero prui'lina Horn, sugarbeet wire.....orm, Limonius 
califomicus (Mannerheim), insecticides, fonofos. phorate, soil application, 
control, potato. 

J, Agric. EnloUlol. 4(3): 207·212 (July 1987) 

Wireworms are the most important soil insect pests of potato in the Pacific 
Northwest. The species most commonly found are the Great Basin wireworm, 
Ctenicera pruinina Horn, and the sugarbeet wireworm, Limonius californicus 
(Mannerheim). Although each species is geographically separated primarily by soil 
type and moisture requirements (Lane 1935). potato tubers call be rendered 
umnarketable by feeding damage of either species. Soil application of an insecticide 
either as a preplant broadcast (PPB), planting time seed-piece furrow (PTSF). or 
planting time sidedress (PTSD) are normally used to control wireworms (Onsager 
et aJ. 1966). \Vhether any treatment is necessary or the choice of treatment for 
adequate control depends upon the wireworm population density (Onsager and 
Foiles 1969), which can be estimated by preplant soil sampling (Onsager 1969), 
Generally, as density increases. progressively more effective treatments are required 
for economic control. The effectiveness of fonofos. an insecticide registered for use 
by all three application methods and commonly used on potato in the Pacific 
Northwest are: PPB > PTSF > PTSD (Toba 1980). In addition. phorate. the only 
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insecticide registered fol' use as a postemergence sidedress (PESD) application, is 
used mostly as a 'rescue' treatment in fields not treated before planting but 
subsequently found to be infested (Toba and Turner 1981e). 

Whether fields previously treated for wireworms needed to be treated again 
depended upon the initial wireworm density, the degree of control obtained with 
previous treatments, and the degree of I'cinfestatiol1. This again points to the 
importance of soil sampling because failure to do so could result in unnecessary 
treatments or inadequate control. Furthermore, there have been 110 studies done 
on the effectiveness of treatments upon a population, as determined by damage 
caused by sUlviving wireworms in subsequent years. However, the need for soil 
sampling could be eliminated if a schedule of treahnents was developed to provide 
effective and continuous control over several years at a minimum cost. 

Reported here is a 3-year study to determine wireworm survival following 
treatments, and to develop treatment strategies for insecticidal control of wirewonns 
on potato that preclude soil sampling and for detennining choice of treatments. 

MATERIALS AND METHODS 

Identical tests were conducted in solid-set, sprinkler-irrigated fields at two 
locations. At Moxee, WA, the soil type was Cleman very fine silt loam (Aridic 
Haploxeroll), pH was 6.6 - 7.8, and organic matter content was 1 - 2%. At. College 
Place, WA, the soil type was Pedigo silt loam (Cumulic Haploxeroll), pH was 8.5 -g.O, 
and organic matter content was 0.5 - 1%. Prior to initiation of this study, 50 soil 
samples were obtained from each test area \..nth a 14-cm posthole digger to a depth of 
at least 45 em to estimate the wirewOlw density and to determine the species present. 
Soil sampling was done in 1983 at Moxee on 25 March and at College Place on 29 
March. 

All tests were conducted using 'Russet Burbank' potato. Insecticide treatments 
were PPB and PTSF applications of fonofos lOG, and PESD application of 
phor8te 20G. PPB applications (4.48 kg AI/1m) were made in April with a hand 
held Ortho~ Whirlybird spreader. Then all plots were rototilled to a depth of 10 -15 
cm immediately after the applications. nSF applications (2.24 kg AIlha) were 
made in April with Gandy® applicators mounted on a 2-l'ow planter. A 2.5-cm band 
of granules was placed in the planter shoe, level with and directly ahead of the 
seed pieces. PESD applications (2.24 kg AI/ha) were made either in late Mayor 
early June with tractor-mounted Gandy applicators when the plants were 10 - 15 
em tall. The granules were shanked 8 - 11 em in 2.5-cm bands to each side and 
level with the seed pieces. 

This study was initiated with the establishment of field plots consisting of four 
treatment regimes that started with PPB, tlu'ee with PTSF, and one left untreated for 
the control. Each regimen was replicated four times in a randomized complete block 
design. Each replicate plot measmed 12.2 m long and 6.9 m wide (8 rows). Since seed 
pieces act as baits, seed piece examination can be used to sample for wirewOIms at 
postemergence, p8lticularly in fields treated in previous years, to detelwine the 
presence of damaging populations (Toba and TWl1er 1981c). If damabring population is 
found, then a PESD application of phorate can be made. To detennine the effects of 
previous years' treatments on the wireworm population, seed pieces in plots of 
certain regimens were examined for presence of wirewonns from 6 hills/plot in 1984 
and 8 hills/plot in 1985 when plants were 10 - 15 cm tall (ca. 1 month postplant). 
These plots were then divided into 4-row subplots; one received a PESD treatment 
while the other was left untreated. 
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Of the four treatment regimens that started with PPB in 1983, plots in one 
regimen were subdivided into two subplots; one received PESD and the other was 
left untreated in 1984, and both subplots were left untreated in 1985. In another 
regimen, the plots received PPB in 1984 followed by a split plot of PESD and 
untreated in 1985. The two remaining regimens that started with PPB were 
followed by PTSF in 1984, but one had a split plot of PESD and untreated in 
1985, while the other received PTSF. Three regimens started with PTSF in ]983, 
of which one had a split plot of PESD and untreated in 1984 and no treatment to 
both subplots in 1985. Of the other two regimens, both were followed by PTSF in 
1984, but one had a split plot of PESO and untreated in 1985, while the other was 
followed by PTSF. Control plots received no treatment in all 3 years. 

Tuber samples, which were usually harvested in early October from two rows 
of each plot or subplot (ca. 4.5 m/row), were washed and examined for wireworm 
feeding to evaluate the effectiveness of the treatments. A damaged tuber was one 
with any wireworm feeding injury as severe as described in Section 51.1560 and 
51.1564 of the U.S. Standards for Grades of Potatoes. The percentages of tuber 
damage, by weight, were determined, transformed to arcsine \/X, and analyzed by 
analysis of variance. The means were separated by Duncan's (]955) multiple range 
test. 

RESULTS AND DISCUSSION 

At Moxee, the mean density estimated from soil sampling was 7.5 wireworms/ 
m2, which consisted of seven Great Basin wireworms. At this density, up to 7% 
damage to untreated potato can be expected (Onsager and Foiles 1970; Toba et al. 
1981); however, percentages of tuber damage in the contI'ol for all three years were 
low (Table 1). Futhermore, any lot of potato with ~ 1% damage would not be 
downgraded, provided other external defects do not exceed 5% of the total weight. 
Thus, any differences in percentages of tuber damage between treatments are 
meaningless because the damage in the control is economically acceptable. In this 
case, no treatment was necessary in each of the 3 years. 

At College Place, the estimated mean density was 7.5 wireworms/m 2, which 
consisted of six sugarbeet wirewonns and one Aeolus mellillus (Say). This population 
density could be considered moderate, as confirmed by the tuber damage in the 
control (Table 1) and in agreement with the expected damage (Onsager and Foiles 
1970; Toba et al. 1981). In 1983, all treatments except regimen A, were comparable 
and produced significantly lower percentages of tuber damage than the control. 
Similar results were obtained in 1984, with the exception of PTSF treatment in 
1983 followed by no treatment in 1984 (regimen E). In 1985, a heavy infestation of 
flea beetles (Epitrix spp.) caused eady death of most plants, which necessitated an 
early harvest (August) of mostly small tubers. High percentages of tuber damage 
resulted because damage assessment is based on tuber weight. Thus, the same 
amount of wireworm feeding that results in damage to a small tuber may not be 
enough for a large tuber to be considered damaged (Toba and Turner 1981b). 
Furthermore, samples from subplots of regimens A and E inadvertently were not 
harvested separately, so the percentages of tuber damage shown are combined 
means of both subplots (Table 1). Nevertheless, only those plots or subplots that 
did not receive any insecticide treatment, except regimen B, had tuber damage 
that did not differ significantly from the control. 
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Table 1.	 Summary of 3-year test on insecticide treatment programs to control 
wireworms on potato. 

% Tuber damage 

Treatment 
regimen 

Application methods· 
1983 1984 1985 

Moxee, WA 
1983 1984 1985 

College Place, WA 
1983 1984 1985 

A PPB 
PESD 

O.Oat 
LOb 

OAab 

O.Oa 

O.Oa 
O.lab 

2.8ab 
0.9. 

O.Oa 
21.3d' 

9.3be 
B PPB PPB O.Oa O.la 1.3. 0.5. 

PESD 0.2abe 2.8. 
OAbe 22.9d 

C PPB PTSF 0.2ab 0.3ab 0.6. 0.3. 
PESD O.Oa 8.2b 

D PPB PTSF PTSF O.Oa 0.2ab 0.2ab LOa 1.2. 9.6be 
0.2.b 0.0. 3.7b 

E PTSF 0.1. 1.0. 26.3d' 
PESD 0.1. 0.0. 0.4. 

0.3abe 18.3ed 
F PTSF PTSF 0.2ab 0.2. 0.8. 0.0. 

PESD 0.5e 6.3.b 
G PTSF PTSF PTSF O.Oa 0.1. 0.0. 1.0. 0.8. 7.0.b 

Control 0.7b O.l.b O.5be 5Ab 5.5b 31.5d 
• PPB :: prcpl£lnt brOfldcllst, Conoros, 4.48 kg AIlllD; PTSF = planting time seed-piece furrow, fonoros, 

2.24 kg AJ/hai PESO = postemergcncc sidedress. phorate, 2.24 kg AI/hll; - = 110 trentment. 
t Column meons followed by the same letler arc not significantly different at P = O.O~), DMRT. 
+ Combines means of both suplals. 

In seed piece examinations at Moxee, no wireworms were found in 1984 in 
plots that received one year of treatment of either PPB (A) or PTSF (E), as well 
as in 1985 in plots that received two years of treatment of either PPB and PPB 
(B), PPB and PTSF (C), or PTSF .nd PTSF (Fl. Assuming th.t 0.05 wiTeworms! 
hill indicates a damaging population which can cause up to 0.9% tuber damage 
(Toba and Turner 1981c), all of the regimens sampled did not have damaging 
populations, as conru'med by tuber damage (Table 1). At College Place in 1984, 
one wireworm found in regimen A represented 0.04 wireworms/hill and two 
wireworms in regimen E represented 0.08 wil'eworms/hil1. This indicated that 
damaging populations may have been present, as confirmed by tuber damage, and 
that a PESD treatment was warranted to keep damage low at harvest. In 1985, 
regimen B had no wireworms, regimen Chad 1 wirewonn (= 0.03 wil'eworms/hill), 
and regimen E had 2 wireworms (= 0.06 wireworms/hill), which suggested the 
need for a PESD treatment in regimens C and F. Although percentages of tuber 
damage were abnormally high in 1985, they do indicate that damage was 
comparatively high in untreated subplots of regimens C and F, and that a PESD 
treatment in the companion subplots reduced damage significantly. 

At both locations, soil sampling indicated a population density of 7.5 \vITeWonns/ 
m2, but unfortunately, tuber damage at Moxee did not develop as expected. With 
such an estimated population density, a grower would be at a risk to plant potato 
without any treatment, and a PPB treatment is advisable (Onsager and FaileI' 
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1969). At College Place, one year of either PPB (A) or PTSF (E) did not provide 
sufficiently prolonged control of wirewOI1ns. For plots receiving 2 years of treatment, 
PPB and PPB (B) gave greater control than either PPB and PTSF (C) or PTSF 
and PTSF (F) in subplots with no treatment in 1985, though significantly only over 
regimen C. Other regimens were equally effective as regimen B, but they required 
three treatments. 

Great Basin \\-irewonns can be controlled equally as well as sugarbeet wireworms 
by PPB and PTSF treatments of fonofos (Toba and Turner 1981a). Furthermore, 
these two species were found to be equally susceptible to fonofos in laboratory 
bioassay tests (Toba, unpublished data). Therefore, although I was unable to 
demonstrate the effectiveness of the various treatment regimens tested at Moxee 
due to the low level of tuber damage, the results obtained at College Place with 
sugarbeet \\-irewOlms would be applicable in controlling Great Basin wireworms. 

In 1981, a survey of wheat land in northeastern and northcentral Oregon 
showed that 23 out of 33 sites had an estimated wireworm density of < 7.5 
wireworms/m' (J. D. Campbell, unpublished data). In my studies dw·ing 1976 - 85, 
pretest soil sampling of previously untreated land used for tests on wirewonn 
control on potato in central Oregon and 'Washington revealed that 32 out of 37 
sites had 7.5 wireworms/m2 or less (Unpublished data). Thus, most of the land 
used for potato growing have light to moderate wireworm populations. With such 
populations, growers should be able to forego preplant soil sampling, and instead 
use PPB or PTSF treatment the flrst two years, preferably both PPB treatments, 
followed by PTSF treatment in the third year. An alternative in the second or 
third year is to forego any treatment at planting time. and to examine seed pieces 
to determine if a PESD treatment is necessary. 
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Abstract: Adult Lygus hesperus (Palisot de Beavois) (Hemiptera: Miridnc) feeding reduced 
seed production of a perennial forage legume, sainfoln (Onobrychis viciifo/ia Scop.). Seed loss 
was not directly proportional to feeding duration and population density, therefore simple 
'insects X days = loss' models were not valid. Low intensity feeding (one insect feeding for 
10 days) produced less damage than high intensity fceding (10 insects feeding for 1 day). 
Correction factors to compensate for differences in feeding intensity were generated by 
dividing loss per insect-day at the 1 day interval divided into loss per insect-day at the 5-and 
to-day internlls at each density (1, 5. and ]0 insects per plant raceme). 
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Seed production of sainfoin, Onobrychis uiciifolia Scop.• is significantly reduced 
by feeding of plant bugs including Lygus borealis Kelton and Ack/phocoris lineo/a/us 
(Goeze) (Hemiptera: Miridae) (Morrill et a1. 1984). Sainfoin is a perennial forage 
legume which is resistant to the alfalfa weevil, Hypera postica (Gyllenhal) and is 
similar to alfalfa, Medicago sativa L. in production and forage quality (Ditterline 
and Cooper 1975). Sainfoin produces seeds on heads with spike·jike racemes which 
have ca. 40 indeterminant flowers, each capable of producing a single seed 
(Carleton and Wiesner 1968). 

Sainfoin is attacked by several species of plant bugs (Hemiptera: Miridae) and 
damage is a result of toxins and tissue destruction during probing (Tingey and 
Pillemer 1977)_ Feeding results in aborted flowers and drop of newly developed 
seeds (Morrill et al. 1984). 

Lygus bug·plant interactions have been expressed as 'bug days' (Fye 1984), 
'lygus bug damage units' or LDU (rIIladsen 1976), and 'mirid days' (Morrill et al. 
1984). The sainfoin·lygus bug interaction is an ideal system for investigating the 
application and development of insect·day models. These models are useful as an 
index of crop protection (Ruppel 1983). This project was designed to determine 
the effect of insect density as a factor in insect·day models. 

MATERIALS AND METHODS 

In 1985 a sweep net was used to collect adult Lygus hesperus (palisot de 
Beavois) (called 'lygus' hereafter) in a 2·year old stand of sainfoin (cv. 'Remone) in 
Gallatin County. Montana. Insects were immediately transferred into cages enclosing 
racemes in early blossom stages in the field. Treatments were insect densities of O. 

1 Contribution No. ,1-1780 fmlll MOllwnll Agricultural EXlwriment Station. 
1 Accepted for publication 31 August 198i. 
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1, or 5 lygus/racerne and feeding duration was 1, 5, and 10 days, producing 0, 1, 5, 
10, 25, and 50 insect·days (ID), Treatments were replicated fOUf times in a 
randomized complete block design. 

Cages were made from fine mesh cloth bags measuring 10 em X 10 em X 15 
em. Bags were closed with string and were supported with wire stakes. Bags were 
inspected for the first few days after treatment to determine if insect mortality 
was Decuning. Lygus bugs were removed after the predetermined number of days 
and bags were left on the plants until seeds were mature. In 1986 Iygus were caged 
in a similar manner with treatments including 1, 5, and 10 lygus feeding for 10 
days. The trial was conducted in another field of 2·year old sainfoin (cv. 
'Remone). 

Percent seed loss was determined by correcting for naturally occurring lack of 
seed set (from the bags without lygus), then dividing numbers of attached seed by 
bract axits present (lygus feeding resulted in empty bract axils). Means of 
corrected seed loss for each treatment were compared using LSD, P = 0.05, with 
the use of a computerized statistical package called MSUSTAT. 

Seed loss per ill was determined by % loss/{lygus X days). Calculation of 
correction factors was necessary to compensate for differential plant responses to 
duration of feeding. These correction factors were established for the 5 and 10 ill 
intervals. This was accomplished by dividing loss per ID at 5 and 10 days of 
feeding by loss per ill for 1 day of feeding. 

RESULTS AND DISCUSSION 

No mortality of lygus was detected while lygus were in cages on racemes. Also, 
caging of racemes had no statistically significant effect on seed set. Seed loss 
ranged from a mean of 8.7% at 1 ill to 66.3% at 100 ill (Table 1). Estimations of loss 
for both 5 m's and 10 ill's were obtained in two ways, For example, one insect 
feeding for 5 days = 5 ill, and five insects feeding for 1 day also = 5 ill. In 1985, 
losses at the 5 ill intervals were statistically different, and in 1986, losses at the 10 
ID intervals were also significantly different. Conversion of data to 10ss/lD 
indicated damage per insect per day decreased with both time and insect 

Table 1.	 Seed loss in sainfoin caused by Lygus hesperus caged at various densities 
and time intervals. 

1985 1986 

Insect days Insects X days % loss· Loss/ill % loss· Loss/lD 

1 1 X 1 8.7a 8.7 9.8a 9.8 
5 1 X 5 17.8a 3.6 17.1ab 3.4 

10 1 X 10 22.2a 2.2 33.2bc 3.3 
5 5 X 1 41.3b 8.3 31.2bc 6.2 

25 5 X 5 60.5c 2.4 57.gef 2.3 
50 5 X 10 63.9c 1.3 58.6ef 1.2 
10 10 X 1 46.1de 4.6 
50 10 X 5 64.7f 1.3 

100 10 X 10 66.3f 0.7 
•	 Numbers within columns not followed by the same letter are significantly different, ANOVA (P = 0.05), 

(MSUSTAT). Numbers are means of 4 replications and are corrected for naturally occurring lack of seed 
set (21.3% in 1985 nnd 13.0% in 1986). 
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density. For example, in 1986, one lygus feeding for 1 day produced 9.8% loss, 
while loss from 10 lygus feeding for I day was 46.1%, or 4.6% loss per lygus. 
Therefore, it was necessary to generate correction factors for future generation of 
loss models. 

Correction factors (Table 2) are used to adjust for differences in plant responses 
to lygus feeding. A 'standard' damage rate \Vas established for one lygus and for 1 
day, and assigned a value of 1. Then loss per lygus per day for various points for 5 
and 10 Iygus for I, 5, and 10 days was divided by 8.7, the value for one Iygus for I 
day. Therefore, loss = no. Iygus X days of feeding X correction factor. These 
correction factor values apply only to sainfoin and lygus. 

Crop loss predictions are therefore based not only on insect feeding duration 
and insect population density, but on an additional factor which may be termed 
feeding 'intensity.' 

Table 2.	 Correction factors used to adjust for differential plant responses to 
duration and intensity of feeding by Lygus hesperus in sainfoin. Data are 
based on a mean seed loss of 8.7%llygus/day in 1985 and 9.8% loss/ 
lygus/day in 1986. 

No. insects/ No. insects/ 

No. days 
raceme, 1985 raceme, 1986 

of feeding 1 5 I 5 10 

l.00 0.41 1.00 0.63 0.47 
5 0.41 0.28 0.35 0.24 0.13 

LO 0.25 0.15 0.34 0.12 0.07 
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Abstract: The effect of n 2.5% concentration by weight of lricalcium phosphate in a wheat 
genn diet on the demographic parameters (life table) of the khapra beetle, Trogoderma 
grallarium Everts, was investigated. This sublethal concent.ration of tricalcium phosphate, a 
known insect population suppressant for many slored-product insect and mite species. 
caused no significant changes in either the intrinsic rale (r) or finite ratc of natural increase 
().,.). The lack of significance appears to be caused by a combination of a significantly longer 
generation lime ('I') and a larger number or eggs laid (GRR). 

Key Words: Tricalcium phosphate, khapra beetle, Trogoderma granarium, demographic 
parameters, lire table. 
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In 1964, Majumder and Bano reported on the toxic effects of calcium phosphate 
salts to insect pests of stored grain. Since 1972, research of these and other 
inorganic salts as grain and oilseed protectants and as food additives in some of 
their processed products has been conducted at 01' sponsored by the USDA-ARS, 
Stored-Product Insects Research and Development Laboratory, Savannah, GA 
(Press et al. 1972; Shaver 1974; Highland 1975: Bakel' et al. 1976: Baker et al. 1978; 
Boczek and Ignatowicz 1978; Ignatowicz and Boczek 1978; Ignatowicz and 
Pankiewicz·Nowicka 1980; Kruk et al. 1983; Davis et: al. 1984; Boczek et al 1984; 
Highland et al. 1984; Bookwalter et a1. 1985; Boczek et at. 1987). Davis and Boczek 
(1987) have provided a review of the use of tJicalcium phosphate as an insect 
population suppressant. 

Pratt et at. (1972) stated that the use of specific mineral salts in foods offered a 
promising new method of insect control. They suggested that commodities could 
be fonnulated and possibly stored that would be unsuitable or even toxic as insect 
diets but safe as food for man. To date only one salt, the food additive tricalcium 
phosphate ICa:l (PO~)z or Tepl. has shown promise as an insect population 
suppressant when added to grains or blended cereal foods. 

In the United States. dietary blended food supplements such as Instant CSM 
(a blend of cornmeal. soya flour and dry milk), regular CSM or \Vheat-Soy Blend, 
have been refonnulated to contain TCP instead of the former mineral supplements 
of monocalcium phosphate and calcium carbonate (USDA 1975; Bookwalter 1983). 
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28)J in Poland. 
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The addition of TCP to wheat flour has been shown to be effective in commercial 
situations, but severe dusting problems were encountered both in the mills during 
preparation and in the field (Highland 1975). 

The mechanisms for the reported effects of this salt on insects are still largely 
unexplained. In an effort to elucidate the mechanism or mechanisms, it was believed 
that an investigation of life table parameters, i.e., inbinsic rate of increase (1'), gross 
and net reproductive rates (GRR and Ru) and generation time (T) might provide 
useful leads. In this study the effect of TCP on the khapra beetle, Trogoderma 
granarium Everts, a quarantined insect pest in tile United States, was detennined. 

MATERlALS AND METHODS 

Khapra beetles used were from the stock cultures maintained at 31 ± 1°C and 
50% RH in 1·liter glass jars at the Department of Applied Entomology, \OVarsaw 
Agricultural University, Poland. The standard diet is whole wheat flour. 

Hassan (1981) found that. a 2% concentration of TCP in whole wheat flour had 
very little effect on the development of khapra beetle population, whereas 3% 
produced a strong inhibitory effect. In this research a TCP concentration of 2.5% 
was selected to make the effects of its action more distinct and at the same time 
allow for the complete development of a population of sufficient size for the 
establishment of a life table. The TCP was secured from Monsanto Industrial 
Chemical Co., St. Louis, MO, and was food grade with" specific gravity of 0.55 glee 
or less as specified by the USDA (1975). 

The following data were secured: X = age of female individuals in days; Ix = 
number of living individuals at the time; lTIx = number of females in the progeny of 
one female X days old. To secure these data, one hundred I-day-old larvae were 
placed in individual shell vials (5 cm high, 2 cm ID) with either 5 g of wheat genu or 
wheat germ mixed with TCP. The number of live insects was counted once a week. 
Upon completion of larval and pupal development, mean developmental time and 
mortality of immature stages were computed. These two tests contained five 
replications each. 

Eggs of the khapra beetle are very delicate and often are damaged by handling. 
In this study it was assumed that under the experimental conditions used (31°C 
and 50% RH), their hatchability did not differ significantly from 100%. This was 
reported in studies conducted by Lindgren and Vincent (1959) and Saxena and Vir 
(1975), and has been observed in our work with T. granarium. 

To determine the fecundity and adult female longevity, 10 pairs of beetles were 
placed in vials containing one of the two diets. These adults were reared as 
immatures on the same diet provided as adults. The number of eggs laid and dead 
beetles were counted daily. These tests were replicated five times and results were 
analyzed using Student's t·test. 

RESULTS AND DISCUSSION 

Only the mean generation time, T, of the group reared on the TCP diet 
differed significantly from the control (Table 1). Since the gl'Oss reproduction rate, 
GRR, and the net reproduction rate, ~, are dependent upon T, they were not 
compared. Nevertheless, it can be Reen that both GRR and Ito of the group reared 
on TCP~treated wheat germ are higher than the control. 
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Table 1. Life Table Population parameters for T grana dum at 31°C and 50% RH. 

Control Treated 
Population parameter group group t·test 

Intrinsic rate of natural increase (r) 0.063 0.062 0.32nst 
Gross reproduction rate (GRR) 20.782 28.163 
Net reproduction rate (R,,) 11.962 14.017 
Generation time (T) days 36.154 42.878 18.40""; 
Finite rate of natural increase (A) 1.065 1.063 0.54ns 
t ns - dirrerence not significant. 
:f: •• _ difference significant at. 0-01 level. 

The primary difference observed between the tI'eated and control groups was the 
generation time. However, treated females laid more eggs than the control females 
(GRR multiplied by 2 gives the number of eggs). This increase in egg production, 
longer developmental time, and slightly higher mortality in the treated group 
probably compensated each other, resulting in similar finite rates of natural increase 
(A) compared to the controls (Table 1). The stable age distributions of both groups 
were nearly identical with more than 98% of individuals as immatures (Table 2). 

Table 2. Stable age distribution of T. granarium. 

X 
(weeks) L"

• 
L . e·r(1 + I) 
• % 

Control group (r = 0.44) 
0 1.00 0.6440 0.644000 45.146 
1 0.84 0.4148 0.348432 24.426 
2 0.66 0.2671 0.176286 12.358 98.141 (immatures) 
3 0.66 0.1720 0.113520 7.958 
4 0.65 0.1108 0.072020 5.049 
5 0.64 0.0714 0.045696 3.203 
6 0.48 0.0460 0.022080 1.548 
7 0.15 0.0196 0.004440 0.311 1.859; (adults) 

Totals 1/~t = 1.426474 100.000 

Treated group (r = 0.43) 
0 1.00 0.6505 0.650509 49.865 
1 0.65 0.4232 0.275055 21.084 
2 0.58 0.2753 0.159657 12.239 98.668 (immawres) 
3 0.51 0.1791 0.091324 7.000 
4 0.51 0.1165 0.059407 4.554 
5 0.51 0.0758 0.038645 2.962 
6 0.51 0.0493 0.025139 1.927 
7 0.15 0.0321 0.004810 0.369 1.332; (adults) 

Totals 1/~t = 1.304545 100.000 
" L = 1 + 1• 12 1 + I 

t 1/13 = 1: L .e·t (J:+l) 
1.0 1 

:f:	 In the control group the development. of immatures lasted about [) weeks and Ihe percent of adults was 
a sum of the 6th and ilh weeks. In the treated group the development was longer and the percent of 
adults was computed as follows: 6th week/2 + ilh week. 
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The only other published demographic parameter fOi' the khapra beetle known 
to the authors is the value for finite rate of natmal increase, 12.5 times pel' lunar 
month, or A = 2.24, given by Howe (1965). His value would be expected to be 
higher since it was for temperatures of 33° to 37°C. 

The effects of TCP on the khapra beetle is difficult to explain. Hassan (1981) 
showed that admixtures of 2% TCP in the diet of this beetle had little effect on 
population numbers and rate of de\'elopment while 3% inhibited development 
entirely. The 2.5% concentration used in this study stimulated egg production but 
suppressed population developmental rate with a slightly higher mortality rate. 
Kruk et al. (1983) showed that TCP affected populations of Tribolium confusum 
Jacqeulin duVal, confused flour beetles, by reducing the number of adults emerging 
and lengthening developmental times_ A review of the litel'6ture on the subject 
indicates that these are the two main effects on insects if they are affected. 

The increase in egg production observed may be the insects' means of 
compensating fol' the adverse effects of the TCP on development and the higher 
mortality rate, a 'death stress' as described by DeCoursey and 'Webster (1952) in 
their exposure of Aedes sollicitans to varying concentrations of DDT. They noted 
that eggs laid under stress just before death was for many concentrations tested 
not significantly different from the controls. In our work it might be speculated 
that under a continuous exposW'e to a sublethal concentration of TCP this stress 
could result in an increase in number of eggs laid. The physiology of this 
possibility is beyond the scope of the study, but needs to be investigated. 
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Abstract: Several natuml and artificial diets were screened as possible alternative laboratory 
food sources (or rearing the southern green stink bug Nezara viridula (L.). A liquid meridic 
diet used for rearing the mil'id, LygllS hesperus Knight, was the best of fivc artificial diets 
tested, allowing nymphal survival and female longevity similar to insects reared on pods of 
green bean, Phaseolus vulgaris (L.), plus raw shelled peanuts, Amchis hypogaea (L.). Development 
to adult look nearly 2 wks longer. Minor modifications did not improve the diet. Inclusion of 
peanuts with green beans generally promoted beLter perfonnance Ulan green beans alone, 
but differences were not significant.. Grecn beans can be changed two rather than three times 
weekly without significantly uffecting colony vigor. [n a separate test, we found that soybean 
seeds could be substituted for peanuts when used with green beans. A separate water source 
significantly enhanced insect vigor when soybean seeds were used in combination with green 
beans. 

Key Words:	 Nezara vin'dula, rearing, artificial diet, Pentatomidae, southern green stink 
bug, soybean. 

J. Agric. Enwmol. 4(3): 223-232 (July 1987) 

The economic importance of the southern green stink bug, Nezara uiridula (L.), 
has increased dramatically during the last two decades, stimulating an increase in 
research on this insect. We require a large laboratory culture of SGSB for study 
and production of egg parasitoids for biological control programs but found the 
established rearing methods were inadequate. 

There has been little improvement in rearing SGSB in the laboratory since 
Menusan (1943) first demonstrated the use of fresh green snap beans, Phaseolus 
vulgaris (L.), as an acceptable food source. Sailer (1952) also demonstrated the 
suitabilif:y of green beans for rearing SGSB as well as other species of Heteroptera, 
and later found that the inclusion of raw shelled peanuts, Arachis hypogoea (L.), 
improved performance (R. I. Sailer, pers. comm.). Harris and Todd (1981) and 
Jones (1985) have described this generally accepted rearing method currently used 
in the United States. 

Even though fresh green beans are generally available throughout the year in 
local grocery markets, their cost and quality fluctuates. We suspect that insecticide 
residues are the cause of occasional sudden and significant mortality among small 
nymphs in cultures. The necessity of replenishing the beans two or three times 
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weekly increases the labor compared to methods used for other insects and 
requires that the bugs be handled often. Jensen and Gibbens (1973) reared SGSB 
to adult on a semi-solid pinto bean diet developed for rearing the corn earworm, 
Heliothis zea (Boddie). They recorded 90% nymphal mortality, extended developmental 
time, and apparently no viable eggs were produced. Scheel et al. (1957) had some 
success rearing Euschistus variolarius (Palisot de Beauvois) to adult and showed 
that a liquid diet and membrane are not necessary conditions for feeding. 

We earlier reported (Brewer and Jones 1985) on the effects of a liquid artificial 
diet on the biology of SGSB and other related Heteroptera. Here, we describe our 
original screening studies on artificial diets and host plant seeds and also define 
the individual and combined effects of green beans, peanuts, soybean seeds and 
water used in various current rearing techniques. 

MATERIALS AND METHODS 

The expelimental cage in all nymphal development tests was a 0.47 liter paper 
ice cream carton containing ten newly molted, unfed second stage nymphs (first 
stage do not feed). Lids were replaced with nylon screening and a 9 cm diameter 
filter paper disc was placed in the bottom of each carton to absorb excrement. 
Upon reaching maturity, single pairs of adults of similar ages were placed in 
identical cartons to determine longevity and egg production. Dead adults were not 
replaced. A 3 X 8 em paper towel strip was hung from the inside edge of each 
adult carton as an oviposition substrate. Three types of food sources were used in 
the various tests: fresh whole green beans, mature seeds of certain host plants, 
and liquid or semi-liquid artificial diets. Whole green beans, pw'Chased two 01' 

three times weekly at a local market, were placed three per carton. The dry seeds 
were plITchased untreated from a local seed supply store and glued to 12 X 18 cm 
pieces of card stock paper using Eimers Glue-AIL Cards were creased in the 
middle to fonn an inverted 'V'. Seeds were glued to prevent possible injury to the 
insects during handling and to provide even distribution and access to the bugs. 
Artificial diets were presented in 15 X 15 cm heat-sealed Parafilm packets (Patana 
1982) placed all top of the cartons. Where used, distilled water was supplied in 33 
ml plastic cups having a 8 crn section of dental wick placed through a hole in the 
paper lids. Filter paper liners and seeds were changed weekly, cartons biweekly. 
Artificial diet was prepared weekly and changed on Mondays, Wednesdays, and 
Fridays. 

PI'jor to the research reported here, we conducted extensive feeding trials using 
villious seeds of several species of known hosts of SGSB including okra, Ebelmoschus 
esculentus (L.) Moench., various species of Trifolium and water-soaked soybean 
seeds. Development rate, swvival, fecundity and longevity were highly variable 
between trials and within treatments. We subsequently determined that those 
biological characteristics were greatly influenced by wide variability in the test 
insects due both to the geographical source and genel'8tion of the insects and to 
inbreeding in the labol'8tory culture. The insects used in each of the following 
tests were F1 progeny of adults field-collected from soybean, Glycine max (L.) 
Men;!!' Although the geographical sow'ce varied, insects within each test originated 
from the same population collected at the same time. 

The parent stock used in the initial artificial diet screening was collected near 
Baton Rouge, Louisiana. Subsequent stocks were collected in \Vashington and 
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Forrest Counties, Mississippi. Vouchers of adults reared on the various diets are 
housed at the Southern Field Crop Insect Management Laboratory, Stoneville, 
Mississippi. 

All tests were conducted in growth chambers maintained at 27 ± 1°C, 60 ± 10 
RH, and 16:8 LD photoperiod regime using flourescent lighting. For most tests, 
measured variables includcd days from second instar to adult, nymphal survival, 
adult length and width, longevity, fecundity, fertility and egg hatch. Length was 
measured with calipers from the anterior tip of the head to the postcrior tip of the 
abdomen. Width was measured across the widest point along the laternl margins of 
the pronotum. Performance is considered to be the relative effects of all measured 
variables as direct or indirect consequences of the food treatments. Containers 
were checked and data recorded Mondays through Fridays. All tests were al'runged in 
completely random designs using five replications PCl' treatment. Due to variable 
numbers necessal'ily used for recording most observations, means were subjected 
to the least squares method of analysis. Means presented in the results are least 
squares means and were compared at the 5% level of significance. 

Artificial Diet Screening 
In an effort to find a promlsmg artificial diet which might be modified to 

successfully propagate SGSB, five were selected, prep3.l'ed, and screened in 
preliminary tests. Three were artificial diets previously developed for other 
Heteroptera: a semi·liquid diet for the Russian wheat pest, Eurygaster in1egriceps 
Puton (Scuterellidae) (Khlistovsky et al. 1975), a semi-solid diet for the Japanese 
soybean pest, Riplortus claualus Thunberg (Alydidae) (Kamano 1980), and a liquid 
diet developed by Debolt (1982) for rearing Lygus hesperus Knight (Mitidae). 

A diet developed by Brewer and King (1979) for rearing Heliothis spp. larvae 
was tested, but without agar as was a diet for the velvetbean caterpillar, Anticarsia 
gemmatalis Hubner (Greene et al. 1976). A water wick was provided in each carton 
containing the semi-solid Riptortus diet. Green beans changed three times weekly 
plus peanuts was used as the control treatment. Survival to adult was the primary 
criterion fol' selection of one of these diet.s for possible subsequent adaptation for 
use in rearing SGSB. Adults produced on the diets were paired to record any 
subsequent egg production. 

Natural Diets 
Six natural foods or combinations were tested to compare their effects on 

SGSB. Our standard, green beans plus raw, shelled peanuts changed three times 
weekly (3X), was compared with an identical combination changed twice weekly 
(2X). A thil'd treatment was green beans alone changed twice weekly to determine 
the value of peanuts in the diet. The other three treatments were: raw shelled 
cowpea, Vigna unguiculata (L.) Walpers, soybean and peanut seeds. All treatments 
contained water wicks as previously described. 

Artificial and Natural Diets 
After the Debolt artificial diet for Lygus hesperus proved to be promising 

during previous tests, we tested it again with two modifications in an initial 
attempt to improve development rate and egg production in SGSB. The two 
modifications consisted of substituting mature seeds of soybean and cowpea for 
the lima beans, Phmwo[us limensis L., used in the original diet. Soybean and 
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cowpea are prefeHed field hosts of SeSB (Jones and Sullivan 1982). We also 
tested seeds of another known host, crimson clover, Trifolium incarnatum L., alone 
and mixed with soybean seed. 

Water and Seed Supplements 
We conducted this test to determine if a separate water source is necessary for 

optimal growth, development, and egg production, and if soybean seeds could be 
subsituated for peanuts in the standard green bean diet. The four treatments 
were: green beans plus peanuts with and without water, and green beans plus 
soybean seeds with and without water. Green beans were changed three times 
weekly. 

RESULTS AND DISCUSSION 

Artificial Diet Screening 
Survival to adult occurred only on the Lygus (82%) and Heliothis (8%) diets. 

The adults from the HeJiothis diet were small, yellow.green and the two paired 
females produced no eggs. Adults from the Lygus diet were similar in size and 
color (dark green) to those reared on the green bean-peanut control; all subsequently 
paired females deposited at least one egg mass each. 

Natural Diets 
Each of the three diets that included green beans was clearly superior to the 

three host plant seeds (Table 1). There were no significant differences among any 
of the recorded variables between the three green bean diets although bugs reared 
on green beans changed three times weekly (3X) generally had a shorter development 
time and greater survival. The frequency of changing green beans when peanuts 
were included had no effect on the average number of egg masses (3.8) per female 
(n = 16). Females reared on green beans alone deposited a mean of 2.1 masses 
each (n = 7). 

Total viable eggs per female were 254.3, 187.6, and 116.6 for green beans plus 
peanuts· 3X, green bean plus peanuts· 2X, and green beans alone, respectively. 
No viable eggs were produced from insects reared to adult on cowpea, soybean, or 
peanut. seeds. 

Only six of 17 paired females reared on green beans alone produced more than 
one egg mass each, whereas 12 of the 16 females on each of the green bean plus 
peanut treatments produced more than one mass. There were no significant 
differences among the three green bean diets in preoviposition periods (range 22.3 
. 27.3 d) or intervals between egg mass depositions. 

Artificial and Natural diets 
Development to adult was significantly faster on the three natural foods than 

on the three Debolt diets (Table 2). There were no significant differences in 
nymphal survival among any of the treatments that produced adults. Male longevity 
was highest (81.9 d) on green beans plus peanuts, and lowest (21.9 d) on soybeans 
plus clover seeds. No nymphs developed to adult on crimson clover. Mean female 
longevity on the three artificial diets was greater than that for females fed green 
beans plus peanuts, although the differences were not significant. 
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Table 1. Development rate, nymphal survival, and adult longevity of Nezara viridula reared on six natural diets (X + BE). 

Adult longevity (d) 

Diet Days to ,dult·t % survival Male Female 

Green beans + 22.7 ± 1.10a 82.0 ± 7.62a 50.1 ± 6.77, 61.5 ± 7.04,b 
peanuts - 3X t 

Green beans + 23.0 ± 1.10ab 78.0 ± 7.62a 46.8 ± 6.56a 49.5 ± 7.04ab 
peanuts - 2X 

Green beans - 2X 24.3 ± 1.10ab 82.0 ± 7.62a 42.8 ± 6.36a 36.4 ± 6.83b 
Cowpeas 26.0 ± 1.10be 48.0 ± 7.62b 
Soybeans 28.1 ± J.lOe 76.0 ± 7.62b 
Peanuts 28.1 ± 1.43e 14.0 ± 7.62e 

* From second instar; ten nymphs/replicate. five replicates/treatment.
 
t 3X ... green beans changed 3 times weekly; 2x ... changed 2 times weekly.
 
.t Means followed by the same letter are not significantly different at 0.05 level according to the Duncan-Woller tesL
 



Table 2. Development rate, nymphal swvival, and adult longevity of Nezara uiridula reared on 3 natural and 3 artificial diets 
(X + SE). 

Aduli longeviiy (d) 

Diet Days to adult·t % survival Male Female 

Green beans + 
peanuts· 3X 21.9 ± 1.4a 51.1 ± 11.6_ 81.9 ± 2.4_b 54.0 ± 12.lab 

neboli diei 35.0 ± 1.3b 68.8 ± 1O.5a 48.1 ± 1O.6e 64.7 ± 9.0_ 
Debolt w/soybeans 33.2 ± 1.3b 61.2 ± 11.0_ 51.2 ± 13.8be 58.1 ± 8.0ab 
Debolt w/cowpeas 36.2 ± 1.2b 73.2 ± 10.2_ 52.0 ± 11.1be 54.7 ± 7.8ab 
Soybeans 24.5 ± 1.3_ 71.5 ± 1O.5a 53.7 ± 12.4be 29.8 ± II.0be ~ 

w 
Soybeans + clover 25.6 ± 1.4a 54.4 ± 11.3_ 21.9 ± 14.0e 18.6 ± 8.7e 

z 

• From 2nd instar; ten nymph!V'replicate, five replicates/treatment.
 
t Means rollowed hy the same letter are not significantly different at 0.05 level according to the Duncan-Waller test.
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Water and Seed Supplements 
There were no significant diJferences in development rate (19.9 . 22.4 d), 

nymphal mortality (10 - 26%), average egg masses per female (1.9 - 3.5) and female 
size when a water source was available or when soybean seeds were substituted 
for peanuts. However, fecundity and egg viability were significantly greater in 
females which had developed on the combination of green beans, soybeans seeds 
and a separate water source (Table 3). Males lived longest when reared and 
maintained on both treatments that included soybeans. Longevity of females 
reared on green beans and peanuts plus water was significantly shorter than for 
those reared on the same food without water. 

The results showed that, under the conditions of these tests, the dry mature 
seeds of several known host plants of SeSB are not suitable for routine rearing for 
maximum egg production. Harris and Todd (1981) observed that SGSB 'do better' 
when peanuts are added with green beans, and Kester and Smith (1984) reported 
similar observations. 

We found that the addition of peanuts to the green beans improved perfonnance 
in these tests, but the improvement was not statistically significant. The high 
degree of variability in perfolmance of these insects in the present study, combined 
'Nith relatively low sample sizes of adults may have masked some real differences. 
Development to adult on the Debolt diet took 13 d longer than insects reared on 
the green bean plus peanut standard. \Ve earlier reported (Brewer and Jones 1985) 
the development rates on the two diets were similar and we cannot explain the 
differences shown in the present test. Substitution of cowpea or soybean seed for 
lima beans did not improve the Lygus diet. 

Inclusion of a free water source with the green bean-peanut treatment did not 
improve performance, but the results show that soybean seed can be substituted 
for the peanuts. The addition of a water somce significantly improved performance 
of the green bean-soybean seed diet over three other combinations. The improvement 
may be due to an increase in humidity within the small cartons when using fresh 
whole green beans plus a water wick. An increase in humidity could have softened 
the normally hard soybean seeds and allowed the bugs easier access to possibly 
superior nutrients in the seeds of one of their favorite host plants. Kobayashi 
(1978) successfully reared the pentatomid Eurydema rugosum Motchulsky on its 
hosts seeds and, although he did not report the humidity within the containers, a 
much greater water evaporath'e area was used and could have contributed to the 
success. Preliminary studies using soaked soybean seed alone promoted high 
survival to adult but significantly lower fecundity and egg hatch when compared to 
insects reared on green beans and peanuts (unpublished data). Mold was a 
const.ant problem, therefore soaked seed treatments were not considered further 
as a potential rearing diet. 

'\'e rear SGSB and other pentatomids to obtain eggs for production and study 
of egg parasitoids. Therefore, for our purposes maximum egg production is the 
most important parameter in evaluating the suitability of a diet. There was little 
apparent correlation among some of the recorded biological parameters which 
might allow short cuts in screening future candidate diets. Percent nymphal 
survival, adult longevity, and size generally were not reliable indicators of subsequent 
egg production. The fastel' nymphal development rates were most closely associated 
with the highest egg production. Weight gain, although not recorded in these tests, 
may be a valuable indicator of nutritional quality. Similar conclusions about the 



Table 3. Effects of free water availability on egg production and adult longevity of Nezara uiridula using soybean or peanut seeds 
with green beans.· 

n x eggs/ n egg % Adult longevity (d) 
Diet pairs female masses viability Male Female 

Green beans + 
soybeans + water 15 262.1a 13 95.0 a 54.5 ± 33.2a 53.5 ± 46.4ab 

Green beans + 
peanuts 16 147.3b 12 53.0 b 33.6 ± 31.2b 58.4 ± 43.7a 

Green beans + 
soybeans 18 99.4b 11 72.0 b 51.7 ± 27.7a 39.3 ± 38.8ab 

Green beans + 
peanuts + water 14 83.6b 7 78.00b 39.3 ± 35.6ab 36.9 ± 49.9b 

• Means rollowed by the same letter not significantly difrerent at 0.05 level according to the Duncan-Woller test. 
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nutritional quality of green beans and host seeds (Kester 1984) suggest that use of 
weight gain in fifth stage nymphs may be useful in diet screening. 

Inbreeding has a marked effect on the biology of SGSB. During earlier diet 
screenings we found that results were highly unpredictable when using SGSB from 
a laboratory colony where any sibling mating has occuned, even after the first 
generation. Harris and Todd (1980) demonstrated that SGSB fecundity and egg 
hatch decreased significantly by the third laboratory generation. 

Even though we used Fl progeny of field-collected females, performance on 
the same diets among the present tests and between previous studies (Brewer and 
Jones 1985) showed variation, apparently due primarily to differences in sources of 
field populations and possibly also due to the plant host of the preceding field 
generation. The interactions of generation and host plant has previously been 
shown to significantly affect the biology of Lygus linealan's Knight (Al~Munshi et aI. 
1982). Kiritani (1963) repol~ed that the fecundity of natural populations of SGSB 
in Japan varies significantly between generations and that the development rate, 
size and fecundity are significantly affected by the age of the female at 
oviposition. 

CONCLUSIONS 

Overall, these results show that none of the host seeds tested alone provide 
satisfactory nutrition for optimal rearing of SGSB. The inclusion of soybean seeds 
or peanuts increases the general vigor of cultures, but the use of supplementary 
water is not necessary when green beans and peanuts are the primary food source. 
Green beans do not need to be changed more than twice weekly at the temperature 
and humidity used in these tests_ The use of higher humidities may enhance the 
value of soybean seeds in the diet. The Lygus hesperus diet shows promise as a 
starting point toward development of an artificial diet for rearing Nezara uiridula 
in the laboratory. 
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Abstract: Five benzoylurcn insect. growth regulat.ors (lGlls), triflumuron (= Alsyslinoz,), and 
Union Carbide compounds UC7G724, UC75118, UC75150, and UC84572 were evaluated for 
efficacy in producing larval mortality and infertility in eggs from treated adults of the lesser 
meolwonn, Alphilobius diopennus (Panzer). 

l'riOumuron-trcated diets of 0.125 to 0.0312% AI produced 100% mortalit.y in instars 1-6 
nnd 7- last at. the end of 2 and 4 wk on diets, respectively. High rales of larval mortality were 
also observed in larvae of all instal'S on UC-treated diets of 0.1 to 0.001% At At the 0.1% AI 
rate, the UC compounds compared favorably wilh trifiumuron; UC845i2 was the most 
effective UC compound. 

Adults maintained on triflumuron-treated litter or treated diet mixed with liller, did not 
produce lan'ol populations: low numbers of larvae did begin to appear at 4 wk posl.-removal 
from trealed litter (spray and diet). Complete inhibition of hatch of eggs produced by adults 
on diets of trifiumuron mixed with lab chow occurred at 16 d posttreatment and continued 
through 56 d on the treatments; after U·ansfer to untreated diet (at 56 d), the first egg hatch 
did not occur until day 28. Adults on UC84572 diets were affected about equally as those on 
diets of lrinumuron, especially at the one comparable rate of 0.1% AJ; no hatch occurred 
until 53 d after transfer lo t.he untreated diet.. 

Abnonnalities occurring in immature sUlges exposed to the IGRs are shown. These 
abnonnalities include ecdysis inhibition, deformed larvae, and larval/pupal intclmediates. 

Key Words: A/phitobius diaperifllls, insect growth I'cbrulalor, bicylooxyphenyl henzoyl ureas. 

J. Agric. Entomol. 4(3): 233-245 (July 1987) 

The lesser mealworm. Alphilobius diaperinus (Panzer), has long been recognized 
as a pest in poultry production houses. The mealwonn's association with poultry, 
its vector potential of various organisms and diseases affecting poultry, and 
damage by adult beetles to insulation in poultry houses are well documented by 
Vaughan (1983) and Vaughan and Turner (1984). The lesser mealworm can be 
controlled with several of the more conventional insecticides (e.g. carbaryl and 
stirophos). However, a new class of insecticides, insect growth regulators (lGRs). 
being developed by industry show great potential fOl· the control of many insect 
pests. Certain IGRs arc considered less hazardous to the environment than many 
insecticides now in use. 

Several IGRs have been shown to be effective against some important aglicultw-al 
pests; e.g. stored-products insects (Kramer and McGregor 1979; Mian and Mull" 1982), 
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a sciarid fly in mushroom compost (Cantelo 1979), cotton insects (Hopkins et al. 
1984), and the house fly (Chang 1979; Weaver and Begley 1982). Fundamental to 
the effective and efficient use of IGRs are laboratory studies on the effects of 
these new compounds on various life stages of the target pest. A series of studies 
were conducted to evaluate five IGRs as potential candidate insecticides for 
control of the lesser mealworm. 

MATERIALS AND METHODS 

The IGRs evaluated were: triflumuron (= AlsystinQII), and Union Carbide (DC) 
compounds UC76724, UC751l8, UC75150, and UC84572. The composition of the 
UC compounds has not been released by the manufacturer. Triflumuron was 
provided by Mobay Chemical Corp. Diets of trit1umuron were prepared by mixing 
25% wettable powder (wt/wt) with finely ground Purina Lab Chow for the desired 
concentration of AI. For litter spray treatments. a stock mixture of 2.0% oiflumuron 
(0.5 EC) was prepared and serially diluted to achieve the lower concentrations 
evaluated. Union Carbide provided premixed diets of chicken mash containing the 
three levels of % AI tested plus the untreated control. Mealworms were obtained 
from a laboratory-reared colony derived from West Virginia University poultry 
houses. 

Larval Treatments 
Larvae were separated into three age groups according to an approximate 

range in body length as follows: (1) 1.5 to 4.0 10m, (2) 4.1 to 7.0 mm, and (3) > 7.0; 
these lengths are about equivalent to instal's 1 to 3, 4 to 6, and 7 to last, 
respectively. The basis for using these size ranges to represent instal' groups were 
measurements of selected instal's (2nd, 5th, and 7th) given by Wilson and Miner 
(1969). Treatment containers were 946 cc Sweethear~ cups covered with cloth 
netting. Each container was provisioned with about 11 g of diet placed evenly over 
the botton and covered with 5 em of clean wood chip litter. Water was provided in 
a 5 cm aluminum weighing pan fitted with a piece of natural sponge and replenished 
as necessary at 2-3 d intervals. For each treatment and larval instar group. 50 
larvae were added to a container. Containers were inspected weekly for live and 
dead larvae by sifting out the large pieces of wood chip litter; both the diet 
material and wood chips were inspected for larvae. Treatments were not replicated 
and were terminated when either 100% mortality occurred or remaining larvae 
ecloscd as adults. 

Adult Treatments 
The extent of infertility induced in adults by the treatments was assessed by 

two methods. Initially (Experiment 1), using triOumuron only, fertility was based 
on the number of larvae found in litter when examined at weekly intervals. Later 
(Experiment 2), when adequate numbers of eggs were obtained, infertility was 
assessed on percent hatch of isolated eggs; triflumul'on and UC84572 were used in 
this experiment. 

In Experiment 1, litter from a broiler house was sifted through a No. 10 sieve 
to remove adults, large larvae, and large pieces of debris. Sifted litter was then 
heat treated at 100°C for 45 min to kill remaining Imvae, eggs, and other 
organisms. In one part of the experiment, sifted litter was treated with three 
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different concentrations of triflumuron 0.5 EC. For each concentration, 340 g of 
litter was treated with 60 ml of solution by spraying the sw"face until moist, then 
mixing the litter and repeating this procedure until all 60 ml was applied. Litter 
was allowed to dl)' and then placed in a 3,8 liter Lilly Bucket41 fitted with a 
ventilated lid; the 340 g formed a layer of about 5 cm on the bottom. In a second 
part of the experiment. the same type and amount of litter was mixed with three 
different concentrations of trinumuron/chicken mash diet and placed in Lilly 
Bucket«' containers, For both the spray and diet treatments. water was provided in 
the same manner as in larval treatments. Fifty adults, randomly collected from the 
colony, were placed in each container. Treatments were replicated twice. Container 
conditions during the tests averaged 25°C and 45% RH. Samples for larval counts 
were taken on a weekly basis only from the lower 2.54 em of litter, During the first 
3 wk of the study, ahout 25 g of litter were removed from each container weekly, 
sifted through a No, 20 sieve, then mixed together and placed in a beaker. Ten 
samples of 0.4 g each were then taken from the beaker and placed in petri dishes 
for larval counts. After sampling, all litter was returned to the respective container. 
Beginning at week four of the study, the sampling technique was altered in order 
to adequately sample for larger larvae, by sifting through a No. 12 sieve and 
making l8Jval counts from ten 20 ml samples (7.0 g) from each container. At 7 wk 
posttreatment. adults were transferred to untreated litter and provided with an 
additional food source of 5.0 g of chicken mash per container. Sampling was 
continued for an additional 9 to 12 wk to assess extent and permanency of adult 
infertility. Treatments were evaluated on the basis of number of larvae per gram of 
litter. 

[n Experiment 2, adults fed triflumuron· and UC84572-treated diets were 
studied for infertility. Treatment containers were 946 cc Sweetheart4' cups covered 
with cloth netting. 'Tritlumuron 25% wettable powder and ground lab chow were 
mixed wt/wt to prepare diets. UC84572 diets were prepared by Union Carbide. 
About 11 g of each diet were placed in a container. Teneral adults, 25 females and 
25 males, were collected from the colony, and were placed in each container. 
Water was provided as in the larval treatments. Eggs were collected in 5 em 
square pieces of white paper !'Oiled into tubes according to the method of Preiss 
and Davidson (1971); foul' paper tubes were placed in each container. Paper tubes 
were inspected at 2 d intervals for eggs. When eggs were present, that portion of 
the paper to which eggs were attached was cut out and placed in a petri dish with 
a piece of moist tissue to determine percent hatch; all eggs found in the paper 
tubes were isolated. Treatments were not replicated. 

RESULTS AND DISCUSSIO 

Larval Treatments 
Triflumurol1 diets, at all rates, were very effective in causing a high degree of 

mortality at 1 to 3 wk posttreatment (Table 1). Early instal'S (l-3) were most 
susceptible with 66 to 86% mortality occurring at week one and 100% mortality at 
week two for all rates. lnstal's 4·6 were less affected than were early instal'S by the 
two lowest rates at week one, but at week two 100% mortlliity occulTed in all 
treatments. Instal'S 7-last, except for the highest rate at week two, showed low to 
moderate mortality until week three, and larvae treated at the lowest rate did not 
show 100% mortality until week fow·. In general, the rapidity and magnitude of 
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Table 1. Mortality by age group of lesser mealwoml larvae red tritlumuron diets. 

Cumulative % mortality at indicated weeks 
posttreatment 

Diet 
Instars % AI 1 2 3 4 

1-3 0.125 80 100 
0.0625 66 100 
0.0312 86 100 

Untreated 8 18 

4-6 0.125 82 100 
0.0625 44 100 
0.0312 32 100 

Untreated 6 12 

7-last 0.125 28 84" 100 
0.0625 6 53" 100 
0.0312 32 64" 94" 100 

Untreated 8 24 68 
• Corrected for control mortality with Abbott's formula. 

mortality were rate dependent with the largest instars (7-last) surviving for a 
longer period of time on the diets. 

Larval mortality in treatments with UC76724, UC75118, and UC75150 diets 
followed a somewhat similar pattem as in the ttinumuron tests; i.e., the compounds 
were most effective against the two earliest instar groups of 1·3 and 4-6 (Table 2). 
At the only comparable rate of 0.1% AI, these compounds were nearly equal in 
effectiveness to trinumuron (at 0.125% Al). However, high rates of mortality 
occurred in all UC control treatments and in many of the Lab Chow controls in 
this test. The reason(s) for the high control mortality is unknown. The data were 
not corrected for control mortality since two different control diets were used. 

UC84572 diets were more effective in producing mortality over all instal' groups 
than either triflumuron or the other UC compounds (Table 3). As in the previous 
test (Table 2), a high level of mortality was also noted in larvae fed the UC control 
diet and in many cases mortality was also higher than expected for larvae on the 
chicken mash diet. Since 0.\'0 control diets were used, the data were not corrected 
for control mortality. 

Molting abnonnalities in treated huvae are shown in Fig. 1. Failure to completely 
shed the cuticle at ecdysis was common in larvae of all age groups; lan'ae so 
affected eventually died. Most commonly, the ecdysial process was only partially 
completed with the cuticle splitting along the dorsal suture from the thorax to the 
first abdominal segment and progressing no further. Younger larvae, when molting, 
often curled into a 'J' shape before dying. 

Lalval!pupal intermediates and defonned adults (Fig. 2) were observed in 7-last 
instal'S fed diets of UC compounds but not those fed tril1umuron diets. Deformed 
adults survived for only a short time. 

Adult Treatments 
In Experiment I, tril1umuron bioassayed as a spray treatment of litter or as a 

diet/litter mix challenged with adults resulted in no progeny developing in the 
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Table 2. Mortality by age group of lesser mealwOIm larvae red UC76724, UC75118, 
and UC75l50 diets prepared by Union Carbide. 

Cumulative % mortality at indicated 
weeks posttreatment 

Instars Diet and %A1 2 3 4 5 6 

1·3 UC76724 0.1 80 100 
0.01 72 100 
0.001 50 66 88 100 

UC75118 0.1 74 100 
0.01 70 100 
0.001 42 54 66 92 100 

UC75150	 0.1 76 100
 
O.OJ 68 100
 
0.001 50 94 98 100 

UC Control 36 40 40 52 72' 
Lab chow control 8 10 14 20 48' 

4·6 UC76724 0.1 50 92 100 
0.01 40 76 100 
0.001 26 56 64 100 

UC75118 0.1 56 78 90' 
0.01 68 88 96 96' 
0.001 22 48 60 86 94 100 

UC75150 0.1 54 92 100 
0.01 62 62 76' 
0.001 36 80 88 100 

UC Control 32 66 66 70 80' 
Lab chow control 28 46 64 80 90 90' 

7·last UC76724 0.1 24 86 98'
 
O'OJ 26 30 64'
 
0.001 30 64 70 82' 

UC75118 0.1 42 74 94' 
0.01 20 22 62 64' 
0.001 26 34 38'
 

UC75150 0.1 38 90 94'
 
0.01 20 64 94' 
0.001 22 36 44 60' 

UC Control 28 32 32-

Lab chow control 28 34 54'
 

- Experiment temlinawd when remaining 18I~"lle eclosed as adults. 

litter until the fourth week (11 wk posttreatment) after the adults were transferred 
to untreated litter at 7 wk posttreatment (Table 4). It is possible that some eggs 
may have hatched with subsequent death of larvae at an early age while adults 
were on the treatments. However, the treatments apparently did cause infertility 
since no larvae were observed in triflumuron-treated containers until 4 wk after 
adults were placed in untreated litter. The treatments appeared to have a Iingeling 
effect on fertile egg production; in nearly all cases, numbers of l81vae in the untreated 
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Table 3.	 Mortality by age group of lesser mealworm larvae fed UC84572 diets 
prepared by Union Carbide. 

Cumulative % mortality at indicated 
weeks posttreatment 

Instal's Diet % Ar 1 2 3 4 5 6 7 8 

1-3 UC84572 0.1 70 100 
0.01 64 100 
0_001 78 100 

UC control 82 82 86 88 92 92 92' 
Chicken mash 

control 16 20 22 28 30 30 34 36' 

4-6 UC84572 0.1 44 86 100 
0.01 38 88 100 
0.001 44 100 

UC control 42 60 70 74 80 82' 
Chicken mash 

control 18 24 30 34 34 36' 

7-lust UC84572 0.1 44 96 100 
0.0] 54 90 100 
0.001 28 64 100 

UC control 44 48 52' 
Chicken mash 

control 34 36 42' 
• Experiment temlillllted when remaining larvae eclosed liS adults. 

controls were greater than in the triflurnuron treatments through 12 wk after adults 
were removed from treatments. The test with adults on diets added to the litter 
was terminated at week 17 because all adults in the controls were dead at that 
time. All rates of spray and all rates of diets tested were equally effective in 
producing infertility. Treatments did not appear to affect adult sw-vival. "''hen the 
experiment was terminated, the number of surviving adults on sprayed litter 
ranged from 10 to 26 (19 wk) and on diet/Jitter mixes ranged from 15 to 26 (16 wk). 
Adult sUlvival in the two untreated containers for the spray treatments was 19 and 
23. No counts were made on the number of adults in the diet treatment control 
containers prior to total mortality at week 17. 

In Experiment 2, all tJ:iflumuron diets effectively inhibited feltile egg production 
by adult females (Table 5). After 1 wk on the diets, no viable eggs were produced 
during a period of 76 d posttreatment. Although some egg hatch was observed at 4 
and 7 d posttreatment, survival of lal-vae was of short duration (4 to 8 d). After 
adults were removed from treated diets at 56 d and placed on untreated diets, a 
few viable eggs were produced 28 d later by females from all diet concentrations. 
Percent hatch varied greatly thereafter, especially in eggs collected from females 
that fed on the two highest concentrations (0.125 and 0.0625%A.I). The number of 
eggs hatching [rom females on the 0.0312% AI diet was greater and more 
consistent than that observed from females on the higher % AI diets dming the 
period of 28 to 91 d after removal from treated diets. During this same time 
period, no lat-vae from eggs collected from adults on treated diets survived longer 
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Fig. 1. Typical molting abnormalities and deformity observed in lesser mealworm 
larvae fed diets of triflumW'on, UC76724, UC75118, UC75150,or UC84572; 
normal larva on right. 

,. 

Fig. 2. Typical larval/adult intermediates and deformed elytra of lesser mealworm 
from late instar larvae fed diets of UC76724, UC75118, UC75150, or 
UC84572; normal adult. on right. 
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Table	 4. Larval populations in litter containing adult lesser mealworms maintained 
on triflumuron-treated litter or fed tJ'iflumuron diets. 

Average	 number of larvae per gram of litter 

% AI Spray on litter	 % AI diet 

Weeks post- Un- Un
treatment 2.0 1.0 0.25 treated 0.125 0.0625 0.0312 treated 

1 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 
3 0 0 0 12.6 0 0 0 9.0 
4 0 0 0 6.5 0 0 0 5.2 
5 0 0 0 5.3 0 0 0 • 
6 0 0 0 4.0 0 0 0 3.0 
7 ---Adults transfelTed to untreated litter and untreated diet--
8 (1)~ 0 0 0 3.5 0 0 0 3.0 
9 (2) 0 0 0 • 0 0 0 2.2 

10 (3) 0 0 0 3.8 0 0 0 2.0 
11 (4) • • 2.9 0.6 1.2 0.4 2.5 
12 (5) 3.4 4.5 4.4 2.4 0.1 0.8 0.5 2.0 
13 (6) 0 0.4 0.8 2.5 0.4 0.7 0.5 • 
14 (7) 0 0.8 0.9 1.4 0.5 0.6 0.4 2.0 
15 (8) 0 0.2 0.6 1.6 0.2 0.6 0.4 • 
16 (9) 0 0.5 0.6 - • < 0.1 <0.1 0 1.0 
17 (10) < 0.1 0.5 0.6 - • 
18 (11) 0.3 0.9 0.2 0.6 
19 (12) 0.2 0.6 < 0.1 0.2 

'" Larvllc present in all treatments but nQ counts made. 
... No. of weeks after transfer to untreated litter lind untreated diet.. 

than 11 d while some from the control diet matured to the adult stage. Diets did 
not appear to affect the number of eggs produced; during the 147 d period of the 
test, the mean number of eggs produced by females on 0.125, 0.0625, 0.0312% AI, 
and the control diets was 33.7, 40.7, 30.3, and 36.3, respectively. Adult survival also 
did not appear to be affect.ed by treatments; the numbers of adults surviving at 
the end of the tests were 42, 40, 35, and 34 on diets nf 0.125, 0.0625. 0.0312% AI, 
and control, respectively. Percent egg hatch in untreated controls averaged 54.5 
(range 24.1 - 100%); this is considerably lower than the 85.7% egg hatch of 2 wk 
old females over a 25 d period (@ 26.7°C) given by Wilson and Miner (1969). This 
difference may be attributed to the use of adults randomly collected from the 
colony which would be of variable age. 

Results of egg hatch from adults fed UC84572 diets are presented in Table 6. 
All diets effectively inhibited egg hatch. The rapidity, degree, and permanency of 
inhibition were rate dependent. The first eggs were produced at 2 wk postisolation 
of the tenel'al adults. Complete inhibition of hatch occul'l'ed at 17, 28, and 28 d 
posttreatment in diet treatments of OJ, 0.01, and 0.001% AI, respectively. The 
amount of hatch occurring in the two lowest diet concentrations showed a steady 
decline over the period of 14 to 28 d posttreat.ment. After adults were transfel'l'ed 
to an untreated diet, the first hatch of eggs was observed at 21, 28, and 53 dafter 
transfer fTom diet treatments of 0.001, 0.01, and 0.1% AI, respectively. At the only 



Table 5. Average percent hatch of eggs produced by adult lesser mealworms fed triflumuron diets. 

0.125 % AI Diet 0.0625 % AI Diet 0.0312 % AI Diet Untreated 
:sNo. days No. eggs % No. eggs % No. eggs % No. eggs % 

posttreatment isolated Hatch isolated Hatch isolated Hotch isolated Hatch '" ~ 
4 28 3.6 8 0 7 28.6 20 70.0 '" , '" 7 26 15.4 1 0 4 0 6 83.3 " 16 I 0 0 0 I 100

0

~ 
21 I 0 0 0 14 71.4 0 

35 3 0 0 14 0 33 39.4 
z 

39 20 0 9 0 18 0 20 75.0 "'? 
45 32 0 8 o. 34 0 48 58.3 i;''" 52 57 0 7 0 13 0 38 50.0 0 

&:56 46 0 16 0 29 0 56 30.4 
S,------Adults transferred to untreated diet at 56 days posttreatment-----
:;>

64 (8)' 130 0 120 0 115 0 56 39.3 < 
0 

76 (20) 43 0 122 0 39 0 24 45.8 0
84 (28) 73 2.7 126 4.0 48 37.5 50 84.0 ~ 
92 (36) 101 2.0 130 7.7 32 46.9 34 41.2 0 

99 (43) 6 0 0 13 23.1 0 " r
lOS (49) 0 35 5.7 5 80.0 0 0 

"
"-

III (55) 80 48.8 70 24.3 47 44.7 103 70.9 0 

" 
118 (62) 37 37.8 27 0 0 72 70.8 ;;;: 
129 (73) 0 0 22 13.6 9 55.6 •0 

~ 139 (83) I 53.3 108 17.5 138 66.7 138 52.2 0 

3143 (87) 8 0 46 0 30 6.7 29 24.1 
147 (91) 0 21 19.1 28 71.4 12 83.3 

* No. of dHYS after transfer to ulltreatl~d diet in parentheses. 
~ " 



'0 
~ 
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Table 6. Average percent hatch of eggs produced by adult lesser mealworms fed UC84572 diets. 

0.1 % AI Diet 0.01 % AI Diet 0.001 % Diet Untreated 

No. days No. eggs % No. eggs % No. eggs % No, eggs % 
posttreatment isolated Hatch isolated Hatch isolated Hatch isolated Hatch 

14 53 54.7 103 78.6 40 72.5 26 96.2
 
17 7 0 25 52.0 8 37.5 0
 
21 15 0 44 0 60 16.7 53 96.2
 L 

25 36 0 54 9.3 104 5.8 40 87.5 :>
28 87 0 21 0 9 0 32 93.4 ~

0". 
30 138 0 31 0 30 0 42 88.1
 
32 90 0 72 0 36 0 32 100
 '" S-" 
35 242 0 135 0 154 0 17 82.4 a 

£.37 106 0 82 0 93 0 47 97.4
 
39 27 0 40 0 52 0 22 81.8
 ~ 
42 32 0 47 0 103 0 10 100 

1" 
------Adults transferred to untreated diet at 42 days posttreatment----- z 

46 (4)' 0 5 0 26 0 0 ? 
co50 (8) 34 0 65 0 40 0 153 100 

53 (11) 132 0 74 0 41 0 127 93.7 
00 
:; 

56 (14) 55 0 48 0 0 62 96.8 .::l 

58 (16) 0 69 0 50 0 54 94.4 
60 (18) 12 0 45 0 36 0 29 93.1
 
63 (21) 15 0 55 0 26 50.0 0
 
65 (23) 11 0 5 0 11 63.6 45 88.9
 
67 (25) 29 0 0 13 69.2 12 100
 
70 (28) 16 0 54 14.8 9 88.9 36 94.9
 
72 (30) 10 0 19 31.6 0 40 87.5
 
74 (32) 5 0 0 12 25.0 0
 



77 (35) 
79 (37) 
81 (39) 
84 (42) 
86 (44) 

3 
0 
6 
4 
0 

0 
-
0 
0 
-

7 
0 

11 
6 
7 

71.4 
-

54.6 
0 

28.6 

56 
22 
15 
11 
4 

83.9 
77.3 
86.7 
63.6 
50.0 

10 
25 
7 

24 
0 

80.0 
84.0 

100 
87.5 
-

'" t'l 

~ 
t'l 

'"~ 

= "
88 (46) 
91 (49) 
93 (51) 
95 (53) 
98 (56) 

102 (60) 
107 (65) 
109 (67) 
112 (70) 

8 
7 

15 
65 
26 
14 
29 
25 
30 

0 
0 
0 
1.5 
0 
0 
3.4 
4.0 
0 

21 
45 
39 
47 
15 
6 

21 
14 
25 

66.7 
44.5 
53.8 
57.4 
40.0 
33.3 
85.7 
64.3 
64.0 

19 
34 
10 
28 
17 
10 
15 
26 
19 

63.2 
88.2 
70.0 
89.3 
70.6 
70.0 
66.7 
80.8 
79.0 

22 
17 
22 
3 

12 
25 
17 
35 
20 

86.4 
82.4 
86.4 

100 
100 
88.0 
58.8 
85.7 
85.0 

'" 0 z 
" 9 
t'l 
~.. 
0 

or 
2

~ 
0 

• No. days after trnnsfer to untreated diet in parenthesell. 23 
'" ~ 

0 

= 
t"" 
0 
~ 
~ 

~ 
;;: 
0 

~ <
0 a 

~ 
w 
.0 
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comparable rate, UC84572 (0.1% AI) and trinumuron (0.125% AI) appear to be 
about equally effective in producing egg infertility; no egg hatch occurred from 17 
to 93 and 16 to 76 d posttreatment in UC84572 and triflumul'on diets, respectively. 
However, inhibition of egg hatch persisted longer in UC84572 diets; after transfer 
to untreated diets, the first hatch of eggs began at 20 d far triflumuran and 51 d 
for UC84572. In addition, adults fed UC84572 were on treated diets a shorter 
period of time (42 d versus 56 for triflumuran). These differences, however, could 
have resulted from the different adult populations used in the tests; i.e., teneral 
adults on UC84572 diets and random adults of unknown age on triflwnuron diets. 
Diets did not appeal' to affect the number of eggs produced; during the 112 d of 
test, the mean numbers of eggs produced were 38.4, 37.7, 34.4 and 31.1 on 0.1, 
0.01, 0.001% AI, and the control diets, respectively. Adult survival appeared to be 
unaffected by treatments; the numbers surviving at the end of the tests were 28, 
39, 43, and 29 on diets of 0.1, 0.01, 0.001, and control diets, respectively. Percent 
egg hatch in the untreated control averaged 78.3 (range 58.8 - 100%); this is near 
normal for the conditions of our tests acording to the data of \Vilson and Miner 
(1969). 

The results of this study show that tl'iflumul'on and the four UC IGRs tested 
are effective in producing mortality in lesser mealworm larvae, and perhaps more 
importantly, to effectively inhibit production of viable eggs by females feeding on 
the IGRs. 
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Abstract: The activity of petroleum and cottonseed oils against overwintering eggs of the 
European red mite Panon}'chus ulmi. adult female twos potted spider mite Tetronychus 
urticae and P. ulmi, and eggs and l·day-old larvae of the insects Argyrolacnia uelutinana 
redbanded leafroller, and Plat)'nota idaeusalis tufted apple budmolh, were examined under 
laboratoI)' conditions. The activity of cottonseed oil was also tested against P. ulmi under 
orchard conditions. In all the laboratory tests cottonseed oil was less effective against the 
mites and insects than petroleum oil. The orchard tcst demonstrated that a cottonseed oil 
treatment (0.5% concentration) reduced P. ulmi densities only ca. 1 week posttreatment, and 
the treatment resulted in foliage burning of the Delicious culti\'or. 

Key Words:	 Cottonseed oil, petroleum oil, Panoll)'chw; ulmi, Tetranychus urticae, apple, 
Tetranychidae. 

J. Agric. Enl.Omol. 4(3): 247-253 (July 1987) 

Petroleum oil has been used in apple orchards for decades with no known 
incidence of arthropod resistance. For this reason the use of superior oil is a good 
resistance management practice. A preblossom superior type petroleum oil treatment 
has been used primarily to control European red mite (ERM), Panonychus ulmi 
(Koch), and San Jose scale, Quadraspidiotus perniciosus (Comstock). Additionally, 
superior oil kills oven'Vintering and early season eggs of several leafroller pest 
species (Chapman 1967). Superior oil must be applied prior to f!'uit bud blossom, 
since the oil is phytotoxic to apple foliage. Timing of a preblossom oil application 
determines the oil dosage, since efficacy of superior oil to kill overwintering ERM 
eggs increases the closer to hatch the oil is applied (Rock 1969). 

Studies have not been reported as to the efficacy of vegetable oils in controlling 
arthropod pests of apple. The reason for the current interest in vegetable oils is 
that they are inexpensive agricultural byproducts which, like petroleum oil, should 
help manage ERM populations and not affect the development of pesticide 
resistance in this species. This paper reports on laboratory tests to determine the 
efficacy of cottonseed oil, as compared to petroleum oil. in controlling several 
insect and mite pest species found on apple. An orchard test was also conducted 
to evaluate the efficacy of cottonseed oil for controlling summer populations of 
ERM and the potential for phytotoxic effects on apple foliage. 

MATERIALS AND METHODS 

Oils Tested 
A single superior horticultural spray petroleum oil was used throughout this 

study. The formulation contained 98.8% refined petroleum distillate and 1.2% 
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emulsifier (viscosity Saybold. at 38°C: 68 sec; 50% distillation point at 10 mm Hg: 
121°C, SunsprayO' 6E, Sun Refining and Marketing Co., Philadel., PA 19103). 
Puremist,¢ (Cherno!. Corp. Greensboro, NC 27420) cottonseed spray oil was used 
exclusively with a formulation containing 93% cottonseed oil and 7% emulsifier. 

The recommended treatment dosage of a preblossoro superior oil treatment to 
kill overwintering ERM eggs is 2% (7.6 liters/378 liters water; 2 gal oil/lOO gal 
water). Oil treatments were evaluated in the laboratory for efficacy in killing 
overwinteling ERM eggs at 1 and 2% dosage. All other oil treatments were 
evaluated in the laboratory for mite and insect control at an equivalent orchard 
dose of 0.25% (946 ml oil/378 liters water; 1 qt oil/IOO gal water), Preliminaly dose· 
response data showed that the 0.25% dosage gave sufficiently high mite and insect 
mort.ality. Laboratory tests were conducted using freshly prepared oil·watel' agitated 
suspensions. In an orchard test, cottonseed oil was evaluated postblossom for 
ERM control at 0.5% dosgae. 

Laboratory Toxicity Tests . Miles and Insects 
The susceptibility of overwintering ERM eggs to petroleum and cottonseed oils 

was evaluated using a method similar to that described by Chapman and Avens 
(1948). For this, smaU branches were cut at random from a apple orchard located 
at the Mt. Hart. Crops Res. Stat., Fletcher, NC. Bl'8nches were cut on 25 March 
1986 at which time Delicious (;ultivar was at the green·tip stage of fruit bud 
development Branches were held in a chamber maintained at a constant temperature 
of 10°C and 16:8 (L:D) photoperiod for up to a 2 wk period dW'ing which time the 
tests were conducted. Spurs and twigs with suitable egg populations were cut into 
3 to 12 mm sections and eggs appearing healthy were counted on each section. 
Wood sections were dipped for 5 sec in agitated water suspensions of oil treatments 
or in water (nontreated conb'ols) and then impaled on tacks anchored in cardboard 
lined with wax paper. Each cardboard block held 5 wood sections, and each 
impaled wood section was circled (ca. 2.5 cm diameter) with lanolin to capture 
mites from eggs that sUivived treatment. The impaled wood sections were then 
held in a chamber at 27°C, 50 to 60% RH, and a 16:8 (L:D) photoperiod for 7 
days, at which time hatch was complete in the control treatment. Egg hatch \...·as 
determined by counting mites on each wood section, as well as within and on the 
circle of lanolin. 

Contact toxic effect of oils on adult female ERrvl was studied by confining 
adults on apple leaves and the leaves dipped in water suspensions of the oil 
treatments. For this, ERM infested leaves werc collected from the apple orchard 
at Fletcher, NC and co. 10 adult female mites were transferred to each of 5 or 10 
previously uninfested apple leaves. Each leaf was dipped for 5 sec in either an oil 
treatment or water control. Lanolin was placed around the upper portion of the 
petiole, and the petiole was placed into a shell vial containing water through a 
small hole in a Parofilm~ cover. The leaves were held at 27°C and a 16:8 (L:D) 
photoperiod for 24 h after which mortalit.y was determined. Each to-leaf treatment 
and 5·1eaf untreated control was replicated 4 times. The same procedure was 
followed to test the I-day residual toxicity of oil trcatments, except that leaves 
were dipped in the treatments and held at 27°C COl' 1 day prior to transferring 
adult females ERM to the treated leaves. The treated leaf technique could not be 
used to test the contact and residual toxicity of oils to the twospotted spider mite, 
'Fetmnychus urlicae Koch, since T. urticae had a tendency to web off the leaf. 
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Thus, the slide·dip teclmique (Rock 1979) was used to determine contact toxic 
effects of the oils to laboratory colonies of adult female T urlriae. For this, 25 
mites were placed on sticky tape which was affixed to a microslide, and the slides 
dipped for 5 sec in either an oil treatment or water control. Mites were held at 
27°C and 80 ± 15% RH with mortality counts made 48 h after treatment (4 
replicates/trea tment). 

Labomto.), colonies of the redbanded leafroUer (RBLR), Argyrolncnia velulil1ann 
Walker, and the tufted apple budmoth (TAB), Platynota idaeusalis Walker, were 
used to evaluate the diJ'ect t.oxic effect of oils to insect eggs and I-day residual 
toxic effect of oils to newly~hatched larvae. The RBLR colony was reared on fava 
bean plant (Vicia [aba L.) using the methods described by Glass and Helvey 
(1962) and the TAB colony was reared on a semisynthetic diet using methods 
described by Rock and Shaltout (1983). The direct toxicity of oils to 3-day-old 
RBLR eggs and 5-day-old TAB eggs was evaluated using methods similar to those 
reported by Rock and Shaltout (1983). For t.his, the petioles of 4 non-insecticide
treated apple leaves were placed through a hole in Parofilm~ covering a shell vial 
containing Hoagland's nutrient solution (Hoagland and Arnon 1938). Vials holding 
the leaves were placed overnight in either a RBLR 01' TAB oviposition box used 
for laboratory rearing, and then moved to a chamber and held at 27°C and 
90 ± 10% RH for either 3 days (RBLR) or 5 days (TAB). Leaves on which 
oviposition occurred were dipped for 5 sec in either an oil treatment or water 
control, retumed to the shell vial and placed in a chamber at 27°C and 50 ± 10% 
RH. Egg mortality was determined after hatch had occurred for the untreated 
control. Each treatment and untreated control was replicated 4 times. 

Newly-hatched RBLR and TAB larvae were bioassayed on surface-treated 
apple leaves. Apple leaves were collected from non-insecticide-treated trees. 
Leaves were dipped for 5 sec in either an oil treatment 01' water control. Petioles 
of the leaves were then placed through a hole in Parofilml!l covering shell vials 
containing water. Vials were held for 24 h at 27°C and 50 ± 10% RH, after which 
leaves (petiole removed) were individually placed in shell vials, and 1 newly
hatched larva was placed in each vial which was then corked and returned to the 
27°C (50 ± 10% RH) room. Mortalities were recorded 3 days posttreatment. Each 
treatment had 4 or 5 replicates with 20 larvae per replicate. A control group 
treated with water was included with each treatment replicate. 

Orchard Tesls - European Red Mile 
To evaluate the relative toxicity of cottonseed oil to summer ERM populations, 

an orchard test was conducted during 1986 in a 6-year-old apple orchard at 
Fletcher, NC. Cyhexatin (Plictran:» 50 \VP) was used as the standard fOI' comparison 
of mite control with cottonseed oil. Because petroleum oil is phytotoxic to apple 
foliage, it was not evaluated in the orchard test. Chemical treatments were applied 
dilute to runoff to 4 single-tree replicates using coventional high pressure handgun 
equipment at 350 psi at ca. 30 liters/tree. Using a steromicroscope, estimates of 
ERM densities were made weekly or biweekly from samples of 25 mature leaves 
pel' replicate. Mite predators were not in sufficient number to influence ERi\'l 
densities. 

Statistical analyses were performed using the prepared computer programs of 
the Statistical Analysis System (SAS L982). [f the analysis F statistic was 
significanl (P > 0.05), means were separated by Duncan's multiple range test. 
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RESULTS AND DISCUSSION 

Mite Studies 
Percent hatch of ERM winter eggs after treatment with 1 and 2% concentrations 

of petroleum and cottonseed oils is shown in Table L Both dosage levels of 
petroleum oil gave 98% kilL Likewise, there was no significant dosage response 
with cottonseed oil, but the percent hatch fol' the two dosage concentrations was 
greater for cottonseed than petroleum oil, although not statistically significant for 
2% cottonseed oil. Results of this laboratory study indicate that petroleum oil is a 
better ovicide for ERM winter eggs than cottonseed oil. These results imply that it 
would not be advisable to substitute cottonseed oil for petroleum oil as a 
preblossom treatment for ERM winter eggs, since a kill of least 97% of winter eggs 
is considered necessary to derive significant benefit from a ERM ovicide applied 
as a preblossom treatment (Chapman and Pearce 1949). 

Table 1.	 Laboratory survival of European red mite winter eggs when treated with 
either petroleum or cottonseed oil, 1986. 

Mean no. Mean% 
Treatment No. eggs/twig hatch 

(oil concentration %) twigs· (± SD) (± SD)t 
Petroleum (1) 15 86(42) 2 (2)a 
Petroleum (2) 15 89(48) 2 (2)a 
Cottonseed (1) 15 79(30) 16(12)b 
Cottonseed (2) 20 101(50) 1O(14)ab 
Water (0) 20 98(15) 68(20)c 
• Twigs were collccwd 25 March, 1D86. 
t	 Means followed by the same letter arc not. significantly different (P > 0.05) according to Duncan's 

multiple mnge test. 

One-day-old residue of petroleum oil (0.25% concentration) gave significantly 
greater kill of adult female ERM than 1-day~0Id residue of cottonseed oil (0.25% 
concentration), and the mortality of adult female ERM by cottonseed oil residue 
was better than that for the water control (Table 2). However, results of laboratory 

Table 2.	 Laboratory survival (24 h post inoculation) of adult female European red 
mites placed on apple leaves 1 day after treatment of the leaves with 
0.25% oil concentration, 1986. 

Mean no. Mean % 

Treatment 
No. 

replicates· 
mites/rep. 

(+ SD) 
survival 
(+ SD)t 

Petroleum 
Cottonseed 
Water 

4 

4 

4 

76(11) 
75 (8) 
40(1.2) 

8(11)a 
62(38)b 
95 (4)c 

• Replicate	 '" 10 Icuves infested with ca. JO mites/lcuf (5 leavefi for watcl' control). 
t	 Meuns followed by the wme leter are not significantly diffcrent (P > 0.05) acording to Duncan's 

multiple range test. 

evaluation of the direct contact toxicity of petroleum and cottonseed oils at 0.25% 
concentration to adult female ERM (mites dipped in oil suspensions) showed 100% 
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mortality by both oils within 24 h. Likewise, the slidedip method to evaluate the 
contact toxic effect of petroleum and cottonseed oils (0.25% concentration) to 
adult female twospotted spider mite gave 100% mortality by both oils within 48 h. 
These laboratory studies imply that both oils at 0.25% concentration have good 
contact toxicity to adult spider mites, but toxicity by residue exposure was poor, 
particularly for cottonseed oil. 

Table 3 summal;zes the effectiveness of cottonseed oil for managing ERM 
orchard populations at moderate density levels. ERI'YI population density in the 
cottonseed oil treatment was not significantly reduced compared to the mite 
density of the water control during the 3-week posttreatment period following the 
first appliclltion (3 June). Following the second cottonseed oil application (25 June) 
the population density was significantly reduced only at day 7 (July 1). This 
orchard test demonstrates that cottonseed oil treatment at 0.5% concent.ration 
reduced ER1\1 density for only ca 1 week posttreatment, whereas cyhexatin with 1 
application maintained low ERM densities throughout the 7-week test period. 

Table 3.	 Control of European red mite with 0.5% cottonseed oil concentration in 
an experimental apple orchard. Fletcher, Ne, 1986. 

Mean motile mites/lear 
Application Pretreatment June July 

Treatment date(s) (3 June) lO L7 24 14 28 

Cottonseed 3 and 25 June 5.0a 1.3a 12.5a 6.2a l.la 7.6ab 8.3a 
Cyhexatint 3 June 4.3a O.Oa O.lb O.lb 0.2a O.4a 2.4b 
Water 3.5a 8.6a 16.6a 3.9ab 6.6b 11.0b 8.2a 
• Means within a column followed by lhe same leucr are not significantly different (P> 0.5) according to 

Duncilll's multiple mllge test. 
t Dosage at 8·19g IAIl/ha (Plictrane 50 WP at 6 oz/lOO gal water). 

The cottonseed oil orchard treatment showed phytotoxicity to foliage of the 
Delicious cultivar, but not the Golden Delicious cultivar. The phytotoxicity was 
noticed within 7 days of treatment and was characterized by foliage burning at the 
tips and margins, which was probably the result of oil accumulation at these leaf 
areas. Tt was not possible to conclude that the foliage burn was due solely to the 
cotonseed oil or oil-emulsifier interaction, since the oil was not evaluated in 
absence of the emulsifier. Also, the suppression of apple foliage net photosynthesis by 
vegetable oils would probably occur, since this has been shown to occur with 
pecan foliage (Wood and Payne J986). Results of our orchard test showing poor 
ERlVl mite control and foliage bum with cottonseed oil at 0.5% concentration 
would discourage further evaluation of vegetable oils as postblossom treatments in 
pest management programs for apple. 

Insect Studies 
The relative toxicities of petroleum oil and cottonseed oil at 0.25% concentration 

to eggs and I-day-oLd larvae of RBLR and TAB are shown in Tables 4 and 5. The 
contact ovicidal activity of cottonseed oil to eggs of both insect species is 
significantly less than that shown by petroleum oil (Table 4). In general TAB egg 
masses were larger than RBLR egg masses, and the larger size of TAB egg masses 
probably was the cause of the decreased ovicidal activity of the oils to TAB egg 
masses since we observed that eggs in the center of larger egg masses were less 
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likely to be killed by oil treatments. Although cottonseed oil shows poor ovicidal 
activity for RBLR and TAB when compared to petroleum oil, Taschenburg (1953) 
showed that cottonseed oil was a more effective ovicide than either peanut or 
linseed oil against eggs of the grape berry moth, Polychrosis uiteana Clem. 

Table 4.	 Laboratory survival of 3-day-old redbanded leafroller eggs and 5-day-old 
tufted apple budmoth eggs when treated with either petroleum or cottonseed 
oil at 0.25% concentration, 1986. 

No. Mean no. Mean % 
egg eggs/mass sUlvival 

Insect Treatment masses (± SD) (± SD)* 

Redbanded Petroleum 47 48(30) a (O)a 
leafroller Cottonseed 47 56(25) 1l(26)b 

Water 13 50(21) 77(19)c 

Tufted apple Petroleum 26 89(50) 2 (5)a 
budmoth Cottonseed 27 65(39) 49(40)b 

Water 18 81(47) 77(30)c 
•	 Means followed b), Ihe same letter are not significantly different (P > 0.05) according 10 Dum:an's 

muhiple range test. 

The results in Table 5 show that the larvicidal residual activity of petroleum oil 
(0.25% concentration) was greater than that for cottonseed oil toward I-day·old 
RBLR and TAB larvae. Cottonseed oil showed no biological activity toward newly· 
hatched TAB larvae. Since first generation RBLR eggs are ovil>osited prior to 
blossom and those of TAB are oviposit.ed postblossom (Rock 1983), the better 
control of RBLR eggs and l·day-old larvae by petroleum oil would further support 
our conclusion that petroleum oil would be preferred over cott.onseed oil as a 
preblossom treatment for arthropod pest management. 

Table 5.	 Laboratory survival (3 days post inoculation) of l·day-old redbanded 
leafroller larvae and I-day-old tufted apple budmoth larvae placed on 
apple leaves 1 day after treatment of the leaves with 0.25% oil 
concentration, 1986. 

Mean % 
No. Total survival 

[nsect Treatment replicates larvae (± SD)" 

Redbanded Petroleum 4 80 I (2)a 
leafroller Cottonseed 4 80 41(47)a 

Water 4 40 95 (6)b 

Tufted apple Petroleum 5 100 5 (3)a 
budmoth Cottonseed 5 98 83(J4)b 

Water 5 40 82(35)b 
•	 Menns followed by the slime leller are /lot significantly different (P > 0.05) according lo Duncan's 

multiple range test. 
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Abstract: Laboratof}' and field susceptibility of alfalfa weevil larvae to two thuringiensin 
formulations were evaluated. The LCMI values for wettable powder and flowablc fonnulations 
were detennined to be 39 ppm and 77 ppm, respectively. The symptomology of toxicity was 
similar to that reported for lepidopterolls larvae with additional symptoms developing at 
ecdysis of poor cuticle fonnation in the thora."{ and accumulation of fluid around the 
abdomen between the old and new cuticles. Laboratory and field results were corroboratory 
in relation to larvae response time and predicted mortality. A single application of thuringiensin 
reduced alfalfa weevil lar....al populations and maintained them below 20/10 sweeps for a period. of 
28 days when applied at a rate of 1.25 kg Al/ha; rales of 169 gm Altha arrested population 
growth. 

I(ey Words: Bew-exotoxin, lhuringicnsin. Hypera postica, alfalfa weevil. 

J. Agric_ Entomol. 4(3): 255-261 (July 1987) 

Larvae of the alfalfa weevil, Hypera postica (Gyllenhal), are capable of 
destroying the spring alfalfa harvest, and one or more applications of insecticides 
are usually required for effective control. lnsecticides vary in specificity, residual 
efficacy, and often destl'OY predators and parasites of the weevil and other pests. 
The use of 8 biol'ational agent such as thuringiensin for control of alfalfa weevil 
has the advantage of conserving beneficial insects. 

Thuringiensin is a soluable exotoxin of Bacillus thuringiensis and is toxic to 
many insect and mite species that feed on foliage by chewing 01' scraping (Krieg 
and Langebruch 1981). rts water solubility minimizes the possibility of absorption 
through the cuticle and consequent contact toxicity, as demonstrated by its 
ineffectiveness towards parasitoid and homopterous insects (Purcell and Granett 
1985). Thus, pholem-feeding pests of alfalfa, such as the pea aphid (Acyrthosiphon 
pisum IHarrisl) and threecornered alfalfa hopper (Spissistilus [eslinus ISayl) , are 
not likely to be affected by thuringiensin. The use of this toxin for early season 
control of the alfalfa weevil is compatible with management goals in which 
predator and parasitoid conservation is desirable. 

Wilson et al. (1984) examined the laboratory susceptibility of the alfalfa weevil 
to a 24-hour feeding exposure of thuringiensin and found that 8 rate of 0.2% 
provided mOliality equivalent to carbofuran. Larval development is slowed, and 
toxic activity is often delayed until the molt, thus the feeding period is extended to 
several days within which continued feeding may reduce the LC50 and/or provide 
adequate field efficacy at lower rates than those indicated by previous laboratory 
work (Ignoffo and Gregory 1972; Wilson et al. 1984). This study examines the 
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expression of thuringiensin toxicity in alfalfa weevils, determines the LC50 of two 
thuringiensin formulations for alfalfa weevil exposed continuously to the toxin, and 
esUiblishes field efficacy. 

MATERIALS AND METHODS 

Bioassay 
Field·collected second instar alfalfa weevil larvae were exposed to either a 

110wable or wettable powder (\VP) formulation of thuringiensin supplied by Abbott 
Laboratories, Chicago, IL (ABG·6212A and ABG·6200, respectively). The test 
formulations were diluted to the appropriate concentration with distilled water 
containing 5 ppm (vjv) Triton X·lOO as a wetting agent. The Dowable thuJ'ingiensin 
levels tested were 0, 10, 20, 50, 100, 150, and 200 ppm. The WP assay included a 
500 ppm level and lacked the 150 and 200 ppm levels. 

Bouquets of ten 15 em long alfalfa stems were used as treatment substrate. 
The base of each bouquet was first wrapped in moist cotton and then covered 
with plast.ic or aluminum foil to prevent water leakage. Each bouquet was dipped 
in the appropriate treatment dilution and allowed to dry before 20 lalvae were 
placed on it. Each treatment was replicated three times. 

The bouquets were kept in individual l·gallon (3.78 liter) cardboard ice cream 
containers (Fondas~) at a temperature of 22 ± 2° C. The number of live individuals 
was detennined on 2, 3, 4, and 10 days posttreatment by shaking bouquets to 
remove larvae. Survivorship was recorded and live lalvae were replaced to the 
bouquets. The LC!lO and LC90 were detennined by probit analysis (SAS version 5). 

Field Trials 
Two field trials were conducted, one on 27 March 1986, in a ]·year·old alfalfa 

planting in Pickens County, SC, and the other on 6 April 1987, to the same field as 
the 1986 trial. A single application was made to plots measuring 6.1 X 6.1 meter 
with treatments arranged in a randomized block design using four replicates per 
treatment. 

1986 
The efficacy of the nowable formulation was examined using treatments of 623 

gm AIlha thuringiensin (222 ppm AI) with 0.3 ppm (v/v) Spreader Sticker 
(Southern Agricultural lnsecticides Inc., Henderson, NC), 1.25 kg Al/ha thuringiensin 
(444 ppm AI) with spreader sticker, 570 gm AI/ha carbofuran (0.2 ppm Allha), and 
an untreated control. Each plot was sprayed with LOA liter (2800 Ilha) of the 
approp,.jate test solution using an FMC Model (COO5) 15·gallan (58 liter) porUible 
sprayer (40 psi). Sampling was perfonned by taking 10 sweeps/plot on 3, 7, 14, and 
21 days post·application. At harvest, st.em length, yield, and nutrient quality were 
determined from a 1·meter-of-row sample taken from each plot. 

1987 
The 1987 test applications were applied wit.h a R&D Model l' C02 pressurized 

backpack sprayer (30 psi) using 2.84 liters (76/1 l/ha) solution pCI' plot. Treatments 
were 169 gm AIlha (222 ppm AI) and 338 gm Allha (444 ppm AI) for both the 
nowable and WP formulations. Sticker-spreader was added to the \VP treatments 
only. Carbofuran at 570 gm AJlha (0.735 ppm AJ) was used as a positive standard 
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in addition to an untreated control. Sampling was performed the same as in 1986 
on 4, 7, 9, ]4, and 23 days post·application. On day 23 post·application three 
subsamples were taken from each plot to clarify mean sepal'3tions. At halvest, 
yield was evaluated from three 30.5 cm X 30.5 cm subsamples taken fmm each 
plot, and nutrient quality was determined from a portion of the three subsamples 
combined into one. Analysis of variance and means separation by the Least 
Significant Difference method (P = 0.05) was performed by SAS (version 5). 

RESULTS AND DISCUSSIO 

Bioassay 
A bioassay test period was necessary and expected since the expression of 

thuringiensin toxicity in lepidopterous larvae is usually delayed until larval ecdysis 
(Ignoffo and Gregory 1972). No appreciable increase in larval mortality \...·as seen 
between day 4 and day 10 posttreatment in the flowable bioassay. The probit 
analysis was performed with mortality data from the flowable material (Table 1). 
The material used by Wilson et al. (1984) was the same as our Dowable formulation 
and provided them with mortality levels at day fow' posttreatment similar to those 
predicted by the probit line obtained from our study. 

Table 1.	 Susceptibility of the alfalfa weevil, Hypera poslica to two fOlmulations of 
thul'ingiensin. 

LC 50 (95% CLl LC 90 (95% CLl 
Formulation n (ppm) (ppm) Slope 

Flowable 20 77 (40, 179) 814 (283, 32686) 1.25 
WP 20 39 (16, 89) 249 (103, 5270) 1.59 

Symptoms of toxification were most apparent nt, or just prior to, ecdysis. 
Sepamtion of the old cuticle fl'om the new cuticle in the abdominal region was 
evidenced by an acumulation of fluid between these cuticula. No sepumtion of the 
cuticula was seen in the thoracic region of the insect where it appeared that 
synthesis of new cuticle had not occurred. The head capsule in affected larvae did 
not split and could not be shed. Toxified fourth instill' larvae, transforming to the 
pupal stage, also displayed poor development in the thoracic region. The initiation 
of pupal leg formation, as viewed through the fourth stadia cuticle, was seen as a 
gray outline of the new appendages which did not develop further. \Ving development 
progressed only to a slight enlargement of the everted wing pads. The sticky 
material exuded from the anus reported by \Vilson et al. (1984) was seen and 
appeared to be a leakage of the nuid present between new and old cuticle. A 
break in the cuticle at the anus allowed fluid to drain from the insect and was 
followed by larval death. The coincidence of mortality with ecdysis, difficulty in 
the shedding of head capsule, and poor cuticle formation are symptoms of 
thuringiensin toxicity reported for lepidopterous larvae (lgnoffo and Gregory 1972). 
Untreated l3lvae surviving to the fourth day posttreatment pupated normally. 
r\one of the treated 111lvae pupaied successfully. 

Field Trial 1986 
The high and low levels of thuringiensin applied to the lield plots were 

equivalent to an LC8:1 and Len, respectively, as determined by the probit 
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mortality line. The alfalfa weevil larvae in the thuringiensin plots first showed 
response to the treatment on day 7 posttreatment with the high rate (445 ppm) 
being equivalent to the carbofuran treatment (Figure 1). This rate is one-fourth of 
that previously reported to provide control equal to recommended rates of 
earbofuran (Wilson et al. 1984). 
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Figure 1.	 Response of alfalfa weevil larvae, Hypera postica, on days following a 
single field application, 1986. Treatments with the same letter are not 
significantly different as determined by LSD (P = 0.05). 

Significantly lower (P = .05) (than untreated plot) larval counts existed in the 
carbofuran plots 3 days posttreatment, demonstrating a delay in larval response to 
thwingiensin as compared to carbofuran, as predicted by the bioassay. Corroboration 
between field and laboratory was also seen for efficacy with the LC83 thuringiensin 
rate and carboflITan plots having equivalent larval counts, 

Treatments with and without sticker-spreader were incorporated into this study 
to determine whether loss of potential efficacy due to wash~off of water soluble 
thuringiensin could be prevented. Rain accumulation dming the study was 1.1 ern 
with 0.9 em occurring on day 13 and 0.1 em occurring on days 12 and 19. The 
larval populations on day 21 and 28 for the high thuringiensin rate having 
spreader-sticker was the only treatment statistically equivalent to the carbofuran 
treatment, suggesting that an efficacy reduction from wash-off was prevented. 

At harvest, stem lenghts of the carbofuran-treated alfalfa were significantly 
longer than those in the thuringiensin treatments. Yields in the thuringiensin 
treatments were numerically between carbofuran and the control, although they 
were not significantly different from either (Table 2). 



Table 2. Alfalfa yield parameters for thuringiensin treatments against Hypera postica, 1986.'
 

Treatment Yield" + SE Crude Protein** + SE (%) Stem Length (em) + SE
 

Carbofuran 570 g AIlha 
Thuringiensin 1.25 kg AI/ha 

with sticker-spreader 
Thuringiensin 1.25 kg AI/ha 

without sticker-spreader 
Thuringiensin 623 g AIlha 

with sticker-spreader 
Untreated Control 

4547 ± 294a 836 ± 96 (18.4)a 
3953 ± 516ab 666 ± 96 (16.8)ab 

3643 ± 620ab 647 ± 101 (17.8)ab 

3562 ± 440ab 671 ± 94 (18.8)ab 

2791 + 219b 482 + 41 (17.3)b 

42.3 ± LOa 
37.6 ± 1.2b 

38.4 ± 1.3b 

40.1 ± 1.3ab 

29.6 + 1.0e 

en 
c 
o " o 
'0 

~ 
q 
I>'" Means in any column foLlowed by the same letter are not significantly different by LSD (P = o.or)) . 

•* Dry Wt. (kglho). 
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Field Trial 1987 
The amount of material applied to the plots in 1987 was 3.7 times less than 

applied in 1986 while the spray concentration remained the same. Larval wee,..iJ 
population growth was atTested by thuringiensin but levels were not reduced, as 
they were in 1986 (Figure 2). Significant differences in ISIVsl counts between the 
thuringiensin treatments were not apparent until 14 days post-application when 
the high rate of the \VP differed from the low flowable rate. The slow larval 
response and field efficacy obtained in the 1987 bial was probably a function of the 
rate (per hectare) since sufficient foliage coverage was provided by the C02 
sprayer. On day 23 post-application the larval counts in the WP high rate 
treatment were significantly less than in all other thuringiensin-tl'eated plots. At no 
time were larval counts in any of the thul'ingiensin treatments as low as those in 
the carbofuran treatment but all were significantly less than the untreated check. 
There were no significant yield differences between treatments in 1987, perhaps 
due to a relatively early growth of plants following abundant winter/spring rains 
and late development of weevil populations. Mean yields (± SE) ranged from 3732 
(± 166) kg/ha in carbofuran-treated plots to 4207 (± 399) kg/ha in plOIS treated 
with the high rate of nowable thuringiensin. 
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Figure 2.	 Response of alfalfa weevil larvae, Hypera postica, on days following a 

single application, 1987. Treatments with the same letter are not 
significantly different as determined by LSD (P = 0.05). 

As u control agent thuringiensin reduced alfalfa weevil larval populations and 
maintained them below 20/10 sweeps for a peJiod of 28 days when applied at a rate of 
1.25 kg Al/ha with a spreader-sticker and below 30/10 sweeps without sticker 
spreader while rates of 169 gm AIlha were capable of an'esting populations growth. 
The symptomology of toxicity was similar to that reported for lepidopterous 
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larvae with additional symptoms of poor cuticle fOl'mation in the thorax plus fluid 
accumulation between the old and new cuticle followed by leakage from the anal 
region. Laboratory and field results were corroboratory in relation to larval 
response time and predicted mortality. 
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TOXICITY OF DIAZINON TO PYRETHROID RESISTANT
 
AND SUSCEPTIBLE HORN FLIES, HAEMATOBIA IRRITANS (L.):
 

LABORATORY STUDIES AND FIELD TRIALS' 

D. Craig Sheppard' and Alan A. Marchiondo' 

Abstract: The organophosphate, diazinon, was found to be highly active against fenvalerate 
resistant horn flies. Laboratory assays conducted at FcnnenLa Animal Health Co. and, 
independently, at the Coastal Plain Experiment Station showed diazinon to he more toxic to 
fenvalerate or pyrethroid resistant. horn flies than to pyrethroid susceptible horn flies. 
Regardless of the resistance level of the horn flies tested, pyrethroid resistant horn nies were 
1.7-2.8 times more sensitive to diazinon than pyrethroid susceptible horn flies. This selective 
toxicity of diazinon consistentJy yielded a resistance factor of (ess than 1.0. Field efficacy 
trials showed better control with dim:inon eur tags t.han with fenvalerate ear tags in three 
trials \\ith pyrethroid resistant horn flies. DlUation of control below 50 horn flies per side 
was 12-19 weeks for diazinon ear tags compared to 2-10 weeks for fenvalerate ear tags. 

Key Words: Haematobia irritans (L.), Pyrethroid resistance, Diaz[non, Horn flies. 

J. Agric. Entomol. 4(3), 262-270 (July 1987) 

Insecticide impregnated cattle ear tags are a popular means of horn fly control. 
They are effective and can give several months of control (Ahrens 1977; Ahrens 
and Cocke 1979) where hom flies are susceptible to the insecticide they deliver. 
But horn flies have developed resistance to chemicals in ear tags used on a 
commercial scale. This has occlu'red with stirofos (Sheppard 1983) and the 
pyrethroids (Sheppard 1984; Quisenberry et al. 1984; Schmidt et al. 1985). 

In an effort to identify an effective compound against pyrethroid resistant horn 
flies which could be developed more rapidly as an ear tag candidate, non
pyrethroid insecticides were empirically screened against susceptible and resistant 
horn flies in the Fermenta Animal Health Company Laboratories in Painesville, 
Ohio. This paper reports the toxicity of one of these insecticides, diazinon, to 
pyrethroid resistant and susceptible horn flies as determined in laboratory assays 
in Ohio and Georgia and in field trials in Georgia. Studies of the toxicity of 
diazinon to horn flies were initiated in Georgia independently of the Ohio studies 
in 1986 in anticipation of the registration of a diazinon tag. 

MATERIALS AND METHODS 

Laboratory Studies in Ohio 
Non-pyrethroid insecticides were selected for testing against susceptible and 

fenvalerate resistant horn flies based on the following criteria: low vapor pl'essure 
and melting point, low mammalian toxicity, and established residue tolerances in 
meat and/or milk (The Merck Index, 1983; Farm Chemicals Handbook 1985; 
Pesticide Tolerance Commodity Index 1985). A modification of the assay method 

I This study was supported, in part., by State lmd Hatch funds 1I11ocIlted to GAES. ree paid for early 
publication. Accepted for publication 6 October 1987. 

, DcplIrtment of Entomology, University of Georgiu, Coastal Plllin Experiment Station, Tifton, GA 
31794. 

3 Fcnncnta Animal Health Co., 7410 N.W. Tiffany Springs Pkwy., P. o. Box 901350, Kansas City, MO 
64190. 
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of Sheppard and Hinkle (1986) was used to detennine the toxicities of the 
insecticides to horn flies. Serial dilutions of each insecticide were prepared in 
acetone. Glass petri dish covers were treated by pipetting an aliquot of each 
dilution onto the surface and allowing it to dry at 22·23°C for 48 hours. Additional 
covers with and without acetone were prepared as controls. Pyrethroid resistance 
levels varied measurably from one screening to the next, so fenvalerate was 
included in every screening to monitor the resistance level of the hom Oy 
populations for that day. 

Strains of susceptible and fenvalerate resistant horn flies were maintained in 
the laboratory on Holstein bull calves (Kunz and Schmidt 1985). The susceptible 
colony was obtained in October, 1984 from the U. S. Livestock Insects Laboratory, 
Agricultural Research Service, U.S.D.A. in Kerzville, Texas. The fenvalerate 
resistant colony was obtained in May, 1985 from the Department of Entomology, 
Mississippi State University. The resistant horn flies were continuously exposed to 
fenvalerate through the use of two 8% fenvalerate ear tags on the bovine host. 

Laboratory·reared susceptible and fenvalerate resistant hom flies were collected 
from the backs of the calves and chi1led at 4°C for 5·10 minutes. Twenty hom flies 
were placed in the bottom of each petri dish and the treated petri dish cover 
applied. The horn flies were allowed to recover from the cold for 5·10 minutes at 
27-28°C and any initial mortality was determined. Then the petri dishes were 
inverted, so the flies were in contact with the treated sw'face of the cover, and 
incubated at 27·28°C and 60% rh for 2 haul'S. Mortality was then assessed by 
recording the number of flies that could not stand. The LC~ values of each 
compound against both strains of horn fly were computed by BAS probit analysis 
(1982) and the resistance factor (RF) calculated by dividing the LC"" of the 
resistant population by the LC!io of the susceptible population. The LCr.o values 
and their slopes were analyzed for statistical significance using Duncan's new 
multiple range test. 

Laboratory Studies in Georgia 
In these studies pyrethroid resistant horn nies were collected from seven herds 

in five southern and central Georgia counties. These were collected from corralled 
cattle with an aerial insect net and brought to the Coastal Plain Experiment 
Station, usually within 4 hoUl's. There they were tested for response to diazinon 
and fenvalerate. Pyrethroid susceptible horn flies supplied by Dr. Jerry Butler, 
University of Fla., Gainesville, FL, were used as the comparison susceptible 
strain in determining resistance factors. A technique of dosing horn flies by 
exposure to a series of residues on filter paper (Sheppard and Hinkle 1987) was 
used in all of the tests in Georgia reported here. A technique using a series of 
I'esidues on glass (Sheppard and Hinkle 1986) was used to compare the susceptible 
strains used in the Ohio and Georgia tests. This was done in an incidental test in 
May 1986 before the authors became aware of their similar work with diazinon. A 
computer program for probit analysis (Daum 1970) was used to analyze data from 
Georgia laboratory tests. 

Field Efficacy 7'rio/s 
Diazinon ear tag trials for horn Oy control were conducted in Gordon County, 

GA in 1985 and in Clarke and Sumter Caunties, GA in 1986. The Gordon and 
Clarke County tests had one experimental 20% diazinon tag or one 8% fenvalerate 
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tag as treatments. The Sumter County test had experimental 20% diazinon tags at 
two tags per head on two herds and fenvalerate tags at two per head on one herd. 
Non-treated herds were monitored foJ' horn fly numbers in the Gordon County and 
Clarke County tests. Herd size averaged 25 in 1985 and 30 in 1986. Horn fly counts 
were taken at one or two week intervals on one side of 10 cows per herd. 
Binoculars were used when necessary. Resistance factors for fenvalerate were 
determined pretreatment. 

RESULTS AND DISCUSSION 

In both series of lab trials diazinon was found to be highly active against 
pyrethroid resistant horn flies, and was consistently more toxic to them than to 
pyrethroid susceptible horn flies (Tables 3, 5). 

In Ohio the pyrethroid resistance factors of the fenvalerate resistant colony 
varied between 82-578-fold with a mean of 198~fold (Table 2). More variation 
occurred in the LCso values of the resistant horn flies to fenvalerate than in the 
LCr;n values of the susceptible horn nies probably due to the continually changing 
insecticide exposure to the colony from the fenvalerate ear tags. 

The responses of the susceptible and fenvalerate resistant horn flies to 
diazinon in the Ohio tests are given in Table 3. The LCr;o values of the susceptible 
and resistant colonies to diazinon were significantly different (P < 0.01) with the 
pyrethroid resistant llies being more susceptible to diazinon. No significant 
differences were found in their slopes (P < 0.01). 

In Georgia pyrethroid resistance factol's of the field captured horn flies were 
3.3-142.5 (Table 4). As in the Ohio test series, pyrethroid resistant horn flies were 
significantly (P < 0.05) more susceptible to diazinon (Table 5). 

Fenvalel'ate resistant horn flies were more sensitive to diazinon than the 
pyret.hroid susceptible horn flies (Tables 3 and 5). This selective toxicity of 
diazinon consistently yielded a RF < 1.0. In fact, the fenvalerate-diazinon cross 
resistance factor from the Ohio data was 0.6 (Table 3) and was 0.36 (Table 5) for 
t.he Georgia data. This finding of a fractional (or negative?) cross resistance factor 
is more convincing when one considers that the two studies were conducted 
independently of one another and reached the same conclusion. Also, two strains 
of pyrethroid susceptible horn flies and several strains of resistant ones 
demonstrated the same trend. That the more pyrethroid resistant strain (Ohio) 
was less susceptible to diazinon (pYl'ethroid cross RF = 0.60) than the less 
pyrethroid resistant Georgia mes (PYl'ethroid cross RF = 0.36) seems to contraindicate 
a negative resistance between diazinon and pyrethroids. But this direct comparison is 
confounded by the susceptible stmin used in the Georgia lab studies being ca. 2.8 
times as susceptible as the strain used in Ohio. This difference in susceptible 
strains is based on a bioassay conducted after Sheppard and Hinkle (1986) in 
Georgia in 1986 using hom flies from pupae shipped from Ohio in a direct 
comparison with horn flies from pupae shipped from the University of Florida 
colony. LClio's in this comparison were 0.0005464 (95% C. L. = 0.000408-0.000651) 
for the Ohio strain and 0.000193 (95% C. L. = 0.000114-0.000262) for the University 
of Florida stain. Thus the significantly greater susceptibility of the susceptible 
stmin in the Georgia tests may have been a more important factor in producing a 

, IJg fenvalerale/cm1 glass on bottom petri dish. 
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high degree of negative cross resistance than the degree of resislance of the highly 
resistant strain in Ohio. 

Byford et al. (1985) interpreted the RF of 0.8 for sulprofos as low cross
resislance to I>yrethroids. However, resistance and/or cross-resistance must yield 
RFs > 2.0 where more insecticide is required to kill t.he resistant fly than the 
susceptible hom ny_ Resistance factors of .5. 2.0 might be indicative of vigor 
tolerance (Hoskins and Gordon 1956) where slight increases in the dosage of the 
toxicant is due to a more vigorous population rather than the actual development 
of resistance. Resistance factors of 1.0 would indicate no resistance or cross
resistance. Therefore, resistance factors of < 1.0 would indicate incrcased toxicity 
of the insecticide to the resistant population and could be considered negative 
cross-resistance. Liu et a1. (1981) reported a similar case of negative cross
resistance in the diamondback moth (Plutel/a xylostella). Larvae of this moth that 
were methomyl resistant were significantly more susceptible to permethrin, 
cypermethrin and decamethrin, but not to fenvalerate. Methomyl cross-resistance 
factors for the first three pyrethroids listed above were 0.5, 0.3, and 0.2 respectively, 
similar to our values. 

Field efficacy trials showed better control with diazinon tags than with fenvalerate 
tags in three trials with pyrethroid resistant horn flies (Table 1). Duration of 
control below 50 horn flies per side was 12-19 weeks for diazinon tags and 2-10 
weeks for fenvalerate. Horn fly numbers were generally somewhat low in Georgia 
in 1985 and 1986 due to hot dry conditions, but ambient. hoi'll fly numbcrs were 
adequate to conduct these efficacy trials. Horn fly numbers on check herds 
averaged 147 and 212 per side of cow in 1985 and 1986, respectively. 

In the 1985 trial the pretreatment RF was only 2.0 but the slope of the dosage
mortality regression was 0.88, indicating a very broad responsc range with many 
resistant individuals at the upper end of this range. This was conlil'med by the 
early failure of the fenvalerate treatment at 2 weeks (Table 1). Pretreatment RFs 
for the 1986 trials were 15 and 23 (two herds monitored for the Sumter County 
trial) and 12 for the Clarke County trial. 

Pyrethroid resistant horn flies in these studies averaged 1.7 (1 -:- 0.6) to 2.8 
(I -:- 0.36) times more sensitive to diazinon than were two strains of pyrethroid 
susceptible horn flies. This relationship helps explain the success of a recently 
introduced diazinon cattle ear tag for control of pyrethroid rcsistant horn flies. 
The possibility of managing pyrethroid resistance with diazinon treatments is an 
attractive one. But caution must be exercised before calling this a true negative 
resistance fador. More laboratory studies are needed to determine if the genes for 
pyrethroid and diazinon resistance are mutually exclusive in horn flies, and field 
studies must be conducted to determine if this differential toxicity to pyrethroid 
resistanl and susceptible horn nies will be a practical tool for population 
management. 

Table 1.	 Duration of horn fly control below 50 hom flies per side of cow in 
Georgia, 1985-1986. 

\\leeks 
Trial rcnvalcrnte Tags Diazinon Tags 

1985 Gordon Co. - I tag/cow 2 wk 16 wk 
1986 Sumter Co. - 2 tags/cow 10 wk 12, 18 wk 
1986 Clarke Co. - I tag/cow 10 wk 19 wk 
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Table 2. Toxicity of fenvalerate against fenvalerate resistant and susceptible hom mes in Ohio as determined by 
exposure to residues on glass. 

Fenvalerate Resistant Fenvalerate Susceptible 

Test 
Date LCw (95% FL) Slope LCw (95% FL) Slope RF' ,.. 

llg/cm2 JJg/cm2 
". 
~ 

~. 

05-22-85 0.200 (0.161-0.252) 2.05 0.00046 (0.00027-0.00063) 1.10 434 
'"08-28-85 0.209 (0.158-0.274) 1.88 0_00165 (0_00137-0.00198) 2.73 127 
~08-30·85 

09·09-85 
0.070 
0.181 

(0.047-0.096) 
(0.133-0.244) 

0.97 
1.20 

0.00067 
0.00097 

(0.00040·0.00084) 
(0_00056-0.00136) 

1.94 
0_99 

106 
188 

2

09·23·85 0.200 (0.161-0.252) 2.05 0.00041 (0_00022·0.00057) 1.02 486 ~ 
09·27·85 0.223 (0_158·0.305) 1.34 0.00043 (0.00023-0.00059) 1.03 520 :
10-14-85 0.303 (0.201-0.419) 1.34 0.00083 (0.00063·0.00109) 1.67 365 z 
10·16·85 
10·24-85 

0.289 
0.101 

(0.182-0.398) 
(0.084-0.123) 

1.17 
2.48 

0.00050 
0.00087 

(0.00035·0.00065) 
(0.00075-0.00102) 

1.75 
4.83 

578 
116 

? 
w 

11·13·86 0.428 (0_336-0.533) 1.47 0.00287 (0.00222·0.00393) 1.60 149 '""" 11·13·86 0.423 (0.360-0.532) 1.59 0.00264 (0.00204-0.00360) 1.27 160 .::> 
12-01·86 0.181 (0.145-0_228) 2.03 0.00196 (0.00166·0.00232) 3.30 92 
12·12·86 0.225 (0.174-0.288) 1.54 0.00132 (0.00105-0.00163) 1.72 170 
12-12-86 0.206 (0.155-0.268) 1.39 0.00077 -- (0.00055·0.00099) 1.03- 297 -

x 0.231 (0.175-0.301) 1.61 0.00117 (0.00088·0.00151) 1.86 198t 
+ S.D. 0.102 0.083-0.130 0.43 0.00082 0.00068-0.00109 1.09 

-HF :: LC.., Resisl8m/LCMI Susceptible. 
tHF Ai1~eci on meun LeI;(} value!i. 
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Table 3.	 Toxicity of diazinon against fenvalerate resistant and susceptible horn flies in Ohio as determined by exposure to en 
residues on glass. :t 

'" ." 
Fenvalerate Resistant	 Fenvalerate Susceptible :Jl 

~ 

Test 0 
~
 

Date LCw (95% FL) Slope LC" (95% FL) Slope RF' •

Q. " 

~g/cm'	 Ilg/cm2 s: 
>

05-22-85 0.744 (0.604-0.904) 2.35 1.220 (0.975·1.549) 1.76 0.6 
(")

08-28-85 0.666 (0.469-0.874) 1.68 1.650 (1.289-2.168) 1.50 0.4 '" 2: 
08-30-85 0.420 (0.339-0.523) 2.05 0.654 (0.540-0.800) 2.30 0.6 0 

z
09-09-85 Ll12 (0.686-1.397) 1.80 1.249 (0.879-1.772) 1.14 0.9 0 
09·23-85 0.848 (0.692-1.042) 2.25 2.251 (1.775-2.940) 1.68 0.4 0 

09·27-85 0.622 (0.408·0.830) 1.52 1.054 (0.847-1.322) 1.88 0.6 9•N10-14-85 1.081 (0.732-1.498) 1.33 2.245 (1.725-3.032) 1.93 0.5 ,. 
10·16-85 1.088 (0.813·1.447) 1.24 2.379 (1.829-3.274) 1.94 0.5 0 

" 10-24-85 1.203 (0.905-1.593) 1.26 1.747 (1.345·2.370) 1.:13 0.7 -' o' 
11·13·86 2.505 (2.278-2.715) 5.09 :1.934 (3.742-4.185) 6.60 0.6 ;:;'"
11·13·86 1.658 (1.420-1.856) 3.11 3.284 (3.113·3.503) 8.73 0.5 ~. 

12·01·86 2.108 (1.703-2.659) 2.08 2.445 (1.862-3.455) 1.31 0.9 S 
12-12-86 1.133 (0.940-1.375) 2.66 2.012 (1.613·2.608) 1.86 0.6 :t 

0 

12-12·86 1.032 (0.851·1.275) 2.35 2.345 (1.8:12·3.191) 1.54 0.4 3 -
x Ll59 (0.931·1.428) 2.20 2.034 (1.669·2.583) 2.54 0.61 ::l;;. 

+ S.D. 0.578 0.534·0.640 1.00 0.878 0.868-0.963 2.23	 • 
·RF = LCf.o RcsistllntILC-w Su!;Ceptiblc. 
IRF Bosed on mean LC-w values. 

'"
~ 

-, 
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Table 4.	 Toxicity of fenvalerate against pyrethroid resistant and susceptible hom flies in Georgia as determined by exposure to 
residues on paper. 

Fenvalerate Resistant	 Fenvalerate Susceptible 

Test RF' RFt
 
Date Lelia (95% CI) Slope LC50 (95% CI) Slope Same Day Season Avg.
 

~IJg/cm2	 ~g/cm' 
". 
~05-19-86 7.80 ( 5.51-12.90) 1.52 0.64 (0.56-0.73) 4.70 12.3 11.4 ,. 
~06-10-86 2.28 ( 1.90-2.75) 2.30 0.56 (0.48-0.65) 5.81 4.1 3.4 

N	 t'l06-10-86 2.20 ( 1.67-2.98) 1.91 ( )	 4.0 3.2 
0-" 06-10-86 5.30 ( 4.14-7.19) 2.11 ( N N ) 9.5 7.8 3 

06-24-86 2.52 ( 2.01-3.11) 2.41 3.7 ~ 
06-27-86 8.45 ( 1.50-74049.70) 1.49 0.87 (0.70-1.08) 4.07 9.7 12.4 

~ 07-22-86 2.40 ( 1.70-3.45) 3.27 3.5
 
08-06-86 0.68 (0.57-0.82) 3.78 !"
 

z08-19-86 1.90 ( 1.50-2.57) 2.88 2.8 p 

08-26-86 12.45 (10.67-14.71) 3.23 18.2 w 

09-05-86 14.44 ( 9.43-21.14) 2.81 21.1 '" 09-11-86 7.33 ( 6.12-8.65) 1.59 10.7 .::J '" 
10-10-86 32.68 (26.08-42.30) 3.51 47.8 
10-16-86 20.21 (10.21-48.58) 1.66 0.67 (0.56-0.81) 3.05 30.1 29.6 
10-16-86 23.86 (18.26-33.16) 1.53 N ( ) 35.5 34.9 
10-16-86 97.33 (62.52-251.31) 1.66 ( N N ) 144.8 142.5 

L 241.15 33.88 3.42 21.41 249.7 353.1 
x 16.08 2.26 0.68 4.28 31.2 23.5 
It U!\ing susceptible LC:.o from l;sme day. 
t Using sImson Ilverage LC50 of susceptible strain. 



Table 5. Toxicity of diazinon against fenvalerate resistant and susceptible horn flies in Georgia as detennined by exposure to 
residues on paper. 

Fenvalerate Resistant Fenvalerate Susceptible 

Test RF" RFt 
rn 
~ 

Date LCr;o (95% CI) 

IJg/cm 2 

Slope LC" (95% CI) 

~g/cm' 

Slope Same Day Season Avg. "';E 
:0 
tJ 

05·19·86 0.692 (0.575· 0.825) 2.53 2.791 (2.284· 3.414) 2.86 0.25 0.27 ~ 

06·04·86 3.279 (0.985·23.265) 3.90 " c

06·10·86 
06·10·86 
06·10·86 
06·24·86 
06·27·86 

1.090 
0.630 
1.001 
0.681 
1.056 

(0.938· 1.260) 
(0.496· 0.786) 
(0.881· 1.135) 
(0.576· 0.790) 
(0.674. 1.750) 

4.21 
2.50 
6.00 
5.58 
2.38 

2.502 
" 

(2.154· 2.916) 
( " ) 
( " " ) 

5.09 
" 

0.44 
0.25 
0.40 

0.42 
0.24 
0.39 
0.26 
0.41 

:s: 
:>
:0 
(") 

2i 
0 z 
tJ 

07·22·86 0.988 (0.887· 1.101) 6.63 0.38 '? 
08·06·86 2.073 (1.524· 2.621) 2.38 tJ 

S' 
08·19·86 0.970 (0.802· 1.168) 5.08 0.38 N s· 
08·26·86 0.899 (0.329· 9.217) 4.19 0.35 0 

" 09·05·86 
09·11·86 

0.568 
0.728 

(0.285· 1.415) 
(0.625· 0.853) 

2.19 
3.18 

0.22 
0.28 

oJ 
>
n' 

09·11·86 1.000 (0.568·12.043) 2.22 0.39 q 
10·16·86 1.499 (1.138· 2.184) 2.34 0.58 S 
10·16·86 
10·16·86 

1.386 
0.872 

(0.918· 2.826) 
(0.665· 1.344) 

1.77 
2.28 

0.54 
0.34 

:z: 
0 

" " 12·12·86 2.256 (2.003·2.527) 5.14 ::1 o· 
L 14.060 53.08 12.901 19.37 1.34 5.46 

~ 

x 0.937 3.54 2.580 3.87 0.33 0.36 
* U~ing susceptible LC.'>(I from same day, 
t U:-;ing season average LC50 of susceptible strain. '" '" or> 
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DEVELOPMENT AND EMERGENCE OF PEDIOBIUS FOVEOLATUS'
 
FROM MEXICAN BEAN BEETLE' LARVAE FED FOLIAGE
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Clemson University
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Abstmct: Experiments were pcrfonned to evaluate the development and emergence of the 
parnsitoid Pediobiuli foueolatus from Mexican bean beetlc (MBE) larvae renred on Phaseolus 
lunatus, the susceptible soybean varieties Brogg find Coker 156, and the resistant soybean 
genot.ypes D75-L0230 and E073-371. MBS developed best on P. lUTlalus, yielding heavier 
pupae and shorter developmental times. Among soybean genotypes, larvae reared on 075
10230 produced heavier pupae than those on Coker 156 and larvae reared on ED73-371 had 
longer developmental times than those reared on the other soybean genotypes. Although 
MBB larvae performed better on P. lunatus than the soybean genotypes. there were no 
significant differences in percent P. foueolalus parasitism, percent emergence, number of 
udults per mummy or sex ratio of emerging adults when "'fEB hosts were reared on P. 
lunalus, Bragg, Coker 156, or 075-10230_ Adult. P. foueo/arus emerging from P. IUfiotUS, Coker 
156, and 075·10230 were reproductively similar except that females from 075-10230 hosts 
parasitized less frequently than females from Coker 156 hosts. The only plant which 
significantly affected P. foueolatus development was ED73·371. MBB hosts reared on this 
resistant soybean genotype were parasit-ized less frequently than MBB hosts reared on any 
other plant. [n addition, parasitized hosts reared on ED73-371 produced only male 
parasitoids. 

l<.ey Words: Mexican bean beetle, EpilacJUlo uariuestis, Pediobius foveo/atu.'>, parasitoid, 
soybean, resistance. 

J. Agric. Enwmol. 4(3): 271-279 (July 1987) 

The Mexican bean beetle (MBB), Epilachna uariuestis Mulsant, is a pest of 
soybeans in some areas of the United States. Several effective chemicals are 
currently registered for MBS control, but dependence on pesticides alone may 
lead to adverse side effects. Additional control strategies are therefore desirable. 
Two such control strategies are the use of resistant CI'OP varieties and mass 
release of imported natural enemies. 

Beginning with the work of Van Duyn et al. (1971), many soybean lines have 
been developed and evaluated for their resistance to MBB damage (Barney and 
Rock 1975; Elden et a!. 1974; Hallman et a!. 1977; Smith and Brim 1979). Several 
of these soybean lines exhibit significant resistance to MBB. Generally, MBB 
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, COLEOPTERA: Coccincllidac. 
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larvae which feed on these resistant lines exhibit reduced larval and pupal body 
weights, reduced growth rates and higher lalval mortality (Van Duyn et al. 1972; 
Barney and Rock 1975; Elden and Paz 1977). 

An additional control strategy which has been used for MBB control is the 
inoculative release of Pediobius [oueolatus Crawford (Reichelderfer 1979). a gregarious 
parasitoid from India (Angalet et al. 19G8). Stevens et al. (1975a) first showed that 
p. [olJeo[alus can effectively suppress field populations of MBB. Use of P. [oueolatus 
with resistant varieties, however, may be counter productive. Several studies have 
shown that when soybean insect pests feed on resistant plants, the parasitoids 
which attack these species may be adversely affected (Gl'8nt and Shepard 1985; 
Orr and Boethel 1985; Powell and Lamberl 1984). Kauffman and Flanders (1985) 
found P. foueolatus population potcntiHls are reduced when host MBB fed 011 

resistant soybean cultivars used in the midwest. 
Because of the potential for use of resistant soybean plants along with P. 

[oveolatus, it is important to know if the parasitoid is adversely affected when its 
MBB hosts are fed on susceptible and resistant soybean genotypes developed and 
used in South Carolina. Our studies showed that !'vISB larvae developed best on 
Phaseolus lunatus and worst on the resistant variety ED73·37L P. [oveolatus 
developed equally well on hosts fed P. [unatus, the susceptible soybean varieties 
Bragg and Coker 156, and the resistant variet)' D75-10230. However, 1\'IBB hosts 
fed on ED73·371 were parasitized less frequently and yielded only male 
parnsitoids. 

MATERIALS AND METHODS 

Mexican Bean Beetle Development 
Eggs were collected from MBB reared in a green house on Phaseolus lunatus 

L. The eggs were allowed to hatch and within 24 h, 12-15 newly hatched Iwvae 
were placed on the leaves of P. hmalus 01' one of four soybean genotypes. The four 
soybean genotypes used were Bragg and Coker L56, two E. varivestis susceptible 
varieties, and ED73-371 and D75-10230. The latter two numbered lines were 
resistant genotypes developed at the Edisto Experiment Station in Blackvi1le, SC. 
Foliage of each genotype was collected from field plants at the Edisto Experiment 
Station. 

One trifoliate leaf from each plant was placed in a 50 ml Erlenmeyer flask of 
water stoppered with a ball of cotton around the petiole at the flask's opening. 
The nask was placed in a plastic 1.42 I (14 cm height X 11.5 cm OD) cylindrical 
container with a screened screw-on top and a 1.27 cm hole in the side plugged 
with a rubber no. 00 stopper. All containers were held at a 14:10 L:D photoperiod, 
27°C, and 60% RH. Foliage was changed daily to provide an adequate supply of 
fresh leaf material for the developing larvae. \Vithin 24 h of reaching 4th-instal', 
five larvae were placed in containers as described above with the same foliage on 
which they wre reared. There were four containers (replicates) per genotype 
arranged in a completely random design (CRD). For each container, the mean 
developmental time from hatch to pupation und mean pupal weight. were recorded. 
The results werc tested for significance by Analysis of Variance (ANOVA). 

Pediobius [oveolalus Development 
MBR were reared to 4th-instar as described above on the same four soybean 

genotypes and P. lunalus. Within 24 h after reaching 4th· instal', ten Mexican bean 
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beetle larvae from each host were placecd in 1.42 1 plastic containers as previously 
described, and foul' 20·day old inexperienced P. [oveolatus females were introduced 
through the hole in the side of each container. Female P. [oveolatus were exposed 
to the I\'lBB larvae for 24 h then removed from the container. Four containers 
(replicates) with foliage from each genotype were arranged in a CRD. The larvae 
were allowed to develop until pupation, death or until they became mummies 
(parsitized larvae). For each container, mean percent parasitism was recorded. 
Mummies were collected from their containers and isolated individually in no. 00 
gelatin capsules. Mummies from each container were held together in LOO X 15 
mm petJ'j dishes for 25 days or until adult P. foveolatus emerged. For each petri 
dish, the mean number of male and female P. foveolatus which emerged per 
mummy \....as recorded. The percent of mummies from which live adults emerged 
was also recorded. After 25 days, mummies which yielded no adult parasitoids 
were dissected to confirm that they had been parasitized. Adult P. [oveolatus from 
each gelatin capsule were placed in cylindrical plastic containers (3.75 cm high X 
5.25 cm OD) with snap-on tops. In the top of the container, a cotton ball was 
placed in a 1.27 em hole and saturated with 30% honey water (by volume) for 
maintenance of adult P. (oveolatus. 

When parasitoids which emerged from the mummies were 15 days old, females 
from hosts fed on P. lunatus, Coker 156, and D75-10230 were pooled by genotype 
in a 1.42 I plastic container. These females were then pulled at random and placed 
in 1.42 I plastic containers as described above with rvlBB larvae which had been 
reared on P. lunatus. Five larave were placed in each container with P. foveolatus 
and five containers (replicates) per genotype were set up. After 24 h, the parasitoids 
were removed and MBB larvae were allowed to develop until they pupated or 
mummified. Mummies were isolated individually as described above and percent 
parasitism, percent emergence, number of adults, and sex ratio was recorded. All 
results were tested for significance by ANOVA. 

RESULTS 

Results from the MBB development experiment showed that among all 
genotypes, P. lunatus was the most suitable host for MBB growth and development 
(Table 1). Larvae reared all P. lunatus developed faster and yielded heavier pupae 
than larvae reared on the soybean genotypes. Among soybean genotypes, 

Table 1.	 Mean pupal weight and developmental time of Epilachna varivestis, 
reared on susceptible (8) and resistant (R) genotypes of soybeans and 
Phaseotus lunatus. 

Mean Pupal Developmental Time 
Genotype Weight (mg) (+ S.E.)' (days) (+ S.E.)' 

P. tunalus (S) 41.79 ± 0.60a 15.80 ± 0.14e 
D75-10230 (R) 34.02 ± 1.4Gb 18.05 ± 0.2Gb 
Bragg (8) 32.84 ± 0.44be 18.10 ± O.IOb 
ED73-371 (R) 30.75 ± 1.00be 19.43 ± 0.300 
Coker 15G (S) 29.25 + 2.09c 18.28 + O.lIb 
• !I.·lcans followed by the sallie lutter lll'e not. significantly different 3t the 0.05 IC\iel by the Least 

Significnnt Difference t.est. 
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larvae fed on D75·10230 produced heavier pupae than Coker 156 while the 
developmental time of larvae reared on ED73·371 was significantly longer than 
lar\'e reared on any of the other soybean genotypes. 

Larvae reared on ED73-371 were parasitized significantly less than larvae 
reared on the other genotypes (Table 2). Among the hosts reared on the other 
genotypes and P. IUflatus, there was no difference in parasitism. There was no 
significant difference in percent parasitoid emergence from MBB reared on any 
plant. 

Table 2. Mean percent parasitism and percent emergence of Pediobius foveolatus 
from mummies of Epilachna variuestis reared on susceptible (8) and 
resistant (R) soybean genotypes and PhaseD/us IUflatus L. 

Mean % Parasitism Mean % Emergence 
(+ S.E.)' (+ S.E.)! 

P. {unalus (S) 85.0 ± [l.90a 92.22 ± 2.61 
D75-10230 (R) 75.0 ± 9.57a 78.33 ± 13.23 
Coker 156 (S) 67.5 ± 7.50a 84.58 ± 5.42 
Bragg (S) 62.5 ± 4.79a 88.69 ± 3.81 
ED73-371 (R) 32.5 + 4.79b 72.92 + 10.42 
• :\1enlHl followed by the same letter are not significantly different at the 0.05 level by the Lea!\t 

Significant Difference test. 
t No significant differences m the 0.05 lenl by the ANQVA F'-test. 

Number of adult psrasitoids emerging per mummy is shown in 'fable 3. There 
were no significant differences in the number of adults or the sex ratio of P. 
foueolatus emerging from MBB hosts reared on P. lwzatus, Bragg, Coker 156, or 
D75-10230. However, mummies from ED73-371-reared larvae produced all male P. 
foveolatus. Reproductively, the adults tested were similul' (Tables 4 and 5) except 
the P. foueolatus produced from D75~10230 hosts parasitized at a lower percent 
than those from Coker 156-reared hosts (Tobie 4). 

DISCUSSION 

Based on MBB development, P. lunatus is a better diet for MBB than the 
soybean genotypes used in the expeliments (Table 1). If P. foveolalus was significantly 
affected by its host's diet, then parasitoids developing in P. lunatus-reared larve 
should have performed consistently better than parasitoids reared on hosts fed 
soybean genotypes. This, however, is not the case for MBB fed on Bragg, Coker 
156, and 075-10230. There was no significant difference in parasitism, emergence, 
01' number of emerging parasitoids between hoses fed these soybean genotypes and 
hosts fed P. lunatus (Tables 2 and 3). Female parasitoids produced from hosts fed 
P. lunatus, Coker 156, and D75·10230 were reproductively similar although females 
from D75-10230 hosts parasitized less frequently than those from Coker 156 hosts 
(Tables 4 and 5). 

The only host diet which significantly affected parasitoid development was the 
resistant soybean genotype ED73-37 L Although pupal weights of MBB fed this 
genotype were not significantly different from those fed the other soybean genotypes, 
developmental time was significantly extended when MBS fed on ED73·371 (Table 
1). ED73·371-reared larvae were parasitized at half or less the rate of all other 
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Table 3.	 Mean number of adults and mean sex ratio of Pediobius foueolatus produced per mummy of Epilachna varivestis larvae ~ " 

reared on susceptible (8) and resistant (R) soybean genotypes and Phaseu[us [uTlalus L.* =-
Mean sex ratio 

(females per male) 
Mean number of adults per mummy (+ S.E.) per mummy 

Genotype Nt Males Females Total (+ S.E.); 

Coker 156 (S) 23 2.98 ± 0.63. 9.60 ± 1.49a 12.58 ± LOla 3.98 ± L06a 
EDI73-371 (R) 10 13.30 ± 0.89b 0 13.30 ± 0.89a 
D75-10230 (R) 24 2.71 ± 0.08 9.81 ± 1.95a 12.52 ± 2.03a 3.56 ± 0.66a 
P. IU/latis (8) 31 2.71 ± 0.25 10.55 ± L278 13.32 ± 1.348 0.90 ± 0.52a 
Bragg (8) ?'} 2.45 + 0.41 10.85 + 0.74a 13.30 + 0.89a 4.89 + 0.97a 
• Means followed by the snme letter are not significantly different at 111(' 0.05 11'\'el by Lenst Significant. Difference test.
 

t No significant difference!'; at lhe 0.05 level hy lhc ANOVA F-!est.
 
;: N =: lotal no. mummies.
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MBB larvae and, significantly, produced only male parasitoids (Tables 2 and 3). 
Unfertilized female P. foueolatus eggs produce males (arrhenotoky), but the 
liklihood of using all unfertilized females for only one treatment was remote since 
females were pulled at random from a common pool. 

Table 4.	 Mean percent parasitism and percent emergence from Epilachna varivestis 
parasitized female Pediobius foveolatus developed in mexican bean beetle 
larvae reared on different foliage. 

Foliage on which Parental Mean % Parasitism Mean % Emergence 
Hosts Were Reared (+ S.E.)' (+ S.E.)t 

Coker 156 100 ± 0.0 B 100 ± 0.00 
P lunatus 68.00 ± 18.55Bb 91.67 ± 8.33 
D75-10230 44.00 + 16.00b 68.75 + 23.66 
.. Means followed by lhe same letter nre not significantly different at the 0.05 level by Least Significant 

Difference Test. 
t No significant differences at the 0.05 level by ANOVA F-tesL 

Variations in P. foveolatus sex ratios are normal. Stevens et al. (1975b) found 
that the sex ratio per mummy in lab colonies can vary from 2.59:10" up to 100%9. 
A later study of field collected mummies found that sex ratios ranged from 
3.239:10" down to 0.489:10" and that the number of females per male declines as 
the total number of emerging adults from a mummy increases (Stevens et ai. 
1977). However, neither of the above studies reported mummies that produced 
only males. In our experiments, there were similar variations in sex ratios and all 
mummies except those from ED73-371 produced at least one female (Table 3). 
The total number of adult parasitoids emerging from ED73-371 hosts was not 
significantly different. 

The emergence of all male P. foveolatus from ED73~371-reared hosts may have 
been due to differential oviposition of fertilized and unfertilized eggs. Gregarious 
hymenopteran parasitoids have the ability to adjust the number of male (unfertilized) 
and female (fertilized) eggs they oviposit into hosts (see \-Vaage and Godfray 1985). 
Several factors determine how many eggs are fertilized at ovipsoition, but the 
pri.mary criterion is host quality. Female parasitoids tend to oviposi.t more unfertilized 
eggs into poorer hosts since developing males are less affected by adverse 
conditions (Charnov et al. 1981; Van den Assem et al. 1984). If MBB larvae 
produced from ED73-371 were poor quality hosts, female P. foueolatus might 
oviposit only male (unfertilized) eggs into these hosts. The oviposi.tion of only one 
sex, however, is usually rare among gregarious parasitoids (Benson 1973; Pickering 
1980; Bryan 1983). 

An alternative possibility for the production of only males is that there may 
have been selective mortality behveen P. foveolatus male and female eggs or 
larvae, Selective mortality can cause variations in sex I'atios of emerging gregarious 
parasitoids (Benson 1973). Particularly, the internal conditions of host larvae may 
favor successful development of one sex over the other (Flanders 1965). It is 
possible that the internal state of ED73-371-fed hosts favored the development or 
survival of males over females. 

In conclusion, P. foveolatus development was not significantly affected by host 
feeding on the soybean genotypes Coker 156, Bl'agg, 01' D75-10230 even though 
MBB hosts developed better on P. lunatus. However, host feeding on the highly 
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Table 5. Mean number of Pediobius [oueolatus adults and sex ratio per mummy emerging from E. uariuestis parasitized by female 

p. [oueolatus produced in hosts reared on different foliages. 

Foliage on which parental Mean no. Mean no. Mean No. females per 
hosts were reared msiest femoles t total t male per mummyt 

Di5-10230 9 3.03 ± 0.41 13.00 ± 1.44 16.03 ± 1.70 4.40 ± 0.62 
Coker 156 
P. lunanus 

25 
16 

3.32 ± 0.26 
2.98 + 0.48 

11.84 ± 0.92 
10.10 + 1.51 

15.16 ± 1.18 
13.08 + 1.78 

3.57 ± 0.Q7 
3.52 + 0.46 

tl o· 
~ 

• N == total no. mummies. 
o = 

t No significant differences at 0.05 level by ANQVA F-test. 
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resistant genotype, ED73-371, had an adverse effect on P. foveolatus development, 
causing a lower frequency of parasitism and the emergence of only male 
parasitoids. The later phenomenon may have been due to differential fertilization 
of eggs, differential mortality between male and female eggs or larvae, or both. 
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Abstract: In the arid western United States. large acreages of trcc Cruit are irrigated by 
placing sprinklers above Ute trces. In effect, this type of irrigation simulates a rain lasting 12 
to 24·h yielding 46 to 96 mm of water. OUf tcsts showed that one 24-h irrigation beginning 24 
h after spraying removed up to 40% of the azinphosmethyl and 56% of the phosmet applied 
to control codling moth, Cydia pomonella (Linnaeus). Second and third irrigation 6 and 12 
days postspray had no significant cffect on residue erosion. For residues 6 and 12 days old, 
erosion by the first irrigation water was diminished, compared to erosion of 2-day old 
residues. Bioassay results suggested that irrigating once could remo\'e enough azinphosmethyl to 
jeopardize larl'al control; or enough phosmet to jeopardize both larval and adult control. 
These results indicated that conventional spray programs may be inadequate for orchards 
with sprinkler irrigation above trees. 

Key Words: Azinphosmethyl, phosmet, sprinkler irrigation, codling moth, Cydia pomonella. 

J. Agrie. Entomol. 4(4): 281·288 (October 1987) 

irrigating from sprinklers placed above trees has become commonplace in 
orchards in the arid areas of the Pacific Northwest. Tn the Yakima Valley, 
""ashington, ca. 60% of apple orchards have sprinkler irrigation above trees 
(Yakima Co. Extension Office, personal communication). I.rrigation begins in Aplil 
or May and continues tlu'ough September in this region. Sprinklers are run for 8 to 
24 h every 5 to 14 days depending upon soil type, soil depth, and prevailing 
temperatures. 

It was previously shown that irrigation above trees resulted in pesticide losses 
of 23 to 92% on pear trees (Westigard et al. 1974), 48% on peach trees (Pree et aI. 
1984), and 41 (McMechan et al. 1972) to ca. 80% (Williams 1961) on apple trees. 
McMechan et al. used a 50 WP and Williams a 25 WP azinphosmethyl. McMechan et 
al. found poorer control of codling moth where there was sprinkler irrigation above 
trees. We believe that recent increased codling moth control problems in the 
Yakima. Washington area was related to sprinkler irrigation above trees, and not to 
insecticide resistance (Howell and Maitlen 1983). Therefore, our objective was to 
detennine what effect repeated sprinkler irrigations had on the residues of hvo 
insecticides. azinphosmethyl and phosmet, that are used commonly on apple trees 
for codling moth, Cydia pomonella (L.), control. If we assume that sprinkler 
irrigation above trees erodes the insecticidal residues, we must also assume that 
the retreatment interval would have to be shortened if continuous pesticide 

I LEDIDOPTERA: Olcthreutiduc. 
Z Accepted for publication 9 November 1987. 
~ Mention of II proprietury product does not constitute an endorsement for its use b)' USDA. 

281 



282 J. Agric. Enlomol. Vol. 4, No.4 (1987) 

coverage similar to that on noninigated trees is needed to provide the level of control 
desired. To define the retreatment interval we determined the minimum lethal 
residues for codling moth in laboratory bioassays and related these values to the 
residue levels found on the apple foliage of irrigated and nonirrigated trees. 

MATERIALS AND METHODS 

Field Plots: 
Tests were conducted in a block of Red Delicious apple trees (9 rows, 27 trees/ 

row) ca. 22 years old planted on 6,1 X 6,1 m spacing; every third row was Golden 
Delicious pollinators. The orchard was irrigated with TOl'o-1ll continuous-flow sprinkler 
heads that delivered ca. 4 mm of waterlh and which were placed above trees. 
Some variation in rate of delivery was experienced because water pressure varied in 
the delivery system. Each individual sprinkler line and sprinkler was equipped 
with shut-off valves enabling us to apply water to selected trees. In these tests, ca. 96 
mm of water were applied during 24 h at each irrigation. 

Each test plot consisted of nine trees (3 rows of 3 trees each), but only the 
center row adjacent to the sprinkler line was used for samples. Thus, sprinklers were 
located on both sides of each test tree sampled, which eliminated the shadow 
effect that would result (rom using one sprinkler alone. 

Azinphosmethyl (Guthion" 50WP) was applied at the rate of 30 g AI/IOO liters 
(lib Allacre); phosmet (Imidan" 5O\VP) at 60 g AJ/IOO liters (2 Ib AlIacre) and 90 g 
AI/IOO liters (3 Ib AI/acre), using 3.7 kl/ha (400 gal/acre) of spray at 3102 kPa (450 
psi) pressure using a handgun sprayer. The trees were sprayed to the drip point 
which required ca. 15 liters per tree. AU sprays were applied between 10:00·12:00 a.m. 
Azinphosmethyl was applied on 9 June 1981; phosmet on 8 August 1981. 

The plots were arranged so that one plot per insecticide received irrigation 
three times after insecticide application (1, 6, and 12 days fol' 8zinphosmethyl; 1, 6, 
and 13 days for phosmet); another plot received irrigation twice after insecticide 
application (5 or 6 and 12 or 13 days); a third plot was inigated once (12 or 13 days) 
after spraying an insecticide. There were three plots (3 irrigation regimes) and 
three sample trees per plOL AU nine trees were sampled to detennine the Q.day 
residue. On day one, three trees were irrigated, six were not. The residues on the 
irrigation and nonil'rigated trees were compared to the O·day residues to determine 
the effect of irrigation on the decay of insecticide deposits. On day 5 or 6, three 
trees received their first iJTigation, three their second irrigation, and three were 
nonirrigated. On day 12, samples were taken from the nonirrigated trees; then 
again on day 13 01' 14 following the irrigation. Prespray samples of 25 leaves per 
tree were taken randomly throughout the tree to establish that the b'ees were 
initially free of 8zinphosmethyl and phosmet residues. The leaf samples were 
placed in paper bags and frozen until residues were extracted for analysis. 

Residue Analysis: 
For azinphosmethyl, a 22 mm diameter disc was punched from the center of each 

leaf of the 25-leaf samples. Discs (190 cm2 of leaD from each sample were placed 
in a 125·ml Erlenmeyer flask with 50 ml dichloromethane and shaken for 10 min 
on a wrist·action shaker to extract insecticide residues. Residues in the filtered 
extract were determined quantitatively by the colorimetric procedure of Miles 
(1964). 
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For phosmet, the 25-leaf discs were extracted as above using 50 ml 
dichloromethane plus 5-10 g of anhydrous sodium sulfate and shaken for 15 min. 
The phosmet residues were determined with a Hewlett Packard model 5840A gas 
chromatograph fitted with a name photometric detector operated in the phosphorous 
mode. The 51-em X 4-mm I.D. glass column was packed with chromosorb G(HP), 
80-H)() mesh, coated with 5% OV 101 silicon and operated at a temperature of 
220°C with a nitrogen flow rate of 95 ml/min. 

Efficiency of both of the above analytical procedures was determined by 
fortifying control samples of apple leaf discs with known amounts of 100% 
azinphosmethyl or phosmet prior to extraction and detennination of percent 
recovery. Recoveries were prepared over a range of 0.13 to 2.11 Jlg/cm2 for 
azinphosmethyl and 0.53 to 4.21 Jlg/cm2 for phosmet. The average recovery from 
the fortified samples was 104.8% for azinphosmethyl and 102.4% for phosmet. 

Bioassay: 
Apple leaves were dipped for 30 sec in four dilutions of azinphosmethyl (19, 37, 

75, and 150 ppm) or phosmet (140, 280, 560, and 1130 ppm). One mJ Triton B 1956 
per liter was added to obtain uniform wetting. The actunl residues found on the 
leaves for each concentration were 0.18, 0.28, 0.50, and 0.90 Jlg/cm! for azinphosmethyl 
and 1.01, 1.75, 3.38, and 6.81 Jlg/cm2 for phosmet. There were 25 leaves treated per 
dilution. 

Leaves stiU on the spur limb were treated as above, dried, and then placed in a 
I-liter cylinderical cage with the base of the spur in a water solution to keep the 
leaves fresh. Ten adult codling moths, 0-24 h old were introduced into each cage. 
Cages were held in a room maintained at 26.7°C, 35% RH, and 17~h photophase. 
There were 5 replicates for each dilution. Untreated checks were prepared 
similarly. Mortalities were scored daily fol' 3 days. The data were analyzed by 
probit analysis (Daum 1970, Finney 1971) to obtain lethal residue (LR) values 
(P = 0.05). 

RESULTS AND DISCUSSION 

Ouertree Sprinllier Irrigation: 
Azinphosmethyl -- During this test the temperatures ranged from a low of 

1.7 to a high of 35.5°C; the daily average was 16.5°C. There were three partially 
cloudy days and 0.25 10m of pl'ecipitation on June 22, the day the final samples 
were taken. 

Treabnent 1 was irrigated three times. Residues were 1.74 lJg/cm2 prior to 
irrigation. \Vith one irrigation, 24-h posttreatment residues dropped from 1.74 
~g/cm' to 0.98 ~g/cm', a 43.68% reduction (Fig. I). The check dropped from 1.74 to 
1.68 Jlg/cm2 over the same time period, a 3.45% reduction. Therefore, the 
irrigation removed 40.23% of the residue. After the same trees were irrigated a 
second time, 6 days posttreatment, the residue dropped from 0.98 lJg/cm2 to 0.75 
IJg/cm2, a 23.47% reduction; the check dropped from 1.68 IJg/cm2 to 1.28 IJg/cm 2, a 
23.81% reduction. After the third irrigation the residue dropped from 0.75 IJg/cm2 

to 0.62 IJg/cm!, a 17.33% reduction. The check dropped from 1.28 lJg/cm2 to 0.88 
jJg/cm2, 8 reduction of 31.25%. In this test irrigating once removed the dislodgeable 
residue and additional irrigation had no measurable effect on the remaining 
residues. 
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Treatment 2 was irrigated twice. When the first ilTigation was 6 days 
posttreatment the residues dropped from 1.74 Jlg/cm 2 to 0.90 Jlg/cm'l, a 48.27% 
reduction (Fig. 1). The check dropped from 1.74 ~g/cm' to 1.28 ~g/cm', a 26.43% 
reduction. Irrigation water removed 21.84% of the dislodgeable residue. No 
residue loss was apparent after a second irrigation, 12 days postinsecticide 
application. 

Treatment 3 was irrigated once. With one irrigation 12 days postapplication the 
residue was 0.88 Jlg/cm2 before and 0.58 Jl.g/cm 2 after irrigation, a 17.41% residue 
loss (Fig. 1). 

Phosmet -- During this test the temperature ranged from 11.1 to 35.5°C; the 
daily average was 22.8°C. There was one cloudy day and 1.78 mm of precipitation 
August 19, on day 11 of the test. 

Treatment 1 was irrigated three times. With one irrigation, 24 h posttreatment 
the phosmet residue dropped from 1.98 Jlg/cm2 to 0.83 Ilg/cm'l, a 58.09% reduction 
(Fig. 1). The check dropped from 1.98 ~g/cm2 to 1.95 ~g/cm', a 1.52% reduction. 
The single irrigation removed 56.57% of the residue deposited. After 8 second 
irrigation, 5 days posttreatment the residue dropped from 0.83 ~g/cm' to 0.49 ~g/ 

cm 'l , a 40.97% reduction. The check dropped from L95 Ilg/cm2 to 1.32 Jlg/cm2, a 
reduction of 32.30%. The second irrigation caused the loss of an additional 8.67% 
of the residue. With a third irrigation, 13 days posttreatment, the residue dropped 
from 0.49 Ilg/cm2 to 0.33 llg/cm2, a 32.67% reduction. The check dropped from 1.32 
Ilg/cm2 to 0.87 J.lg/cm2, a 34.04% reduction. The third irrigation had no effect on 
residue degradation. 

Treatment 2 was irrigated twice. The first irrigation, which occurred 5 days 
posttreatment, reduced the residue from 1.98 I-Ig/cm2 to 0.83 J.lg/cm2, a 58.08% 
drop. (Fig. 1). The check dropped from 1.98 ~g/cm' to 1.32 ~g/cm', a 33.34% 
reduction. The irrigation removed 24.74% morc residue than would have occurred 
without irrigation. After the second irrigation, 13 days posttreatment, the residue 
went from 0.83 J.lg/cm2 to 0.57 I-Ig/cm2, a 31.32% reduction. The check went from 
1.32 Jlg/cm2 to 0.87 JJ.g/cm2, a 34.LO% reduction. The second irrigation had no effect 
on the residue lost. 

Treatment 3 was irrigated once. A single irrigation 13 days posttreatment, 
removed less than 11.11% of the remaining residue (Fig. 1). 

Bioassays: 
Azinphosmethyl -- LR9& values for azinphosmethyl residues against codling 

moth adults ranged between 0.31 to 0.72 ~g/cm' (Fig. 2) depending upon the 
length of exposure. For 96-h exposure the LR!l& was 0.31 Ilg/cm'l, for 72·h exposure 
0.32 J.lg/cm2, and ror 48-h exposure 0.72 J.lg/cm'l . 

Phosmet -- LR9li values for phosmet residues against codling moth adults 
ranged from 2.7 to 7.2 J.Ig/cm2 (Fig. 2) depending upon the length of exposure. For 
96·h exposw'e the LR95 was 2.69 J.lg/cm2 , for 72-h exposure 3.78 Jlg/cm 2 , and for 48
h exposure 7.25 IJg/cm2. 

Our results using 96 mm of il'rigation water over a 24-h period were similar to 
those of McMechan et aJ. (1972), Williams (1961) and Westigard et al. (1974); the 
net loss of azinphosmethyl !'anged from 17 to 40%. Phosmet loss ranged from 11 to 
56%, depending on the age of the residue when irrigated. This was similar to 
results of Pree et al. (1984) using 17 mm of rain, but less than the losses from 40 
mm of rain in tests by Hagley and Chiba {1980}. 
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Fig. 2.	 Mortality of adult codling moths on apple foliage treated in the laboratory 
with azinphosmethyl or phosmet after 48, 72, and 96-h of exposure in 
Yakima, WA. 
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Our studies also revealed that generally after irrigating once there was no net 
loss from additional irrigation. Perhaps initial irrigation removed the readily 
dislodgeable leaf surface insecticide residues leaving those residues that are more 
tightly bound to the leaf, perhaps even absorbed by the leaf wax, and thus are 
resistant to further erosion by inigation water. These tightly bound residues may be 
less available as a contact insecticide and if so, then our bioassay, which employed 
artificially treated leaves and not actual residual insecticide, would overestimate 
the effectiveness of the postirrigation residues. 

Howell and Maitlen (1983) found the minimwn lethal azinphosmethyl residue for 
codling moth larvae was 1.17 lJg/cm2• Residues in excess of 1.17 lJg/cm2 were 
present for 10 days in the noninigated plots, but dropped below tills level after a 
single irrigation in the irrigated plots (Fig. L). The minimum lethal residue for adults 
was determined to be 0.28 IJg/cm2; residues in excess of this value were present at 
13 days even after irrigating three times. These data indicate that a single 
irrigation will remove enough residue to make the crop susceptible to larval injury 
if sprays are applied on the usual 21-day interval. 

For phosmet, in our bioassay 1.75 lJg/cm2 gave 72% adult mortality, 3_38 IJg/cm2, 
99% mortality. Our initial residue level of 1.98 IJg/cm2, at a dose of 60 g AI/lOO 
liters, was marginal for control. A single irrigation removed enough residue to make 
the treatment ineffective. Phosmet at 90 g AI/H)() liters gave a residue of 4.08 IJg/cm2 

at application which dropped to 1.97 Ilg/cm2 by day 14 in nonirrigated trees, 
suggesting 10 to 14 days of adult control. Residues of ca. 2 IJg/cm2 resulted in 
larval mortalities of 61.8 to 92.5% in a study by Hagley and Chiba (1980). 
Comparing results of Hagley and Chiba with our results, it seems that the adults 
and larvae are about equally susceptible to phosmet. Our dam indicate that a 
single irrigation applied above trees would likely I'educe phosmet residues to 
ineffective levels. 

Sprinkler irrigation above c'ees places a stmin on codling moth control in a 
standard three-cover spray program using azinphosmethyl where initial residues 
were ca. 1.74 Jlg/cm2, Approximately 40% of grower applications using aU··blast 
sprayers gave residues of ca. 1.3 lJg/cm2 (Anonymous 1986), \...-hich, when coupled 
with emsion by sprinkler inigation above trees, would result in poor or unacceptable 
control. These results show it is best to apply spray right after irrigation and to 
extend intervals beh-veen inigation as long as possible to conserve residues and 
therefore controL Growers with irligation applied above trees who subsequently 
experience inadequate codling moth control can compensate for the effect of 
irrigation by increasing the spray concentration, which will result in higher residues 
(McMechan et al. 1972), or by reducing the interval between sprays. Higher 
concentrations will have a detrimental affect on integrated pest control, particularly 
biological control of mites; however, if mites are resistant or tolerant of 
azinphosmethyl residues in the 1.7 Ilg/cm2 range (Hoyt 1969), then increasing the 
number of applications would conserve biological control and be preferred over 
increased concentrations. For optimum codling moth control and integrated pest 
management, changing to irrigation beneath tfees may be desirable. 

REFERENCES CITED 

Annonymous. 19BG. USDA study detects variation in spray coverage. The Goodfruit Grower. 
37: 8-l3. 

Dllum,	 R. J. 1970. Revision of two computer programs for probit analysis. Bull. Entomol. 
Soc. Amer. IG: 10-15. 



288	 J. Agric. Entomol. Vol. 4, No.4 (1987) 

Finney, D. J. 1971. habit analysis (2nd edition). Cambridge Univ. Press. London. 318 p. 
Hagley, E. A. C.• and M. Chiba. 1980. Efficacy of phosmet and azinphosmethyl for con\;rol of 

major insect pests of apple in Ontario. Canad. EntomoL 112: 1075-1083. 
Howell, J F., and J. C. Maitlen. 1983. Codling moth (Lepidoptera: Olethreutidac) sllsceptibiliL)' to 

azinphosmet.hyl. J. Econ, EntomoJ. 76: 912-915. 
Hoyl~ S. C. 1969. Integrated chemical control of insects and biological control of mites on 

apple in Wnshington. J. Eeon. Entomol. 62: 74-86. 
McMechan, A. D., V. G. Morgan, and G. A. Wardle. 1972. Erosion of azinphosmethyl from 

llpple leaves by rain and overtree irrigation. J. Entomol. Soc. B. C. 69: 5-8. 
Miles, J. R. W. 1964. A new colorimetric method for detennination of residues of guthion and 

et.hyl gut.hion and their oxygen analogs. J. Assoc. Off. Agric. Chern. 47: 882-885. 
Pree, D. J., D. R. f\·lenzies, H. E. Braun, and R. W. Fisher. 1984. Influence of simulated rains 

on phosmet. residues and Oriental fruit moth (Lepidoptera: Tortricidae) control on peach. 
J. Econ. Entomol. 77: 483-486. 

Wcstigard, P. H., U. Kiigemagi, and P. B. Lombard. 1974. Reduction of pesticide deposits on 
pear following overtree irrigation. Hortscience 9: 34-35. 

Williams,	 K. 1961. Notes on the effect of rain, and sprinkler irrigation, on the persistence of 
spray residues of guthion and sevin on apple leaves. Can. J. Plant. Sci. 41: 449-451. 



STRUCTURE-ACTIVITY RELATIONSHIPS FOR
 
REPELLENCY OF ALICYCLIC CARBOXAMIDES
 

TO ADULT TRiBOLIUM CONFUSUM 1.2
 

W. R Halliday', and T. P. McGovern'
 
Agricultural Research Service
 

U. S. Department of Agriculture
 

Abstract: The repeUency of 123 closely related cnrboxamides to adult confused flour beetle, 
Tn'bolt'um cOTl{usum Jacquelin du Val, was measured. All materials werc initially tested I, 2, 
4, and 8 weeks after application to kraft. paper. Materials that exhibited higher overall 
repellency than the standord pyrethrins + piperonyl but.oxide mixture werc fe-tested at 1 and 
8 weeks. Of the 22 mat.erinls chosen for additional testing, 16 showed significantly higher 
repellency than the standard for the first week after the papers werc treated. One also had 
significanUy higher repellency at the 8 week time point. The best repellents contained a 
1·(2·cyclohexyl·l·oxoethyl) or a 1-(3-cyclohexyl-l-oxopropyl) group as their acid moiety. 
Methylation of the cyclohexyl group in the acid portion generally reduced repellency. 
Modilicntions to the amine moiety affected repellency but to a lesser degree than changes in 
the acid moiety. Three carboxamides provided > 90% repellency after one week but by the 
eighth week maximum repellency was 62.4%. 1-{3-Cyclohexyl-l-oxopropyI)pyrrolidine was the 
most repellent compound tested and was significantly more repellent than the pyrethrins + 
piperonyl butoxide standard at both 1 week and 8 week test periods. 

Key "Vords: Repellency, Tn'bolium, carboxamides. 

J. Agric. Entomol. 4(4): 289-296 (October 1987) 

One proposed sU'ategy fol' reducing insect damage on stored-product commodities 
is application of chemicals which repel insects (Highland et al. 1984). To identify 
such materials at the Stored-Product Insects Research and Development LaboratOlY, 
materials are constantly evaluated for activity against confused flour beetle, 
Tribolium con[usum Jacquelin du Val, a serious worldwide pest of stored products. 
It has been previously repol'ted that alicyclic carboxamides show repellency 
against the German cockroach, Blatella germanica (L.) (McGovern and Burden 
1985). The present paper reports results of bioassays against T. confusum of 123 

carboxamides synthesized from 8 different acid moieties and 16 amine moieties 
and compared these activities \\'ith a known standard, a mixture of pyrethrins plus 
piperonyl butoxide. 

MATERIALS AND METHODS 

Carboxamides were synthesized at the USDA-ARS Insect Chemical Ecology 
Laboratory in Beltsville, MD., and purified by conventional methods (McGovern 
and Burden 1985). Pwity was generally> 98% as determined by gas chromatography_ 
No attempt was made to identify impurities. Gas chromatographic analyses were 
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performed with an instrument (Varian Ael'Ography model 2740, Palo Alto, CAl 
equipped with a flame ionization detector fitted with either a stainless steel 
column (1.52 m X 2 mm i.d.) packed with 3% GC SE 20 on 100/200 - mesh Varaport 
30 (Varian Associates, Sunnyvale, CAl or a stainless steel column (3.66 m X 2 mm 
i.d.) packed with 3% but.anediol adipate on 100/200 mesh Gas Chrom Q (Analabs, 
North Haven, eN). Temperature of the injection port was 250°C and temperature of 
the detector wus 270°C. Nib'ogen was used as carrier gas. 

Repellency was detelmined by following bioassay procedures of Gillenwater and 
McDonald (1975) with several minor modifications. In this bioassay, 10 unsexed 
adults, 7 to 10 days old, were placed for 5 days in each of four circular glass 
arenas (6.5 em internal diameter) on treated kraft paper laminated to aluminum 
foil. The paper was treated with carboxamide dissolved in acetone, at the rate of 
200 J.Ig/cm2 . The paper was cut lengthwise and joined to another untreated piece. 
The insects thus had a choice of remaining on the treated or untreated side. 
Insects were added to fom arenas at 3, 10, 24, and 52 days posttreatment. These 
intelvals correspond to I, 2, 4, and 8 week periods. Ten readings were canied out 
during the first week, and four thereafter. New insects were added at the 
beginning of each test period and removed at the end. The level of repellency was 
quantitated on a weekly basis by counting the number of insects on the four 
treated 'sides t\.vice per day at 9 AM and 3 PM and adding the total number of 
insects on treated side-s in each week's testing period. If there is no repellency, 
50% of the insects should be on each side. 

Repellency (R) is expressed by equation 1: 
% R = [1-(B/A)J100, (1) 

where B is the number of insects recorded on the treated side and A is the 
number insects expected if half are found on each side, as in the case of no 
attr8ct-ancy or repellency. The term overall repellency will be used to express 
mean repellency calculated by summing the repellency values obtained from each 
of the 4 test periods and dividing the sum by 4. Negative values indicate more 
beetles were found on the h'eated side than untreated side. 

Controls of paper treated only with acetone were included, as was the standard 
mixture of pyrethrins + piperonyl butoxide (P + PB) at the rate of 5 + 50 ~g/cm2, 

respectively (McDonald et al. 1970). 
All compounds were tested for four test periods at least once. The large 

number of materials precluded running replications for each repellent. Instead, 
compounds that had higher overall repellency for the 8 week period than the 
P + PB mixture were selected for futher testing. These 21 materials were again 
applied to kraft paper as before and insects were added 1 and 8 weeks later. We 
also retested 2B whose overall repellency seemed spuriously low (29.8%) in the 
first replication. Two additional replications were carried out. To determine 
differences bet\.veen replicated compounds, a \Valler-Duncan K-Ratio test with the 
K~ratio set at 50, for 46 degrees of freedom was employed (SAS Institute, 1982). 
For comparisons between replicated and non-replicated compounds, a t-test with 
46 degrees of freedom was used. 

The following nomenclature is used to describe chemical structmes. Each 
carboxamide can be considered as having two parts: a carbonyl containing acid 
portion and an amine containing portion. For the purposes of this paper the eight 
carbonyl-containing moieties (Nos. 1 . 8 in Fig. 1) will be referred to as the acids. 
Moieties attached to the parent acids (Letters A - P in Fig. 1) will be referred to as 
amines. Under the system of numbers and letters shown in FigUl'e I, compound lA 
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is l·(cyclohexylcarbonyl)pyrrolidine. For comparative purposes the repellents with 
the same parent acid moiety will be called a group. while repellents with the same 
amine moiety will be called members of a series. 

Chemical names for the acid moieties are as follows: 
1. cyclohexylcarbonyl 
2. cyclohexyl·t-oxoethyl 
3. 3-cyclohexyl-l-oxopropyl 
4. 4-cyclohexyl-l-oxobutyl 
5. 2-methylcyclohexanecarbonyl 
6. 3-cyclohexenecarbonyl 
7. 6-methyl-8-cyclohexene-l-c81'bonyl 
8. bicycloI2.2.1Ihept-5-en-2-carbonyl 

Corresponding names fol' amine moieties (series) are as follows: 
A. pyrrolidinyl 
B. piperidinyl 
C. hexahydro-l.!:!-azepinyl 
D. 2-methylpiperidinyl 
E. 3-methylpiperidinyl 
F. 4-methylpiperidinyl 
G. 2-cthylpiperidinyl 
H. 2,6-dimethylpiperidinyl 
I. 1,2,3,6-tetrahydropyridinyl 
J. 4-morpholinyl 
K. 2,6-dimethyl-4-morpholinyl 
L. 4-methylpiperazinyl 
M. ~,.ti-dimethylamino 

N. ~ •.ti·diethylamino 
O. !i.~-dipropylamino 

P. ~,~-dibutylamino 

Groups 1-4 were chosen to look at the effect of increasing the alkyl chain 
length between the carbonyl carbon and the cyclohexyl ring. Group 5 contains 
methyl branched derivatives of Group 1. Group 6 was synthesized to look at the 
effect of unsaturation on repellency. Group 7 combined these last two features, 
unsaturation and methyl branching at the 2 position. Group 8 is comprised of 
bicyclo carboxamides. 

The amine series can likewise be broken into subclasses. Series A-C are 
heterocyclic rings of increasing sizes. Series D-H are alkyl branched derivatives of 
piperidine (series B). I is an unsaturated piperidine. Series J-L contain two 
heteroatoms. Selies M·P are dialkyl substituted amines of increasing chain length. 

RESULTS AND DISCUSSION 

Previous papers (e.g. McDonald et al. 1970; Gillenwater et al. 1977) have 
expressed overall repellency as the mean of obsclved repellency calculated at 4 
time points: 1, 2, 4, and 8 weeks. Analyzing the data in this manner tends to 
obscure the relationship between intrinsic activity and overall repellency because 
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most materials have lost substantial activity by 8 weeks. In this experiment we 
wanted to compare these materials for both intrinsic repellency and persistence 
with the P + PB standard as well as calculating the overall repellency for the 
purposes of comparisons with previously published data. Persistence would be an 
important characteristic of any material applied as a repellent to stored 
commodities. 

Table 1 summarizes overall repellency for all 123 compounds. Compounds 
which are informally considered promising have overall repellency of 50% or 
greater. The standard of P + PB gave 51.9% R. Of 123 materials tested in this 
experiment, 21 were thus considered promising repellents. Group No.3, the 1·(3
cyclohexyl-l-oxopropyl)carboxamides, contained 10 promising materials, including 
3A, 1-(3-cyclohexyl-L-oxopropyl)pyrrolidine, the most active repellent found in this 
study. All Group 3 materials exhibited greater than 55% repellency after the first 
week of exposure (Table 2 and data not ShO\\oI1). 

Table 1. Overall percent repellency of all alicyclic carboxamide combinations 
synthesized from 16 amine and 8 acid moieties to adult Tribolium 
confusum. 

Acid Moieties· 

Amine 
Moieties I 2 3 4 5 6 7 8 

A 26.1 57.7 86.6 70.9 24.1 48.7 17.1 32.3 
B 13.0 28.2 80.4 62.6 30.5 54.8 5.1 46.3 
C 9.4 52.1 75.4 39.6 22.9 41.8 7.0 52.7 
D 26.6 41.0 64.2 26.2 -1.9 -7.6 9.7 -2.2 
E 21.6 49.9 62.3 15.9 -7.5 -17.2 9.4 13.1 
F 13.4 36.2 68.9 42.2 -11.9 13.6 3.8 19.7 
G 1l.9 57.2 57.5 -6.0 -12.5 3.0 6.9 11.6 
H L3.5 58.8 39.3 8.1 -5.3 12.2 2.2 4.1 
[ 25.8 70.6 59.4 36.4 24.8 45.6 17.3 27.3 
J 21.3 69.2 53.9 31.9 21.8 10.7 13.6 7.0 
K 19.8 70.2 41.3 19.1 35.7 13.2 19.3 31.5 
L 7.8 42.5 63.1 47.1 9.5 32.7 9.1 43.3 
M 12.4 27.4 35.0 30.6 NTt 12.8 NT NT 
N -12.8 28.0 28.8 20.7 0.6 6.9 4.4 25.0 
0 0.0 24.6 19.4 10.4 0.6 11.0 -3.1 4.8 

P NT 36.2 26.8 4.0 NT 24.1 21.6 23.6 

.. For chemiClll "lmclures refer to lish in Materials and Jvlelhods ami lo Fig. I. 
t NT = not tested. 

Repellency was significantly different between week 1 and 8 (F = 669.1 46 = dC, 
P .5: 0.05). Some materials which were highly repellent during the first week 
retained relatively more activity for the entire testing period than others (F = 7.06, 
46 = dr, P 5. 0.05). Materials from group 3 which exhibited the highest repellency 
after 1 week (3A - 3G) also had the highest repellency after 8 weeks (62.4% to 
31.7% R, Table 2). Compounds in gl'Oup 1 which had high initial repellencics, 1A 

LI (88.8% to 27.0% R, data not shown), proportionately lost more of their 
repellency by the end of the eight week period (maximum % R = 12.6(70). This 
suggests that increases in the alkyl carbon chain length affects the persistence. 
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Table	 2. Percent repellency of carboxamides one and eight weeks following treatment 
of papers. 

One Week Eight Weeks 

Compound Ranking %R Ranking 'YaH 

3A 1 93.0 A' 1 62.4 A 
31 2 90.8 AB 13 37.4 CDE 
2B 3 90.6 AB 20 7.5 GHI 
3B 4 87.8 ABC 2 55.6 AB 
21 5 87.5 ABC 16 23.5 EFG 
8C 6 86.3 ABCD 22 6.5 GHI 
2A 7 86.3 ABCD 15 25.4 EF 
3F 8 86.0 ABCD 14 31.7 DEF 
4A 9 84.8 ABCDE 5 50.0 ABC 
2C 10 83.4 ABCDEF 18 18.8 FGH 
3E 11 80.3 BCDEFG 8 43.4 BCD 
2H 12 78.2 CDEFG 21 6.6 GHI 
3D 13 77.2 CDEFGH 6 46.7 ABCD 
3C 14 76.8 DEFGH 3 52.9 ABC 
2G 15 74.8 EFGH 23 6.4 HI 
4B 16 73.2 FGH 4 51.9 ABC 
3L 17 71.8 GH 11 39.0 BCDE 
2J 18 70.7 GHI 17 22.8 EFGH 
2K 19 70.3 GHI 9 39.6 BCDE 
6B 20 69.7 GHJ 19 16.9 FGHI 
3J 21 67.0 HJJ to 39.6 BCDE 

P+PB 22 60.3 IJ 7 45.0 BCD 
3G 23 58.5 J 12 38.3 CDE 

Control 24 1.5 K 24 0.4 I 
•	 !\'lcans in /I column followed by the same letter are not significantly different (Woller-Duncllll multiple 

mngc test, P 2:.. 0.10). l\'linimum significant differences .....ere 9.20 for week 1 and 17.05 for .....eek 8. 

Increasing alkyl chain length appeared to play a role in affecting intrinsic 
repellency. Adding a 1 to 3 carbon alkyl chain between the cyclohexyl ring and the 
carbonyl group (Groups 1·4) resulted in a peak repellency being found with 
carboxamides that had either a 1 or 2 carbon alkyl chain (Groups 2 and 3). 
Materials having no carbon atoms or 3 carbons bet\",een the cyclohexyl and 
carbonyl group (Groups 1 and 4) had consistently lower overall repellency for all 
amine substituents. 

Superior repellents in terms of overall repellency were found with group 2 
carboxamides that contained a dialkyl substituted 01" an unsaturated piperidine 
(H and I) or a morpholino moiety (J and 1<). Superior repellents in terms of 
overall repellency were found with group 3 carboxnmides that contained 
unsubstituted amine moieties of increasing size (A·C), mononlkyl branched 
piperidines (D-G), and piperazine (L). All but two of these repellents had an 
overall repellency of > 60% although none was significantly more repellent after 8 
weeks than the P + PB standard. The most effective repellents in the dialkyl 
amine series were also found in groups 2 or 3, although the level of repellency was 
quite low. 
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Group No.5 was comprised of the 2-methyl branched analogs of Group No. 1. 
Generally, poor repellency was noted with both series. Neither series had any 
compounds exhibiting more than 36% overall repellency. 

Group No.6 contained unsaturated analogs of group 1. There was increased 
repellency of compounds 6A, 68, 6e, and 61 compared to their saturated group 1 
analogs. Overall repellency approximated that of the standard for only 68. 

Group No. 7 used hvo modifications of the parent carboxamide structure, 
methyl branching combined with unsaturation. Overall repellency for this group 
(7A-7P) was very low and was generally lowel' than the original group lA·l P, the 
branched group 5A-5P, and the unsaturated group 6A-6P. Maximum repellency at 
the 8 week time point was very low, 16.6%. 

The last group of acid moieties that were tested were unsaturated bicyclo 
moieties, group 8A-8P. Only 8C, the azepine derivative had overall repellency 
higher than the standard. Maximum repellency at the 8 week time point was 
13.4%. 

The amine series can be grouped into 7 distinct subclasses discussed below. 
Increasing the ring size (A-C) did not play a consistent role in changing the 
repellent activity. There was a general trend toward lower repellency as ring size 
increased in carboxamides of increasing alkyl chain lengths (Groups 1·4). The 
repellency of group 8, the bicyclo acids, showed the reverse trend, with higher 
repellency being observed as ring size increased. 

Piperidine methylation at the 2 or 3 position (D or E) resulted in increases in 
overall repellency in groups 1 and 2 compared to non-methylated analogs from 
group B (Dl vs Bl, D2 vs B2, El vs Bl, E2 vs 82). For other acids, piperidine 
methylation resulted in a decreased repellency. Materials which had an ethyl group 
at the 2 position (Series G) caused generally lower repellency compared to the 
methyl substituted analogs (D) and unsubstituted analogs (8). The only exception 
to this was the increased overall repellency of 2G (57.2% R) compared with 20 
(41.0% R) and 28 (28.2% R). The same pattern of lower activity held true for 2,6
dimethylpipel'idine containing materials (Series H): materials possessing 
dimethylpipelidine caused generally lower repellencies compared to 2-methylpiperidine 
(Series D) except for derivatives of group 2. \Vithin this subgroup, the dimethyl 
compound (2H) caused higher repellency than either monomethyl (2D) or unsubstituted 
piperdine (2B). Monomethyl substituted amines (Series D·F) caused good overall 
repellency (> 60%) with cyclohexylpropionyl acid moieties (3D-3F). Position of the 
methyl moiety was of minor importance since there was essentially no change in 
activity between, 3D, 3E and 3F. 

\Vhen tetrahydropyridine was tested as the amine moiety (Series I), overall 
repellency increased with the cyclohexylcarbonyl (Group 1), and cyclohexyl-l
oxoethyl (Group 2) materials over that of the corresponding B series. The 
repellency increased from 28.2% for 2B to 70.6% for 21, which contained the 
cyclohexyl-l-oxoethyl moiety. The remainder of the tetrahydropyridine containing 
matelials exhibited lower overall repellency compared to the piperidinyl containing 
carboxamides. McGovern and Burden (1985) tested a series of alicyclic carboxamides 
containing the tetrahydropyridine moiety for repellency against German cockroach. 
The present study indicates that repellency of these carboxamides is species 
specific since materials exhibiting good repellency against one species did not 
exhibit good repellency against other species. For example, 81, the 1-bicycloI2.2.1]hept
5-ene-Z-carbonyl containing tetrahydropyridine derivative showed low repellency to 
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confused flour beetle but good repel1ency against German cockroach. Conversely, 
the best beetle repellent of the tetrahydropyridine series, 21, showed minimal 
activity in the cockroach assay. 

The series of materials comprised of N,N-dialkyl amines (Series M, N, 0, and 
P) exhibited some slight activity. However, none showed activity of 50% 01' greater. 
For 2M-2P and 3M-3P, amides of the cyclohexyl-l-oxoethyl and the 3-cyclohexyl-l
oxoehtyl and the 3-cyclohexyl-l-oxopropyl moieties, repellency was remarkably 
constant despite large differences in alkyl chain length. For 4M-4P. there was a 
distinct loss of activity as alkyl chain length increased. There was no obvious 
discernible pattern to differences in repellency seen in other members of this 
series. 

These results show that saturated and unsatw-ated alicyclic carboxamides hold 
promise for development as repellents of the confused flour beetle. There were 
distinct structure-activity relationships affecting the amount of I'epellency. In some 
cases repellency was quite specific, i.e. the maximal observed effect quickly 
decreased as modifications were made to the most active compound of a group. 
This was generally true for changes in the acid moiety. Alkyl chain length for 
maximum repellency was either two or three carbons. Compounds of different 
lengths caused less repellency. Modifications of the cyclohexane ring also generally 
caused decreased repellency whether it was due to addition of a methyl group, 
addition of a double bond, or both, or by addition of a methylene bridge. 
Persistence of carboxamides varied widely. Only one material remained a better 
repellent for the 8 week time period than the P + PB standard. This comparison 
suggests that increasing persistence of repellents may be an avenue to explol'e for 
increasing overall repellency. 
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Abstract: Under artificiul European corn borer (ECB). Os/riTlia Ilubi/atis (I-Whller), infestation 
on grain corn, positive significant relationships were found between the number of egg 
masses deposited and the % of plants showlng leaf feeding and a leaf feeding index, 
indicating that both criteria cun be used to detect and quantify ECa oviposition. However, no 
relationships were found between the number of egg masses per plant and the matUlity and 
yield of com. Similar resuhs were obtained with a natural field infestation where, although ECB 
oviposition had been detected from both the % of plants showing recent fceding and the leaf 
feeding index, neither the maturity nor yield of corn were affected advcrsely. 
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The European corn borer (ECB), Ostrinia nubilalis (HObner), is one of the 
most important insect pests of corn in North America (Umeozor et al. 1985). The 
univoltine race is predominant in Quebec, although traces of the bivoltine race are 
present since 1975 (Martel and Hudon 1976; McLeod et al. 1979). In Quebec, 
larvae of the univoltine RCB race cause important losses on sweet corn grown for 
the fresh market or for processing. As a result, sweet corn has to be treated with 
two to foW' insecticide applications each year (Hudon 1972; Hudon and Martel 
1977). Grain corn, representing 260,000 ha in Quebec (Anonymous 1986), is also 
attacked by univoltine ECB larvae but its low crop value does not always justify 
the expense for an insecticide treatment. 

The use of an economic threshold would enable field corn growers to evaluate 
expected damage in relation to costs of control. Critel;a such as the beginning of 
egg hatch, the cumulative number of degree-days, the percent moth emergence or 
captures, the cumulative number of egg masses, or the percentage of plants with 
leaf feeding damage (Anonymous 1981; Cox and B.indley 1958; Stengel 1972, 1982) 
may predict the optimal period for insecticide application in field com. Those 
techniques, which necessitate counting egg masses, are time consuming and are 
more applicable to bivoltine ECB populations. Since damage to corn by univoltine 
ECB populations differs from that of bivoltine populations (Chiang and Hodson 
1950), the thresholds proposed for the bivoltine race are not necessarily applicable 
to the umvoltine RCB which predominates in Quebec. Indices that relate percentage 
of plants with leaf damage 01' n leaf feeding rating are easier to establish and use, 
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and do not require extensive egg mass counts. Such indices have been used for 
ECB corn resistance studies (Guthrie et al. 1960) and they provided reliable 
estimates of the abundance and activity of ECB larvae on corn plants. 

The spatial distribution of bivoltine ECB egg masses was determined to be 
random (Beall 1940; Chiang and Hodson 1959; Despins and Roberts 1986; McGuire et 
al. 1957; Shelton et al. 1986; Woo et al. 1965). However, Chiang and Hodson (1959) 
also mentioned that the egg masses showed a tendency toward contagion. The 
only study on the spatial distribution of univoltine ECB (Hudon and LeRoux 
1986b) showed that the egg masses were contagiously distributed in sweet corn 
fields. 

Reported here are studies on the use of a leaf feeding rating as an indicator of 
univoltine ECB populations and its relation to grain corn damage and yield. In the 
first part of the studies, a simulated natural ECB infestation was used to relatc a 
leaf feeding index to a known number of egg masses while taking into account 
both spatial and temporal distribution of EeB egg masses. In the second part, 
field experiments were carried out to relate a leaf feeding index to plant maturity 
and yield. 

MATERlALS AND METHODS 

Simulated Natural- Infestation 
This experiment was conducted at the experimental farm of Agriculture 

Canada at L'Acadie in 1985. Corn (cv COOP 8259) was planted at ca 55,575 
plantsfha \'litb a conventional 4-row planter, 90 em between rows. Five infestation 
levels were used (0, 0.5, I, 2. and 4 egg masses per plant) with four replications in 
a complete randomized block design. Each plot consisted of 20 plants in a row, 
and two guard rows separated each plot. None of the plants received any 
insecticide treatments. 

The artificial infestation was made with egg masses obtained from a laboratory 
colony reared on a wheat germ diet (Guthrie 1971). The rearing originated from 
late·instar univoltine larvae collected at L'Acadie the preceeding fall. The egg 
masses were either deposited into the plant whorl (whorl stage) or pinned through 
the midrib on the underside of the leaf at the ear zone (tasselling stage). 

In order to obtain an infestation as close as possible to a natural EeB 
infestation, egg masses were placed according to both a temporal and a spatial 
distribution. Using data from Hudon and LeRoux (1986a), the proportion of egg 
masses deposited for each intelval of 100 degree·days (DD) (Base lOOC) was 
compiled for 10 years (1956-1965). The temporal distribution obtained was used to 
calculate an artificial infestation mimicking the natural oviposition (Fig. 1). For 
each population density of egg masses, the proportion indicated in Fig. 1 was 
deposited at 750, 950, 1050, 1150, 1250, and 1450 DD. A total of six periods was 
thus used to deposit the egg masses on the selected COl'll plants. 

The spatial distribution of egg masses for univoltine ECB in Quebec has been 
determined to be approximated by u negative binomial with a common K of 2.32 
(Hudon and LeRoux 1986b). This mathematical distribution was used to calculate 
the spatial distribution of the egg masses to be deposited in the experimental 
plots. The probability ¢> that an obselVational unit Xwill contain a given number of 
individuals was calculated, when X = 0, by 
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<1>0 = N/q <	 (I) 

and the succeeding entl)' for X = I, 2, 3 85 

<l>X = 1« + X- 1)1' IIx • <l>X-1	 (2) 

where N = number of plants (20 in this case), q = J + p, P = m / k, m ~ 

arithmetic mean, K = common K{2.32 in this case), r = mI (K + 111) (Bliss and 
Fishel' 1953). 
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Fig. 1.	 Natural and simulated seasonal oviposition of univoltine ECB in Quebec, 
1956-1965. 

The expected frequencies obtained were rounded and adjusted to obtain the 
actual number of egg masses to be deposited on individual plants (Table 1). For 
the 0.5 egg mass per plant level, a total of 10 egg masses were to be distributed on 
the 20 corn plants of each plot. So, 13 plants were to receive no egg mass, 5 plants 
received I egg mass and the 2 remaining corn plants received respedively 2 and 3 
egg masses. These egg masses were placed according to the temporal distribution 
described earlier. 

In each plot, in mid-August. the percentage of plants showing leaf feeding was 
recorded. Relative degree of ECB larvae abundance and activity was measured by 
rating leaf feeding damage on individual plants in classes (1 = no damage to 9 = 
extensive damage) (Guthrie 1971). Mean leaf feeding index for each replicate was 
then calculated. At harvest, in October, all ears were hand-harvested and the 
maturity of the plant was evaluated by drying the ears at 75°C for 60 hours and 
calculating the % of humidity. Yield was obtained for dry weight of grain after 
mechanical shelling. 

Natural Infestation 
The relations between leaf feeding index and com maturity and yield were also 

studied in a field experiment under natural infestation. This experiment was 
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Table I.	 Expected and actual frequencies for a binomial distribution (common K 

= 2.32) af ECB egg masses on individual com plants. 

Mean number of egg masses per plant 

Number 0.5 1.0 2.0 4.0 
af egg 
masses Exp. Act. Exp. Act. Exp. Act. Exp. Act. 

0	 12.72 13 8.71 8 4.73 4 1.96 2 
1	 5.23 5 6.09 7 5.08 6 2.87 3 
2	 1.54 1 3.04 3 3.90 3 3.02 2 
3	 0.39 1 1.32 1 2.60 3 2.75 3 
4	 0.09 0 0.53 1 1.60 2 2.31 2 
5 0.02 0 0.20 0 0.94 1 1.85 2 
6 0 0 0.07 0 0.53 1 1.43 2 
7 0 0 0.03 0 0.29 0 1.08 1 
8 0 0 0.01 0 0.16 0 0.79 1 
9 0 0 0 0 0.08 0 0.57 1 

10 0 0 0 0 0.04 0 0.41 I 

carried out from 1982 through 1985 at three locations: the Agriculture Canada 
Experimental farms at L'Acadie and L'Assoml>tion, and the Service de Recherche 
en Phytotechnie du Ministere de I'Agriculture des Pecheries et de I'Alimentation 
du Quebec at St-Hyacinthe. At each location, two 0.2 ha plots were planted, as 
described earlier, with the cultiv81' Asgrow UHI06 in 1982·1984 01' Coop 8259 in 
1985. One plot received no insecticide treatment and was used to obtain data [rom 
a natural ECB infestation. Six replications of 200 plants were selected at random 
at mid~August to determine the leaf-feeding index as described earlier. At h3lvest, 
six samples of 50 ears were hand-harvested at random from each plot and the 
maturity and yield were determined as described earlier. In order to obtain leaf 
feeding index and yield data for ECB-free plots, the other plot was t('eated weekly 
fram early July ta mid-August with carbafuran (Furadan 4.8 FL) at 0.6 kg/ha. This 
period covers the oviposition period of the univoltine race of ECB in Quebec 
(Hudon and LeRoux 1986a). Data for percentage of plants showing feeding, leaf 
feeding index, percentage of humidity of the grain at harvest and yield were taken 
as in the insecticide· free plots. 

RESULTS AND DISCUSSIO I 

Simulated Natural Infestation 
Highly significant linear relationships were found when the % of infested plants 

and the leaf-feeding index were related to the level of egg masses per plant in the 
artificial infestation (Fig. 2a and b). This indicates that both the % of plants with 
apparent leaf feeding and the leaf feeding rating are good indicators of the 
oviposition activity of univoltine ECB. However, no significant relationships were 
found bet:v.·cen the level of egg masses pCI' plant and the % humidity of the grain 
at harvest (r = 0.37, P = 0.11), ar the yield (r ~ 0.32, P = 0.17). 

Chiang and Hodson (1953) suggested that the seasonal increase in leaf injury is 
in direct relation to the increase of borer activity and consequently to potential 
damage. This was confirmed for bivoltine ECB by Campbell (L971) who found that 
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yield loss was related to both leaf feeding index and the percentage of plants 
infested, yield reduction being important when the percentage of plants showing 
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Fig. 2. Regression of percentage of infested plants (A) and leaf feeding index (B) 
on the number of ECB egg masses per plant. 
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leaf damage reaches 50%. However, our results show that although the indices of 
ECB oviposition used were good indicators of ECB activity, confirming Chiang 
and Hodson's (1953) claim, the artificial infestation did not influence the corn 
matmity or yield. The percentage of plants showing leaf feeding exceeded 50% at 
our highest level of infestation (Fig.2a) but no significant decrease in yield was 
noted. The maximum infestation level used, fow' egg masses per plant, is a high 
level rarely observed under natural infestation in southwestern Quebec. Infestation 
level of 3.9 egg masses per plant was also considered exceptional in France 
(Denechere et al. 1982). However, artificial infestation of bivoltine ECB reaching 
eight egg masses per plant resulted in a reduction of yield (Lynch et aI. 1980). 

Natural Infestation 
Similar results were obtained with the natural infestation experiment. When 

data from four years and three locations were used, no significant relationships 
were found between the % of plants infested and % of humidity of the grain (I' :::: 
0.250, p ~ 0.43), leaf feeding index and % of humidity (I' = 0.286, P = 0.37), % of 
plants infested and yield (I' :::: 0.043, P :::: 0.89), or between leaf feeding index and 
yield (I' ~ 0.057, P = 0.86). 

When the results from the ECB·free plots were compared with those from the 
naturally infested plots for the percentage of plants with ECB leaf feeding and for 
the leaf feeding index, highly significant differences were found in most cases 
(Table 2) indicating that these D.\'O indices could detect the presence of ECB 
131vae, However, when the % of humidity of the grain at halvest and yield were 
compared, few significant differences were observed (Table 2). These results 
confirm those obtained (rom artificial infestation where both % of humidity and 
yield could not be related to ECB ovipositional activity. 

These results indicate that both the percentage of plants showing leaf feeding 
and the leaf feeding index could be used to detect the presence of ECB larvae and 
to estimate their population density. \Vhen calibrated correctly, these indices 
could be used in monitoring programs. However, it also appears that in 
southwestern Quebec, the presence of univoltine ECB larvae does not affect 
the maturity nor the yield of field corn. Therefore, within the population densities 
tested (up to four egg masses per plant), insecticide treatments against univoltine 
ECB would be unnecessary in southwestern Quebec. That the ECB infestations 
had no effect on the corn maturity and yield could be due to some level of 
resistance to ECB in the mid·season hybrid used (Lynch 1980; Robinson et al. 
1978). However, it must be noted that ECB populations may affect corn even if 
its maturity and yield are not affected. In these expedments, corn ears were hand~ 

harvested, so that effects on stalk breakage were not taken into account. Under 
moderate drought situations, heavy ECB infestations have been reported to 
increase plant stalk breakage (Stengel 1972, 1982; Umeozor et aI. 1985) hindering 
mechanical harvesting. Physical damages, such as stalk breakage below the ear 
and ear dropping, can be more important in grain corn yield reduction than 
physiological damage as measured here (Chiang and Hudon 1977). 
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Table 2.	 F values and degree of significance for the comparison of percentage of 
ECB infested plants, leaf feeding index, percentage of humidity at 
harvest and yield between treated and untreated plots of corn at three 
locations in Quebec, 1982-85. 

Year L'Acadie L'Assomption St-Hyacinthe 
F pt F p F P 

Infested plants ('Yo) 
1982 6.24 .0256 14.54 .0019 4.59 .0501 
1983 29.09 .0003 43.10 .0001 33.75 .0002 
1984 4.31 .0646 13.91 .0039 16.30 .0024 
1985 18.82 .0015 45.00 .0001 24.00 .0001 

Leaf feeding index 
1982 6.69 .02J5 10.14 .0066 5.43 .0353 
1983 14.78 .0032 41.78 .0001 21.92 .0009 
1984 4.88 .0516 8.00 .0179 13.97 .0039 
1985 12.90 .0049 19.J7 .0014 46.88 .0001 

Humidity 
1982 • • • • • • 
1983 0.10 .9071 4.26 .0660 4.80 .0532 
1984 5.43 .0421 0.30 .5951 2.03 .1847 
1985 7.54 .0206 4.39 .0627 0.01 .9198 

Yield 
1982 0.46 .5100 0.07 .7969 0.41 .5299 
1983 0.16 .6982 20.62 .0011 2.33 .1582 
1984 22.38 .0008 1.40 .2645 L8.21 .0016 
1985 1.62 .2323 0.01 .9414 0.52 .4863 
• Variable not measured that year.
 
t Values higher than .05 are not statistical)' signific:anL
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Abstract: Traps baited with nil improved artificial bail and sticky pymmidal traps captured 
large numbers of house flies. Mu.<;cCI domestica L., on dairy fanns. Trap effectiveness was 
affected by proximity to natural nttractants or fly-breeding sites, by tall grass or solitary 
trees, and by mean air tempcrnLure. Sticky pyramids caught fewer flies than did baited traps 
but were much less affected by location. Baited traps were tile most efficient type of trap at 
fly-breeding or natural fly-aggregating sites, however sticky-coated pyramids wcrc the most 
effective type for intercepting !lies before they entered buildings or us t1wy moved between 
breeding or feeding sites. 
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Although populations of house flies Musca domeslica L., on farms can often be 
reduced to acceptable numbers by the use of insecticides, their increasing costs, 
awareness by users of insecticide toxicity to non·targets and an increasing tolerance 
or resistance of flies to insecticides makes insecticides less desirable for fly 
control. An important adjunct to, or alternative for, insecticidal use is physical 
removal or manipulation of fly l81val food sources (West 1951). However, such 
methods are seldom adequately used by farmers. Non-insecticidal fly control 
usually has been limited to the use of aromatic attractants to lure adult flies into 
traps. The design of such traps has been extensively studied (\Vest and Peters 
1973) and some have been standardized by the U. S. Department of Agriculture 
(U.S.D.A. 1937). 

Much work has been done to find or create better attractants (Beroza and 
Green 1963; Brown et al. 1961; Meyer 1971; Mulla et al. 1974, West and Peters 
1973), but proper placement of baited traps is not fully understood (Davidson 
1962; Holway et al. 1951). However, baits (putrefying meat, fermented yeast or ripe 
fruits) produced objectionable odors, are difficult to store or transport, may serve 
as fly-breeding media themselves and are highly variable in attraction (Schoof 
1955). As a result, baited t1'8PS have seldom been used to control house flies in 
spite of their potential efficiency (Howard and Bishopp 1924; Fenton and Bieberdorf 
1936; Mer and Paz 1960; Davidson 1962). 

Increased efficiency of bait traps was obtained by using an improved house fly 
bait. Combining this technique with a trap using visual stimuli (white pyramids) 
improved non-insecticidal control of house flies on farms. Pyramidal sticky traps 
have not previously been used to reduce house fly populations but have been used 
in pastures against face mes, Musca autumnalis DeGeer (Pickens llnd Nafus 1982; 
Miller et a1. 1984). Estimated face fly control ranged from 0 to 72% during the May 
to October fly season with great variation in catch at different sites. Although we 
suspected that similar variabilities in trap effectiveness \...ould exist when either 

DlPTERA: Muscidae. Accepted for »ublicnlion 9 KO\lcmber 1987. 
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pyramids or baited traps were used around barnyards or manure dumps, there was 
no data on pyramids and very little published data on baited traps (Schoof 1955). 
In this paper we compare variabilities of fly catches obtained with two types of 
traps and attempt to identify those components of the trap envirorunent which 
contribute to catch variability. 

MATERIALS AND METHODS 

A mixture of CSMA fly larval diet medium (Ralston Purina Co., St. Louis, MO) 
water, sugar, molasses and dried milk was used in 1969 and 1970, a prepared fly 
bait (BB) in 1973 (Pickens et al. 1973) and an 'improved' (IBB) bait in 1985 and 
1986. The Improved Beltsville Bait (IBB) formulation is: 

Table sugar 100 g 
Baking powder (Calumet™) 100 g 

double-acting, SAS-type) 
Urea 4 g 
Dry yeast 8 g 
Air-dried blood (Calif. Spray Co., 7 g 

Stockton, CA 95205) 
Honey 12 ml 
\oVateI' 6 ml 
Added at the time the bait is used: 
Banana Flavoring (Safeway Food Co.) 2 ml 

The ingredients were thoroughly mixed, compressed into 80 g cakes and dried. 
The dry cakes were activated by placing two cakes in 2 liters of water in a 30 em 
dia. by 10 cm deep pan. The banana Oavoring should be added to the water at the 
time of use. 

Baited Traps 
Baited traps used in 1969, 1970 and 1985 were of the USDA standard type 

(Howard and Bishopp 1924; Brundrett 1953; Fig. lC). In 1986, equal numbers of 
the standard trap and of a smaller, but sturdier, commercial trap2, (Fig. 1B, Tiger 
Farms, Inc., Hopedale, MA 01747) were used. The Brundrett b'llp measw'ed 46 X 46 X 
61 em high and the Tiger Farms b'llp measured 30 em diameter by 30 em high. 
The Traps were used as follows: 

Forty Brundrett·type traps were put out at a 200-cow manure dump in 1969 
and 1970. Fresh manure was added daily to the dump and was spread in a 6 m 
X 75 In windrow. Fly traps were placed 1 m and 7 m from and at approximately 
3 m intervals along each side of the windrow. The traps were emptied and 
rebaited every Monday from May to October. Marked laboratory-reared flies 
were released five times at the dump in 1969 (June, July and Aug.) and the 
number recaptured in 4 days was recorded and expressed as a percentage of 
the number released. In 1969, the effect of bait quantity on trap efficiency was 
studied by placing four traps in a cluster at a manure dump and comparing the 
combined daily catches with those from a single trap located 20 m away. Trap 

~ t\'lention or a trademark or proprietary product, does 110 constitute a guaranlee or warranty or the 
product by the U. S. Depl. or Agric. and does not imply its approval to the exclusion or other products 
thot mlly also be suitllble. 
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8 

Fig. I.	 (A) sticky pyramid trap, (B) Tiger-farms T,·aps, and (C) baited Brundrett 
Trap. 

locations were exchanged daily for 2 weeks. Six Tiger Farm Traps were placed on 
60 em high tables for 15 days at six barns and their daily catches were compared 
with six traps placed on the ground. 

Both models of baited traps (Brundl'ett and Tiger Farms) were placed on each 
of two farms in 1986 (nine each at Leppo and seven each at Clark). The traps were 
serviced every 7 days. Records were kept of numbers of flies caught at each trap 
site each week between June and September and site variance was calculated. 
Laborat:Qly-rcared house flies (2-3 days old) were marked by dusting with Day~Glo,],M 

powder and released once at each farm in August or September and numbers and 
locations of recoveries were recorded to provide estimates of fractions caught in 24 
hours and to compare catch distributions with those of indigenous flies. A 40-W 
light trap (l'himijan et al. 1970) was placed in the milking parlor at each farm as a 
population monitor and flies caught were counted after each release of marked 
flies in 1986. 

Pyramidal Traps 
Sticky-coated (Olson Products, Inc., Medina, Ohio) white pyramids (Fig. lA, 

Pickens et 81. 1977) were placed around barns and calf pens in 1985 (8 on Patrick 
and 13 on Faege) and were counted of nies and retreated every Tuesday and 
Friday from June to October. 

Twenty pymmids were placed on one farm (Martin) in 1986 and were serviced 
every 3-4 days. Records were kept of numbers of nies caught at each tmp location. 
Calculations were made of catch variance and of fraction of total catch obtained at 
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each location from June to September. Marked laboratory reared flies (2-3 days 
old) (dusted with Day-Gla powders) were released in August and September. The 
fractions recovered were calculated and catch distributions were compared with 
those of indigenous populations. 

Two additional farms (Brown and Jones) were treated with both types of 
baited traps and with pyramids (14 of each at Brown, 15 of each at Jones, Fig. 2). 
Traps were put out in June and serviced as previously described until the end of 
September. Catch records and marked fly releases were made as previously 
described on the other farms in 1986. 
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Fig. 2.	 Trap locations. (H)-house, (B)-barn, (C)-calves, (D)-manure dump and (8)
silo. 

Seasonal effects on effectiveness of baited traps was determined by comparing 
mean weekly fly captures at two farms by pairs of baited and pyramidal traps from 
June to the end of September in 1986 and from May to July in 1987. It was 
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assumed that the pyramids were indicators of general fly activity levels and that 
any change in catch ratios between pyramids and baited traps would be due to 
changes in the attractiveness of the bait. Records were kept of maximum, 
minimum and mean daily ail' temperatures. 

Site Effects 
To evaluate the efficacy of baited and pyramidal traps at different types of 

sites, we separated trap sites by: (1) distance from naturally occWTing fly-atb'active 
areas, (2) by amount of vegetation and (3) by proximity and orientation to 
buildings. The mean fraction of total fly catch which was obtained by traps in each 
type of site was calculated and 90% confidence limits were determined. Site 
variabilities for baited and pyramidal traps were calculated over the entire 1986 
season at each of the six farms and were compared with a theoretical uniform 
catch distribution by using Chi-square. 

RESULTS AND DISCUSSION 

Among the 40 baited traps at the manure dump in 1969 and 1970, the largest 
catches consistently occurred at the end of the manure row where dumping 
commenced, probably because that was where fresh manure was deposited to the 
greatest depth. About 94% of the total catch was made by nine traps in 1969 and 
by 14 traps in 1970, seven traps accounted for 90% of the total catch at the dairy 
farm in 1972. Traps placed on bare ground on the lee side and within 5 m of the 
manure row caught the most flies. 

[n 1969, when folli' pans of bait were clustered in one spot mean trap/day catch 
doubled over that obtained by four separated oups (4872 vs 2411 flies, respectively). 

[n 1986, traps placed within 3 m of manure dumps or animal pens caught 
significantly more flies that did those placed near buildings which did not house 
animals. Baited traps placed in grassy areas caught significantly fewer flies than 
were caught by traps on bare ground (Table 1). There were no significant 
(!: > 0.90) differences between numbers of flies caught by baited traps placed on 
the north, south, east or west sides of buildings in 1986 (Table 1). Contrary to the 
results reported by Davidson (1962), baited traps placed at terminator line 
between sunshine and shade did not catch more flies than did traps placed in full 
sunshine, probably because Davidson used doorways as the sun-shade line and 
odors (rom inside buildings could have influenced fly movement. 

Since catches of flies by baited traps placed 7 m apart may vary by thousands 
of flies, placement is extremely critical for baited traps, and the radius of 
atb'aetion by odor seems to be very small. Placing the traps 60 em above the 
ground increased mean daily cat<:hes over those of traps on the ground from 642 to 
1700 over 15 days (T ~ 2.04'). 

Outdoor fly catches in many of the baited traps dropped to near zero when the 
mean daily air temperature was'::::; 21°C in the fall of 1986 and in the spring of 
1987 (Table 2). However, traps near areas of high fly density (calf or pig pens) 
caught many flies at all temperatures (20-30°C) and pyramids placed at the baited 
trap sites caught as many flies at 20° as at 30°C. The decrease in baited trap 
catches at low temperatures thus appears to be due to decreased volatilization of 
bait odors rather than to changes in fly activity 01' behavior. Decrease in catches 
by baited traps in the Fall agrees with results obtained by Davidson (1962) and by 
Schoof (1955) when chicken entrails were used as an attractant. 
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Table 1.	 Relationshil>s between the type of site and the relative catch of flies, by 
baited traps on fOUf farms in 1986. 

Relative- No. of 
Site catch traps 

Calf pens O.92b II 
Manure dump O.96b 4 
Open-sided animal shelter 0.54u l3 
Four-sided barn 0.428 14 
Silo 1.00b 5 

Solitary tree 1.000 4 
Open field O.39b 4 

North 0.578 8 
South Looa 16 
East 0.91a 14 
West a.66a 13 

Bare ground 0.790 20 
Grass O.27b 31 
Sun-shade line 0.970 26 
Doorways I.OOa 12 
•	 Means which are followed by different letters are significantly different. (P < .10) from other column 

means when analyzed by 0 olle-way :\ IQVA and Duncnn'g mulli[lle ronge test (1955). 

In 1986, percentages of marked and released flies which were caught ranged 
from 0 to 16.3% by indoor lighted traps (Thimijan et al. 1970), fi·om 4.4 to 20.0% 
by baited tmps, from 5.6 to 14.0% by sticky-coated pyramids and from 15.8 to 
34.0% by combined buited and pyramid traps (Table 3). Coefficients of correlation 
(r) between catches of indigenous flies vs, catches of released marked nies were 
very high with baited traps, and high by pyramids. The correlat.ion with indoor 
light traps was high at one farm but low at th.ree farms (Table 3). 

The distributions of catches of indigenous house flies by baited traps in 1986 
were significantly different from a uniform distribution at each of four fanns (chi· 
square values of 119, 41, 25 and 29), with largest catches occwTing near caU pens 
and manure dumps (Table 1). Pyramid trap catches were not significantly different 
from a uniform distribution (Xl! of 5.8, 18.8 and 10.2). Because of a saturation of 
sticky surfaces of pyramids by large numbers of nics caught at calf pens at the 
Brown & Jones farms, mean per-trap-week catches by baited traps over the fly 
season in 1986 were much greater than were mean pCl'·trap-week catches by 
pyramids on those farms (Table 3). Sticky pyramids became saturated at 400-500 
house flies per trap and the adhesive lost much of its ability to capture flies after 
1-2 days (a capture rate of ca. 20% after 2 days) (Nafus, unpublished). 

Since more flies were captured when baited and pyramidal trap types were used 
together than when used separately, and since baits become less attractive in the fall, it 
may be beneficial to combine the two trap types into a single unit A trap designated 
to incorpol'ate both visual and olfactory stimuli could be effective throughout the fly 
season while being more cost·efficient and acceptable to frumers. A possible major 
improvement would be to eliminate frequent handling of sticky trap coatings by ltuing 
flies to the pyramid trap by the visual stimulus tilen into a containment unit by bait 
Such a design might also reduce the clitical requirements for trap placement. 
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Table 2. Ratios of bait-to-pyl'amid fly catches at various air temperatures. 

Outdoor Catches 
Air temperature °C 

Mean 7-day catch 

per trap by: B:P
 
Bait Pyramid ratio Date Max Min Mean·
 

1986 (Fall) 
4051 1600 2.5:1 32 20 26.1 
7488 106 7.0:1 31 18 24.4 
7540 334 2.2:1 30 17 23.3 

24 1153 0.021:1	 25 13 20.6 
20 1200 0.017:1	 25 18 20.6 
2 2000 0.001:1 15 0.6 7.8 

1986 correlation (r) 0.355 0.288 0.799 
between catch ratio and temperature 

1987 (Spring) 
45 317 0.14:1	 21.5 
89 620 0.14: I	 21.7 

239 889 0.25:1 22.4 
2413 1402 1.7:1 23.3 
1043 637 1.7:1 25.4 
2239 1108 2.0:0 28.0 
3283 727 4.5:0 35.4 
1987 correlation (r) 0.96 
Two~year correlation 0.60 
• Mefln daily tcmper3lure over five d1IYS. 

If the baited trap is the only type available for alleviating a house fly problem 
on a fanTI, we recommend the use of the improved Beltsville bait for its effectiveness, 
ease of preparation and storability. 

The most efficient use of baited traps is to place them as near as possible to 
fly-breeding or fly-aggregation sites. The sticky-coated pyramid is most useful 
around buildings to prevent flies from entering the structures or to capture flies 
which are moving about the area. 

Caution should be used in employing lighted indoor traps to monitor house fly 
populations on dairy farms, since catches by such traps may not correlate with fly 
catches by outdoor traps (Table 3; Pospisil and Bogac 1982). 

The following factors will increase the effectiveness of traps: 

1.	 Sites near the entryways of barns which house animals. (Davidson 1962). 
2.	 Locations within 3 m of calf pens, manure piles or silage (V.S.D.A. 

1939). 
3.	 Under or within 2 m of solitary trees (reported here). 
4.	 Sites sheltered from wind and on sunny sides of buildings (Bishopp 

1939). 
5.	 Traps placed ca. 60 COl above ground (reported here). 



Table 3. Catches of marked and released versus indigenous house flies by baits, lights and pyramids. 

Coefficient of 
Mean no. % of marked flies correlation (1') r of baited trap 

caught caught in 24 hrs of released vs. vs. light trap ,... 

Farm 

Dump 

Year 

1969 

Type of 
traps 

Bait 

per trap 
per week 

7120 

Per trap 
type 

18.1 

Farm 
total 

18.1 

native flies 
trap 

0.89 

by vs. lighted trap t 
flies 

>
~,. 
c 

'" Clark 1986 Bait 2800 12.3 15.3 0.98 :'. 

Leppo 1986 
Light 
Bait 

10691 
5899 

3.0 
9.2 9.2 

.50 
0.95 

0.64 
a 
3 
!'-

Light 854 0 0 0.60 ~ 
Martin 1986 Pyramid 482 5.6 21.9 0.70 ?

1986 Light 1363 16.3 .90 z 
Jones 1986 Bait 4000 20.0 0.97 9 

1986 Pyramid 552 14.0 34.0 0.66 
~ 

Brown 
1986 
1986 

Light 
Bait 

964 
1623 

0 
4.4· 

0 
.96 

0.55 ;; 
00 
-::J 

1986 Pyramid 552 11.4 15.8 0.80 
1986 Light 2858 0.88 

• Maximum air temperature wail 21°C. 
t Thimijan containment trap. 
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Some factors that will reduce the effectiveness of trap locations are: 

1. Tall weeds or grass under or around the traps (reported here). 
2.	 Distances 7 m from fly-attractive areas (reported here). 
3.	 Sites in windy areas or which are upwind of fly-attractive materials (Bishopp 

1939). 
4.	 Full sun when air temperatures exceed 30°C (Holway et al. 1951). 
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Abstmct: A laberalol')' test. to screen cereal crops for resistance to grasshoppers, Melallopfus 
sQlIguillipes (F.), using mean weight and sUlVival of the flrst two instars was developed. 
Results from testing 22 modern cuhivsrs (11 wheats. 4 oats, 3 I)'CS and 4 barleys) indicated 
survival ranged from 95% on wheaL (Sinton) to 85.i% on oats (Hannon) but it was morc 
variable thun mean weight. Mean weight of grasshoppers after five days of feeding was 
highest on wheat (Glcnlea) and lowest on the 4 cultivars of oats; it was also significant.Jy 
lower on HY320 than all other wheat. cultivars. There was no correlation between either 
growt.h rate or survival of grasshoppers and percentage nitrogen in the cultivur foliage. 

Key Words:	 Grasshopper, MelallopJus SUlIBuirlipes (F.), mean weight, survival. crop 
resistance, wheat, oats, barley. rye, cultivars. nitrogen content. 
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The occun-ence of natural feeding preferences in grasshoppers such as Melunoplus 
sanguinipes that feed on a broad spectrum of plants, is well established (Mulkern 
et al. 1964; Williams 1954). Less attention has been given to the consequences of 
feeding on 0 given food plant, but the information available indicates that there is 
a positive correlation between feeding preferences and sUivival. growth·rate or 
fecundity (Mulkern 1967). 

Several studies have demonstrated significant differences in growth, sun'ival, 
reproduction and feeding preferences of grasshoppers among cereal crops with 
oats being the poorest or least preferred food followed by barley and then wheat 
or rye (Tauber et al. 1945; Smith et a1. 1952; Smith 1959). The consequences of 
feeding exclusively on oats can be quite severe for some species of grasshoppers. 
No Melanoplus biIJilalus (Say) reached the adult stage on oats (MacFarlane and 
Thorsteinson 1980), which was also shown to be unfavourable to the development 
of M. sallguinipes (Smith et a1. 1952). 

Strong feeding preferences among barley cultivars, as evidenced by head 
clipping, were shown by adult grasshoppers (McBean and Platt 1951). Similar 
studies have also indicated feeding preferences by adult grasshoppers, with 
respect Lo head clipping among cultivars of wheat (Smith 1939; Jacobson and 
Farstad 1941; Hehn and Grafius 1949). Smith (1939) found some correlation 
between stem rust resistance and resistance to head clipping in wheat. However, 
Hehn and Grafius (1949) found a stronger correlation between head clipping and 
the abundance of mechanical tissue in the culm one cm below the peduncle. 

, OHTHOPTEH.t\: Acrididue. 
~ Contribution :-.so. 963 from the Research Stat.ion. Accepted for publication 9 November 1987. 
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The effects of different cereal cultivars upon feeding preferences, growth 01' 

survival of early instal' grasshoppers does not appeal' to have been studied, yet 
these stages suffer the highest mortality in nature (Randell 1970; Onsager and 
Hewitt 1982) as well as in laboratory studies utilizing different food plants 
(MacFarlane and Thorsteinson 1980). 

A rapid method of screening for sources of resistance to grasshoppers is a 
prerequisite to the development of increased resistance in cereal crops against 
grasshoppers. This study was made to determine if any of 22 currently grown 
cereal cultivars significantly affected growth and mortality of grasshoppers during 
the first two instal's. 

Recently attention has been drawn to the benefits in pest population 
management of low levels of crop resistance (Wiseman 1985). For this reason we 
have adopted a broad definition of crop resistance to include any adverse affects 
on an infesting insect population including increased mortality and delayed 
growth. 

MATERIALS AND METHODS 

Grasshoppers of a non-diapause strain of the migratory grasshopper, M. 
sanguinipes were used in all experiments and reared according to the method of 
Ewen and Hinks (1986). Cereals were seeded daily at the rate of 100 seeds to each 
10 em pot in a soil-free mix (Stringam 1971), fol' five consecutive days for each 
test. All plants were grown in a growth chamber to a mean height of 19 ± 1 cm, 
measured from the soil surface to the tip of the second leaf. The plants were 
grown at a 16 h daylength at 22 ± 1°C and a night temperature of 15 ± 1°C. The 
22 cultivars used in the study are listed in Table l. 

Each test consisted of seven cereal cultivars in addition to Columbus wheat 
which was included in every test as a standard because of its ability to support 
grasshopper growth and reproduction. This procedure was repeated until all 22 
cultivars had been replicated three times. One plot of each cultivar was placed in a 
23 X 23 X 46 cm metal-framed, aluminum screen rearing cage to which was added 
100 newly hatched grasshoppers. The cages were housed in an incubator that 
provided continuous illumination and a temperature of 26.5 ± 1°C. The pots of 
plants were I'eplaced with fresh ones daily for five consecutive days. At the end of 
the five-day test period the remaining grasshoppers were recovered, counted and 
weighed individually. 

Total nitrogen of three 0.25 g samples of lyophilized milled leaves of each 
cultivar were determined by a micro-Kjeldahl method (Howarth et al. 1977). 

The dependent variables used in this study were mean weight of survivors 
within cages and percentage sUlvival. The data were analyzed using a least 
squares (LSM) analysis of variance model of the form: 

Yij = /1 + bi + Cj + ej 

where, Y = the values of the dependent variable 

/1 = the least squares mean 
bi = the effect of the ith test or block 
Cj the effect of the jth cultivar 
ej = the residual error 
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Table 1. Mean percentage nitrogen (%N)' of leaves of ty.'enty·two cereal crop 
cultivars and mean weight (mg)· and sw'\rival (%t of grasshopper, Aifelanoplus 
sanguinipes (F.), nymphs fed these cultivars for five days after hatching. 

Crop Cultivar %N (S.E.) I\·lean weight (S.E.) Survival (S.E.) 

Wheat Glenlea 4.6 0.066 28.1a 14.31 92.0gh 1.528 
Rye Gazelle 4.9 0.081 25.7ab 1.703 93.7gh 1.856 
Rye Musketeer 4.2 0.029 24.2ab 1.810 92.7gh 2.186 
Rye Puma 4.1 0.051 23..1b 1.122 90.7ghi 3.383 
Barley Johnson 4.9 0.082 23.0b 2.335 92.7gh 0.667 
Barley Harrington 4.7 0.040 21.8c 1.093 93.3gh 2.028 
Wheat Neepawa 6.0 0.066 21.5bcd 2.950 90.0hi 1.155 
Wheat Columbus 5.9 0.106 21.4c 0.719 92.0gh 1.073 
Wheat Katepwa 5.6 0.130 21.4c 0.781 94.3g 1.667 
Wheat Benito 5.6 0.146 21.3c 0.876 89.3hi 1.856 
Wheat Leader 4.3 0.060 21.1c 0.470 91.3gh 1.764 
Wheat Canuck 4.0 0.045 21.1c 0.186 87.0hi 4.041 
Barley Bonanza 5.4 0.173 19.9cd 0.981 94.6g 2.028 
Barley Leduc 5.1 0.077 19.7cd 1.489 87.3hi 3.283 
Wheat Sinton 3.4 0.178 19.4cd 0.440 95.0g 0.557 
Wheat Fielder 4.3 0.024 19.1cd 0.841 94.0g 1.528 
Durum Wakooma 5.7 0.081 18.7d 0.473 92.7gh 3.180 
Wheat HY320 5.1 0.024 I7.5e 0.448 89.3hl 3.180 
Oats Cascade 4.4 0.125 14.6f 0.285 8S.7i 1.453 
Oats Fidler 4.6 0.151 14.3f 1.504 89.0hi 0.577 
Oats Dumont 5.8 0.138 13..1f 0.321 86.3i 1.856 
Oats Harmon 5.4 0.047 12.9f 1.159 85.7i 2.028 
• Meam followed by the smile letter nre 1101, different at the 5% level of signiricnnce nccording to LSM. 

RESULTS AND DISCUSSION 

Mean weights attained by grasshoppers during the five day test period ranged 
from 28.0 mg on the utility wheat Glenlea to 12.9 mg on Harmon oats (Table 1). 
Apart from Glenlea wheat, the growth response of grasshoppers was consistently 
higher on rye cultivars than on those of any of the other cereal crops. The growth 
response to the four barley cultivars was more variable than the Iyes. Grasshoppers 
attained a significantly higher weight on Johnson, a feed barley, than on any other 
barley. The growth rates of grasshoppers were significantly lower on the four 
cultivars of oats than on any of the other tested cereals, but there was no 
significant difference between oat cultivars. Although the amount of each cultivar 
eaten was not measured, a visual assessment indicated that it was related to the 
mean weight of the grasshoppers, thus oat plants were eaten much less than any of 
the other cereals tested. 

The nine wheat cultivars tested fell into four significantly different categories 
with respect to mean weight of grasshoppers. Glenlea supported the highest rate 
of growth, followed by the group Neepawa, Columbus, Katepwa, Benito, Leader, 
Canuck, Sinton and Fielder. The rate of growth of grasshoppers on the durum 
wheat Wakooma was significantly lower than on any of thc othcr whcat cultivars, 
with the exception of Neepawa, Sinton, Fielder and HY320. The latter supported a 
significantly lower rate of growth than any other wheat cultivar (Table 1). 
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Grasshopper survival ranged from 95% on Sinton wheat to 85.7% on Cascade and 
Harmon oats (Table 1). Survival was significantly higher on Sinton, Bonanza, 
Katepwa and Fielder than on nine of the remaining cultiv8l'S; similarly survival of 
grasshoppers on three of the fOUf cultivars of oats was significantly lower than on 
12 of the remaining cultivars. Thus 15 of the 22 cultivars tested were statistically 
inseparable with respect to grasshopper survival. 

Total nitrogen values (Table 1) showed no correlation with either growth rate or 
survival (r2 = 0.032 and 0.023 respectively) of the nymphs. 

The results of this study arc in general agreement with those of previous 
studies (Hodge 1933; Smith 1959) as they demonstl'8te that oats are less suitable 
for supporting grasshopper growth than other cereal crops. In the only previous 
study of grasshopper growth using more than one cultivar of a single cereal crop, 
MacFarlane and Thorsteinson (1980) were unable to l'eport on the effects of 
individual cultivars to Melanoplus bivittatus because of the high mortality 
encountered. Thus it appears that some melanopline species are much more 
susceptible to the adverse effects of graminaceous crops than others. 

Smith and Northcott (1951) showed that growth rate and survival of i\1. 
sanguinipes was highest on wheat plants (of the same cultiv81') with the highest 
nitrogen content, however this does not explain the differences in growth and 
slll"vival in the present study, which showed no correlation bet\.veen these parameters 
and nitrogen content. Apart from the presence of protease inhibitors in barley 
(Weiel and Hapner 1976), the mechanisms of resistance in the leaves of cereal 
cultivars towards grasshoppers are unknown. 

The resistance to grasshoppers that is evident in some cereal crops and 
cultivars, whether physical or chemical in nature, would appear to be hereditary. 
The group of wheat cultivars which were most closely clustered with respect to 
grasshopper growth rates included Neepawa, and Columbus, Katepwa and Benito, 
of which Neepawa is a parent. These four wheats also share Thatcher as a 
common ancestor with Leader, Canuck and Sinton. Although the latter ranked 
lower in their SUppOlt of grasshopper growth rates than Neepawa and its derivatives, 
differences were not significant. 

The consequences of delayed grasshopper growth, whether by antibiosis or 
antifeedant properties of the plant, (as defined by ,"Viseman, 1985), are three fold. 
First, delaying grasshopper growth and reducing the amount of plant material 
ingested can reduce the extent of defoliation and enable a plant to become 
established. Second, delaying growth extends the duration of the early, and most 
mortality-susceptible (Rundell 1970; Onsager and Hewitt 1982) instal'S. FinalIy, 
reproductive potential is reduced on less favourable food plants (pfadt and Smith 
1972). As a result we anticipate that growth of first and second instal' grasshoppers 
will correlate with biotic potential on these cereal cultivars. Future studies will 
examine this proposition. The five-day test described in this study is useful for 
rapidly screening plants for resistance to grasshoppers and has an advantage over 
biotic potential studies in that it requires only a fraction of the time, space or 
plant material. 
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Abstract: AU stages of Echinothn"ps americanus were placed on impatiens leaves 
treated with abamectin (6 and 12 ppm) to evaluate efficacy. Adult and immature 
thrips mortality was significantly increased (en 90%) when placed on abamectin 
treated leaves within 24 h after application. However, the effectiveness decreased 
with increased time after treatment Egg hatch was reduced when leaves containing 
eggs were sprayed at selected intervals before t1ulps emergence. The greatest 
reduction in percent hatch (68%) was observed in eggs that hatched within three 
days foUO\ving applications. Prepupal and pupal mOltality was significantly increased 
when they were placed on abamectin treated leaves within 24 h after application. 

Key Words:	 ThJips, insecticide, ornamentals, chemical control, abamectin, 
floricultural insects. 
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Abamectin (AVID) is a new miticide/insecticide which has demonstmted activity 
for the control of two-spotted mite, Tetranychus urlicae Koch, (Mizell et 81. 1986) 
and some insects, including tillips (Oetting ]986). Abamectin is a mixture of a 
minimum of 80% avermeclin BIB and a maximum of 20% avermectin Bib (Dybas 
and Green 1984). 

Thrips feed on most tissue of \'ascular plants, but on ornamentals they are 
commonly separated into two groups: foliage feeding and flower feeding thrips 
(Oetting and Beshear 1980). Echinothnps americanus Morgan is a potential economic 
pest to the ornamental industry and is a foliage feeding thlips. It feeds on abaxial 
and adaxial leaf surfaces and all developmental stages arc found on the same 
leaves. Its hosts include foliage and flowering plants in the greenhouse and nursery 
and landscape plants. Echinothrips americanus was first described from Florida, 
but its range extends over most of the eastern United Stutes (Stannard 1968). The 
species was reported from Georgia by Beshear (1973), and it was first noted as a 
pest on greenhouse grown ornumentals from poinsettia, Euphorbia pulcherrima 
Willd. ex Klolysch, in 1984. In this investigation, the effectiveness of abamectin on 
all stages of E. americarws was evaluated in the laboratory. 

MATERIALS AND METHODS 

Four expeliments were conducted to determine the initial and residual activity 
of abamectin on different stages of E. americanus. A 2% emulsifiable concentrate 

1 Accepted for publication 9 Novemher 1987. 
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formulation of abamcctin was diluted and applied to run-off on blocks of impatiens 
wallerana Hook.f. with a compressed ail' sprayer at 2.1 - 2.5 kg/cm 2 utilizing a 8003 
nozzle. The 3 treatments were abamectin at 6 and 12 ppm and a water check, and 
all plants were maintained on raised benches in a greenhouse. Leaves (ca 6 cm2) 

were removed [rom the treated plants when needed and each leaf was placed in a 
60 X 15 mm plastic petri dish with the petiole inserted through a 3-5 mm Diam 
hole neal' the periphery of the petri dish bottom. The dish was then placed on a 4 
ern Diam X 6 ern tall plastic container filled with water 1;0 provide a water source 
for the leaf. Ten thrips were placed on each leaf with a camel-hail' brush. Each leaf 
was a treatment plot, and each treatment was replicated ten times. These culture 
cages were maintained in an environmental chamber at 25°C and 14:10 h 
photophase:scotophase. The leaves were examined with a dissecting microscope to 
determine insect survival. 

Experiment 1 
The first experiment was conducted to determine initial and residual activity 

after application of 6 and 12 ppm abamectin on adults and second-instal' immatures. 
Thrips were introduced at 6 intervals following application: immediately after the 
leaves were dry and 1,3,5,7, and 14 days aftel' application. These wel'e compared 
to a water treated check. Leaves were examined for live adults or immatures daily 
for 3 days post treatment. The results of the 1 and 3 day counts are presented in 
Figures land 2. The second instal'S mortality and normal survival were checked 
until the prepupal stage. 
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Fig.!.	 Comparison of mortality for adults placed on leaves treated with 6 or 12 
ppm abamectin at different durations following application. Leaves were 
evaluated 1 and 3 days after introduction of adults. 
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Fig. 2.	 Comparison of mortality for second-instal' thrips placed on leaves treated 
with 6 or 12 ppm abamectin at different durations following application. 
Leaves were evaluated 1 and 3 days after introduction of second-insUlr 
tlu·ips. 

Experiment 2 
The activity of 6 and 12 ppm abamectin on thrips eggs was determined. Ten 

adult females were placed on each leaf for 24 h. The treatments were: adults on 
leaves for 24 h before application of 6 or 12 ppm abamcctin, adults on leaves for 
24 h after application of 6 or 12 ppm abamectin and 24 h exposure with no 
abamectin. Leaves were examined for presence of first instal'S at 7 and 10 days 
after oviposition. 

Experiment 3 
This experiment was similar to No. 2 and was conducted to determine the 

activity of 12 ppm abameClin on thrips eggs oviposited 1-6 days prior to application. 
The experiment was not extended beyond 6 days because the egg stadium for E. 
americanus at 25°C was ca 7.5 days. Otherwise, it was conducted the same as 
Experiment 2. 

Experiment 4 
This experiment was conducted to determine abamectin efficacy on the pseudo

pupal stage which includes prepupal and pupal stages. Prcpupae and pupae were 
placed on leaves treated with abamectin at 6 or 12 ppm. They were examined for 
adult emergence and compared to a water check. 
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RESULTS AND DISCUSSION 

In experiment 1, abamectin was initially efficacious for E. americwlUs (Fig. 1) 
and immaturcs (Fig. 2). However, it did not demonstrate residual activity for 
adults or immatul'es. The introduction of thrips on the day of and the day 
following the application of abamectin at 12 ppm resulted in over 90% mortality 
(Fig. 1 and 2). The activity one day after introduction was reduced when the rate 
was lowered to 6 ppm. Observed thrips mortality for a particular plot increased 
with each day of observation. The mortality obsclved within 24 h may have been 
misleading because in some instances rapid immobilization of thrips was observed 
when thrips were still alive. Most of the thrips which were recorded as living on 
day 1 were possibly in a state of immobility. Thrips were probed with a camel-hair 
brush and usually the only movement observed was the antennae. A few of these 
thrips may have recovered at the lower rate of abamectin. By the third day after 
expoSW'e to abamectin thrips had either recovered or were dead. Under greenhouse 
or other environments these thrips would be susceptible to natural enemies or 
mechanical removal by water or movement of the plant. 

In experiment 2, there was some reduction in egg hatch when abamectin was 
applied before and after oviposition but it was not significantly different from the 
water check (Table 1). The greatest reduction was observed for the introduction of 
females for 24 h after application. However, this reduction was probably a result of 
adult mortality rather than egg mortality. The reduction in the number of hatching 
thrips was not sufficient for adequate control with any of the abamectin b'eatments 
(Table 1). The mortality of newly hatched immatures was very high in the first 24 
h in all abamectin treatments. 

Table 1.	 Comparison of egg hatch when female Echinolhrips americanus were 
placed on leaves before and after application of abamectin. 

Period females on	 Mean number 
leaves in relation Cone. of of eggs which Percent 

to application abamectin hatched· reduction 

24 hours before 6 ppm 3.6a 36 
24 hours before 12 ppm 2.9a 48 
Water check 5.6a 
24 hours after 6 ppm l.8a 68 
24 hours after 12 ppm 1.8a 68 
•	 Melllls within columns followed by the same letter lire no\. Sib'llificuntly different (P < 0.05) according to 

Duncun's lnulliple rlIlll;e test. 

The reduction in egg hatch, when female oviposition occurred the day before 
application of abamectin at 12 ppm, was very similar in experiments 2 and 3 with 
48 and 46% reduction, I'espectively. The results for 6 ppm in experiment 2 was 
36%. When females were placed on leaves for the 24 h period after application in 
experiment 2, the resulting egg hatch was reduced by 68% (Table 1). The direct 
mortality of females could have resulted in much of this reduction. However, in 
experiment 3, there was also a 60% reduction in hatch from eggs laid 6 days before 
application (which was the same egg developmental time). Hatch from eggs laid 5 
days befol'e application was 68% less than egg hatch from the water treated leaves 
(Fig. 3). The least amount of reduction in hatching was obtained in the 3 days~ 
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before-application group (Fig. 3). There was only 24 percent less hatching in this 
group than the check. One possibte explanation for the increased survival on day 3 
pretreatment could be that the eggs were more susceptible to abamectin the Jirst 
few days after oviposition and as immatures start to emerge the first few days 
after application. 
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Fig. 3.	 Egg hatch from leaves exposed to female E. americanus for oviposition at 
different intervals before application of abamectin. 

There was significant mortality of the first-instal' thrips. Most first instal's 
completely emerged from the egg and died after crawling on the leaf surface, but a 
few thrips did die as they emerged from the egg. Mortality of first-instal' thrips 
was greater for those that emerged within a few days after aplication than for 
those that emerged 5-7 days after application. 

Survival of prepupae and pupae was significantly reduced by all treatments in 
experiment 4 (Table 2). This was a result of contact poisoning since there was not 
any feeding dwing these stages. There was not any significant difference among 
treatment levels nor stages, but the highest mortality level was observed fol' 
pl'cpupae treated with 12 ppm abamectin. 

The developmental period from oviposition to adult, for E. americanus was ca. 
15 days at 25°C with ca. one half of this period being the egg stadium (Oetting 
unpublished data). More than one application of abamect".in would be required to 
achieve adequate contl'ol. Even if 100% mortality ,vas obselv'ed for adults and 
immatures, there would be sufficient survival in the egg stage for reinfestation. 
Subsequent applications might be required for adequate control even with some 
residual control of first instars. This would be especially true during cooler 
temperatures because thrips developmental time would be increased. 
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Table 2. Accumulative mean mortality of prepupae and pupae of Echinolhrips 
americanus when placed on leaves treated with abarnectin. 

Percent mortality on day 
following application·Concentration 

of abamectin Stage 1 2 3 

6 ppm prepupae 18ab 50a 82a 
12 ppm prepupae 30a 68a 96a 
6 ppm pupae 22ab 60a 88a 

12 ppm pupae 16ab 56a 88a 
Water check 2b 2b 6b 
•	 MCflIlil within columns followed by t.he same letter nre 1101. si(:"nilicllnLly different (P < 0.05) llccording to 

DUllCllll'S multiple range lest. 
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.4.bslmct: In a 6·year study on sweet com in central Washington. seven insecticides, applied 
for control of com earwonn (Hcliothis zea Boddie), were evaluated for their effects on 
twospotted spider mite (TetrtllJychus u.rticae Koch). Carbaryl significantly increased the 
number of mobile mites (larvae, nymphs, adults) in four of four trials and eggs in two of four 
trials ,,\-'hen applied to corn via drop nozzles from between the rows, and in one (eggs only) of 
three trials when applied to corn from above the rows. Cynuthrin. cypennethrin, Cenvalerate. 
and Ouvulinale caused significant increases in two trials in 1986 only. Bifenthrin caused 
significant decreases in the number of miles in two of four trials and nuvalinate in \.wo of 
seven trials. Me\.homyl caused no significant changes in mit.e numbers in any trials. 

Key Words: 7'etranychus urlicCle. sweet corn. Heliolhis zeo, insecticide. 

J. Agric. Entomol. 4(4): 327-332 (October 1987) 

Sweet corn in eastern and central Washington is subject to damage from com 
earworm, Heliothis zea (Boddie), a pest which often infests 70 to 100% of the ears 
in untreated fields. Because such infestations render the crop unaccepwble for 
fresh marketing or processing, virtually all sweet corn in the region is treated with 
insecticides several times dW'ing the growing season (Klostermeyer 1968; Pike and 
Drake 1980; Pike et al. 1982), 

Of the insecticides presently registered for use against corn earworm, the most 
common in use in \Vashington are methomyl, carbaryl, and two pyrethroids 
permethrin and fenvalerate. Four other pyrethroids, nuvalinate, cynuthrin, 
cypermethl'in and bifenthrin, are being evaluated and may be registered for use on 
sweet com in the future. Many of these insecticides have been reported to cause 
phytophagous mite increases or outbreaks on different crops (Table 1). In contrast, 
bifenthrin has been reported to control phytophagous mites (Table 2). 

Several species of phytophagous mites have the potential to feed on sweet corn 
in Washington, but twospotted spider mite (TSSi'vO, Tetranyc!lus urticae Koch, is 
the predominant species. Because the state's sweet corn is subject to annual 
infestation by TSSM, our objective was to determine what the effects on TSSM 
are of insecticides used against corn earWOl'm. 

I ACAH.I: Telrnn)'chidne.
 
2 LEPIDQP1'EllA: Noctuidne.
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Table 1.	 Significant increases in phytophagous mites following insecticide 
treatments. 

Insecticide Crop Location Reference 

Carbaryl apples Colorado Quist and Blumberg 1963 
eggplant N. Carolina Sorenson and Johnson 1983 
peach Canada Putman and Herne 1960 

DDT apples Colorado Quist and Blumberg 1963 
com Washington Klostermeyer 1961 

Pyrethroids· alfalfa Idaho Baird and Frohlich 1986 
apples New Zealand Chapman and Penman 1979 

Ohio Hall 1979, Iftner 1983 
England AliNiazee and Cranham 1980 
Indiana Reed and Mouzin 1981 
Pennsylvania Hull 1982, Hull and Starner 1983 

apples & pears Washington Hoyt et a!. 1978 
Oregon Zwick and Fields 1978 

beans Ohio litnel' and Hall 1983 
cotton California Wynholds and Leigh 1982, 19848 
eggplant N. Carolina Sorenson and Johnson 1983 
pears 'Washington Burts 1982 

• Cynul.hrin, cypennethrin, fenVlllcrlltc, fluvulillllte, and/or pcmlClhrin. 

Table 2.	 Reported control of phytophagous mites by bifenthrin. 

Crop Location Reference 

apples Washington Burts and Brunner 1984 
Pennsylvania Hull and Breth 1985 

chrysanthemum California Robb et al. 1985 
cotton California Wynholds and Leigh 1984 b 
dry beans Idaho Stolz 1986 
hops Idaho Baird et al. 1986 
pears Washington Burts 1984 
strawberries California Trumble and Nakakihara 1984 

MATERIALS AND METHODS 

Field studies were conducted on 'Jubilee' sweet com at the Washington State 
University Irrigated Agriculture Research and Extension Center, Prosser, for 6 
ycnrs from 1981 to 1986. After normal site preparation and fertilization, com was 
planted each year in June. The trials were planted on land that was in small grains 
the previous year, except in 1983, when the previous crop was sweet corn. 

Insecticide treatments were applied with a Fineo high-clearance sprayer using 
drop nozzle or overhead booms calibrated at 300 kPa to deliver 295 and 390 litersl 
ha, respectively. The drop nozzle boom, used in 1981, 1982, 1983, and 1986, 
consisted of four nozzles perrow, two on each side at 120 em and 150 em heights. 
The overhead boom, used in 1984, 1985, and 1986, consisted of seven nozzles 
positioned horizontally at near tassel height, spaced 44 em apart. Plots were four 
rows wide (86 ern spacing) and 10 In in length, The insecticide treatments, together 



PIKE and ALLISON: Insecticide Errects on Spider I\·lites on Corn 329 

with untreated checks, were replicated five times (four times in 1984) in a 
randomized complete block design. In 1986, when both overhead and drop nozzle 
applications were evaluated in the same trial, the insecticide treated blocks were 
further arranged as subplots in a splitplot design, with wholcplots as the two 
application methods. 

The insecticides, formulations, rates at kg [Alllha, and years evaluated were: 
bifentluin 2E at 0.03 and 0.07 in 1984-86; carbaryl SLR 41' at 1.7 in 1981-86; 
cyfluthrin 2E at 0.06 in L981-86; cypermethl'in 3E at 0.07 in J981·86; fenvalerate 
2.4E at 0.1 Lin 1982-83 and 0.17 in 1984-86; l1uvalinate 2E or 21' at 0.08 in 1981-83 
and 0.10 in 1984-86; and methomyl 1.8L at 0.5 in 1981-86. Spray dates were: 24,27, 
31 August, 3, 7, 10 Sept.ember 1981; 16, 20 23, 26, 30 August 1982; 19, 22, 25, 29 
August, I, 6 September 1983; 10, 14, 17, 21, 24 August 1984; 22, 26 29 August, 3 
September 1985; 12, 15, 19, 22, 26 August 1986. 

TSSM densities were estimated from 750 cmZ leaf sections from the middle of 
the 4th, 5th, or 6th leaf (the 1st leaf being the leaf closest to the ground), taken at 
random from six plants in the center rows of each plot. In each year, leaf sampling 
was delayed 2·4 \\o'eeks after the last b'eatment to permit time for any possible 
TSSM population increase or resurgence to occur. Although mites are observed 
earlier in the growing season, the main population development occw's after the 
tassel stages of plant growth. Counts of TSSM were made by running the leaf 
sections through a mite brushing machine (Leedom Engineering), collecting the 
mites on a sticky plate, and making the counts under a disecting microscope. The 
data were analyzed by analysis of variance, with means separated by Duncan's 
(1955) multiple range test (E = 0.05). 

RESULTS AND DISCUSSION 

Drop Nozzle Application (Fig. I) 
Carbaryl significantly increased the numbers of mobile forms (larvae, nymphs 

& adults) of TSSM in 4 of 4 years, and of eggs in 2 of 4 years evaluated. In one 
year only, 1986, mobile mites were significantly increased by cyfluthrin, cypermethrin. 
fenvalerate, and nuvalinate. Decreases in TSSM numbers occurred with bifenthrin, 
evaluated in 1986 only, and fluvalinate in 1981 and 1982. Methomyl caused no 
significant changes in the numbers of TSSM. 

Overhead Nozzle Application (Fig. 2) 
In only one year, 1986, were significant increases in TSSM numbers observed 

with any treatments. Carbaryl, cytluthrin, fenvalerate and fluvalinate significantly 
increased eggs, but not mobile mitesj cypermethrin significantly increased mobiles, 
but not eggs. Other treatments caused no significant changes in TSSM numbers, 
except bifenthrin, which diminished significantly the numbers of eggs at the low 
and high rates in 1984 and 1986, and mobiles at the low and high rates in 1984 and 
at the high rate in 1986. 

In 1986, when overhead and drop nozzle applications were compared in the 
same trial, there were no significant differences between the two methods (£. = 0.05). 
Insecticides, averaged over applications, showed significantly higher TSSM numbers 
in plots treated wit.h carbaryl, fluvalinate, cypennetluin, cyfluthrin (eggs only). and 
fenvalerate (mobiles only), compared with plots of untreated corn. When sprays 
were directed at the sweet corn from between the rows with drop nozzles, greater 
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covernge of the primary feeding sites of TSSM on leaf under·surfaces occurred. 
This was an important factol' in terms of carbaryl, which, when applied with drop 
nozzles showed a consistent trend to\"'8I'ds increased numbers of TSSM. None of 
the other insecticides caused similar consistent mites increases across years. 
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Fig. 1.	 Effects on twospotted spider mites of insecticides applied to sweet corn 
fTom between ro\\'s. Means, within the same life form (mobiles or eggs) and 
year, followed by a letter in common are not significantly different ~ > 0.05; 
Duncan's 119551 multiple range test}. 
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Fig. 2.	 Effects on twospotted spider mites of insecticides applied to sweet corn 
from above rows. Means, within the same life form (mobiles or eggs) and 
year, followed by a letter in common are not significantly different ~ > 0.05; 
Duncan's 119551 multiple range test). 
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Various studies have helped to explain why mite increases occur following 
application of some insecticides. The most common explanation has been that the 
mortality of predators exceeds that of phytophagous mites (Roush and Hoy 1978; 
Zwick and Field 1978; Chapman and Penman 1979; Ali·Nuiazee and Cranham 
1980), However, in our studies, predator mites with few exceptions, were not 
present in the sweet COI'l1 plots, yet some distinctly higher densities of' TSSM 
occwTed following selected insecticide treatments. Others have also reported 
increases in phytophagous mites associated with insecticides in the absence of 
predators (Hoyt et al. 1978; Hall 1979; [ftner 1983). Hall (1979) hypothesized and 
Penman and Chapman (1983), and lftner and Hall (l983) demonstrated that 
phytophagous mites exhibit an aversion to certain treated foliage, prompting 
dispersal to untreated foliage or to foliage with declining residues, followed by 
increased mite reproduction. This might, in part, account for the increases in 
TSSM observed in some of our sweet corn treatments. A full account of the 
mechanism or mechanisms involved in these increases in the absence of predators 
will require careful examination of the distribution, dispersal, and reproductive 
beha"ior of TSSM in situations involving valious patterns and degrees of unifOlmity 
in insecticide applications. 
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Abstract: A total of 83 bndcl'ial isolates was identified (22 sp.) from the abdomen of the 
banded Clictunbcr beetle and consisted of the genera Acinetobat'ter, CDC group VE-2, 
Enterobacte,~ Erwinia, Escherichia, Flavobacterium, Hafnia, Klebsiella, Lislel1(l, Micrococcus, 
Leuconostoc, Proleus, Pseudomonas, Salmonclla, Sen'Cltia, and StaphylococClls. Envinia herbicola 
was common to bot.h larvae and adults of field collected and laboratory reared insect. 

Key Words: Abdomen, Diabrolica balteata, banded cucumber beetle. 

J. Agric. Enlomal. 4(4); 333-336 (October 1987) 

The mechanism of resistance in sweet potatoes to the banded cucumber beetle, 
Diabrotica balteat.a LeConte (BCB) is poorly understood. Schalk et al. (1986) found 
that periderm thickness although correlated with field resistance to the BeB was 
not the only factor. In our efforts to test chemical factors in sweet potatoes which 
confer resistance to phytophagy by the BeB, the lack of a suitable bioassay 
hampered our progress. BeB's, while feeding as larvae Of' adults, become exposed 
to and ingest many bacteria which may be saprophytic, symbiotic or even pathogenic 
(Carter 1973; BUI'ges 1982; Leach 1940; Poinar and Thomas 1982). Interference 
with the insect's intestinal flora by either inhibiting growth of symbionts or by 
enhancing pathogenic or otherwise deleterious bacteria could explain the mechanism 
of resistance to phytophagy. For this purpose, a survey was made of the baterial 
species associated with the BCB intestine. 

MATERIALS AND METHODS 

Bacteria were isolated from the abdomen of nine first·generation larvae. Eggs 
from field collected adult beetles were hatched in the laboratory and the larvae 
were reared on germinating wheat (Schalk 1986). Bacteria from adults were 
isolated from 54 field·colleeted and 20 laboratory-reared specimens. In the field 
the adults were feeding on squash, mustard and sweet potato, while laboratory
reared adults were fed foliage and roots of sweet potato supplemented with a dry 
diet (Guss and Krysun 1973). Insects were immobilized at O°C in a freezer and 
then surface sterilized by submergence and agitation in a 0.25% aqeuous NaDCI 
solution for 2 minutes. Subsequently, the insects were submerged in 0.1 % aqueous 
Tween-20 solution for 2 minutes followed by two rinses (30 sec each) in sterile 
distilled water. An insect was placed on filter paper over solidified paraJiin and the 
abdomen was removed with a scalpel. The abdomen was squeezed with forceps 
and its contents were collected with a platinum bacterial loop and placed in 
Brewer's thioglycolute broth for 24-48 hI' at 34°C. After incubation, the bacterial 

I COLEOPTERA: Chrysolnclidne. 
l Acceptcd for publiclltion II November 1987. 
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broth was streaked on brain-heart infusion agar plates. Colonies were isolated 
after 24-48 hr incubation. The isolates were transferred into enteli-nonfermentor 
broth, mixed for less than 1 minute, and 0.05 mt of bacterial suspension was 
pipetted into welled plates. The wells contained one each of 24 to 34 biochemical 
substrate impregnated discs (Minitek nwnerical identification system, BBL, Division 
of Becton Dickinson and Co.). Data obtained from the welled discs were used to 

detennine confidence values for bacterial identification. Each isolate also was 
subjected to the following procedures: Gram's staining; hanging drop mobility 
determination; cytochrome oxidase test and growth on McConkey agar plates for 
all gram negative bacilli. 

RESULTS AND DISCUSSION 

From 83 isolates consisting of 22 species, the following genera were identified: 
Acinetobacter, CDC group VE2, Enterobacter, Erwinia, Escherichia, Flavobacterium, 
Hafnia, Klebsiella, Leuconostoc, Listeria, Micrococcus, Proteus, Pseudomonas, 
Salmonella, Serratia and Staphylococcus (Table 1). 

Field collected adults contained 20.4% Enterobacter cloacae, 12.9% E. aerogenes, 
9.3% Serratia marcescens, and 9.3% Envinia herbicola. The least common bacteria 
were Acinetobacter sp., A. lwo[fi, COJ)nebacterium sp., CDC group VE2, Enlerobacter 
gergoviae, Pesudomonas cepacia, Serratia sp., Serratia liquifaciens, S. odorifera, 
and S. plymuthica. The more common microorganisms associated with laboratory 
reared adults were Erwinia herbicola (25%) and Enlerobacter cloacae (15%). The 
most prevalent micmbe found in larvae was E. herbicola (55.6%); this species also 
was present in adults. 

Among the various identified species, several are of interest. Proteus mirabilis 
and Pseudomonas aeruginosa are known insect pathogens; Pseudomonas cepacia is 
a plant pathogen and Corynebacterium spp. are both animal and plant pathogens 
(Burges 1981). Salmonella spp. are of medical importance. They are normally 
found in carrier insects, such as ticks, fleas and lice, and rarely in other insects. 
Klebsiella pneumonia is also medically important and uncommon in insects (Bmges 
1981). Cmrently, various extracts of sweet potato periderm tissue are tested with 
respect to their influence on the growth of the identified bacteria. Preliminary 
results have shown that highly polar extracts enhance bacterial growth while the 
reverse occurs with nonpolar extracts. Of particular intel'est would be suppression 
of non-harmful or beneficial species or enhanced proliferation of pathogenic 
species, since such phenomena could afford a partial explanation of the resistance 
mechanism of sweet potato varieties to BeE. 



SCHALK et 01.: Micronora, DiabroticD balleDta 335 

Table 1.	 Microorganisms identified from the abdomen of Diabrotica balteata 
LeConte 1986. 

Number of Insects 

Adults Confidence 

Genera and species Field Lab Larvae· Diet.s t value:!: 
Acinetohacter sp. I 99.9 

A. anitratus ·1 2 99.9 
.4. Iwoffi I 2 99.9 

Corynebacterium sp. I 1,'1,6,7 § 
CDC Croup VE2 I 3 74.1 
Enterobacter 

E. aerogenes 7 2 96.1 
E. cloacae 11 3 1,2,4,6 96.1 
E. gergoviae I 2 99.8 
E. sakazakii 1 1,4,6 97.3 

Escherichia vulneris I 1,4,6 85.2 
Erwini(l herbico!a 5 5 5 1.2,4,5,6 93.9 
Flauohacten"um sp. I 5 76.4 
Haluia alvei 4 2.3 97.3 
Klebsiella pneumonea 3 2 99.9 
Leuconostoc 5p. 2 1.'1,6 § 
Listen·a 8p. I 1,4,7 § 
Micrococcus 

M. lentus 99.3 
M. varitJns 2 5 99.9 

Proteus mirabilis 2 99.9 
Pseudomonas 

P. aeruginosa 2 2 96.7 
P. eepacia 1 1,2.4,6 98.3 

Salmonella arizonae 1,'1,5,6 91.9 
Serratia 

S. liquilaciclIs 1 2 99.7 
S. odorifera 1 2 43.4 
S. marcescens 5 1,2,4,6 96.6 
S. plymuthica 1 2 99.9 

Staphylococcus lenws 2 2 1,2,4,6 99.9 
S. epidermidis 1 6 99.9 

Total isolates 54 20 9 
• First generotion larvlle reared from tield collected adults, lmvae were fed I:enninated wheat (untroated). 
t Diets were: 1 '" s......eet potllto foliage, 2 '" squa~h, 3 '" musturd, " '" d'1' diets,;J '" wheat (germinated), 

6 '" s......eet pot.at.o roots, lind 7 .. clllltuloupe. 
:j: Confidence value detennincd by 1\'lillitek numberical identification sys!.em. BBL, Division of Becton 

Dickinson & COlllpany. Vlllues were Ilveraged for multiple host.s. 
§ Not available. 
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Abstract: Chemical and microbial insecticides, applied principally in bait formulations. were 
evaluated for control of crop-feeding grasshoppers, primarily Me[cUlop[US spp .• under field 
pcn conditions. An aqueous Cannulation of carbaryl was slightly more effective than carbaryl
treated wheat bran and rolled wheat baits containing the equivalent amount of insecticide 
per unit area. Wheat bran was effective hait for grasshoppers in the presence of high and low 
lo\'els of competing vegetation. Nosema locuslae on wheat bran provided relatively rapid 
sUI>pression (significant reduction within 1 wk) when applied at. n high rate. Steinememn 
{e/liae incorporated in calcium nlginnl.e capsules and alfalfa-wheat. pellets provided suppression 
within 2 days of t.reatment. While not. as effective as aqueous insecticide sprays, baits may be 
suitable where lower levels of controt are acceptable, or where multiple appJical.ions lIl'e 

possible. 
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Grasshopper management in western states focuses primarily on rangeland 
species. Tillage, irrigation, and frequent insecticide applications minimize the 
effects of grasshoppers in most crop agroecosystems. However, relatively undistw'bed 
areas such as roadsides and irrigation ditches often support very high densities of 
grasshoppers that may move to crop plants. Occasionally a rangeland species le.g. 
Melarwplus sanguinipes (F.)I will also infest cropland. Grasshoppers are primarily a 
rangeland problem, and most recent research has focllsed on management strategies 
and tactics suitable for this resource; applicability of these management approaches 
to cropland is questionable. [n addition, recent grasshopper outbreaks have 
affected suburban gardens and omamental plants, commodities with entirely different 
monetary values and environmental constraints. Development of management 
techniques for these latter areas has been almost completely neglected. 

Before the advent of aircraft and ultra low volume insecticide application 
technology, insecticide-treated baits were widely applied for grasshopper control 
on crop and rangeland (Parker 1939; Shotwell 1942). Although sometimes deemed 
impractical for use on a large scale, baits have been reported to provide desired 
population reduction at significantly lower doses of insecticide than required by 
aqueous formulations. Also, non-target species are less likely to be disrupted 
(Mukerji et al. 1981). Biological control agents such as Nosema locustae Canning 
must be consumed to infect grasshoppers, so bait applications are preferred 
(Henry 1981; Ewell and Mukerji 1980). Because bait formulations seem to offer 
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advantages in certain cropland and surbw'ban situations, we investigated their 
comparative advantages, emphasizing use of pathogens. 

MATERIALS AND METHODS 

Grasshoppers were collected with a sweep net in the vicinity of Fort Collins, 
Colorado. Collection sites were road-sides, irrigation ditches, and waste areas. The 
species complex consisted principally of Melanoplus biuitlalus (Say) and M. 
sanguinipes (F.) (Tlial 1) or of M femunubrum (DeGeerJ. M. differentia/is (ThomasJ. 
and Phoelaliotes nebrascensis (Thomas) (Trial 2 and 3). Although the nymphs were 
not identified to species, they were randomly distributed across treatments, so 
that each species was represented in approximately equal numbers. All tests used 
grasshopper instars 3 and 4 except the Nosema study, which was conducted with 
instars 1 and 2. 

Grasshoppers were released into pens fol' testing. Pens consist.ed of galvanized 
metal, 70 cm high, enclosing a 2 by 2 m Brea of soil from which vegetation had 
been removed. Each pen was seeded with 75 grasshoppers at the initiation of the 
study, before application of liquid and bait treatments. Food was provided before 
application of treatments by inserting 2 flats (30 by 50 em) of rye seedlings and 
one flat of lett.uce seedlings except in the vegetation studies. Pens were censused 
daily for 3 d after treatment except in the Nosema study, where grasshopper 
numbers were determined for 3 consecutive weeks. Control populations were 
established for each study and date, and were provided only with rye and lettuce 
seedlings for food. Pens had no measurable effect on temperature or humidity, 
except for a small area immediately adjacent to the metal. 

Each treatment was conducted in fow' separate pens pel' date, and replicat.ed 
over time. There were three trials: June-July 1985, July-August 1985, and July
August 1986. The trials differed in that a band of insect adhesive (tanglefoot) was 
added along the inside top of the metal pen after the first trial, and that the pens 
were covered with bird netting for the third trial. The tanglefoot was added as a 
precaution because rain splash contaminated the metal y,rith soil, making it easier 
for grasshoppers to crawl upwards and escape. The bird netting was not used in 
1985 because grasshoppers were numerous at the research site, and therefore the 
penned grasshoppers were probably not especially attractive to avian predators. 
However, in 1986 grasshopper density at the site was low, and the grasshoppers 
might have been attractive to birds. All bait treatments were applied during the 
early evening hours (7 to 8 p.m.) to minimize interference by high temperatures 
and sunlight. 

Data were analyzed using 2-way analysis of variance; sources of variance were 
treatment and replication (trial). A separate analysis was conducted for each 
observation period after treatment. With the exception of the Nosema evaluation, 
significant interactions occurred, so data for each replicate (trial) are presented. 
Means were separated with Student·Newman-Keuls (SNI<) multiple range test at 
E = 0.05 (Zar 1984). Percent corrected control was calculated using Abbott's (1925) 
fOlmula. 

Comparison of carbaryl liquid and bait applications 
A liquid formulation of carbaryl (Sevin-4-oil) was compared with two commonly 

used bait formulations (wheat bran or rolled wheat); each was treated with 
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carbaryl. The liquid formulation was diluted with diesel fuel and applied at a rate 
of 0.305 kg Altha (AD, in a total volume of 62.5 ltha. Application was made with a 
compressed air sprayer equipl}ed with a teejet hollow cone nozzle at 2.1 kg/cm2 

pressure. The wheat bran was sprayed with undiluted Sevin-4-oil with an air brush 
to provide 2% AI, and the bait was applied by hand at a rate of 15 kg/ha, resulting 
in the same rate of insecticide application as the liquid fOimulation. Rolled wheat 
was treated with carbaryl at 1% .1\1 and applied at 30 kg/ha. Because rolled wheat 
is twice as heavy as bran, equal volumes were applied, resulting in equivalent 
amounts of insecticide on an area basis. 

Effects of vegetation density on bait efficacy 
Effects of vegetation density on carbaryl bait efficacy were determined by 

establishing high (four flats of rye pel· pen) and low (one nat of rye per pen) levels 
of vegetation. 'Wheat bran bait \\'as treated with carbaryl as in the aforementioned 
carbaryl study and applied at the same rates. 

Evaluation of protozoan bait 
Nosema locustae spores were obtained from the 'SDA Rangeland Insect 

Laboratory, Bozeman, NIT (1985) and Evans Biocontrol, Durango, CO (1986). 
Spores were suspended in water and applied by airbrush to wheat bran at a rate 
of 5 X 109 spores per kg bran. Bran was applied at 15 kg/ha as in the insect.icide
treated plot.s, providing 7.5 X 1010 sporeslha. 

Evaluation of entomophagou8 nematode bait 
Steinemema feLtiae Filipjev (= Neoaplectana carposapsae Weiser) nematodes 

(Mexican strain) were cultured in Galleria mellonella (L.) larvae and incorporated 
in two bait formulations. One bait consisted of 60 mg calcium alginate capsules 
(I<aya and Nelsen 1985) prepared by Plant Genetics, Inc., Davis, CA. Each capsule 
contained ca. 400 infective juvenile nematodes and wheat bran (5% by wt); they 
were applied at a rate of 150 kglha. 

The second bait was pellets consisting of a mixture (by wt) of alfalfa meal 
(23%), wheat flour (11%), wheat bran (11%), corn oil (9%), and water (45.5%). 
Locust bean gum (0.5%) and nematodes were added to the mixture and extruded 
through a meat grinder. The pellets produced by brcaking up the extruded 
material weighted ca. 60-100 mg and contained 6.7 nematodes per mg, equivalent 
to the calcium alginate capsules. The pellets also were al}plied at 150 kg/ha. 
Previously (unpublished), we determined that this pellet mixture was acceptable to 
grasshoppers in laboratory tcsts. 

RESULTS AND DISCUSSION 

All carbaryl treatments significantly reduced grasshopper populations (Table 1), 
although the liquid application was most efficacious. Wheat bran bait generally 
appeared to be more effective than rolled wheat bait, although statistically 
significant differences were infrequent. Average mortality (% corrected control) 
was 83.8, 87.1, 90.1% for liquid application, 54.4, 69.3, 78.1% for wheat bran, and 
42.4, 60.1, 64.3% for rolled wheat, respectively, on days 1 to 3 after treatment. 
Henry and Oma (1981) compared effectiveness of wheat bran, rolled barley, and 
rolled oats for inoculation of Melanoplus spp_ with Nosema locustae; wheat bran 
generally was superior in these studies, also. 
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Table 1.	 Number· of grasshoppers alive in pens treated with carbaryl (0.3 kg/ha 
AI) applied in liquid 01' bait formulations. 

Trial Treatment 

1 Liquid carbaryl 
\Vheat bran + carbaryl 
Rolled wheat + carbaryl 
Check 

2 Liquid carbaryl 
Wheat bran + carbaryl 
Rolled wheat + carbaryl 
Check 

1 

9.2a 
40.7b 
45.7b 
64.2c 

8.7a 
22.2b 
29.5b 
63.3c 

Days post-treatment 

2 3 

3.5a 3.0a 
26.2b 15.5b 
28.0b 22.5b 
62.2c 58.2c 

7.28 5.5a 
16.5b 1O.7a 
18.0b 19.0b 
62.4c 56.ic 

3	 Liquid carbaryl 9.78 8.5a 6.0a 
Wheat bran + carbaryl 18.0ab 9.2a 8.2ab 
Rolled wheat + carbaryl 26.5b 18.0b 14.2b 
Check 47.5c 39.7c 39.7c 

•	 Means within columns fcllowed hy the same letter are not significantly different (P > 0.05; Student
Newman-Kellis lest IZar 1984]). 

Probability of a grasshopper contacting insecticide probably decreased from 
liquid to bran to rolled wheat treatments. Certainly the number of insecticide
treated particles was much lower in the rolled wheat than in the wheat bran 
treatments. A possible advantage of rolled wheat, however, is the ease of applications. 
A cyclone-type spreader can distribute these large, heavy particles evenly and over 
a wide area. Bran flakes are more difficuJt to apply evenly, and are very susceptible to 
being blown by wind. Liquid applications are susceptible to drift, but the greatest 
disadvantage is application hazard. An applicator is less likely to be contaminated 
with insecticide using a bait formulation. 

The levels of control achieved with bran bait are consistent with other studies 
using a variety of insecticides (DosageI' et al. 1980b, 1981; Mukerji et a1. 1981; 
Johnson and Hemy 1987), although lower rates of carbaryl bait have been shown 
to be ineffective (Mukel'ji and Ewen 1984). Bait applications may result in lower 
levels of control than liquid applications because at anyone time a certain 
percentage of a grasshopper population is in a non-feeding mode; this may explain 
our observations reported herein. Mukerji et 01. (1981), however, suggested that 
less insecticide might be necessary for bait applications. In fact, a moderate level 
of control (50-70%) probably can be attained more efficiently (in terms of insecticide 
per unit area) with a bran bait treatment, whereas a high level of control (~ 90%) is 
more difficult to obtain with baits. 

Effects of uegetation density on bait efficacy 
Bait efficacy could be innuenced by a number of factors. Grasshopper species 

differ in their acceptance of wheat bran, although most major crop pest species 
accept bran readily (Onsager et al. 1980b; Henry and Dma 1981). Density may 
influence efficacy because grasshoppers consume bran very quickly and some may 
be unable to locate flakes; also, individuals that temporarily are in a non-feeding 
mode are deprived of the opportunity to consume flakes (Onsager et al. 1980a). 
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Increasing the rate of application of insecticide-treated bran invariably increases the 
level of mortality, although it may not be cost-efficient to do so (Dnsager et al. 
19808; Mukel'ji el 81. 1981). 

Vegetation may compete with bran flakes for the feeding of grasshoppers. 
Highly preferred vegetation, in particular, may attract grasshoppers away from 
bran or arrest their searching behavior. This aspect of bait utilization had not been 
studied previously. The results of this study (Table 2) demonsb'ated that vegetation 
quantity slightly affected bran bait efficacy. Levels of mortality (% corrected 
control) in pens with low and high quantities of vegetation were 64.3 , 75.5, 83.7%, 
and 53.3, 62.0, 72.3% on days 1 to 3, respectively. 'While % mortality was 
significantly higher on all three days after treatment in trial three when vegetat.ion 
abundance was relatively low, the bran obviously was attractive to the grasshoppers. 
Operationally, bran would function effectively to deliver toxicant to the target over 
a wide range of vegetation abundance. However, reduction of weedy vegetation 
that might compete with bait might enhance efficacy. 

Table 2.	 Number- of grasshoppers alive in pens treated with carbaryl bait (0.3 kgl 
ha AI) and provided with high and low levels of untreated vegetation. 

D8Ys post-treatment 

Trial Treatment 1 2 3 

High vegetation 
Low vegetation 
Check 

25.2b 
16.2a 
57.0c 

l4.58 
9.78 

43.7b 

5.28 
3.0a 

36.5b 

2	 High vegetation 30.08 18.5b 8.28 
Low vegetation 29.58 1O.7a 8.0a 
Check 64.2b 62.2c 58.2b 

3 High vegetation 22.2b 21.5b 19.2b 
Low vegetation 14.2a 14.2a 9.5a 
Check 43.5c 42.0c 35.3c 

• r.lenns within columns followed by the	 same leiter are not sib'llificantly different (p > 0.05; Sludent.
Newman-Kellis test IZar 19841). 

Evaluation of protozoan bait 
Nosema locustae is being used for rangeland grasshopper suppression in the 

western United States. Experimentally, several rates of application have been 
evaluated. Rates of 2.1 X 109 to 5 X 109 spores per ha have resulted in up to 100% 
infection and 60% reduction in abundance (Henry 1971; Ewen and Mukerji 1980; 
Henry and Dnsager 1982). Egg production also is reduced among survivors (Henry 
and Oma 1981), and forage consumption by infected grasshoppers is decreased 
(Johnson and Pavlikova 1986). A major problem limiting acceptance of N. locustae 
as a grasshopper control agent seems to be the relatively long time interval 
between application and control. Henry (1971), for example, reported no reduction 
in Melanoplus sanguinipes (F.) and M. infantilis Scudder in the first five weeks 
after treatment. Henry (1971) attributed a more rapid reduction in M. gladstoni 
Scudder numbers to the much younger stages treated. Melanoplus sanguinipes and 
M. infantilis were principally third-instar nymphs while M. gladstoni had not 
hatched or were too small to differentiate. In Canada, Ewell and Mukel'ji (1980) 
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treated third-instal' nymphs and reported 20% reductions in abundance 4 wk after 
b·eatment. Since farmers and gardeners typically wait until damage by grasshoppers 
is imminent before attempting control, a four to five week interval after treatment 
with relatively low level of subsequent mortality is unacceptable. Therefore, we 
sought to ascertain whether more rapid population reduction could be obtained by 
increasing the pathogen dose. 

By increasing the N. locustae dose 30·fold over standard rangeland grasshopper 
treatment rates, we obtained fairly rapid population reduction (Table 3). Mortality 
(% corrected control) was 15.1, 29.2, and 29.5% when the populations were 
censllsed 1,2, and 3 wk after treatment, respectively. Such rapid mortality has not 
been reported previously, although it has been observed (J. E. Henry, pel's. 
comm.). If this high rate was applied as a border treatment (e.g., H 5 m border 
surrounding a 65 ha field) this would result in significant (1/3) product savings as 
compared to application at normal rates over the entire field. 

Nosema locustae infects grasshopper fat body, pericardial and neural tissue, 
although nonnally it takes a considerable period of time before enough host tissue 
is destroyed [0 cause death (Canning 1953; Henry and Oma 1981). Rapid mortality 
could be caused by the trauma associated with extrusion of polar filaments 
following ingestion of spores. Altematively, grasshoppers weakened by trauma and 
parasitism may be more susceptible to cannibalism (Henry and Oma 1981). 

Table 3. Number· of grasshoppers alive in pens treated with Nosema locustae bait 
(7.5 X 10" sporesth.). 

Weeks post-treatment 

Treatment 1 2 3 

Nosema 32.5a 23.2. 17.8a 
Check 37.5b 32.8b 26.2b 
•	 Mellns within colullIns followed by the same leller are not sib'nilicantly difFllrent (fJ > 0.05; Student

NewlIllllI·j{euls test JZar 198·11). 

Evaluation of entomophagous nematode bait 
Grasshoppers typically inhabit hot, arid environments; this imposes serious 

operational constraints on use of temperature and moisture sensitive biocontrol 
organisms such as nematodes. Previously we have evaluated antidesiccants in an 
attempt to prolong infectivity of nematodes and provide protection of foliage 
against Colorado potato beetle Leplinotarsa decemlineat.a (Say) (MacVean et al. 
1982)_ Since grasshoppers are very active, often occur on the soil surface, and 
readily consumes a variety of baits (Shotwell 1942), we sought to take advantage of 
this behavior and incorporate nematodes into bait substrates that might prolong 
nematode activity. 

Both calcium alginate capsules and alfalfa-wheat pellets increased the mortality 
rate of grasshoppers compared with that of the control (Table 4). Mortality 
(adjusted % control) was 19.1, 39.5, and 41.2% for capsules and 15.7, 29.8, 33.4% 
for pellets, respectively. 

Kayo and Nelsen (1985) reported thot beet armyworm, Spodoplera exigua 
(Hubner), larvae were infected by S. [eltiae released from calcium alginate capsules 
by the feeding activity of the caterpillars. Infection occurred on moist filter paper, 
but not on dry paper, suggesting that nematodes in a moist environment were 
capable of moving to the host and penetrating through the spiracles 01' other 
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openings. If the per os route of infection is not important, then the soil substrate 
used in these tests, although appearing to be dry, must have provided adequate 
moisture for infectivity. 

Table 4.	 Number'" of grasshoppers alive in pens treated with Steinernema 
feltiae (1 X 109/ha) formulated in calcium alginate capsules or alfalfa· 
wheat pellets. 

Days post-treatment 

Trial Treatment 2 3 

1 Capsules 46.28 1L7a 10.0. 
Pellets 46.3. 21.0b 13.0. 
Check 57.0b 43.7c 36.5b 

2	 Capsules 58.7a 42.78 41.2a 
Pellets 56.7a 48.7b 45.7a 
Cbeck 64.2a 62.2c 58.2b 

3	 Capsules 38.0a 40.7a 36.7a 
Pellets 45.2a 40.08 40.2. 
Check 54.3b 47.5b 47.0b 

.. Means with columns followed by the same letter are not signiliculltly different (P > 0.05; Student
Newman-Keuls test tZar 198·11. 

CONCLUSIONS 

Bait formulations containing carbaryl, while not as effective as aqueous spray, 
provided effective suppression of grasshoppers. Wheat bran was slightly more 
effective than rolled wheat, and generally efficacious over at least a 4-fold 
difference in availability of competing foliage. When insecticide hazard and 
environmental contamination in addition to grasshopper control efficacy are 
considered, bait formulations appear to be suitable, especially for such small·scale 
suppression programs as edges of crop fields or ornamental plantings. 

Bait formulations also were suitable for dissemination of two pathogens of 
crop-infesting grasshoppers: Nosema locustae and Steinemema feltiae. Neither 
pathogen provided high levels of control even at high application rates, but for 
situations where high levels of control are not necessary, 01' cost is not critical and 
multiple applications can be made, these pathogens might be appropriate. 
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Oliver r. Snapp, Sr., a IHominent 
entomologist for the U. S. Department of 
Agriculture fol' many years, died July 2, 
1987, in Atlanta, Georgia, at the age of 91. 
He was born in Winchester, Virginia, August 
I, 1895, graduated from the Congressional 
District Agricultural School, i\'liddleton, 
Virginia, and in 1916, received l:l bachelor of 
science degree from Virginia Polytechnic 
Institute. In 1925, he received l:l master of 
science degree from Mississippi A & M 
College (now Mississippi State University), 
followed by graduate work at the University 
of Delaware, University of rVlaryland, and 
The Ohio State University. 

Mr. Snapp began his career \\lith the 
USDA in 1917 at Mississippi A & M College 
cooperating with the Mississippi Agricultural 
Experiment Station working on control of the plum curculio. In the fall of 1920, he 
was transferred to Fort Valley, Georgia, to establish and head up the C. S. Peach 
Insect Station. This transfer was made following a devastating outbreak of plum 
curculio in the Georgia Peach Belt that year in which 85% of the peach crop was 
destroyed due to "wormy" fruit. Mr. Snapp's first efforts involved studies of the 
life history of the plum curculio. Under the direction of Mr. Snapp, the staff of 
entomologists developed a control program that involved orchard cultural practices 
and insecticide spraying directed at critical stages of the life cycle of the plum 
curculio. By 1928, the peach industry had recovered and was peaking in production. 
Mr. Snapp often stated that the plum curculio was potentially the most devastating 
pest of the peach industry. During a career of 49 years with the USDA, he 
religiously worked with all insect and mite pests of peaches and developed control 
strategies that are still being used today, He was an authority on all of the major 
insect pests associated with peaches. In addition to his expcnise with peach 
insects, he \\o'as an official weather observeI' for the U. S. Department of Commerce. 
In 1966, he was presented the Thomas Jefferson AW3l·d for continous weather 
obselvations of outstanding quality and legibility at Fort Valley, Georgia, for over 40 
years. 

Iv11'. Snapp was a charter member of the Georgia Entomological Society and 
served as its Historian for more than 20 years, He wus president of the society in 
1946 and 1947, He was presented with a silver bowl by t.he society in recognition of 
his long and distinguished service to Georgia entomology at one of its annual 
meetings at Jekyll Island, GeDl'gin. He was a member of the Entomological Society 
of America. He served on the governing board fol' :1 yenrs and was one of its 
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presidents, and had been vice chairman and chariman of section A of the society. 
He was made an honorary member of the society in 1970. He was a member of the 
Southeastern Branch of the Entomological Society of America and served as 
president in 1941 and as secretary for a number of years. He was secretary
treasurer of the Cotton States Branch of the American Association of Economic 
Entomologists for 13 years, member of the Newell Entomological Society and the 
Georgia Horticultural Society. Following his retirement, he served as a consultant 
for \Voolfolk Chemical Works, [nco During his illustrious career as an entomologist 
with the USDA, he authored 317 publications. 

Aside [rom entomology, M.r. Snapp was active in church and civic affairs as 
well. He was a member of the Fort Valley United Methodist Church and had 
served as vice chairman and chairman of the board of trustees. He was a 32 
degree Mason and Shriner, and served as Worshipful Master of Fort Valley Lodge 
No. 110 F. & A. M. in 1931 and 1932. He was honored with a 50 year award and 
certificate by the Grand Lodge of Georgia Masons. He was a member of the 
National Association of Retired Persons. 

~1r. Snapp will always be remembered as a pioneer entomologist with peaches 
in the southeastern United States. He truly was a legend in his time and \vill never 
be forgotten. \Ve were delighted and honored to have known him and fortunate to 
have shared part of our lives with him. 

He is swvived by his wife, Eloise Parham Snapp, of Atlanta, Georgia; a 
daughter, Frances Snapp Bowns of ~orcross, Georgia; two sons, Oliver I. Snapp, 
Jr. of Houston, Texas; and Robert L. Snapp of Rome, Georgia; and seven 
grandchildren. 

Carroll E. Yonce 
USDA-ARS 

8yl'on, Georgia 

John C. Alden, Jletired 
Formerly with 

Woolfolk Chemical Works, Inc. 
Fort Valley, GA 
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OBITUARY 

1E. JJirunl' §ul,,'r 

1940 - HinT 

Frank Suber, Extension Entomologist, 
University of Georgia Cooperative Extension 
SClvice, Tifton, Georgia, died July 17, in Tift 
General Hospital. Frank was born in Thomas 
Counly, Georgia, December 11, 1940. After 
completing high school at Ochlochnee High 
School, Ochlochnee, Georgia, Frank served 
in t,he U. S. Army in Vietnam where he was 
with Army lntelligence. 

After retul'Iling from Vielnam, Frank 
attended Abraham Baldwin Agricultural 
College at Tifton, Georgia. He received his 
BS in Agriculture [rom the niversity of 
Georgia in 1968, MS in Entomology from 
the University of Georgia in 1970, and PhD 
in Entomology from Clemson University in 
1972. While in school Frank served as a 
Graduate Assistant at the University of Georgia and as a Research and Teaching 
Assistant at Clemson University. 

As Extension Entomologist.. Frank was responsible for soybean, grain. and 
forage crops. DW'ing this time he was instrumental in preparing an annual 
Summary of Losses from [nsect Damage and Costs of Control in Georgia, serving 
as editor of this publication. 

Frank was an excellent taxonomist and was relied on by his co-workers in this 
field. He had the innate ability to identify insects from descliptions given over the 
telephone by county agents, farmers, and homeowners. He was seldom wrong in 
these identifications. Survivors include a son, Charles, his parents, two sisters, and 
a brother. 

Herbert Womack 
Cooperative Extension Service 

Tifton, GA 
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IN MEMORIAM 

i!lnbrrt ill. <!inltl'r 

I!105-1!ll17 

Robert R. Coker, a man with a never
ending interest in agticulture died September 
28, 1987. Much of this interest was from his 
father, and he often referred to the 
accomplishments of his father, the late David 
R. Coker, with great pride. 

Of all the improved crop varieties 
(tobacco, cotton, com, soybeans, oats, wheat, 
grain sorghum, etc.) produced by the company 
he directed, cotton was one of his favorites. 
He inherited from his father a consuming 
effort to control cotton insects and in 
particular, the boll weevil. His support of 
research to control this pest was almost as 
foremost as his desire and pride to produce 
premium cottons with the highest yield and 
the best fibe.. quality. 

With the advent of the boll weevil in the early 20's, his father, David R. Coker, 
immediately initiated experiments to develop control methods for this insect. A 
few years ago, Dr. Coker gave me a copy of a bulletin written by his father on boll 
weevil control with a mop method using a mixture of sorghum molasses and 
calcium arsenate which was applied to the growing plant with a mop. I am certain 
this was the beginning of his unceasing interest in boll weevil eradication which led 
to a lifelong work and dedication to this accomplishment. During the 1950's and 
1960's he spearheaded an effort to establish a federal boll weevil laboratory. His 
efforts to have this laboratory located in South Carolina failed because the strong 
supporter in Congress who obtained approval and funding selected the site at the 
Mississippi State Unh'ersity. Later, this same Congressman, on behalf of Dr. 
Coker, was responsible for the approval and funding of a bill to locate the USDA 
Coastal Plains Soil and \Vater Conservation Research Laboratory to serve the 
Coastal Plains of South Carolina and the Southeast, on Highway 52 near the 
Florence and Darlington County line. In 1969, he was appointed chairman of the 
Cotton Industries Special Committee on Boll \Veevil Eradication and played a 
major role in organizing a pilot boll weevil eradication experiment which was 
concluded successfully in 1973. [n December of that year, he personally presented 
a plan for boll weevil eradication developed under his leadership and presented it 
in special ceremonies to the Secretary of Agriculture in Washington, D. C. Later, 
Dr. Coker was named Chairman of a Committee on Boll Weevil Eradication 
established by the National Cotton Council to work with the USDA in implementing 
the el'adication plan. This eradication plan has been successful in North and South 
Carolina and proposals are to extend the plan to other production areas. 
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Dr. Coker consistently maintained a true and genuine interest in the research 
and education programs at the Clemson Pee Dee Research and Education Center. 
He was present for grouncibreaJrings, dedications and special programs. He supp0l1ed 
vigorously all of the work at the Center and he was lavish in his praise. Naturally, 
his principal interest was in cotton insect research and Dr. Harrie M. Taft and I 
and other project leaders visited with him at regular intervals to apprise him of 
progress and obtain his most valuable counsel and support. Many of the basic 
procedures used in the boll weevil eradication program ' ...·ere researched at the Pee 
Dee Research and Education Center. 

To fully appreciate the accomplishments and contributions of this man, in the 
aglicultul'al arena, it would have been necessary to foUow in his steps day after day 
and for years. He was held in the highest esteem and respect by all who knew him, 
not only in his company, his home town, county, state and nation but those from 
other countries as well. His personality and demeanor were such that sincere and 
lifelong friends were realized despite language barriers. Once on a trip to a remote 
cotton grm.ving valley in NaziUi, Tw·key where only Coker vIDieties were grown, he was 
received by the Director and co-workers at the Regional Cotton Research Center with 
such enthusiasm and respect that all work ceased for the day and a special tour of 
the Center and dinner given in his honor. I had never ,...itnessed such an outpowing 
of admiration for someone who had been known only by the local performance and 
worldwide acceptance of Coker Cottons. After being introduced to the research 
and support personnel and responding with characteristic sincere and appreciative 
remarks, he was afforded treatment and respect reserved for visiting dignitaries. 
Under these circumstances, the real Robert Coker as a person was revealed . 
appreciative, pleased, attentive, cowteous, responsive, channing and all the attributes 
of a southern gentleman. He left this experience with pride in Coker Cottons, in 
the many improved planting seeds of Cokers Pedigreed Seed Company and more 
determination to uphold and add to the legacy left in his hands. 

Dr. Coker was a life member of the board of trustees of Clemson University, a 
former member of the S.C. Higher Education Commission, a member of Gamma 
Sigma Delta, an agricultural honor society, an honorary member of the South 
Carolina Entomological Society, and of the Alpha Tau Omega fraternity. Since 
1974, he has been a trustee for Brookgreen Gardens. 

Dr. Coker received the following awards and honors: S.C. Farm Bureau 
Certificate of Distinguished Service, 1959; Progressive Farmer Man of the Year in 
SeJVice to S.C. Agriculture, 1964; Georgia Crop Improvement Association, Superior 
Service Award, 1971; S.C. Farmer Cooperative Council Distinguished Award, 1974; 
S.C. Association of County Agricultural Agents, Distinguished Service Award, 
1977; honorary Agronomy Club president, Clemson Agronomy Club, 1980. 

Responding to this request to present some information on the life and work of 
Robert R. Coker has proven to be an insurmountable task. His contributions were 
numerous in agriculture, business, and service to city, state and nation, but only 
agriculture was reviewed and this was reduced to cotton with only selected 
accomplishments cited. This can be characterized as an extremely small personal 
tribute to a truly great individual. 

John B. Pitner 
Resident Director, Retired 
Pee Dee Research and Educ. Ctr. 
Florence, Be 29503 
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COCHRAN SCHOLARSHIP PATRONS'
 

leI Americas Inc. 

The J. H. Cochran Memorial Scholarship is awarded annually by the South Carolina Entomologicul 
Society to a deserving graduate student. Donors .....ho contribute $1,000 or more to the Cochran 
Scholarship Fund are recognized by the Society as Cochran Scholarship Patrons. Such donations 
continually support gradullte work in entomology since only the annual inwrest is used to support the 
award. 
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Revised 1983 

SOUTH CAROLINA ENTOMOLOGICAL SOCIETY, INC. 

CONSTITUTION 

PREAMBLE
 
In order to promote the ""elfnre of persons engaged in the entomological professKln and to professionalize
 
their status; to foster and promote higher sllmdards of attainment. in their work and of qualifications for
 
engaging therein; to stri\'o for their recognition from public nnd official sources 05 a scientific group,
 
rendllring a service for the general welfare of the public; to bring about hannonious and coopemtive
 
efforts for the better unde~tanding and more efficient rendering of their duties and responsibilitie!l; to
 
bring about standardization in methods of procedures Bnd general practices in their respective fields
 
throughout the State; to encourage the establishment of courses of instruction and schools of training for
 
the pUf!>ose of increasing lhe knowledge nnd efficiency; to est.ohlillh n centrul point of reference for iL'I
 
members; to encourage reciprocal cooperntion of the various brunches and departments of entomological
 
activities in South Carolina and to cultivate close relationship tlI110ng its members, we do hereby unite inlo
 
the South Carolina "~ntomological Society, Inc.
 

ARTICLE I - Name
 
The name of this organization shall be the South Carolina Entomological Society. Inc.
 

ARTICLE 0 - Objects
 
The objects of this Association sholl be:
 

I. To further and promote a high degree of skill and efficiency among its members. 
2.	 To prO\'ide and encourage the use of educational facilities for preparing it.!! members for the better 

performance of their duties and for positions of increased sen.·ice and responsibility. 
3.	 To bring about through con~r1ed effort further improvements in the field of entomology throughout the 

State of South Carolina. 
4. The preparation, reading, and publication of papers. 
5. The dissemination of entomological infonnation to the general public. 

ARTICLE ill - Membership
 
Section l. There shllll be 5 c111sses of membership, namely:
 

I. Active h.fembership 
2. Sustaining Membership 
3. Student Membership 
4.	 Honorary Membernhip 
5.	 Emeritus Membership 

Section 2.	 Subject to the recommendation of the Membership Committee and fmal confimlation by the Board 
of Directors, any person who hilS an acth'-e interest in entomology. upon payment of dues 
hereinafter pro..·ided for, may become an acth·e member. 

Section 3.	 Subject to the recommendation of the Membership Committee and fmal confumation by the Board 
of Directors, any person or finn who is interested in tbe promotion of the field of entomolog)', 
upon payment of the dues hereinafter provided for, may become a sUlltaining member. 

Section 4.	 Subject to the recommendation of the Membership Committee and final confumation by the Board 
of Directors. any student, upon payment of the dues hereinafter provided for, may become 
a student melnoor 

Section 5.	 Upon recommendation of the Membership Committee and fmal conflJ11lalion of the Board of 
Directors, an honorary membership may be conferred upon any pergon for a distinguished 
achievement or seJ'\'ice by a vote of two·thirds of the voting members present at any annual 
meeting. Honomry membership is conferred for life. 

Section 6.	 Subject to the recommendation of the l\'lembcl1lhip COnlmittee and final confinnation of the Board 
of Directors, is defined as a fonner active member in good standing who has been retired from 
hislher principal occupation may hecome un Emeritus. WitIl the exception of gratis subscriptions, 
such a member shall have all righL'I and pri\'ileges of uctive membership and will be relieved of 
payment of dues. Emeritus membership is conferred for Ii.fe. 

357 



358	 J. Agric. Entomol. Vol. 4, No.4 (1987) 

Section 7.	 Only active, student and emeritus members in I;ood standing shall be eligible to vote or be 
eligible for election to office or to the Board of Directors, or retelltion in office. 

ARTICLE IV • Officers 
Section I.	 The officers of the Society shnll be a President., Vice-President, Secretary·Treasurer, and 

Historian who shall be elected for a tenn of one (I) yeur. Only the Secretary-Treasurer and 
Historian may succeed themselves in office, however their tenns in office shall be limited to 
three (3) consecutive years. 

Section 2.	 The officers shull be elected by a majority of votes of IIctive, student and emeritus members 
present at the annual meeting and shall be inducted into office nt the close of the llnnual 
meeting, und shall hold office until their successors have been qualified. 

Section 3.	 In the event of II vacancy in the office of President, the Vice-President shall assume the duties 
of thot office. In the event of a vacancy in any other office or directorship, an active, student 
lind/or emeritus member of the Society shall be appointed by the SOMd of Directors to hold 
such office or act as such Director until the next annual meeting at which time a member shall 
be elected. 

Section 4.	 When there is not a Quorum of six (6) members present. at any regular authorized Board of 
Directors meeting, the President is hereby aut.horized to appoint temporarily any active, 
student and/or emeritus member in good standing to act on said board at any meeting 11.'1 II 

Board of Director member with full authority. 

ARTICLE V - Directors 
Section I. The Baart! of Directors shull consist of all elected oflicers and committee chainnen appointed by 

the President. The President shall be Chainnall of the Board of Directors. 

Section 2.	 The Board of Directors shall have the rights, powers, privileges, nnd duties as are generally 
conferred upon Board of Directors, and in addition thereto, shall: 
A. Conduct and carryon the affairs and husiness of the Society. 
B. Select 11 depository or depositories for the rund of the Society. 
C.	 Devise ......ays and means of increasing the membership and providing for the financing of 

the Society. 
D.	 Fix the time and place of the annual meeting. 
E. Perform such other duties as may be specified or SI>ccifically delegated to it. 

ACTICLE VI - Voting Privileges 
Section 1. Every active, student wld emerit.us member of the Society present at the annual meetinl; and 

who is ill good standing prior to the first business meeting, shull be entitled to one vote. 

Section 2.	 In addition ta the persons nominated for such oflices by the Nomination Committee, other 
nominations for such offices may be made from the floor. 

Sect.ion 3. A majority of the voting members present at the annual meeting will constitute election. 

ARTICLE Vil - Resolutions 
Section I.	 Resolutions may be proposed in writing by five (5) voting members in good standing and 

!lubmittod in duplicate to the Secretary-Treasurer of the Society. Upon receipt of 
any such resolution, one COllY shall be delivered hy the Secret.ury-Trcllsurer to the Resolutions 
Committee. The Society shall not act on lIny resolution dealing with controversial questions 
which are fundamentally racial, religious, or political in their character. 

ARTICLE VIII - Loss of Membership 
Section L	 \Vhenever any member is deemed to have committed an act or act.<J of unprofessional conduct, the 

Board of Directors, upon the filing of a written complaint, may suspend membership in the 
Society, until a complete investigntion has been made by the Membership Committee. A two
thirds vote of the voting members present at the annual meeting is necessary to expel a 
member from the Society. 

ARTICLE IX - AmendmenLS 
Section 1.	 This COllstitutioin may be amended at Ilny annual meeting by a two-thirds vote of the 

responding, voting membershill of the Society, provided a ballot and the proposed amendment 
in writing have been mailed lo each voting member at least thirty days before such meeting, 
and that mail-ballots shall be counted as valid. Minor changes in the proposed amendment(s) 
may be mude by the Society during the course of its consideration. 



BY·LAWS
 

SOUTH CAROLINA ENTOMOLOGICAL SOCIETY. INC.
 

AMENDED 1983
 

ARTICLE - Finances 
Section 1. Annual dues for the \'orious classes of membership shall be established by the Board of 

Directors and then approved by a majority \'ote of the membership at an Annual :\1eeting. 

Section 2. Other income including thai from publications of the Society will be available. 

Section 3.	 Subscription fees lind policies shall be established by the Board of Directors and then 
approved by a majority vote of the membership at nn Annual ~'Ieeting. 

ARTICLE	 II - Duties of Officers 
Section J.	 The duties of officers sholl be such as are implied by their respective titles lind which usually 

pert.ain to their respective offices, together with such other duties as are specified in these by-lows, 
or may from time to time be delegated to them by the Board of Directors. 

Section 2.	 The President shall be chainnan of Lhe Board of Directors, preside [It the annual business 
meeting of the Societ.y, and appoint aU committee chainnen thereof, except as hereinafter 
provided. 

Section 3.	 The Secretary-Treasurer shall keep full records of all proceedings of the Society and of the 
Board of Directors, have the custody of all records and papers belonging to it, unless othel"o\'ise 
provided for, notify in writing aU officers of their elections and all members of committees of 
their appointment, give notice of the time, place, and purpose of all meetings, and conduct the 
correspondence of the Society and the Board of Directors. It shall be his duty also to notify 
any member of any change .....hich may occur in his membership status. 

Section .1.	 The Secretary-Treasurer shall have charge of nil funds of the Society and shall deposit the 
snme in a bank designated by the Board of Directors. The Secretary-Trell.!lurer shall report the 
finnncial condition of the Society to the Board of Directors whenever requested to do so. An 
annual audit .....ill be made by the Auditing Committee. 

Section 5.	 The Secretary-Treasurer shall make a ..... ritten report al the rmnunl business meeting of the 
Society. 

ARTICLE l1J - Committees
 
Section I. There shall he the rollowing standing committees:
 

(A) Nominating Committee (E) Publication Commitlee 
(8) Resolutions Committee (F) Auditing Committee 
(e) Program Committee (G) Awards Committee 
(0) Membership Committee 

Section 2.	 The Nominating Committee shall consist of three members. The Chainnan of this committee 
..... ill appoint the other members of the committee. The committee shall prepare and submit at 
the annuol meeting the names of the persons it recommends for the various offices to be filled 
by election. 

Section 3.	 The Resolutions Committee shall consist of three members. The Chairman of this committee 
will appoint the other members of the committee. It shall be the duty of the committee to 

consider all resolutions referred to it by the Secretary-Treasurer and report upon each 
resolution with its recommendation at the annual business meeting. 

Section 4.	 The Program Committee shall consist of three members. The Chairman of this committee will 
appoint the other members of the committee. It shall be the duty of the committee to make all 
arrangements for [I program at t.he annual meeting. 

Section 5.	 The Membership Committee shall consist of three members. The mtm of t.his committee 
will appoint the other members of the committee. It. shall be the duty of the committee to 
devise wllys and means of increasing the membership of the Society and to recommend 
candidates to the Boord of Directors. It shall be the duty of this Commiltee lo revie ..... annually 
the status of student members. A majority vote of the active members present shall indicate 
acceptance of the candidate as a member of the Society. 
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Section 6.	 The Publications Committee shall consist of the Editor and the Business Manager of the 
Joumal of Agricultural Entomology and their associates. It shall be the duty of the committee 
to review and edit articles and materials submitted for publication and recommend those 
articles and materials which it believes satisfactory for puhlication. It shall he the duty 
of the committee to devise ways and means for puhlication of articles. 

Section 7.	 The Auditing Committee shall consist of three members. The other members of this committee 
shall be appointed by the committee chairman. It shall be the duty of the committee to make 
an annual audit of the funds of the Society and approve the financial report of the Secretary
Treasurer made at the annual meeting. 

Section 8.	 The Awards Committee shall consist of at least two members. Additional members may be 
appointed at the discretion of the Chairman. The duties of this committee shall be to select 
awardees of any grants and prizes including any awards for presentations at meetings. 

Section 9. No individual may be a member of more than two standing committees at anyone time. 

ARTICLE IV - Application for Membership 
Section 1.	 Any person may make application for membership upon such form or forms as may from time 

to time be prescrihed by the Executive Committee. 

ARTICLE V - Amendments 
Section I. The By-laws of the Soulh Carolina Ent.omological Society may be amended at any annual 

meeting by a two-thirds vote of those members present and voting. 
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