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ABSTRACT 

The concept of eradication represents a unique nlternative to the continual control of 
livestock ectoparasites, especially when economic losses due to the parasite orc compounded 
by the transmission of diseases. A successful eradicntion program depends on detailed 
knowledge of the biology and ecology of the targeted ectoparasite. Without I,his information, 
weak points in the life cycle cannot be detcnnined and exploited. We present. in this paper a 
review of the biology and ecoID,,'Y of Amblyomma uan"ega(u/1l. (Fabricius), 8 vector of 
heartwater in the Caribbean, and discuss the implicatiotl.'1 of this infonnation for development or 
a regional eradication program. 

I(ey Words:	 Review, regional eradication program, international cooperat,ion, heartwater 
disease. 

J. Agric. Entorno!. 7(1): 1-9 (January 1990) 

The tropical bont tick, Amblyomma uariegatum (Fabricius), is a three·host tick 
of African origin imported into the Caribbean region about 1830 on cattle shipped 
from Senegal to Guadeloupe (Currasson 1941). Heartwater, a rickettsial disease of 
ruminant animals caused by Cowdria ruminantium, is transmitted by A. uariegatum 
and is endemic on the islands of Antigua, Marie Galante, and Guadeloupe (perreau 
et al. 1980, Vilenberg et al. 1984, Birnie et al. 1985). Mortality in creole cattle (Bas 
indicus) to heartwater is less than one percent annually in Guadeloupe; however, 
mortality is 10 percent or more in local breeds of goats (Anonymous 1986). 
Furthermore, when exotic (Bas taurus) breeds of cattle or goats are imported into 
heartwater endemic Breas, mortality in these animals may exceed 50 percent 
(Callow 1978). 

Epidemics of dermatophilosis, an acute skin disease caused by the bacterium, 
Dermatophilus congolensis, usually occur soon after the arrival of A. uariegatum. 
The role of A. uariegatum in the epidemiology of acute dermatophilosis is unclear, 
but it is evident that most cattle in the Caribbean are highly susceptible to this 
disease. Mortality of 80 percent or more has been reported for susceptible cattle 
on Puerto Rico (Thoen et a1. 1980), Antigua, Martinique, St. Martin, St. Lucia, and 
Nevis (Uilenberg et 01. 1984). On Guadeloupe however, local B. indicus cattle and 
local breeds of goats are almost resistant to the disease. But when cattle are 
imported into Guadeloupe, this disease can cause mortality of both B. taurns and 
B. illdicus	 breeds. 

Presented at the Expert Consultation on Erndicntion of TickR with Special Reference to thc Americas 
find Caribbcun, FAD of the Unitcr! Nutions, Mexico City, Mexico, June 1987. 

2 lmtitut D'Ele\lllge et de Medecine Veterinnire des PaYJI Tropicaux, C.R.A.A.G.. B. P. 1232. 97184, 
Poillte-a-Pitre. Cedel(, GUlldeloupe. French Wes1 Indies. 
United Statcs Department of Agriculture, Agriculture Research SelVice. Knipling-Rushlund U.S. Li\lcstock 
Insccts RClIcnrch Laborutory, P.O. Box 232, Kenville. Tcxnll 78029-0232. 
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Since 1948, A. uariegatum has migrated from Guadeloupe, Marie Galante, and 
Antigua to at least 17 of the 35 islands of lhe Lesser Antillies and to Puerto Rico 
(Fig. 1). There will always be a threat of immigration of the tick and its associated 
diseases, heartwater. and especially dennatophilosis, as long as there are established 
tick populations in the Caribbean (Barre et al. 1987). It is estimated that at least 
one island will become infested with A. uanOegatum each year (Alderink and 
McCauley 1988). The recent reintroduction of A. uariegatum in St. Croix, U.S. 
Virgin Islands, in July 1987, after it had been eradicated in 1970 (Graham and 
Hourrigan 1977), and the subsequent economic losses due to dermatophilosis in a 
dairy herd, emphasize this point. Concern among governments and other interested 
organizations has prompted much debate and as a result, a regional eradication 
program has been proposed (Anonymous 1986, 1987). 

To establish appropriate eradication strategies based on application of acaricides 
to hosts, basic knowledge describing the life history of A. uariegatum is essential 
(Bram 1975, Graham J975). We present in this paper a review of the available 
information on the biology, ecology and survivorship both on and off the host of A. 
uariegatum in the Caribbean. The importance of this infOlmation to the development 
and implementation of a regional eradication program is emphasized and discussed in 
light of ty,'o eradication strategies. 

BIOLOGY AND ECOLOGY 

Feeding pen'od of adults and acaricide treatment periods. Acaricide treatment 
intervals must coincide with the length of the feeding period of the female tick. 
Each subsequent treatment must be applied before the female mates, completes 
the engorgement process, and detaches from its host. 

In Africa (Rechav et al. 1982) female A. uariegatum do not attach to hosts 
unless there are attached males present. On Puerto Rico, females did attach to 
goats in the absence of males and the timing of male feeding resulted in changes 
in the length of the female engorgement period. When males and females were 
placed on goats at the same time, engorgement of mated females ranged from 11 
to 16 days. If males placed in cells on goats were allowed to feed for 10 days or 
more before females were introduced into the cells, females engorged in a 
minimum of 8 days (Garris 1984, G.LG., unpublished data). 

Experiments conducted in Guadeloupe with adult ticks placed on goats have 
shown that males must be attached for at least 3 days before females will attach 
(N. 8., unpublished data). In other experiments, if males are attached and sexually 
receptive, newly introduced females will readily attach, feed, and detach in a 
minimum of 7 days and on the average, in 10.6 days (N.B., unpublished data). 

Acaricide applied to the host animal at intervals within the minimum engorge
ment period for adult ticks would ensure exposure of the female. The resultant 
control would depend on the efficacy of the acaricide used. For A. uariegatum on 
Guadeloupe, a lO·day treatment interval (7 + 3 = 10) should be established. 

On Puerto Rico, the engorgement period for female ticks averaged l3.5 days in 
the laboratory (Garris 1984). This observation was incorporated into a successful 
erndication program against A. uariegatum where a treatment intelval of 14 days 
was used (Garris 1987, Garris et al. 1989). 
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Fig. I.	 A map of the Calibbean region showing the distribution of A. uan'egatum 
and the disease, helll'twater. The tick is found on at least 17 islands in 
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Distribution of adult ticks OIl the host: special acaricide application consideration. 
On Guadeloupe, eleven tick-infested cattle were anesthetized, and all ticka attached 
were grouped according to the area of the body found and then counted. Most 
ticks were found on the lower extremities; l6.5% of all ticks were found attached 
on the dewlap, 25% in the axillary areas, 13.6% in the mammary gland - scrotal 
areas, and 24% in the perineum (includes the vulva and anal areas). On goats, 
adult ticks are frequently found attached between the digits of the feel. No adults 
were found attached to sides or back of goats and only four males and two females 
were found attached to one animal's ears. Surveys conducted in Africa have shown 
the same preference of attachment sites (Yeoman & Walker 1967, MacLeod et a1. 
1977). 

The affinity of A. uariegatwn for protected areas on the body of the host 
requires special care in the application of aearicides. In an eradication program 
where hosts are sprayed with a non-systemic acaricide, considerable effort by the 
applicator must be given to treat those areas of the host body where ticks are 
found. 

Hosts used by A. uariegatum. 1'0 succeed in eradication, all potential hosts of 
the adult stages of the tick must be treated. Secondary hosts may represent 
reservoirs of ticks and may hamper the eradication process. For example, on St. 
Croix, deer were responsible for preventing the successful completion of eradication 
programs against Boophilus microplus (Canestrini) (Graham & Hourrigan 1977). 

The hosts of A. uan'egalum in Guadeloupe have been identified (Barre et al. 
t988). Five percent of all nymphs and 3% of all larvae found infesting the animals 
surveyed fed on wild animals (Table t). [n their survey, no adult A. uariegatum 
were found on dogs, but of 56 dogs examined by local veterinarians, six were 
infested with adult ticks and three of these had females atwched. The preference 
of adult A. uariegatum fol' large animals, und the high percentage of immature ticks 
found on domestic livestock in Guadeloupe (Table 1) is consistent with A. 
uariegatum in Africa (MacLeod 1970, Morcl 1980) llnd in Puerto Rico (Garris 1987). 
The knowledge that few immature ticks parasitize wild or feral animals and that 
larger domestic animals are preferred hosts fol' adults, favors an el'adication 
approach. This knowledge conbibuted to the successful eradication of .4. uanegatum 
from Puerto Rico (Garris et al. 1989). 

Because mongooses and birds are infested with some A. variegatum immatures 
(Barre et al. 1988), the movement of these hosts increases the risk of tick 
emigration from an infested area to an area where an eradication I>rogram has 
eliminated the tick. In an eradication progrllm, only those ticks on t.reated hosts 
would be exposed to acaricides. Wild secondary hosts may then temporarily isolate 
A. uan'egatum in marginal habitats away from exposw'e to aearicides. But since A. 
uariegatum adult ticks prefer to feed on domestic cattle, treatment of the domestic 
host will result in eradication (Garris et 81. 1989). 

Secondary host reinfestation problems were addressed in Puerto Rico by 
simultaneously treating large blocks of adjacent herds of cattle and releasing them 
at the same time (Gllrris et a!. 1989). A similar approach may be successful on 
other A. uariegatum-infested islands. 

Geographical distribution of A. uariegat.um on some islands in the Caribbean.. In 
Guadeloupe, the majority of livestock are produced in dry pasture habitats along 
the shore to well-drained sloping pastures below about 200 m on the mountains. 
111is area averages between 1000·2800 mm of rainfaU annually and has temperatures 
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Table I.	 The role of secondary hosts in the life cycle of Amblyomma uanegalum 
(Fabricius) in Guadeloupe.* 

Percentage of total Percentage of total 
Ticks on wild animals on domestic animals 

Adults o 100 
Nymphs 3.3 96.6 
Larvae 5.1 94.9 

*' Adopled from Barre el al. 1988. 

ranging from 22 to 25° C. All stages of A. uariegatum have been collected from 
domestic	 livestock throughout Guadeloupe year.round in these environments 
except in	 pastures higher than 200 m. In these high elevation pastures, where 
temperatures fall below 22°C and rainfall ranges between 1000·8000 mm annually, 
A uanegalum is not found attached to cattle during the cooler, wet months of the 
year. [n laboratory studies on Guadeloupe, A. uariegatum can complete its life cycle 
in a minimum of 132 days (N. 8., unpublished data) and on Puerto Rico in 142 days 
(Ganis 1984). Apparently in suitable habitat and climate in the Caribbean, there can 
be at least two generations per year (N. B., unpublished dalal, Garris 1987). 

In 1975, A. uariegatum was found infesting cattle in 23 herds in the central 
mountain	 region of Puerto Rico near Cidra and Cayey. By 1985, 188 farms on 
Puerto Rico and surrounding islands were found infested with A. [;ariegalum 
(Garris et	 al. 1989). Although environmental conditions throughout Puerto Rico 
were suitable for A. uariegatum sUlvival, the rate of spread of this tick on the main 
island was slow when compared to B. microplus (Alderink and McCauley 1989). 

Survival of A. uariegalum off the host.. A long-teml research project to detelmine 
t.he maximum longevity of all stages of A. (..'Qriegatum off the hosts has been 
completed on Guadeloupe (N. Barrc, G. I. Garris, & R. Bonhomme, unpublished 
data). fn each of two different climatic zones, one urea with 1200 mm rainfall, and 
one area with 2800 mm rainfall per year, all sUlges of A. uariegatwn were released 
in plastic containers covered with nylon mesh cloth. Ticks were released four times pel' 
year from December 1983 until March 1987 at two locations in each climatic zone; 
one in open pasture and one in a wooded area (shade) bordering the pasture. 

Among eleven releases in both low and high rainfall climatic zones, the 
maximum longevity was as follows: oviposition and egg incubation were completed 
in a maximum of 1.5 months. Larvae swvived up to 9.5 months; nymphs and flat 
adults survived 15 and 20 months, respectively (N. Barre, G. I. Garris, & R. 
Bonhomme. unpublished data). Environmental conditions in open pastures were 
less favorable for sUivivol than those found in wooded areas. 

Eradication stralegies. In an eradication program based only on acaricide 
applications to domestic hosts, there are m'o possible ways to establish the 
duration of treatment. One method involves treatment of all potential hosts for 
maximum pelied of survivorship of the target ectoparasite (Fig. 2). For A. uan·egalum 
on Guadeloupe. this period of time would be 46 months (l.5 + 9.5 + 15 + 20 = 46, 
Fig. 2). Vacated pastures become an important issue in this approach to eradication If 
all hosts are removed and kept from a given area for less than the 46 months 
required for the natural death of the ticks present when the pasture was vacated, 
animals upon return may become infested with ticks that have sUlvived. 
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Fig. 2.	 An eradication strategy based on a model of the life cycle of A. 
variegalum in Guadeloupe based on the maximum period of survival for 
all stages. 

Another approach relies on the ability of the acaricide· treatment host to collect 
and concentrate ticks. This method requires information on host finding rates and 
will depend on the parasite's host specificity. Since domestic livestock are the 
primary hosts for A. variegatum in the Caribbean (Garris 1987, Barre et al. 1988), 
this strategy could reduce the duration of an eradication program from 46 months 
to about 20 months (Fig. 3). A strategy of this type was successful on Puerto Rico 
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Fig. 3.	 An eradication strategy based on a model of the life cycle of A. 
variegatum in Guadeloupe as affected by host finding rates and control 
with ncaricides applied to domestic livestock. 

when domestic livestock and dogs were treated with an acaricide for 18 months 
(Garris et al. 1989). Observations on the infestation rates of secondary hosts such 
as dogs, mongooses, and birds become an important issue in this approach to 
eradication. On Puerto Rico, an additional 6·month surveillance program was 
followed after stoppage of acaricide treatments (Garris et al. 1989). 

CONCLUSION 

From the data presented in this paper on the biology and ecology of A. 
vanOegatum, it is reasonable to assume that if all livestock and dogs are treated 
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systematically with a suitable acaricide over 8 given time period (Figures 2 and 3), 
the eradication of A. uariegalum from the Caribbean is possible. Obviously, each 
island infested with A. uariegatum presents a different challenge and thus, requires 
8 different approach to eradication. Further research is needed to develop infonnation 
on effectiveness of new and more economical acaricides and application techniques, 
and on the application of these to the unique conditions which exist on each 
island. 

In this paper, we have not addressed the most important questions that will 
ensure success of an eradication program. Those questions involve the perception 
of the need for a program by the livestock producers and consumers in the 
Caribbean region. It will be difficult and cosUy to develop the needed producer 
support but without that support, it will be impossible to gather 100% of the 
domestic hosts of A. uariegatum for treatment with acaricides. 
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ABSTRACT 

During seven years (1974-1980), 12 purebred Angus cow-calf groups were used to assess 
the erred of procedures for controlling face and horn nics on calf weight gain, except in 1977, 
when only six groups were used due t.o partial depopulation in a brucellosis eradication 
progrnm. The 12 groups consil;t.cd of three genetic linos, Select, Control and Inbred, four 
groups in each line (two each in 1977). Half of the groups in each line were subjected to ny
control procedures eneh year, and half were not treated. Average group size was 15 cows and 
heifers and 8.5 calves. As in previously reported studies. differences in calf woight gain 
betwecn treated and untreated wcre variable from yeur to year. 

Key Words:	 "~ace nies, horn nics, Oy control, calf weight gain, Musca autunmo/is DeGeer, 
Haematobia irritans L.. Diptera, Muscidae. 

J. Agric. EntamoL 7(1): 11-15 (January 1990) 

The face fly, Musca aut.umna/is DeGeer, and the horn fly, Haematobia irriwns 
L., are the most common extel'nal parasites of cat.t1e in most of the United States 
and are considered by many beef producers to affect beef production adversely. 
Duren and O'Keefe (1972), Campbell (1976). Haufe (1982), Kinzer et al. (l984) and 
Quisenberry and Strohbehn (1984) reported that. cattle treated for horn flies with 
insecticides may gain more rapidly than untreated animals. Such weight gain 
differences were observed in some years and not in othel's by Harvey and 
Brethour (1979) and Kunz et al. (1984) while no differences were observed by 
Essig and Pund (1965) and Schreiber et al. (1987). Weight losses in treated cattle 
due to subclinical toxicity of the insecticide used were reported by Haufe and 
Thompson (1964). Weight gain advantages achieved in summer months from horn 
fly control were maintained after the horn fly season in a Kansas study (Harvey 
and Brethour 1979) and in an ]owa study (Quisenberry and Strohbehn 1984). 

The only weight gain data from face fly control experiments found in the 
literature were those reported by Arends et al. (1982) from screen cage work and 
by Schmidtmann et aJ. (1981) from pasture studies. Neither of these reports 
showed any advantage in weight gain from controlling face nies. The effects of face 
flies are difficult to separate from those of horn nies because both species are 
present at the same time of year and because the horn fly exists throughout the 
entire habitat range of the face fly. 
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The present study was undertaken to assess the combined effects of face flies 
and horn flies on calf weight gains from birth to wenning, post-weaning gains and 
gains from birth to one year of age. 

MATERIALS AND METHODS 

Face flies and horn flies were controlled from April to mid-September in six of 
12 purebred Angus cow-calf groups in six of the seven years (1974 to 1980). In 
1977, the total number of groul>s involved was only six, in three of which fly 
control procedures were used. The reduction in herd size in 1977 resulted from 
partial depopulation during a brucellosis eradication program. The cattle used 
constituted the beef herd of the University of Tennessee Plateau Experiment 
Station ncar Crossville, Tennesee. The herd consisted of three approximately 
equal-sized genetic lines, referred to as Control, Select and Inbred, each containing 
four equal-size groups. except in 1977 when only two groups from each line were 
used. HaIr of the groups in each line were randomly designated for fly control and 
the other half were untreated. All other management practices for treated and 
untreated cattle were the same. The average group size was 15 cows and heifers 
and 8.5 calves. 

Cows were bred to calve in January through March and placed on pastw'e in 
April. Calves were weaned and weighed in mid-September and confined for post
weaning feeding on a nearby section of the station. For analysis. weaning weights 
were adjusted by standard additive least-squares to a 205-d~old, mature-dam. male 
standard. and yearling weights were adjusted to a 365-d~old male standard 
(McLaren et al. 1987). 

Face dust bags on salt boxes were used for fly control in 1974. From 1975 to 
1978, face dust bags and back rubbers were used, with a single supplemental 
insecticide spray application in 1975 and t97G. Insecticide-impregnated ear tags 
were used in one treated group between 1976 to 1978 and in all treated groups 
during 1979 and 1980. Changes in methods of fly control were made only to keep 
pace with advancing technology. and no comparison of methods nor insecticides 
was intended. 

In 1974, each group was randomly assigned to a pasture. [11 1975, all ny-control 
(treated) gl'Oups were in separate pastures on the north side of the farm, and the 
untreated groups were in separate pastures on the south side of the falm. After 
1975, the locations (north or south) of treated and untreated groups were reversed 
from the locations of the previous year. Groups were occasionally moved within 
the assigned location (north or south) [0 equalize forage and water availability. 

Numbers of face nies and horn flies on the calves and cows were estimated 
weekly frolll May to weaning. Groups were approached slowly in a vehicle, and the 
number of flies were estimated with the aid of binoculars (Parrish and Gerhardt. 
1976). 

Weaning, post-weaning, and yearling weight gains were analyzed in separate 
one·way analyses of variance for each genetic line each year. These same weight 
values for all calves were analyzed also within each year in a randomized complete 
block analysis, with genetic lines as blocks and replicates as the herds within the 
genetic lines. Data from all genetic lines in all years were analyzed to evaluate 
differences in treatment for the entire experiment. 



GERHARDT AND SHRODE: Face and Horn Fly Cont.rol and Calf Weight Gains 13 

RESULTS AND DISCUSSION
 

Face fly control was variable during the seven years of this study and averaged 
43% and 44% over all years for the cows and calves, respectively (Table 1). Face 
dust bags alone were inadequate for face fly control in 1974. The random 
placement of the treated and untreated herds probably reduced the overall 
population of face flies and obscured the effect of the dust bag treatment. Face 
dust bags, back rubbers and insecticide spray (l975) resulted in better control, but 
this combination was the most expensive in tenTIS of matelials and labor. Insecticide
impregnated ear tags (1979 and L980) also resulted in good control and required 
less labor input. 

Table I.	 Average numbers of face and horn nies observed on cows and calves at 
Crossville, TN.* 

Pace nies	 Horn nics 

% % 
Year T UT Reduction T UT Reduction 

1974 Cows 19.2 21.4 10 3.4 1l.3 70 
Calves 17.3 22.0 21 0.6 2.2 73 

1975 Cows 7.6 22.6 66 3.0 69.l 96 
Calves 5.5 14.5 62 0.7 19.7 96 

1976 Cows 11.3 21.9 48 3.7 39.0 91 
Calves 9.3 18.3 49 1.7 10.4 84 

1977 Cows 13.0 17.0 24 2.2 24.0 91 
Calves 9.5 13.4 29 0.6 9.2 93 

1978 Cows 8.3 l4.5 43 1.9 57.1 97 
Calves 7.0 13.6 49 0.8 25.1 97 

1979 Cows 6.4 13.8 54 0.7 14.2 95 
Calves 5.1 10.1 50 0.2 4.5 96 

1980 Cows 3.3 9.9 67 2.8 37.5 92 
Calves 2.7 9.0 70 0.7 l4.8 95 

Mean Cows 9.87 17.31 43 2.53 36.03 93 
Calves 8.06 14.42 44 0.77 12.27 94 

• T :< Treated, liT = Untreated. 

Horn fly control was much morc consistent from year to year and considerably 
mol'c effective (Table 1). All met.hods or combinations of methods, othel' than face 
dust bags alone (1974), resulted in more than 90% control in most years. Adult 
cows supported two to five times as many horn nies as did the calves, but the 
numbers of face flies observed on the calves were almost equal to those observed 
on the cows. Within each year, percent control of both fly species was greatest 
during times when obselVed populations were highest and least at low-population 
levels. 

The differences in daily weight gain at weaning between tl'eated and untreated 
calves were variable among genetic lines and years (Table 2). Calves in the Inbred 
Iinc gained less weight than those in the other two lines and had a weight 
difference (P < 0.05) at weaning between treated and untreated groups in only one 
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Table	 2. Difference in average daily weight gains to weaning of calves treated 
and untreated for control of face and horn flies at Crossville, TN. t 

Genetic linet 

Year N Inbred Select Control Mean 

1974 126 3.4 -10.5* 0.4 - 1.7 
1975 113 0.6 -20.7" 16.9- - 1.8
1976 108 13.9- 10.9 15.9- 11.0** 
1977 61 - 1.0 -19.9- 6.3 3.5 

-14.8 .01978 90 22.0 18.4-	 C
1979 108 19.3 11.3- 6.2 7.4* 
1980 122 4.1 -14.8- 3.7 9.5 

All 728 3.2 1.7 2.5 0.7 

t Vnlues nrc differences between weight gain (kg) of treated \'!l. untreated cnlves. 
t .p < 0.05; "P < 0.01. 

year, 1976, when the difference was in favor of the treated calves. The calves of 
the Select line were the best perfonning and had weight gain differences (P < 0.05 
and P < 0.01) between treated and untreated groups in six of the seven years. 
However, in four of the years, weight gains were in favor of the untreated animals, 
which showed the higher face and horn fly loads. The treated animals in the 
Control genetic line gained more (p < 0.05) weight. only in 1975 and 1976. When 
calves of all genetic lines in each year were combined, the treated calves out· 
performed untreated calves in two years; untreated calves gained more in two 
years and in three years, there were no differences. There were no differences 
between treated and untreated calves in any of the genetic lines when all years 
were combined, nor when all lines and years were combined. 

Daily weight gain differences during the period from weaning to year-of·age 
(postrweaning gains) bet\veen treated and untreated calves were not apparent 
within genetic lines in any year nor in genetic lines com bined for all years. 

Average weight gains at one year of age were not different between treated and 
untreated calves either between genetic lines within years or bet\veen genetic lines 
in all years. This occurred regardless of differences that were present (in favor of 
either treatment group) at weaning. This is in contrast to the findings of Quisenberry 
and Strohbehn (1984) and Harvey and Brethour (1976) who reported residual 
weight differences after the fly season. Location of treated and untreated groups 
on the northern 01' sourthern part of the farm seemed to have no consistent effect 
in that in both the north and south locations, there were changes in weight gain 
rankings of treated and untreated groups from year to year. 

These data indicate that ny conb"ol in cow-calf operations in Tennessee increased 
weight gain at weaning in only some years and that benefits at one year of age are 
not apparent. As with the results of Arends et al. (l982) and Schmidtmann et al. 
(19B1), face nies have no consistent 01" lasting effect on weight gain. They are, 
however, an important factor in beef cattle production when they are present in 
large numbers because of their implication in the transmission of Moraxella bouis. 
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the causative organism of infectious bovine keratoconjunctivitis or pink eye 
(Gerhardt et al. 1982, Hall 1984). 

While face fly numbers observed in this study were similar to those in other 
studies, the observed hom fly numbers were not. The numbers of hom flies 
observed on the cattle in this study rarely exceeded a herd mean of 100 per side, 
whereas, means of from 100 to 1000 per side were common in states reporting 
losses due to horn flies. 
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ABSTRACT 

Three bioUHSUy methods were compnrcd for cvulullting citrus thrips, Scirtothrips citri 
(Moulton), insecticide resistance with susceptible and Ouvolinate resistant laboratory strains. 
The leaf dip technique at the LC:;o was 2- to 3.B-fold more sensitive to both dimethoate and 
nllvalinate than the leaf sproy t.echniQue, whereas topical application was least sensitive (up 
to 19-foJd). As the leaf dip metJlod was more sensitive llnd easier to perfonn, morlnlitics 
obtained in the laboratory bioassay were correlated with actual field mortalities at various 
dosages of Ouvalinate and fonnetanate to e\'aluate t.he suitability of this technique for 
monitoring and predicting field failures caused by insecticide resistance. Mortalities obtained 
by the dip method were ca. 2-fold higher than those observed at the same dosage in the field, 
and this method can therefore be used to conservatively estimate acmal field mortalities for 
purposes of citrus thrips resistance management. The importance of an appropriate field 
dosage for new insecticides to prevent early field failures is discussed as part of a general 
resistance management strategy. 

Key Words:	 Scinothrips citri, laboratory-field correlation, resistance management, risk 
assessment., dimethoate, nuvalinate, fonnetanate. 

J. Agric. Entoma!. 7(1); 17·27 (January 1990) 

Development of insedicide resistance among citrus thrips, Scirtothrips citri 
(Moulton) has been quite rapid and efforts have been made to curtail the spread 
of resistance and prolong the efficacy of available pesticides, since few chemical 
alternatives are available for the immediate future (Morse and Brawner 1986, 
Morse et al. 1988, Immul'aju et al. 1989). In order to implement an effective 
resistance management program, effective and reliable resistance monitoring 
techniques must be developed (Brown 1981). 

Topical application has been used as a bioassay technique on large insects such 
as adult houseflies, Musca domeslica (L.) (Dahm et al. 1961), and Heliothis 
armigera Hobner and H. uirescens (F.) larvae (McCaffery et aJ. (988). Various slide
dip methods also have been used for determining resistance levels in both 
I)redaceous nnd phytophagous miles (Croft et aJ. 1976, Dennehy and Granett 
1984). However, residual assays that utilize a known concentration of insecticide 
applied to a surface such as leaves (Morse et al. 1986, Prabhaker et al. 1988), are 
thought to simulate pesticide uptake in the field better than topical application 
(Bl'3ttsten et a1. 1986). Other residual methods include vials (Campanhola and 
Plapp 1989, Schouest and Miller 1988), petri dishes (Hinck!e et al. 1985, Grafton-

ln~ccUl: Thyslllloptera: ThripidllC. 
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Cardwell et aL 1989) or glass plates (Hassan 1983). The availability of numerous 
techniques for estimating resistance levels in various insect species, each with 
varying degrees of sensitivity (Busvine 1971, 1980), gives rise to the need of 
standardizing and employing the best method that truly represents the resistance 
pattem in the field among target pest populations. 

Citrus thrips is a serious pest of citrus in California and Arizona. Damage is 
caused by adults and immatul'es feeding on young fruit which causes scarring and 
eventual downgrading of the fruit in the packing house (Elmer et al. 1975). 
Dimethoate (an organophosphate) field failures caused by resistance have been 
documented (Morse and Brawner 1986) and formetanate (a carbarnate-formamidine) 
resistance is steadily emerging in citrus groves, particularly in Arizona, and in the 
San Joaquin Valley where almost 51 % of California citrus is grown (Pehrson et a1. 
1984, Immaraju et a1. in press, J. G. M., unpublished data). It is expected that 
several pyrethroids will be registered for citrus thrips control by 1990-1991 (Morse 
et a!. 1988) and this insecticide group has a high risk for developing insecticide 
resistance (J. A. I., unpublished data). Therefore, prophylactic resistance manage
ment procedures will be important for prolonging the effective life of these 
compounds. 

In addition to choosing the correct bioassay technique, it is equally important 
that bioassay data be correlated with expected field efficacy of the pesticide (Ball 
1981). In practice, this is rarely done and there is an implicit assumption that the 
bioassay technique accurately reflects the true resistance pattern in the field. 
Again, different testing methods reflect different resistance intensity levels among 
the same populations (Dennehy et al. 1983, McCaffery et al. 1988, Schouest and 
Miller 1988). To implement practical resistance management procedures, it is 
J1ccessmy to corTelate laboratory bioassay data to actual field mortalities (Brattsten et 
a1. 1986). In other words, if higher survivorship in a laboratory bioassay is not 
observed as a concurrent increase in survivorship in the field, the 'resistance' 
could just be an artifact of the testing methodology. In this paper, we compare 
alternative labol'fitory bioassay methods for citrus thrips resistance monitoring and 
correlate the best laboratory bioassay method with control observed after field 
pesticide application. 

MATERIALS AND METHODS 

A. Evalu.ation of Three Bioassay Methods 

Insecticides 
The insecticides used for the study were: dimethoate (Cygon 400) 43,5% EC 

(emulsifiable concentrate) and dimethoate technical (98%), both from American 
Cyanamid Company, Princeton, N.J.; fluvulinate (Spur 22EW) 22.3% emulsion in 
water and fluvalinate technical (92%), Sandoz Corp., Des Plaines, ll...; and fOlmetanate 
(Carzol 92SP) 92% soluble powder, Nor-Am Ag. Products Co., Napelville, IL. 

BajaB7 Susceptible Strain 
Citrus thrips were collected from wild Laurel sumac (Rhu.s laurina Nutt.) in 

July, 1987 neal' the town of Jesus Maria in Baja California, Mexico. This location 
was isolated from agriculture and the collection was used to initiate a colony which 
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was maintained in an isolated greenhouse on R. laurina using methods described 
by Tanigoshi and Nisbio-Wong (1981). 

SELJO Fluualinate Resistant Strain 
A dimethoate resistant colony collected from a commercial citrus grove (1'B84, 

see Morse and Brawner 1986) was used to initiate this strain which was reared on 
R. laurina and subjected to greenhouse selection with nuvalinate. A mixed-age 
population of citrus thrips (ca. 3,900·5,000 adult females) were sprayed to run-off 
with a hand-compression sprayer (X-pert 11.3 litcr sprayer, H. D. Hudson Mfg. 
Co., Rockford, IL) at one to two month intervals, when there were co. 15·20 adult 
female citrus thrips on eHch 15·cm leafy tel'minal. After one year and ten 
selections, the strain had u resistance ratio (LCr,o 01' LCoo of this strnin/LC5o 01' 

LC,. of Baja87) of 481.7 (LC,.) and 1,383.1 (LC,.) (J.A.L, unpublishcd data). 

Leal Dip Bioassay 
Tender, yet mature lemon leaves (Citrus limon (L.) Burm. F. cv. 'Lisbon') were 

dipped in six to eight serial dilutions of commercial formulations of either 
dimethoate (Cygon 4(0) or fiuYalinate Spur 22EW) suspended in distilled water 
with 0.63 milliter Triton X-lOO (Rohm and Haas, Philadelphia, PAl added as a 
wetting/sticking agent. Control leaves were dipped in distilled water and Triton X
100 (pH of control solution = 4.4). Leaves were carefully drained of excess liquid 
and air dried for 1 h before being placed in Munger cells (Munger 1942, Morse et 
al. 1986, lmmaraju et al. 1989, Immaraju et al. in press). 

Leaf Spray Bioassay 
Lemon leaves were sprayed for 3 sec using a solid cone sprayer (Devil Biss Co., 

Toledo, OH) (2.1 kg/cm2 pressure; 75-cm spray distance) with six to eight dilutions 
of commercial insecticides suspended or dissolved in distilled water with Triton X
100 added as above (Morse and Brawner 1986). Control leaves were sprayed with 
distilled water plus Triton X·I00. Leaves were dried for 1 h before being placed in 
Munger cells. 

Microapplicator Bioassay 
Adult female citrus thrips were anesthetized with C02 for 45 sec and were 

tapped onto 4.5-cm diam filter paper. Using a micro8pplicator (Arnold Type LV65, 
Burkhard Mfg. Co. Ltd., Rickmansworth, Herts., England), a 0.5-~1 insecticide 
solution droplet (technical grade insecticide dissolved in distilled acetone) was 
topically applied to individual insects. 'The droplet liberally soaked the insects and 
the filter paper drained away excess nuid. Six to eight rates were tested per 
treatment and controls were treated with acetone only. Treated insects were 
quickly transferred into Munger cells with untreated lemon leaves. 

Bioassay Procedu.re 
Dewiled descliption of the basic bioassay technique has been reported elsewhere 

(Morse et 01. 1986, Immaraju et al. in press). For all three types of bioassay, 
treated leaves (or treated insects on untreated leaves) were placed in individual 
Munger cells (Morse at al. 1986). For the leaf dip and spray bioassays, adult 
female citrus thrips aspirated into straws (12· l5 per straw) were anesthetized 
with CO~ for 45 sec and were tapped into each cell. Pre·counts of each cell were 
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recorded with five replicates I>er dosage. AU three bioassays were performed on 
each strain within one month. Mortality was assessed after 48 h. Correction for 
control mortality was made using Abbott's (1925) formula and data were analyzed 
by probit analysis (Finney 1971) using a microcomputer program written by 
Raymond (1985). Non-overlap of 95% fiducial limits was the criterion used to 
separate log dose - probit (ld-p) regressions and determine significance. 

B. Leaf Dip Bioassay and Field Mortality Correlation 

Lindcoue . Pesticide tolerant Cit.rus Thrips 
Laboratory bioassays using the leaf dip method were performed in 1988 on 

populations from two groves at the Lindcove Field Station located in Tulare 
County, Calif. (Field 23, fluvalinate; Field 14, formetanate; both C. sinensis (L.) 
Osbeck cv. 'Parent Navel'). For the field bioassay, groves were sub·divided into 
seven blocks (approximately 0.1 ha each) and were sprayed with fluvalinate or 
formetanate (at each of the six concentrations tested in the laboratory) with a 
John Bean hand sprayer (FMC Corp., Jonesboro, AR) at 35.2 kg/em'. Field 23 
received five applications of Ouvalinate (as part of a field experiment) in 1987 and 
Field 14 had not been treated since planting in 1985, except for one chlorpyrifos 
spray in 1987 to control California red scale, Aonidiella auranlii (Maskell). Groves 
surrounding Field 14, however, received one application of formetanate each year 
during May for citrus thrips control, and one application of carbaryl in 1987 for 
California red scale control. 

Riverside· Pesticide Susceptible Citnl.s Thrips 
The same experimental design was used (Field 7D, Citrus Research Center, 

University of California, Riverside, Calif.) to repent the results of the Lindcove 
correlation trial on citrus thrips populations having limited pl'cvious exposure to 
either fluvalinate or formetanate (this field had not been treated since planting in 
1984; neither of these materials had been used substantially in this area of 
California). The only difference was that an FMC DP05E hand sprayer (FMC 
Corp., Jonesboro, AR) set at 14.1 kg/cm'l was used for the field treatments. One 
half of Field 7D (C. sinensis (L.) Osbeck cv. 'Bonanza Naven was treated with 
nuvalinate and the other half was treated with formetanate. The size of each 
treatment block for the field bioassay was the same as the Lindcove trial. 

Sampling 
The distal 15·30 em of fifty young-leaf terminals were tagged and numbered in 

each treatment block (one to three terminals per tree). Adult female citrus thrips 
on each of the tagged terminals were counted both before and 48 h after 
treatment. l'vlales were few in number and were ignored for the purposes of this 
experiment. Ten successive terminals counts were pooled to form a replicate. For 
each dosage, mortality from five replicates in the field were compared with 
mortalities counted in the laboratory bioassay. As the control block exhibited 8 

slight «7%) natural population increase after 48 h, a correction was made to 
adjust for this increase using the following formula: 

(PR*C)-PS
Adjusted % mortality = * 100 

(PR*C) 
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\Vhere: 
PR = Number of citrus thrips pre-treatment; 
PS = Number of citrus thrips post-treatment; 
C = Number of citrus thrips post-treatment in the control/Number pre

treatment in the control. 

RESULTS 

Comparisons of the three bioassay methods are presented in Table 1. Control 
mortality with all three methods was low «12.5%). 

A. Evaluation of Three Bioassay Methods 

DimetllOale 
With the susceptible Baja87 strain, the results or all tJlree bioassays were 

significantly difrerent with tolerance to dimethoate decreasing, microapplicator> leaf 
spray> leaf dip (least tolerant). A similar trend was observed with the SELlO 
resistant strain (slightly resistant to dimethoate and highly resistant to fluvalinate) 
at the LC90 but no significant separation was obseJved at the LCr.o. 

With both strains, slopes of the Id-p regressions decreased as follows: leaf 
spray> leaf dip> microapplicator (lowest). The change in slope with type of 
method was most pronounced fol' the Baja87 strain (range of 1.93 Imicrol1pplicator] 
to 5.00 [leaf sprayll. 

Fluualinale 
Wit.h the exception of the SELlO strain - fluvalinate LC~o (microapplicator and 

leaf spray methods were not significantly different), the results of all three 
bioassay methods were significantly different and followed a similur trend of 
tolerance as with dimethoate (microapplicator> leaf spray> leaf dip, least tolerant). 

Slopes with nuvalinate were uniformly lower than with dimethoate but did not 
consistently follow the same pattern of leaf spray> leaf dip> microapplicator. It 
appears that with the microapplicator, there may be a problem with penetration at 
high dosages (Sato and Fukami 1985) as seen with the high nuvalinate LC90 value 
for SELlO, which contributed to a lower slope (0.92) than with either the leaf dip 
or leaf spray methods (slopes 1.51 and 1.30, respectively). 

B. Leaf Dip Bioassay and Field Control Correlation. 

Fluvatinale 
LCoo's and LC90'S to fluvalinate were approximately 2-fold (1.6 to 2.4) higher for 

the leaf dip bioassay versus the field bioassay under both low (Rive,rside) and high 
(Lindcove) field resistance conditions (non-overlap of 95% fiducial limits in each 
case, Table 2). 

Both leaf dip and field Id-p regression slopes are quite high at Riverside, 
probably because of fairly homogenous and susceptible populations reflecting the 
limited use of both fluvalinate and formetanate in the southern interior region of 
California. At the Lindcove site, the population appeared to be fairly heterogeneous 
(low slope values of 1.66 and 1.63), reflecting the higher pesticide use pattern in 
this region. 



Table 1. Probit analysis comparing three types of bioassays and two pesticides against Baja8? and SELlO strains of citrus 
thrips. 

MethodlLeaf 
Strain/ Control Slope LCw' 95% LC9Q* 95% Dip Ratio 

Method Mortality (%) n ±S.E. (ppm) fiducial limits (ppm) fiducial limits LCw LC.. 
Baja87-Dimethoate: 
MicroapplicBtor 11A 432 1.93 ± 0.21 45.6 a 36.1 - 55.8 209_8 • 15i.9- 313.4 19.0 39.6 
Leaf spray 3.7 334 5.00 ± 0.63 i.i b 6.9 - 8.6 13.9 b 12.0 - li.4 3.2 2.6 
Leaf dip 12.5 231 3.77 ± 0.51 2.4 c 2.0 - 2.8 5.3 c 4.4 - 6.9 1.0 1.0 
SELll>-Dimelhoate: 
Microapplicator 12.5 510 2.12 ± 0.21 136.2 a 106.8 - 166.0 548.8 a 439.1- i34.9 L3 1.9 
Leaf spray 11.7 342 3.29 ± 0.46 147.5 a 118.2 - 173.6 361.7 ab 301.4 - 4i4.5 1.4 1.2 
Leaf dip 8.2 401 2.85 ± 0.32 104.5 a 86.8 - 121.9 294.1 b 242.4 - 385.4 1.0 1.0 
Baja87-Fluvalinate: 
Microapp1icator 2.5 361 1.63 ± 0.19 15.2 a 11.4 - 19.2 92.6 a 6i.0 - 14i.6 13_8 6.1 
Leaf spray 3.7 312 1.65 ± 0.19 4.2 b 3.3 - 5.4 25.1 b 16.6- 46.6 3_8 l.i 
Lear dip 4.1 361 1.13 ± 0.14 1.1 c 0.8 - 1.6 15.1 c 8.5 - 36.8 1.0 1.0 
SELIQ-Fluvalinate: z 

o 
MicroapplicaLOr 11.6 316 0.92 ± 0.19 4,436.5 a 2,264.3 - 15,200.6 110,448.9 • 26,366.8 - 124,liO.0 5.4 18.9 
Leaf spray 11.0 504 1.30 ± 0.16 2,769.1 a 2,124.8 - 3,688.8 2i,016.i b 15,i51.6 - 63,633.1 3.4 4.6 
Lear dip 12.3 570 1.51 ± 0.17 822.2 b 653.4 - 1,030.8 5,833.0 c 3,898.8 - 10,631.6 1.0 1.0 

* LC(J(I's lind LCIlO'r. for ea.ch colony/pesticide followed by the Rame letter are not significantly different based on non·ovcrlup of %% fiducial limits. 



Table 2. Probit analysis comparing laboratory and field bioassays with nuvalinate and fonnetanate at Riverside and Lindcove. 

Date Slope 

Strain Tested n ± S.E. 

Fluvnlinate-Rivcrside: 
Lab 2 Sap 1988 487 2.90 ± 0.28 
Field 28 Sap 1988 953 3.61 ± 0.29 
Fluvalinale-Lindcove: 
Lab 2 Aug 1988 421 1.66 ± 0.22 
Field 2 Aug 1988 2.838 1.63 ± 0.15 
Fluvalinate-Riverside: 
Lab 1 Scp 1988 613 2.53 ± 0.28 
Field 27 Scp 1988 A07 2.22 ± 0.18 
Fluvalinate-Lindcove: 
Lab 21 Aug 1988 461 2.,,6 ± 0.31 
Field 3 Au~ 1988 2,257 1.18 ± 0.16 

LCao* 95% LC90* 95% Lab/field 

(ppm) fiducial limits (ppm) fiducial limits LC,~ LC,. 

• LCr.o's and LellO'S for each pe.... ticide/location followed by the 

2.3 a 2.0 - 2.7 6..1 a 
1.4 b 1.0- 2.0 3.2 b 

4.1 a 3.2 - 5.2 24.6 a 
1.7 b 1.1 - 2.3 10.2 b 

3.1 2.5 - 3.7 10.0 a• 
1.3 b 0.7 - 2.1 4.8 8 

;')5.4 a 47.5-66.5 17'=i.5 a 
18.8 b 10.2 - 33.5 227.9 b 

some letter llfC nOt significantly different based on 

5.3 - 8.2 1.6 2.0 
2.2 - 4.7 

16.7 -	 45.4 2.4 2.4 
8.9· 11.5 

8.1· 13.'1 2.4 2.1 
2.9- 8.5 

129.6 - 281.3 2.9 0.8 
63.7 - 978.5 

ovcrlap of 95'k fiducial limits. 
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Formetanale 
Although fiducial limits overlapped at the Le90, similar results were obtained 

with formetanate at Riverside (susceptible population). As with nuvalinate, Let;() 
and LC90 values were approximately 2-fold higher with the laboratory bioassay 
compared to the field bioassay. In contrast, with formetanate at Lindcove (high 
fonnetanate resistance), the field bioassay Id-p line was much flatter resulting in a 
somewhat higher field LC90 compared to the leaf dip bioassay. This difference is 
probably because of inconsistent kill observed in the field at lower dosages of 
formetllnate (as seen in the relatively broad LC90 fiducial limits). 

DISCUSSION 

Bioassay 
Among the three methods tested, the leaf dip method was the most sensitive to 

both fluvalinate and dimethonte. OUf results indicate that in a residual assay (both 
leaf spray and leaf dip), citrus thrips adults generally contact/absorb more 
insecticide over a 4B-h period than during a one-time acute dosing with the 
microapplicator method. Similarly, Schouest and Miller (l98B) reported that for 
pink bollworm, Pectinophora gossypielLa (Saunders), a residual vial bioassay was 
better than topical applications of pyrethroids. On the other hand, a leaf residue 
method with first instar Heliothis uirescens larvae was found to be better than a 
residual vial bioassay but a topical application bioassay in H. armigera wns more 
efficient in characterizing resistance in field populations (McCaffery et al. 1988). A 
study by HinckJe et al. (1985) with houseflies, showed that there were no differences 
between permethrin petri dish residual assays and topical applications, but the 
residual method appeared to give more consistent results. For citrus thrips, though 
the spray method may result in more repl'oducible results because of uniform 
droplet size and coverage, the versatility of the dip method is evident because it 
does not require a standardized spray chamber or microapplicator. In addition, the 
microapplicator method is less well suited for highly resistant populations because 
of possible penetration problems at higher dosages. However, the choice of the 
test leaf for the dip method may be crit.ical because of the differences in leaf 
cuticle wax composition that. could cause uneven insecticide distribution. "Ve 
believe that the addition of the wetting/sticking agent (Triton X-JOO) aids in the 
uniform distribution of the insecticide. 

The slope values with the leaf dip method were moderately steep (ranging from 
1.13 to 3.77). In a study by Dahm et al. (L961) on houseOies, topical application 
produced higher slope values than did residual assays. A higher slope value is one 
of the indicators of a good bioassay technique because it reflects the sensitivit.y of 
the assay to increasing dosages (Busvine 1971). For citrus thrips, slope \'alues 
appear to be not only dependent on the technique employed, but also on the 
chemical used· dimethoate consistently produced Id·p regression lines with higher 
slopes than did fluvalinate. 

Laboratory-Field Correlation and Ri.sh Assessment 
Our general conclusion (discounting formetanate· Lindcove) is that for both 

Ouvalinate and fonnetanate, the slopes of both laboratory and field Id-p regression 
Jines will be similar with lield bioassays resulting in somewhat lower (ca. 2·fold) 
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LC values. Thus, the laboratory leaf dip bioassay may be used to conservatively 
predict expected field efficacy of bot.h nuvalinate and fonnetanate. 

There could be several possible reasons for higher mortality observed in the 
field versus the leaf dip bioassay. In the field, some mortnlity may be caused by 
direct contact of the citrus thrips by the spray. Citrus thrips may also move 
around more in the field in response to changing sunlight and temperature 
patterns and may thus contnct greater spray residue compared to citrus thrips 
which are confined to a 3.2-cm diameter surface of sprayed leaf surface. In 
addition, the sides and tops of the Munger cells may selve as an untreated refuge 
for citrus thrips in the leaf dip bioassay resulting in lesser contact with the spray 
residue. 

This correlation between the leaf dip laboratory bioassay and mortality observed 
after field treatment, fills the need to better translate labol'atory bioassay data to 
expected field performance. For the purpose of resistance risk assessment, we 
define 'safety factor' as the proposed or recommended field application rate 
divided by the LC9tl (using the laboratory bioassay) of field populations prior to 
widespread field use of an insecticide. For example, Immal'aju et al. (in press) 
monitored nuvalinate susceptibility levels in six San Joaquin Valley citrus groves 
in 1987 (prior to registration of this material for use on bearing citrus) and found 
an average LCoo of 22.2 ppm. With a proposed field rate of 60 ppm, the 'safety 
factor' is ca. 2.7-fold. Such a low safety factor for a new insecticide could result in 
early field failures because> 3-fold increase at the LC90 would result in an LC90 
correlating with < 90% field control - probably enough to cause a field failure. 
However, if the reversion of insecticide resistance in the field is rapid in the 
absence of selection and multiple treatments are curtailed, the margin of the 
'safety factor' need not be as high as will be required for insecticides that have a 
slower rate of reversion. 

On the other hand, very high dosages (a high 'safety factor'), will result in 
accelerated rate of resistance development (GeOl'ghiou L983) and will burden the 
environment with more chemicals. As part of an effective resistance management 
strategy, an appropriate balance between these extremes is needed in determining 
use rates for new insecticides. At present, economic considerations appear to be 
the predominant factors used in determining field rates. 

Because of moderate formetanate resistance in the San Joaquin Valley (mean 
LCoo value of six field populations = 189.9 ppm, Immaraju et al. in press), the 
'safety factor' for formetanate has decreased over time, to 2.9·fold (recommended 
field rate of formetanate = 550 ppm). Therefore, unless formctanate use is curtailed, 
field failures may not. be uncommon in the future. 
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ABSTRACT 

Field chambers were developed for studies of aphids exclusive of their prcdutors on 
single compound leaves of pecall. Populations of two aphid species, Monelliopsis pecQTlis 
(Bissell) and MOllellia caryella (Fitch), were induced in separate locations to grow from 
single, isolated third insuns at various periods during the season. Populations failed to 
achieve long-tenn stability in the enclosed environments and usually declined to zero within 
several weeks of reaching variable mnximum densities. Seasonal differences in growth rates, 
population densities, and time supported on leaves were shO\l..n, with autumnal populations 
having greater stability and slower growth rates than populations induced in the spring or 
summer. 

Key Words:	 Pecan aphids, yellow pecan aphid, black-margined aphid, MOflelliopsis pecanis, 
Monellia car)'eJla, population dynamics. Aphididae. 
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The impact of foliar-feeding aphids on pecan production is exhibited as intense 
reduction in fruit quality and yields resulting from reduced photosynthesis in 
damaged leaf tissues (Tedders and Thompson 1981, Wood et al. 1987, Tedders et 
al. 1982, Alverson et al. 1983, Wood and Tedders 1985). The loss of pesticide 
efficacy for aphid control and the heightened awareness of aphid pest status have 
created a dilemma fol' growers and pecan entomologists (Dutcher and Htay 1985, 
Beshears 1988). The two species of primary conccm are the yellow pecan aphid, 
Monelliopsis pecanis (Bissell), and the black-margined aphid, Monellia caryella 
(Fitch). These aphids also produce copious amounts of honeydew, a medium for 
the growth of sooty molds which interfere with photosynthesis (Wood and Tedders 
1986). 

In ..he Southeast, yellow pecan aphids and black-margined aphids may produce 
up to 30 parthenogenetic generations in as many weeks from May through 
November (Tedders 1978). Populations usually reach high levels in late spring or 
early summer and again in fall (Alverson 1981), almost always exhibiting a 
population crash phenomenon during mid-summer that produces a characteristic 
bimodal seasonal population 1>I"ofile. M. caryella is morc sensitive to the crash 
phenomenon than M. pecanis at al1 periods during the growing season (Tedders 
1978), but the reasons are not currently understood. Tedders and Gottwald (1985) 
reported that M. caryella sometimes reject theil' host when aphid numbers are 
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large, fly in large numbers above pecan trees and then leave the orchard on wind 
currents. Anecdotal speculations among pecan entomologists have suggested 
predator-prey relationships, temperature regimes, and leaf condition as other 
reasons for the observed seasonal dynamic. The objective of OUI' study was to 
characterize seasonal population growth patterns when alate aphids are confined 
to leaves in the absence of natural enemies. 

MATERIALS AND METHODS 

Small field chambers were constructed of 3-1 plastic soft-drink bottles modified with 
access panels, ventilation panels and drainage ports covered with Lumite~ saran 
screen (Fig. 1). These cages were of sufficient size to contain a single compound 
leaf within a lightweight, wind- and rain-resistent chamber with minimal alteration 
of environmental conditions. Bottle necks were slit lengthwise to facilitate placement 
on stems; these slits were taped over with plastic tape. Each chamber was held in 
place on selected terminals by a collar of rolled foam rubber which also protected 
the terminal stem from abrasion. Velcro 'M -edged screen covers provided an access 
opening as well as ventilation. Temperature differences between the interior and 
exterior of the chambers were checked by hanging pairs of precalibrated thermo
meters, one within and one outside the bottle, both inside and outside pecan tree 
canopies in June, 1987. No differences were observed during daylight hours over a 
5-d period, and no condensation was ever observed in the bottles. \-Vhen installing 
the chambers on leaves supporting aphids, leaves were carefully examined for 
natural enemies, and all but a single third-instal' aphid were removed. 

In 1987, preliminary tests were conducted at Lugoff, se, with M. pecanis as the 
aphid of study. At the beginning of the normal June population peak, four 
chambers were initiated; aphid numbel's were recorded weekly until no live aphids 
remained in the chambers. Additional chambers were installed over leaves having 
the same species in August, four on a 'Stuart' cultivar and foul' on a 'Schley' 
cultivar. On 17 September, four additional chambers were initiated on trees that 
had been protected from earlier aphid infestations by treatment with aldicarb (5.6 
kg IAIllha) on May 15. 

In 1988, all chambers were installed and initiated with third-instal' black
margined pecan aphids on a single untreated 'Stuart' pecan tree located at Ridge 
Spring, se. New chambers were added at intervals throughout the season and 
monitored until each confined population crashed. All contained aphids were 
identified as M. carye/la. The bottles were then removed and the leaves were 
monitored for natural recolonization. The seasonal density of naturally occurring 
M. caryella. was recorded on unconfined leaves of the same tree. Voucher specimens 
of the aphid species have been placed in the Clemson University arthropod 
collection. 

RESULTS AND DISCUSSION 

M. pecanis populations which were contained in the field chambers increased 
rapidly from the single third instal' aphids initiated on 19 June, 1987, to variable 
maximums and then decreased to zero as shown in Fig. 2. The maximum increase 
occurred in the second week post-initiation, resulting in an average 7·fold increase 
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Fig. 1.	 Representation of field chambers for isolating aphids on single leaves; AP = Access panel; DP = Drainage Port (with 
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during that period. In contrast, M. pecanis failed to increase following most 
initiation attempts in field chambers during the month of August. In 22 start 
attempts, no leaves on either cultivar supported aphids for more than 2 wks. The 
period of failed starts coincided with the naturally occurring mid·season lull in the 
seasonal profile for these aphids. However, by 10 September all attempted 
initiations were successful, producing growth patterns shown in Fig. 3. Two leaves 
(not shown) died following population increases to 90 and 30 aphids/leaf over 
periods of 3 and ,I wks, respectively, presumably due to intense colonization by 
these aphids. 

On the foliage previously protected by treatment (on 15 May) with the systemic 
insecticide, aldicarb, all growth responses were similar (Fig. 4). These populations 
had not crashed by the time the observations were ceased on 29 October. 
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Fig. 2.	 MonelUopsis pecmlis population densities on leaves isolated in field 
chambers, summer, 1987. 

The 1988 assessment of black-margined aphid densities showed 8 typical 
bimodal pattern on unconfined foliage (Fig. 5). Within chambers initialized at 
various times dudng the season with M. cQ')rella, the black-margined pecan aphids 
responded in ways similar to patterns observed for M. pecanis in 1987. Contained 
populations developed rapidly to a variable maximum and declined rapidly to zero, 
but the dynamic~ of change were less severe in populations confined on late
season foliage (Fig. 6). The examples presented were selected from chambers 
installed in early-season (May-June), mid-season (July-August) and late-season 
(September-November). Because of the variation in total numbers of aphids 
obtained in each field chamber, all population growth data were transformed to 
percentages of cumulative total attained (Fig. 7). Although these transformations 
may not produce growth cUlves equivalent to those which might be derived from 
life tables, they provide a mechanism for equilibrating growth cUlves for individual 
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Fig. 3.	 Monelliopsis pecan;",; population densities on leaves isolated in field 

chambers, autumn, 1987. Populations in two chambers on each cultivar 
failed to develop. 

leaves, and the characteristics of their slopes, computed through non-linear least 
squares regression, allow for seasonal comparisons. 

The regression model fitted to these curves was the logistic expression, Y = 11/ 
(1 +eA + 81:)1 + e, where x = weeks and Y = cumulative % of aphids attained. The 
parameters of the logistic curves provide the basis for comparisons of derived 
aspects of population growth given in Table 1 (Draper and Smith 1981). These 
data indicate that the build-up time period (A/B) for aphids in the field chambers 
was greater in late season, while growth rates (B/4 and B/6) were reduced. The 
expression, B/6, is analogous to the slope of a general linear model of population 
growth. The reduction in the steepness of the slopes of these curves in late season 
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Fig. 4.	 Monelliopsis pecanis population densities on isolated (confined) foliage 
previously protected from aphid infestations by aldicarb application in 
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Selected examples of Monellia caryella population densities in field 
chambers initiated in early season (left column), rnid·season (middle 
column) and late season (right column). 

Earl!l Middle	 L.. h~ 

100
 

80
 

III
 
•• 60
 

'; 
, 40
 
E, 
u 

20
 

0 

Sept Nov0" 

Fig. 7.	 Growth curves expressed as cumulative percentages of total aphids 
counted during the periods of occwrence in each field chamber. Seasonal 
divisions into early, middle, and late, assigned to approximate of the 
three seasonal aspects of the naturally·occuning bimodal expression. 

Ma. Jun Jul AU, 

DATE 



36	 J. Agrie. Entomol. Vol. 7, No. I (l990) 

Table 1.	 Seasonal comparison of regression parameters for the logistic expression 
of Monellia calJ~lla population growth in field chambers (Y=II/(l + 
e·O\+lh)l + e).* 

PARAi'vIETERSt, t, § 
SEASONAL SEGMENT AlB B/4 B/6 

EARLY (1 MAY - 14 JULY) 3.92a 0.358 0.23a 
i'vUD (15 JULY - 31 AUG) 3.69ab 0.30a 0.20a 
LATE (I SEPT - 15 NOV) 5.93b 0.21b 0.14b 

• This expression is in tenns of cumulatjo.:e percentage of total aphids recorded per week in the time 
period from chamuer initiation to I>opuilltion crash ..... ithin chambers. 

t Parametric derivlltions from Drupcr nlld Smith (1981), 

:I: f\/B = midpoinL of regression (,:urvcs in .....eeks (one-hnlf the Lime period from initiation to cmsh); 
8/4 = muximUlll slope of regression cUI"\·es. the muximulll rate of change in uccumulating total aphids; 
8/6 = average slope of regression curves from initiation to crash. 

§ Values in any column follo.....ed by the same leller nrc not significantly different. at the 5% level using 
linear COlltrasts (LSD). 

may be attributed to relative increases in time occupied by aphids on leaves, as 
the rate funct.ion is based on equilibrated percentages in variable time. 

A comparison of actual population variables within the field chambers is given 
in Table 2. The seasonal divisions are similar to those used for making treatment 
decisions in control of these aphid species, based on physiological susceptibility of 
pecan trees to aphid damage (Ellis et al. 1984). They correspond to the three 
divisions relevant to the bimodal seasonal profile of natw'ally occurring populations: 
early-season peak, mid-season slump, late-season peak. Aphids stayed on leaves 
about twice as long in late season as in eady season. This is the reason for the 
more gradual growth rate in the derived curve parameters for that time. 

Table 2.	 Seasonal comparison of mean (± SE) population density statistics for 
Monellia caryella contained on individual pecan lcaves.* 

MAXIMUM DENSITY TIME ON LEAVES CUMULATIVE TOTAL 
SEASONAL SEG~'!ENT (APHIDS/LEAP) (WEEKS) APHIDS/LEAF 

EARLY (I MAY-14 JUL) 184.7 (82.3)a 5.6 (LO)a 3B 1.6 (206.3).b 
MID (15 JUL-31 AUG) 104.7 (39.5). 5.1 (0.6)a 195.6 ( 92.4)a 
LATE (I SEP-15 NOV) 237.0 (56.8)a 10.7 (0.6)b 989.1 (287.l)b 

•	 Meum. in fill)' column followed by Sllme letter are not significnntly different at the a'X level as 
detennined hy lenst significnnl differences (SAS Institute. Cnf)', NC). 

The maximum numbers of aphids attained within the chambers reflect the 
same modality as obselved in natural population densities, i. e., average maxima 
were lower in mid season. Accumulating the numbers of aphids recorded on 
individual leaves within each seasonal division also shows significantly greater 
(P < 0.05) seasonal support of aphid populations on foliage contained in late 
season. 

Subsequent recolonization of foliage by M. caryella during the period coincident 
with the normal faU peak was observed on six of the 13 leaves on which aphids 
had been contained in early season and on one of the seven leaves held in 
chamber during the mid-season. Mean recolonization density (± SE) in October 



37 ALVERSON and ENGLJSH: Pecan Aphid Dynamics 

reached 12 (± 5) aphidslleaf, and was not correlated with previous chamber 
densities. They did not differ significantly from the indigenous population. 

These studies indicate that M. pecanis and M. caryellll can be induced to 
relatively high population densities by confinement to leaves in the absence of 
natural enemies at any time in the growing season. Om observations (D. R. A., 
unpublished data) indicate that the seasonal dynamics of natural enemies, though 
important in pest regulation, would be insufficient in itself to account for the 
bimodal aphid pattern. The hot temperatures that often accompany population 
peaks in June and September would seem to discount temperature as the 
determinant factor also. Therefore, a host-involved mechanism of regulation is 
suggested. Confined populations of both species grow rapidly to non-maintainable 
levels and cl'ash without recovery, and the intensity of growth is greater in late 
season. Although simultaneous studies were not possible, M. caryella appeared 
easier to colonize on leaf isolates in mid-season than M. pecanis. Growth of the 
confined population of A1. pecanis was relatively unhindered on foliage that had 
been protected from previous aphid infestation. LargeI' cumulative M. cwyella 
populations were obtained by conlinement on late-season foliage. 
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ABSTRACT
 

A colJapsible bag sampler and knockdown insecticide fog were used to assess canopy 
arthropod community st.ructure during 1987 in deciduous forests of North Carolina. Coupling 
forest structure data to estimates of arthropod functional group biomass pcnnitted evaluation of 
relative efficiencies of the two sampling methods. The collapsible ba~ was more reliable and 
provided a better estimate of total resident arthrOI)od biomass on vegetation. Fogging 
yielded mOTC arthropods per person-day and greater species richness, particularly for winged 
parnsiloids. Fogging sampled n greater vertical portion of canopy hut was more SUsCel)tible 
to mechanical failure and inclement weather. The proportions of herbivore nnd carnivore 
biomnss in collapsible bag samples (63% and 35%, respectively) closely resembled those in 
fogging samples (67% and 26%). Simultaneous use of the two methods is recommended. 

!(cy Words:	 Jibrcst insecL'), canopy access, communil~'. guilds, collapsible bag, insecticide 
knockdown, fogging methods. 

J. Agric. Entomol. 7(1): 41·50 (January 1990) 

Forest canopy arthropods constitute one of the richest and least known faunas 
on earth, Discovcry of unexpectedly high arthropod species richness in tropical 
forest canopies (Erwin 1982) has rekindled interest in sampling canopy communities. 
Their typically low standing crop biomass belies the powerful regulation that 
arthropods exert on canopy dynamics (Franklin L970, Mattson and Addy 1975). 
Population changes in one group may reverberate through tl'ophic linkages to other 
compartments of the ecosystem and landscape (Coulson and Crossley 1987, Elton 
1966, Kitchell et al. 1979, Seastedt and Crossley 1984, Strand and Nagel 1972) in 
both ecological and evolutionary time (Krischik and Denno 1983, Schowalter et al. 
1981, Schowalter 1985, Whittaker 1979). 

Unfortunately our cUl'I'ent understanding of canopy arthropod community 
function suffers from a paucity of data, Only 2% (7 of 334) of papers indexed 
under "community composition, development, or structure" in recent Entomological 
Abstracts (1985- 1988) discussed entire forest canopy arthropod communities. 
Increased infornultion about canopy 81thropod community responses to environmental 
perturbation should help forest managers to minimize impacts of forest pests. 
However, quantit.ative sampling of canopy communities presents unique challenges 
due to poor acccssibility. 

A collapsible bag and knockdown insecticide were used in 198i to sample 
canopy arthropods in forests of the U. S. Forest Selvice Coweeta Hydrologic 
Laboratory and Fires Creek Recreation Area in North Carolina. The t\'"'O methods 

Presented in the St.udent S)'ml>osium "Sampling ),'lethodologies in Entomology" at the Southeastern 
Branch Meeting or the EntomoloKical Societ)· or America. Nosh\'iUe. Tennessee, January 1989. 
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were not used at the same location due to logistical constraints. However, it is 
assumed that canopy faunas sampled at Coweeta and Fires Creek, located 32 km 
apart, are similar in structure and biomass because sampling was restricted to 1) 
deciduous southern Appalachian forests of similar age, structure, and species 
composition; 2) slopes averaging 50% with a southerly aspect (except north-facing 
Watershed 18, Coweeta); and 3) elevations 550-900 m. Both locations were in the 
second year of severe drought (Swift et al. 1989). 

The objective of this paper is to critically examine these two canopy arthropod 
sampling methods and to compare their relative efficiencies and results. If the t\vo 
methods yielded similar results we would have greater insight into the value of 
comparing long-teJnl records from Coweetn hag samples with fogging data obtained at 
other sites. In this case, the Coweeta data could serve as a second "control" for 
the Fires Creek study. 

MATERIALS AND METHODS 

Selection 
The objective at Coweeta was to measure chewing herbivory and associated 

canopy arthropod community structure on three dominant tree species, folloy,,;ng 
the 1986 drought. The author wished to compare results to long-term pre-drought 
data gathered with various collapsible bag samplers at Coweeta (Crossley et al. 
1988, Hargrove 1988) and elsewhere (palmgren 1932, Kaczmarek and Wasilewski 
1977, Schowalter 1989). This was the overriding factor in choosing the collapsible 
bag for sampling at this site. 

The objective at Fires Creek was to ascertain whether canopy arthropod 
community structure differed in adjacent forests that were aerially treated or 
untreated with dinubenzuron (Blanton 1989). The nature of the research dictated 
that sampling 1) include the upper crown, 2) detect both immatuJ'es and adults, 3) 
permit estimates of arthropod biomass, and 4) be replicated in space and time. 
Most trapping methods violated constraints one, two, or three, and the collapsible 
bag method would require prohibitively large sample sizes (see comparison of 
methods, below). Insecticide knockdowns had been used elsewhere to compare 
faunas of different tree species (Southwood et al. 1982a,b, Stork 1987a,bj and 
different forests (Gagne 1979, Erwin 1983b, Broadhead and Wolda 198ii). Despite 
acknowledged biases (Wolda 1979, Broadhead 1983, Erwin 1983bj, fogging was the 
method that best satisfied the requirements of the Fires Creek study. Only 
samples from outside the dinubenzuron treatment area are discussed below, 
because they are most directly comparable to collal>sible bag samples from the 
undisturbed Coweeta forests. 

Collapsible Bag 
The device (Fig. 1) was a 175-1 Iipstop nylon bag that closed with a drawstring. 

It was attached to a support hoop with velcro tabs poked through a removable 
plastic liner. The hoop was clamped to extendable aluminum poles thut could 
reach 4 to 10 m into the canopy, or even higher when samples were taken on a 
steep slope. The bag was slipped quickly over a branch, the drowstring was pulled 
to capture resident arthropods, and the branch was cut with a pole pruner. An 
identification card was dropped into the bag, then a chloroform-soaked cotton ball 
to anesthetize the arthropods. The plastic liner bag was removed and tied off. 
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Fig. L	 Collapsible bag sampler. A: Ripstop nylon bag (0.7 X 1.1 m) has a 
smooth nylon drawstring and 6 velcro tabs (2 X 10 em). B: Tabs are 
poked through the lip of a removable plastic liner (0.9 X 1.5 m white 
trash bag) and fastened around the hoop. The hoop (0.5 em aluminum 
wire, 45 em diam) is welded to an aluminum sleeve (2.2 em 00, 10 em 
long) which is clamped snugly (1.3·2.8 em, size 10. hose clamp) in the 
slotted top of 8 hollow aluminum pole (CI: 2.4 em OD, 2.2 em ID, 4 m 
long). An identical slotted aluminum extension pole (C3) contains a 
stiffening Lube (C2: 2.2 em OD, 1.9 cm TO, 4 III long) which is shoved 
halfway up into the hoop pole and clamped over the slots. The pruner 
head (D) is bolted to an identical pole assembly. 
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The data reported here are from watersheds 2 and 18 in July and August, 1987. 
Each month along a middle·elevation road across each watershed 20 individuals of 
three dominant tree species (chestnut oak, Quercus prinus L.; flowering dogwood, 
Comus /lorida L.; and red maple, Acer rubrum L.) were selected at random and 
one branch was sampled from each. Long·term estimates of canopy arthropod 
biomass from these three species closely t.rack estimates based on larger numbers 
of tree species (Blanton, Crossley, and Risley, unpublished data). 

In the laboratory, arthropods and foliage were removed from branches. Leaves 
were photocopied, dried at 40°C and weighed. Arthropods were counted, dried at 
50°C for 24 hr, weighed, morphotyped to operational taxonomic unit (OTU) and 
stored for future I'eference (Danks 1988). 

In.secticide Fog 
Access to the> 25-m canopy was problematic due to the rugged terrain. 

Hydraulic lift trucks used for knockdown sampling in a nearby seed orchard (G. L. 
DeBarr, personal communication) and trailcred ULV foggers could not reach sites 
chosen for sampling. Backpack sprayers could not deliver mist to the upper 
crown. 

The methods of Erwin (1983a,b) and Sweney and Jones (J975) were modified 
to place ropes with pulleys in strong upper branches of tall trees, hoist a fogging 
machine (Dyna·Fog DH90B, Curtis Dyna Corp., Westfield. Indiana), and activate a 
radio-controlled solenoid to release 3.78 I of kerosene fog containing the pyrethroid 
fenvalerate (0.1% active ingredient by weight) ovcr each 6- X 25-m transect. 
Because the ropes disrupted the lower crown they were placed at least one day in 
advance, and the transect was fogged once from the ground before hoisting the 
fogger. Transects were fogged near sunrise on days with winds < 1 knot. 

Arthropods werc gathered on five 3· X 3-m nylon tarps attached by their 
corners to tree trunks (Gagne 1979). A mllson jar lined with a plastic bag and 
fastened to the center of each tarp by it."l ring selved both to pull the tarp into a 
shallow funnel and to collect arthropods 3 h after fogging. Support ropes were 
soaked with household insecticide (Raid IRI Ant and Roach Killer) to deter 
Crematogaster and Formica spp. ants from removing the catch from tarps. To 
account for possible effects of sudden wind, 20 triangular insect mounting points 
were placed on each tarp before sampling; any tarp missing more than three 
points was excluded from analysis. Samples were kept on ice until they were 
returned to the lab. Tree species, diameter at breast height, and percent cover 
over tarps were recorded on each transect for comparison with Coweeta forest 
structure data. 

Arthropods were separated from trash and processed in the same way as the 
Coweeta samples. To facilitate analysis, arthropods of both bag and fogging 
samples were assigned to guilds (functional groups) proposed by Crossley et al. 
(1976) and Stork (19870). Guilds are based primarily on feeding mode (chewing, 
sucking, or specialized) within trophic levels (herbivore, carnivore, omnivore, or 
non-feeding canopy Htourist" or scavenger). Guilds remain a useful construct for 
organizing species-rich assemblages (Root 1976), despite controversy over their 
interpretation (Heatwole and Levins 1972, Simberloff 1978, Moran and Southwood 
1982). 



45 BLANTON: Canopy arthropod sampling 

Comparison 
The collapsible bag is inexpensive, portable, and reliable. It has been used 

both day and night (Costa 1988) and from the ground, platforms (Schowalter et al. 
1981), or climbing. ropes (Risley 1983). Fogging equipment is more costly but no 
less portable. The modified Dyna·Fog weighed 14 kg when hoisted into the canopy, 
and it was carried easily as far as 1 km on steep slopes. However, the fogger had 
more downtime and requi.red frequent maintenance to keep the formulation tank 
and filter clean and the ignition system operable. Batteries for the radio control 
and solenoid were recharged daily from a truck battery. Fogging was mostly 
limited to dawn due to daily air exchange patterns (Berry 1964) and afternoon 
thunderstorms. 

The sample unit subsamplcd by the collapsible bag is the tree. Estimates of 
artJrropod intensity (mg/g foliage) can be compared among tree species (Schowalter 
and Crossley 1988). However, individual bags sample such a small portion of 
habitat that bags must be pooled to obtain sufficient representation of guilds for 
analysis (Schowalter et at. 1981, Schowalter 1989). Pooled samples lack error terms 
for guild representation within a unit of habitat for a given sampling date, so 
between·site differences in guild composition cannot be detected with standard 
statistical methods. This presented a major obstacle to using the bag method to 
compare treated and untreated areas at Fires Creek. 

The sample unit in the fogging study was not individual trees, but rather the 
150·m2 vertical portion of canOI>Y enveloped by the insecticide plume over each 
transect. A necessary assumption was that guild representation would be nearly 
constant among different tree species (Heatwole and Levins 1972, Brown and 
Southwood 1983), or at least that guilds on different trees would respond similarly 
to the knockdown. The five tarps provided an estimate of internal consistency 
(C,\'. = 20 to 35%) within each transect. 

RESULTS AND DISCUSSION 

Collecting success, the number or mass of individuals procured per unit effort 
(Disney 1986), was greater in fogging than in bag samples. A minimum crew of two 
using extended poles collect 60 collapsible bag samples in about 5 h, yielding a 
mean of 231 (± S.E. 57) individuals. Processing per bag took nearly J h. Fogging a 
tnmsect required one person spending 8·10 h spread over two days or more and 
yielded about 400 arthropods per tarp (2000 per transect). Processing per tarp 
t.ook > 8 h. 

Collecting efficiency, the percent of available numbers 01' biomass obtained by 
a sampling method (Disney 1986) appurently was greater with bags than with 
fogging. Arthropod biomass (mg/m 2 forest) in bags was calculated from arthropod 
int.ensity and foliar Iitterfall estimates fol' Watersheds 2 and 18 at Coweeta (Monk 
and Day 1985, Risley and Crossley 1988, Schowalter et al. 1981; method of 
calculation in Crossley et al. 1988). Fogging data provide a more direct estimate of 
biomass (mg arthropods/m2 of tarp). Estimates of arthropod biomass from bags at 
Coweeta (121.4 ± S.E. 30.3 mg/m 2 forest) consistently surpassed fogging estimates 
at Fires Creek (64.2 ± S.B. 10.7 mg/m'). This disparity is probably not due to 
differences in available foliage biomass at the two sites, because forest structure 
(basal area and species composition) differed little between Fires CI'eek and 
Coweeta (C. M. B., unpublished data, Monk and Day 1985). 
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This author believes that fogging is truly less efficient. Several lines of 
evidence suggest that fogging underestimates arthropod biomass. DeBarr et al. 
(personal communication) found that whole·tree knockdowns recovered only 30· 
40% of marked nymph and adult seed-bugs. Walda (1979) stated that biomass (10.7 
mg/m2) of Homoptera from fogging samples in Panama was understimated. yet the 
Fires Creek estimate (5.6 mg/m2) was even lower than his. 

Even though fogging underestimates total canopy fauna it may still provide 
useful information on community structul'e if all guilds are undel'sampled by the 
same amount. Evidence that bag and fogging samples yield similar proportions of 
individuals and mass in most guilds is provided in Fig. 2. The rank order of guilds 
bused on counts of individuals differed little between the two sampling methods, 
with a few exceptions. 

Fogging samples contained greater species richness and nearly seven times 
more individual parasitoids and tourists, relative to total catch, than did bag 
samples. Most parnsitoids and tourists are small « 3 nun) winged species that may 
not perch for long in the canopy and so are frequently missed by bag sampling. 
Despite their low biomass, parasitoids regulate populations of many other canopy 
guilds, and tourists provide steady exogenous input to canopy consumers. 

Counts of spiders and other non-insect predators were lower in fogging 
samples. Bags contained large numbers of newly hatched spiderlings and egg cases 
which, of course, are not sampled by fogging. Proportional mass intensities of non
insect predators were similar in bag and fogging samples_ 

Although the large mass intensity:individuals ratio of chewing herbivores was 
similar for both sampling methods, katydids (Tettigoniidae: Pseudophyllinae) 
predominated in fogging samples and caterpillars, including leaf tiers and webbers 
(particularly Tortricidae), were common in bag samples. This is believed to reflect 
a real difference between the methods. During preliminary tests tree crickets 
(Gryllidae: Oecanthinae) and katydids were observed to simply fold their legs and 
drop when fogged. Small caterpillars usually wriggled and dropped quickly, but 
about half of the large ones clung by their anal prolegs to branches until wind or 
ants removed them. Katydids frequently jumped clear of the bag sampler. 

Similality between estimates by bag and fogging methods is more obvious if 
guilds are collapsed further to trophic levels. Herbivores comprised 35% of 
individuals and 63% of mass intensity in bag samples, or 28% and 67% in fogging 
samples. These numbers were reversed for carni\'ores which comprised 54% of 
individuals and 35% of mass intensity in bags, with 62% and 26% in fogging 
samples. Ants averaged about 2% of individuals and mass intensity. Ants, tourists 
and scavengers together comprised about 10% of all samples. These values are 
similar to others gathered at Coweeta (Schowalter et al. 1981, Blanton 1989) and 
some other temperate zone locations (Moran and Southwood 1982, Marlin 1966), 
but differ from those of Stork (1987a) in Borneo where ants and tourists figure 
more prominently. 

SUMMARY 

Collapsible bag capture of branches from the ground provides a simple, 
repeatable method to monitor long-telm dynamics of 1m\'- to mid-canopy arthropod 
intensity, biomass, and chewing herbivory. Knockdown fogging samples a greater 
vertical portion of canopy and more arthropods per person-day than the bag, but 
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Fig. 2.	 Distribution of canopy arthropod guilds in collapsible bag and fogging 
samples from southCI'l1 Appalachian deciduous forests. Herbivores include: 
Chewers, Suckers, Floral Feeders, Grazers (of microOora), nnd Other. 
Values are percent of: (A) total number of individuals, and (B) mean 
arthropod mass intensity (mg arthropods/lOO g dry sample foliage), in 
240 bags or nine 9-m z tarps. In (B) means of bag samples were calculated 
over pooled data (60 bags) from foul' watershed-months (2 wutel'sheds X 
2 months); means of fogging samples were calculated over nine tal1Js. 
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is susceptible to mechanical failure and inclement weather. Its performance as a 
long-term monitoring tool remains to be tested. 

The collapsible bag and fogging provide comparable data on guild structure of 
canopy arthropod assemblages. The bag method provides a better estimate of 
biomass, while fogging yields greater species richness. Simultaneous use of both 
methods at the same site should provide a more complete picture of the canopy 
arthropod community than either method used alone. 

Forests are being subjected to a variety of insults such as acid rain, ozone, 
carbon dioxide enrichment, pesticides, and biotic simplification. These factors are 
likely to alter the intricate relationship between forest canopies and the arthropod 
communities they suppol'L It is hoped that this discussion of canopy sampling will 
encourage further exploration of the canopy milieu. 
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ABSTRACT 

Insect species in the genera Rh)'Clcionia and Eucosma (LcpidoIHcra: Tortricidae) nrc 
common pests of pines (Pinus 51'1>')' The larvae of some of these insects feed within stems of 
host trees, stunting or killing the growing shoot. tips. Because of their similar life histories, 
these insects present common problems for sampling. Selection of nn appropriate sampling 
method depends upon clearly defined study objectives. The ...anous sampling methods CliO 

be divided into two brond classes; (1) extensive sampling (to detcnnine relative abundance) 
and (2) intensive sampling (to dctennine absolute abundance). Specific sampling methods 
include sex-attractant or pheromone traps. host damage assessmenl.s. direct counts through 
host inspection and dissection, and radiographic techniques. The sampling methods are 
described find the biological bases for their development are discllssed. 

Key Words: Tortricidae, pine shoot borers, pine tip moths, sampling. pine shoot moths. 

J. Agric. EntomoL i(l): 51-59 (January 1990) 

A number of insect species in the family Tortl'icidae are common pests of pines 
(Pinus spp.). The larvae of some of these insects feed within stems of host trees 
near the growing shoot tips. Larval feeding stunts, deforms 01' kills infested shoots, 
resulting in reduced tree growth and/or poor form. The most important of these 
species are found in the genera Rhyacionia and Bucosma. 'l'hroughout this paper 
these insects will be referred to collectively as shoot moths, although they are also 
commonly called tip moths and shoot borers. Details of the biology, ecology, and 
control of these insects are summarized in several publications (Furniss and 
Carolin 1977, Coulson and Witter 1984, USDA 1985, Johnson and Lyon 1988). 

Because of their similar life histories and feeding habits, shoot moths present 
common problems for sampling. A variety of methods have been developed to 
sample shoot moth populations to achieve specific objectives such as delineation 
of species ranges, identification of natural mortality factors, determination of 
damage thresholds. and evaluation of control treatments. This review discusses the 
methods t.hat have been used to Saml}le shoot moth populations and the biological 
considerations underlying their development. It is based p"imarily on literature 
dealing with R. {ruslralla and E. SQnomana, although rererences to other species 
are included. I have specifically avoided discussing the statistical aspects or 
sampling which can be found in more general papers (Morris 1955, Waters and 
Henson 1959) and books devoted to that topic. 

Presemed in the Student SymlJOsium "Sampling Methodologies in EntollIology" at. the Southeastern 
Branch l'\'leeting of the Entomological Society of America, Nashville, TenllC!lsee. ,Junullry 1989. 
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DISTRIBUTION OF SHOOT MOTHS 

Prior knowledge about the distribution of an insect population can be used to 
increase the efficiency and accuracy of sampling. Much is known about the 
temporal and spatial distributions of shOOL moths which can he used in the design 
of a sampling program. 

Shoot moth phenology varies considerably among the different species. For 
example, R. buoliana completes one generation every 12 months overwintering as 
181vae, R. adana and Eucosma spp. complete one generation per year overwintering as 
pupae, and R. frustrana can have from two to six generations per year depending 
upon the climate. The general phenology of' most shoot moths is known, although 
regional variations occur and can innuencc population sampling, particularly with 
multivoltine species. The sex pheromones or attractants for six Rhyacionia spp. 
(Berisford 1982) and E. sonomana (Sower et a!. 1979) have been identified, and 
some have been used to study seasonal phenology of shoot moths in specific 
locations (Berisford 1974, Canalos and Berisford 1981, Malinoski and Paine 1988). 
A map of R. frustrana phenology in Georgia based on mean thermal requirements 
for development has been constlUcted (Ross et a!. 1989). Where ShOOL moth 
seasonal phenology is uncertain, precautions must be taken (e.g., preliminary 
studies) to ensure that sampling is conducted at the appropriate stage of moth 
development. 

Shoot moths exhibit unique spatial distributions at all levels from geographic 
ranges to within tree patterns. On the broadest scale, each shoot moth species has 
a characteristic range. Some shoot moth species are sympatric and others are 
allopntric. The two North American species of Euco~ma that bore in the shoots of 
pines are apparently allopatl'ic. The distribution of E. gloriola corresponds closely 
to the natural range of eastern white pine (P. slrobu~ L.), while E. sonomana 
follows that of ponderosa pine (P. ponderosa Douglas ex Laws.) (DeBoo ct aJ. 
1971). Some species of Rhyacionia are very similar morphologically, but have 
distinct ranges and attack different pine species. R. frustrana [lnd R. bushnelli are 
one such pair of al1opatl'ic species that are considered by some to be different 
I'aces of the same species (Berisford 1988). [n contrast, the range of R. frustrana 
overlaps with at least four other common species of Rhyacionia (Powell and Miller 
1978). R. {rustrana and R. rigidana are oft.en found in the same stands, trees, and 
even the same shoot tips (Miller and Wilson 1964, Yates 19678, Baer and Berisford 
1975). 

A number of site and stand factors innuence the occurrence and abundance of 
a given species of shoot moth within its geographic range. Each shoot moth 
species attacks some pine species more often than others. For example, in the 
Southeast, R. frustrana favors loblolly and shortleaf (P. echinata Mill.) pines, slash 
pine (P. elliottii Engelm.) is sometimes attacked, and longleaf (P. palustris Mill.) 
and eastern white pines are apparently immune to attack (Yates et al. 1981). High 
shoot moth populat.ions have been found to be associated with pW'e even-aged 
stands (Berisford and Kulman 1967, DeBoo et al. 1971), wide trce spacings (Grant 
1958, Berisford and Kulman 1967, DeBoo et at. ]971), low levels of competing 
vegetation (\-Varren 1963, Berisford and Kulman 1967, Miller and Stephen 1983, 
Ross 1989), intensive mechanical site preparation (Hertel and Benjamin 1977, 
White et al. 1984, Hood et al. 1.988), low site quality (Hood et al. 1988), and xeric 
habitats (Stoszek 1973). Some shoot moths only attack young trees, and populations 
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decrease rapidly following crown closure (DeBoo et a1. 1971, Serisford 1988). Other 
species attack trees regardless of their size or age, although they are less apparent 
in larger trees (Grant 1958, Miller 1967, Sower and Shorb 1984). 

Hedden (1979) found that a major source of variation in R {rustrarm infestations 
was between trees. This may be due to diffel'ences in the apparency or acceptabiJjty 
of different trees, since R. frustrana females lay more eggs on vigorous trees than 
on stressed trees when both are equally available (D. \\T. R., unpublished data). 
Similarly, E. sonomana is more likely to attack shoots arising from the largest 
spring buds (Sower and Mitchell 1987), which would be associated with the most 
vigorolls trees in a stand. Differential oviposition is also apparently responsible for 
the aggregated distribution of R. buoliww. among trees in a stand (Miller 1967). 

Waters and Henson (1959) found that the distribution of R. frustrana in trees, 
whorls of branches, and shoot tips followed the negative binomial, indicating a 
clumped distribution for each sample unit. \Vithin trees, the uppermost whorls 
were most likely to be attacked by R. frustrana. Numerous studies have reported 
analogous results (Serisford and Kulman 1969, Stephen and Wallis 1978, Hedden 
1979, Andersen et al. 1984). Since larval R. frustralla migrate very little during 
development (Yates 1967b), the clumped distribution of attacks must be due to the 
ovipositional behavior of adult females. In contrast to R. frustrarw, the initial 
vertical distribution of R. buoliana eggs and young larvae within a tree is roughly 
uniform, with the exception that the top and bottom branch whorls have the lowest 
densities (Miller 1967). In the spring, overwintering lalvae migrate extensively and 
become concentrated in the tops of trees. The aggregation of shoot moths in the 
upper crown during at least part of the life cycle seems to be universal among the 
species that have been studied. 

SAMPLING PROCEDURES 

The methods that have been used to sample shoot moth populations can be 
classified into two broad categories. Extensive sampling includes those methods 
that involve simple collecting or that provide only estimates of relative populations, 
while intensive sampling includes those methods that provide estimates of absolute 
populations (i.e. numbers of insects per unit area). Selection of an appropriate 
sampling method requires clearly defined study objectives. The simplest method 
which provides the neceSSaty information to answer the proposed question(s) 
should be used. Since intensive sampling requires a substantial investment of 
resources, it can only be justified when extensive methods are judged to be 
inadequate to meet the project objectives. 

Extensive Sampling 
Extensive sampling methods can be used for most purposes when estimates of 

absolute population are not necessary. For example, they can be used to determine 
shoot moth occurrence in an area or stand, species composition of populations, 
stage of development, presence of parasites, degree of parasitism, response to 
environmental factors, or general level of infestation (e.g., high, medium, or 
low). 

Some sampling objectives can be met by simply collecting a number of shoot 
moths 01' infested shoot tips from one or more stands of trees. Miller and \Vilson 
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(1964) collected infested pine shoot tips from 22 stands in seven southeastern 
states to determine the species composition of shoot moth infestations. The same 
method has been used in northeast Georgia (Baer and Serisfol'd 1975) and 
Maryland (Staines et aJ. (984). Freeman and Belisford (1979) collected ca. 15.000 
R. {rustralla-infested loblolly pine shoots which they held in a rearing cage to 
determine the degree of parasitism, the species composition of the parasitoid 
population, and emergence time of parasitoids relative to adult moths. Jennings 
(1974) collected an arbitrary sample of R. neomexicarw cocoons to determine the 
relationship between female pupal size and potential fecundity. The temporal and 
spatial restrictions on sample collection will depend upon the objectives of a 
particular study and the potential sources of variation that were discussed earlier. 

Sex attractant·baited (pheromone) traps have been particularly useful for 
sampling pine shoot. moths. They have been uscd to determine the natural 
geographic distribution of shoot moths, the suitability of potential host tree 
species (Sartwell ct fli. 1980), to monitor the spread of an introduced shoot moth 
(Daterman and McComb 1970, Daterman 1974), to detcl"mine the seasonal activity 
of shoot moths (Berisford 1974, Cannlos and Serisford 1981, Sower et aL 1982, 
Malinoski and Paine 1988), and to identify critical stages in shoot moth development 
(Canalos et aL 1983). Webb and Berisford (1978) used pheromone traps to 
determine the effects of ambient temperature on the flight of R. {ruslrana males. 
'l'rap catches may also provide reliable start points for phenolobrical models used 
to time insecticide applications for shoot moth control (Gargiullo et a!. 19838, 1984, 
1985, Malinoski and Paine 1988). 

Sampling for shoot moths often involves counting infested shoot tips as an 
index to population density. The extel'1lal symptoms of a shoot moth attack are 
recognizable only for a limited amount of time which varies with the species of 
shoot moth and host pine. For all of the shoot moths, larval feeding is not readily 
apparent until the late instal'S when infcsted shoot tips show signs of reduced 
growth, abnormal growth, or turn yellow and then red if they are killed. An exit 
hole and swelling in the stem surrounding it provide evidence of a successful 
Eucosma attack for several years following infestation (Stevens and Jennings 
1977). In contrasl, loblolly pine shoot tips killed by R. frustrana may only be 
distinguishable for one to two months following attack because of rapid tree 
growth and shedding of the dead tissue. Consequently, shoot moth damage should 
be assessed during late larval and pupal stages of developmcnt or as soon after 
ndult emergence as possible. Pheromone traps provide a reliable method of 
distinguishing the end of the pupal stage and the beginning of adult activity. 

Assessing shoot moth damage caused by multivoltine species involves some 
special considerations. Timely sampling is essential to c1eaJ'ly distinguish damage 
caused by different shoot moth generations. Fast growing trees shed shoot moth· 
killed tips soon aftel' adult emergence, while slow growing trees retain dead tips 
which quickly become indistinguishable [rom tips killed by previous shoot moth 
generations. Therefore, sampling at only one time late in the season may considerably 
underestimate damage. 

Since the number of growing shoot tips on young pine trees increases 
exponentially with increasing height (Lashomb et al. 1980). the time required to 
inspect all tips on a tree for shoot moth infestation is prohibitive, except on very 
small seedlings. Consequently, methods have been developed to reduce the time 
required to assess shoot moth damage on individual trees. Fox and King (1963) 
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proposed using counts of infested leaders, or lateral shoots in the uppermost whorl 
of branches, or both to assess R. {ruslral1a infestations. They found that leaders 
alone were a better predictor of infestation in the top level of the t.ree than were 
latel'8ls alone. They calculated that inspecting only leaders, as opposed to leaders 
and first whorl laterals, would result in an 80% savings of time with only a 10% 
loss in accuracy. 

Berisford and Kulman (1969) subsequently showed that R. {l1lslrarw infestat.ion 
in the top whorl of loblolly pine was not a good predictor of infestation in the 
whole tree. However, Stephen and \\Tallis (l978) found that the number of infested 
tips in the top whorl was a good predictor of tOlal infested tips on a tree, if the 
trees were less than three years old and tip moth density was low. Hedden (1979) 
found a strong correlation between the percentage of infested leaders per plot and 
the percentage of all shoots that were infested, although the correlation decreased 
with increasing stand age. He also found that estimates of percent infested shoots 
per plot based on a systematic subsample of one branch per whorl agreed closely 
to those obtained from counts of tips on the entire tree. Percent injured or 
infested leaders and percent injured or infested trees (at low population densities) 
were both good predictors of whole tree R. buoliana infestations in red pine (P. 
resil10sa Ait.) stands (Miller 1967). In some cases, tree height improved the 
relationship because of it.<; correlation to total number of shoot tips per tree. 

Several sampling programs have been developed to estimate relative R. {rustmna 
infestations in pine plantations. Hedden (l979) proposed using the percentage of 
infested leaders as determined on 200-400 trees along two randomly located 
transects to I'ank plantations by relative infestation. Andersen et al. (1984) used a 
sequential sampling technique to estimate, with a predetermined level of precision, 
the percent of the lotal shoot tips infested by R. rrustrana in loblolly and shol'tleaf 
pine stands. They suggested that the variation in estimates derived by their 
method could be reduced to acceptable levels by stratified sampling based on tree 
size, more clearly distinguishing new and old attacks, and sampling to include 
more trees per setling with subsampling of the shoots on the trees. Sower et al. 
(1984) recommended using sex attractant-baited traps for l>rcliminary assessments 
of E. sonomana populations over large areas and visual assessments of infested 
terminals for surveying populations in specific plantations, 

lnlensive Sampling 
Some of the methods used to estimate relative population density of shoot 

moths can be extended to provide estimates of absolule population density, but 
only for late larval and pupal stages (Gargiullo et al. 1983b). To generate estimates 
of absolute population density by these methods, information on stand structure 
and the number of shoot moths per infested tip is required. Radiographic 
techniques have been used as an alternative to dissection of infested tips to 
determine the number of shoot moths present (Yates 1967c, Stephen and Wallis 
1978. Andersen et al. (984). Stephen and Wallis (1978) published a regression 
equation to estimate the number of R. {l1lslrana irnmatures per tree from the 
number of apparently infested tips per tree. However, the validity of using this 
equation for sites and stands other than those for which it was developed has not 
been determined. 

Miller (l967) used the concept of an equivalent·tree to estimate R. buoliana 
population densities in Michigan. Beginning with a randomly chosen tree, single 
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branches were collected from successive trees in a mw such that a group of 
branches would represent a typical tree in the stand. The numbers of shoot moths 
found on individual branches were summed to estimate the mean number per tree. 
This technique was used to disperse the effects of destructive sampling and to 
account for inter-tree variation. A disadvantage of this method is that the variance 
between trees cannot be estimated, since equivalent-trees arc composed of a 
number of individuals. Also, the time required to inspect an entire tree for shoot 
moths, particularly eggs and young larvae, may prohibit the use of this method 
except with very small trees. 

A two-stage cluster sampling technique to estimate the absolut.e density of any 
immature stage of Rhyacionia spp. was developed and used to construct life tables 
for R. frustrana and R. rigidalla (Gargiullo and Bel'isford 1981. 1983, GargiulJo et aL 
1983b). This technique involves the random sampling of shoots on randomly 
selected trees within a stand. The shoots must be carefully inspected [or all life 
stages of Rhyacionia spp. The resulting data are entered into a FORTRAN 
program which calculates numbers of immlltures in each life stage per shoot, pel' 
tree. and per area (if necessary stand density data are available) along with 
variances for each estimate. The program also calculates the optimum sample size 
needed to estimate the mean numbers of immatures per tree within a desired level 
o[ precision. This is the only technique currently available to precisely estimate 
absolute population density for shoot moth immatures. 

CONCLUSIONS 

Many different methods are available to sample shoot moth populations. The 
sampling method that is most appropriate [or a particular study depends upon the 
information desired llnd the resources available for sampling. During the design of 
a sampling program, all of the possible sources of variation in shoot moth 
distribution should be considered. Failure to account for major sources of variation 
could result in unreliable or misleading conclusions. In all cases. the simplest 
method that provides the desired infomlation to meet the study objectives should 
be used. 
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ABSTRACT 

In the Mulberry River, Arkansas, Corydalus corrwtus (Megnloptera: Corydolidae) hod a 
univoltine life history with ten larval instars. Secondary production estimates (size-frequency 
method) from three adjacent rifnes ranged from 0.37 to 2.98 g/m2/yr dry weight, and annual 
PIB ratios ranged from 7.4 to 9.0. Production estimates calculated from reduced sample sizes 
yielded vuriable results but in general did not decrease production estimates. Production 
estimates for two of three rifnes changed little when sample size was reduced by one-half. 
This study suggests that single rifne sampling regimes are inadequate and may produce 
misleading results. A proposal for a stratified, inter·rirne sampling design is offered. 

Key Words:	 Corydalus comutus, life history, secondal')' production, variability, Ozarks, 
Megaloptera, Corydalidae. 
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The predaceous stream insect Corydalus comulus L. (Megaloptera: Corydalidae) 
has been the subject of numerous life history and secondary production studies. 
\Vhile life history has been investigated for the species at both northern and 
southern locations (Chandler 1956, Brown and Fitzpatrick 1978), secondary produc
tion studies have been limited to southern regions. With the exception of studies 
in Georgia (Benke el al. 1984) and South Carolina (Smock et al. 1985) all previous 
production estimates are from Texas streams (Brown and Fitzpatrick 1978, Epperson 
and Short 1987, Short et ai, 1987). Moreover, scant attention has been paid to 
variation in production estimates for C. comulus. Epperson and Short (1987) 
estimated annual production for C. comutus from five widely spaced sites in 
Guadalupe River, Texas, and Short et al. (1987) determined annual production for 
the species from foW' different south Texas streams. However, no one has addressed 
inter-rime variation in production estimates from a limited stretch of stream, or 
investigated sampling effort with regard to optimizing production estimates. 

The purpose of this paper is to examine the life history and inter-rime variation 
in the abundance, standing stock biomass and secondary production of C. comulus 
from a limited stretch of an Ozark stream. Variability of production estimates 
calculated from reduced sample sizes is also examined on an intra-riffle basis. 

Published with the approval of the Director, Arkansas Agricultural Experiment Station, Fayetteville. AR 
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METHODS AND MATERIALS 

The Mulbcl'J'Y River, Arkansas, is one of the few Ozark streams that remains in 
a near pristine condition because the stream nows almost entirely through the 
Ozark r ationsl Forest and therefore receives little anthropogenic disturbance. A 
third order (Strahler 1957) stretch of the Mulberry River between Wolf Pen 
Recreational Area and Yale in Johnson County. Arkansas (Sees. 27 - 28, T 12 N, R 
25 W), was selected as the study location. All samples and physical measurements 
were taken from three consecutive rirnes at this location (rimes A, Band C from 
downstream to upstream). Large pools, approximately 30 m in lenbrth, separated 
the riffles. The three riffles were very similar in their physical characteristics 
including temperature, velocity, discharge and substrate (Table 1). A few large 
boulders were scattered about the stream channel. The riparian canopy was \vell 
developed, and aquatic vegetation was Sl}arse. 

Benthic samples were collected with a modified Hess sampler (0.1 m2; 243-Jlm 
mesh) (Waters and Knapp 1961) from August 1985 until 1986. On each sampling 
date, 12 samples were collected from rifne A, and six each were collected from 
riffles Band C. Samples were collected twice monthly May through October and 
monthly from November through March. No collections were made during April 
due to high water levels. The total annual number of samples collected was 216 
from riffle A and 108 each were collected from rimes Band C. 

Samples were preserved in the field with 10% formalin and returned to the 
laboratory where they were sorted under lOX magnification. All C. comuLus lalvae 
were removed and enumerated, and the head capsule widths were measured (mm) 
at the eyes with an ocular micrometer mounted in 8 dissecting microscope. 
Specimens were grouped by instar and dried at WO° C for 24 h, cooled in a 
desiccator for an additional 24 h, and then weighed. 

Secondary production was estimated using the size·frequency method (Benke 
1984). The methodology of Krueger and Martin (1980) was used to calculate 95% 
confidence intervals. The cohort production interval (CPO (Benke 1979) was 
estimated at 11 months. Portions of the life cycle not spent in productive stages 
including eggs until hatching and prepupal and pupal periods were subtracted 
from the life history length to arrive at the CPI. Values of 2 weeks for egg 
development until hatching and 1 week each for the prepupal and pupal stages 
were obtained from Brown and Fitzpatrick (1978). 

In order to observe the effect of a reduction in sample size on production 
estimates, each sample from each riffle and sampling date was assigned a number 
(1-12 riffle A; 1-6 riffles B and C), and then randomized (Montgomery 1984) by 
sampling date. A group of three samples was then selected from the random order 
for both riffles Band C while groups of three, six and nine samples were chosen 
for riffle A. The data from these reduced sample groups were then used to 
estimate production assuming that mean instal' weight remained constant. 

RESULTS AND DISCUSSION 

The population of C. comulus in the Mulberry River exhibited a univoltine life 
history with approximately ten larval instars (Figs. 1 and 2). Brown and Fitzpatrick 
(1978), Epperson and Short (1987) and Short et al. (1987) all obselVed 11 distinct 
instars for C. cornulus in Texas streams. Although the single specimen that had a 



Table 1. Physical characteristics of riffles in the upper Mulberry River, Arkansas.* 

TEMPERATURE VELOCITY DISCHARGE 
RIFFLE ('C) (m/sec) (m'/sec) MAJOR SUBSTRATE TYPE 

A 20.7 1.14 3.4 Pebble, Cobble 
(6.0-32.0) (0.33-2.34) (0.10-7.76) 

B 20.6 0.06 Pebble. Cobble 
(6.0-32.0) (0.27-2.10) 

C 20.6 1.05 Pebble, Cobble 
(6.0-32.0) (0.26-2.24) 

• Values are means with rangell in parentheses. Substrate classificntion follows Wentv.·orth (1922). 
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head capsule width greater than 9.5 rom could possibly be considered an eleventh 
instar, a more conservative approach was adopted and it was grouped with the 
tenth instars. Evans and Neunzig (1984) reported that C. comutus is likely to have 
a 10·12 instars over its entire geographic range. 

Emergence of adult corydalids at the Mulberry River location was documented 
from June through August. Warren et al. (1963) reported a similar emergence 
pattern for dobsonflies in northwest Arkansas. Egg masses (Baker and Neunzig 
1968) were common on overhanging riparian vegetation and large boulders from 
late June through August, and a single unhatched egg mass was observed as late 
as 26 October. First instars were most prevalent during July and August but were 
collected from May through October, suggesting a broad range for adult emergence 
and oviposition. Individuals that hatch and start larval development late in the 
season (e.g., October) probably require an additional year to complete their 
development (Brown and Fitzpatrick 1978). No prepupae or pupae were collected 
during this study. 

The univoltine life history reported here corresponds to that accounted by 
Brown and I'itzpatrick (1978), Benke et al. (1984), Epperson and Short (1987) and 
Short et al. (1987) but contrasts with the two· to five·year life histories reported by 
Chandler (1956), Knight and Simmons (1975), and Evans and Neunzig (1984). 
Smock et at. (1985) estimated a two-year life history for C. comutus in South 
Carolina. It therefore appears that C. comutus may be principally univoltine at 
southern latitudes with longer life histories probably occurring at more northern 
locations. 

Second8lY production estimates of C. comutu5 differed substantially among 
adjacent riffles (Table 2). Production was greatest in riffle C (2.98 g/m2/yr) while 
the estimates for riffles A and B were markedly lower (0.37 and 0.90 g/m2/yr, 
respectively). However, given the broad overlap of 95% confidence intervals, none 
of the estimates can be considered statistically differ-ent (P> 0.05). Production 
variance was lowest for riffle A (2.19) in comparison to rimes B (5.53) and C 
(53.45). 

[n addition to the differences observed between riffles in production estimates, 
it was observed that larval instars were not equally represented in the three riffles. 
Only riffle C had the full complement of ten instal'S; only the first nine instars 
were found in riffle A, and only the first eight were collected from riffle B. 

The secondary production estimates calculated for C. cornutus in this study 
compare favorably with those reported in the literature (Table 3). Of these, only 
the study of Brown and I'itzpatrick (1978) did not use the size·frequency method 
for estimating production. 

Decreasing the number of samples used to calculate production yielded variable 
results depending on the number of samples eliminated and the riIDe sampled 
(Table 2). For instance, when nine random samples from the original 12 collected 
from riffle A were analyzed, the production statistics remained essentially the 
same. A similar response was observed for riffles Band C. For riffle B, standing 
stock biomass and production inceased after a reduction from six to three samples 
because the three samples that were randomly selected contained the greatest 
densities of larvae. When the sample number for riffle A was decreased to six or 
three, the production statistics departed considerably from the original 12-sample 
estimate. 



Table 2. Secondary production estimates for Corydalus cornut.us from the Mulberry River, Arkansas. August 1985·August ~ 
1986. 

NUMBER I UMBER 
OF INSTARS N B Pt PRODUCTION ANNUAL 

RIFFLE SAMPLES PRESENT (No./m') (g/m') (g!m'/yr) VARIANCE PI B 

A 12 9 0.15 0.05 0.37 (± 2.96) 2.19 7.40 
A 9 9 0.23 0.05 0.38 (± 3.54) 3.13 7.60 
A 6 9 0.09 0.05 0.29 (± 3.89) 3.78 5.80 ,... 
A 3 6 0.08 0.01 0.05 (± 1.13) 0.32 5.00 ,. 
B 
B 
C 
C 

6 
3 
6 
3 

8 
8 

10 
9 

0.37 
0.42 
1.25 
1.23 

0.10 
0.15 
0.34 
0.34 

0.90 (± 7.08) 
1.17 (± 12.50) 
2.98 (± 14.62) 
2.43 (± 16.13) 

12.53 
39.08 
53.45 
65.02 

9.00 
7.80 
8.76 
7.15 

~. 
0 

'", 
0 
3 

ALL 24 10 0.66 0.21 1.94 (± 8.67) 11.13 9.24 ~ 

• Oven dry mass. ~ 
t Values in parenthesis rcnect 95% confidence limits. .~ 
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? 
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The three-sample arrangement for riffle A yielded the smallest annual PIB 
and smallest production variance calculated in this study, but the standing stock 
biomass and production estimate were grossly underestimated. One might expect 
production estimates to more closely parallel the actual values as more samples 
are used in calculations. However, the possibility that production estimates can get 
closer to the actual value by a decrease in sample size cannot be ruled out. 

An artificial reduction in sample size such as that used in this study may have 
exaggerated production statistics in certain instances. Production estimates based 
on artificially reduced sample size should not be strictly interpreted without 
considering comparisons of all possible random sample combinations. However, 
the lise of selected randomized comparisons suggests that at least in some 
instances smaller sample sizes can yield equally reasonable estimates of production as 
larger samples sizes. 

Production also was estimated from the combined total of all 24 samples 
collected on each sampling date (Table 3). The 24·sample estimate is an inteNirne 
a\'erage of production for the three riffles. However. the inherent variability 
actually present among adjacent riffles would have been masked if the individual 
riffles had not been considered separately. 

The heterogeneous physical environment of lotic ecosystems can result in 
patchy distributions of aquatic invertebrates, in turn creating an enormous number 
of questions and problems for the investigator (Benke L984, Morin 1985. Resh 
1977, 1979). In addition to the problems associated with sampling the physical 
environment of streams, there also are varying degrees of error in the production 
methodology itself that are presently impossible or exceedingly difficult to measure 
(Benke 1984). Among these are statistical questions such as the merits of confidence 
limits (Hynes 1980, Short et a1. 1987). Because the underlying interest in sampling 
for secondary production studies is to obtain reasonably precise if not accurate 
estimates, sampling strategy is of utmost importance. The investigator should 
therefore attempt to maximize the degree of confidence in standing stock estimates 
on any given sampling date (Benke 1984). This is especially true considering that 
such a great potential for sampling error exists. Stratified sampling designs have 
been proposed to address the problems of physical heterogeneity in streams 
(Benke 1984, Resh 1977). However, these stratified designs have dealt only with 
intra-riffle concerns such as differences associated with substrate size, vegetation 
and other microhabitats. The problems in estimating production associated with 
inter-riffle variation have not been fully addressed. 

Selection of an individual riffle for a production study of an aquatic invertebrate 
can prove to be problematic. The variability encountered in this study exemplifies 
the potential problems that can arise. For instance, a production estimate based 
solely on samples collected from either riffle A or riffle C would have led to very 
different and perhaps erroneous conclusions in comparison to an analysis of all 
three riffle areas. Additionally, of the ten larval instal'S known to be present in this 
stretch of stream, only riffle C was represented by the full complement. Although 
the size·frequency method does not require the recognition of distinct instars 
(Benke 1984), the absence of particular instal'S when they are known to be present 
is an obvious source of error. The vast majority of secondary production estimates 
reported in the literature are bosed on single-rifne sampling designs. 



Table 3. Summary of the secondary production literature for Corydalus cornutus.* ""'" 

a P ANNUAL 
AUTHOR METHODt VOLTINlSM (g/m') (g/m'/yr) Pia 

• Value!! are means with ranges in parentheses. 
t IGR =: Instantaneous I::rowth method. SF::: Size frequency-method. 
::: Estimat.ed value. 
§ Ash frC'c dry mass. 
.. Based on fouf different Texas Strcums. 

Brown and Fitzpatrick (1978) 
Benke et al. (1984) 

Epperson and Short (1987) 

Short et al. (1987)** 

Smock et al. (1985) 

IGR 
SF 
SF 

SF 

SF 

SF 

Univoltine 
Univoltine 

Univoltine 

Univoltine 

Semivoltine 

0.25 
0.32 

(0.26-0.38) 
1.29§ 

(0.42-2.41) 
0.82 

(0.19-1.46) 

2.51 
1.60 

(1.30-1.89) 
12.06 

(4.60-22.90) 
8.21 

(1.62-13.19) 
0.05 

(0.002-0.84) 

9.96 
5.OO~ 

9.43 
(8.23-10.81) 

10.02 
(8.60-11.90) 

2.00 

!'
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Variability in benthic densities of aquatic invertebrates should ideally be estimated 
before undertaking a quantitative study such as secondary production estimation 
(Morin 1985, Resh 1979). However, time, energy and financial constraints generally 
prove pre~investigative work of this sort to be impractical. This particular study is 
not an exception. Use of a stratified sampling design that incorporates samples 
from several adjacent riffles may alleviate some of the problems. The number of 
samples collected from each of these areas would depend on factors such as size 
in area of the rifnes, potential microhabitat and the time and financial limits of the 
study. 

A reduction in sample size, as demonstrated in this study, need not have a 
negative impact on production estimates. For example, by artificially reducing the 
number of samples collected in this study to one~half of the actual number 
collected, a reasonable estimate of production was retained for two of three rifnes. 
In other words, an approximation of the variability in inter~riffle production 
estimates could have been obtained with one~half of the sampling effort based on 
the random samples that were analyzed. The implications of such a reduction in 
sample size for other secondary production studies are obvious. The investigator 
should not necessarily decrease the number of benthic samples to be collected on 
a given sampling date but rather should not collect them all from one rifne. [f the 
investigator elected to collect J2 samples per sampling data from a given stream, 
the samples should be taken from two or three I'iffles rathel' than from just one. 
The use of stratified, multi~rime sampling regimes may provide more insight into 
the variability that can occur in production estimates among adjacent rimes. In 
turn, more confidence may be lent to future secondary production studies. 
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ABSTRACT 

Ten methods for sampling larvae of biting midges are reviewed: sieving; salt-notation; 
sieving and salf-notation combined; sugar-flotation; Bcrlcse funnel-extraction; light-extraction; 
sand-extraction; agar-extraction; decanting; and carbon dioxide-flotation. In general, agar
extraction and salt.-notation are the most effective methods for collecting larvae. Sodium 
chloride used in notation results in faster extraction of the larvllc but causes higher mortality 
of l'irst and second iostars; magnesium sulfate results in slower collection of larvae but fewer 
deaths of younger instal'S. Sieving, sieving plus salt-nontion, and Berlese funnels cnn be used 
successfully with certain subst.rates. such as rotting leaves, aquatic plants, mosses, and t.rec
hole material. Sugar-notation provides results similar to salt-flotation with the advantage of 
less larval mortality. Sand-extraction, light-extraction. and decanting have produced less 
satisfactory results. Carbon dioxide-notation is a promising technique which should be 
explored further. 

Key Words: Ceratopogonidae. Diptera, lan'ae. immalure insects, coUecting techniques. 

J. Agric. Entomol. 7(1): 71-77 (January 1990) 

The biting midges, family Ceratopogonidae, arc a widespread and taxonomically 
diverse group of flies. They are virtually worldwide in distribution (Wirth et a1. 
1974), with 36 genera and ovel' 500 species described from North America north of 
Mex.ico (Wilkening et al. 1985). The Ceratopogonidae are of interest due to their 
medical importance as disease vectors (Kettle J962, Linley et al. 1983) and their 
ecological importance in aquatic communities (Cushman et al. 1986). 

The majority of the research conducted on this family has been directed 
toward the adult stage. There is a critical need, however, fol' studies of the 
taxonomy and biology of the immature stages. Larvae of the majority of cerato
pogonid species remain unknown. It has long been recognized that the systematics 
of this family will be fully understood only when characters of all life stages are 
examined (Saunders 1956, Ewen and Saunders 1958, Kettle and Elson 1975, 
Glukhova 197i). 

Ceratopogonid larvae inhabit n diversity of aquatic and semiaquatic habitats 
(Mullen and Hribar 1988). Recovering larvae fmm these habitats has been a 
challenge to biologists for many years. Several techniques for collecting larvae of 
the ceratopogonid genus Culicoides have been discussed in short reviews by Kline 
et al. (1975) and Jones (1978). The following ten methods for sampling larvae of 
biting midges have been developed: sieving; salt-flotation; sieving and salt-notation 

Presented in the Student Symposium "Sampling f\'lethodologies in Entomology" at the Soulheastern 
Branch Meeting or the Enlomological Society or Americo, Nnsh\'ille, Tennessee, January 1989. 
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combined; sugar-Ootation; Berlese funnel-extraction; light-extraction; sand-extraction; 
agar-extraction; decanting; and carbon dioxide-notation. 

Sieving 
Sieving can be a very productive technique for recovering biting midge larvae. 

This method is most successful when a series of graduated mesh sizes is used. 
The substrate is place in the topmost sieve and washed through with water. The 
sieves retain extraneous matter while the larvae are collected in the bottommost 
sieve, if the mesh is fine enough, or in a pan. Larvae of the following ceratopogonid 
taxa have been reported collected by sieves: severnl species of Culicoides (Jamnback 
and Wilth 1963). C. furensoides from Sphagnum moss (Cochrane 1973); C. sanguiJJuga 
(Kwan and Morrison 1974); C. furens, C. hol/ensiJJ, and C. mel/eus (Kline et al. 
1975); unidentified Ceratopogonidae from Eurasian watennilfoil, Myriophyllum spicatum 
(Pardue and Webb 1985); Alluaudomyia, Culicoides, and Dosyhelea spp. from 
rotting leaves, decaying wood, and tree-hole material (L. J. H" unpublished 
data). 

Salt-flotation 
The salt-flotation method is a relatively easy and productive means for recovering 

ceratopogonid larvae. The substrate sample is immersed in a saturated aqueous 
salt solution. Because of the difference between the specific gravities of the ISIVae 
and the solution, the larvae float to the top where they can be collected with a 
pipette or a curved needle. Magnesium sulfate and sodium chloride have both 
been used for collecting midge larvae. 

Ladell (1936) used magnesium sulfate to collect terrestrial arthropods from soil 
samples, the first reported use of salt solutions to collect insects from substrate 
samples. His technique included bubbling air through the salt solution, to help 
dislodge the insects from the soiL Several investigators have used magnesium 
sulfate~notation to recover ceratopogonid larvae: various larvae (Williams 1960); 
several Culicoides spp. (Jamnback and Wirth 1963, Cbaker 1982); and C. ooriipenniJJ 
(Mullens and Rutz 1983, Mullens and Rodriguez 1984, 1988). Davies and Linley 
(1966) used a unique modification of this method to collect larvae of Leptoconops 
spp. By their method, the substrate was gently sprinkled into the salt solution, and 
the larvae floated up to the surface where they were recovered from the meniscus. 

Rees and Winget (1979) and Rees et al. (1971) used saturated solutions of 
sodium chloride to collect laJvae of the Leptoconops kerteszi complex. Boreham's 
(1981) salt· flotation method utilized an inverted funnel. After the substrate was 
placed in a container and mixed with the saturated salt solution, a funnel was 
inverted over the substrate and then filled with more salt solution. Water of lower 
salinity was added to the container to cover the tip of the funnel to a depth of 
three centimeters. The larvae swam up into the funnel and out into the lower salt 
concentration and were collected outside the funnel. Boreham (1981) further noted 
that this method worked better when the apparatus was kept in the dark. 

Mullens and Rodriguez (1984) tested the relative efficiencies of magnesium 
sulfate and sodium chloride for collecting C. uariipenni.s lmvae. They found that 
using sodium chloride resulted in faster collection of third and fourth instars, but 
that many of the first and second instars do not survive the process. Solutions of 
magnesium sulfate were less harsh, permitting live recovery of more of the smaller 
larvae; however, a longer time was required to collect larvae. Although both salts 
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have been used successfully, sodium chloride may be preferable for economic 
reasons. Table salt (NaCl) is inexpensive and easily purchased in most places. 
Larvae of Alluaudomyia, Bezzia, Culicoides, Palpomyia, and Stilobezzia spp. have 
been collected from sandy and muddy substrates using salt flotation (L. J. H., 
unpublished data). 

There are some disadvantages to using salt-notation. The technique is time
consuming. The solution must be stirred several times during the collection 
process to assure that the salt solution penetrates the sample thoroughly. As long 
as one-half hour may elapse before the first ISlvne are collected. The ISlvae do not 
simply float to the top of the solution, as many previously-mentioned authors 
imply. They swim actively, and if one fails to capture them on the first try, they 
will often swim down into the substrate for some minutes before reappearing at 
the surface. The larvae must be collected quickly since they do not survive very 
long in the saturated salt solution. In spite of these drawbacks. salt· flotation is a 
valuable collecting technique, and live larvae may be available within an hour or 
two after returning from the field. 

Sieving and salt-flotation combined 
The combined use of sieves and the salt· flotation method is often more 

effective than using either of the two methods alone. The substrate sample is 
washed through a series of sieves as previously descJibcd. The material recovered 
in the lowermost sieve is then placed in a container with a saturated salt solution, 
where the larvae are subsequently collected on the surface of the water. The 
sieves remove much of the coarse debris which can interfere with the detection 
and final recovery of the swimming lalvae. 

Kettle and Lawson (1952) were the first to combine the two techniques; they 
collected larvae of several species each of Ceratopogon, Culicoides, and Stilobezzia. 
Other researchers have used this combination of methods to collect various 
Culieoides spp. (Glukhova 1967, Blanton and Wirth 1979), C. circumscriptu" (Becker 
1958), C. franclemonti and C. pechumani (Cochrane 1974), and Leptoconops irritans 
(ClastJier 1971). The combined method has also been used to collect Alluaudomyia, 
Culicoides, Dasyhelea, and Forcipomyia larvae from tree-hole material, decaying 
wood, and the rhizosphere of sedges and grasses (L. J. H., unpublished data). This 
combined method significantly reduces the time spent examining various substrates for 
larvae. 

Sugar-flotation 
Using sugar to extract larvae from substrate samples .....orks on the same 

principle as does salt·noration; the difference in specific gravity between the 
larvae and the solution causes the larvae to float on top of the liquid. Blanton and 
Wirth (1979) mention this method for collecting Culicoides larvae. One drawback to 
the sugar extraction method is the high cost of sugar relative to that of salt. When 
sugar is used, the lalvae remain alive considerably longer than they do in salt 
solutions, allowing one to scrutinize the sample for first and second instal'S after 
the larger lalvae have been removed. 

Beriese funnel-extraction 
Berlese funnels are commonly used to collect invertebrates from samples of 

duff and soil. They can also be used for collection of ceratopogonid larvae with 
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excellent results, particularly if one is interested in obtaining living larvae from a 
substrate which does not lend itself well to other collecting methods (e,g., aquatic 
plants, rotting leaves, some tree-hole material), Barlese funnels have been used to 
collect several species of Culicoides (Jamnback 1965, Blanton nnd Wirth 1979) and 
Forcipomyia (Saunders 1959). Berlese funnels have been used to extract IBlVac of 
Alluaudomyia, Atrichopogon, Bezzia, Culicoides, Dasyhelea, and Forcipomyia from 
samples of aquatic mosses (Fontinalis sPP.), Iiven'lorts, and decaying leaves (L. J. 
H., unpublished data). 

Light-extraction 
Light-extraction works because larvae are attracted to light and thus can be 

concentrated and collected. In one variation of this method, the substrate is placed 
in a vessel with a layer of gauze covering an opening on the bottom. The vessel is 
placed in a pan of water, and the entire apparatus is exposed to light. The biting 
midge larvae swim toward the light source and can be collected from the water in 
the pan. Smith and Lowe (1948) collected Leptoconops larvae in this manner, 
whereas Dzhafarov (L964) used this method to collect larvae of Culicoides, Lepto
conops, and Forcipomyia subgenus Lasiohelea. Another variation of this method 
requires only that the substrate be immersed in water and then exposed to a 
strong light on one side. This method is useful for collecting smaller instal'S from 
sediment samples, where they are usually visible only with difficulty (L. J. H., 
unpublished data). 

There has been some disagreement in the literature concerning the response of 
biting midge larvae to light stimuli. A negative response to light has been noted 
for C. furens and C. phlebotomus (painter 1927), C. dove; (Hull et 01. 1934), C. 
accarensis (Carter et al. 1920), and for several other Culicoides spp. (Kettle and 
Lawson 1952). Megahed (1956), however, reported that larvae of C. nubeculosus 
responded positively to light. Becker (1958) correlated the response of C. circum
scriplus to light with their feeding behavior. observing that recently fed larvae 
retreated from light while unfed larvae moved toward light. However, Becker 
(1958) was unable to demonstate similar behavior by C. maritimus. It appears that 
the successful use of light·extraction may be influenced by the species being 
collected and the time since the larvae have last fed. Light·extraction is rarely 
used anymore, as more efficient and simpler methods of collection have been 
devised. Glukhova (1967) found this method to be so unsatisfactory that it was 
abandoned fol' other, more erlicient t.echniques. 

Sal1d·extraction. 
Sand·extraction has proven to be a useful technique for collecting some species 

of ceratopogonid larvae, particularly C. furens (Bidlingmeyer 1957, Kline et al. 
1975). In this method, the substrate was placed in a container and covered with 
clean sand. The sand was then covered with water and allowed to stand for 24 
hours. The l8Ivae moved upwards through the substrate to just below the surface 
of the sand. The sand was then removed from the containel' and passed through 
sieves to recover larvae. 

Agar·extractiofJ 
Agar·extraction was developed by Kline et 01. .(1981) for collection of C. 

mississippiensis larvae from soil samples taken in salt marshes. A 2% water-agar 
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mixture was poured onto the substrate sample and allowed to harden. The larvae 
entered the agar via the agar-soil interface and burrowed upwards to the surface. 
It was believed that the anaerobic conditions created by the agar drove the larvae 
upward. They were prevented from reentering the agar by the high surface 
tension. The larvae were easily removed from the agar surface by washing them 
into a jar with a spray of water from an ordinary laboratory wash bottle. Kline et 
al. (198l) recommended that 300 ml of agar be used for a sample of 0.8·1 volume. 
Within 48 hours, they collected 72% of the larvae present in their samples. 

This method has been used successfully to collect. Alluaudomyia, Bezzia, 
Culico£des, Palpomyia, Sphacromias, and Stilobezzia Ialvae from sandy or muddy 
substrates (L. J. H., unpublished data). Tn general this technique works well. The 
sides of the container into which the substmte is placed must be kept clean and 
dry or the agar will not adhere to form a seal along its edge. Care should be taken 
to avoid excessive water in the sample 01' the agar will be too soft for the 
technique to work properly. 

Decanting 
Decanting larvae from standing water, or elutriation, has been used to collect 

C. melleus larvae (Jamnback and Wall 1958), several other Culicoides spp. (Jamnback 
1965), and Leptoconops spp. (Smith and Lowe 1948). Jamnback (1965) decanted 
larvae of tree-hole breeding species of Culicoides from the water found in cavities 
of trees. Jamnback and Wan (1958) and Smith and Lowe (1948) extracted larvae 
from soil samples by flooding the sample with water and then decanting the top 
layer of the water containing the larvae from the mixture. Simple decanting of 
larvae has proven to be a tedious and often unproductive process, and for this 
reason has not been widely used. 

CarbOll dioxide-flotation 
Peters and Soponis (1983) devised a method for using carbon dioxide to extract 

small chironomid larvae from sand samples. They used club soda as a source of 
gas in their original method, although they later modified the technique to use 
pressurized gas from a tank. They claimed that, with three or foul' rinses, between 
80% and 95% of the invertebrates in a sample could be extracted. Hribar 
(unpublished data) used this technique once with a sandy·c1ay substrate which had 
been found to contain larvae of Bezzia nobi/is on previous occasions. 'When club 
soda was added to the substrate, larvae of this species Quickly floated to the 
surface where they were easily collected. This technique could prove to be a 
valuable collecting method for various taxa in a number of different substrates. 
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ABSTRACT 

Feeding rates of the first three larval instars of Cnophalocrocis medilUllis on rice plants 
were significantly lower than those of the fourth and fifth ins lars. The first three ins lars 
consumed less than 10% of the larva's total consumption. Feeding also decreased with 
increasing plant age. The model, C

t 
e li' - 1.0, from hatching to day, I, well described data=0 

for all the plant stages examined. Changes in the feeding rate constant, P. were proportional 
to plant stages. eXI}ressed in days after sO\"'ing (DAS) and the relationship was well 
described by a linear model, f3 = 0.213 - 0.0008 DAS. 

Key Words: Cnaplwlocrocis m(!dilJalis, rice leaffolder, feeding rate, rice. 

J. Agric. Entomol. 7(2): 81-00 (April 1990) 

The lice leafTolder, (RLF) Cnaphalocrocis medina/is (Guenee) is widely distributed 
in rice growing areas in Asia and Oceania, Northeast Australia and Madagascar 
(Khan et al. 1988), The larvae damage plants by feeding on the leaves, resulting in 
patches with green tissues removed. Serious infestations of the leaffolder have 
been reported in China, Japan, and Korea (Wada et al. 1980, Hirao 1982), parts of 
India, Sri Lanka, Bangladesh, Nepal, and Malaysia (Khan et al. 1988). It has been 
considered a minD!' pest of rice (Grist. and Levcl' 1965. Waldbaucr et ui. 1980), until 
recently increasing in importance in areas where modern high yielding varieties 
were grown (Bautista et 81. 1984). 

Research has concentrated on screening for resistance, insecticide evaluations, 
natural enemies, long distance displacements and alternative hosts, with only 
limited studies done on aspects of ecology, behavior and physiology of the pest 
(Bautista et al. J984, Khan et al. 1988). Only 8 few studies on the direct damage of 
the larvae to rice plants has been conducted (l{han et 81. 1988). 

This study was conducted to determine the relationshil>s between feeding and 
larval age at different plant growth stages and to develop models relating leaf area 
consumption with larval age and plant growth stages. 

MATERIALS AND METHODS 

Standard cultures of the RLF started from adults collected in Tanjong Karang, 
Malaysia (lOloE longitude· 3°30'N latitude), were maintained in cages in the 
insectary. Sixty-day-old rice plants (var: MR-84) were introduced into an oviposition 
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cage with RLF adults for 24 h. The plants were then placed into an aluminum cage 
(measuring 90 by 60 by 90 em:!) meshed all over with aluminum gauge (#40), except 
the aluminum floor, glass top and parts of the door. One day before the anticipated 
emergence of the various instal's, the culture cages were taken into the laboratory 
for the experiments. The temperature in the labOl'atory was 25 ± 4°C with RH 
about 70 - 80% and natural illumination of 12 h light and 12 h darkness. 

For the experiments, single plants (var: MR-84) of known age were planted in 
plastic cups (7 em diam by 9 em). Freshly emerged larvae of the various instal's 
were introduced singly onto each plant using a wet fine camel hair brush. The 
plant was then placed in a cage made from mylar sheets. 

After 24 h, the larvae were transferred onto another plant of the same age. The 
leaf area consumed by the larvae over the period was recorded by tracing it onto a 
strip of mylar using a fine black marker pen. This marked area was then measured 
by an area meter (Li-Cor LI 3000). The procedure was carried out daily until the 
larvae entered into the next developmental stage. 

The experiments were repeated using plants of ages 40, 60, 80, and 100 days 
after sowing (DAS) and for all the larval instal'S. Each experimental set was 
replicated with 15 larvae. 

Model Fitting 
For fitting the data to the respective models, the non-lineal' curve fitting 

procedure, PROC NLfN with the DUO option available in Statistical Analysis 
Systems (SAS Institute 1985) implemented on an IBM 4361 Mainframe at IRRI 
was used. Goodness of fit may be determined by examining the mean square ratios 
(MSR) of mean squares for regression and residual and comparing them to the F 
distribution for respective degrees of freedom. Further, regression analysis using 
PROC REG in SAS on the line8lized data were also can·ied out. 

RESULTS 

Larval Survival and Duration.s 
There was no larval mortality when 40 DAB plants were used. The first instal' 

larvae suffered mortality rates of 6.7%. 13.3%, and 60% when introduced onto 
plants of 60 DAB, 80 DAS, and 100 DAS, respectively. All second-instal' larvae 
introduced onto 80 DAS and 100 DAS plants died after completing the instal', 

Larval durations in the different instars were variable when fed on plants of 
different ages. The differences were, however, not significant. 

Leaf Area Consumption 
The total leaf area consumed per larva by first instal'S decreased with plant 

age. Larvae feeding on 80 and 100 DAS plants consumed significantly less than 
those on 40 and 60 DAS plants (Table 1). Similarly, for the second instal', larvae 
on 80 and 100 DAS plants could consume less than 20% as compared to that by 
larvae provided with 40 and 60 DAS plants. [n the third instal', a similar decrease 
in leaf area consumption was also obtained. 

In the fourth and fifth instal'S, reduction in leaf consumption was obtained, but 
the differences between plant stages were not significant. 
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Table l.	 Leaf area consumed by each larval instal' of Cnaphalocrocis medina/is 
feeding on different plant ages. 

Plant Leaf area consumedllarva (sq cm ± S.E.)· 
stages 
(DAS) 

First Second 
Instars 
Third Fourth Fifth 

40 0.24 ± 0.15 1.11 ± 1.17 1.82 ± 1.22 7.67 ± 5.40 13.43 ± 7.38 
60 0.20 ± 0.15 0.6J ± 0.33 1.36 ± 0.85 6.63 ± 2.08 12.28 ± 4.07 
80 0.07 ± 0.05 0.16 ± 0.21 0.77 ± 0.73 6.75 ± 2.89 10.93 ± 4.22 

100 0.05 ± 0.06 0.16 ± 0.11 0.44 ± 0.46 4.56 ± 2.56 9.14 ± 5.88 
• S.E. ilL 9,.')% confidence. 

Leaves of 40 DAS plants were found to be most favorable to all larval instal'S. 
A total of 24.3 sq cm was consumed and 87% of this by the fourth and fifth 
instal'S. On older plants, these two instal'S accounted for more of the total 
consumption; 90%, 95%, and 96% on 60, 80, and 100 DAS plants, respectively, The 
total leaf area consumed by a RLF l81va feeding on the respective plants was 21.1, 
18.7, and 14.4 sq cm. 

Feeding Rale Mode/s 

Leaf area consumption/larva/day 
All the data for each instal' feeding on plants of different growth stages were 

fitted to the model: 

Y, = atb (1) 

where Y 
r 

is the leaf area (sq em) consumed per larva per day, t is the age of the 
larva in days, a and b are constants. The model fitting parameters are shown in 
Table 2. Except for data from the 100 DAS plants, the other three sets of data 
fitted the model satisfactorily (Fig. 1). 

Table 2.	 Equation parameters of data fitted to the model relating leaf area 
consumed i(sq cm)/llUVa/day) with IlUVal age in days. Model: Y, = atb 

Parameters t	 Goodness 

Crop Stage· a b MSR VR 

40DAS 0.0030 (0.0014) 2.5652 (0.1756) 598·· 859*· 
60 DAS 0.0025 (0.0010) 2.5421 (0.1378) 969·· 1007" 
80 DAS 0.0022 (O.OOJO) 2.5J38 (0.1623) 738·· 807·· 

100 DAS CONVERGENCE NOT MET 741** 
• DAS:::: Days after sowing 
t Numbcrs in parenthcses reprcsent standard errors al 95% confidence. 
:j: MSR:::: Mean square ratio of melln squares for regression nnd residual. VR:::: VllI'iance rntio of 

regression analysis using lincarized data. •• = Indicates signficllllce at P = 0.01. 
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Age-specific leaf area consumption 
For each replicate, the leaf areas eonsumedllarva/day were cumulated. The 

data sets were fitted to the model: 

C, = exp(jlt) - 1.0 (2) 

where C. is the cumulative amount of leaf area consumed in sq em at day t, and 13 
is the feeding constant. The model fitting parameters are shown in Table 3. In all 
cases, the data fitted the model significantly (Fig. 2). 

Table 3.	 Parameters of data fitted to the model in Equation 2 relating the total 
leaf area consumed (sq cm)/Iarva with larval age in days at different 

elllplant stages. Model: C = - 1.0
l 

Parameters t Goodness of fit* 

Plant Stage· Jl MSR VR 

40 DAS 0.IS15 (0.0007) 6205** 3S200· 
60 DAS 0.1692 (0.0007) 7673·· 743S·· 
SO DAS 0.1536 (0_0009) 3487** 10929·· 

100 DAS 0.1360 (0.0011) 2024** 854i** 
• DAS'" Days IIher sow·iog 
t Numbers in Il"rentheses represenl slandard erro~ at gtl'it confidence. 
:J: a,'lSR", :\·lean square rulio of menn squares for regression lind residual. vn", Vtlrinnce ralio of 

regression 1lI1l11ysis using lincnrized dnla.•• '" Indicatcs sil,'l1ficullce III P '" 0.01. 

Since the feeding rates of the first three instnrs are significantly lower than the 
fourth and fifth instars, an alternate approach is to express the rates using two 
linear models. The data for the first 10 d were fitted to a linear model, Y 

t
= mIt. 

Data from day 11 to 19 were litted using another linear model, Yl = 1112t + J<. The 
parameters of fit are shown in Table 4. The data litted the two models in all cases, 
including those from 100 DAS plants which did not provide satisfactory fit using 
the exponenlial model. 

Table 4.	 Parameters of data litted to 1\\'0 linear models relating the total leaf area 
consumed (sq cm)/Iarvae with larval age at different plant stages. 

Larval stages 

Plant 0-10 days 11-19 days 
Stage 

Model: V, = ml~	 Model: VI - m2t + K(DAS)· 
m, ± S_E. Rt m 2 ± S.E. m ± S.E. 

40 
60 
SO 

100 

0.2249 ± 0.00S2 0.6S·· 
0.1420 ± 0.0050 0.69·· 
0_0571 ± 0.0026 0.5S·· 
0.0407 ± 0.0014 0.69·· 

3.027 ± 0.111 -29.97 ± 1.63 
2.469 ± 0.068 -24.55 ± 0_99 
2.298 ± 0.060 -25.35 ± 0.92 
1.752 ± 0.061 -19.79 ± 0.94 

740** 
1329·· 
1449** 
S09·· 

• DA$ '" Days after sowing.
 
tit'" Correlation coefficient... '" Indicates signiliCllllce at p", 0.01.
* vn", Vuriance ratio of regrcllsion ullalysill .•• '" Indicatcs significancc at p", 0.01. 
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DISCUSSION 

RLF larvae damage rice plants by folding and feeding on leaf surfaces. 
Photosynthetic tissue is removed, thus affecting yield. Grain \veight is significantly 
reduced when four leaves per plant were damaged at heading (Heinrichs et at 
1979). Using defoliation experiments, Bautista et a1. (1984) estimated the economic 
threshold at booting and heading stages to be 1.51 and 1.32 larvae/plant, respectively. 
These values were based on the mean consumption per larva of 101.2 sq em, which 
was grossly overestimated. On the favorable plant age of 40 DAS, a larva could 
only consume 24.3 sq ern. Moreover, leaf area consumption per larva differed 
substantially with the plant growth stages. In t.he older plants, the larvae fed on 
< 80% of what they would on younger plants. 

The model in Equation 2 provides a means to predict the leaf area consumption 
of the larva which has lived to a given day. This model can be utilizcd with an 
appropriate population model of the RLF' to simulate damage and its effects on 
yield. Since it is a one·parameter model, the relationship between the parametel' 
values with plant stages may be used to interpolate for other plant stnges. This 
linear relationship (Fig. 3) is highly significant (r' = 0.99, P < 0.01) for plant stages 
bet\\'een 40 and lOO DAS and is given as: 

~ = 0.2133 - 0.0008 DAS (3) 

where OAS is plant age in days aftci' sowing. 

In all cases, the proposed model slightly overestimates the consumption of the 
first three instars, but provides good estimates for the fourth and fifth inst.ars. The 
alternate approach of using two lineal' models, however, could only provide good 
estimates for the first three instal'S, but not the fourth and fifth. Since the first 
three instars consume less than 10% of the total consumption, one may need only 
to pay attention to damage by the fourth and fifth inst.ars. When combined, 
equations (2) and (3) may be lIsed to represent the relationship between leaf area 
consumed by different larval instal'S feeding on plants of different growth stages 
(Fig. 4). 
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ATMOSPHERIC TRANSPORT AND PYRETHROID-RESISTANT
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ABSTRACT 

The infestation of cotton in western Texas by insecticide-resistant tobacco budwonn, 
Heliotlris uirescens (F.), larvae led to conO'ol Cailures at several field locations in 1985. 
Tobacco budworm moths migrating Crom cropping areas ncaf Uvalde. Texas, or Torreon, 
Coahuila, Mexico, where they were subjected to insecticide treatments were suspected as the 
source of subsequent insecticide-resistant larval infestations in collon in Glasscock County, 
Texas. Atmospheric dum were analyzed to detenl1ine possible aerial routes and displacement 
rates leading to the arrival of resistant insects in Glasscock County. Atmospheric trajectories 
documented a transport IWlential for tobacco budwonn moth migration from Uvalde, Texas, 
to Glasscock County, Texas, for 26 July - 1 August and 16 - 22 August 1985. Thus, meteoro
logical data indicated that the insecticide-resistant strain of tobacco budwonn mot-hs found 
in Glasscock County. Texas, in J985 could have originated in the Uvalde area. 

Key Words: Trujectory, meteorolog)', aerial, moth, displacement, migmtion, night. 

J. Agric. Entomol. 7(2): 91-J01	 (April 1900) 

Low-rate applications of pyrethroid insecticides have successfully controlled 
Heliolhis populations in western 'Texas cotton in recent years. However, control 
failures occurred at several locations in 1985 (Allen et al. 1987). Field work 
documented inadequate control of the tobacco budwonn, H. viresce"s (F.), population 
in Glasscock County in 1985 with pyrethroids, organophosphates, und carbamates 
(Allen et al. 1987). A sUlvey of extension agents revealed that problems in 
controlling Heliot.his were widespread in Texas in 1985. Fifty-two percent of the 
entomologists reporting indicated that Heliothis control with the insecticides 
chosen was inadequate in 1985. The definition of "inadequate" was left to the 
discretion of the reporting enwmologists. Inadequate Heliothis control with pyrethroids 
was rcported throughout Texas in 1985 (Table 1). The perccnt of fields in which 
inadequate control of Heliothis was obtained with pyrethroids increased to 43.3% 
within certain pl"Oblem areas in September 1985 and 11.5% state-wide in August 
1985. The areas within Texas that reported inadequate Heliothis control are shown 
in Figure 1. 

Sudden increases of the Heliothis spp. population (tobacco budwonn and 
cotton bollworm JH. .lea (Boddie)J) were observed twice in Glasscock County in 
1985, indicating possible immigration of moths. An insecticide b'eatment test was 
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Table 1. Average percentage of Texas fields treated with pyrethroids for Heliot.his 
control in which control was inadequate in 1985. 

Average percent of fields* with inadequate control 

Month fn problem areas-r State-wide Range 

June 7.6 1.3 0·20 
July 15.9 7.7 
August 25.6 11.5 
September 43.3 4.5 

0·40 
0-75 
0·50 

* Average by reporter, not weighted by number of field8, <Jeres, 01' production. 
t	 Brazoria, Ellj.<l, EI Pa80, Erath, Glnsscod, Hnlc. !-lill. Llllllb, j"'m1in, ~\'Iidlimd, Mihml, Navarro, PC\:os, 

Heagnn. Tom Gr'cclle, UVHlde, and \VhHl1on Counties, Texas. 

conducted on cotton plots at St, Lawrence, Glasscock County, on 26 August 
1985. Pre· treatment surveys indicated that 22 eggs, 72 small worms, 52 medium 
worms, and 14 worms over 1.25 em long (large) were present pel' 100 plants in 
treatment test plots. In the test, no treatment (Mavrik, Lan'in, Payoff, Asuna, 
Curacron, Pydrin, Ammo, Cymbush, Baythroid. or Bolstad controlled more than 
61 % of the treated larvae. Although the pre-treatment species composition is 
unknown, analysis of surviving larvae at foul' days posttreatment revealed that 92% 
were tobacco budworm and only 8% were cotton bollworm (Allen et al. 1987). 
Insecticide use pattel'l1s near Uvalde, 'Texas, and Torreon, Mexico, identified those 
areas as prime sources of migrating tobacco budworm moths. 

The selection pressure on the Torreon strain of tobacco budwot'ln has resulted 
mainly from DDT use while pyrethroid use is the primary selection pressure of the 
Uvalde strain (Plapp and Campanhola 1986). The gene kdl' (for knockdown 
resistance) is known to confer resistance to both DDT and pyrethl'oids in Diptel'a 
(Plapp 1976), and is the probable mechanism of resistance to DDT and pyrethroids in 
the tobacco budwonn (Campanholn and Plapp 1989). 

Mot.hs quickly migrate long distances by ascending to altitudes at which the 
wind speed is much stronger than at the surface. Airborne Heliothis spp. moths 
have been captured by aircraft tow nets (Glick 1942, Goodenough et al. 1983) and 
detected by entomological radar (Wolf et al. 1986) in the planetary boundary layer 
(PBL; approximately 0-1000 m altitude). Furthermore, such radar measurements 
have frequently documented modal flight at approximately 500 m altitude (Wolf et 
al. 1986). Pail' et al. (1987) offered evidence of southward migration of H. zea from 
the High Plains of Texas in the autumn, principally near 500 m altitude. Thus, 600 
m above ground level well represents the modal flight altitude of Heliothis spp. 
moths in the PBL. 

Summer wind patterns in northern Mexico and westel11 Texas are c1imatologicalJy 
persistent. The surface wind blows from the southeast and the upper-level wind 
veers to assume a southerly direction. The hypothesis that tobacco budworm 
moths are transported by air currents from '1'ol'reon, Mexico or Uvalde, Texas to 
more northern areas is supported by the climatological wind patterns from the 
surface to the 85 kPa pressure-altitude. 

In the present study, we collected, analyzed, and correlated entomological and 
meteorological data to determine atmospheric transport potential and the most 
likely source areas contributing to the sudden infestations of resistant tobacco 
budworm in Glasscock County in 1985. 
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Fig. I. Texas counties reporting inadequate control of Heliothis in cotton in 
1985. 

PROCEDURE 

Atmospheric lTajectories prior to two sudden incremjes in H. uirescells oviposition in 
Glasscock County were computed. Flight times between the suspected sources and 
Glasscock County \""el'e estimated from the atmospheric trajectories. The altitude 
variability of the low-level atmospheric circulation was documented to envelop the 
range of potential tobacco budworm sotu'ce areas and to determine the predictability 
of the transport wind velocity. The meterological analyses were pooled to detelmine 
the likelihood that moths captured in Glasscock County were immigrants from 
either Uvalde or Torreon. 

Field scouting reports defined the timing and intensity of the tobacco budworm 
infestation in Glasscock County. Sharp peaks in the number of eggs, small, 
medium, and large larvae, and captured moths indicated prior oviposition of the 
tobacco budworm. The predicted dates of egg-lay were comput.ed by the MOTHZV-2 
model (Hartstack et al. 1976) which used maximum and minimum air temperature 
at five feet above ground as indicators of insect phenological development. 

Vertical profiles of National Weather Service (NWS) and Mexican Weather 
Service (MWS) upper-ail' pressure, temperature, humidity, and wind velocity data 
were acquired on magnetic tape from the National Climatic Data Center. These 
vertical profiles were observed at approximately dawn and dusk for the south
central U.S. from routinely guthered atmospheric data at standard altitudes (e.g., 
surface and 85 kP.d pressure-height ]approximately 1500 m!) by the N\VS and MWS. 
Atmospheric data for 500 m altitude were !ineurly interpolated from the vertical 
profiles of standard-altitude data to represent the mean properties of the PBL. 
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Atmospheric trajectories were computed for the two cases of suspected tobacco 
budwonn immigration into Glasscock County in 1985. The trajectories indicated 
Glasscock County as the destination and revealed origins as probable tobacco 
budworm sources. The moths were assumed to have nown 12 h per night for two 
successive nights. Break points in the trajectory lines indicated the end of the fIrst 
night of flight. 

A three-dimensional, numerical trajectory method (Reap 1972) was modified to 
represent constant-altitude transport. For this analysis, the airborne tobacco 
budworm moths were assumed to have been passive dispersants. Thus, moths 
were assumed to have been strictly displaced by the wind and unable to alter 
eithcr t.heir ground speed or displacement direction. 

Wind velocities at the surface, 500 m altitude and 85 kPa pressure-height were 
calculated for July - August 1985. The vector wind velocities were decomposed into 
orthogonal scalar wind speeds (i.e., westerly and southerly components). These 
wind velocity components were statistically analyzed and mapped to determine the 
persistence of the atmosphedc circulation at these three altitudes during the 
summer. The wind velocity components were statistically compared among the 
three altitudes to vcrify if the wind at the surface or at 85 kPa pressure-height 
closely approximated the wind at 500 m altitude. Air temperature was also 
statistically analyzed to yield mean and extreme values. The mean air temperature 
data were mapped to disclose areas in which cool temperature may have restricted 
tobacco budworm moth nigh t. 

RESULTS 

The MOTHZV-2 model (Hartstack et 01. 1976) indicated that the field population 
of tobacco budworm larvae obselved on August 7 in Glasscock County resulted 
from adults that initiated oviposit.ion about July 31 (± 2 days), as shown in Table 
2. Field scouting reports (Table 3) noted a sudden increase in eggs and lBlvae on 
July 26 and 31 in the three fields checked. These data supported the oviposition 
date predicted by the model. A second major oviposition date (August 21 ± 1.5 
days) was estimated from the August 26 post-treatment field scouting observation. 
Field scouting reports showed that the number of eggs and particularly the 
numbel' of small lalvae increased on August 21- 23. The second major oviposition 
peak (August 21) was not likely the result of 8 local generation resulting from the 
first major oviposition peak (July 31). Based on the August 26 pretreatment field 
scouting observations. the MOTHZV-2 model predicted that tile previous oviposition 
date at Glasscock County would have occurred 11 days prior to that estimated by 
the August 7 field scouting observations (i.e., July 31). No H. uirescens surveyor 
trap data were available for Uvalde for the summer of 1985. However, trap data 
were available at numerous sites in southern and central Texas (Goodenough et al. 
]987). Trap data for Austin, Texas (225 km northeast of Uvalde) indicted that the 
adult population of H. uirescens peaked on July 25. The peak adult population at 
Uvalde would have occurred six days prior to the estimated initial oviposition peak 
at Glasscock County, assuming that the phenological development at Uvalde 
matched that at Austin. 

Atmospheric trajectories at. 500 m altitude revealed a north-northwesrn.'ard 
displacement (Figs. 2 & 3). The 12-h atmospheric trajectories were directed from 



95 WESTBROOK et 81.: Atmospheric transport of Tobacco Bud.....orm 

Table 2.	 Dates that pyrethroid-resistant H. uirescens larvae were observed in the 
fields in Glasscock County, Texas, 1985. 

Computer-generated 
Date of date of initial 
observation Larval age (days) oviposition 
Aug. 7 5·8 7·31 ± 2 days 

Previous generation 6·27 

Aug. 26	 2-5 8·21 (± 1.5 day,) 
Previous generation	 7·20 
Previous generation	 6·16 

southern Texas across Uvalde to Glasscock County. Each of the 14 atmospheric 
trajectories originated within the southeastern quadrant. Trajectories for the initial 
egg-lay date (July 31) showed that the displacement distance and direct.ion of the 
wind were suitable for moth migration from Uvalde to Glasscock County (330 km 
distance). For example, moths initiating flight on the night of July 28 could have 
completed the displacement to Glasscock County in less than 12 h. One trajectory 
(beginning on August 1) estimated a 24·h flight from Uvalde to Glasscock County; 
although the trajectory required two successive nights of night the backtrack 
trajectory in fact targeted Uvalde. 

Table 3.	 Field scouting reports of fleliothis* activity in Glasscock County, Texas, 
during 1985. 

X No. Heliothis/acre 

Larvae 

Small Medium Large 
Date Eggs < IA in. Iii - lh in. > Ifl in. No. fields 
7/24 3,675 l,l25 a 0 I 
7/25 11,575 a a a 2 
7/26 36,066 2,112 933 466 3 
7/29 2,187 2,187 a a 3 
7/30 5,400 1,350 a a I 
7/31 15,125 4,141 816 350 3 
8/1 a 13,250 a a I 
8/2 3,137 9,032 1,106 700 2 
8/5 350 3,376 2,337 a 4 
8/6 1,350 1,350 5,400 4,050 I 
8/7 1,400 4,733 2,016 1,108 3 
8/8 a a a 0 1 
8/9 a 1,625 0 1,550 2 
8/12 415 512 337 3,806 4 
8/14 0 a a 49l 3 
8/15 2.583 0 416 833 3 
8/16 5,300 a a 2,650 1 
8/19 2,829 466 a a 3 
8/20 a a a a 1 
8/21 6,066 2,350 408 a 3 
8/22 1,325 21,051 a 1,325 I 
8/23 10,237 4,350 737 a 3 

8/26 22t 72t 52t 141 
• Mean number per 100 plants. 
t Includes both H. zea and H. viN.'scell.~. 
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OK MO 

TX 

NM 

AR 

LA 

GLASSCOCK COUNTY 

MX 

STARTING OATES 
a 7-26 85 19 h 
b 7-27-85 19 h 
c 7-28-85 19 h 
d 7-29-85 19 h • TORREON 
e 7-30-85 19 h 
f 7-31-85 19 h 
9 8-01-85 19 h 

Pig. 2.	 Successive 12-h nocturnal atmospheric t.rajectories at 500 m above 
ground level tel'minating at Glasscock County, Texas. 26 July - 1 August. 
1985. 

NM OK MO 

TX AR 

LA 

GLASSCOCK COUNTY 

TORREON	 

STARTING DATES 
a 8-16-85 19 h 
b 8-17-85 19 h 
c 8-18-85 19 h 
d 8-19-85 19 h* 
e 8-20-85 19 h 
f 8-21-85 19 h 
9 8-22-85 19 h 

FIg. 3. Successive L2-h nocturnal atmospheric trajectories at 500m above ground 
level terminating at Glasscock County. Texas. 16·22 August 1985. 
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Atmosphelic trajectolies for the second major oviposition date again documented 
the high probability that. infested crops near Uvalde could have served as I>robable 
sources for tobacco budwonll moths that migrated int.o Glasscock County, Texas, 
in 1985. Four of the eleven calculated trajectories passed directly across Uvalde 
and terminated in Glasscock County. The trajectories of August 18 - 19 could have 
transported moths from Ulvalde to Glasscock County in less than 12 h. 

Atmospheric trajectories for August 2 - 15 revealed similar transport potential 
toward the north~northwest. Howcver, the atmospheric trajectories for July 26
August 1 and August 16 - 22 extended farther south and east than the tl'3jectories 
for August 2 - 15. Atmospheric trajectOlies immediately pliOI' to the major oviposition 
dates at Glasscock County would have favorcd more rapid transport directly from 
Uvalde to Glasscock County than trajectories for August 2 - 15. 

NOlle of the 14 atmospheric trajectories (supporting the two dates of sudden 
increases in egg laying) originatcd near Torreon. In order fOl' moths to have 
migrated from Torreon into Glasscock County, the moths would have been 
required to l1y continuously crosswind at ca. hulf of the wind speed. Neither the 
propensity to ny crosswind nor thc ability of H. uirescens to sustain flight for more 
than 15 h at greater than 5 m/s is supported by field or laboratory observations 
(Carpenter et al. 1981). In addition, the mountainous terrain north of Torreon 
would have imposed a substantial obstacle for the migrating moths to overcome. 

Atmospheric charts for the surface, 500 m altitude, and 85 kPa pressure-heights 
(Fig. 4, 5. 6 respectively), show t.he vector-mean wind speed and direction at 
different. altitudes. The wind speed was typically greater at 500 m altitude than at 
85 kPa pl'essure-height, which in turn was greater than the sUI'face wind speed. 
The surface wind in northern Mexico and southwestern Texas was oft.en directed 
toward the southwest by geogrnphic features rather than toward the north
nOlthwest with the large~scalc circulation. Moths migrating from Uvalde to Glasscock 
County at 500 III altitude would have had an advantage in displacement speed and 
direction over similar flight at either the surface or at 85 kPa pressure~hcight, 

Summer air temperature was probably not a factor in affecting insect night 
because the mean temperature at each of the three altitudes ranged from 20 to 
30°C, well within the range of active flight threshold temperature for H. uirescens 
(Carpenter et al. 198t). 

A statistical comparison between the wind velocity components at the surface, 
500 m altitude, and 85 kPa pressure-height showed that low, but significant, 
correlations were established for both the westerly and southerly wind velocity 
components (Table 4). Values of r-square ranged from as low as 0,06 at Del Rio. 
Texas, for the southerly wind component at the surface and 500 m altitude to as 
much as 0.95 at Chihuahua. Mexico, for the westerly wind velocity component at 
85 kPa pressure-height. The high r-sQuare values were due to the proximity of 500 
m altitude and 85 kPa pressure-height at Chihuahua. Root-mean-sQuare errors 
(RMSE) were typically of the same order of magnitude for both the westerly and 
southerly wind velocity components and ranged from 1.51 mls to 7.14 mls for the 
westerly wind velocity components at 85 kPa pressure-height and the surfllce at 
Chihuahua and Amarillo, Texas, respectively. The generally low r-square values 
and high RMSE values indicated that neither the surface wind velocity or the 85 
kPa pressure-height wind velocity could have accurately estimated the wind 
velocity at 500 m altitude in southern Texas. 
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Fig. 4. Mean air temperature und vectOl'~mean wind velocity at the surface for 
the southern U.S., July - August 1985. 
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Pig. 6. Mean ail' temperature and vector4 mean wind velocity at 85 kPa height 
for the southern U.S., July - August 1985. 

Table 4. Comparison of wind velocity components at 500 m above gl'ound level 
with wind velocity components at the surface and 85 kPa pressure
height in Mexico and the southern U.S. for July-August 1985. 

\·\find speed (m/s) Wind speed (m/s) at 
at the surface 85 kPa pressure-height* 

(\oVesterly) (Southerly) (Westerly) (Southerly) 

Station N r2 mvlSE t r~ RMSE t N 1'2 RMSE t 1'1 RMSE t 
Amarillo 123 0.46 7.14 0.55 6.79 123 0.88 3.40 0.88 3.53 
Brownsville 119 0.78 2.48 0.54 4.76 118 0.20 4.73 0.:')3 4.81 
Chihuahua J 17 0.86 1.51 0_77 2.20 116 0.95 0.86 0.92 1.31 
Del Rio ]20 0040 2.68 0.06 4.86 120 0.13 3.22 004'1 3.75 
EI PliSO 119 0049 5.10 0.30 5.59 LJ9 0.89 2.39 0.81 2.95 
Lake Charles 122 0.50 5.65 0.59 4.08 121 0.47 5.78 0.29 5.35 
Little Rock 119 0.48 5.83 0.38 5.49 119 0.56 5.38 0.59 4.46 
Longview 122 0.36 5.80 0.30 5.25 122 0.57 4.76 0.61 3.90 
tvIidlnnd 124 0.62 3.32 0.30 6.20 124 0.88 1.00 0.87 2.70 
f\:lontcrrey 121 0.66 2.85 0.55 2.95 121 0.46 3.57 0.26 3.80 
Oklahoma CilY 122 0.36 6.18 0.68 6.00 122 0.44 ~.81 0.67 6.05 
Stephenville 120 0.32 5.51 0.39 5.67 120 0.52 4.61 0.52 5.04 
Victoria 122 0.72 2.81 0.52 4.16 122 0.13 4.98 0.17 5.'16 
• Typically auout 1500 In above mean sea level. 
t Root·mean.sqllllrC error het .....een ..... ind speed at 500 In nltilude and selected altitude. All values of ~ 

here arc si~lIificnnt using the Swdenl's t·statistic Ilt a 0.0),=
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DISCUSSION 

Atmospheric dat.a corroborated entomological field data and preliminary toxico
logical data (Plapp and Campanhola 1986) which indicated that a PYl'et:hroid~ 

resistant strain of tobacco budwOl'm moths immigrated into the Glasscock County 
area in 1985. The 500-m altitude atmospheric trajectories strongly indicated that 
crops near Uvalde were probable sources for tobacco budwol'm moths. Our data 
indicated that frequently moths could have flown from Uvalde to Glasscock 
County in one night (less than 12 h). However, the atmospheric trajectories 
simulated passive moth transport and thus were likely to be conselvative estimates of 
the actual moth displacement rate. The persistent southeasterly circulation across 
southern Texas enhanced the opportunity for moths to make successive nocturnal 
flights toward a single destination. 

Torreon did not appeal' to be a likely source of tobacco budworm moths for 
migration to Glasscock County in July· August 1985. The wind in the vicinity of 
the mountainous Torreon area was frequently directed toward the southwest rathel' 
than to the north (toward Glasscock County). The Siena l\1adre Oliental mountains 
surround Ton'eon with peaks higher than 2000 m. The comblnation of nOitheasterly 
wind and high terrain substantiates the difficulty and improbability of tobacco 
budwol'm transport from Torreon into Glasscock County. 

The transport wind (500 m altitude) was generally not well correlated with the 
wind at the surface or at 85 kPa pressure-height. The low cOl'l'clation values meant 
that the transport. wind in southern Texas could not necessarily be accurately 
estimated from the more readily available meteorological data (at the surface and 
at 85 kPa pressure-height). The resultant root-mean-square error for wind velocity 
indicated that estimates of 12-h nocturnal moth displacement at 500 m altitude 
using surface and 85 kPa wind data could luwc exceeded 416 km and 337 km, 
respectively, for the region shown in Figure 4. Nocturnal wind jets (with a 
maximum speed of 28 m/s) near 500 m altitude frequently occur in the south
central U.S. (Bonner 1968) and could have further decreased the low correlation 
between wind velocity values at. different altitudes. The occurrence of a low-level 
wind jet could also have accelerated the passive moth displacements t.o rates of 
1200 km per night (12 h). 
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ABSTRACT 

Blacklight trnps operated in Louisiana sugarcane fields during 1983 - 1987 showed a 
spring flight of adult sugarcane beetles beginning in March and continuing unt.i1 May. 
Additionill flight activit.y in August and September \....ns also noted. 

The influence of soil organic content and pH with respect to feeding activity of adult 
sugarcane beetles in sugarcane fields was also examined. Adult sugarcane beetle feeding 
activity tended 10 be greater in plots where the organic content of soil was increased with 
bagasse when compared to plots without bagasse, although both treatments were heavily 
damaged by beetles. Cumulative dead hearts were 35.000/ha and 29,OOO/ha in the plots with 
and without bagasse, respect.ively. 

Hydrated lime incorporated into plot's at rates of 5.6 tlha and 11.2 tlha was compnred to 
unlimed plots. Adult sugarcane beetle feeding activity in plant-cane. as measured in total 
deadhenrts. was greater in the un limed plots: 24159/ha. 16027/hn, and 15189/h8 for the 0, 5.6. 
and 11.2 tlha rates. respectively. This I-rend continued in first-stubble with 9916. 7202. and 
6650 deadheartslha for the 0, 5.6. and 11.2 tlha rates. respectively. These experiments 
suggested that adult sugarcane heeile feeding nctivity may be increased at lower pH levels 
and by decaying sugarcane residue. Cultural practices useful for managing the sugarcane 
beetle in Louisiana sugarcane fields are discussed. 

Key Words:	 Sugarcane bectle. Euetheola mgic:eps, sugarcane, cultural practices, flight 
nctivily, nttraction. Coleoptera, Scarabneidae. 

J. Agric. Enwmo!. 7(2): 103-111 (April 1990) 

The sugarcane beetle, Eue/heola rogieeps (LeConte) (Coleoptera: Searabaeidae) is 
an occasional pest of sugarcane in Louisiana. It was reported to have caused heavy 
losses in the 1930's (Ingram et al. 1951); however. since 1981 economic damage by 
this insect has occurred sporadically on less than 2% of the crop. Most of this 
stand destruction has been noted on sugarcane farms in the Bayou Teche area 
from near Jeanerette to Breaux Bridge (Hensley 1982). 

The sugarcane beetle. when reported as a pest of rice and com, has sometimes 
been referred to as the rough-headed corn stalk-beetle. The sugarcane beetle also 
feeds on a number of other grasses. rushes, sedges. and strawberry (Baerg 
1942). 
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The sugarcane beetle has been morc thoroughly studied in lice (Douglas and 
Ingram 1942) and corn (Baerg 1942) than in sugarcane. Ingram et al. (1935) 
reported control measures for the sugarcane beetle in Louisiana sugarcane fields 
and presented general observations on its behavior in sug8l·cane. Overn·jntering 
adult sugarcane beetles emerge in the spring and arc attracted to sugarcane fields; 
beetles penetrate the soil along sugarcane rowS, mate. lay eggs and feed on young 
sugarcane tillers before the apical meristem emerges above-ground. These tillers 
often die, and the deadhearted shoot shows a characteristic feeding damage which 
can be distinguished from deadhearts resulting from damage by the sugarcane 
borel', Diatraea saccharatis (F.). Adult beetles chew into the outer wall of the stalk 
just below the surface of the ground, and make a large ragged opening (1·2 cm). 
First generation larvae of the sugarcane borer attack the stalk at the same 
location, but their opening is not ragged and is much smaller (0.5 cm). Large 
numbers of sugarcane beetle eggs are laid in sugarcane fields; however, the grubs 
apparently fail to develop to adulthood (Hensley 1982). Sugarcane beetle larvae 
have not been observed Lo injure sugarcane. 

During 1983·1987, research was conducted to determine when infestations of 
the sugarcane bectle can develop in sugarcnne and why adult beetle feeding 
activity is greater in some fields than others. The seasonal night activity of the 
sugarcane beetle to sugarcane was investigated using data collected from blacklight 
tral}s. Preliminary observations indicated a possible relationship between large 
amounts of decaying plant residues and low soil pH with sugarcane beetle feeding 
activity in sugarcane (Hensley L982). This possibility was investigated by varying 
levels of Ol"ganic matter and soil pH in experimentnl plots. 

MATERIALS AND METHODS 

Adult Flight Actiuity. Seasonal flight activity of sugarcane beetles was studied 
using general·purpose pOl'table, blackJight traps (Bio-Quip Products, lnc., Gardena, 
CAl with 8-w lamps positioned ca. l.0 m above the ground. Traps were located 
near Jeanerette, LA and were placed near lateral drainage ditches adjacent to 
sugarcane fields. Trapping was conducted 14 Murch - 24 May 1983,6 April- 1 June 
1984, and 20 March - 18 June 1985. Three blacklight traps were used in 1983 and 
1984 and two in 1985; traps were approximately L km apart. A single blacklight 
trap was used from 2 April 1986, until 24 June 1987. Traps were checked weekly 
when samples were removed and 12 v batteries were replaced. Mean sugarcane 
beetles per trap were calculated for weekly catches, and monthly traps counts 
were expressed as sums of the weekly means. 

Bagasse ManipulatiolL This experiment was initiated 8 March 1985 to detennine if 
adult sugarcane beetle feeding activity in a commercial field of sugarcane was 
increased by increasing the amount of rotting sugarcane residue. The experiment 
was conducted near Jeanerette, LA is a field of 'CP 70·321' planted in the 
previous autumn. Individual plots consisted of three rows, 7 m long with an inter
row spacing of 1.8 m. Some plots were mulched with approximately L58 kg 
(amount per plot) of sugarcane bagasse (the by·product or residue of milled cane) 
while some plots were not mulched (control treatment). The bagasse mulch was 
worked into the soil during the normal cultivation of the crop to a depth of 10 em. 
The experiment followed a completely randomized design, with six replications. 
Beginning 27 March, weekly stand counts were made and dead tillers caused by 
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sugarcane beetles were counted and removed. At harvest, all stalks with four or 
more internodes were counted in each plot and a 15-stalk sample was collected for 
sucrose detemlination. Calculated yields for commercially recoverable sugar (CRS), 
metric tons of sugarcane per hectare, and kilograms of sugar per hectare were 
subjected to analysis of variance using the ANOVA procedure (SAS Institute 
1988). 

Soil pH Manipulation. In a field of 'CP 65-357', located near Jeanerette, LA and 
planted the previous autumn, an experiment was established 31 January to 
investigate the reported relationship between sugarcane beetle feeding and soil 
pH. This field was identified as having low soil pH and a history of being heavily 
damaged by sugarcane beetle. Individual plots consisted of three rows, 15 m long 
with an inter-row spacing of 1.8 m. The experiment followed a randomized 
complete block design, with eight replications. Initial pH was detennined 31 
January 1986, by taking a 2· by 21·cm plug of soil from each plot, and combining 
into a 454·g subsample. Hydrated lime was banded over the rows 31 January, 
using a modified lawn fertilizer applicator, at rates of 0, 5.6, and 11.2 t/ha. Lime 
was then incorporated into the top 5 to 8 em of soil using a Lilliston RoUing 
Cultivator. Beginning 9 April and weekly thereafter, stand counts were made and 
tillers killed by sugarcane beetles were counted and removed. 

At harvest tile number of stalks (> four visible internodes present) was detennined. 
Stalk height was determined by randomly selecting 15 millable stalks from each 
plot and measuring their distance from the ground to the uppermost visible 
dewlap (triangular area in the collar region just above the ligule that forms the 
hinge of the blade joint in the sugarcane leaf). The fields were harvested and 
topped by machine, and yield was detennined by weighing all stalks in a plot. 
Average stalk weights /lnd juice quality for all plots of each treatment were 
determined from 15·sw.lk samples per plot. Data were calculated and subjected to 
analysis of variance using the ANOVA procedure (SAS Institute 1988). 

Data were also obtained for the first·stubble crop, but no additional lime was 
added to the plots dUling the sWhble crop. Weekly counts of stand and deadhearts 
due to sugarcane beetle feeding activity were begun on 25 March 1987. Yield data 
were obtained and analyzed in the same manner as in the plant·cane crop. 

RESULTS AND DISCUSSION 

Blacklight traps were initially operated only in the spring when the adult 
sugarcane beetles are able to cause economic damage by killing developing tillers 
(Fig. 1). These beetles are presumed to be the adults emerging from overwintering 
sites other than sugarcane fields (Douglas and Ingram 1942). Each year, adult 
sugarcane beetles emerged and were active during about the same period of 
observation, from March to June. There were, however, considerable differences 
among years in the total number of adult beetles trapped. There were ca. nine 
times as many beetles trapped in 1985 as in 1983 and ca. four times as many in 
1984 as in 1983. Holman {I 969j, working in South Carolina, found that rainfall 
during the laIVal development period and the average minimum temperature of the 
winter detennined the relative size of the population from one year to another; 
that is, dry springs and cold winters were most conducive to population growth. A 
review of the weather data from the Iberia Research Station, Louisiana Agricultural 
Experiment Station, Jeanerette, LA, suggested temperature differences might have 
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Fig. l.	 Weekly total of adult sugarcane beetles caught in blacklight traps during 

1983, 1984 and 1985. Week one begins the flrst Sunday in January of 
each year. 

been responsible for year-to-year differences in population levels of the sugarcane 
beetle. Numbers of adults at blacklight traps, following the mild ,vintel' (December
February) of 1982· L983 (only 5 d with minimum temperatures below ooe, mean 
12.0°C) was less than following the more severe winters of 1983 - 1984 (23 d with 
minimum temperatures below ooe, mean g.7°e) and 1984 - 1985 (12 d with 
minimum temperatures below O°C, mean 11.7°C). The winters of 1982-83, 1983-84 
and 1984-85 had minimum temperatures of _O.5°C. -1O.5°C, and -9.4°C. respectively. 
A relationship between blackJight trap counts and rainfall during the larval 
development period was not apparent. Other factors including proximity to source 
population, wind, cloud cover, and spring temperatures may ellso have contributed 
to year-to-year variability. 

Figure 2 shows numbel's of adult beetles collected in a blacklight trap operated 
from Apdl 1986. through June 1987. Although the numbers caught were considerably 
fewer than the previous years, adult beetles were collected during the spring and a 
second flight was detected during August and September 1986. This second flight 
was apparently made by a second generation of beetles emerging from somewhere 
in the vicinity of cane fields. While it appears that the sugarcane beetle grubs are 
unable to develop in sugarcane fields, a second generation in association with rice 
has been reported (Douglas and Ingram 1942). 

Analysis of yield components, June tiller population counts, and cumulative 
numbers of deadhearts in June collected in the bagasse experiment is presented in 
Table 1. Sugarcane beetle populations were the highest in 1985 and, as a result, 
extensive damage and yield reduction occurred in both treatments. Although not 
significant, more tillers were killed by the sugarcane beetle in the bagasse mulched 
plots than in the check plots and was accompanied by slightly lower yields in the 
mulched plots. No attempt was made to determine the actual numbers of adult 
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Fig. 2.	 Monthly total of adult sugarcane beetles caught in a blacklight trap 
opcrated during 1986 and 1987. 

sugarcane beetles in the plots, as the adults are very mobile and therefore move 
freely within and between the plots making counts difficult. Sugarcane· beetle 
deadhc81,ts arc easily distinguishable from other forms of dClldhearting and is a 
practical way of estimating sugarcane beetle activity. 

Sugarcane beetle populations during 1986 and 1987 were lower than the 
previous thrce years, and 1987 was less than 1986 (Figs. 1 and 2). Deadheart 
counts by the end of May 1986, totaled 24,425, 16,742, and 15,849/ha for the check, 
5.6, and 11.2 tIha rates of lime, respectively ('Table 2). Deadheart counts by the 
end of June, 1987, totaled 9,847, 7,204, and 6,493 for the check. 5.6, and 1l.2 t/ha 
rates of lime, respectively (Table 3). 

While liming tended to increase early stands in the soil pH expCl;ment, the 
only significant difference detected among liming treatments in the plant·cane 
crop was an 11 % increase in stalk population for the 5.6 t/ha rate (Table 2). :\0 
difference in yield for liming versus the check was observed. There was no 
difference in pH between the two lime rates, but both lime trealments were 0.7 pH 
units above that of the untreated plots. 

First-stubble yield datn from the lime tests are presented in Table 3. Yield of 
cane and sugal'/ha for the 11.2 t/ha rate of lime application was significantly 
different from the check and the 5.6 t/ha rate, giving a 7 and 7.5% increase in cane 
and sugar/ha, respectively. This increase may have resulted from the decreased 
sugarcane beetle feeding activity or the positive effect that raising the pH can 
have on plant growth, or a combination of both factol's. In Louisiana, liming is 
recommended if soil pH is below 6.0 (Matherne 1977). The reported 0.6 pH unit 



Table I. Plant-cane yield of sugarcane with and without incorporation of bagasse, 1985, cultivar CP 70-321.* 

June June Final 
stalk cumulative stalk stalk 

Treatment population deadhearts population weight Yield CRSt Sugar 
(No.tha) (No.tha) (No.tha) (kg) (ttha) (kg/t) (kgtha) 

Check 32110 32810 43225 1.1 47 94 4518 

Bagasse 37421 46889 37544 1.0 38 88 3483 
• In all cases, differences belween check and bagasse were nOt significantly different (P > 0.05) according to DunClIn's New ~'lulliJlle Range Ttli't. 

t ens = Commercially recoverable sugar, kg of sugflr per metric short ton of cline. 

'" "8 
Table 2. Plant-cane yield of sugarcane with and without the addition of lime, 1986, cultivar CP 65-357. ~ 

May May Final ~ 
stalk cumulative stalk Stalk Stalk :-' 

Treatment* population deadhearts population weight height Yield CRSt Sugar Z 
o 

(No.the) (No.the) (No.tha) (kg) (em) (ttha) (kg/t) (kg/ha) 
,~ 

Check 48449 a~ 24425 a 56128 h 1.0 a 160 a 47 a 110 a 5354 a 

5.6 ton/ha 50381 a 16742 b 63812 a 1.1 a 165 a 49 a 144 a 5539 a 

11.2 ton/ha 44151 a 15846 b 57978 b 1.0 a I6:l a 47 a III a 5451 a 
• 5.6 ton/ha (pH - 5.4), 11.2 ton/hu (pH - :"'-4), check "" no lime added (pH:: 4.7).
 
t eRS == Commercially recoverahle sugar, kg of !\ugar per metric short ton of cane.
 
: Means followed by the same letter are not significnntly different (P > 0.05) according to Duncnn's New Multiple Range Te!'t.
 



Table 3. First-stubble yield of sugarcane with and without the addition or lime, 1987, cultivar CP 65-357. 

June June Final 
stalk cumulative stalk Stalk Stalk 

Treatment* population deadhearts population weight height Yield eRSt Sugar 
(No./ha) (No./ha) (No./ha) (kg) (em) (t/ha) 

Check 71390 a~ 9847 a 70938 b 0.9 a 195 b 49 b 

(kg/t) 

114 a 

(kg/ha) 

,,514 b 

'" ~ 

<= 
"l 

'"en 

5.6 tonlha 68577 a 7204 b 73063 a 1.1 a 194 b 50 b 

11.2 tonlha 72581 a 6493 b 74938 b 1.0 a 208 H 53 a 

U5 a 

114 a 

5690 b 

6055 a 

o'ii 
0 

" 0 
0 

" 0 

• 5.6 lontha (pH =6.6), 11.2 tontha (pH =7.3), check = no lime lidded (pH =5.3). 
t CRS = Commercially recoverable ~ugar, kg of sugar per metric short. Ion of cuneo 
:;: Means followed by the same letter are 1I0t significantly different (P > 0.05) llccording to Duncan's New !\.·lultiple Range Test. 

OJ 
ro 
~ 
0

~".;;
5 
Co 

6' 
0 
e, 

" '",. 
":;::. 
Q' 



110 J. Agric. Entomol. Vol. 7. No.2 (1990) 

increase from 1986 to 1987 in the plots without lime may have resulted from 
variability in sampling or from cultivation practices. These data suggest that liming 
may somehow reduce damage by adult sugarcane beetles, contrary to the findings 
of Ingram et aJ. (1935) who had found no relationship between adult sugarcane 
beetle feeding activity and lime. Vittum (t984) reported that single lime applications 
did not appear to provide any control of Japanese beetle grub populations in 
Massachusetts soils. 

The sugarcane crop hus the capacity to compensate for losses in population 
resulting from deadhcarted tillers, provided that there are no gaps in the stand. 
Hensley et a!. (1963) reported that tiller reduction by first-generation sugarcane 
borer must exceed 33% before significant yield reductions occurred. A non
infested check was not included in either the mulching experiment or the liming 
experiment because of the inability to exclude adult beetles from field plots. 
Therefore, losses ascribed to the sugurcane beetle could not be determined 
directly. Assuming that only 50% of all tillel's survive to become millable stalks 
(Dillewijn 1952), and that plant competition and sugarcane beetles were the only 
tiller mortality factors, tiller reduction by the sugarcane beetle was estimated at 
22% and 28% in the check and mulched plots, respectively. In the plant-cane crop 
of the liming experiments. tiller reduction was estimated at 15, 10, and 11% for the 
check, 5, 6, and 11.2 t/ha rates, respectively. The three liming treatments sustained 
tiller reductions by adult sugarcane beetle feeding of 6, 5, and 4% in the first 
stubble crop. \-Vhen gaps occur, compensation for short gaps is greater than for long 
ones, and in ratoons, compensation is considerably greater than in the plam cane 
crop (Dillewijn 1952). As long as cultural practices can reduce gaps in stand 
resulting from sugarcane beetle feeding, loss due to sugarcane beetles is likely not 
to be of economic importnnce. Such was not the case in the mulching experiment, 
where tiller reduction was less than 33% as reported by Hensley et ul. (l968), but 
where numerous gaps negated the compensating ability of the cane and economic 
damage was probably incurred. 

No insecticides are known to control the sugarcane beetle, thus the only tactic 
for control remains cultural. Cultural practices lhat promote vigorous growth and 
avoid the production of excessive amounts of organic matter, such as proper use of 
herbicides, planting good seed-cane, promoting good drainage, and maintaining 
proper soil pH appear to be a better approach to control of sugarcane beetle 
damage than looking for a possible persistent chemical insecticide which may 
exacerbate problems with the sugarcane borer by destroying the borer's predators 
(Hensley 1971). 
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PARAsmSM AND PREDATION OF RICE LEAFFOLDERS, MARASMIA 
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ABSTRACT 

There were no significllnt differences in rates of p£lnlsitism and predation 011 eggs of 
Icuffoldcrs (primarily Marsmia palmi/is IBradleyl and Cllapllll[ocrocis medinalis IGucneeJ) in 
transplllnlcd and direct seeded ricc. Egg parl.lsil-ism rCllched a peak of about 80% in August 
ill both trnnsplanled and direct seeded rice hut averaged about 40'1.,. Highest. levels of 
pnrasitism occurrcd when predation was lowest. 7'ricJlOgramma "'p. was the mosl abundant 
egg parasiloid. At least t\Ych'c species of parasitoids emerged from Icaffolder larvae. A 
hypcrpllrl:lsitoid, EUf)1oma bracoTlidis (Ferriel'c). lliso WliS collectcd. Prcdlltion on Icaffoldcl" 
eggs rcachcd a maximum of about 85%. 

Key Words:	 Rice, leaffoJdcrs, MlJr(lsmia palT/alis. Cllapllalocrosis medina/is. Ilarasitoids, 
predators, biocontrol. Lepidoptcra, Pyralidac. 

J. Agric. Entomol. 7(2): 113-118 (April 1990) 

Rice leaffoldel's (LF) were previously considered minor 01' sporadic pests 
(Capco 1957, Lim 1962). but in recent years their importance has increased 
(Kalode 1974, Soejardjon and [man 1980). Severe outbreaks were reported in 
Vietnam in 1981 (Heinrichs, personal communication), in lndia (personal observation) 
Hnd Southwestel'll Japan (Hirao 1981). 

A recent survey of LF species collected from irrigated lowland lields in Laguna 
province, Philippines revealed that of more than 3,500 larvae collected. over 90% 
were Marasmia patna/is (Bradley). Cnaphalocrocis metlinalis (Guenee) was next: 
most abundant. IVI. ruraLis (Walker) and M. exigua (Butler) were found in sparse 
population densities (Arida and Shepard 1986). 

Modern high-yielding rice varieties have no resistance to LF, and chemical 
insecticides are used frequently for their control. The impact of natural enemies is 
not considered in farmers' decision-making about whether or not chemical applica
tions are needed. However, it is clear that predators and parasitoids playa major 
role in maintaining several species of insect pests of rice below economically 
important levels (Ooi and Shepard in press) and the impact of predators and 
parasitoids on LF populations is likely to be significant. 

Many species of parnsitoids and predators of LF have been identified from 
different parts of Asia. Rao et al. (l969) reported 32 SI)ccies of larval and pupal 
parasitoids of C. medina/is in India. In the Philippines, Barrion et 81. (1979) listed 
nine SI)ecies of parasitoids which attacked LF larvae and pupae but did not report 
parasitoids of eggs. 
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'The incidence of parasitism and predation was monitored from the yellow stern 
borer, Scirpophaga incerlulas (Walker), eggs in the Philippines by Shepard and 
Arida (1986) in transplanted and direct~seeded rice. They found parasitism higher 
in transplanted than in direct-seeded rice. 

LF eggs also are vulnerable to natural enemy attack. Predators were reported 
to cause 70% mortality while egg parasitism was 20% (Kamal 1981). 

The objectives of our study were to identify major parasitoids and predators of 
LF eggs and parasitoids of LF larvae in rice in Laguna Province, Philippines. Also, 
the seasonal abundance of major parasitoids of LF was determined. 

MATERIALS AND METHODS 

This study was conducted on the International Rice Research Institute (IRRI) 
experimental farm from November 1985 - October 1986. Fields were established 
each month of the year by direct-seeding or transplanting with rice selection 
IR1917-3-17. Experimental fields were divided into five 300-m2 plots. Means were 
compared using the Student's t-test at P < 0.05. 

Egg parasitism and predation: 
C. medinalis were allowed to oviposit on plants by caging field-collected moths 

overnight in the laboratory on potted plants of the same age and variety as those 
in the field. Five pots, each bearing 25 LF eggs, were placed in transplanted and 
direct-seeded fields 55 d after seeding. Missing eggs were recorded after 48 hand 
plants were brought to the labol'atory where remaining eggs were held individually 
in test tubes until LF hatched or parasitoids emerged. Parasitoids were counted 
and identified. 

Larval parasitism: 
An average of 100 LF larvae were collected every 2 w from December 1984 to 

November 1985 from the same fields from which egg parasitism was determined 
and from private fields. Larvae were reared individually in glass tubes (16 by 150 
em) on cut rice leaves which were changed as needed until parasitoids 01' LF 
emerged. LF larvae were not identified to species because of high mortality caused 
by unfolding the leaves to examine larvae. Parasitoids were identified by the 
Commonwealth Institute of Entomology (erE), London, England. 

RESULTS AND DISCUSSION 

Egg parasitism and predation: 
Thchogramma sp. and Copidosomopsis nacoleiae (Eady) were the only parasitoids 

which emerged from LF eggs. Their seasonal incidence, as detected by the prey 
enrichment method, is shown in Fig. L More than 95% of the parasitized eggs 
were attacked by Trichogramma sp. Parasitism reached two smaller peaks (about 
20 - 40%) in January and March and began increasing in June, reached the highest 
peak of about 80% in August and declined to near undetectable levels by October 
(Fig. 1). The seasonal mean parasitism levels were the same (P < 0.05) irrespective 
of whether the crop was transplanted or direct-seeded (Figs. 1, 2A). 
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Fig.!.	 Parasitism of rice leaffolders, Cnaphalocrocis medinalis eggs by Tricho
gramma sp. and Copidosomopsis nacoleiae in transplanted and direct 
seeded rice. IRRI Farm. Los Banos, Philippines. 

The seasonal incidence of predation on LF eggs is shown in Fig. 28. Egg 
predation was highest in October-November and in February-April. As with 
parasitism, no significant differences in mean levels of predation could be detected 
between the two crop establishment methods (transplanted vs. direct-seeded). In 
general, when egg predation was high, parasitism was low and vice versa (Fig. 2). 

Density of eggs on sentinel plants may have influenced our estimates of 
parasitism and predation. These "resource patches" of egg· laden plants in the 
field could have altered parasitoid and predator behavior, thereby increasing 
attacks by these natural enemies over that which may ordinarily occur without 
artificial manipulation of host numbers. Also, removal of parasitized eggs by 
predators could bias estimates of parasitism. 
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Fig. 2.	 Percent parasitism (A) and predation (B) of eggs of rice leaffolders in 
transplanted and direct seeded rice. IRRI Farm, Philippines, 1985-86. 

Larual parasitism: 
The seasonal activity of larval parasitoids from the IRRI farm and from 

farmers' fields is shown in Figure 3. In general, parasitism rates were highest in 
Apl'il, May, November and December. Parasitism reached peak of ovel' 65% in 
private fields in April, but overall mean larval parasitism was 301)-;;' Twelve species 
of larval parasitoids emerged from LF larvae. In addition, one egg-larval parasitoid, C. 
nacoleiae was round (Table 1). Five species collected on larvae made up 83% of 
t.he total numbel' of species from IRRJ farm and 72% from private fields. Gonio2us 
triangulifer Kieffer was one of the most common parnsitoids found in both 
locations but it was not abundant during the months of May and June at the IRRI 
fal111. Other abundant parasitoid groups included Cardiochiles philippinen-s/:<; Ashmead, 
Macrocentnts nr. trimaculatus (Cameron) Trichoma, sp. and 7'emelucha sp. 
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Fig. 3.	 Seasonal incidence of leuffoldel' larval parasitoids from IRRI Farm and 
nearby Carmel'S' fields. Los Banos, Philippines. 

Table 1.	 Parasitoids from rice leaffolders, Marasmia pal!lalis and Cnaphalocrocis 
medirwlis. Laguna Province, Philippines. 1985-86. 

Family Species Stage parasitized 

Bethylidae 
Braconidae 

Goniows trianguli[er Kieffer 
Apanteles allguslibasis Cahan 
A. schoenobii Wilkinson 

Larva 
Lmva 
Lalva 

Cardiochiles phiLippinensis Ashmead 
Macrocenlru.s or. trimaculatus 

Larva 

Ceraphonidae 
Elasmidae 

Encyrtidae 
Trichograrnrnatidae 
Pteromalidae 
Ichneumonidae 

Eulophidae 
Eurytomidae 

(Cameron) 
Aphnogmus fijiensis (Ferriere) 
Elasmus claripennis Cameron 
Elasmus sp. 
Copidosomopsis naco/ciue (Eady) 
Tn"cllOgramma sp. 
Trichomalopsis nr. shirahii Crawford 
Trichoma sp. 
Temelucha sp. 
Trat.ala sp. 
'letrasliclws ayyari Rohwer 
Ewytoma brachonidis Ferriere 

Lalva 
Larva 
Larva 
Larva 
Egg-larva 
Egg 
Larva 
Larva 
L8Iva 
Larva 
Pupa 
hyperparasite 

It is clear from these results that parasites and predators are an important 
source of LF mortality. Efforts to consclve these indigenous natural enemies 
should include development of workable aClion lhresholds. a practical monitoring 
program and selective chemical or microbial insecticides applied only when LF 
population density reaches threshold levels. 
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ABSTRACT 

The southern cattle tick, Boophilus micropills, and the caule tick, B. annulatus, have been 
eradicated from all lhe continental U.S., but both species are reintroduced periodically from 
Mexico into South Texas. The southern cattle tick ulso ocelli's on Puerto Rico and the U.S. 
Virgin Islands. In the Americas, both species of ticks occur primarily on livestock and it is 
the limited host range of these ticks that has made them vulnerable to tick eradication 
campaigns. However, the white-tailed deer is a suitable alternative host for the southern 
canle tick and to a lesser degree can also serve as a host for the cattle tick. The presence of 
whitc-tailed deer in Florida in thc 1930's through the 1950's WliS considered to be a serious 
impediment to the effort to eradicate southern catlle ticks. Thousands of deer were slaughtered 
to facilitate tick eradication. Now, dense populntions of deer and other wildlife specis such as 
the nilgai, that occur in South Texns threaten the effort to keep Boophilw; ticks from 
becoming reestablished in the southern United Stales. The role of alternate hosts in the 
ecology of B. microplus and B. OIlT1ulatus is related to a variety of factors that affect the size 
of tick populations. These factors must be e\'8luated carefully in dC\'eloping and implementing a 
tick eradication strategy. This paper is a review of the literature pertaining to the effects of wild
life on efforts lO eradicale Boophilus ollnulatus and B. microplus from the United Stales. 

Key Words:	 Boophilus O1lf1ufcttus, Boophilus microplu$, white-tailed deer, tick, United 
Stares, Acari, Ixodidae. 

J. Agrie. Enlomol. 7(2): 119-125 (April 1990) 

Boophilus microplus (Cnnestrini), B. amwlatus (Say), and B. decoloratus (Koch) 
are the most widespread und economically damaging species in a group of ticks 
that apparently coevolved along with recent large-sized Artiodactyls_ The domesti
cation of hosts such as cattle, sheep, camels, horses, and donkeys was a fortuitous 
occurrence for these ticks because of the advantages provided by the confinement 
of hosts to circumscribed pastures and the possibility of an expanded geographic 
distribution through the transport of their hosts. B. microplus, the most wide· 
spread and most economically important species in the genus, originated in the 
Indian Subregion before it was inadvertently introduced on livestock to such 
places as Australia, Madagascar, eastern Africa from the southern tip to the 
equator, much of South and Central America, and the southern United States. B. 
annulatus is apparently native to the Mediterranean and parts of Africa north of 
the equator, the Near and Middle East to the Iran-Afganistan border area, and the 
southern portions of the U.S.S.R. Spanish colonialists receive credit for spreading 
it from the Mediterranean on horses or cattle to eastern Mexico, from which it 
moved into the United States. B. decoloratus has not been established outside of 

Received for publication 14 August 1989; accepted 27 December 1989. 

119 

I 



120 J. Agric. 8nlOmoi. Vol. 7. No.2 (1990) 

Africa, because few cattle and horses have been exported from Aflica (Hoogstraal 
1986). 

It. is the areas where B. annulalus and B. microplus have most recently become 
established that they are most conspicuous as I>ests. The transmission of piro· 
pJasmosis and anaplasmosis, as well as the direct damage they cause cattle, have 
justified intensive efforts to eradicate these ticks wherever eradication was con
sidered feasible. When tick eradication programs have been mounted against onc 
or both of these two cattle ticks, one of the factors that has made eradication a 
possibility has been their high degree of host-specificity. As introduced pests of 
domestic livestock, neither tick species was well adapted as a parasite of native 
wildlife and wildlife hosts have not been l:l majol' deterrent to the success of any of 
the attempts at eradication, although white-tailed deer were and still are a 
complication in the campaigns against cattle ticks in the U.S.A. 

An assessment. of the feasibility of eradicating a tick such as B. microplus or B. 
annulatus should include an evaluation of the likelihood that one or more non
domestic host species could complicate 01' compromise the effort. In the discussion 
that follows, no effort. has been made on a world-wide 01' even a regional basis to 
appraise the potential role of wildlife in the event of a tick eradication campaign in 
a specific region. Instead, information on historical and present problems with 
wildlife in the U.S. programs to eradicate B. annu/alus and B. microplus is 
presented as an examl>le of the impact of wildlife in the implementation of an 
eradication program. 

Wildlife and Callie Feuer Ticks in the United Slales 
Although Say's (1821) OIiginal description was based on specimens collected in 

Florida from a white-tailed deer (I82l), wildlife hosts of B. Gnnulat.us were not. 
considered a factor when the United Stutes began its cattle fever tick eradication 
program in 1906. But 32 years later, the host-suitability of the white-tailed decr, 
Odocoileus virglniallus, became t.he central issue of a controversy. 

When the State Livestock Sanitary Board of Florida was creat.ed in 1923 with 
the eradication of the cattle tick as its primary objective, rapid progress towards 
eradication was made until the campaign reached Orange County. Cattle on 
property next t.o game preserves were dipped on the regular 14-day systematic 
treatment schedule in 1931 and again in 1932, but neither effort was successful. 
When deer killed by hunters on game preserves of Orange and Oceola counties 
were examined, they were infested with ticks eventually identified as B. microplus 
(l{napp 1940). Of the 22 deer collected in Orange Co. during a study of the host 
range of B. microplus, four deer killed in a cypress swamp were infested with cattle 
ticks. but 18 deer without cattle ticks were collected from nearby "pine flat 
woods." 'The lack of ticks on the deer from the pine woods may have been related 
to the effectiveness of a pl'Ogram of ranging cattle over the tick-infested areas and 
dipping them on a regular schedule. None of the many species of small mammals or 
birds collected in the swamp 01' woods were infested with B. microplus (Travis 1941). 

The extent to which white-tailed dccr could sustain and spread infestations of 
B. microplus was unknown, but many olTicials of the eradication program argued 
that it was necessnry to eliminate the deer to eradicate the tick and legal steps 
were taken in preparation for this process (Shillinger 1938). Although the action 
was unsuccessfully challenged in the courts, laws authorizing the slaughter of deer 



121 GEOHGE: Wildlife and the Eradication of Boophilus spp. 

in six Florida counties wel'e ultimately enforced (Knapp J940). By 1945 ca. 20,000 
deer had been destroyed (Hourrigan 1964). 

The slaughter of deer was prevented on t.he Seminole Indian Reservation 
adjacent to Collier and Hendry Counties by officials of the Department of Interior 
who would not support the effort without scientific evidence that deer could 
sustain B. microplus populations. tn 1943 after two years of examining cattJe, deer, 
raccoons, rabbits. squirrels. and birds. no ticks were found on the reservation and 
the quarantine imposed on the reservation was lifted without any deer having been 
killed (l\Ilarshall et a!. 1963). 

A series of outbreaks of B. microplus on cattle were reported from Florida in 
1945. 1947. and again in 1948. Systematic inspection and dipping of domestic 
livestock apparently eliminated the ticks, the quarantine was lifted in December of 
1950, and the tick eradication program in Florida was considered a success. 
Unfortunately. tick outbreaks occUl'red again in 1958 and 1960, but since the 
campaign was pronounced successful the final time in 1961, no additional Boophilus 
ticks have been discovered in the state. No tick-infested deer were found during 
any of the tick recurrences in Florida betv.'een 1945 and 1960 (Marshall et al. 
1963). 

Many people were convinced that tick-infested deer were responsible for the 
problems in the eradication campaign in Florida. Based on the evidence it was 
impossible to determine whether the infestations represented reappearances of 
extant low·level populations that sUlvived on deer or if they resulted from 
reintroductions of the tick from the Caribbean (Graham and Hourrigan 19i7). 

An active eradication program against B. microplus began in 1936 in Puerto 
Rico. The eradication strutegy included systematic applications of acaricides to 
cattle, equines, sheep, and goats, and the destruction of white-tailed deer. By 1939 
the eradication of B. m/croplus had begun in the U.S. Virgin Islands and the 
eradication plan for these islands also called for the destruction of deer. Deer were 
not an insurmountable obstacle to the tick eradication effort in Puerto Rico and in 
1953 after the program wus declared a success, the systematic dipping of livestock 
was discontinued (Vetel;n8l)' SeJVices 1977). The deer werc blamed for complications 
in the effort on the U.S. Virgin Island of St. Croix and in J94J the program was 
suspended until a plan was devised to cope with the deer. Work on St. Croix 
resumed in 19iO, but was again suspended in 19i4 (Graham and Hourrigan 19i7). 
B. microplus still occw'S on St. Croix. After the eradication program was suspended in 
1941, two separate studies completed during the 1960's on St. Croix provided the 
most substantive data available on the B. microplus-white-tailed deer relationship. 
When thrce white·taiJed deer were confined in a small pen seeded with l8Ivae of 
B. microplus. an undetermined number of generations of ticks were completed on 
the deer during the next 11 months before the pen and the heavily infested deer 
were sprayed with 8n acaricide (Park et al. 1966). In a separate study when deer 
were collected from different portions of St. Croix where their contact with cattle 
and other domestic hosts of the tropical cattle tick varied from none to frequent, 
deer were found to be tick-infested in all but one instance. The exception was a 
farm on which deer shared pastures with cattle that had been dipped every 14 
days for three years. On a nearby farm where the cattle were tick-infested and 
dipped at irregular inter....als, the deer that mingled freely with the cattle were 
infested with B. microplus (Kistner and Hayes 1970). The two investigations on St. 
Croix support the hypotheses that B. microplus can exist in 8 natural environment 
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with white-tailed deer as the sole host, but when tick-infested deer and cattle 
share the same range, the ticks can be eradicated by dipping the cattle regularly. 

A recent study on Cuba (de In Vega 1984) provided additional confirmation of 
the suitability of white-tailed deer as a host of B. microplus. The investigator found 
that although the tropical catt.le tick will complete its development on deer, the 
engorged females weighed about 40% less t.han when a bovine was the host, they 
converted about 58% of their mass to eggs, and 94.8% of the eggs hatched. 

Outbreaks of both B. microplus and B. annulatus occur periodically in t.he south 
Texas counties where the U.S. is separated from Mexico by the Rio Grande River. 
At times, the limited flow of wHter in the river makes it easy for tick-infested 
domestic livestock to stray or to be brought across the river from Mexico. Large 
populations of wildlife, including white· tailed deer and exotic animals, such as 
nilgai, arc abundant in sout.h Texas and northern Mexico and can also transport 
Boophilus ticks across t.he river. The area of south Texas that is adjacent to the 
parts of northern Mexico which are populated with B. microplus and B. armulatus 
is the most likely t.o become infested with cattle ticks und has been declared a 
quarantine zone. 

This "buffer" 01' quarantine zone extends from the border community of Del 
Rio south to the Gulf of Mexico. Wit.hin this zone or elsewhere in the state, when 
cattle ticks are detected and traced to specific premises, Texas law permit.s a 
rancher to choose between two options for proceeding with the eradication of the 
ticks. The choices are systematic dipping of all livestock on a 14-day schedule or 
removing all cat.tle from the infested pastures fOI" six to nine months, depending on 
the time of year t.he Quarantine begins. 

The object of the pasture vacation method of tick eradication is to deny the 
fTee-living larvae access to host. until natural mortality eliminates the ticks. The 
procedure is especially suit.ed fol' areas such as south Texas where large pastures 
with extensive brush make it difficult and costly to gather livestock for systemat.ic 
dipping (Ellenberger and Chapin 1940). A failure to remove all livestock fTom the 
pastures, returning livestock t.o a pasture prematurely, or the presence of an 
alternative host would compromise tick eradication. 

The typical host list for B. amlUlalus includes cattle, horses, mules, deer, and 
occasionally buffaloes, goats, and sheep (Hooker et al. 1912, Cooley 1946). Cattle, 
horses, and mules were the only hosts considered important to the national 
el'8dication program (Ellenberger and Chapin 1940) until the alleged role of deer 
as hosts of B. microplus became an issue in Florida. Even then, deer were not 
considered a threat to the eradication program in the areas where B. annulalus 
was the target. Events in Texas in recent years have altered perceptions about the 
importance of deer in the ecology of B. annulatus. In the 1970's the application of 
the pasture vacation approach failed repeatedly to eliminate B. annulatus from a 
large area within Webb Co_, Texas, and accumulative bits of evidence implicated 
whit.e-tailed deer in the problem. 

In 1968, engorged females of B. aflfll1latus found on a deer during a prolonged 
effort to eradicate the tick from a ranch in Dimmit Co., Texas, caused speculation 
about the possible contribution of deer to the difficult.ies of this eradication effort. 
Preliminary laborutory experiments with the Fl larvae from these engorged females 
showed that equivalent numbers of engorged female B. annulatus were obtained 
from equal numbers of larvae placed onto a calf or a deer restrained from self· 
grooming. The fact that the mean weight of an engorged female from the calf was 
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42% heavier than the females from the deer suggested biological differences 
bern-cen the response of the ticks to deer and cattle. From this evidence, the 
investigators concluded that white-tailed deer are a physiologically suitable host, 
that they may not be important in the maintenance of tick populations in an area 
in which an eradication effort is being made, but they could disseminate the tick 
(Graham eL al. 1972). In a recent study to compare the host-suitability of Hereford 
calves and white-tailed deer (Cooksey eL al. 1989), B. annulatus-infested animals 
wcrc able to groom themsclves. Under these conditions, the deer proved t.o be much 
more eflicient at removing ticks t.hrough grooming t.han cattle. This conclusion was 
supported by thc obscl"Vation that on the deer 15% of the females detached 
prematurely or were removed by grooming while < 5% of the ticks collected from 
cattle detached prematurely. Concomituntiy, the average weight of engorged 
females from deer was only 71% of the mean weight of t.he ticks from cattle and 
the weights of egg masses oviposited by females from deer were proportionately 
smaller. Cooksey et al. (1989) also reported un "apparent" I'eduction in the 
hatchability of eggs from females reared on deer. But, in their study the lower rate 
of hatching of the eggs from females fed on deer could be attributed to the high 
proportion of prematurely·detached females in t.he samples and the decreased 
amount of hatch nonnaUy expected among eggs [rom partially engorged females. 

A sample of ca. 7.2% of the total population of deer in 52 pastures was 
collected between mid-April to late June on a 48,333 ha area of Webb Co., Texas. 
Apl>roximately 10% of 297 deer sampled were infested with B. annulatus and the 
average infestation consist.ed of six (range 1 - 25) nymphs and adults. Cattle ticks 
were collected 011 deer from six pastures in which the cattle were infested, from 
deer on two pastures where cattle were uninfested, and from deer on two pastures 
where cattle were absent. In 10 past.ures the cattle were tick-infested, but. none of 
the deer were (Gray et al. 1979). Cattle ticks were not observed on either the cattle 
01' deer in the other 32 pustures. Two possible conclusions from the information 
obtained in this sUI"Vey arc: (1) when cattle infested with B. annulatus share t.heir 
pastures with white· tailed deer, t.he deer are likely to be also infested with ticks, 
and (2) white-tailed deer are capable of transporting B. annulalus to uninfested 
pastures. Tick-infested cattle occurred in 18 of the 20 pastures in which tick
infested hosts occurred, but tick·infested deer were collected in only 10 of the 20 
pastures. The less frequent occurrences of infested deer suggest that the deer 
were infested secondarily llnd would not maintain the tick if cattle were absent. 

DISCUSSION 

There is sufficient evidence to support arguments that a population of B. 
microplus can persist for years with deer as the sole host and that the deer can 
transport southern cattle ticks to establish foci on cattle. The degree of host
specificity of B. armulatus appears to be greater t.han that of B. microplus. During 
the original eradicat.ion effort there were apparently many parts of the tick
infested southern U.S. in which decr were as plentiful as in Florida, but bccause 13. 
aUflulatus was present instead of B. microplus the deer did not hamper the 
program. In south Texas, deer have probably, on some occasions, caused the 
failure of the pasture vacation approach to emdicution, because when a pasture is 
vacated, even if the deer will not sustain a positive growth rate of the tick 
population, the deer may enable the ticks to persist longer than the prescribed 
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vacation period. If the host·efficiency of deer were equal to cattle, deer would be 
expected to spread B. annulatus progressively throughout south Texas and beyond. 
Besides 00·h05t survival rates and the host effect on tick fertility and fecundity, 
the combination of abiotic and biotic factors lhat influence survivorship and host
finding of larvae during their nonparasitic phase must also be considered in 
evaluations of the importance of wildlife hosts. Host densities. the effect of 
pasture management on the quality and quantity of habitat favorable for ticks, and 
year-ta-year variations in the weather may individually or in combination alter the 
extent to which decr influence the population dynamics of either B. annulatus or 
B. microplus. As more data are obtained on the on-host biology of Boophilus spp. 
on deer and other species of wildlife, the data can be used in computer simulations of 
Boophilus populations to predict the degree to which deer or some other species of 
host can affect the possibilities of achieving el1ldication. 

A tick eradication program is much less likely to succeed if the host-range of 
the target species includes an abundant wildlife host, but this situation does not 
mean that eradication is not feasible. If the wildlife cohabit range with cattle, it 
may be possible to eliminate the ticks by systematic dipping of the cattle, although 
the success of this strategy will be affected by the population density and host
efficiency of the wildlife. The existence of game refuges or wilderness areas where 
the ticks cycle on an alternate host does not represent an insurmountable obstacle 
to eradication. Removal of the wildlife host from the refuge may not be an 
acceptable alternative. It may be feasible to quarantine a refuge, to erect game
I>roof fences, and to maintain a permanent buffer zone around a refuge, but the 
threat of reintroduction of the tick to former habitats remains a possibility. 

Eradication of B. microplus or B. annulatus is a difficult and expensive venture 
without including the added expenses that can be caused by complications 
associated with a wildlife host. It is important to assess the host-suitability of a 
possible alt.ernate host before a campaign begins instead of experiencing the 
added expenses and possible failure of the effort caused by a belated discovery. 
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ABSTRACT 

Dose-response and/or discriminating-dose lcsls were employed to det.ect. malathion nnd 
pirimiphos-methyl resistance in seven strains of lldult red nour bectle. '1h/w!ium cw;laflcum 
(Herbst), and two strains of adult snwtoothcd grain hecHe, OryzlIephilus surinamellsis (L.), 
infesting com stored on famls in Minnesota. Both lests indicated malathion resistance in all 
field strains of T. cnstarwum. and lack of resistance ill O. sudtlamensis field strains. Field 
strains of both species were apparently susceptihle to l>irimiphoHl1cthyL 1'...lalal.hion resistance in 
'1~ castaTlcum was due predominantly 10 detoxification by estemses, especially carboxylesterase, 
because the synergisls triphenyl phosphate and S, S, S,-tributyl phosphorotrithioatc completely 
suppressed malathion rcsistance. The synergist pil}cronyl butoxide also was partly effective 
in suppressing malathion resistance in T, ca.~tallcum suggesting the presence of oxidative 
processes in malathion detoxification, 

Key Words:	 Stored grain, organophosphates. discriminating-dose test, resistance. saw· 
toothed grnin beetle. Or)'zaephilus sun·'ll1mensis. red flour beetle, Tribolium 
castaneum 

J. Agric. Entomo!' 7(2): 127·136 (April 1990) 

Detection of and monitoring for insecticide resist.ance is an imporulI1t component of 
n sound insect management program, especially where insecticides are frequently 
used. Insecticides are frequently and indiscriminately used to suppress insect 
populations in stored grain (Storey et 81. 1984). and nonchemical management 
practices are rarely followed (Harein et al. 1985). Increased reliance on insecticides, 
especially malathion, on stored grain in the United States has led to development 
of resistance in adults of several species of beetles (Haliscak and Beeman ]983, 
Subramanyam et aL 1989a) and larvae of moths (Beeman et al. 1982, Zettler 1982, 
Arthur et al. 1988, Sumner et al. 1988). 

Recently, two new grain pl'otecwnts, chlorpyrifos-methyl and pirimiphos
methyl, were registered in the United States for lise on stored grain as potential 
replacements for malathion. ChlorpYlifos·methyl was registered in 1986 and pirimiphos· 
methyl in L988. Despite their recent use, low Levels or tolerance (natural resistance) to 
these insecticides are already apparent in several insect species (Arthur et al. 
1988, Subramanyam et aI. 19898, Beeman and Wright in press). indicating the 
potential for development and spread of resistance. 
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Subramanyam et al. (1989a) reported 6- to 41-fold malathion resistance in 
adults of four strains of the red flour beetle, Tribolium castalleum (Herbst), and 
1.2- to 1.7-fold tolerance in adults of four of the six field strains of the sawtoothed 
grain beetle, Oryzaephilus surinamensis (L.), collected during 1985 and 1986 from 
farm-stored barley in Minnesota. The present study was designed to detect the 
resistance status of adult T castaneurn lind 0. surinamensis infesting farm-stored 
com in southern Minnesota to malathion and pirimiphos-methyl. The biochemical 
basis of resistance in field strains of these insects to malathion or pirimiphos-methyl 
was also evaluated using insecticide synergists. Chlolllyrifos-methyl is not registered 
for use on corn, and was therefore not evaluated against these two insect 
species. 

MATERIALS AND METHODS 

Live adults of T. castal1eurn and 0. surinamensis from each storage facility 
holding corn were captured during 1986 in an unbaited perforated plastic probe 
trap (Subramanyam et al. 1989b), placed just below the grain surface near bin 
center. Separate cultures were initiated from adults (> 50) captured in each 
storage, and cultures were replenished with adults recovered monthly in the trap 
from the same storage facility between May and September 1986. We were 
successful in rearing seven field strains of T. caslaneum and two strains of 0. 
sun"namensis. T castaneum and 0. surinamensis strains were reared on whole
wheat flour plus 5% (wt/wt) brewer's yeast diet and rolled oats plus 5% brewer's 
yeast diet, respectively, at 25°C and 75% RH. Standard susceptible laboratory 
(LAB) strains of these two species obtained from the Stored Product Insects 
Research and Development Laboratory, Savannah, Ga., were also reared similarly. 
Field strains reared for more than six generations were used in tests. Unsexed 
adults of mixed ages were used in bioossays. 

Technical grade malathion (91% purity; American Cyanamid Co., Princeton, 
N.J.), and pil-imiphos-methyl (94% purity; leI Americas, Wilmington, Del.) were 
diluted in acetone to make stock solutions and solutions containing different 
concentrations of each insecticide. Resislance was evaluated lIsing filter papers 
impregnated with insecticides according to the FAD method (FAD 1974), with 
modifications (Subramanyam et al. 1989a). Malathion resistance in field strains of 
T cast.aneum and O. surinamensis was determined using dose-response and 
discriminating·dose test methods (FAD 1974), whereas only the discriminating 
dose-test method was used to determine resistance to pirimiphos-methyi. 

For dOlic-responsc tests, individual filter papers (7-cm diam; Whatman No.1) 
were treated with 0.5 mI of malathion solutions or acetone (control) following 
procedures described in an earlier paper (Subramanyam et al. 19890). Twenty 
adults of T castaneum and O. surinamensis field strains were exposed separately 
to treated papers for 72 and 24 h, respectively. At least five doses were evaluated 
against both species, and three to eight papers were treated at each dose. Average 
mortality of adults at each dose was corrected for average mortality in controls 
« 5%) (Abbott 1925). Corrected dose-mortality data were subjected to probit 
analysis (SAS Institute 1985) to estimate parameters (intercept ± SE and slope ± SE) 
of the probit regression model and dose I'equired to kill 50% of test insects (LD50). 
Subramanyam et al. (19890) reported the LD,'j.()'s for the LAB strains of T. 
castaneum and 0. surinamensis. LDr.o's among strains were considered significantly 
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different (P < 0.05) if the 95% confidence limits (CL) did not overlap. For each 
insect species, significant differences (P < 0.05) among strains in response to mala
thion were determined by comparing individual probit regression models to a pooled 
model (Draper and Smith 19BI). The magnitude of malathion resistance relative to 
the LAB strain was calculated as the ratio of LD"" of field strain to LDr,o of LAB 
strain. LDr.o's were expressed as milligrams of active ingredient (An per paper. 

For discriminating-dose tests, the discriminating dose of malathion or pirimiphos
methyl reported earlier based on the LAB strains of T. costaneum and 0. swi
rwmensis were used in the present tests (Subramanyam et al. 1989a). Discriminating 
doses of malathion and pilimiphos-methyl for T castaneum exposed for 72 and 24 h, 
respectively, were 0.185 and 0.130 mg of AI per paper. Discriminating doses of 
malathion and pirimiphos~methyl for 0. sun'namensis based on 24h exposure were 0.215 
and 0.120 mg of AI per paper, respectively (Subramanyam et a!. 1989a). Discriminating 
doses of each of these insecticides or acetone alone (control) were applied in 0.5
ml volume to separate filter papers. The number of papers treated ranged from 
three to six. Twenty adults of field, and LAB strains of the two species, ,,,"'ere 
confined inside separate I·ings. Mortality of T. castaneum adults was checked after 
24 or 72 h, and O. sunnamensis adults after 24 h. Mortality of adults on replicate 
papers was corrected for average control mortality « 3%) (Abbott 19"25). Corrected 
mortality of each field strain was compared with mortality (100%) of LAB strain by 
Wilcoxon-Mann-\Vhitney two-sample signed rank test (SAS Institute 1985). Field 
strains with mortality significantly (P < 0.05) lower than 100% were considered 
resistant. Number of adults surviving at the discriminating dose also gives a direct 
measure of frequency of phenotypically resistant individuals in the strain tested. 

To determine the biochemical basis of resistance, the synergists triphenyl 
pbosphate (TPP, 100% purity; Aldrich Chemical Co" Milwaukee, WI. la member of 
Sigma-Aldrich Corp,l; S, S, S-,tributyl pbosphorotrithioate (TBPT IDEI'I, 99% 
purity; Mobay Chemical Corp. Kansas City, Mo.); and piperonyl butoxide (PB, 
100% purity; McLaughlin, Gormley, King Company, North Minneapolis, Minn.) 
were combined with insecticides and tested on field strains found resistant to 
either malathion or pirimiphos~methyl. Haliscak and Beeman (1983) and Honon 
(1984) also used a similar procedure for determining the biochemical basis of 
malathion resistance in field strains of adult 'I: caslaneum. TPP inhibits the 
carboxylesterase enzyme, whereas TBPT and PB inhibit esterases and mixed 
function oxidases, respectively (Raffa and Priester 1985). Synergists were combined 
with the discriminating dose of the insecticide, and the ratio of synergist to 
insecticide was 5: 1 (wt:wt). Six filter papers were treated with 0.5 ml of acetone 
(control), insecticide, and insecticide in combination with each of the synergists. 
Adult mortality of resistant field strains was checked at 28 h, and mOltality on 
replicate papers was corrected for average control mortality « 2%) (Abbott 1925). 
Percentage mortality was arcsine-transfonned for analysis to stabilize variances, and 
differences among insecticide and insecticide-synerf,rist treatments were detennined 
by one~way analysis of variance and Fisher's Protected LSD using the PROC 
GLM procedure (SAS Institute 1985), Significantly (P < 0,05) greater mortality of the 
insects in insecticide-plus-synergist treatments compared with insecticide alone 
indicated that enzymes suppressed by the synergists were reponsible for detoxification 
of the insecticide. 

All tests were conducted in a continuously-lighted room maintained at 26°C 
and 55% RH, 
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RESULTS 

Afalathion resiBtance ~ dose-response lests: The LD50 of malathion to LAB strain 
of T. c:astaneum was 0.12 mg of AI per paper. Except for strain C·42, the LDr,o's of 
field strains were significantly (P < 0.05) greater than the LAB strain; and field 
strains were 6 to 46 times more resistant to mulot.hion than the LAB strain. The O. 
surinamensL<; field strain was slightly (L,46-fold) resistant to malathion compared 
with the LAB strain (Table 1). 

Probit regression models alllong T. castancurn strains (including the LAB 
strain) were significantly different (F:::: 15.60; elf = 14, 40; P < 0.0001), indicating 
variation among strains in response to malathion. However, probil models of 
strains C-41, C-42, and C·60 were similar (F = 1.07, df = 4, l8; P = 0040), and the 
pooled pmbit estimates for these stl'ains were: intercept ± SE = 1.94 ± 0.75; 
slope ± SE ~ 2.33 ± 0.23; LD" (95% CL) = 0.95 (0.79 - 1.l0) mg of AI pel' paper; 
and resistance ratio was 7.92. The probit regression model of the O. surinamensis 
field strain was significantly different from the LAB strain (P = 246.44; df = 2, 9; 
P < 0.0001). 

Response to discriminating-dose of maLathion or p,.imiphos~methyi: ~'lortality of 
all T castaneum field strains exposed to malathion was signficantly lower (P < 0.033) 
than 100% (LAB strain), indicating resistance, however; these strains were susceptible 
(100% mortality) to pi..rimiphos-methyl. Mortality responses of the two 0. sun:namensh, 
strains exposed to malathion and pirimiphos-methyl were similar to that of the 
susceptible strain (100% mortality) (Table 2). 

Response to synergist-insecticide combination: Only malathion resistance in T. 
caslaneum field strains was detected in the present study. Therefore, t.he synergists 
TPP, TBPT, and PB were combined with malathion and tested against these 
strains. Mortality of strains exposed to malathion alone « 10%) '.vas significantly 
lower (P < 0.05) than in the other treatments, except for strain C-58. Mortali~ of strains 
exposed to malathion + PB ranged from 8 to 57%, whereas mortality of strains 
exposed to malathion + TBPT and malathion + TPP ranged f!'Om 98 to 100%. For 
each strain, mOltality of adults exposed to malathion + 'rBPT and malathion + TPP 
was similar (P> 0.05), and mortality of adults in these treatments was significantly 
greater than mortality of adults exposed to malathion + PB (Table 3). 

DISCUSSION 

Dose-response l:lnd discriminating-dose tests confirmed malathion resistance in 
field strains of T castan€um infesting corn in southern Minnesota. Levels of 
resistance observed were similar to levels observed with T castalleum strains 
infesting stored barley in Minnesota (Subramanyarn et a1. 1989a), stored-grain in 
north-central United States (Haliscak and Beeman 1983), and stored peanuts in 
southern United States (Zettler 1982, Halliday et aJ. 1988). Frequency of pheno
typically-resistant individuals among field strains ranged from 63 to 100% (Table 
2). Resistance to malathion in T. cas(aneurn adults is controlled by closely linked 
alleles in the sixth linkage group at or near the R-mal locus (Beeman and Nanis 
1986), and resistance levels may vary Widely among strains because of different R
mal alleles in each strain. This view is suppOited by our results showing differences in 
the probit regression models among strains, and the varying levels of resistance 
(Table 1) and mortality at the discriminating dose (Table 2). 



Table 1. Toxicity of malathion to field strains and a susceptible laboratory strain of adult Tribolium castoneum and Oryz{lephilus 
surillamensi:; exposed for 72 and 24 h, respectively, to filter papers impregnated with insecticide. 

CSpecies LD", (95% CLl Resistance '" 
and strain* ~o_ doses No. adults Intercept ± SE Slope ± SE (mg IAII/paper) ratio! '" ~ s:7h.bolium castaneum > 
LAB:; 6 960 ·17.16 ± 4.52 10.70 ± 2.22 0.12 (0.11 - 0.14 ) 1.00 z 
C-41 § 8 640 1.24 ± 1.52 2.17 ± 0.47 0.73 (0.27 . 1.11 ) 6.08 

-<>s:
C-60§ II 834 2.69 ± 0.87 2.58 ± 0.27 1.03 (0.78 - 1.28 ) 8.58 
C-38 7 560 1.81 ± 0.80 2.25 ± 0.23 1.10 (0.80 - 1.40 ) 9.17 
C-42§ 6 400 2.10 ± 2.14 2.29 ± 0.63 1.28 (0.07 - 3.69 ) 10.67 
C-34 5 400 3.98 ± 0.66 2.82 ± 0.20 1.52 (1.36 ·1.68 ) 12.67 
C-58 8 640 0.15 ± 0.38 1.47 ± lUI 2.0~j (1.73 - 2.35 ) 16.92 
C-46 6 820 9.36 ± 2.12 3.84 ± 0.57 5.55 (4.31 - 7.22 ) 46.25 

Oryzacphilus surinamcllsis** 
LAB:; 7 720 5.13±1.45 5.56 ± 0.80 0.069 (0.060· 0.079) 1.00 
C-26 6 440 -24.15 ± 3.25 14.56 ± 1.61 0.101 (0.090 . 0.108) 1.46 

• LI\B"" laborutof)' strain: C. com. and the nllmbt>f following C is the arbitraljl number Assign('d to the l'torag(' facility from which the lIln'lin .....s:; coll('cled.
 
t Hesistance mlio = LD.!oO of field SlrainlLD:.o of LAB strain.
 
:t: DlIw from Suhram,lIlyum et aJ. (l989u).
 
§ Prohil reKfCssion mOO'll!' among these strains .....ere not significantly differenl (P > OAO). hy model comparii'itlll procedure (Draper and Smith 1981).
 
- Adequale number of adults of O. 5urinunlt'nsis strain (;-23 wcrt' not availablc for dose-response tests.
 



Table 2.	 Mortality CJo X ± SEM) of field strains and a susceptible laboratory strain of adult Tribolium castaneum and 
Oryzaephilus surinamensis exposed for 72 and 24 h. respectively, to filter papers impregnated with the discliminating 
dose of malathion or pirimiphos-methyl. 

Species 
and strain* nt Malathion nt Pirimiphos-methyl 

Tribolium	 castanem 
LAB	 3 100.0 ± 0.0 5 100.0 ± 0.0 ,. ~ 

C-41 5 11.0 ± 4.3* 5 100.0 ± 0.0
 
C-60 5 8.0 ± 5 1011.0 ± 0.0 ~.


3M 0 
C-38 5 22.0 ± 7.7* 5 100.0 ± 0.0 t'l 

C-42 5 37.0 ± 12.5* 5 100.0 ± 0.0 S 
C-34 5 0.0 ± 0.0* 5 100.0 ± 0.0 a 

£. 
C-58 5 25.3 ± 12.8* 5 lOO.O ± 0.0 , 
C-46 5 1.0 ± 1.0* 5 100.0 ± 0.0 ~ 

--. 
Oryzaephilus surinamensis z 
LAB 5 100.0 ± 0.0 5 100.0 ± 0.0 

? 

C-26 5 100.0 ± 0.0 6 100.0 ± 0.0 
~ 

toC-23	 5 100.0 ± 0.0 6 98.3±1.7§ .s'"
• LAB'=' lahoratory strain: C, com, and the number following C is the arbitrary number assigned to the storage facility from which the st.rain was collected. 
t n'" nUlnher of replicates; at each repliclllt' 20 adult!> were exposed. 
+ Mortality of each strain was significantly lower (P '" 0.0135·0.0:.12.1) than mortality of the LAB strain. by Wilcoxon-Mann-Whitney signed rank tcst (SAS Institute 

1985). 
§	 Mortality of strain C-23 was not significant.ly different (P = OAi) than mortality of the LAB strain, by Wilcoxon-Mann-Whitney signed rank test (SAS Institute 

1985). 
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Table 3.	 Mortality (% X ± SEM) of field strains of adult Tribolium castaneum 
exposed for 28 h to filter papers impregnated with discriminating dose 
of malathion 01' malathion in combination with synergists.* 

Straint	 nt Treabnent % Mortality § 

C-41	 6 Malathion + TBPT 100.0 ± 0.0 a 
5"" Malathion + TPP 100.0 ± 0.0 a 
6 Malathion + PB 48.3 ± 13.5 b 
6 Malathion 0.8 ± 0.8 c 

C-60	 6 Malathion + TBPT 100.0 ± 0.0 a 
6 Malathion + TPP 97.5 ± 1.1 a 
6 Malathion + PB 11.7 ± 4.2 b 
6 Malathion 0.8 ± 0.8 c 

C-38	 6 Malathion + TBPT 100.0 ± 0.0 a 

5"" Malathion + TPP 100.0 ± 0.0 a 
6 Malathion + PB 56.7 ± 4.2 b 
6 Malat.hion 0.8 ± 0.8 c 

C-42	 6 Malathion + TBPT 100.0 ± 0.0 a 
6 Malathion + TPP 99.2 ± 0.8 a 
6 Malathion + PB 56.7 ± 7.5 b 
6 Malathion 0.0 ± 0.0 c 

C-34	 6 Malathion + TBPT 100.0 ± 0.0 a 
5"" Malathion + TPP 100.0 ± 0.0 a 
6 Malathion + PB 10.8 ± 2.4 b 
6 Malathion 0.0 ± 0.0 c 

C-58	 6 Malathion + TBPT 100.0 ± 0.0 a 
6 Malathion + TPP 100.0 ± 0.0 a 
6 Malathion + PB 12.7 ± 1.8 b 
6 Malathion 9.5 ± 6.6 b 

C-46	 6 Malathion + TBPT 100.0 ± 0.0 a 
6 Malathion + TPP 100.0 ± 0.0 a 
6 Malathion + PB 7.5 ± 4.2 b 
6 Malathion 0.0 ± 0.0 c 

•	 S, S, S,·tributyl phosphorotrithioate (TBPT IDEF\J; triphenyl phosphate (TIP); and piperonyl butoxide 
(PB). 

t	 LAB = lahoralory st.rain; C, com, and t.he number following C is the arbitrary llumber assigned to the 
storage foeility from whieh the strain waf! collected. 

:;:	 n = number of replicllles; at each replicllt.e 20 udults were e:q>osed. 
§ For each stmin, meun!! followed by difforent IcHers nrc significantly different (P < 0.05), by Fi:'lher's 

protected LSD (SAS Institute 1985). 
•• One replicate was not included in analysis because nil adults escaped from under the glass ring. 
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One field strain of O. surinamensis (C-26) showed a 1.46·fold resistance to 
malathion at the LD50, but was susceptible in discriminating-dose tests (Table 2). 
The steeper slope value (14.56) for strain C-26 with malathion suggests lack of 
resistance (compare with slope values of malathion resistant 7~ castaneum strains, 
Table 1). Lack of resistance to malathion in O. surinamensis despite use of this 
insecticide for three decades is surprising, and similar results with 0. surinamensis 
were reported by Haliscak and Beeman (1983) and Subramanyam et al. (1989a). 

Susceptibility of all field strains of T. caslaneurn and 0. surinamensis to 
pidrniphos-methy\ was expected because pirirniphos-methyl was not registered for 
use on grain at the time these strains were collect:ed. In addition, recent surveys in 
Alabama and Georgia with malathion-resistant T castaneum strains infesting 
peanuts (Halliday et al. 1988), and in Kansas with strains infesting grain (Beeman 
and Wright in press), did not show any indication of tolerance or resistance to 
pirimiphos-methyl, Howcver, about 22-fold resistance to pirimiphos-methyl has 
bcen rellorted in two strains of adult 0. surinamensis infesting grain in Australia 
(Altia and Frecker 1984), and about 8-fold resistance was detected in one of the nine 
strains of adult 0. surinamensis infesting grain in Kansas (Beeman and Wright in 
press). Therefore, there is a potential for development of resistance to pirimiphos-methyl 
in 0. surinamewiis adults if this insecticide is frequently used for insect control in 
stored grain without recourse to alternate chemical or nonchemical strategies. 

Complete sUPIlression of malathion resistance in adults of field strains of T. 
castaneunl in malathion + TPP and malathion + TBPT treatments indicated that 
resistance in these strains was predominantly due to detoxification by esterases, 
especially carboxylesterase. Malathion resistance in T caslaneum field strains in 
the United States is of the specific type suppressed by carboxylcsterase inhibitors 
such as TPP (Bansode und Campbell 1979, Huliscak and Beeman L983, Horton 
1984, Subramanyam et al. 19898). The R-mal locus controls the malathion-specific 
resistance (Beeman and Nanis 1986), and adults of T. castanewn strains with this 
type of resistance generally are not cross-resistant to other organophosphorus 
compounds (Beeman 1983) (e.g., pirimiphos-mcthyl, Table 2). 

Increased mortality of T. caslaneum field strains in malathion + PB treatment 
compared with malathion alone indicated the possible presence of oxidative 
processes in detoxification of malathion in certain resistant strains. Subramanyam 
et al. (1989a) reported n similar response in four strains of adult T. caslaneum 
infesting stored barley in i\![innesota. 

In the future, the discriminating-dose test method should be used for monitoring 
pirimiphos-methyl resistance in field strains of adult T castaneum, and malathion 
and pirimiphos-methyl resistance in field strains of adult O. surinamellsis infesting 
farm-stored com in Minnesota. Potential for development of pirimiphos-methyl 
resistance in these two insect pests can be minimized by following proper 
sanitation, aeration, and other chemical strategies (e.g. fumigation) for preventing 
or suppressing insect infestations in stored COrll. 
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ABSTRACT 

An llrtificial diet and rearing procedures for strawbcny sup beetle, Stelidotn gemillata 
(Sny), arc described. The sllI'vivorship data indicated that 76.1 % of eggs laid reached the 
ndult stage: 87.9% of the eggs hatched, 91.6% of neonnte larvae reached the wandering stage, 
97.3% of wandering stage larvae reached the pupal stage. and 94.5% of pupae reached the 
ndult stage. At room tempemtllrc (21 - 22'" C) and photoperiod of 16:8 (L:D), mean development 
times wcre: egg. 3.4 days; neonate larva to wandering stage larva. 14.0 days; and wandering 
stage to adult, 16.0 days. The method described here is also suitable for rearing S. ferruginca 
Reitter and S. octomacuJata (Say). 

Key Words:	 Rearing, biology. st.rawberry sap beede, Stelidota j,'Cmiflata. Coleoptera, 
Nitidulidae. 

J. Agric. Entomol. 7(2): 137-140 (April 1990) 

Strawberry sap beetle, Slelidota geminata (Say), is a serious pest of strawbenies 
(Gertz 1968). It also may injure harvested fruits and vegetables by feeding and 
contamination (\Veber and Connell 1975) and can be a vector of a fungus that 
causes rot. 

Little has becn published on rearing of S. geminata.. Webcr and Connell (1975) 
reported using peach agar as a food for S. geminata. but this method was difficult 
for obtaining large numbers of known-age beetles. Gertz (1968) reared this sap 
beetle with various fruits including apples, cherries, dried peaches and dried 
apricots. Drawbacks were that fruits decayed quickly and resulted in excessive 
moisture. Likewise, obtaining sufficient beetles of a known age by this method also 
would be very difficult Our paper provides an artificial diet and efficient technique 
by which a large number of known-age beetles can be obtained. 

MATERIALS AND METHODS 

InsecL<;. S. geminata were initially collected in a strawberry planting near 
Wooster, Ohio, and maintained on the diet described below. 

Diet. The diet we used was based on the diet developed by Hall et al. (1978) 
for Carpophilus mutilatu.s Erichson. Some modifications were made: dried prunes 
were substituted for dried figs, honey for sucrose, and torula yeast for brewer's 
yeast. One gram of sorbic acid and 1 ml of mold inhibitor (phosporic acid 42 ml, 

!leeeh'ed ror publication 16 August 1989; accepted 22 JanUlll)' 1990. 
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propionic acid 418 mi, distilled water 540 ml) were added to each batch of the diet 
as pl'esel'vatives. 

Development stage. To determine developmental times, eggs were removed daily 
and placed on a moistened germination·pnper square in a tightly sealed petri dish. 
The eggs were checked two or three times each day. Neonate larvae were 
transferred to a container with the diet. Wandering stage larvae were removed to a 
pupation container with autoelaved top soil. Containers having larvae 01' pupae 
were checked twice a day. 

Importance of water. Early observations showed that beetles could live for long 
periods without food if they had water. This wns studied further by placing 60 
beetles in a gOO-ml plastic container wit.hout food, but with several pieces of 
constantly wet germination paper, and comparing their longevity and fecundity 
with beetles in containers with dry germination paper. Dead adults were removed 
to ensure they were not eaten. 

Rearing. To obtain eggs, adult beetles (ca. 25 - 40, sex not determined) were 
held in a pint jar with screened lid. Several layers of moistened germination-paper 
squares were placed in the jar along with ca. 25 g diet before the adults were 
added. Aft.er three to four days, the adults were moved into a clean jar and eggs 
were brushed off the blotter paper with a camel-hair brush into a petri dish. A 
weak bleach solution (5 ml bleuch isodium hypochlorite 5.25%\ in 150 ml water) 
was then added to the petri dish, flooding the eggs for ca. three minutes. The 
bleach solution was then poured through organdy or other fine mesh cloth to 
separute the eggs, which were then rinsed on the cloth with distilled water. The 
cloth with eggs was opened and placed on paper towelling to absorb excess water. 
After the eggs had been cleaned, rinsed and blott.ed dry they were placed on the 
top of ca. 50 g of diet in a 900-ml plastic rearing container. Diet with larvae was 
transferred into a large container for pupation ca. 10 d later. If necessary, the 
container with larvae was left until fully developed beetle larvae (wandering stage 
larvae) came out of t.he diet. The wandering stage larvae were transferred to a 
suitable container contflining autoclaved top soil for pupation. A known age of 
beetles was obtained by this method. Eclosing adults were either used for 
experimental work or left in the container for flU,ther reproduction. Water was 
added as the surface of the soil became dry. vVhenevel' possible, field collected 
adults were added to our laboratory colony to minimize inbreeding and selection 
of a laboratory biotype. All experiments were conducted at 21 - 22°C and a 
photoperiod of 16:8 L:D in the laboratory, and the relative humidity was in the 
range of 30 - 40%. 

RESULTS AND DISCUSSION 

Development stage. Table I shows that developmental time from egg to adult 
for S. geminata was ca. 33 d under our laboratory conditions. \Vhen larvae reached 
the late third instal', they ceased feeding and left the diet in search of a pupation 
site. These larvae, telmed wandering stage, bLUTowed into the substrate, constructed a 
pupal cell and pupated. Eclosing adults were light brown, and darkened further 
within ca. 24 h. 
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Table I. Development times for Stelidota geminola under laboratory conditions. 

Developmental time (days) 

Developmental stage N x{SE) Range 

Egg 
Neonate ISlva to 

282 3.4(0.4) 2.7  3.9 

wandering stRge larva 
Wandering stage larva 

to adult 

213 

138 

14.0( 1.8) 

16.0(0.7) 

l2.0 - 19.0 

15.0 - 18.0 

Importance of waleI'. In the dry environment, 15.0% and 46.7% of the beetles 
died within 16 hand 23 h, respectively. All were dead within 40 h. Eggs were never 
found in dry containers. In the moist environment, beetles lived an average of 26 d 
without food, and laid 30 eggs within the first 12 d (60 unsexed adults). No 
cannibalism occurred and there was no evidence that beetles fed on germination 
paper. 

Mite conlrol. [n our laboratory rearing of nitidulid beetles, we have encountered 
mite problems. In our cultures this was the mold mite, Tyrophagus putrescentiae 
(Schrank). Almost every culture was contaminated, and although we are not sure 
whether or not it is harmful to the beetles, we did find mites attached to both 
adults and larvae. The most serious problem was t.hat mites contaminated the diet. 
Once a mite was discovered in a certain culture. if left undisturbed, its offspring 
would cover the entire diet within 2 - 3 wk and cat it, especially at high humidity. 
This problem cun be controlled by: 1) putting rearing containers in plastic trays 
having water, which can prevent the mite from spreading from one culture to 
another; and 2) making sure adults for egg production are mite-free. Those adults 
can be obtained di.rectly from a clean culture or from a contaminated culture by 
checking under a microscope or from clean eggs. Additionally, making sure used 
containers and materials are sterilized in hot wuter (ca. 90°C) for ca. 30 min is 
essential to eliminating mites. 

Laboratory reproduction. In our rcaring I'egime, survival of the developmental 
stages of S. geminata was high: 87.90/, of the eggs hatched (N = 321), 91.6% of the 
neonate larvae reached wandering stage (N = 213), 97.3% of the wandering stage 
larvae reached the pupal stage (. = 150), and 94.5% of the pupae reached the 
adult stage (N = 146). SUivival from egg to adult was 74.1 'Ye. It was common to 
obtain 300 - 500 eggs from one rearing jar of 25 - 40 unsexed adults in a 3 - 4 d 
period. Adults tended to lay eggs around the edges between t.he layers of 
germination papers. Among the rearing procedures, egg sterilization and brushing eggs 
probably accounted for much of the egg mortality. Despite this, t.he survivorship 
data demonstrate that the diet and attendant techniques arc suitable for rearing S. 
gemina/,u in the laboratory. 

Known beetle ages arc sometimes required for experimental purposes. So far, 
methods for rearing nitidulids of a known age (viz: Carpophilus mutilatus and C. 
hemipterus (L)) have been reported (Hall et al. 1978, Dowd 1987). We used the 
basic techniques developed by Hall et al. (1978). By transferring wandering stage 
larvae to a pupation container, we eliminated the need to search for pupae and 
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prevented damage to the insects. This procedure was accomplished by removing 
the diet and dumping wandering stage Ialvae into the pupation container. At 
present, ca. 300 wandering larvae are obtained twice a week within only 3 h. 

OUf technique was also used for rearing other species of Stelillota with varying 
degrees of success. When rearing S. {erruginea, 46.1% of the eggs hatched 
(N = 232), 86.3% of the neonate larvae reached wandering stage (N = 102), 95.1% 
of the wandering stage Imvae reached the pupal stage (N = 82). and 93.4% of the 
pupae reached the adult stage (N = 78). Survival from egg to adult was 31.9%. The 
developmental time from egg to adult was ca. 37 days. For S. octomaculata, 84.9% 
of the eggs hatched (N = 119), 91.6% of the neonate larvae reached wandering 
stage (N = 71), 92.3% of the wandering stage larvae reached the pupal stage 
(N ~ 65), and 93.3% of the pupae reached the adult stage (N = 60). Overall 
survival was 67.0%. The developmental time (egg to adult) was ca. 42 days. Egg 
mortality was high fol' rearing S. [errugillea, but the females are very productive. 
About 400 eggs can be obtained from one readng jar of 25 - 40 unsexed adults in a 
3- to 4-day period. 
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ABSTRACT 

The stability of modernt.e adapt-nlian to pcrmcthrin was CXllmined in II laboratOly study 
with field-selected resistllnt insects Ilnd a reference stroin of the mushroom sciarid, Lycoriella 
mali (Fitch) (Diptera: Scillridac). A topical application method was used to dClcnninc 
susceptibility. Resistance was 42X altho LDMl and l8X al the LD90. Insects were maintained 
in the laboratory for 13 generations. approximately 10 months. without insecticide selection 
and with the exclusion of susceptible immigrants. Under the conditions of this experiment, 
susceptibility was not restored. Implications for resistance management nrc discussed. 

Key Words: Permethrin, resistance, mushroom sciarid, resistance mnna~cment, adaptation, 
Lycoriella mali. 

J. Agric. Entomo!. 7(2); 141-145 (April 1990) 

Lycoriella mali (Fitch) is a major pest in the mushroom (Agaricus bisporus 
Lange) industry in the United States. Larvae cause crop losses by injury to 
mushroom mycelia and primordia (Keilbasa 1978). Adults are indirectly damaging 
as vectors of mushroom pathogens. 

Permethrin and pyrethrum!piperonyl butoxide (PBD) are currently used as 
adulticides in mushroom integl'8ted pest management (IPM). Growers continue to 
report variable effectiveness with these agents for control of the mu~hroom sciarid 
(K K. 8., unpublished data). Moderate adaptation to permethrin was documented 
in laboratory studies (Brewer and Keil 1989a,b) with four colonies of L. mali from 
southeastern Pennsylvania. The control for these experiments was a recently 
colonized reference strain not previously exposed to permethrin. Insects were 
assayed using a topical application technique, which mimics exposure to permethrin 
fog applications in the mushroom house. Indirect evidence provided by experiments 
using PBD indicates that enhanced mixed function oxidase (MFO) activity is a 
component of adaptation to both permethrin and dichlorvos in I... mali (Brewer 
and Keil 1989bl. 

Mushroom house tests were conducted using recommended application rates of 
permethrin (Keil 1986). The number of L. mali survivors wns in excess of economic 
injury levels in some trials, indicating functionally significant permethrin resistance. 
The degree of resistance detecled in these control trials, however, correlates 
poorly with moderate adaptation detected in laboratory experiments with L. 
mali.. 
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These data were obtained in 1984-85, four years after permethrin became 
available for use on mushrooms. Baseline susceptibility using a topical application 
method wns not obtained prior to the introduction of permethIin. Consequently, it 
is uncertain whether adaptation discovered in laboratory tests represents de novo 
adaptation to permethrill, prior insecticide selection, 01' a combination of the 
two. 

Preliminary obselvations suggested that adaptation to permethrin by L. mali 
might have been unstable. The objective of the pilot study reported here was to 
investigate this possibililty. Such information contributes to estimations of t.he 
potential of pest populations to evolve further resistance. In addition, when 
resistance is unstable, it has the potential for manipulation in IPM as a means to 
maintain the effective Iirespan of insecticides. This is especially critical in a small 
industry such as the mushroom system which has few IJest control agents. 

MATERIALS AND METHODS 

Specimens and sampling leclmiqtl,e 
The insecticide exposure histories of reference (S) and resistant (R) (AV in 

Brewer and Keil 1989a) strains of L. mali have been previously described (Brewer 
and l(eil 1989a,b). Specimens from both strains were identified as L. mali by Dr. 
R. Vockeroth of the Biosystematics Institute, Canada. The sampling technique for 
the resistant colony has also been described in detail, as well as standardized 
rearing conditions (Bre.....er and l<eil 1989a). Insects were collected during late 1984 
and early 1985. Here, insects were maintained in the laboratory without exposure 
to insecticides or immigrants for 8 (8) lind 13 (R) generations. 

Materials 
Reagent.-grade distilled acetone was used as solvent alld for controls. Technical 

grade material was permethrin 95% (3-phenoxybenzyl (±)·3·(2,2-dichlorovinyl)-2,2
dimethyl = cyclopropanec8l'hoxylatc) cis/trans 44.6/55.4 (TCT Americas, Inc., Wilmington, 
Delaware, reference :#: 123/20). 

Bioassay 
A topical application technique was used for the bioassay (Brewer and Keil 

1989a). Only female insects.2: 10 to 36 h old were used. Two to six groups of 10 to 
25 insects were used for each dose. Treatments were replicated on succeeding 
days. At least one vehicle control (acet.one) was used for each replication. 

Data Analysis 
Dosage was calculated as Jlg/mg insect, based on the mean weights (0.67 ± 0.16 

mg/female) of 8 groups of 100 females from separate adult emergences. A 
computerized Jog-probit program (SAS Institute 1982) which is based on Finney 
(l971) was used for analysis of susceptibility data. 

RESULTS AND DISCUSSION 

Susceptibility data is reported here for the median (LD50) portion of the 
population as well as that segment of the population which is actually responsible 
for control failures (LD",j. The LD.. (0.04 ~g/mg) and the LD", (0.28 ~g/mgj values 
for the reference strain were unchanged for eight generations (Table 1); fiducial 
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Table	 1. Toxicity of topically al>plied permethrin in acetone to reference (8) and 
field·selected resistant (H) Lycoriella mali (Diptera: Sciaridae) females.• 

STRAINt SLOPE Nt: LDoo§ (95% I'Ll Ril LDoo§ (95% I'L) RR 

S6 lA7 404 0.04 (0.03 - O.OM 0.28 ( 0.17 - 0.68) 
S9 
SIO 

1.50 
1.62 

4a5 
520 

0.0.3 
0.04 

(0.02 - 0.04) 
(0.01·0.131" 

0.23 
0.24 

( 0.14 
( 0.10 

0.65) 
).. 

SI-1 :1.27 411 0.04 {0.02 - 0.06)"''' 0.10 ( 0.07· 0.(3)""" 

Rltt 1.05 855 1.00 (0.77 • 1.24) 25x 16.49 ( 8.53 52_23) 59x 
1l2tt 0.90 5:10 1.13 (0.79 - l.5:j) 28x 29.79 (12.61· 174.58) l06x 

.....__ ......__ .n __ • ____ ___ • __ nn._n···...................nn... __ ................ h ..____ .......___ ••••••• __ ..._ ......... __ •••• 
n 

113 2.62 240 1.66 (1.37 . 1.93) 42x 5.13 ( 3.75 - 10.(6) 18x 
RI5 1.21 631 o.n (0.34 - ,.. 19X 8.68 ( 1.49- ).. 31x 
RI6 3.29 416 1.31 (1.16 - 2.01) 3:lx 3.21 ( 2.06· 24.04) IIX 

, 
[Il.~ecls were 1Il1lintained in the Inbonltol'Y without eXI>osure to insect.icides or susceptible immigranh 
for the number of generations indicated (56· SI" and Itl· HI6). 

t Ll!Uers indiCllLC strain: number refers to numher of gellcrntiom; in \:1l11ure. 
; Numbers of felll/ties tested, excluding \'ehicle controls. 
§ DOllcs expressed in lJg/rug insecl, culcuJated from melln weights of 8 groups of 100 female!' collected 

from separate emergences (0.64 ± 0.16 mg/female). Doses applied ill 0.6 IJI/femnle. 
•• 9f)'fr- fiducial limits calculated using II heterogeneity factor (P < 0.10); all others P> 0.10. 
t ... Data for (II lind H2 reponed here to indicate Ihllt ndaptat.ion did not d(>c1inc following colonizlltion in 

the laboratory: insect.'l were mainlllined withoul selection beginning with ft.1. 

limits overlap during the course of the experiment. Upper fiducial limits were not 
calculated for the RI5 (LD", and LD,,) or SIO (LD90). Susceptibility data for the 
HI and R2 generations are rel>orted here to indicate that resistance did not 
decline following colonization in the laboratory. Fluctuations were observed in the 
stability of adaptation to permethl'in in a resistant colony (R) over a period of 13 
generations, approximately 10 months. The initial LD50 (R3) of 1.66 ~g/mg declined 
to O.7i I.Ig/mg for Rlf>. As the upper fiducial limit.s are not calculated for Rt5 the 
statistical significance of this obsen'atioll is unknown. This observation was not 
repeated in the subsequent genel'3tion RI6 (LDr,o 1.31 J.1g/mg). Fiducial limits at 
the LD50 for R16 overlap with those for R3. Adaptation at the LD90 was 5.13 J.1g/mg 
(R3) and 3.21 J.1g/mg (RI6); fiducial limits overlal> for these two generations. 

Studies with other species have indicat.ed that resistance may be stable almost 
indefinitely. decline sharply, or very gradually (Georghiou 1964, Sawicki et al. 1980, 
Parrella and Trumble 1989). Full recovery of susceptibility, as defined by the 
reference strain, was not obselved here. At the LDao. adaptation fluctuated to the 
extent that diffel'ences were noted, but the statist.ical significance of observations 
for R15 cannot be determined. Without biochemical and/or molecular studies to 
document an actual reduction in t.he frequency of resistance alleles, and rule out 
non·specific loss of vitality, such fluctuations are unconvincing. 

Three flaws in the experimental design may have affected these observations. 
First. insecticide susceptibility may vary with age (Ahmad et al. 1986, references 
therein). A later experiment suggested that this may be the case for L. mali, as 
well (K K. 8., unpublished data). In the present study, flies were aged ~ 10 to 36 
hours. The sensitivity of the bioassay may have been enhanced by more rigorous 
aging of specimens. However, it is noteworthy that significant fluctuations were 
also observed in a selection experiment with L. mali in which insects were tightly 
aged (12· 16 h) (Brewer and Keil 1989a). Second, females for each replicate should 
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have been weighed and toxicity data normalized accordingly, as a crude control for 
unidentified artifacts of the rearing protocol. Finally, only one resistant strain was 
examined hem. Sawicki (1987) has emphasized that resistance within a pest 
species is typically "patchy". However, four L. mali populations from southeastern 
Pennsylvania were surprisingly similar in their response to permethrin. despite 
dissimilar patterns of insecticide use on the fanns from which they were collected 
(Brewer and Keil 1989a). As discussed (Brewer and Keil 1989a), these resistant 
colonies may not be reproductively isolated. So, assuming the collection technique 
sampled representative genotypes, observations reported here for one resistant 
colony probably have predictive value for the mushroom sciarid population from 
southeastern Pennsylvania. 

Resistant populations may not revert to susceptibility in the absence of RS 
phenotypes. The relatively low slopes of log·probit lines (Brewer and Keil 1989a,b, 
and Table 1) suggest that such individuals may be present. A crossing experiment 
between resisUint and susceptible L. mali might resolve this question. If so, it 
would also be useful to know whether current permethrin application rates are 
preserving RS I>henotypes. 

These data do not rule out the possibility that the present level of adaptation 
migh t decline with a more protracted relaxation of selection pressure. However, 
this would have limited practical value. For various reasons, adaptation detected in 
laboratory studies may differ markedly from actual field resistance (Sparks et al. 
1985, Brattsten et a1. 1986, Dennehy 1987, Sawicki 1987). Nevertheless, data 
presented here is useful information which should be incorporated in mushroom 
pest management programs. 

Characteristic low ambient temperatures during southern Pennsylvania winters 
provide a temporal refuge from insecticide applications. Relaxation of selection 
during this time, however, is unlikely to restore the effectiveness of permethrin to 
L. mali populations in this area. 

Roush and McKenzie (1987) concluded that enhanced oxidative detoxification 
does not generally confer large fitness disadvantages, as appears to be the case 
with t.hese sciarids, and that management must rely on pools of susceptible alleles 
to retard the evolution of resistance. Dilution of resistance alleles by natu.ral 
immigration of susceptible insects is unlikely in southeastern Pennsylvania. The 
deliberate introduction of susceptible males has been suggested as a means to 
increase the frequency of favorable alleles (Brattsten et 81. 1986). Despite the 
anomalous genetics of the Sciaridae (Metz 1938), this option deserves consideration 
for management of permethrin·resistant L. mali. 
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Hessian ny, Mayetiola destructor (Say), was first reported in the United States 
on Long Island in 1779 (Chapin and Sullivan 1989). By 1845 it was reported on 
wheat in Georgia (\Vebsler 1899) and has remained a sporadic pest in the 
southeastern United States (rvlorrill and Nelson 1976, Johnson et al. L984, Chapin 
et al. 1989). Severe outbreaks of Hessian fly occurred throughout the southeast 
and Texas in 1984 10 1986 (Chapin and Sullivan 1989, Hoelscher el al. (987). The 
Alabama Agricultmsl Experiment Station (Estes et al. 1989) and Florida Cooperative 
Extension SClvice (Sprenkel 1989) reported heavy infestations of Hessian fly 
during 1989. Despite its apparent presence in neighboring states for many years, 
Hessian lly has not been previously reported in Louisiana. 

Puparia of the Hessian fly were found in the cuhns of winter wheat variety 
'Coker 916' in northwestern Louisiana in Bossier Parish. The experimental plots 
were located on the Red River Research Station 4.8 km sout.h of Bossier City, 
Louisiana on Highway 7l. 

The pupae were discovered on 2 June 1989, on fully mature wheat plams. 
Symptoms of Hessian fly infestation, stunting and lodging, were not observed. 
Sampling from the field revealed 3.0% culm infestation. 

It is difficult at this time to assess the level of infestation 01' the potential for 
damage to the 1989·90 wheat crop. In 1990, a program to monitor the occurrence 
and incidence of Hessian fly infestation in Louisiana will be undertaken, and wheat 
cultivars recommended for Louisiana will be evaluated for their susceptibility to 
Hessian fly damage. 
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Clover stem borers, Lllflguria mozardi Latreille, occur on a wide range of hosts. 
including annual and perennial forage CrOI)S (Elisbury and Baker 1989). Durations 
of the egg, larval, and pupal stages were determined by Vv"ildermuth and Gates 
(1920) on caged alfalfa under variable field conditions. Since this insect develops 
entirely within the stems of its host, the immature stages are difficult to observe 
directly. Wildennuth and Gates (1920) attempted to rear clover stem borers on 
split alfalfa sterns encased in glass tubing so molting could be observed. Only 3 of 
100 specimens developed to the adult stage when reared in that manner. This note 
reports 8 method for rearing clover stem borers on an artificial diet that permits 
direct observation of immature development. Development times for the egg, larva, 
and pupa reared on diet were compared with those found by Wildermuth and 
Gates (1920), for insects reared on alfalfa. 

The southern corn rootworm (Diabrolica ulldecimpunclala howardi Barber) diet 
of Rose and McCabe (1973) was used for rearing clover stem borers. The diet was 
prepared according to instl'Uctions from the supplier (BioSelve Inc.T

....) and dispensed in 
LO~ml aliquots into 30~ml clear plastic containers. Dispensed diet was allowed to 
air~dry in a laminar now hood until the diet began to pull away from the sides of 
the cups. This was a critical step in the rearing procedure, since gaps that formed 
between the diet mass and cup provided feeding sites essential for IRIVal establish~ 

ment. Later instal'S produced a large amount of Crass, necessitating transfer to 
fresh diet e\'eI)' 3 to 4 d so that exuviae could be detected more easily. Diet cups 
were prepared weekly, stacked, placed in clean plastic bags, and stored in a 
refrigerator (ca. 20°C) until needed. 

Eggs of L. mozardi were obtained from adults collected from mature crimson 
clover, Tri/olium incarnalum L., and confined to potted greenhouse~grown crimson 
clover in cylindrical cages (l5~cm diam by 100 em high). Caged plants were 
exposed to ca. 50 adults of both sexes for 12 h. Egg~bearing stems were clipped, 

Hcccivcd for Imblicution 11 October 1989; accepled 13 r...lurch 1990. 
This is journal No. J·7207 of lhe manll~cript serie~ of the Misgissippi Slate Agricultllrtll lind Forestf)' 
Experiment Station. 
Mcntion of trademark or proprietary product does not constitute n guarantee or wurrunty of the 
products by the U. S. Department of Agriculture lind docll not, imply its appro\'1I1 to the exclusion of 
other products that Illay be nVllilllble. 
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split lengthwise, and exposed clover stem borer eggs were carefully removed from 
the pith with the aid of a small (000) paint brush. The eggs were placed on sterile 
filt.er paper in a buchner funnel, washed for 30 sec in 0.3% sodium hypochlorite 
solution, and rinsed three times for 1 min in sterile distilled water. Diet containers 
were removed from storage about 2 h before use and allowed to return to room 
temperature in the laminar flow hood. Twenty eggs were placed singly in diet 
containers capped with paper lids lined with plastic Iilrn to prevent dessication. 
The containers were held in an environmental chamber at 21.J ± 1.1°C and 55·70% 
RH under constant darkness. Containers were removed from the chamber once 
daily for observation and returned to darkness as rapidly as possible. Dales of egg 
hatch, pupation, and adult eelosion were recorded. Samples of adults reared on 
artificial diet and of field·collected specimens used for egg production were 
deposited as voucher specimens in the Mississippi Entomological Museum, Missis
siPI}i State University. 

Survival to the adult stage was 85% (17/20). All reared adults were active and 
appeared morphologically normal. Development times for eggs and pupae (Table 
1) differed from those reported by Wildermuth and Gates (1920). Mean larval 
development time of 46.4 d (n = 17) in this study was longer than that of 35.0 d 
(n = 55) reported by Wildermuth and Gates (1920) for alfalfa·reared specimens. 
Average temperatures during the latter study were higher, 23.9 ± a.7°C, than in 
the present study and may account for the shorter development time reported on 
alfalfa. Total development time also was longer (57.9 versus 49.5 d) on the artificial 
diet Larval development times also were quite variable (14 to 79 d) as reflected in 
the relatively high CV values for larval and total development times (Table 1). The 
final larval instill' was always the longest. Wildermuth and Gates (1920) also 
observed variablity in larval development times and attributed (his to lhe apparent 
ability of clover stem borers to prolong the final larval instar. 

Table L	 Development of stages of Languria mozardi on artificial diet and 
alfalfa. 

Artificial Dict. Alfalfa· 

Dcvclopmcol Developmcnl 
Time Time 

Stage n (days ± S.D.) CV n (days ± S.D.) CV 

Egg 19 4.0 ± 1.6 ·10.6 61 3.9 ± 1.2 30.8 
LaNa 17 46..1 ± 17.5 37.7 !is 35.0 ± 6.5 18.6 
Pupn 17 10.8 ± 2.4 22.2 122 9.1 ± 2.1 23.1 
Towl 17 57.9 ± 17.8 30.7 20 '19.5 ± 4.0 8.1 
Deve!. 

• Compiled from a study in Arizollu hy Wildcnnouth lInd GalC!! (1920). 

The number of larval instal'S also varied in this study. Four molts with five 
instal'S were most frequent (n = 12), but some specimens had three (n = 2) or five 
molts (n = 3) with four and six instal'S, respectively. Wildermuth and Gates (1920) 
observed four molts and five larval instal'S. The exact duration of each molt was 
not determined, since accumulated frass often obscured the exuviae early in the 
study. This problem was avoided by transfer of larvae to fresh diet as needed to 
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minimize frass accumulation and permit detection of exuviae as precise indicators 
of molting. 

This is the fU'st report of successful rearing of a languriid on artificial diet 
under conditions permitting direct obselvation of lruvae outside the host plant. 
Specimens reared in this manner have been used for morphological studies of the 
larval stage of clover stem borel's (Baker and Ellsbury 1989) and for studies of 
immature development in relation to temperature. 
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INFORMAL CONFERENCE
 
ESA COMMITTEE ON INTERNATIONAL AFFAIRS
 

1988 ESA NATIONAL CONFERENCE AND EXHIBITION
 
LOUISVILLE, KY
 

USE AND MISUSE OF PESTICIDES IN DEVELOPING COU:--ITRIES 

It is clear that pesticides were introduced into developing countries well before 
the fanners' knowledge to use them properly. Significant yield improvements 
during the 1960's and 1970's, particularly in rice and small grains, were due 
primarily to genetically improved varieties which expressed this yield only after 
adequate inputs of feltilizcrs. However, it was generally believed at the time that 
pesticides were u necessary component of the technology package and that the 
purchase of these chemicals, particularly in the case of insecticides, was necessary 
and often subsidized by governments. Also, pesticide purchases were often required 
before bilateral aid could be obtained from donDl"s or even before farmer loans 
could be granted. 

This symposium addresses some of the problems associated with pesticide use 
and misuse in selected areas of Southeast Asia, Africa, and South America. 
Drawing from the three broad geographical regions, the universality of these 
problems is underlined. Notwithstanding obvious drawbacks with improper pesticide 
use such as pesticide resistance and resurgence of the target pest, release of 
secondary pests, acute and chronic poisonings of humans, farm animals and other 
non-target species, and environmental contamination, developing: country farmers 
have seriously impacted one of their most important groups of natural resources
indigenous natural enemies (predators, parasitoids and insect pathogens) which 
left undisturbed by unnecessary insecticide applications often keep insect pests in 
check. 

B. Merle Shepard 
Conference Moderator 
Clemson University 
Coastal Research and 

Education Center 
2865 Savannah Highway 
CharIeston, SC 29414 
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INTEGRATED PEST MANAGEMENT AS AN ALTERNATIVE
 
TO INSECTICIDE OVERUSE IN VEGETABLES
 

IN SOUTHEAST ASIA'·'
 

Guan-Soon Lim
 
Pest Science Unit, Central Research Laboratories
 

MARDI, Serdang, Selangor, Malaysia
 

ABSTRACT 

Gut of desperation most vegetable fannel's in Southeast Asia overuse and apply pesticides 
rnmpantly. Consequently, seriolls undesirable problems have arisen, viz: insecticide resistance, 
increase in fanner poisoning, conl.umin£ltcd market. produce, environment.al pollut.ion, und 
escalating costs in vegetable production. The mosi. critical is pesticide resistance. It drives 
farmers to seek continuously for more potent chemicals, find traps them within the vicious 
cycle of pesticide dependency. Prcsent:ly, replacing the total chemical approach with IPM 
serves as the only option to break away from this dependency and to avoid or reduce the 
current problems. Recognizing the immense potential benefits, it is urged that steps be 
immediately taken to develop and implement. [PM for vegetnbles in Southeast Asia. 

Key \\lords: rPM in Southeast. Asia, vegetables, pesticide overuse, problems of pesticides. 

J. Agric. Entomol. 7(3): 155-170 (.July 1990) 

In Southeast Asia vegetable crops playa significant role as an important source 
of food and income. Because of the wide adaptability of many existing vegetables, 
they can also fit into varying cropping systems. Furthermore, vegetables constitute 
a major source of income for many smallholders, especially near cities. 

In recent years national eff0l1s in many parts of Southeast Asia have heightened in 
favor of devoting /:,'Teater resources to the development of vegetables. In 'l'hailand, 
for example, although a slight drop was experienced in J964, the overall area 
devoted to 29 different vegetables rose steadily from 152,372 ha in 1960 to 310,152 
ha in 1963. The need for more vegetables there becmne increasingly urgent due to 
the rapid population growth and the development of a food industry (Sikkham
mondhol 1977). There was pal1:icular demand for fresh vegelables of high quality. 

In the Philippines in 1965, next to coconut, corn and I'ice, vegetables ranked 
fourth in area (216,100 hal and in monetary value of production. However, because 
of mounting industrial activity in the cities which drew many people to the centers 
of population, vegetable production suffered a decline (5%) in the early sixties. 
This has caused much recent concern to raise vegetable production for the general 
health benefit or the Philippine popnlation (Tor!"es 1977). 

For Indonesia, vegetables nre likewise a very important commodity. A single 
major vegetable like cabbage may alone cover more than 30,000 ha (Lim 1988). 

In Vietnam, production of miscellaneous vegetables nuctuated between roughly 
8,000 ha and 10,000 ha from 1958 to 1963. During the same period sweet potatoes 

Heceived for publication 5 April I!JR9: accepted 28 July 1989.
 
Presented in lhe Infonnal Conference, "Usc and Misuse of Pestit;ides in Developing COl1ntrie~," fit. the
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1988.
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increased from 34,196 ha in 1956 to 48,590 ha and 47,190 ha in 1962 and 1963, 
respectively. Production also improved, rising yearly from 136,650 metric tons in 
1958 to 300,170 t in 1963 (Knott and Oeanon, Jr. 1967). 

Vegetables form about 15% of the calOlic intake of Malaysians and represent a 
significant food source in their daily diet. They, however, constitute a source which 
is grossly under-utilized. Presently the production of fresh vegetables is mainly for 
local markets, though approximately 15% is exported annually. About US 8120 
million worth of other vegetables are imported yearly (Hanada 1987). 

The total area of cultivated vegetables in Peninsular Malaysia was 10,500 ha in 
1979, of which over 2,000 ha were located in lhe highlands. Based on projected 
population growth, domestic demand, production and area fol' cultivation, the 
shortfalls of vegetables for 1.985 - 1990 is estimated to amount to 186 billion t. The 
scope for expansion of the vegetable industry therefore is enormous. 

The recent growing interest in stimulating greater production and consumption 
of vegetable commodities throughout Southeast Asia clearly points to the increasing 
potentials of these crops. Indeed, now that large areas in the region are already 
co\'ered by new high-yielding varieties of cereal crops, improved vegetable production 
could offer the next major frontier for correcting lhe imbalance between food and 
production (Calkins 1977). Such a focus will certainly have great innuence on the 
development of vegetable production technologies in the region. Consequently, 
pest management is currently receiving increased attention. 

F'ARMERS AND THEIR PERCEPTIO OF' PESTS 

The tropical climate of Sout.heast Asia is generally favorable for the rapid 
buildup of pests, which often cause serious damage to vegetable crops. For 
example, severe attacks of crucifers by diamondback moth (DBM) may innict 
damage 01' losses l'llnging from 40% in Vietllflm (Anonymous 1988) to 100% in 
Indonesia (Sudarwohadi 1975), Malaysia (Ho 1965) and the Philippines (Quebral 
and Caramancion 1972). In the case of HeUcouerpa armi.sere on tomuto, an average 
30% damage was recorded in Thailand (Vattanatangum and Rushtapakornchai 
1979). Consequently, crop protection measures have emerged as a major component in 
vegetable production. 

In many parts of Southeast Asia an attitude of desperation exists. leading 
farmers to resort to rampant pesticide use. To most, vegetable cultivation is not 
possible without extensive use of pesticides. ~ot only is a high input of pesticides 
perceived as necessary but also pesticide mixtures or "cocktails" are generally 
considered desirable. To formers the faster a chemical can kill an insect pest the 
better it is. and preference is usually given to it. A related and important factor is 
that most farmers do not perceive chemical pesticides as hazardous 01" that they 
have to be handled judiciously. More difficult, however, is recognizing the harmful 
effect of pesticide residues on harvested crops. Consequently, farmers never 
perceive the excessive use of pesticides as undesirable. These fact.ors are closely 
linked to their attempt to produce clean and totally unblemished vegetables. 
Largely, this is also because of consumer demand which forces the farmers to 
place enormous emphasis on pest treatment for "cosmetic value." 
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PEST CONTROL PRACTICES 

Although a wide range of control tactics are available, few vegetable farmers in 
Southeast Asia integrate such measures into a system. Most practice only one or 
two methods of control, depending on the crops and the pests involved. Practically 
all farmers rely solely or extensively on chemicals, which over the years have 
proved to be not only unable to provide long·term control but have also evoked 
undesirable problems (see [ollowing subsection). 

A common practice among vegetable farmers is frequent pesticide spraying on 
a calendar basis. In Malaysia, 1'01' example, at least 50% of farmers spray two to 
three times per week against OHM (Doi and Sudderuddin 1978). The dosages 
applied are in many cases higher than recommended rutes, bm;icalty because of 
the strong desire to achieve quick knock-down of insect pests. Consequently, the 
continuous search for more polent products to replace less effective ones in use 
has become commonplace. 

Another prevalent practice is the use of pesticide "cocktails." For example, in a 
farmer survey conducted in Malaysia in 1977, 44% felt that using a single 
insecticide against DBM was not sufficiently effective all the time (Doi and 
Sudderuddin 1978). The farmers believed that using two chemicals together would 
make the spray more potent. In general, about 65% of the fanners were found to 
commonly mix ty.,o, and sometimes more, pesticides for spraying of their cabbage 
crops. A similar tendency also exists in the Philippines where about 50% of the 
farmers int.erviewed in 1982 were reported to use mixtures (Magallona et al. 1982). 
Such widespread use of "cocktails" have also been reported to occur in Indonesia 
(lman et 81. 1986) and Thailand (Rushtapakofllchai and Vattanatangum 1986). 

Since farmers do noi. generally perceive that pesticides can pose serious 
hazUI'ds, precautions are usually not carefully followed during spray operations. In 
particular, pt'e-harvest intervals arc normally not respected, while protect.ive geaE'S 
are considered unneccssury. Also, partly because of the hot tropical conditions, 
m,lIly considered protective gears too hot to tolcrate. 

Pesticide application of vegetable crops light up to harvest is a fairly widespread 
practice (Dei· Dharma 1969, Doi and Sudderuddin L978, Magallona 1986). This is 
largely governed by the "felt-need" of farmers to produce clean and totally 
unblemished produce; such need being generat.ed by the enonnous pressure 
exerted through both consumers and the "middle·man" who collects and distributes 
the produce. 

Among vegetable farmers of Southeast Asia the excessive and indiscriminate 
use of pesticides has emerged as a dominant feature. A close look into their 
practices clearly reveals that most of the farmers are suffering from the "pesticide 
syndrome" (Doutt and Smith 1971). They continually perpetuate t.he massive and 
regular use of a large variety of pesticides. Farmers are also known to pay high 
prices to secure the most powerful chemical, regardless of its safety qualities. This 
applies as well to new products that are st.iIl not adequately evaluated; using 
highly toxic and prohibited materials clandestinely is common, though not readily 
admitted in official circles. 
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PROBLEMS ARISING FROM PESTICIDE OVERUSE 

From the foregoing it is evident that pest control in vegetables in Southeast 
Asia has in almost every situation relied solely on chemical pesticides which are 
frequently used indiscriminately and in excess. A wide range is gencl'811y employed, 
including both imported materials as well as many others which are concocted 
locally. Consequently, many alarming problems arc encountered and the more 
important ones nrc as follows. 

Pesticide Resistance Development 
Resistance to pesticides has been suspected for a number of vegetable pests in 

the region because of the frequent need to increase control dosages, and subse~ 

quently having to change to other products due to their becoming ineffective. 
Although the resistance has not been quantified by bioassays for most of the 
pests, it has been confirmed for a few, and thoroughly examined in DBM where 
the problem is especially acute. 

In Malaysia, field experience first indicated possible insecticide resistance in 
OBM in the mid-1950s. Since then, it has been repeatedly suggested from a 
number of field observations. Many have been confimled, with the resistance 
factor reaching as high as 2,096 for malnthion (Sudderuddin nnd Kok 1978). An 
overall analysis mode recently revealed this to be a serious problem which has 
continuously trnpped fanners within the "pesticide syndrome" (Lim 1974, 1982, 
Ooi and Sudderuddin 1978). Ooi (1979) suggested that the rapid development of 
resistance was due to the occurrence of multiple resistance in the pest, emerging 
mainly as a result of long and sequential use of pesticides. 

Similarly, in Thailand, Rusht.apakornchai and Vattanatangurn (1986) reported 
that the insect had developed resistance to all groups of chemical insecticides. 
High incidence of l'esistunce was common on established vegetable farms whcm 
DBM had been exposed to many chemical insecticides ovel' several years. Such a 
problem is also similarly encountered in the Philippines (Borroga 1980, Magallona 
1986, 1988) and Indonesin (Oei-Dhnrmn 1969, Soekarun nnd Kilin 1988). 

[n all these countries. the trend pertaining to insecticide usage and resistance 
pattem has essentially been the same. There was a shift from the early botanicals 
to the organochlorines, then to the organophosphorus. carbamates, pyrethroids, 
and then to the insect growth regulators (IGRS) (Lim 1988). Of especial interest 
are the IGRs. which. although only recently introduced to Southeast Asia, have 
rapidly begun to lose their effectiveness. In both Malaysia and Thailand resistance 
development has already been detected. In the former, Nomoll (telflubenzuron) 
Bnd Atabron (trinumuron) showed resistant factor (rn values of 12-16 and L6·L8, 
respectively (Lim et 81 1988). IGRs such as Dimilin, Alsystin, Atabron and Nomolt 
were particularly welcomed initially in Thailand. However. poor control is now 
being obtained (Sinchaisri 1988). Oimilin, the oldest of these IGRs, is almost 
completely ignored by the farmers because of its low effectiveness. Presently, in 
the Southeast Asian region the continuous search for newer insecticides to replace 
less effective ones against the DBM is well known and a common practice, being 
perpetuated essentially by resistance development. Numerous cases are known 
and these are summarized in Table 1. 



159 Lll\·l: IPl'\'l in Southeast Asia 

Table 1. Insecticides to which diamondback moth has developed resistance in 
Southeast Asia. 

Resistance development* 

Insecticide Indo Mal Phil Thai Viet 

ORGANOCHLORINES 
Aldrin + 
BHC + + 
Camphechlor + 
DDT + + + + 
Dieldrin + + 
Endrin + 
Isobenzan + 

ORGANOPHOSPHORUS 
Acephate + + + 
Chlorpyrifos + + 
Cyanophos + 
Diazinon + + + + 
Dichlorvos + + + + 
Dimethoate + 
Fenitrothion + + 
Isoxathion + 
Lepoophos + + 
Malathion + + + + + 
Methamidophos + + + + 
Methidathion + 
Methyl parathion + + + 
Mevinphos + + 
Monocl'otophos + 
Naled + + 
Phenthoate + + + 
Phosalone + 
Phosphamidon + 
Profenofos + + 
Prothiophos + + + 
Quinalphos + + + + 
Triazophos + + 
Trichlorphon + 

CARBAMATES 
Aminocarb + 
Bendiocarb + 
Carbaryl + + + + 
Cartap + + 
Formetanate 

hydrochloride + 
Methomyl + + + 
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Table 1. Continued. 

Resistance development 

Insecticide	 Indo Mal Phil Thai Viet 

PYRETHROIDS 
Alphafenvalerate 
Alphacypcl'methrin 
Bioresmethrin 
Cyfluthrin 
Cyhalothrin 
Cypermethrin 
Deltamethrin 
Fenpropathrin 
Fenvalerate 
Fluvalinate 
Permethl'in 

+
+

+
+
+
+ 

+ 

+ 

+

+ 

+ 

+

+

+ 

+
+
+
+ 
+ 

INSECT GROWTH REGULATORS 
Chlol'lluazuron 
Diflubenzuron 
FlufenoxuTon
Teflubenzul'on 
Triflumuron 
WL 115110 

OTHERS 

+
+ 

+
+
+ 

+
+ 

+ 

Bacillus lhun"ngiensis	 ? 
Rotenone 
Thiodicarb

+ 
+ 

... Include!; both field resistallce and those confirmed from bio(l$suy.... 'These arc indiclltcd by a "+". 
However, where there is no Ruch indicntion it docs not necessarily meun that resistance development 
was abscllL, but rather that there WllS no doculIlcntlition noted. Indo = Indonesia, Mal"" !\falnysia, 
Phil = Philippines, 'Thai"" Thailand, and Viel '" Vietnom. 

? Believed to have developed some tolerance. Rellislance ratio obtained was generally low, ranging from 
0.3 - 9.8 when measured against. the Osaka susceptible strnin (Miyntn et al. 1988). 

Sources:	 Ankersmit. 1953, Barroga and Morallo·Rejesus 1975-76, Barroga 1974. 1980, Georghiou 1987, 
Henderson 1957, Lim 1982, Magallonn 1988, Ooi and Suddemddin 1978, Rushtnllakomchai and 
VattMalnngum 1986, Saito 1988, Sastrosiswojo el 01. 1989, Sinchnisri 1988, Soekama llnd Kilin 1988, 
Suddenlddin lind Kok 1978. 

It seems clear that resistance development in pests of vegetables is much more 
widespread than presently recognized. Many ne..... cases are certain to be reported 
as researchers begin to explore a wider range of associated pest organisms. 

Presence of Pesticide Residues on Produce 
Suspected pesticide residues on vegetables have al.....ays caused special concern 

to consumers, particularly to those in the more literate sector of society. 
One serious concern is the presence of high residues on Brassica rapa (Lim et 

al. 1983). Here, it was noted that at higher concentrations of applied endosulfan 
(0.5%) and permethrin (0.04%) the total residues may reach a level of 184.28 IJg/g 
and 10.31 IJg/g, respectively. For endosulfan, the levels of the alpha, beta and 
sulphate components were correspondingly 63.12 J,lg/g, 110.68 J,lg/g and 10.48 J,lg/g. 

In the Philippines, pesticide residues have also been detected in a number of 
vegetables (Ramos-Ocampo et aJ. 1988). On string bean obtained from various 
markets in Metro Manila about 16% of 96 samples were found to contain 
significant levels of insecticide residues. With respect to "pechay," of 64 samples 
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collected from the "market·basket" study there were three samples which gave 
positive results. In a separate study lwo positive results out of 15 samples were 
obtained; one with methyl parathion (0.1 mg/kg) and the other with endosulfan 
(0.01 mg/kg). On cabbage, detecrnble residues of me\'nphos and biazophos were mainly 
concentrated on the outer leaves where n considerable amount can be removed by 
washing and the removal of t.he wrappel' leaves (Magallona et al. 197i, 1981). 

Between 1980 - 1985 the Directorate of Food Crop Protection in Indonesia, 
recognizing the important issue of pesticide residues in food, monitored the crops 
of progressive farmers in various parts of the country. It was found that the 
residues present were mainly insecticides and fungicides, and that most of the 
residues did not exceed the maximum residue limit (MRL) recommended by FAO 
and WHO (Soekardi 1988). Only residues of some pesticides in certain crops 
sampled during 1983-85 were higher than the MRL, viz: endosutfan in carrot in 
1983, diazinon in onion in 1984, benomyl in potato in 1985 and dithiocarbamates in 
tomato in 1985. Residues of benomyl and dithiocarbamate fungicides in potato and 
tomato were particularly high, being many· fold above the FAOJ\VHO recommendations. 

The concern for pesticide residues in agricultural products was also noted in 
Thailand. This gave rise to a survey conducted by the Department of Agriculture 
from 1972 - 81 on more than 2000 samples of produce, including 66 on vegetnbles 
encompassing cabbage, cauliOower, Chinese kale, string bean, green mustnrd and 
sweet corn (Tayaputch 1988). The study revealed that a relatively large number of 
samples were contaminated with organochlorine residues, essentially BHC, heptachlor 
and its epoxide, aldrin, dieldrin, endrin, DDT, and metabolites. However, residues of 
other pesticide groups were also present. For organophosphates they were mainly 
those of dimethoate, methyl parathion, parathion, methamidophos, mevinphos, 
monocrotophos, diazinon and dichlorvos. The carbamate residues, however. were 
largely methomy] and carhoful'an. 

From the above cursory examination of the l'eported cases in Southeast Asia of 
pesticide residues in vegetables, it is evident that pesticide contamination is more 
widespread than is presently known. Perhaps many currently unswveyed vegetables 
would also contnin excessive residues if tests were conducted. For example in carly 
1987 in Malaysia seven types of vegetnbles, in a rapid residues check, were found 
to contain excessive insecticide and fungicide residues, and declared unsafe for 
public consumption. These included spring onions, Chinese celery, Chinese parsley, 
hai lan, choy sum, siew pak choy and par choy (Lim et al. 1988). 

Excessive residues on market \'egetables pose increasing concern, particularly 
with respect to general consumer health and the environment, and has generated 
significant trnde implications. For instance, in 1987 vegetables exported from 
Malaysia to Singapore were rejected essentially because of fungicidal residues, 
although insecticidal contamination above acceptable levels were also involved. 
Consequently, large quantities of different vegetables had to be destroyed 01' left 
unharvested. This event highlights the magnitude of the overuse of pesticides and 
points to the urgent need of finding means of using them more judiciously. 

Pesticide Poisoning of Farmers 
In general, incidences of direct (acute) f81mer poisoning in Southeast Asia are better 

known than their chronic effects, although neither fonn of poisoning is systematically 
reported. This is due to rampant and unscrupulous use of pesticides being applied 
without protective measures or regard for safety from contamination. 
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In the Cameron Highlands in Malaysia, hospital records of deaths caused by 
intentional ingestion of pesticides indicate that they constitute about 95% of the 
total poisoning cases (Singh 1971, Ooi and Suddcl'uddin 1978, and Lim et al. 
1983). 

Acute poisoning cases among sprayer groups of farmers in Indonesia have also 
been reported to increase, although no documented data is available specifically 
for those involved in vegetable cultivation (Mustamin 1988). 

In the Philippines 97 cases of pesticide poisoning with 14 deaths were reported 
between 1980~82 by Benguet General Hospital in the Mountain Province, a major 
vegetable growing area (Castaneda 1988). In general the Ministry of Health 
recorded a total of 238 cases in 1982, 563 in 1983, 824 in 1984 and 79 in 1985. The 
type of pesticides involved included 42% by organophosphates, 19% organochlorines 
and 14% carbamates. Of these, 63.3% were suicide, 17.8% occupational poisoning, 
16.5% accidental, and the remaining cases due to unknown reasons. 

The situation in Thailand is perhaps slightly more serious. In 1985 alone there 
were 4,046 cases of pesticide poisoning from 55 provinces, with 289 deaths. 
(Ktitalugsana 1988). Most of the cases were farmers who were exposed to pesti
cides. 

Although accidental deaths from pesticide poisoning are rare, this does not 
imply that chronic hazards are non-existent 01' will continue to remain isolated. 
Today, highly potent chemicals such as methamidophos are freely used in many 
parts of Southeast Asia and t.he dangers involved given inadequate attention. Even 
more so are some banned pesticides which have found their way into the vegetable 
farming areas and are being used clandestinely, e.g. parathion in Malaysia. Should 
this be left unchecked or safety procedures be gradually relaxed, fatal accidents 
can easily occur as in Japan (Sugaya and Wakatsuki 1975). 

A recent study revealed that 28.1% of 153 vegetable growers in Malaysia had 
experienced various forms of poisoning symptoms (Ramasamy and Nursiah 1988). 
It is not uncommon to hear farmers complaining of headache, dizziness, general 
fatigue and skin rash soon after a pesticide spraying operation. F'oUmv-up observations 
revealed that these symptoms were caused by pesticide inhalation 01' sustained 
exposure and dennal contact with chemicals, especially organophosphates. Generally, 
the symptoms cleared up 1 or 2 d after the farmers had stopped spl'8ying. 

A somewhat similar situation was noted to exist in Indonesia (Mustamin 1988). 
There, the mild poisoning symptoms were usually disregarded as they believed the 
symptoms were either caused by working too hard or due to influenza. Only a 
small number related the cause to inhaling pesticide. However, none felt the need 
to go to a health center since they believed the symptoms would clear the next 
day. In genel'al, the knowledge of farmers on proper pest control is inadequate 
(Table 2). Consequently, precautionary measures, if taken at all, are poor. 

Contact dermatitis resulting from long exposure to pesticides is also a fairly 
common problem among vegetable farmers. This is especially so in the Cameron 
Highlands (Malaysia). However, the problem there is not critical as the symptoms 
normally disappear when the applicants stop using the pesticides. As such, contact 
dermatitis is usually not widely publicized and affected persons are effectively 
treated with a cortisteroid cream. 
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Table 2.	 Knowledge, attitude, practice and health hazards of pesticide use by 
horticultural farmers of Indonesia. (Adapted from Mustamin 1988). 

Karo, N. Sumatera Malang, East Java 
Category (January 1986) (March 1986) 

KNOWLEDGE' 
Good 
Poor 
I '0. surveyed 

ATTITUDE' 
Good 
Poor 
No. sUJvcyed 

PRACTICES' 
Use some protective c10things 
Personal Hygiene 

Good (regular wash) 
Poor 

Pesticide disposal
 
Correctly
 
Incorrectly
 

EXPOSURE LEVELt 
Severe 
Moderate 
Mild 
Normal 

No. examined 

43% 
57% 

137 

43% 
57% 

137 

49% 

35% 
65% 

39% 
61% 

5.3 f70 
26.6% 
68.1% 

136 

45% 
55% 

123 

52/ft 
48% 

123 

53% 

36°/r 
64% 

40% 
60% 

2.5% 
8.4% 

89.1% 

128 
•	 Perl-aining to pest conI rol. 
t	 Pesticide expo~urc level:; lire hased on measurcment of cholincstcrn:;c llclivily ill the hlood. using the 

IO:dson mef.hod. 

Hazards to NOlH.arget Organisms 
Hazards to non-target organisms from overuse of pesticides in vegetables are 

little known. However, it has been observed that birds were common victims when 
isobenzan was used extensively against DBM in Malaysia between 1964-66 (Lim 
1974). 

In Thailand a general investigation on pesticide residue levels in birds was 
carried out by Tayaputch and Mahittikurin (1980). Ninety birds involving 30 
species were collected from the central plain area and divided into five groups 
according to their feeding habits. Results of analyses for peslicide residues in 
stomach contents, livers and tissues revealed traces of 14 organochlorines among 
which DDT, aldrin and dieldrin were commonest. But the levels were mostly less 
than 1 ppm and not considered harmful (Bernard 1966). Nonetheless. Tayaputch 
(1988) cautioned that the combined effects of multiple residues on birds and their 
long-term consequences should be carefully examined. 

Documented evidence of danger to other vertebrates is still lacking. Only 
casual observation has implied some possible hazards to fish. 

Concerning arthropods, the deletelious effects of pesticides are strongly suggested 
by the drastic decline in the insect fauna on treuted crops. Not unexpectedly, any 
beneficial species (particularly arthropod parasitoids and predators) that may have 
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existed arc also likely to be decimated. This has been proven experimentally for 
the DBM parasitoid Apanleles pilltellae, using the chemical-exclusion method (Lim 
et al. 1986). 

Rise in Production Costs 
This is closely related to the "pesticide syndrome" of the vegetable farmers 

themselves. Unlike many other subsistence crops, production inputs are unusually 
high in vegetables; with pesticides being used in enOlmOliS quantities. For example, 
insecticides alone contribute about 30% of the costs in cabbage cultivation in 
Malaysia (Lim 1972). 

The spiralling cost is to a large extent also necessitated by the development or 
pesticide resistance which gives rise to the need for higher dosages and more 
frequent applications. Furthermore, with fewer choices available now for the 
declining number of effective chemicals in the market, the demand for some, and 
hence their prices, have also increased sharply. Moreover, in some countries the 
supply problem is further compounded by foreign exchange restrictions (MagaUona 
1986). 

Some vegetable pests, e.g. DBM, are especially difficult to manage, and this 
greatly aggravates the situation. Frequent crop failures have even caused some 
farmers to abandon the planting of cabbages (Sivapragasam et al. 1985). Thus, 
unless other means are found to effectively and economically manage the pest 
situation, cabbage cult.ivation will gradually diminish in many Southeast Asian 
countries. 

PROBLEM ANALYSIS AND THE OPTION 

Although intensive spraying wit.h pesticides on vegetables in Southeast Asia 
presently seems justifiable because vegetable production is still profitable, many 
of the associated problems have become increasingly aggravated. Control of pesLe; 
has largely depended upon reacting quickly to emergency situations as well as on 
calendar spl'8ying. The farmers are resigned to using chemicals, often resorting to 
using high concentrations of "cocktails." For at least DBM the problem encountered 
seems especially critical and is rapidly approaching the "crisis phase." It thus 
appears imperative that as a state of crisis in vegetable pest control is approached, 
there arises the urgent need to abandon the dogma of continually searching for 
more potent chemicals and total dependence on them. Correcting the present 
control approach is therefore essential llnd crucial. 

It is also evident that a critical problem in vegetable cultivation in Southeast 
Asia is the progressive development of pesticide resistance. Although resistance 
development seems to be a consequence of indiscriminate pesticide overuse, a 
closer examination reveals it to be also acting as a critical underlying cause in 
propelling the continuous and increasing use of pesticides. The insidious danger is 
that it subtly drives farmers deeper and deeper into a state of desperation as each 
chemical declines in effectiveness, thus forcing them to constantly seek more 
potent pesticides. In the process the farmers unknowingly become trapped within 
the vicious cycle of pesticide dependency. Eventually the "pesticide syndrome" 
manifests itself and becomes malignant. Under such a condition, as in the case 
with some vegetables in the Southeast Asian region, trying to overcome the 
problem of indiscriminate pesticide overuse becomes increasingly a formidable 
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task. Nonetheless, allowing the practice of massive use of pesticides to continue 
will inevitably make the future of effective chemical control in vegetables bleak. 
An impossible state will eventually be reached when most chemicals become either 
ineffective or uneconomical for use, thereby leading to unsatisfactoly crop production. 
Today, in many parts of Southeast Asia this is already becoming evident as in the 
case of DBM on crucifers. Thus, bl'caking the vicious cycle of pesticide dependency is 
imperative and no effort must be spared to ensure achieving this. Unless this can 
be achieved the excessive use of pesticides in vegetables will continue to mount. 
So also will the many associated problems become intensely aggravated. ultimately 
to culminate in un environmental clisis. 

Experiences in pest control all over the world have demonstrated that over
dependence on any single pest control technique can have unexpected and 
undesirable consequences. In particular, those arising from total dependence on 
chemicals are most glaring and of gravest concern. These have occurred repeatedly 
and in all the situations where excessive pesticides are employed indiscriminately. 
In the present case of vegetable cultivation in Southeast Asia, the problems 
t.hemselves are already clearly evident and in some inst.ances have reached near
crisis stage. It thus seems clear that. under the existing conditions in vegetables 
there is little choice except to abandon the existing unilateml approach with 
chemicals. and instead, pursue an integrated pest management (IPM) strategy, 
wherein different available control tactics are to be appropriately combined and 
with due consideration given to economic, social and ecological values. 

DISCUSSION 

The choice of lPM in dealing with the current problems of pesticide overuse on 
vegetables in Southeast Asia is clearly the only logical option. Past experiences 
with many othel' crops have revealed that the most successful pest control 
programs are usually those which have utilized a combination of methods in a 
single coordinated management system. In such an IPM approach the fullest usc 
of natural mortality factors is encouraged and given priority consideration. Within 
a particular field in a particular season, it has the "best mix" of pest contml 
components (Kenmore 1987). Essentially, conventional pesticides are used only 
where economic damage would otherwise occur. 

Especially for vegetables, the IPM approach would not only help reduce the 
many associated pmblems cUlTently encountered but would also better ensure a 
more productive and stable emp output in an environment that is both cleaner 
find less hazardous. Otherwise, the current trend of unilateral use of chemicals, if 
allowed to persist, would inevitably hend full course into the "disaster phase," 
particularly for DBM on crucifers in Southeast Asia. 

That IPM can provide beneficial impact, especially \\ith respecL to cOITecting the 
indiscriminate use and overuse of pesticides, is well demonstrated by numerous 
successful programs which have used such an approach. For example in USA, 
research and extension efforts in developing and implementing IPM on major crops 
ha\'e paid extremely good dividends in tenns of crop and environmental protection 
(Adkisson 1986). Overall insecticidal use on cotton, grain sorghum and peanuts have 
decreased by ii%, 56% and 83%, respectively. The amount of active ingredient 
applied had also declined; that on cotton decreased by 4.95 kglha, for sorghum by 
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0.10 kg/ha and peanuts by 3.62 kg/ha. Peltaining to the acreage being treated, 
comparison between 1971 and 1982 revealed reductions of 46%, 58% and 54%, 
respectively. 

In the developing countries and for smallholding crops involving large numbers of 
generally poor fanners, the beneficial impact of ]PM can best be illustrated by the 
successful FAD Intercountry Rice IPC Programme in South and Southeast Asia 
(Kenmore 1987). In this instance, by comparing yields, profits, pesticide use and risks 
between lPM and alternative farmers' practices, it was proved that IPl'vf can 
guarantee that the yields of rice will not go down. Also, IPM can guarantee that 
farmers will save money, usually from reduced use of pesticides. In this case there was 
reduction in insecticide costs of more than 50%. On a national level, because 
almost all pesticides are imported into Southeast Asia, the 50% reduction achieved 
through rpM means a big savings to national economies. For rice alone, this 
reduction would mean US $5-10 million per year to the Philippines and Thailand, and 
as much us US $5Q..1OO million per year to Indonesia, which until November 1986 
subsidizied pesticides heavily. These savings more than pay for the costs of intensified 
training (on IPM practices and implementation) which constitutes a major thrust 
of the FAO Intercountry Rice IPe Programme in South and Southeast Asia. 

From examining the above two cases alone one may see the immense benefits 
that can be accrued from the rPM approach. The evidence is clear that !PM is a 
developed technology which can be used on a large scale by many farmers because 
it optimizes profits by protecting yields and lowering costs of production, especially 
pesticide inputs. As such, its exploitation in the control of vegetable pests clearly 
cannot be disregarded. Moreover, the impact in vegetables may even be more 
dramatic, considering that high-level use of pesticides have already become the 
mainstay in many vegetable farms today and along with this are also many 
undesirable problems which have now become acute. 

On vegetables, the IPM approach has already been attempted on an experimental 
basis in 1'\'1alaysia. Dealing: only with DHM initially, the studies have revealed that 
IPM could significantly reduce the number of insecticidal sprays and yet secure 
marketable cabbage heads (Sivapragasam et al. 1985). 'This was again confirmed in 
recent trials (Table 3). [n Hawaii, the integrated system to control DBM together 
with other insect pests has been evaluated commercially (Nakahara et al. 1986). 
There, it was found to be cost effective, with chemical control costs reduced by 
89%, while production increased by 93%. From these early attempts it is evident 
that [PM in vegetables is feasible. Undoubtedly, future IPM programs must be 
broadened beyond that of DBM because vegetable farmers are often confronted 
by other complexes of pests which include different kinds of insects, disease
causing organisms, nematodes, weeds, snails and slugs, as well as mites and 
others. Thus, operational [PM programs that focus on all these major pests will 
need to be developed. Moreover, for long-term applications, the procedures 
involved must be developed interdependently for all pests, as well as having to 
consider the crop-production system of veget.ables as a whole (Teng 1985). 

The ultimate objective of !PM for veget.ables should be guidelines to optimize 
profits and quality of t.he vegetable crops while maintaining environmental quality 
and public health. Value judgements must be made from the view of the individual 
vegetable farmer, the entire communit.y, and future generations. Indeed, [PM for 
vegetables is an ambitious undertaking! But it is also an ideal toward which all 
concerned should strive, because it offers the only known alternative to the 
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Table 3.	 Perfonnance of integrated pest management (rPM) trials on diamondback 
moth in Malaysia.* 

Parameter Treatmentt 

IPM Prophylactic Control 

INSECTICIDE 
No. of applications 3 7 0 
Amount used (011) 46 2,122 0 
Costs (MS) 2.19 76.13 0 

YIELD (kg) 2,022 1,661 2,006 

PROFIT (MS) 833 454 838 

•	 \1ellll of four trials: twO in the Cameron Highlands and two in the 10..... llInds (Jalan Kebun). 
t	 Number of cnhbllgc phmls/trcnlment wns about 2,txXI plltnt.~ and ench trcnlmCllt plot nhout O.2fl acre. 

III !PM plot!\ treatment was hnsed on llction thresholds while th/11 for prophylactic followed the 
fnrmcr's praclict!s of cnlendar spraying. The control ...... aH untreated. 

continuing overuse and abuse of pesticides, and is the surest avenue for reducing 
pest losses in vegetables. Although many vegetable growing meas in Southeast 
Asia cannot yet afford the costs requisite to a sophisticated TPM system, the 
ecological principles of IPM, nevertheless, can presently be applied where eco
nomically justified. Considering the immense benefits that may potentially be 
reaped, steps should be taken immediately to develop and implement £PM for 
vegetables in Southeast Asia. Hopefully, IPM could soon emerge to overcome the 
present woes of the farmers as well as alleviate the increasing concern of the 
growing number of health conscious consumers in Southeast Asia. 
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ABSTRACT 

The growing problem of pesticide misuse in developing countries has prompted great 
concern among scientists nnd scholars (\Veir and Schapiro 1981, Bull 1982, Anomymous 1985. 
AGRrPROMO 1986, Atteh 1987). In developing countries in West Africa where traditional 
agriculture is widely practiced, pesticides arc serious potential health hazards because of 
illegal marketing of pesticides, low literacy rales and poor user undersUlnding of pesticide 
dangers. This paper examines the nwareness of pesticide hazards, the need for additional 
pesticide regulations at national Ilnd international levels, the need to regulate sales and 
importation/exportation of pesticides, and lhe potcntifll dangers of changing diversified 
tmdil.ional agricult.ural practices t.o pesticide dependency. 
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Traditional West African agriculture is characterized by small farms, mixed 
crops and hetel'ogeneous crop germpiasill. The small farm in tropical Africa varies 
in size from 0.001 to 0.45 ha where a variety of leafy vegetables and food crops 
such as maize, sorghum, cassavu, cowpens and potatoes are cultivated in traditional 
mixed- or inter-cropping systems combined with shifting cultivation (Yolldeowei 
1987), Unfavorable environmental conditions such as insufficient or irregular 
rainfall and poor or eroded soils make malUlgement of available small farm 
resources more difficult. Despite such limitations, traditional farming is widely 
practiced in developing countries in West Africa, and these diverse and often 
complex systems are managed by sustained practices. About two decades ago, it 
was estimated that one-half of the world population living on 40% of land area was 
engaged in subsistence Calming and traditional agricultural practices ('Vellhausen 
1970). Traditional methods of crop production are practiced by small~scale farmers 
throughout Africa and at least 80% of food consumed in West Africa is produced 
by peasant farmers (Youdeowei 1987). 
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Increasing population pressme and widespead food deficits in tropical developing 
countries have compelled national programs and international donors to place high 
priority on improving the agricultural productivity and the economic well-being of 
the small farmer (Matteson et al. 1984). Developing countries import pesticides, 
fertilizers, farm machinery, and improved varieties of crops because of the need 
for increased food production; however, pesticides are often used on cash crops 
before they are used on food crops. Efforts to increase food production in Africa 
previously emphasized developing technology for large~scale falming, and it omitted 
socioeconomic systems in rural communities. Traditional multiple cropping systems 
were thought to be less productive than large~scale monoculture. However, multiple 
cropping is a vital factol' in the food supply in Africa and contributes to increased 
agricultural production (Youtl~owei 1987). 

Certainly, there are benefits associated with the use of pesticides, especially in 
the public sector (Schaefers 1990). Contribution to malaria control has been 
pesticides' greatest achievement. From 1955 to 1970, two billion cases of malaria 
have been prevented and fifteen million lives saved; however, numerous problems 
and setbacks such as resistance to insecticides by mosquitoes have resulted from 
pesticide use (Bull 1982). Widespread use of pesticides in developed and developing 
countries has contributed to increased crop yields and improved human health. 
However, avoiding unnecessary use of pesticides "is just as impOitant in protecting 
people and the environment as any form of regulating pesticides" (Tait and 
Napompeth 1987). Despite the fact that millions of people throughout the world 
have benefited from the increased food and economic benefits resulting from the 
introduction of modern agricultural technology, traditional agricultural systems 
sustained over centuries with low but stable food production can be seriously 
"jeopardized by untested and carelessly introduced modern inputs" (Glass and 
Thurston 1978). Fwthel1nore, a "change from traditional agriculture which provides 
food for half of the world population to a more modern agriculture should not and 
perhaps cannot be based on the intensive use of agricultural chemicals" (Glass and 
Thurston 1978). Experience in the USA, Great Britain, and other developed 
countries where pesticide overuse has been documented should alert developing 
countries to the hazards of pest.icide misuse (Atteh 1987). 

NEED FOR PESTICIDES IN TRADITIONAL FARMING SYSTEMS 

Crop production in West Africa's traditional farming system is faced with 
constraints such as availability of water und soil fertility. Furthermore, poor and 
nonproductive soils and the high cost of pesticides in developing countries often 
make pesticide purchase and use of marginal economic benefit. Coarse textured 
soils containing more than 65% sand and less than 18% clay comprise the major 
soil type on which subsistence crops such as millet are grown in the Sahelian zone 
of West Africa (Swindale 1982). Furthermore, low fertility, lack of water and poor 
physical conditions are important constraints to the use of these soils which are 
low in organic matters such as nitrogen and phosphorus (Jones and Wild 1975, 
Ahn 1970). Soils in Sahelian countries such as in Niger are usually comprised of 
over 92% of sand, and poor fertility of sandy soils in the Sahel is a major 
constraint (Spencer and Sivakumar 1987). Furthermore, low buffering capacity in 
these soils makes nitrogen management more difficult (Swindale 1982). In some 
West African areas, such as in Nioro du Rip in Senegal, annual rainfall has 
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declined since 1945, averaging 916 mm for the period 1945-1967,680 mm for 1968
1982, and 486 mm for 1983-1985 (Bhatnagar 1987). Lack of extension services and 
trained personnel (Nwanze 1985), lack of poison control centers, and limited 
currency to purchase and maintain pesticide application equipment reduce the 
practicality of pesticide use in developing countries in West Africa. Considering 
crop value, pest control is more expensive to peasant farmers than to high 
technology agriculture. Small fanners decide to use pesticides based on consideration 
of the crop, cost of pesticides, availability of watcr, and the nature and extent of 
crop injury by pests. The economics of pesticides is more easily justified in 
developing countries on irrigated land producing a high value crop, but is less 
economical on low value non·irrigated crops such as millet, sorghum, and cassava 
(Bull 1982). Chemical use by small farmers should be implemented in conjunction 
with sound pest management practices and only when feasible and cost effective. 
Pesticides in lraditional farming in West Africa are rarely justified except for 
emergency conditions such as locust outbreaks. During such emergency conditions, 
it is more appropriate to "seek remedial measures that cause minimum ecological 
disruption" (Bottrell 1979). However, this need does not endorse unsupervised, 
inefficient, and indiscriminate application of pesticides. Small farm production is 
characterized by limited acreage to grow a staple food crop such as millet, 
sorghum, or rice. Thus, improving traditional agricultural practices at the small 
farm level is far more practical than adopting practices which lead to pesticide 
dependency. 

Traditional farming practices. such as multiple or mixed cropping are widely 
practiced in Africa and are good allernatives to heavy pesticide use. In these 
farming systems, pesticide applications are either impractical 01' pose problems to 
farmers. For example, problems associated with insecticide treatment in millet to 
control stalk borers and the millet head pests are low economic returns, risk of 
lodging in tall traditional millet varieties, phytotoxicity and pesticide residues 
remaining in harvested grain (Ndoye and Gahukar 1987). In the Kabba urea of 
I(wara State in Nigeria, a very small quantity of chemical pesticides is applied in 
food crops such as yams, cassava, sorghum, maize, beans and okra. This is 
primarily due to fanners' refusal to have their food crops sprayed with pesticides 
(Atteh 1984). The practice of mixed or multiple cropping has obvious pest control 
benefits, in that planting many crops together prevents the build up of a single 
pest. Mixed cropping has been ranked as one of the most widespread cropping 
approaches in Africa, and it gives the farmer higher overall yield and greater 
returns than pure culture cropping (Okigbo 1978). In Nigeria, farmers purposefully 
replant maize and random clusters of sorghum on the cassava plot until harvest 
time. This reduces damage to cassava by the voriegated grnsshopper (Atteh 1984). 
Millet yields me reportedly higher under intercropping than under single crop 
systems (Spencer and Sivakumar 1987). Millet/sorghum intercrop yield is reportedly as 
good or better than that from only millet or sorghum crops in the Felingue and 
Madarounfa areas in Niger (Swinton et al. 1985). Likewise, in Burkina Faso millet/ 
cowpea yields in intercrops are higher than millet crop yields (Sawadogo and 
Kabore 1985). In Senegal, cowpea/millet intercropping is beneficial in that it 
encourages transfer of parasites of Heliothis armigera and Heliocheilus albipunctella 
(Lepidoptera: Noctuidae) between the two crops resulting in the reduction of both 
pest densities (Bhatnagar 1987). Although pesticide use in traditional cowpea/ 
millet intercropping reportedly has an adverse impact on parasites and predators; 
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since 1985, a dramatic increase in pesticide use in cowpeas to control Oedaleus 
senegalensis (Krauss) has been observed in Senegal (SODEVA 1986, Bhatnagar 
1987). In West Africa "insect-susceptible" grain legumes such as cowpeas are often 
mixed with cereals, cotton, and peppel' (to reduce pest damage), and more 
resistant groin legumes such as soybeans and groundnuts are grown as monocultures 
(Kumar 1984). In a given agroecosystem, a p81ticular host can serve as a diversion8ly 
host to attract 8 pest, thus protecting other more susceptible crops from severe 
damage (McBeth and Taylor 1944). In Nigeria, unsprayed cowpeas are less subject 
to insect damage when intel'cropped with sorghum than when grown as a sale crop 
(Raheja 1977). In okra/cotton intercrop, okra appears to be a more useful diversionary 
crop for the flea beetle, Podagrica sp., a key pest of cotton in Nigeria (Usenbo 
1976). Increasing the diversity of an agroecosystem as means of controlling insect 
pest populations has been discussed by Smith (1970) and Solomon (1973). Although 
intercropping is a cultural control based on the principle of diversity, the establish
ment of the right kind of diversity is paramount (Lawani 1982) because diversity 
"can be harmful in one instance and beneficial in another" (Smith 1970). For 
instance, in Tanzania and California, cotton intercropped with maize increased 
Heliothis damage to cotton; however, the same combination helped control Heliothis in 
Peru (Lawani 1982). Tn Niger, millet/cowpea intercrop is preferred over sale millet 
or sole cowpea cropping and is recommended in areas where rainfall starts 
between 20 May and 15 July. But the practice is not beneficial and not recom
mended when rainfall starts after 15 July because sole millet or cowpea yields 
more than either when in intercrop (Reddy 1988). It is obvious from these 
examples that traditional farming systems in West Africa are used, viable, and can 
be improved through research to minimize unnecessary use of pesticides. 

STATISTICS ON PESTICIDE IMPORTS AND USE IN WEST AFRICA 

Accurate estimates on the totnl amount of pesticide use in West Africa are very 
difficult to document. In fact, data on pattern and amount of pesticide use in 
Africa is VClY difficult to obtain and almost impossible to estimate for any single 
African country due to a lack of detailed lists of imports into these countries. 
However, pesticide imports and use in Africa are increasing (Abrahamse and 
Brunt 1984). In \rVest African countries, a dramatic increase in pesticide use is 
largely due to advertisements suggesting pesticide use will increase crop yields. 
These advertisements have resulted in the "displacement of traditional" pest 
control methods in areas such as Nigerin's l{wara State (Atteh 1984, 1987). Weir 
and Schapiro (1981) concluded that "indiscriminate and widespead promotion of 
pesticides is especially disastrous in the Third World." Due to massive publicity, 
most farmers are now convinced that the traditional pest control strategies are 
ineffective (Atteh 1984). Tn the Kabba area of Kwara State (Nigeria), the number 
of pesticide users has increased dramatically from 42% in 1971 to 78% in 198] 
(Atteh 1984). ImPOlts of agrichemicals into Sub-Sahara Africa increased in monetary 
values from $16.1 million in 1973 to S30A million in 1977 (Abrahamse and Brunt 
1984). Importation of pesticides and fertilizers in Gambia increased by 27411~ 

between 1971 and 1979 (Skaf 1979). In West Afl'ican Sahel countries, where 85 to 
95% of the entire population live 011 farm income, pesticides are used more often 
for cash crops such as cotton, groundnuts, sugarcane, coffee, and bananas than on 
food crops (Skaf 1979). For example in Senegal in 1981, an estimated $7.2 million 
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was spent on pesticides, and cott.on accounted for 48.4 % of the total pesticides 
used, vegetables L.3%, and sorghum and millcl only 0.27% (Anonymous 1985). 

In ]980, the United Kingdom (UK) was among the biggest exporters of 
pesticides. UK pesticide exports to West African countries (excluding Mali and 
Guinea-Bissau) in 1980 were nbout 16,462 metric tons (Bull 1982, [Appendix IT, 
'fable 21). Nigeria ranked first among West African countries in lerms of quantities 
of pesticides, having imported about ]5,346 melric tons of pesticides from the UK 
(Bull 1982), Ghana ranked second with 299.5 metric tons, and Gambia third with 
237.6 metric tons. Thus, Nigeria alone accounted for nearly 93% of UK pesticide 
exports to West African countries. Pesticide UNe on cash crops such as cotton, 
groundnuts, and rice in \-Vest African Sahel countries is expected to increase at a 
rat.e of 15% per year through 1990, and demand for pesticides used against cereal 
pests is expected to increase fivefold by 1990 (Skaf 1979). 

Small farmers in Africa will increasingly depend on pesticides alone to control 
insect pest.s, and without satisfactory understanding of the associated hazards. 
However, rPM can assist small·scale fanners to produce stable crop yields more 
cheaply through political, socioeconomic and environmental considerations (Youdeowei 
and Service 1983). Implementation of integrated pest management (rPM) tactics 
and collaborating with farmers, such as conducting pest management trials on 
their fields, can provide farmers with safer and more economical alternatives to 
pesticide dependency. Understanding and acceptance of [PM is often not easily 
achieved, especially in farming systems in countries such as Gambia where 
pesticides are applied in farmers' fields free of charge by mobile crop protection 
service teams (Sagnia 1983). Thus, educating farmers on patterns of pesticide use 
and pesticide safcty is essential. Village-based training programs, for example, 
have been initiated in Gambia since 1980, emphasizing traditional farming systems 
alrcady in place and discouraging the total reliance on chemical control (Sag-nia 
1983). Tn other developing African countries such as Kenya, an increase from 1.5 to 
2.5% in pesticide and fertilizer cost and a decline in price of coffee by 30% have 
added pressure on coffee growers and resulted in changes in pesticide spraying 
behavior and agronomic practices (Goldman 1987). Fanners have learned to adopt a 
"basic strat.egy" and spray fungicides when clitical and necessary, for a mean 4.9 times, 
which is much less than the recommended 9 times based on a calendar schedule 
(Goldman 1987). Thus, assisting farmers in decision making can help reduce the 
unnecessary overuse of pesticides and can lead to better pesticide management 

PESTICIDE MISUSE AND CONSEQUENCES OF OVERUSE 

Majol' causes of pesticide misuse include 1) nonexistent 01' poorly enforced 
pesticide laws and regulations, 2) poor chemical company participation in educating 
users, 3) inadequate labeling and documentation on correct usc of pesticides, 4) 
too few trained technicians or supervisors for pesticide use, 5) lack of appropriate 
application equipment, 6) illegal pesticide marketing channels, 7) government 
failure to enforce pesticide laws and create awareness of chemical dangers, and 8) 
a generally low literacy rate among users. These key elements in pesticide misuse, 
particularly the last, obviously vary in importance from country to country; however, 
most are common in \Vest Africa developing countries. Inadequate extension 
services and limited resources also contribute to the regular and widespread 
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incidence of poisoning and misuse of pesticides (Bull 1982). Furthermore, lack of 
emergency medical centers, protective clothing, and decontamination facilities 
increase the chances for pesticide poisoning and death. In 1985, thirty people died 
from pesticide poisoning due to pesticide misuse in a cacao growing area in Ivory 
Coast (AGRIPROMO 1986). Pesticide·related poisoning deaths are often caused 
by using pesticide packages or containers after they are emptied of toxicants. In 
1983, forty six residents in the JIlorin area of Nigeria were hospitalized as a result 
of "mistakenly drinking or eating pesticides" (Atteh 1987). Nineteen persons lost 
their lives in Diohine in the Senegal River Valley after an empty container of ethyl 
parathion was used to store cooking oil later used to cook food during a traditional 
family ceremony (Anonymous 1985). Empty pesticide containers are used to store 
food because of a lack of understanding on dangers of pesticides, poor pesticide 
labeling, and a low literacy rate. In 1982, the average literacy rate in the Sahelian 
West Africa was 14.8% (CILSS/CEA 1983). Fanners who use pesticides are often 
unaware of efficient spraying techniques, and pesticide applications as a result do 
not provide adequate protection of crop; thus, development of training programs 
involving rarmers should remedy the problem (Bhatnagar 1987). 

Pesticides are abused through bad and dangerous practices. Farmers often 
substitute one type of pesticide for another, such as substituting a fungicide for an 
insecticide. Such situations usually occur when pesticides are distributed illegally. 
In some developing countries, various insecticides for crop and public health pests 
have been used for "harvesting" fish for human food. In Ghana some fishermen 
preferred to use lindane (insecticide) than their traditional fishing traps (Bottrell 
1983). Pesticide misuse is also a result of chemical companies not translating their 
product labels into the local language. 

Total reliance on the use of insecticides can result in problems such as 
l'esistance to insecticides, resurgence of target species and secondary outbreaks of 
non-target species (Stern et a1. 1959). For example, overuse of pesticides in Ghana 
to control cocoa mirids resulted in the killing numerous non·target beneficial 
organisms. As a consequence, the shield bug, Batl1ycoelia thalassina (Herrich
Schaeffer), a secondary pest resurged and caused a yield loss of 18% of the cocoa 
crop in Ghana's Eastern and Brong-Ahafo Regions (Owusu-Manu 1971). Pesticide 
overuse to control pests in agricultural crops such as cotton, coffee, cacao, 
groundnuts has resulted in the development of resistance to dieldrin and/or DDT 
by two mosquito species, Anopheles gambiae Giles and A. rofipes (Gough) in the 
\Vest African countries of Ivory Coast, Nigeria, Ghana, Mali, Burkina Faso (formerly 
Upper Volta), Togo, and Senegal (Bull 1982). 

Government attitude to pests and pesticides can affect the way pesticides are 
used, and thus, may also encourage misuse. For example, in Kwara State, Nigeria, 
the State Ministry of Agriculture and Natural Resources (SMANR) obtained 
agricultural pesticides from pesticide companies (or their local subsidiaries), the 
Federal Agency (Pest Control Division of Nigeria's Federal Ministry of Agriculture 
and Natural Resources /FMANRI), and the Nigerian Commodity Marketing Boards 
(eMB's) (Atteh 1987). Pesticides purchased by SMANR's are sold to farmers at 
subsidized prices, often at one-third cost; whereas those donated by FMANR and 
CMB's are free of charge. Chemical companies advertise, and can directly sell 
their products to farmers through local retail shops and lobby innuential government 
officials. Furthermore, Kwara SMANR officials have little control over the kinds of 
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pesticides received from the FMANR 01' eMB's, have no control over when 
pesticides can be received and often receive no information concerning toxicity, 
application procedures, and hazards presented by pesticides (Atteh J987). It is 
obvious from this policy that chemical companies can easily sell a banned 
pesticide to farmers, and poor information on pesticides can lead to accidental 
misuse. Disposal or use of expired pesticides by farmers constitut.es a real 
problem facing many developing 'Vest African countries. In 1984, over 60% of 
pesticides purchased in 1982 in Kwara State in :'\ligeria were still in stock due to 
inadequate budget or low demand from farmers (At.teh J987). 

Pesticide misuse in the developing countries is also at.tributed to an "error in 
transfer of technology," Pesticide technology developed by and for use in the 
developed countlies was transfen'ed to countries with cultures and social structures 
that were not prepared to absorb the technology" (Bottrell 1983). Some Third 
World government practices such as in West Africa encourage pesticide misuse or 
overuse. Farmers obtain chemicals as a "farm loan package" and have no choice 
over which pesticides they receive, and often, pesticides are obtained at a nominal 
subsidized cost (Goodell 1984, Atteh 1987). "Package deals" refers to those 
programs wherein farmel's are urged or required to buy fixed chemical inputs as 
part of a credit package and apply them on a lixed schedule basis (Matteson et aJ. 
1984). Such practices lead to overuse of pesticides by shifting from the principle of 
"apply when necessary" to the principle "apply when pesticide is available." 
Monitoring fields for early warnings of pest attack, distributing free pesticides and 
spraying of farmers' lields during pest outbreaks are three common services 
provided to the furmer by Third World governments (Goodell 1984). In Senegal, 
fanners al'e pl'Ovidcd wit.h subsidized pesticides at 80-90% of original retail price 
and without considering the indirect environmental and economic impact of such 
policy. For instnnce, such subsidies encourage fanners to misuse (overuse) pesticides in 
a way which results in negative effects on programs such as biological contl'Ol in 
subsistence fanning (Bhatnagar 1987). Free pesticide application in a fanner's field 
without any basis such us economic thresholds or sampling is likely to create 
problems such as disruption of the environment, 01' pest/natural enemy unbalance. 
Such practices also convince the farmer that "chemical control is the only effective 
way in dealing with their pest problems" (Sagnia 1983). Due to the rising cost of 
chemicals and application equipments, it is doubtful that fanners in 'West Africa 
developing countries such as Gambia could adOl}t future pest control practices 
\\·hich Bl'e heavily pesticide-dependent (Sagnia 1983). The use of simple and more 
economical methods such as resistant variet.ies, biological control, and improved 
traditional fanning methods should provide better altel'l1utives to the present trend 
of pesticide use which will lead to disast.I'ous pesticide dependency. The growing 
problem of pesticide misuse indicates the urgent need for pest.icide training and 
regulation. 

PESTICIDE USE AND NEED FOR REGULATION 

Pesticide regulations are usually more rigidly enforced in developed countries 
such as the United States than in developing countries in West Africa where many 
countries cannot adequately regulate the importation, distribution and use of 
highly toxic pesticides (Schaefers 1979). In fact, many Third World countries 
simply lack the personnel required to develop and enforce pesticide regulations 
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(Bottrell 1984). Purchase, application, handling, formulation, transpol'tion, and 
stocking of pesticides are often regulated based on text written during the 
"colonial era," and often with many inconsistencies (Anonymous 1985). Storage 
and disposal of pesticides is a crucial issue, since stored pesticides often exceed 
their expiration dates or the pesticide containers have no label or expiration date 
(Atteh ]987). West African governments should regularly update existing information 
pertaining to pesticide laws and regulations 1) to avoid importation of banned 
pesticides and 2) to reduce health or environmental hazards associated with the 
use of pesticides. 

An estimated 400,000 metric tons of pesticides are used in developing countries, 
and 53,000 of the 210,000 metric tons produced in the USA (ca. 25%) are 
pesticides banned, heavily restricted, 01' not registered for use in the USA (Weir 
and Schapiro 1981). These banned or unapproved pesticides are sent to developing 
countries such as Nigeria where a majority of users are illiterate and do not 
understand the hazards of these materials (Atteh 1987). 

Registration of agricultural or household pesticides for example is required by 
law in Senegal where the Governmental Approval Committee the Ministry of Rural 
Development is responsible for the registration process. Some of the Appl'Oval 
Committee considerations include level of risk to the consumer, to the user, to the 
Cl'Op, and to the environment, and include consideration of effectiveness, cost, ease 
of use, and efficacy under Sahel conditions (Durand 1979). Pesticide laws need to 
be more rigidly enforced, making education the number one priority. Until users of 
pesticides know the exact nature of the chemicals they handle, it will be difficult 
to enforce laws regulating pesticide use. 

CONCLUSIONS 

Little doubt exists that pesticide use will increase substantially in future years 
in West Africa. Nonetheless, before importing and using pesticides in West Africa, 
government agencies, intel118tional agricultural development or assistance institutions, 
donor countries 01' agencies, and chemical companies should determine the need 
for pesticides and the resulting socioeconomic and environmental impact upon the 
region. Pesticide laws are often nonexistent 01' poorly enforced in West Africa. 
Thus, organizations such as United States Agency for lntemational Development 
(USAID), United Nations Food and Agriculture Organization (FAD), International 
Sorghum/Millet Collaborative Research Support Program (INTSORMIL) and 
many other international institutions must serve as linkages between local govern
ments and institutions abroad, working to promote pesticide safety and regulation 
in developing countries. Such a net\\'ork is a prerequisite for reducing 01' stopping 
exports of banned pesticides to developing countries in '"'Vest Afdca. 

Safety and education must be encouraged in the use and maintenance of 
pesticide application equipment. Alternative pest management tools such as 
cultural control practices, resistant varieties, and biological control should be given 
serious consideration. Proper labeling will help avoid accidental poisoning of 
formers through propel' disposal of empty containers (some of which are often 
used to store food). Selling, purchasing, and distributing pesticides through proper 
channels is also strongly suggested. 
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In implementing integrated pest management tactics, existing: fanners' practices 
should be considered. fntemational organizations such as FAD, USAJD, INTSOR
M1L, the West Africa Rice Development Association ('NARDA), Intemational 
Crops Research Institute for the Semi-Arid Tropics (lCRfSAT), International and 
Institute of Tropical Agriculture (rITA) and other international regional research 
organizations in collaboration with national research institutions and programs 
should play a pivotal role in developing viable integrated pest management 
schemes adapted to \-Vest African fanning systems. One of the major goals of such 
projects should be to minimize the health hazards posed by agrichernicals to 
humans and systems. 
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ABSTRACT 

Pesticides represent a valuable pest control strategy for developing countries, particularly 
in the public sector. It is clear, however, that much greater effort must be undertaken to 
reduce their associated risks and to inlegrate their lise into an ecologically based, multi
strategy program in order to assure sustainability. Pesticides are more commonly used and 
subsidized on larger fanus, cooperatives, and government. operated programs. While misuse 
is also common, the credit and management levels present in such systems permit reasonable 
integration of a pesticide scmtegy. The sheer magnitude of migratory pest problems demands 
response from the public sector. The opportunity for serious environmental insult with 
pesticide usc in such massive treatment programs is ever present. National and international 
offiCes must pursuc much needcd research in anticipation of outbreaks rather thun in 
reaction to them. Pesticide use in public health programs requires a change in emphasis in 
thc risk benefit equation. In the case of vector-borne diseases, it is difficult to measure the 
socioeconomic impacts of control against the dollar costs and associated environmental risks. 
In all instances of such usc, intensified tmining and education in appropriate pesticide 
mllnagement procedures is of paramount importance. 
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Total annual pesticide sales globally are now estimated at $20 billion. The 
major uses of these pesticides have been on COl'll, rice, cotton, soybean, and wheat. 
The United States exports about one-third of the pesticides it produces, about one 
half of which are insecticides, mostly to Asia and Latin America, and least to 
Africa. United States exports represent only about 16.5% of pesticide exports 
worldwide, with the European Economic Community and the United Kingdom 
providing about 62% (Bottrell 1984). Thus, the United States is not a major 
pesticide exporter on a worldwide basis. 

Brady (1982) reported that three· fourths of the world's population will be 
located in developing countries by the year 1990. According to Bottrell (1984) the 
Third \~orld is using only about 7·17% of the world's pesticides. This lower use 
rate sterns from lack of foreign exchange, uneven supply, lack of application 
equipment, and the absence of pest monitol'ing systems (Smith 1978). The 
amollnts are increasing, however, in some cases representing up to 40% of the crop 
production inputs (Schulten 1987). These increases ultimately could have 
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significant beneficial as well as adverse impacts on Third "Varld agriculture and 
environments. Ptimarily because of their low costs, about one-half of the pesticides in 
use in the developing countries still consist of chlorinated hydrocarbons such as 
lindane, BHe, and dieldrin. 

The African continent. is currently experiencing a four percent population 
growth rate, with an expected per capita decline in food production expected to 
reach a sevenfold increase by the year 2000 (Brady ]982). Pesticide use in that 
part of the world has increased fivefold since the mid-1960's and has quintupled in 
the decade ending in 1984. It is dirticult to reconcile a reduced input concept with 
such an impending food disaster, and it is expected that pesticide use will 
continue to increase in Africa. 

Introduction of organic pesticides in the mid· 1940's contributed to a doubling 
and stabilizing of crop yields in the United States (Brady 1982). Much of the 
unprecedented increase in food production in developing countries during the 
1960's and 1970's is attributable to chemical-based technologies and to the use of 
agricultural chemicals, including pesticides, particularly where used under otherwise 
favorable conditions. 

Cramer (1967) estimated that 14% of the worldwide crop losses are cnused by 
insects and predicted t.hat routine pesticide programs would quickly put an end to 
such losses. It. is now eminently clear, however, that any single pest control 
strategy is doomed to failure. An integrated, multi-strategy, pest management 
approach is now the generally accepted methodology for pest control. Within the 
IPM apl>roach, pesticides represent the most powerful control tool available. They 
are effective, dependable, rapid, adaptable to most situations, and are reasonably 
economical (Reynolds 1985). \-Vhile most control strategies are designed for 
prevention, chemical pesticides are the only tool available for pest reduction after 
the threshold level has been reached. However, while pesticides represent an 
indispensable and central tactic in an IPM system, their use must involve sound 
ecological principles utilizing economic thresholds and target selectivity. 

On the other hand, the adverse impacts of pesticides, primarily traceable to 
their misuse, are well known, i.e. toxicity hazards, impacts on non-target species, 
pest resurgence, contamination, resistance development, etc. Not the least of these 
problems, as it concerns pesticide use in developing countries, is pesticide toxicity 
and public health, primarily experienced during occupational exposure (Davies 
1985). Depending on whose figures one uses, from one half to two million human 
pesticide poisonings occur yearly in the Third World, with a mortality rate of one 
percent, or from 5,000 to 20,000 deaths. Such figures are difficult to substantiate, 
but it is generally accepted that in the Third World, where less than 20% of the 
world's pesticides are used, 50% of the human "poisonings" and over 75% of the 
pesticide mortality occur. Certainly, African countries fare no better in these 
statistics than do other developing countries. The 'niversity of Nairobi Hospital, 
for example, reports over l,OOO cases of human pesticide poisonings annually. 
Problems are exacerbated because the victims have no access to health care or 
access is limited, often there are no antidotes available, and often the problem is 
not even recognized as one of toxicity. Clearly, greater efforts to restrict or ban 
chemicals of high mammalian toxicity from use in most developing countries must 
be undertaken. 
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In discussing pesticide use and misuse in the public sector in Africa, it is 
appropriate to identify three contrasting areas of use. These include estates or 
monocultural systems, migratory or international pest problems, and, finally, public 
health or disease vector control programs. Each has pesticide use problems 
chal'cteristic of the system. 

Large Scale Farms 
lncluded in tJlis catcgOl'y are tJle larger falms, govenunent-operated probr"J·ams, and 

cooperatives. On these fmms more intensive agriculture is practiced, and involves mono
cultural systems and usually cash crops of considerable value, including olives, cotton, 
cocoa, peanuts, sorghum, and high yielding cereal grains and vegetables. 

Generally, more traditional crop protection information is available for these 
crops t.han is available for small farm systems. But even here they suffer from a 
deficient agricultural infr·astructure. Relatively few crop I}rotection research organi
zations exist in Africa, and most countries have very limited or ineffective 
extension progl'8ms (Mellor and Delgado 1987). Extension agents generally lack 
support, are poorly trained in pesticide management, lack motivation due to low 
salaries, and there seldom is any problem follow-up. Often, the only available crop 
pl'oteclion expertise comes from the chemical company relnesentatives of multi
nationals such as Shell, Ie], Rhone·Poulenc, etc. While such help can contribute 
significantly to increased production, at least the potential for misuse exists. There 
are often sources of credit and supply facilities available, and the farmer (manager) 
relat.es pest control to economic advantage. Furt.her, a more unifOlm germplasm 
than that enjoyed by the small farmer is involved, thus providing for more uniform 
gl'Owth and easier utilization of pesticide strategies. Thus, in these systems, more 
pesticides are used, often in large amounts, and are frequently government 
subsidized. ]t is in this situation that pesticide misuse can be most serious. 

Constraints to good pesticide management in large farming systems include 
inconsistent pesticide availabJity, often leading to use of available but unsuitable 
chemicals. Due to bureaucratic inefficiences, limited transportation networks, etc., 
pesticides are not present when needed, thus defeating one of their most significant 
advantages, that of rapid effectiveness dwing sudden pest population increases. 
Another major problem is poor availability of application equipment and its 
appropriate maintenance. A sudden breakdown can lead to disaster in pest 
outbreak situations. Another constraint is ''r'ater supply for use as a pesticide 
carrier or for cleanup and decontamination. Concentrate spray equipment is 
becoming very popular but can be afforded only by growers of cash crops. 

Pesticide use patterns differ significantly throughout Africa, scarcely used in 
countries such as Rwanda, Burundi, and Lesotho, while readily available in other 
countries such us Malawi, Egypt, etc. (Jensen 1985). In years of poor or uncertain 
crop growth, the amounts of pesticides applied are reduced. and with other factors 
contributing to significantly lower yields, it is felt that yield gains from pesticide 
use are not justified. The potential contribution of reduced dosages to enhanced 
resistance de\·elopment. is obvious. However, the economic system is a complex 
one, and with a small profit margin, the decisions on opt.imum pesticide use are 
difficult. Thus, an economic threshold concept. would be most applicable if 
developed on a site·specific basis. 

Clearly, when one thinks of pesticide misuse one thinks of cotton, not only in 
the United States, but elsewhere throughout the world. A classic example of 
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pesticide misuse in cash crop production in Africa is that of cotton production on 
the Gezira Scheme in the Sudan. The Gezira occupies a flat area between the 
conOuence of the White and Blue Niles and encompasses an area of 2,700 krn 2 of 
fertile land. This represents the largest irrigated agricultural area in the world and 
occupies over 12% of Sudan's cultivated lands. One~third of the plantings consist 
of cotton, with the balance of wheat, sorghum, groundnuts, and some vegetables. 
The Scheme produces 75% of Sudan's cotton, which earns 60% of its foreign 
exchange. 

Pesticides were first used in the Gezira in 1941 to control the cotton leafhopper. 
An II % yield increase resulted and the race was on. Tn 1944, DDT was used with 
resultant yield increases of up to 40%, followed by the use of lindane and dieldrin. 
The area receiving DDT for leaf1lOpper control increased from 1650 feddan (l 
feddan = .42 ha) in 1945 to 182,000 feddan in 1951. Parathion was added to a DDT 
mixture, followed by the introduction of endrin and then dimethoate for the 
cont.rol of whitefly in the early 1960's. 

In spite of greatly increased pesticide use during the 1970's (less than one 
spray per year in 1960 to eight applications in 1980), cotton yields have continued 
to decline. Of particular concern was the development of resistance to dimethoate 
by the whitefly. Increasing whitefly problems not only resulted in reduced yields 
but the sticky honeydew and resultant sooty mold fungus caused a serious 
deterioration in cotton quality and greatly increased the cost of processing. 

Steps were taken to stop packaged programs, i.e. single chemical pesticides 
applied under contract, to phase out DDT, and to develop better pest management. 
Yields have begun to improve but pest control still constitutes about 30% of 
production costs. Unless the whitefly problem is solved, it could mean disaster for 
cotton production in Sudan and the crippling of their economy. A long-term 
program utilizing TPM concepts is being introduced using resistant varieties, 
biological control, improved cultural practices, and more judicious use of chemical 
pesticides. 

Finally, it must be realized that while pesticide misuse is most possible under 
large-scale monocultural systems, it is also most amenable to management through 
research, education, and legislative action. 

Migratory Pest Problems 
Migratory pests represent unique problems simply because of their magnitude. 

The desert loclist has an invasion of 11 million square miles in North Africa, the 
Middle East, and Asia. This equals about 20% of the earth's land surface, which 
increases the various political complications for locust management. The problem 
is independent of farm size and the solutions require a more sophisticated 
approach, particularly in terms of logistics, than do on·fal'm problems. Control 
campaigns involve fanners, national plant protection services, and intel'l1ational 
aid. 

The retul'I1 of near-normal rains in 1985, following several years of drought, 
resulted in widespread and increased numbers of grasshoppers and locusts in 
Africa. Such outbreaks have plagued the area since biblical times, and even today 
control remains an elusive goal. Tn general, biological control agents have not 
proven effective during outbreak years. Clearly, chemical control has proven the 
most effective strategy in reducing the impacts of these pests. During pre-World 
\Var IT outbreaks it was necessary to rely on the unstable and very expensive 
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pyrethrums and on the toxic sodium arsenite baits. The very effective organic 
insecticides such as BHC and dieldrin were introduced after \Vorld War fl, 
foUowed by the use of organophosphate insecticides, including diazinon, fenitrothion, 
and malathion, during the 1960's and finally the carbamate insecticide, carbaryl. 
The t\\'O materials most. widely used today are fenitrothion and malathion fOl' aerial 
application, largely in non·crop areas, and diazinon for ground application in either 
crop or non·crop situations. In addition, SHC is extensively used in a mixture of 
groundnut shells as bait. Little pesticide efficacy research has been conducted in 
the last decade, and consequently the responsible locust control agencies throughout 
the world are ill-prepared to fight the present outbreak. The competition for the 
locust pesticide market is intense, and for good reason. In 1986, about $38 million 
were spent for locust control, with about 3.8 million ha treated by air in some 20 
countries. 

One of the problems with organophosphate insecticide is their short persistence. 
Their effectiveness is quickly reduced if not applied directly to the hopper band. 
Materials such as the chlorinated hydrocarbons, dieldrin and lindane, could be 
sprayed in a band in front of the migrating hopper bands or placed in baits and 
would remain effective for a sufficient period of time to provide useful levels of 
control. However, these materials are now banned in the United States and thus 
by law their use cannot be supported elsewhere. In the absence of donor support 
fol' such materials, however, large amounts of dieldrin have been bought and used 
by Sahelian cOUllbies during CWTent outbreaks. The question has been legitimately 
raised as to whether mass spraying of fenitrothion at 350 g/ha 01' malathion at 700 
g/ha is causing greater environmental impacts than would barrier sprays of 
dieldrin at 35 g/ha. One problem is that treatments are made at a time when the 
desert areas arc coming "alive" and are most sensitive. Until a much more 
intensive study on pesticide breakdown and environmental impacts of the use 
practices of these chlorinated hydrocarbons in North Africa (such data is not 
directly transferable from temperate climates) are conducted, t.heir use in the 
locust battle will be prohibited. 

Most problems stemming from the use of locust·contl'ol pesticides are associated 
with storage and application. Thus, while it is critical to have them in place at the 
start of a campaign, there is danger of oversupplying and using surplus chemicals 
for the wrong purposes. In addition, there are problems with degradation and the 
resulting application of inadequate dosages. In the event they are not used at all, 
there arc problems with disposal. Storage itself represents problems with contami
nating food sUI>pJies, leakage and spillage, and the ultimate container disposal 
problem. 

Application presents special problems. Genel'1lJly, ground application crews are 
inexperienced and often use excessive dosages, particularly with hand equipment 
where spraying into the wind can cause serious contamination hazards. With 
regards to aerial application, blanket spraying with poorly calibrated delivery 
systems is reported to be a common occurrence. In Senegal in 1986, one million ha 
were treated with 96% ULV malathion using DC 1's. \-Vhile there were no incidents 
of mammalian toxicity resulting from the spraying, there have been conflicting 
opinions on the impacts of this program on non-target insect species. 
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Public Health And Vector Control 
Vector borne diseases account for t.he sufferings of over one billion people, 

located primarily in developing countries (pant 1987). Africans experience a major 
portion of these diseases, including malaria, filariasis, onchocerciasis, trypanosomiasis. 
lnfectious and parasitic diseases (including vector-borne) account for 40% of the 
deaths in developing countries compared to eight percent in developed countries. 
Pesticide cost for vector control is estimated at $100 million annually. with 
increasing costs due to resistance and the selection of alternate less persistent 
materials. 

Malaria is a major global health problem and is specifically an important cause 
of child mortality in Africa. Where the vector is susceptible, DDT is preferred 
because it is cheap and environmentally safe for indoor use. Unfortunately, 
resistance is developing to both DDT and malathion primarily due to agricultural 
use in many areas. Interest.ingly, resistance has not occurred in the Gezira area 
where malathion has been used extensively. 

Filariasis control primarily involves treatment with drugs. This treatment is 
also supplemented by control of mosquito larvae in polluted water with such 
materials as fenthion, chlorpyrifos, temophos. or chlorphoxim. 

Onchocerciasis, the cause of river blindness, has led to the total deseltion of 
villages in sa\'annah regions. Control is largely based on chemical control of black fly 
larvae. Treatment of the Volta River Basin in West Africa represents one of the largest 
vector control programs in AfJica and perhaps the world. This program involves weekly 
spraying of some l4,Ooo km of river, yet it is considered to be cost effective. 

Trypanosomiasis. vectored by the tsetse ny, causes sleeping sickness in man 
and ngana in cattle (Jordan 1986). This represents one of the most serious, yet 
political1y. socially, and environmentally sensitive, vector-borne diseases in Africa. 
Control philosophies range from eradicative to "Iet-it-be." Thel'e is an increasing 
use of t.herapeutic c!J'ugs, but chemical control of the adult flies remains the major 
control strategy. Single applications or the more persistent chlorinated hydro
carbons were effective and possible, but the multiple application 01' newel', less 
persistent materials is expensive and wleconomical. Their costs compete with other 
high-priorit.y needs for foreign exchange. Clearly, alternative strategies must be 
developed. Chemicals being used include DDT (no resistance has yet developed), 
dieldrin, and aerial applications of endosulfan and deltamethtin (Hadaway et al. 
1977). 

The Zimbabwe I)rograms reflect the long and controversial histot)' of trypano
somiasis control (Dransfield and Brightwell 1958): 

1930's The shooting of wild animals (hosts) was encouraged. 
1945 26,000 km" were declared free of trypanosomiasis. 

Building public opinion against shooting banned this strategy, and spraying 
and clearing was initiated. 

1963 Trypanosomiasis was advancing on all fronts. 
1964 Reinstituted selective hunting with ground and aerial spray programs. 

Dieldrin use on the ground cl.lused some mortality of birds (mostly 
insectivores), mammals, reptiles, and fish. 

1969 Since 1969, DDT was used because it is cheaper and has a lower mammalian 
toXicity. Endosulfan and deltamethl'in are also used by air. The (olmer causes 
some fish mortality while the latter requires care around crustraceans. 
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Currently, over 300,000 km2 per year are treated in Zimbabwe and parts of 
Zambia, ~'lozambique, Malawi, and Tanzania. Certainly, there are some wildlife 
mortality problems, but the environmental impacts are considered transitory. [n 
the case of vector-borne diseases, it is difficult to measure the socioeconomic 
impacts against the dollar cost.s and environmental risks associ ted with their 
control. 

SUMMARY AND CONCLUSIONS 

Some factors contributing to the misuse of pesticides are: 
1.	 Illiteracy and lack of education of workers. 
2.	 Pesticide subsidies by govcl1lments, including donor countJies and aid 

programs which provide 80% of the chemicals (Jensen 1985) to stimulate 
production. 

3.	 Poor information relative to use hazllJ'ds. 
4.	 Generally poor health and consequent susceptibility Lo toxins. 
5.	 Inadequate regulation and enforcement. 
6.	 Economic constraints on needed research. 
7.	 Communication and extension problems; no access to technical help. 
8.	 Farmer unwilling or can't afford to accept risk of crop loss. 
9.	 Tropical climates allow more crop cycles without breaks, thus encouraging 

Ilest buildup leading to more pesticide use. 
10. More toxic chemicals are used in a more hazardous manner. 

The economic impact.s of such misuse include: 
1.	 Costs of subsidizing excess use. 
2. Rejection of commodities with excess residues.
 
3, Effect on wildlife industries, e.g. mal'iculture in Senegal.
 
4.	 Promotion of resistance with resultant economic consequences. 
5.	 Resistance in the health sector due to agricultural use. 
6.	 Human health decline. 

The environmental costs are only recently known in the temperate world. Less 
is known about transport and fate of pesticides in the water and soil of desert and 
tropical areas. The impacts on non-target organisms is also poorly understood in 
these regions. 

The rPM approach as \..·ell as low-input agriculture should provide the guiding 
principals for crop protection in developing countries, at least in the case of non
staple, large-scale cropping systems, and to the extent possible in small fanning 
systems. Integrated pest management, in the latter cnse, pl'cscnts a difficult 
challenge to small fanners in the Third World (Goodell 1984), primarily because 
they are unwilling, or una ble, to assume the risks and to maintain the high level of 
field management needed. 

Crop protection should be more clearly recognized as an essential component 
in any agricultural development project in developing countries. Facing the obvious 
failul'e of technology transfer, to date, it is evident that more on-site research is 
required. As stated by Goodell (1984), recommendations all too often start in a 
university office rather than in a village and end up counter to the fanners' best 
interests. Because of diffeJing social and economic values, considerable adaptiveness is 
required when devising LPM progl'ams. 
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It is realized that short-term assistance has been inadequate. We should 
SUppOlt more effOlts in institution strengthening, including Plant Protection Divisions, 
in the area of crop protection and encourage advanced education in IPM principles. 

Finally, intensified training and education in proper pesticide management 
procedures is of paramount importance. 
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ABSTRACT 

Pesticide use in Latin America is increasing and is expected to rench 83.97 billion by the 
year 2000. in spite of growing aWUfcness of humun health hazards and environmental 
degradlltion. Reasons for higher demand include humnn population growth, mpid urbanization, 
and shifts llwny from traditional small-scalc farms lownrd more extensive enterprises 
characl.cri?cd by mechanization, monoculturc. and intensive usc of agrichcmicnls. We present 
data to demonstrate these trends in Brazil and Colombia, t1,,'O major pesticide markets in the 
region. In some cases. discussed here, successful IPM progmms have significantly reduced 
insecticide use and serve as models in the region. However, a major emphasis on alt.ernative 
conl-rol methods by nal.ional and international research institutions will be necessary to offset 
incrensing pesticide usc driven by agricultural and dcmographic trends in the region. 
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Latin America is a vast area charactel;zed by extreme variability of climate, 
crops and agricultural production systems. Between 1979 and 1986, annual population 
growth has averaged 2.3% over the entire area. Ho\'.'cver, in temperate Latin 
America (Argentina, Chile, and Uruguay), human population has grown at a rate of 
1.5% compared with 2.4% for tropical Latin America. At the same time, thcre has 
been a significant migration to thc cities. From 1970 to 1987. the proportion of the 
population living in rural areas has decreased from 41 to 28% (FAD 1987, 
1989). 

'''lhile population growth ensures that increased food production will be a 
primary concern for future generations, the change in demographics of the region 
suggests that traditional production systems will decrease in importance of their 
total contribution to production and large scale agriculture will play an increasingly 
important role. In recent years there has been a shift away from traditional small
scale farming systems toward more extensive enterprises consisting of larger farm 
units, monoculture and greater mechanization. Plantation crops are already an 
important source of export revenue. Latin America produces 73% of the world's 
coffee, 50% of bananas, and 45% of cotton. Other important crops include citrus 
fruits and cocoa (33% of wOl'ld production in each case) and sugarcanc (30%) (IRL 
1981). In addition, the region is a major producer of vegetable oils, tobacco, 
soybeans, rice, maize, wheat, potatoes, sorghtun, common beans, cassava, plantains. 
and vegetables. Plantation cropping systems use more inputs, particularly aglicu]tural 
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chemicals, as reflected by the enormous increHse in consumption and production 
of pesticides in developing countries. In addition to growing domestic production 
of pesticides, the Third World's share of the global pesticide market has increased 
from 20% in 1980 to 25% 01' US $3.6 billion in 1986 (Restrepo 1988). Latin America 
consumes over 9.3% of world pesticides on a value basis and the total value of 
pesticides used in 1980 was estimated to be US $1.04 billion (IRL 1981). 

The trend toward larger plantations, increased mechanization and utilization of 
agricultural chemicals '\vill undoubtedly continue. The lack of training in pesticide 
use and understaffed research and extension services in numerous Latin Amel;can 
countries contribute to overuse and misuse of pesticides. The use of "pesticide 
cocktails" consisting of numerous products combined at excessive doses, is 
common and results in unnecessary environmental contamination, human health 
risks, and arthropod resistance to chemical control. 

There is growing awareness and concern in developing countries regarding 
agrichemicals in crop production, human health and environmental degradation 
(Restrepo 1988). Although Latin America in general has lagged behind industrialized 
countries in application of more sophisticated entomological techniques such as 
economic thresholds and integration of pesticide use with other forms of control, 
there is now emerging a b'end towards more careful analysis by national research 
entities of technological and social costs associated with pesticide-based strategies 
of pest control. Non-chemical pest control methods can increase use of locally 
produced inputs (local production of homworm and cabbage looper viruses, small
scale lab production of Trichogramma and other parasitoids) and thus integrated 
pest management (IPM) can contribute to local economies and to reduction of 
capital spent on importation of insecticides. 

The purpose of this article is to look briefly at patterns of pesticide use in 
Latin America and examine some recent trends in Colombia and Brazil. In the 
case of insecticides, we have looked for instances of successful implementation of 
rPM programs and the effect they have had on insecticide use. 

OVERALL TRENDS OF PESTICIDE USE IN LATIN AMERICA 

Pesticide use in general is increasing, especially in large scale production 
systems. Pesticide sales more than doubled in the region between 1976 and 1980 
(JRL 1981), exceeding industry predictions (Farm Chemicals 1976). There has been 
a continuous growth in consumption, both through importation and domestic 
production, throughout the 1980's. Latin America's share of the global pesticide 
market, currently around 10%, is steadily increasing. Bmzil alone accounts for 
neady 50% of total sales in the region, followed by Mexico, Argentina, and 
Colombia. From 1980 to 1986, pesticide sales rose dramatically in Brazil and 
Argentina. If current trends cont.inue, the cost to Latin America of chemical pest 
control is expected to reach $3.97 billion by the year 2000 (IRL 1981). 

Until 1980, insecticides accounted for approximately 40% of total pesticide 
sales. Of these, organophosphol'Ous compounds accounted for 55% of sales, 
followed by chlorinated hydrocarbons (21 %), carbamates (21%), and the remainder 
by pYl'ethroids and others (IRL L981). However, during the 1980's, herbicide use 
has increased and herbicide sales now dominate the market followed by insecticide 
and fungicide sales, respectively. The shift toward large monoculture plantations in 
Brazil, Argentina and Colombia, and increased production 01' crops such as 
soybeans, rice and sugarcane have resulted in greater demand for herbicides. In 
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addition, the mpid urbanization of Latin America has reduced t.he rural labor force 
and has favored chemical weed control. In 1981, 41% of pesticide use was 
attJibuted to herbicides, 31% to insecticides, and 23% to fungicides (TRL 1981). 

In many areas, crops such as beans, cassava, cowpens, plantains, and maize are 
grown in tmditional systems and receive only minimal inputs. However, sugarcane, 
cotton, maize, rice, coffee, wheat, and fruits (especially citrus) llre major recipients 
of insecticide applications (Farm Chemicals 1976, IRI... 1981). Soybeans receive 
more insecLicide input than any other crop in Latin America, primarily due to 
extensive cultivation in Brazil and Argentina. The history of insecticide use in 
cotton is often cited as a classic example of misuse, secondary pest resurgence, 
induced insecticide resistance, environmental contamination, and threat to public 
health. Successful rPM progmms in several countries have reduced insecticide use 
in cotton. However, the banning of chlordimeform, increasing levels of resistance 
to pyrethroids, and recent events such as the introduction of the boll weevil into 
nOltheastern Brazil and its threatened introduction into Paraguay. may trigger 
another cycle of insecticide use and misuse in those areas. 

Colombia 
Colombia is one of the leading agricultural producers in Latin America. 

Although primarily tropical in climate, its mountainous topography, fertile river 
valleys, and extensive savannas and tropical rainforest result in a complex network 
of diverse ecosystems well suited to cultivation of a wide variety of crops. 
Agl;culture in Colombia is a contrast of myriad traditional small farm systems in 
diverse agl'oecosystems and modern extensively mechanized plantations. The 
mountainous terrain, fertile volcanic soils and mild climate of the central highlands 
have made Colombia a major producer and exporter' of coffee. Other important 
crops include sugarcane, rice, maize, beans, cassava, cotton, potatoes, vegetable 
oils, and fruits and vegetables. tn recent years, cattle production, already a 
significant industry, has begun to penetrate the extensive and still underpopulated 
savannas of the eastern plains. 

Pesticide sales in Colombia have increased slightly in the last 15 years. 
Insecticides dominated until the mid 1970's with about 60% of total pesticide sales 
(Fig. 1). An abrupt change occurred in the late 1970's .....hen insecticide use 
declined relative to fungicide and herbicide use. By 1987, fungicides accounted for 
55% of the total market followed by herbicides (25%) and insecticides (20%) (rCA 
1988). The dramatic reduction in insecticide use was primarily influenced by the 
crisis associated with insecticide misuse in cotton in the ]970's, desclibed below. 

Organophosphorous insecticides are the largest categoly (60% of lotal insecticide 
sales) followed by carbamat.es and chlorinated hydrocnrbons, respectively. Their 
relative market shnres have held steady through the 1980's (leA I968· 1988). 
Insecticide sales reached a peak of 15,000 metric tons of active ingl'edient in 1977 
and then dropped sharply, remaining steady since 1979 at its current level of about 
4,000 t. Methyl parathion represents about 20% of total insecticide sales followed 
by chlorpyrifos, monocrotofos, carbofuran, and carbaryl. Chlorinated hydrocarbons, 
such as aldrin, have been officially banned although some remain available. 
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Fig. 1.	 Pesticide sales by class in Colombia from 1967 to 1987 (ICA 1968
)988). 

Cotton. The sharp rise and fall of insecticide use in Colombia dw·jng the 1970's 
reflects pest control practices in cotton during that period (Fig. 2). From 1965 to 
1975, 65 to 80% of all insecticide sales were for control of cottOIl pests, primarily 
Heliolhis uirescens (F.) By 1977, H. uirescens had developed resistance to all 
available insecticides, particularly methyl parathion, and cotton was receiving from 
22 to 28 applications of insecticides per growing cycle (FEDERALGODON 1988). 
No economic thresholds had been established and insecticides were applied on a 
calendar basis. With increasing resistance of the bollworm to chemical control and 
greatly increased cost of control, cotton production declined and was completely 
abandoned in certain areas. 

In 1980, the Instituto Colombiano Agropecuario (ICA) and the Cotton Growers 
Federation initiated research in IPM to reduce insecticide inputs. Economic 
thresholds were established and scouting was implemented. Natural enemies such 
as Trichogramma spp. and Apanleles spp. were reared and released, and more 
selective insecticides were used. At present, t\'10 to tlu"ee applications of pyrethroids 
per crop are required fol' control and cotton yields have increased steadily (Fig. 2). 
Reduced insecticide inputs in cotton were instrumental in the nearly 70% reduction of 
insecticide use in Colombia since 1977 and the program has served as a vivid 
example of the tremendous potential of IPM. A similar situation occurred in Peru 
during the 1950's when cotton yields declined due to target pest resistance to 
insecticides. Through varietal resistance, cultural practices and use of beneficial 
insects, control was achieved and cotton yields rebounded (Doutt and Smith 
1971). 
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Sugarcane. Sugarcane production is a major industry in Colombia's Cauc8 
Valley where extensive monoculture plantations are common. Prior to 1970, the 
sugarcane borer, Diatraea sQccharalis (F.), typically caused damage to between 15 
and 20% of cane internodes resulting in significant yield losses and requiring 
chemical control. A biological control program was implemented in 1971 which 
featured importation, muss rearing, and periodic release of tachinid and braconid 
natura] enemies. By 1975, damage due to the borer was virtually eliminated (less 
than 3% damaged internodes) resulting in savings of 83.4 million pel' yesI'. At 
present, no insecticides are used on sugarcane in the Cauca Valley and the 
sugarcane borer control program remains as 8 model of effective biological control 
(Raigosa L981). Yield of sugarcane in Colombia has increased from 52,307 kglha in 
1975 to 76,104 kglha in 1986, well above the South American average of 62,233 kg/ 
ha (FAD 1987). 

Rice. Rice production is a major recipient of pesticides in Colombia and aerial 
insecticide applications are common. The Inincipal pest is the planthopper, 
Sogatodes on:z)'cola Muil', a vector of the hoja blanca virus. An rPM program that 
includes use of natural enemies, resistant rice varieties, appropriate agronomic 
practices, and scouting to detelmine pest levels and to time insecticide applications has 
been initiated by ICA and the Centro Internacional de Agricultura Tropical 
(CfAT). It is estimated that insecticide inputs can be reduced from 6.8% of total 
production costs to 0.2% and that overall savings in pesticide inputs can reach 
22% of production costs (Weber 1986). 
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Intensity of insecticide use and cotton yields in Colombia from 1967 to 
1987 (lCA 1968·1988). 
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Tomatoes. Tomato, an important vegetable crop in Colombia, typically received 
between 20 to 30 pesticide applications per crop during the late 1970's and early 
1980's. Implementation of an IPM program in Cauea Valley during 1985 reduced 
pesticide applications to two or three resulting in savings of evet" $650 per hectare. 
Use of the biological insecticide derived from Bacillus thuringiensis Berliner 
combined with release of natural enemies such as Trichogramma spp. and Apanleles 
spp. were particularly effective in reducing the key pest, Scrol>ipalpula absalula 
(Meyrick), a leafminer/fruit borer (Garcia 1986). 

Snap beans. Snap bean production is an example of a highly profitable 
enterprise on small farms but a production system where very high pesticide 
inputs are necessary. In Colombia, snap beans are usually grown in plots of less 
than one hectare yet receive more than It pesticide applications pel' crop. Forty
five different products, several highly toxic, are being 01' have been used to control 
seven diseases and two major insect pests, the greenhouse whiteOy, Trialeurodes 
uaporariol'um (Westwood) and the leafminer, Liromyza huidrobensis Blanchard. 
Because of target pest resistance, powerful organophosphorous insecticides such as 
methamidofos, methomyl, and dimethoate, are often mixed with pyrethroids. A 
collaborative ICA-ClAT research effOit to develop JPM programs has been initiated. 

Brazil 
Due to its size and considerable area under cultivation (approximately 370 

million hectares including pastures), Brazil dominates agricultural statistics for 
Latin America. Agriculture is the largest industry and employer, accounting fol' 
25% of the work force and 300ft) of exports in t986 (Jennings 1988). Although 
Brazilian agriculture is characterized by diverse cropping systems, considerable 
production is by small land holders with limited access to chemical inputs. 
However, crops such as soybeans, coffee, wheat, cotton, sugarcane, beans, and 
fruit are often produced on large commercial farms with considerable capital and 
chemical inputs. Alves (1986) estimated that between 20 and 30% of agricultUl'al 
production in Brazil is lost to arthropod pests. 

Domestic pesticide production began in the 1950's and Brazil is nO\...· a major 
exporter of pesticides. Research and development was most active during the 
1970's with the implementation of an industrial park for pesticide production in 
the Sao Paulo/Rio de Janeiro area. National production increased from 9,798 t in 
L970 to 59,249 t in 1984. Tn 1984, approximately 74% of pesticides and 64% of 
insecticides used were produced in Brazil (Alves 1986). 

Brazil represents approximately 5% of the world pesticide market and uses 
about half of all pesticides used in South America. A dramatic growth in pesticide 
use occurred during the 1970's, peaking in 1980 at about 81,000 t of active 
ingredient, a threefold increase fmln 27,000 t in 1970 (Alves 1986). This coincided 
with a considerable expansion in area cultivated for crops such as sorghum, 
soybeans, wheat, pulses, rice, maize, and cacao (TRL 1981). From 1980 to 1986, the 
culvated area of citrus increased by 700%, soybeans by more than 300%, sugarcane 
by over 200%, and rice by about 100% (FAO 1987). 
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Despite the continuing expansion in land area devoted to crops during the 1980's, 
pesticide use decreased sharply during the early 1980's to a low in 1983 (Fig. 3). 
This reduction is attributed to three factors: higher pesticide prices, lack of credit, 
and removal of agricultUl'a] subsidies. Imposition of price controls in the mid 
1980's resulted in price erosion find lower costs for many products (Thomas 1988) 
and at least partially accounts for increased usc of pesticides beginning in 1984 
and continuing to 1987. 
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Fig. 3. Pesticide sales in Brazil from 1973 to 1987 (ANDEr 1988). 

Until and throughout the 1970's, insecticide sales dominated the Brazilian 
pesticide market, followed by fungicides and herbicides, respectively. As a percent 
of total pesticide consumption, insecticide sales have been steadily declining and 
by 1987 accounted for 30% of total sales while herbicides accounted for 49% and 
fungicides 21% (ANDEF 1988, Jennings 1988). In recent years, the use of fungicides 
has steadily risen (Fig. 3), due to introduction of new products and increased 
disease pressure on such crops as wheat, vegetables, fruits, coffee, grain storage, 
and cacao (Jennings 1988). The dramatic incl·ease in herbicide use is primarily due 
to expansion of plantation crops such as soybeans, cotton and sugarcane. Brazil 
accounts for about 12% of the world herbicide market with soybeans, sugul'cane, 
!'ice, coffee, and pastures receiving 33, 24, 10, 9, and 7% of the total, respectively 
(Thomas 1988). 

Insecticide use in Brazil during 1986 was dominated by rruit (207c.), cotton 
(18%), soybeans (17%), vegetables (11%), coffee (7%), and stored grain (7%) 
(Thomas 1988). Approximately 60% of insecticides used in fruit production was 
applied to citrus. Cotton is a major recipient of insecticide applications. particularly in 
areas of boll weevil infestations. Since 1983, the boll weevil has invaded cotton 
growing regions of northeast Brazil, causing an increase in insecticide use. Growth 
of insecticide sales for use on cotton is expected to continue. 
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Soybeans are the third largest market for insecticides in Brazil and use is 
expected to increase. Expansion of soybean production into Jess favorable areas in 
the north and west of Brazil has resulted in insect damage requiring chemical 
control. Similarly, coffee cultivation is shifting northward into drier areas where 
there is less frost but greater incidence of pest damage. Insecticides represent 26% 
of total pesticides used in coffee production and this is expected to increase 
slightly (Thomas 1988). 

Insecticide inputs in horticultural crops have been growing and currently 
account for about 11 % of total insecticide sales (Thomas 1988). Insecticide use in 
rice is restricted primarily to irrigated rice (approximately 15% of total area) and 
accounts for only about 7% of total insecticide use. Crops such as sugarcane, 
cassava, beans, pastures, cacao, maize, and wheat require low to minimal insecticide 
inputs. Beans, for example, are Brazil's fourth lorgest crop but receive less than 
2% of total pesticide expenditures. Bean production is being pushed out of the 
favorable areas of the south and into less favorable areas in the north and 
northeast, replaced to a large extent by soybeans. Damage from whitefly-transmitted 
viruses, mites and leafhoppers is more severe in these areas and insecticide 
applications are more intensive as a result (Costa 1986). 

Sugarcane production has increased considerably since initiation of Brazil's 
emphasis on fuel alcohol production in the late 1970's. Relatively successful 
biological control programs for insect pests have maintained insecticide use at low 
levels. Cassava, a major calorie source in northeast Brazil, is cultivated on 
approximately 2 million hectares. Cassava is almost exclusively a small farmer crop 
and receives minimal to no insecticide input. Pastw'es, nlthough occupying a vast 
area (approximately 190 million hectares) also receive minimal pesticide and 
almost no insecticide applications. \Vhile maize is Brazil's major crop in terms of 
area under cultivation, only 7% of the total area receives pesticide applications, 
primarily herbicides (Thomas 1988). 

Organophosphorous insecticides account fot' nearly 40% of the insecticide 
market in Brazil, followed by carbamates (18%) and pyl'ethl'oids (14%), Use of 
chlorinated hydrocarbons has declined except for specific uses such as malaria 
control and mirex baits for leafcutter ants (SINDAG/ANDEF 1986, Fisher and 
Ferreira~Lim8 1988). 

Brazil is currently the third largest consumer of pesticides after the United 
States and Japan and is considered to be the world's largest potential market for 
pesticides (Yorinori 1983). There is continued pressure on the agricultural sector to 
increase food production as a result of a 2% annual population gmwth rate and 
dependence on export of agricultural commodities for foreign exchange to meet 
international debt payments. The need to meet internal needs as weU 8S provide 
export earnings will likely result in the use of increasingly large areas of marginal 
lands. Alves (1986) observed that Brazil has relied on pesticides, especially 
insecticides, while neglecting research in biological control and host plant resistance. 
Consequently, there is relotively little work conducted on alternatives to chemical 
control and given currently low levels of funding for I'esearch, the situation is 
unlikely to improve. He concludes that Brazil will continue to be dependent on 
pesticides for some time. 
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DISCUSSION 

By one estimate (lRL 1981). pesticide use is expected to increase in Latin 
America by 280% over the period from 1980 to 2000 (Table 1). During: the same 
period, insecticide use is expected to increase fl'om $320 million to over $1.1 
billion even though insecticides' share of the totol pesticide market is expected to 
decrease slightly from 32.5% to 30% (Table 2). Particularly interesting, however, is 
the prediction that Brazil. where pesticide use is already highest in Latin America, 
will increase its share of pesticide use from 41.9% to 47,2% of total sales by the 
end of the century, a 4.3-fold increase over a 20-yr period (Table 1). Clearly, Brazil 
is the countl)' where the potential impact of alternative control strategies is 
greatest. 

Table 1.	 Predicted regional growth in pesticide demand in SS million (l980 
dollars). Numbers in parentheses are percent of total sales.'" 

Mexico & Andean Southern 
Year Central America Brazil Groupt cone:i: Total 

1980 304 (29.2) 436 (41.9) 167 (16.1) 133 (12.8) 1040 
1985 437 (30A) 614 (42.7) 193 (13A) 194 (13.5) 1438 
1990 590 (28.9) 897 (43.9) 275 (13.5) 279 (13.7) 2041 
1995 777 (27A) 1306 (46.1) 352 (12A) 401 (14.1) 2836 
2000 1070 (26.9) 1875 (47.2) 450 (11.3) 576 (14.5) 3971 

• Dms from IRL (1981). 

t I3oli\'8, Colombia, Ecuador, Peru, Venezuela 

I Argentina. Chile, l'nrnb'l.13Y, t:mguay 

Table 2.	 Predicted demand for pesticides in Latin America in US$ million (1980 
dollars). Numbers in parentheses are percent of totaL* 

Year Herbicides Insecticides Fungicides 

1980 430 (43.7) 320 (32.5) 235 (23.9) 
1985 592 (43.7) 423 (31.2) 341 (25.1) 

1990 800 (41.6) 592 (30.8) 530 (27.6) 
1995 1070 (40.l) 803 (30.1) 793 (29.7) 
2000 l400 (37.6) 1118 (30.0) 1203 (32.3) 

• DAtA from	 IHL (1981). 

Patterns of pesticide use by dass varies by region and is determined in large 
part by topography and climate. For instance, in the extensive Brazilian cerrado 
and Argentine pampas, the majority of pesticides applied are herbicides and their 
use is increasing largely due to expansion of soybean cultivation. In Argentina. 
herbicide sales accounted for 61% of the total market in 1984 with soybeans 
accounting for 31% of all herbicide use in the country followed by maize, wheat, 
sunnower and sugarcane (Leon et al. 1987). The large increase in overall pesticide 
use in Brazil and Argentina is a predictable consequence of expansion of agricultural 
frontiers. 
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In Colombia, fungicides represent the largest proportion of pesticide sales due 
to climatic conditions in the Andes and predominance of small [anus and susceptible 
crops, i.e., potatoes, beans, coffee, fruit and vegetables. The slower but still 
significant growth of pesticide sales in the Andean countries may be due to the 
fact that large new areas are not rapidly coming under cultivation and due to 
recent implementation of (PM programs, c.g. in cotton and sugarcane in Colombia. 

In Mexico, however, insecticides account for the largest market share (51%) 
followed by herbicides (31%) and fungicides (15%) (Restrepo 1988). Cotton is • 
majol' recipient of insecticide applications as well as fruit and vegetables fol' 
export to the United States where there exists a low tolerance for cosmetic 
damage. 

The progression from subsistence farming to large scale and ecologically sound 
agriculture has been described as passing through five stages: subsistence, small 
scale agriculture, intensification of production through mechanization and increased 
aglichemical inputs; crisis due to failure of chemical pest control; disaster when 
production becomes uneconomical; and finally, implementation of integrated management 
(Metcalf and Luckmann 1982). [0 some sectors in Latin America, such as the case 
of cotton in Colombia cited above, the system has already passed through the 
crisis and disaster stages and sound !PM control strategies have been implemented. In 
many other areas, however, production systems are still in the stage of intensification 
while familiar signs of imminent disaster, both economic and ecological, loom on 
the horizon. A major challenge to national research and development agencies is to 
first develop IPM tactics and then to convince growers to implement them even 
during the period whcn intensive chemical control is profitable, i.e., before the 
crisis stage. An example of this is rice whcre current pesticide inputs are 
enormous. While a promising TPrvl program has been developed, the next step is 
to achieve grower adoption, an often difficult task. \Nhy, for example, given the 
Peruvian experience with cotton in the 1950's, did Colombia fail to restrain 
pesticide use until production became all but impossible in the late 1970's? Both 
development and implementation efforts will require a significant and sustained 
financial committment by national agricultural research and development agencies, 
international research centers, and intemational donor agencies. 

Modern chemical pest control is an example of a technology developed in the 
first world that has been readily transferred to developing countries. More 
sophisticated techniques, such as economic thresholds, biological control, cultural 
control, etc., are more site specific and although the concepts can be extrapolated 
to other continents and ecosystems, the specific components must be developed 
for each agroecological zone. This requires a large initial investment in research, 
and may account for part of the difficult.y encountered in implementation of IPM 
even though medium· to long-term returns are demonstrably high. 

Are we witnessing the demise of the "small fanner" in Latin America? Probably 
not, but large scale agriculture will continue to grow in imporlance both as a 
supplier of food to an increasingly urbanized continent, and as a much needed 
source of foreign exchange. The challenge to entomologists is to contribute to 
increased and sustainable productivity of the enormous land resource in Latin 
America while protecting physical and biological resources and human health. 
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PESTICIDE USE IN ECUADORl.2 

Philip A. Stansl)" and Pilar Perez de Sevilla' 

ABSTRACT 

Ecuador imported over 7300 tons of agrichcmicals at a cos(. of 832 million in 1988. This 
amount was spread over approximately 775,000 hs on more than 60 crops by methods 
ranging from aerial spraying to sand-insecticide mixtures applied 10 corn whorls by hand. 
Many of the people selling and handling these pesticides are poorly prepared 10 do so safely. 
[n the rush to modernize and increase production, IiWe consideration has been given to 
reducing negative impacts of pesticide use on health, environment, or economy. Fortunately, 
olree irnpOitant elements necessary to reverse lhis trend already exist, although in ludimcntmy 
form: (I) a set of regulatory lIlWS, (2) an agency 10 administer them. and (3) the beginnings of 
an extension system 1.0 promote integrated pest mnnogement and pesticide sofcty. These 
clements must be strengthened quickly to offset environmcnull imbalances and healt.h risks 
associated with intensified agriculture and a rapidly expanding population. 

Key Words: Pesticide rel,ruhltion, pesticide use, development, Ecuador, lPM. 

J. Agric. Entolllol. 7(3): 203-215 (July 1990) 

Ecuador is largely agricultural w1th approximately II million inhabitants located 
on either slope of the mid·northern Andes. Geographically it can be divided into 
three regions: (1) coastal plain, (2) Andes highlands, and (3) Amazon basin. Each 
region is agriculturally distinctive in terms of its crops and the mix of traditional 
and modern technology used to grow them. 

Most agriculture in the Amazon basin consists of low input manioc, corn, 
plantain, and coffee, except for two large (5000 hal plantations of oil palm. In the 
highlands, potatoes, grains (soft corn, wheat, and barley), vegetables, fruits, and 
nowers are intensively grown in small plots. Most of these products are available 
for local sale and consumption, although some vegetables, fruits, and flowers are 
exported. Although there is little mechanization, chemical inputs are widely used, 
especially insecticides and fungicides. 

On the coastal plain are large plantations of banana, oil palm, sugar'cane, and 
agronomic crops, together \\~th smaller plots of corn, rice, cotton, manioc, plantain, 
cacao, and coffee. Few chemical inputs are used in oil palm and the last four 
mentioned crops although the tendency is toward increase. Pesticides arc intensively 
used in banana, cotton, and tomatoes. Chemical inputs, particularly herbicides in 
agronomic crops, are directly related to falm size, although at least some insecticide is 
applicd to almost all com, rice, soybean, and cotton. Table 1 summarizes information 
on estimated acreage and the fraction thereof receiving appreciable chemical 
inputs for eight categories of crops. 

Hel:eived for publication 10 October 109!); accepted :11 Mllrch W90. 
Presented in the Infonnal ConFerence, "Use and MislIIle of Pesticides in De\'elopin~ Countries," nt the 
Entomologicfll Society of America Annuill Conference 111ld Exhibition, LOlli!wille, I,Y, December 
W88. 
Soulhwest Floridn Hescllrch lind Educulioll Celllcr, P.O. D1"Ilwcr ;1127. Immokalee. FL 3393·1-9716. 
Fondacion Naturll, Casillll. 243. Quito IO:cuador. 
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Table I.	 Estimated total hectareage and hectareage receiving significant chemical 
inputs in Ecuadorean crops. 

Kilohectares Receiving 
Crop Number Surveyed Total Kilohectares Chemical Inputs 

Fruit 19 57 25 
Vegetables 10 23 23 
Cereals 6 464 322 
Legumes 7 128 100 
Other Row 3 112 84 
Tubers 4 66 40 
Perennial 8 952 205 
Others 5 140 76 

Total 62 1,942	 775 

DIRECT COSTS AND CHEMICAL INPUTS. A picture of chemical use for 
nine major crops can be obtained from data 011 direct costs published by the 
National Development Bank (Banco Nacional de Fomento IBNFI 1986) summalizcd in 
Table 2. The economic value of individual crops is probably the plincipal factor 
determining direct costs including chemical inputs. 

Agronomic Crops. Ecuador is largely self-sufficient in production except for 
wheal and badey, although occasional shortages occur in other commodities. Most 
acrenge is on the coastal plain where both paddy and upland rice is planted over 
an area varying between 145 and 180 kha/y!' (L kilohectare Ikhal = 1000 hecl.ares), 
yiclding an average of ca. 3.2 metric tlha (Programa Nacional de Arroz IPNA] 
1988). Rice at the highest technology classification rcquired 11 Iit:ers/ha of herbicide, 2 
Iitel's/ha of insecticide, and ] liter/ha of fungicide according to the PNA (C. 
Montcverde, personal communication). Rice acreage receiving agrichemicals has 
increased considerably over the 11-yr period of 1975·1986 (Table 3). 

Dent corn was planted on 146 kha in 1987, mostly in small low-input plots on 
the coastal lowlands. A survey of farmers having from 1 to 60 ha of corn (mean 
10.5, n = 24) in the relatively devcloped Quevedo area showed that an average of 
US $24.71 (SEM = $2.73) \Vas spent on insecticides and $35.18 (SEM = 2.73) on 
herbicides (D. Evans, personal communication). A mean total chemical input cost 
of 559.89 (range $24.26 - $102.79) places these growers in the upper-mid range 
indicated for this crop in Table 2. Insecticides used are either sprayed or mixed 
with sand and hand·applied to whorls t.o control fall armyworm, Spodoptera 
{rugiperda (Lepidopt.era: Noctuidae), the sugarcane borel', Diatraea saccharaJis, 
and D. lineolata (Lepidoptera: Pyralidae). Many growers apply herbicides to corn, 
although small farmcrs gencrally use only paraquat or weed manually. There was a 
significant cOITelation between chemical costs and a grower's com acreage (R = 0.48, 
P = 0.018). Local varieties of (soft) corn for human consumption are grown in the 
highlands (ca. 90 kha) with few chemical inputs. 

Soybean grown on over 60 kha of coastal plain in 1987 yielded an average of 2 
t/ha (del Salta and Tschidey 1988). Growers surveyed in the Quevcdo region 
reported spending $16.53 (SEM = $7.89, n = 9) on insecticidc (2.4 applications), 
mostly against lepidopteran and c1l1ysomelid defoliators. A pre-emergence herbicide 
treatment is standard, with post-emergence herbicides often being used either as 
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Table 2.	 Direct costs of production, and costs of chemical inputs for nine major 
crops grown in Ecuador. 

Direct Chemical Chemical 
Area Yield Costs* Costs Costs 

Crop (kha) (t/ha) (US$/ha) (US$lha) (%) 

Cotton 21 1.6 543 161 30 
Rice 160 
Tech. t 75 5.5 593 102 17 
Semi-Tech. t 50 4.5 514 74 14 

Corn 150 
Tech. 3.2 321 86 27 
Semi-Tech. 2.3 250 13 5 

Soybean 60 1.8 275 58 21 
Potatoes 50 
Tech. 20 1,093 262 24 
Semi-Tech. 14 729 136 19 

Tomatoes 7 49 2,335 717 31 
Bananas 56 39 
Region 1§ 15 1,197 212 18 
Region 2** 25 1,268 383 30 

Cacao 339 0.4 369 25 7 
Coffee 427 0.5 303 32 11 

Exchnnge nile: 140 sucres - V.S. $1.00. 
t Tt'ch hechnilicBdo) ;ndicllles complete infrastructure including irri~3tion lind drainage systems.* Semi-tech (semi·technificlldo) indicBles nil incomplete infr/l~lnJcturC.
 

§ GUllYIlS Province.
 
•• Oro Province.
 

Table 3.	 Compal;son of rice hectareage receiving applications of agrichemicals in 
the rainy seasons of 1975 and 1986 (Programa )J'acional de Arroz 1978, 
1988). 

Year	 Hel'bicide Insecticide Fungicide 

19;5 62% ]370 
1986 78% 43% 

Increase 16% ]8% 307c 

directed sprays (paraquat) or over-the-top systemics to control grasses. Fewer 
chemical inputs are lIsed in most other legumes grown chiefly in the highlands (68 
kha). 

Cotton planted on ca. 20 khll is harvested by hand but received Cll. 11 
insecticide treatments to control a variety of pest Lepidoptera such as Alahama 
argillacea, Heliothis spp., (Noctuidae), Buc:cuJalnx thurberieJla (Lyonetiidae), Pecti· 
llophora gossypiella (Gelechiidae), and other pests such as Anthonomus ue.<;lilus 
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(Coleoptera: Curculionidae) and Dysdercus collaris (Hemiptera: Pyrrhocoridae) (C. 
Vera, National Cotton Program, personal communication). 

Sugarcane in the coastol zone receives ca. 3 kg/ha atrazine to control weeds on 
much of the ca. 88 khn reportedly planted to this crop (Sanidad Vegetal 1986). The 
sugarcane borer, D. saccharalis, (Lepidoptera: Pyralidae) is controlled by natural 
enemies augmented in lal'ge plantations by releases of Paratheresia claripalpis and 
Trichogramma spp. (Moray 1984). 

Perennial Crops. Banana acreage and production registered with the National 
Banana Program (PNB) have both increased in the last five years to more than 60 
kha and 1,535 respectively, (J. Riofrio, PNB, personal communication). There are 
probably another 15 kha of new, unregistered plantations (M. Mosquera, Rhone 
Poulenc, personal communication). Additionally, there are 21 kha of ahaca (Musa 
textilis) (Sanidad Vegetal 1986) and an unknown amount of plantain. Recommended 
rates of nematicides for banana range from 4.5 kg to 9 kg (AO/ha/yr (M. 
Mosquera, personal communication). Assuming half this amount is actually used 
and that approximately half enters the country already fOlmulated, the consumption of 
soil nernaticides/insecticides (principally carbofuran and aldicarb) in this crop 
would be ca 1200 tons/yr, or about 50% of the total amount imported in 1988 
(Banco Central de Ecuador 1988). Insecticides may also be used as sprays to 
control defoliators and in impregnated bags against chrysomelid beetles that 
damage young fruit. The use of systemic fungicides in addition to traditional crop 
oils is rapidly increasing since the introduction of black sigatoka disease (Myco
phacrella (ijiensis) in 1987. The average number of applications per year will 
probably range between 10 and 17 once the disease spreads throughout the 
country (Y. Senechal, PNB, personal communication). 

Coffee ranks second in importance ufter banana as an export CI'Op, with an 
average of 75,000 t/yr being shipped during the period of 1980·1986 (Programa 
Nacional de Cafe (rNC) 1988). Acreage has remained fairly stable in recent years 
and is now estimat.ed at 427 kha: 247 kha I'obusw coffee and 180 kha arabico 
coffee. Plantations, especially of robusta, tend to be small (80% less than 5 ha) and 
are mixed with other perennials. Agrichemical use is nil in robusta, which has a 
lower value, and is nil in 75% of arabico (W. Arroyo, PNC, personal communication). 
Chemical costs in the remaining 25% of the arabico acreage are given in Table 2. 

Cacao is grown on an estimated 339 kha in much the same way as coffee, that 
is small, low input, mixed plantations. Chemical inputs given in Table 2 refer to no 
more than 30% of the total hectareage (D. Pozo, National Cacao Program, personal 
communication). 

Ecuador now has an estimated 45 khn of oil palm producing an average of 2.6 
t/ha/yr of clUde oil and another 15 kha in new plantings. Although plantations are large 
(50 to 5000 ha), maintenance is cheap with most chemical inputs used only to establish 
the trees (C. Loaiza, ANCUPA, personal communication). Additional applications 
of soil insecticides may be necessary to control the root boring Sagalassa valida 
(Lepidoptera: Glyphipterigidae). Defoliating insects may be controlled with aerial 
sprays or root absorpt.ion of monocrotophos, especially in the large plantations of 
the Amazon rebrion. 

Other Crops. Recommendations for potato (l\tIuiloz and Cn.lz 1984) include tv.'o to 
three applications of granular insecticide for control of Premnotn'pcx vorax (Coleoptera: 
Curculionidae) and foliar sprays of fungicide or fungicide/insecticide mixtures 
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every 7 to 10 d to control potato blight caused by Phytophthora in[estans and a 
variety of leaf feeding insects. 

Tomatoes are sprayed as orten as once a week with insecticides or insecticide/ 
fungicide mixtures. The principal insect pests nre Spodoptera sunia and S. exiguQ 
(Lepidoptera: Noctuidae) which l11a}' directly attack fruit Secondary pests, such as 
Liriomyza spp. (Diptera: Agromyzidoe), are becoming increasingly important. probably 
as a result of pesticide overuse (D. Alava, Instituto ational de Investigacion 
Agropecuaria IINlAPl, personal communication). 

IMPORTATION. All pesticides sold in Ecuador are imported and require a 
permit from the Central Bank. A computerized registry of these permits provides 
8n index of pesticide use in the country (Table 4). Only about 10% comes technical 
grade, mostly as nematicides (M. Mosquera, personal communication). Source 
countries for insecticides and nematicides in 1988 were the United States (64.5%), 
Columbia (8.4%), Italy (7.7%), the German Federal Republic (6.4%), and S,,;tzerland 
(4.8%), and for herbicides the United States (42.4%), Columbia (20.8%), the United 
Kingdom (]9.3%), and about 5% each from Thailand, Israel, and Austria. 

Table 4.	 Quantities by type and yearly dollar villues of pesticidcs granted impor
tation permits from the el Banco Central dc Ecuador. 

Insecticides 
plus Total 

Year Nematicides Herbicides Fungicides Total (l) (x SUS 10001 

1984 2432 5101 2182 9720 40,637 
1985 2683 4836 641 8159 37,763 
1986 2000 3773 1089 6862 28,710 
1987 1168 2282 1200 4648 18,376 
1988 2425 3599 1284 7308 31,928 

The trend toward reduced volume from 1984 until 1987 followed by a sharp 
increase in 1988 can probably be explained by economic factors and their subse
quent response. Reduced oil priccs and inflationary pressures since 1984 have 
tended to decrease Ecuador's buying power abroad. Both volume and average 
price decreased accordingly, the latter from S4.63/kg in 1985 to S3.95/kg in 1987 as 
importers hunted for bargains. Subsequcntly the government has sought to 
compenslltc for reduced oil revenues by exporting more agricultural products such 
as bananas. 

Based on the totals given in Tables 1 and 4, we conclude that where aglichemicals 
are used in Ecuador, the average rates in 1988 were ca. 3.2 kglha of insecticides 
and nematicides, 1.7 kg/ha of fungicides and 4.5 kglha of herbicides. Given that 
about half of the nematicides/insecticides are used in banana, the average use in 
other crops would be 1.7 kg/ha. The national average for all crops would be at 
least 60% lower, given that chemicals are not used on eEl. 1200 khn. 

REGULATION. Prior to November 1966 thcre was no government regulation 
of pesticides in Ecuador other than the issuance of importation permits. In that 
year an amendment to an agricultural development bill required registration of all 
farm chemicals with the Plant Protection Program (PNSV = Programs National de 
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Sanidad Vegetal) of the Ministry of Agriculture (MAG). No official toxicity 
classification was established, although certain matelials such as DDT were 
prohibited (Barba 1985). 

A law for the prevention and control of environmental pollution passed in 1976 
provided a broader legal foundation upon which new regulations were drafted and 
lobbied for by the PNSV and environmental groups. Many unaccountable impedi
ments, including the unexplained disappearance of the actual documents on three 
occasions (Barba 1985), delayed until December 1983 enactment of resolution 
2331, "Regulations for the production, formulation, importation, marketing, and 
use of pesticides and related products fol' agricultural use," hereafter referred to 
as "the Code." 

Modeled to a large extent on EPA guidelines, the Code regulates importation, 
registration, labeling, usc, handling, storage, and residual tolerances, with the 
PNSV as t.he executive agency. The PNSV is also responsible for denouncing 
infringements of the code, such as the sale of adulterated, banned, or restricted 
pesticides. 

Occupational and health considerations are contemplated in the Labor Code 
under the responsibility of the Health and Labor Ministries. The Labor Code gives 
clear dispositions fol' the employer to provide: 

•	 adequate information and training to employees on the risks of handling 
pesticides and meaSlU'es to prevent poisonings and environmental damage 

•	 necessary protective equipment to employees handling pesticides, with 
plastic gloves, masks of activated charcoal, prot.ective headgeur and boots 
being the minimum 

•	 preventive and curative medical assistance 

Furthermore, women, und children under 18 are prohibited from working with 
toxic materials. 

Ecuador cleady has a relatively complete set of laws regulating pesticides. The 
problem lies with the many provisions that are executed partially or not at all due 
to poor organization and lack of resources within the administrating agencies. The 
PNSV, like MAG itself, is divided into two almost independent entities. The 
parent ministry is oriented toward adaptation of modern methods to increase 
pmduction and lends little support to the PNSV. Outside MAC there is even less 
interest. As a result. there was little resistance against weakening the Code in 1986 
by moving authority over importation permits from the PNSV to the Central Bank, 
downgrading the PNSV by divesting it of much of its budget. and reinstating 23 
banned insecticides. Although these actions were largely reversed by presidential 
decree in November 1988, the PNSV remains unable to enforce many pesticide 
regulations due to lack of funds. personnel, and political support. 

RegistratiofL All pesticides impOlted or sold in Ecuador must be ref"ristel'ed with 
the PNSV, giving the registrant a virtual monopoly over the particular product. 
The Code providcs specific guidelines for this process, including technical infor
mation to be verified by the PNSV from whatever sources it sees fit. The PNSV 
has responsibility to supervise field tests to establish efficacy, residue levels, and 
environmental impact. These tests actually amount to pesticide trials \,\,hich the 
interested party carries out with its own 01' contracted personnel, along with an 
agent from the PNSV acting as an obsel·ver. The charge levied by PNSV for 
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product regisb-ation is equivalent. to two monthly minimum wages or approximately US 
$100.00. This charge is hardly enough to provide extensive service. 

Labeling. The Code is specific in regard to the type and disposition of 
information to be placed on pesticide labels. However, in a survey of 46 labels 
chosen at random (Perez de Sevilla 19878), the following infringement.s were 
noted: 

•	 78% without a batch number or manufacture date 
•	 46% without a correct toxicity classification according to the World 

Health Organization (ViHO) 
•	 76% without a toxicity symbol in the proper location 
•	 15% without an advice for safe use 
•	 38% without recommendations for use of appropriate clothes 
•	 17% with improper admonitions against the reuse of containers 
•	 22% with improper admonitions fol' the safe disposal of containers 
•	 22% without stated preharvest intervals 

DISTRIBUTION AND USE -lmporl£rs. Most pesticides are impOfted by a rew 
nationally based wholesalers who obtain a franchise from manufacturers to disuibute 
their products. A recent trend is toward direct disu'ibution to retailers and 
commercial growers by manufacturers such as Shell, Hoecht, BASF, and Dupont. 
Rh6ne·Poulenc is currently the only manufacturer that maintains a presence in the 
country (inherited from Union Carbide) without. distributing directly itself. 

The following information related to the handling of pesticides at the importel'/ 
distributer level was obtained from a survey of ten importing companies (Sevilla 
and Perez de Sevilla 1985). All ten fonnulated or had formulated a part of their 
stock, although the amount varied from 73% of their products to only a single 
product. Two companies checked the quality of t.he products they imported, while 
the remainder trusted their sources implicitly, At that time, no company had either 
a deparbllent specifically devoted to safety, had truined medical personnel present, or 
provided first aid training programs for employees, although this is no longer the 
case (M. Castro, Institute Ecuatoriano de Seguro Social, personal communication). 
All companies provided protective clothing consisting of masks, gloves, boots and 
overalls although three companies did not provide goggles. Seven companies 
provided laundry service and all had bathrooms and showers available. Three 
companies destroyed 01' buried used containers, while one company reused them, 
and the remainder sold them. Spills were picked up with sawdust and disposed of 
in the t.rash, Only three companies provided syst.ematic training to their technical 
personnel, and only one required training 01' experience of theil' retail distributors. 
The remainder were satisfied with proof of economic solvency. Three provided 
written technical information to their retailers, four informed them via occasional 
visits of their technical personnel, and the remainder considered label information 
to be sufficient. All expressed the belief that retailers \...·ere adulterating products 
but none had taken any corrective measures. By L987 the situation had improved 
principally in regard to in·house training of personnel, offered by 10 of 11 
companies surveyed. although small store owners were still largely ignored (Perez 
de Sevilla 1987b). 
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Retail Distributors. A survey of 46 pesticide retailers t.hroughout the country 
showed that 47% had experience as growers, 39% were graduates from agricultural 
high schools, and 13% were either veterinarians or came from other occupations 
(Sevilla and Perez de Sevilla 1985). In a later sUivey of the same number of 
shopkeepers (Perez de Sevilla 1987a), 61% claimed to have received some training 
related to pesticides: 7% at the University level, 10% from the Ministry of 
Agriculture, and the remainder from the distributor. 

All 184 farm chemical outlets sUlveyed offered "extremely hazardous" 01' 
"highly hazardous" chemicals fol' sale (Perez de Sevilla 1987a). These materials are 
freely available to the general public, although the Code states that they should 
only be dispensed on presctiption by an "agricultural engineer." 

GROWER PRACTICES AND ATTITUDES. It is a common experience to 
observe toxic pesticides being incorrectly mixed and applied by unprotected 
workers, and careless disposal of pesticides and their containers. Agricultural 
workers often express the opinion that pesticides do not affect them and may even 
do some good since they act as "medicines" to plants. Many farmers believe that 
"strength" (toxicity) and efficacy of pesticides are correlated and therefore continue to 
choose the most toxic products despite the common occurrence of acute poisoning. 
Article 50 of the Code requiring monthly reporting of the use of highly toxic 
materials to the Ministry of Agriculture is ignored. 

A survey of 46 farmers indicated that these individuals chiefly depend on 
pesticide shopkeepers for information 011 pesticide properties and use (Perez de 
Sevilla 1987a). There would seem to be little likelihood that farmer's attitudes will 
change rapidly given the interests and educational level of their main source of 
information. 

HEALTH HAZARDS - Acu.te Poisonings. Reliable medical statistics, including 
those related to pesticide poisoning, are difficult to obtain in Ecuador. Medical 
centers serving rural areas may keep patient charts and emergency records but do 
not receive them from auxiliary dispensaries. State-organized health care is 
divided between two separate entities; the Ministry of Health that maintains most 
regional hospitals, and the social security system, loosely connected to the 
Ministry of "'Veil-being," (Bienestar) that maintains a separate chain of hospitals 
and dispensaries for subsclibers. In addition, there are numerous private clinics. 

The following information on cases of pesticide poisoning was obtained by 
checking all emergency records (which include many routine examinations) from 
the Quevedo Hospital for the period of 1985 - 1988 (R. Duque, Director, Quevedo 
Hospital, personal communication). The hospital's sphere of influence is a popuJation 
of ca. 200,000 of which about half is rural. The hospital reported a mean of 33 
pesticide poisoning cases per year (SEM = 3.2), of which 30% were caused by 
paraquat, 61% by insecticides, and the remaining 9% by other aglichemicals. It is 
very difficult to estimate the actual number of poisonings from these figures, given 
that most cases probably go undiagnosed, unattended, or attended elsewhere. 
Nevertheless, it is clear that the overall temporal pattern follows the agronomic 
crop cycle, with most cases occurring within six weeks of planting (Fig. 1). 
However, monthly totals of paraquat poisonings varied independently with those 
caused by other chemicals (X2 = 1.31, P> 0.05). This is probably because most 
insecticide poisonings are accidental, while most acute paraquat poisonings are 
suicide attempts. 



S'I'ANSLY and PEREZ de SEVILLA: Pesticides in Ecuador 2!l 

30 

25 

C 20 

A 
15S 

E 
S 10 

5 

o 
DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV 

MONTH 

Fig. I.	 Mean monthly cases of pesticide poisoning reported as emergencies in 
the Quevedo Hospital during 1984-1988. 

Residues in Foodstuffs. Of the three laboratories operated by the PNSV, one 
has generated studies on the levels of cmtain pesticide residues found in foodstuffs 
making up the average diet in Ecuador (Bolanos de Moreno ct. al. 1986). It was 
found that levels of chlorinated hydrocarbons were highest in meat (aldrin, 8] ppb; 
heptachlor, 51 ppb; SHe, 22 ppb; lindane, 15 ppb) with a significant quantity of 
DDT (35 ppb) ah.;o found in milk Significant quantities of" and 11 organophosphates 
tested were found in the following foodstuffs: diazinon in fruits (71 ppb), vegetables 
(35 ppb), and cereals (l9 ppb); disulfoton in fruits (104 ppb), bakery products (30 
ppb), and legumes (29 ppb); fenitrothion in cereals (28 ppb), and legumes (12 
ppb); and dimethoate in fish (28 ppb). Although only diazinon in barley (l55 ppb) 
exceeded the maximum recommended by the Food and Agricultural Organization 
(l978), the estimated daily consumption of aldJin (11.4 /Jg/person/day) exceeded 
the recommended maximum of 5 ~g and the consumption of DDT was close to the 
allowable maximum. The estimated total ingestion of chlorinated-hydrocarbons 
was 58 ~g/person/day, and of organophosphates 86 ~g/person/day. Total ingestion 
of pesticides could be considerably higher than the sum of these two since many 
pesticide types were not included in t.he study. 

ALTER.!';ATrvES TO PESTICIDES - Biological Control. Classical biological control 
in Ecuador dates to 1931 with the introduction of ROOo/ia cardina/is (Coleoptera: 
Coccinellidae) from Califomia which successfully controlled lcerya purchasi (Homoptera: 
Margarodidae). The most: recent introductions have been (\.\'0 African bethylids 
(H),nenoptera) for control of Hypothenemus hampei (Coleoptera: Scolytidac) (knO\\'n as 
the coffeeberry borer), first reported from Ecuador in 1984 (Klein·Koch 1989a). As 
previously mentioned, D. saccharalis is controlled in sugarcane by natural factors 
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augmented by releases of P. claripalpis (Diptera: Tachinidae), and to some extent 
in corn by releases of Trichogramma spp. reared by n pl;vate company (Bioesa). A 
total of 20 introductions have been reported, of which 11 were considered 
successful to some degree (Klein·I<och 1989b). 

There is growing interest in the use of entomopathogens which could potentially be 
locally produced at low cost. The ability of the fungus Nomuraea rileyi to control 
infestations of Anticarsia gemmalaJis and PseudopJusia ;ncllldens (Lepidoptera: 
NOcluidae) has been demonstrated in soybean (Orellana and Stansly 1988), and 
preliminary results of field binls to control S. [rugiperda in hard com are promising (p. 
A. S., unpublished data). The entomophagus nematode Neoplec:tana carpocapsae 
has been used experimentally to control S. valida (F. Orellana, INIAP Santo 
Domingo, personal communication) and a nucleopolyhydrosis virus has been used 
to control SilJine [usca (Lepidoptera: Limncodidae) in commercial plant,ntions of 
the same crop (Orellana 1986). 

Integrated Pest Management (IPM). lncerest in establishing a national JPM 
program fol' Ecuador goes back at least to 1983 when a commission of national 
crop protection specialists was formed with financial support from the U. S. 
Agency for International Development (USAID) Orwin et al. 1984). However the 
commission faced major difficulties in extending [PM technology to growers due to 
the almost complete absence of an extension service. As a result, it dissolved after 
two years of activities that included feasibility studies, publications, and seminars. 

The subsequent attempt was an extension oriented approach with a pilot 
USAID financed projcct initiated in 1986 in the agricultural center of Quevedo. 
Based in a grower's association (APROCrCO) with technical assistance from the 
University of Florida, the project has for its primary goal the introduction of IPM 
practices in the important row-crop agriculture of the coastal plain. Following a 
model suggest.ed by Irwin et a!. (1983) for short-term projects with similar goals, 
initial IPM l'packets" of sampling methods and economic tJlI'esholds for the 
principal pests of COl'll, rice, and soybean were assembled from information 
existing in local experiment stations and in the literature. The systems were 
demonstrated to be workable in commcrcial-sized trial plots and capable of 
considerably reducing pesticide use without loss of yield. Applications of insecticide in 
hard corn averaged l.l/yr. (SEM ~ 0.33, n ~ 8; P. A. S., unpublished data), 
compared to 2.9 (SEM = 0.22, n = 24) obtained in the survey of local grower's 
practices previously ment.ioned. Applications of insecticide in soybean averaged 
O.S/ye. (SEM = 0.16, n = 18) with !PM compared to 2.4 (SEM = 0.32, n = 9) 
apl)Jications per year made by growers (P. A. S., unpublished data). Rice plots 
organized by the National Rice Program achieved similar results (H. Herrera, 
PNA, personal communication). 

A direct approach was chosen as the principal means of transferring rPM 
technology to small-scale growers, with mass media, particularly radio, used to 
help create favorable attitudes. Coopel'atives provide a base from which to 
orgnnize rPM "course!:;" of one crop cycle dUl'ation. Extension specialists and 
growers meet weekly in demonstrarion plots generally belonging to community 
leaders to sample insects and their damage, and to evaluate disease and \....eed 
incidence. The results are ,used to make action decisions based on economic 
thresholds and experience. The extensionist also participates in pesticide applications 
which provide an opportunity for instrucUon on calibration methods and safe 
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practices, The course ends with a field day in which participating growers take 
part in demonstrating the system. 

This direct extension method is admittedly costly in terms of resources per 
participant, although it is certainly effective. However, an impact study will be 
necessary to quantify effectiveness and the possible imporlance of farmer to 
farmer diffusion. 

The project also provides a "scouting" service by which trained personnel are 
contract.ed by commericnl growers to make frequent crop evaluations upon which 
action recommendations are based. This activity extends JPM technology to 
economically strong and influential growers ,vhile providing some financial support 
to the project. 

The success of the system is attracting attention fl'ol11 different sectors of the 
agricultural community. Technical assistance is no longer considered as strictly a 
state function, and private consulting services me beginning to spring up. In the 
public sector, the National Rice Program was the first to respond by mounting an 
extension program emphasizing IPM that is being implemented throughout the 
region (Programa Naciol1lJl de Arro? 1988, 1989). Other programs within MAG may 
be following suit, especially an lntemational Development Bank pl"Oject (PHOTECA) 
dedicated to forming a national extension service. It is not unreasonable to hope 
for a national IPM effort within the next two years if the present momentum 
continues. 

CONCLUSIONS AND RECOMMENDATIONS 

Easy accessibility of pest.icides and widespread ignorance of conect use or 
consequences of abuse are creating threats to both health and the environment in 
Ecuador. Official attitudes which emphasi1.e only production arc slowly changing in 
both the public and private sector. A concerted and organized effort will be 
necessary to avoid serious !'epercussions of improper pesticide management. 
These actions should include [)le strengthening of t.he PI\."SV as the pl'incipal 
regulatory commission, with an independent source of funding such as a levy on 
impol'ted pesticides. Another positive st.ep would be a nation-wide drive to 
continue the development of IPM technology and conveying to gl'owers through an 
expanded extension net·work. 
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Identification of cyclorrhaphous Diptera larvae in cases involving myiasis and 
forensics usually is made by rearing larvae to adults. This is not always possible 
and identification of larvae is sometimes difficult because keys to larvae are 
scattered in the literature and frequently incomplete. Another difficulty is that onc 
must often examine internal structures such as the cephalopharyngeal skeleton. 
This involves tedious dissection which usually destroys the original specimen and 
often disrUl}ts the natural olientation of the internal structures. 

A clearing technique which permits easy examination of the internal scierotized 
structures was adapted from \Virth and Marston (]968). ft has been used for a 
number of years in my medical entomology laborntmy class exercise on myiasis. 

The clearing medium consists of phenol (loose crystals) and absolute ethanol. 
Enough ethanol is poured into a jur containing the phenol crystals to obtain n 
saturmed phenol/ethanol solution. 'rhe jar is sealed, shaken vigorously for several 
minutes and allO\,,·ed to stand. Ethanol is again added until most of the crystals 
are dissolved. The process requires about 24 h. 

Because the solution is highly corrosive, it will burn the skin and eal holes in 
clothing, Caution should be exercised when working with it. Also, the phenol will 
recrystullize if the temperature drops below normal room temperatures. Slight 
warming will return the phenol to solution. 

The larva to be cleared is placed into a small covered stender dish containing 
the clearing medium. The integument should be pierced in severnI places with a 
micro-dissecting probe to facilitate the clearing process. After· about 1 h, the 
ccphalopharyngeal skeleton will be seen and after 24 h, structural details can be 
observed (Fig. 1). After examination, the undamaged specimen can be placed back 
into its original storage solution. The soft tissues will not dissolve but will again 
become dark and cloudy, probably due to the H20 in the storage solution (Fig. 2). 
The Sl}ecimens can remain in the clearing solution for several days, however, 
storing them in the medium for extended periods is not recommended as they will 
become brittle. 

, Hoccivcfj fOI' publication 8 ScplullIhcr ]!J8fl; Jlccepted 21 FuLmllll)' WHO. 
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Fig.!. Cephalopharyngeal skeleton or a calliphOlid larva cleared in saturated 
phenol/absolute ethanol solution. 

Fig. 2. Cephalopharyngeal skeleton, previously cleared, that has been returned 
to storage solution. 
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Since the specimens are cleared and are already dehydrat.ed by the phenol! 
absolute ethanol solution, structures 01' even the whole larva can be mounted 
permanently in Canada balsam on microscope slides. Wirth and Marston (1968) 
suggested using one part phenol/ethanol medium and one part Canada balsam. A 
drop of the 1: I. mixture is placed on a slide and the specimen is mounted directly 
in the medium. POf' large whole mounts, several pieces of broken cover glass are 
oriented around the edges of the drop. The cover slip is laid on top and the slide 
is put into a drying oven for several days. Periodically, undiluted Canada balsam is 
lidded to the edge of the cover slip as the ethanol in the clearing medium 
evaporates. Once dry, t.he slides are permanent. 

REFERENCE CITED 

Wirth. Vv·. W., and N. l\·1arslon 1968. A method for mounting small insecls on microscopic 
slides in Canada balsam. Ann. Entomol. Soc. Am. 61: 783·784. 



INFLUENCE OF PLANTING DATE ON ABUNDANCE OF
 
FOLIAGE-FEEDING INSECTS AND MITES
 

ASSOCIATED WITH SORGHUM'
 

T. L. Archer, J. C. yes Losada' and E. D. Bynum, Jr.
 
Texas A&M University System Agricultural Research and Extension Center
 

Route 3, Box 219, Lubbock, TX 79401, USA
 

ABSTRACT 

Aphids were the dominnnt folinr-fecding insects on sorghum. Com leaf aphids (CLA), 
Rhopa[osipllUnl nlCtidis (Fitch), were first recovered on seedling plants and densities declined 
during panicle exsertion in most. planting date treatments. The highest. eLA densities (ca. 
200 aphids per plant) occurred on sorghum planted I Mayor in June. Grecnbug (GB), 
Schizaphis gramillum (Randalli), densities were increasing rapidly by mid- to late July and 
peaked in early to mid-August. The highest GB densities were recorded on sorghum planted 
on 21 May, ahhough abundance was high on both May· and June-planted sorghum, Although 
predators were present in association with CLA £lnd CB, their numbers oscillated during the 
season and preclat.OI's did not suppress GB increase in late July lind August. Pflrasitc 
abundance was dependent on GB densit.y and parasites failed to reduce CB numbers before 
plant damage exceeded the economic injury level on sorghum in some of the May planting 
dutes during two of the four years. Several minor arthropod species were present, including 
thrips in June, corn earwonn, Heliolhis zea (Boddie), and fall ol1nyworm, Spodoprem 
{rugiperda (J. E. Smith), in the whorl in .July Lind August and mites (Oligollychus pralclIsis 
IBnnksj and 7f::tmfl)'chus urt.icae Koch) after the GB density decline. 

I(ey Words: Sorghum, planting dale, greenbug. corn leaf aphids, beneficial insects. 

J. Agric. Entomol. 7(3): 221-232 (.July 1990) 

Eal'1y sorghum, Sorghu.m bicoior (L.) Moench, planting to avoid sorghum midge 
(8M), Conlarinia. sorghicola (Coquillett), during peak periods of oviposition has 
been the key to sorghum pest management in the United States for the past 20 yr 
(Huddleston et 81. 1972). This mnnngement approach has been successful for the 
8M but limits the use of nexible sorghum planting dates for management of other 
insect or mite pestR. For example, Harvey et al. (1982) stated that early sorghum 
planting should be avoided in Kansas to prevent. serious greenbug (GB), Sc:hizaphis 
gram;num (Rondani), infestations. In many locations in the semi-arid high plains, 
latcr planting would be better agronomically for sorghum production. Sorghum 
plant.ed in June would benefit from late spring rain for gennination, and pollination 
and grain production would occur late in the season when temperature cools and 
rain chances incl'ense. 

The development of 8M-resistant sorghum hybrids in the 1980's (Tcetes 1985) 
will reduce the need for early planting to avoid 8M and allow planting date 
llexibility. A large number of arthropod species are reported on sorghum (Young 
and Teetes 1977), and changes in the sorghum production/arthropod management 
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system may have dramatic effects on the abundance of pests and beneficial 
arthropods. Therefore, it is important to evaluate the effects of sorghum planting 
date on insect and mite abundance and potential changes in species composition. 
Research was designed to describe changes in the insect/mite complex on sorghum 
planted at different times in May and June. This information will have ecological 
and crop management implications for sorghum. 

MATERIALS AND METHODS 

Funk's 'HW5692' sorghum (a sorghum midge-resistant hybrid) was planted on 
six different planting dates: 1 May, 11 May, 21 May, 31 May, 11 June, and 21 
June. Plots were six rows wide (l·rn centers) by 21 m long. The experiment was 
arranged in a randomized complete block design with four replications. Insect 
studies were conducted at Lubbock, Texas in 1982 through 1984, and at Halfway, 
Texas (56 km north of Lubbock) in 1985. Agronomic practices common for growing 
irrigated sorghum ,,,lith two post-plant irrigations on the semi-arid southern high 
plains were used. After plant emergence, I}lant stands were standardized each year 
at 98,800 to 123,500 plants per hectare. There was concern that differences in GB 
response to sorghum growth stage observed in this research was influenced by 
beneficial insect movement among the small plots, so an additional experiment 
was designed at Lubbock in 1985. In the 1985 experiment, sorghum was planted on 
11 May and 21 June in adjacent large areas (24 rows wide by 128 m long), so that May 
and June planted plots would be separated by a wide buffer. Four plot's (4 rows by 15 
m) for data collection were located in the middle of each of these two areas. 

Sorghum growth stage was determined in each plot weekly using the scale 
developed by Vanderlip (1972). Sampling was started in early June when the first 
insects were observed in plots. Five plants were examined in each plot each week 
until sorghum physiological maturity to determine the abundance of each species 
of foliar feeding arthropod 01' associated beneficial insects. Examination of whorl 
leaves on plants in the vegetative growth stage required plant destruction, so these 
plants were up-rooted after counting insects. Plants did not have to be removed 
from the soil after panicle exsertion because all leaves were fully emerged and 
could be easily examined in situ. Parasite densities were determined by counting 
the number of mummified aphids or observing parasitized lepidopterous larvae for 
presence of external parasites or emergence of internal parasites. Adult parasites 
were allowed to emerge from herbivorous insects in the laboratory (ca. 27° C) and 
then were identified to species. 

To avoid having a single pest species destroy the crop, plots for individual 
planting dates were sprayed with a recommended insecticide if a pest species 
reached the economic threshold based on the Texas Agricultural Extension 
Service recommendations (Turney et aJ. 1987) to farmers. Insecticides were 
applied with a hand-carried, C02-propelled spray apparatus (Archer and Bynum 
1978) at labeled rates for the target pest species on sOl'ghum. Insecticides were 
applied only in the foUl' middle rows by 15 m of a plot to avoid insecticide drift 
into adjacent plots where insects were being monitored. 

Previous research indicated that mite rate of increase would be slowed when 
GB was present (Archer and Bynum 1986), so a separate lield was planted in 1983 
and 1984 at Halfway, Texas to study the effect of sorghum planting date on mite 
abundance. To ensure mite infestations, Banks grass mites (BGM), Oligonychus 
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pratensis (Banks), were placed on plants in all planting date treatments by laying 
corn leaves, which were infested with BCM, on the sorghum plants in the middle 
two rows when sorghum in the I May planting date plots was in growth stage 4. 
The same planting dates and experimental design as described above were used in 
this experiment, but Funk's 'G623' hybrid was planted. Mite densities were 
determined weekly on five plants per plot by counting the number of adult, female 
mites on all leaves for each plant. Plants were sprayed with chlorpyrifos at 0.56 kg 
(AOlha applied with the hand-carried apparatus to remove GB so that they would 
not compete with mites. This insecticide application did not reduce SCM densities, 
but killed mite predators and GB. 

Data were analyzed with all years combined to obtain results fol' sample date, 
treatment:, and year; and for the year by date and year by treatment interactions. 
When year was significant, data were analyzed for each year. An analysis of 
variance was made for insect and mite densities among planting dates for each 
week that a species was counted (SAS Institute 1985). Means were separated by 
using Duncan's (1955) multiple range test. The t-test analysis wns used to show 
differences in insect densities on sorghum planted in large plots on 11 May and 21 
June 1985. 

RESUI.:l'S AND DISCUSSION 

The year by date and treatment interactions were significant (P < 0.05) for the 
major insect groups present (aphids, thrips, predators and parasites). This meant 
that combining data by years would not provide the best descriptions of the 
effects of planting dates on insect abundance. But a review of the analyses for 
each year for each species indicmed that although the relationship between insect 
densities and planting do tes varied among years, the trends among years were very 
similar. Therefore, data 1'01' all yeurs were combined to simplif)1 graphic presentations, 
but variations in insect. densities identified by statistical analysis of the data for 
each yenr are discussed in the text. 

Insects were not obselved on sorghum until June of each year. Thrips (unde
termined species) was the first insect observed on sorghum. Densities were aboul 
tenfold higher in 1983 and 1984 t.hnn in the other two years. 'fhlips were not found 
on sorghum in any planl~ing date treatment until 2-3 wk after plant emergence, 
when sorghum averaged three to five leaves per plant (growth stages I and 2; 
Table 1). Thrips densities were vcry low in 1982 and 1985, averaging..$; 2 pel' plant 
on peak infestation dates of 21 June. Their abundance peaked by 14 June in 1983 
(9-59 thrips per plant) and 1984 (27-40 thrips per plant) at which time only 
sorghum planted on or before 21 May wus infested. Densities rapidly declined to 
< to thrips per plant for the rest of June. Thrips left sorghum between 5 and 19 
July, having averaged..$; 2 thrips per planL for the first two weeks in July. There 
were no significant differences in thrips densities among planting dates on any 
sample week. No visible significant plant damage due to thrips feeding was 
observed. 

Com leaf aphids (CLA), Rhopal()sl/Jhwn maidis Witch), slurted infesting sorghum at 
ubout the same time as thrips (Fig. I). CLA were first observed on sorghum when 
plants had three to five leaves (grm....th stages 1 and 2). Except for the June 
planting dates, CLA numbers declined about the boot (stage 5) 1.0 early bloom 
(stage 6) growth stages (Fig. 1). CLA densities v.·ere genernlly higher on May- than 
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Table	 1. Average sorghum growth stage (1982· 1985) per sample date for sorghum 
planted at each of six planting dates between 1 1\4ay and 21 June. 

Sample date	 Sorghum growth stage*/planting date 

I May	 11 May 21 May 31 May 11 June 21 June 

June 7 2.5 2.0 1.0 
14	 2.0 
21 3.0	 1.5 
28	 3.0 3.0 2.0 1.0 

July 5 4.0	 2.0 1.0 
12	 4.0 4.0 3.0 2.0 
19 5.0	 3.0 
26 6.0 5.0 5.0 4.0	 3.0 

Aug. 2	 6.0 6.0 4.0 
9 7.0	 5.0 4.0 

16	 7.0 7.0 6.0 5.0 
23	 6.0 5.0 
30 8.0 7.0 6.0 

Sept. 6 8.0 8.0 7.0 
13	 8.0 7.0 
20	 8.0 
27	 8.0 

• Growth stage I = collar of third leaf visible. 2 = collnr of fifth leaf visible. 3 = growing ()Oint. differen
tiation, 4 = finnl leaf \'isihle in whorl. 5 = boot. 6"" holf bloolTl, 7 "" !tOft dough. 8 "" hard dough. 

June-planted sorghum from early June through mid·July. Peak CLA densities 
occurred on 7 June in 1983 and 1984, but later in 1982 (21 June) and 1985 (28 
June). In July, sorghum which had been planted in May bloomed and CLA 
numbers declined. CLA numbers varied from week to week on sorghum planted on 
I and 11 l'vlay following peak densitities in late June. These erratic densities 
probably rcsulted f!"Om thunderstorms which regularly occur in early June and can 
be harmful to aphids in the whorl where rain water collects. CLA abundance did 
not undergo these oscillations on sorghum planted in t.he latter half of May 
through June. Aphid density on late May-planted sorghum underwent a slow 
increase and decline, while CLA densities increased sharply on June~planted 

sorghum before declining rapidly plioI' to panicle exsertiol1. This rapid decline on June
planted sorghum probably resulted from the increased abundance of predators 
and parasites when both CLA and GB were present in August (Fig. 1). Regardless 
of planting date and date of peak CLA densities, the numbel' of CLA per plant 
peaked between 100 and 200 aphids pCI' plant fol' the foul' years. 

The GB is the key foliar-feeding pest of sorghum and was the most abundant 
spccies in this study. The year by trcatment interaction for the GR statistical 
analysis was significant on most sampling dates, but the planting dates with the 
highest and lowest GB densities were similar across years. The highest GB 
densities occurred on sorghum planted between 1 May and 21 May each year, and 
the lowest densities occurred on June·planted sorghum. The highest GS densities 
in a single year occurred in 1982 on 11 May planted·sorghum, at 1840 GB per 
plant on 9 August. The year with the second highest GB densities was 1985 when 
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Fig. 1.	 Mean number of predators (Pred), pUr8sites (Para), corn leaf aphids 
(CLA) and gl'eenbugs (GB) on sorghum planted between 1 May and 2l 
June. Mean aphid numbers huving the same letter above a data point 
(capital letters for CLA and smaU case letters for GB) are not statistically 
different (P > 0.05, Duncan's 1I9551 multiple range test). 
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834 aphids were recorded on 2 August on the 1 May-planted sorghum. On 16 
August 1983, GB numbers peaked at 618 aphids per plant on 2\ May-planted 
sorghum. The lowest GB densities occurred in 1984 with 350 GB per plant on 9 
August in the 21 MaY-I>Ianted plots. These low GB densities may have resulted 
from high rainfall (8.3 em) during August compared to the more normal 0 to 2.4 ern 
in August the other years. 

Since the relationship between planting date and GB densities was so similar 
each year, the data were combined among years for simplicity of presentation (Fig. 
l). GS were present on sorghum in most plots throughout June, but their numbers 
did not increase until mid- to late July after plants were in late growth stage 3 (ca. 
10 leaves) or older. The dale of this rapid increase varied among sorghum planting 
dates, with the earliest initiation of increase being 12 July for the first two planting 
dates, 19 July for the middle two planting dates, and 26 July for June planted 
sorghum. These data indicate that sorghum was not equally attractive to GB on a 
given calendar date or sorghum growth stage may have affected GB rate of 
increase. The highest GB numbers occurred during the first half of August each 
year. This was approximately two weeks later than reported by Lopez and Teetes 
(1976), which may have resulted from the biotype change from C to E in 1980 
(porter et a!. 1982). Damage from GB feeding exceeded the economic threshold 
(two dead leaves per plant following panicle exsertion as a result of GB feeding 
ITeetes and Johnson 1973]) in some plots in 1982 and 1985. Therefore, aphids were 
sprayed on sorghum planted 21 Mal' 1982 (sprayed 9 August), 31 May 1982 
(sprayed 16 August), and all May-planted sorghum in 1985 (sprayed 9 August). 

GB densities started to increase sooner on sorghum planted in May, and peak 
densities tended to be higher on May than June planted sorghum. These data 
suggest that delaying sorghum planting until June could result in reduced GB 
abundance. However, these results were based on data collected in plots in a 
randomized complete block design which could have been subject to beneficial 
insect movement among plots. Although parasite densities were alike among 
planting date treatments when GB densities declined in August (Fig. 1), the 
proportion of parasites to GB was not alike. In spite of the difference in the ratio 
of parasites to GB among planting dates, GB densities crashed at the same time 
each year regardless of treatment, indicating that a factor other than parasitism 
may be involved. 

To determine if the experimental design using small plots was affecting these 
results. an experiment was conducted in 1985 to evaluate GB densities in larger 
plots of sorghum planted 11 May and 21 June. As was observed in the small plot 
experiments (Fig. I), GB abundance increased more rapidly and was higher in the 
May·planted large plots on 9 and 16 July (growth stage 4, flag leaf visible) 
compared with GB densities on June-planted sorghum (growth stage 2, five leaves) 
(Fig. 2). By 30 July, GB densities were equal in the two blocks (plant growth 
stages 7, soft dough, and 4 for May- and June-planted sorghum, respectively). This 
was a result of greater beneficial insect pressure on the May-planted sorghum in 
late July which slowed GB rate of increase in this treatment below that on June 
sorghum. The dats indicate that planting sorghum late probably will not reduce 
late summer GB problems, although it may delay them. 

Predator and parasite density data are presented in Fig. 1 to compare to aphid 
numbers, but the statistical separations are presented in Tables 2 and 3 to avoid 
cluttering Fig. 1. Several predator species fed on aphids and mites throughout the 



---

ARCHE R et al.: Sorghum Planting Dalc and Foliage Feeders 227 

1200 

• Pred May
 

~ Pred June
 E.. 1000 
rM Para May ii: 

Iii ~ Para June 

'":J 800 GB May .c 
00c: GB June 

'"e 
<.:l 

600'0 

.c '" 
~ 

E 
:J 
Z ..c:

::E'"

190 197 204 
Julian Dale 

Pig. 2.	 Mean number of predators (Pred), parasites (Para), and greenbugs (GB) 
on sorghum planted II May and 21 June. Statistical differences in GB 
numbers between planting dates are indicated by a *(t-test, P < 0.05). 
Predator or parasite densities on a given sample date followed by the 
same letter are not significantly different (t-test, P < 0.05). 

season each year. Their densities oscillated over time and failed to increase at a 
steady I'8te in response to increases in number of CLA or GB (Fig. 1, Table 2) as 
reported by Lopez and Teetes (1976). Some of the early season oscillation in 
I>rcdator abundance may have been in response to variations in CLA densities. 
The lowest predator numbers occurred in 1985 when CLA did not appear until 21 
June compared to the high predator years of 1983 and 1984 when CLA were 
present on 7 June. CLA densities in June averaged 2.6 times higher in 1983 - 84 
than in 1982 or 1985, and predator densities were twice as high in these years than 
in 1982 and 1985. The years with high predator densities (1983 and 1984) were also 
the years that GB abundance was low, which is similar to reports by Hamilton et 
al. (1982), and KJ'ing et al. (1985). Lady beetles (LB) (mostly Hippodamia sp.) were 
the I>redominant predator species and accounted for ca. 65% of the predat.or 
population. In all planting date treabnents while CLA was the only aphid species 
present, 72 - 86% of the LB were in the egg stage, and 27 and 13% of the LB were 
IfHvae and adults, respectively. After GB densities began to increase, the pl'oportion of 
the LB population that were larvae and adults increased to 33-50%. This greater 
proportion of the LB population in the feeding stages may have resulted from the 
greater number of aphids present, plus the fact that GB are more exposed on 
leaves thun CLA are in plant whorls. Lacewings (Chrysopa sp.) were ca. 17% of the 
beneficial population and several other species of predatory insects accounted for 
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Table 2. Predator densities on sorghum planted on different dates in 1982 - 1985. 

Mean number of predators (~ hHly beetles)-

Planting ,June .July 

Date 7 14 21 28 5 12 W 26 

r-,lay I 0.3 a(62) 3.6 n(9,')) 1.1 hIM) 1.6 n(l4) 2.8 a (62) 6.6 a (68) 5.0 abPO) 3.0 ab(58) 
May 11 0.0 b 0.5 11(97) 1.:1 nIH) ,1.:1 a(56) 1.0 ab(25) 3.2 nb(i9) 3.5 ob(i8) 2.6 obliO) 
~tay 21 0.0 b 0.0 b 0.1 b(IOOj 1.8 a(53) 1..4 ab(29) 2.3 II (55) 5.i a (i8) 3..4 II til) 
May 31 0.0 b 0.2 b(63) 0.9 lo (57) 1.1 hl;(63) :Ulllb(85) 1.2 II (66) 
June II 0.1 b(IOO) 0.1 c (63) O.fl bc(48) 2.0 b (81) 1.3 b (6i) 
June 21 0.0 c 0.2 c (100) O.a e (43) 1.9 b (74) 

- Melin. in eadl column follu""cd hy Ihe Slime Icller nrc nOl ~is:nificnntly dirfllrent, (/' < 0.05: Duncnn's multiplo mni:C 1\'8t). 

2 

3.6 11 (;,8) 
2.fl ob(GO) 
4.0 a (57) 
2.9 nb(52) 
1.8 b (47) 
0.7 c (66) 

August 

• 16 

3.1 0(55) 3JI ab(65) 
:1.1 a(59) 4.6 ab(59) 
3.8 n(68) 7.6 a tifl) 
3.7 n(72) 5.1 nb(78) 
5.5 0(7:1) 2.0 n (70) 
4.0 11(7-1) 2.fl b (8l) 

2.1 

2.7 he(56) 
:1.7 ah(37) 
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the remaining 18%. Lacewing numbers increased weekly, as did their proportion of 
the predator population, These predator trends were similar to those described by 
Lopez and Teetes (1976). 

Parasite mummies, the twditional measure of aphid parasitism on sorghum 
(Walker et al. 1973, Archer et al. 1974, Teetes et al. 1975, Summy et al. 1979, 
Gilstrap et al. 1984) provided ca. a week-delayed eSLimate of adult parasite 
density. Aphid parasites included Lysiphlebus leslaceipes (Cresson) and Aphelinus 
nigritus Howard, which were the same species as collected in Oklahoma and Texas 
in previous surveys by Archer et al. (1974) and Walker et al. (1973). The number of 
parasitized aphids increased rapidly dwing August in response to rapidly increasing 
GB densities (Fig, l, Table 3). Parasites provided high aphid density-dependent, 
delayed control of GB but failed to prevent GB densities from reaching damaging levels 
in some treatments in 1982 and 1983. The average parasitism the week after GB 
density decline was 10% and 15% for May- and June-planted sorghum, respectively. 

Table 3.	 Parasite mummy densities on sorghum planted on different dates in 
1982 - 1985. 

Mean number of parasite mummies/plant 

Planting July August 

Date 19 26 2 9 L6 23 

May 1 
May 11 
May 21 
May 31 
June 1] 

June 21 

1 a* 
o a 
o a 
o a 
o a 
o a 

1 a 
1 a 
I a 
o b 
o b 
o b 

4 a 
3 a 
6 a 
4 a 
1 b 
o b 

28 a 
18 a 
35 a 
24 a 
13 a 
19 a 

39 c 
40 b 
70 a 
53 ab 
44 ab 
42 ab 

67 a 
70 a 
88a 
55 a 
29 a 
42 a 

•	 \1cnns In each column followed hy the "orne letter are not significantly different (P < 0.05; Duncan's 
multiple range test). 

Several additional species of sorghum foliar feeding arthropods were observed 
in low numbers during the experiments. These included the yellow sugarcane 
aphid, Sipha f1ava (Forbes) (YSCA); the corn earworm, Heliothis zea (Boddie); the 
fall armyworm, Spodoplera {rugiperda (J. E. Smith); and two species of mites: the 
Banks grass mite, Oligonychus pratensis and the two-spotted spider mite. TetnUlychus 
urticae Koch. 

YSCA were observed sporadically each year from 6 June to 27 July, usually on 
growth stage 3 plants. Densities were small as colonies generally consisted of a 
single female and 8 few nymphs. YSCA abundance failed to increase O"'CI' time 
and damage to sorghum was not observed in any year. 

Corn earwol'ms and fall armyworms were found in whorls of plants in growth 
stages 3 and 4, primalily on sorghum planted between 31 May and 21 June. Larval 
densities were low, 8vemging < 0.1 larvae per plant through 12 July and 0.1 to 0.3 
per plant from 19 July through 9 August (primarily on June-planted sorghum). 
There were no statistically significant differences in larval densities among planting 
dates. Some plants experienced substantial leaf damage from larval feeding, but 
the average larval density per plant was well below the economic injury level 
reported by Starks and Burton (1979). No parasitism of the larvae was noted. 
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Female mite numbers were low (3 to 25 per plant) all four years, and they were 
not significantly different among planting dates. Mite increase did not occur until 
late season following decline in GB abundance. This trend was evident particularly 
in 1982 and 1985 following application of insecticide for GB control. Recent field 
data indicate that mites and GB occupy overlapping niches on sorghum (Archer 
and Bynum 1986) and laboratory data (T.L.A., unpublished data) indicate that GB 
can Qutcompete mites on sorghum and inhibit mite increase. Therefore, mite 
increase may have been a response to removal of the GB spatial competitor, a 
result of beneficial insect mortality following application of the insecticide andlor 
effect of the insecticide on mite behavior. 

In a separate experiment to study mite response to sorghum planting date 
without GB present, more Banks grass mites were recorded on eady-planted than 
on late-planted sorghum during most weeks (Table 4). This probably resulted from 
the growth stage effect reported by Ehler (1974) and Archer et al. (1986), in which 
more mites were associated with sorghum in the reproductive growth stages than 
on younger, vegetative plants. It may be noted that mite density was veI)' Iowan 
the 21 June planting date treatment in the first count after infestation (12 July). 
This low mite density could have influenced the low mite abundance recorded 
throughout the summel' on sorghum in this treatment. However, by the second 
sample (19 July), mite densities in this treatment increased so that there was no 
significant difference in mite densities on sorghum planted in June or on 31 May. 
This indicates that Lhe low initial count was probably influenced by sampling 
before mites had dispersed to very many plants and had little affect on later 
comparisons of mite densities among planting dates. 

Table 4. Banks grass 
1983 and 1984. 

mite densities on sorghulll planted on different dates in 

X number <) mites (growth stage)" t /plant 

Planting July August 

Date 12 19 26 2 9 

May 1 
May 11 
May 21 
Mal' 31 
June II 
June 21 

5 ab(4.4) 
3 bc(4.0) 
6 a (3.5) 
5 ab(3.1) 
4 ab(3.0) 
1 c (2.4) 

12 a (5.3) 
9 ab (5.0) 
9 ab (4.3) 
7 abc(4.0) 
3 c (3.5) 
5 be (3.0) 

58 ab (5.9) 
56 abc(5.9) 
74 a (5.0) 
32 bcd(4.0) 
22 d (3.3) 
25cd (3.0) 

11 J a (6.5) 
133 a (6.5) 
94 ab(5.9) 
88 ab(4.6) 
53 b (3.5) 
46 b (3.4) 

224 a (7.0) 
154 ab(7.0) 
128 b (6.4) 
135 b (6.1) 
106 b (4.4) 
84 b (3.6) 

Gro..... th stage c1elcnnined using the method described by Vanderlip (1972). 
T :\1euns in each column followed by the same leuer nre not significantly different I" < 0.05; DUllcan's 

multiple range lest). 

Data did not indicate a significant advantage to changing planting date for 
managing foliUl'-feeding insects or mites. In general, planting sorghum in June 
could reduce some pest problems. Beneficial insects seemed to be pest density
dependent so that they should be less affected by planting date than host 
numbers. Therefore, sorghum planting date would be influenced more by agronomic 
than pest management considerations. 
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INFLUENCE OF PLANTING DATE ON ABUNDANCE OF PANICLE

FEEDING INSECTS ASSOCIATED WITH SORGHUM' 

T. L. Archer, J. C. yes Losada' and E. D. Bynum, Jr. 
Texas	 A&M University System Agricultural Research and Extension Center 

Route 3, Box 219, Lubbock, TX 79401, USA 

ABSTRACT 

Abundance of sorghum panicle-infesting insects was detennincd on sorghum planted at 
lO-d intervals between 1 May and 21 June, 1982 to 1985. Two lepidopterous species, 
Heliothis zea (Boddie) and Spodoptera {rugiperda (J. E. Smith); five hemil>terous species, 
Nezara uiric/ufo (L.), Chlorochroa ligata (Say), Leptoglossus phyttopus (L.), Nysius rophanus 
Howard, and Lygus hesperus Knight; thrips; and sorghum midge, Conlarillia sorghicola 
(CoquilletL), were collected from sorghum panicles. Only L. hesperus and sorghum midge 
occurred in large numbers during this study. L. hesperus densities were high in September, 
1983 and 1984. Sorghum midge were present beginning in early August, 1982 and 1985. 
Sorghum midge densities were below the economic threshold in 1982, but the number 
collected from florets of sorghum planted between 11 May and 21 June 1985 exceeded the 
economic thresholds for susceptible and resistant hybrids. Although sorghum midge emergence 
was high from norets of both hybrids. damage was significantly less to lhe resistant hybrid. 
Sorghum planted during the first half of J\:lay matured early enough to avoid panicle
inhabiting insects. 

Key Words: Sorghum midge, 
date. 

COfltarinia sorghicollJ, Lygus hesperus, sorghum, planting 

J. Ageic. Entomol. 7(3): 233-239 (July 1990) 

Sorghum, Sorghum bicolor (L.) Moench, planted early to avoid damahoing 
infestations of sorghum midge, Contarinia sorghicola (Coquillett), has been the key 
to sorghum pest management programs for the past 20 years in regions where 
sorghum midge can be a problem (Huddleston et al. J972). This management 
approach has been successful for sorghum midge but prohibits the use of delayed 
planting dates for management of other insect or mite pests. In the semi-arid 
southern high plains region of the U.S., spring rains may be delayed until late May 
or early June. This is followed by hot, dry weather from mid-June to mid~August. 

Rain and cooler temperatures then return for the remainder of the summer. By 
delaying planting of sorghum until June in this region the crop would benefit from 
late spring rain for germination and grain would mature when temperature declines 
and rain chances increase in late summer. 

Sorghum midge-resistant sorghum hybrids are being developed (Teetes 1985) 
to reduce the need for ea.r1y planting to avoid midge and allow planting date 
OexibiHty. Therefore, it is important to evaluate the effects of sorghum planting 
date on insect abundance and potential changes in the panicle-infesting species 
complex. Young and Teetes (1977) listed a large number of panicle-inhabiting 
insect pests of sorghum which include sorghum midge, several species of lepidopterous 
larvae, and a few species of hemipterous bugs. They state that sorghum midge is 
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the major insect pest of sorghum worldwide. Information has been accumulated on 
sorghum midge response to resistant sorghum cultivars (\Vuensche et a!. 1981, 
Hallman et a1. 1984, Melton and Teetes 1984, ,"Vaquil et a1. 1986), but there are 
limited data available which can be used to evaluate midge resistance in semi-arid 
production regions. Lepidoptera that feed on sorghum kernels in the field are 
occasional pests and insecticide control rarely is needed. Several species of 
Hemipte1'8 commonly feed on sorghum, and they can cause significant economic 
loss (Hall and Teetes 1982). 

Research was designed to describe the occurrence and relative abundance of 
panicle-infesting insects on sorghum planted in 1vlay and June. Sorghum midge
susceptible and resistant hybrids were planted to compare their effects on 
sorghum midge density and damage. These data will be useful for planning 
sorghum pest and crop management programs based on the time of sorghum 
planting. 

MATERIALS AND METHODS 

Funk's HW5692 (sorghum midge-resistant) and Funk's G623GBR (biotype C 
greenbug~resistant, midge-susceptible) sorghum hybrids were planted on 1 May, 11 
May, 21 May, 31 May, 11 June, and 21 June in 1983 to 1985. In 1982, rain delayed 
planting until 11 May. Then sorghum was planted at the normal 10 d intervals 
through 1 July. Plots were six rows wide (l~rn center) by 21 m long. The 
experiment was arranged in a 2 X 6 (hybrid x planting date) factorial design with 
four replications. The experiment was conducted at Lubbock, Texas in 1982 
through 1984, and at Halfway, Texas (56 km north of Lubbock) in 1985. Agronomic 
practices used were common to the region for growing irrigated sorghum. After 
plant emergence, plant stands were standardized each year between 98,800 and 
123,500 plants per hectare. 

Sorghum growth stage was determined in each plot weekly using the scale 
developed by Vanderlip (1972). Five plants were examined in each plot weekly 
from beginning of pollen shed until seed maturity to detennine the number of each 
species of panicle~feeding insects or associated beneficial insects. Examination for 
all species except sorghum midge consisted of beating the panicle onto a piece of 
white paper attached to a clipboard and counting the number of insects by 
species. A single panicle was beaten onto the clipboard several times until no 
additional insects were dislodged. The insects on the paper were counted after 
each beat of the panicle and then dumped off before the next beat. 

Abundance of sorghum midge visiting panicles was determined twice weekly 
during flowering. Five panicles were selected from each plot at random and midges 
were collected by placing a plastic bag over each panicle at midday and cutting it 
from the plant. Each panicle was sealed into the bag with a wire tie and returned 
to the laboratory. The panicles were placed into a freezer for at least 1 h to kill 
midge adults. Counts were made after shaking sorghum midge adults from the 
panicle and bag onto a piece of white paper. Samples were collected from a plot 
while at least half of the panicles were shedding pollen. 

Midge emergence from sorghum spikelets was determined by collecting five 
panicles from each plot 12 and 18 d after the first sorghum midge adult had been 
collected from any planting date treatment plot. Panicles were placed into I-liter 
ventilated ice cream cartons and held at ca. 26°C for adult emergence. A glass 
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tube placed into the lid of each carton was observed daily until 2 to 3 dafter 
midge or parasite emergence ceased. Then the num bel' of sorghum midge and 
parasites in a carton were counted. Sorghum midge damage ratings were made for 
20 sorghum panicles per plot on 20 October 1985 using the 0-9 rating scale 
described by Wuensche et al. (1981). 

Data were analyzed using a factorial analysis of variance for each insect species 
for each week that specimens were collected (SAS Institute 1985). Data for each 
year and for the combined data from all years were analyzed statistically for all 
insect species. 1'\'1eans were separated using Duncan's (1955) multiple range test. 

RESULTS AND DISCUSSION 

During the 4 years of this expel;ment, the earliest planted sorghum began 
flowering on 19 July and the latest planted sorghum on 30 August (Table 1). 
Maturity of the susceptible and resistant hybrids was similar. No insects were 
found in panicles before August, and consequently. 1 May planted sorghum was in 
the soft dough growth stage before insects were present. 

Table 1. Average sorghum growth stage per sample date fol' sorghum planted at 
euch of six plunting dutes between 1 Muy und 21 June, 1982 • 1985, und 
for the 1 July 1982 planting date. 

Sorghum growt.h stage I planting date.' t
 

Snmplc I May II May 21 May 31 May 11 June 21 June 1 July*


Date S R S R S R S R S R S R S R 

19 July 5 6 4 5 4 4 3 " 3 3 2 2 2 2 
26 ,July 6 7 5 5 5 5 4 4 3 :1 3 3 2 2 
2 Aug. 6 7 6 6 6 6 4 5 4 ,I 3 4 3 2 
9 Aug. 7 7 6 7 6 7 5 6 4 4 3 ,I 3 3 

16 Aug. 7 7 7 7 7 7 6 6 5 5 4 4 4 3 
23 Aug. 7 8 7 8 7 7 6 7 6 6 " 5 4 4 
30 Aug. 8 8 7 8 7 8 7 8 6 7 6 6 5 4 
6 Sept. a 9 a 9 8 a 7 8 7 7 6 7 6 5 

13 Sept. 9 a a 9 a a 7 a 7 7 6 6 
20 Sept.. 9 9 a 9 a 8 7 8 7 6 
27 Sept. 9 a 9 a a 7 7 

• Crowlh Stlll:;C 2 =< collar of fifth leur visible, 3 - growing fXIi,U differentialiOIl ... =< final leaf visible in 
whorl, 5 = boot. 6 = hul( bloom, 7 =soft dough, 8 = hord clough, and 9 = Ilhysiologicol maturit).. 

t S = sorghum midge·susccplible hybrid; H= sorghum midge-resislant hybrid. 
t I .July planling dote WUJi Uiu'd in 1982 only. 

Com earwOlm. Heliothis zea (Boddie), and fall 81my\vonn, Spodoplera [rugiperda 
(J. E. Smith), were present in small numbers (0.03 to 0.13 lan.·ae per panicle) from 
pollen shed until hard dough. Densities were far below the economic threshold of 
one to two larvae per panicle (Starks and Burton 1979) and were so low all years 
that statistical differences among planting dates were never obtained. 

Thrips (undetermined species) were first collected from panicles on 9 August 
on sorghum planted between I and 21 May. They were collected from all planting 
date treatments during soft dough and left the plants shortly after seeds entered 
the hard dough growth stage. The year interaction was not significant, so years 
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were combined for statistical analysis. There were no significant differences in 
thrips densities among planting dates during August as their numbers were very 
low during the month, averaging < 1 thrips pel' panicle. Thrips densities increased 
rapidly in September, with st?tistical separations occurring among treatments on 
13 and 20 September. Thrips densities were greater on plants with younger seeds 
(13 September ~ 12a, 8ab, 3b thrips per panicle for plants planted 21 June, 11 
June, 31 May, respectively; 20 September = lla, 4b thrips per panicle for plants 
planted 21 June and 11 June, respectively). 

Other insects \·,'hich were observed sporadically in low numbers included 
southern green stink bug, Nezara uiridula (L.); conchuela, Chlorochroa ligata (Say); 
leaffooted bug, Leptoglossus phyllopus (L.); and false chinch bug, Nysius raphanus 
Howard. Densities of these insects never came close to the economic threshold 
levels reported by Teetes et al. (1974) or Hall and Teetes (1982). 

In 1983 and 1984, many Lygus hespems Knight occurred on developing sorghum 
kernels during late August through September. The year interaction was not 
significant, so data for the two years were combined for statistical analysis. There 
is no economic threshold for L. hesperus on sorghum, and this research was not 
designed to measme yield response to insect feeding. Therefore, the effect of L. 
hesperus feeding on developing seeds is unknown. There were no significant 
differences in L. hesperus densities between the two hybrids so data were combined for 
the hybrids in Table 2. Sorghum planted dW'ing the first half of May escaped 
infestation by this late season pest. The greatest number of L. hesperus on 30 
August and 6 September \vere found on the late May-planted sorghum, although 
densities in the field were low. L. hesperus densities were highest from mid- to late 
September with no significant density difrerences among treatments regardless of 
whether grain was in the soft or hard dough growth stages. L. hesperus is not a 
common pest of sorghum, but its presence in large numbers during 1983 and 1984 
is an indication that unexpected seed feeding pests can be a problem on late
planted sorghum. 

Table 2. Lygu.s hesperus densities on sorghum midge·resistant and susceptible 
sorghum hybrids planted on different dates in May and June of 1983 
and 1984. 

Mean number of Lygw; ± SD I plant· 

Planting August September 

Date 30 6 13 20 27 

1 May 
11 May 
21 May 
31 May 
11 June 

0 ± 0 , 
o ± 0 , 

3.1 ± 3.4 b 
4.5±4.1a 
0.5 ± l.0 c 

-t 
0 ± 0 b 
0 ± 0 b 

3.2±2.7a 
2.7 ± 3.9a 

4.9 ± 5.6 b 
9.3 ± 9.0 a 6.2 ± 5.2 a 

21 June 0 ± 0 , 0.2 ± 0.4 b 4.0 ± G.g b 9.4 ± 10.7 a 12.9 ± 8.2 

• Means in each column rollowed by the same letter are not significantly different (P - 0.05: DunC811's 
!I955j multiple range test). 

t No duta because sorghulIl seeds were physiologicnlly mature. 
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Sorghum midge adults were collected only in L982 and 1985. The economic 
threshold for midge-susceptible sorghum is one midge per panicle. and five midge 
per panicle for resistnnt hybrids (Hallman et a!. 1984). The low midge densities 
from 1982 to 1984 indicate a reduction in the importance of this pest since the 
early·planting management tactic was initiated in the early 1970's. Midge densities 
were highest in 1985 when they exceeded the economic threshold for both sorghum 
midge· resistant and susceptible hybrids (Table 3). 

Table 3. Mean number of sorghum midge visit.ing flol'et.s (probably ovipositing) 
and emerging from panicles; plus. damage ratings on midge-susceptible 
and resistant hybrids. 

\'Iean number of midge ± SOt 

PlantinR Visiting norels Emerging Damage ttltillg t , ; 

dnle Suscelll.ible ResiSlllnt Suscelltible Re1'lislam Su~celltible lle1'lislant 

1982 
II .lune 0.4 :t 0.6 II N§ 0.4 ± 0.8 a :1.6 ± 6.:J b 0.1 ± 0.:1 b 
21 June 0.2±OAa N 0.7 =1.1 n 11.7± 1O.lb 7.0 =: 7.'1 a 

1 July 0.5 ± 0.7 a N 0,4 ± O.li a 45.4 ± 3,').9 3 2.1 = 2.7 b 

1985 
11 \1ny 10.0 ± 9.7 b N 5.0 ± 6.111 8.4±II.Oc 2.6 ± f).O c :J.I b • 1.4 a~ 

~31 May 7.4±5.2b 3.2 ± 4.73 27.7 ± 14.8 be N 21.8 ± 34.:3 be 2.0 b LOa 
11 June 9.8=4.3b • 5.9=3.11' 47.8± 41.3b N 64.5 ± 46.9 ab 5.8/1 • 1.4 a 
21 June 23.6±18.la • 9.0±i.7n 77.9 ± 50.63 ~ 95.0 =57.6 a 5.0a • 2.4 a 

+	 1'\'ICIlI1S in ench colullln for each year follo.....ed hy the samCl letter ate not iiignificandy differenl according 
to DUllcan's multiple ran~e teM, lP > 0.05). 

~ SOT'J:hunl midge damngc: 1 = 1-10% of norets blaswd. 2 = 11·20'':;. hlasled ... 10 = 91 . IOO(i~ hlll1'lted. 
A hlllsled nord refers to It noret thllt failed to form 1I seed. 

S PlIil"cd I-lest: N = no significl\lll difference; .. = p < 0.05; lind .... = p < 0.01. 

The number of sorghum midge visiting norets probably ovipositing were 
combined for all sample dates for each planting dute treatment (Table 3). In J982, 
sorghum midge was not found until 10 August and none were collected from May 
planted sorghum_ There were no significant differences among numbers of sorghum 
midge visiting florets for the June and July planting dates 01' between susceptible 
and I'esistant hybrids. In 1985. sorghum midge visiting florets \....ere first collected 
on 2 August and only the 1 May-planted sorghum escaped midge infestation. 
Densit.ies were very high in 1985 and more midges were collected from t.he 
susceptible hybrid planted 31 Mayor in June than from the resistant plants. which 
agrees wit.h observations by Melton and Teetes (1984) and \Vaquil et 81. (1986). 
The sorghum midge visitat.ion data for the two years indicate that there was not a 
gradual increase in midge densit.ies on succeeding planting dates which would have 
resulted if midge emerged from earlier planted treat.ments and then infested later 
blooming sorghum_ The only increase in midge densities was for sorghum planted 
21 June which bloomed so late that there was not much other blooming sorghum 
in the vicinity of this field to attract adults emerging in the reseal'ch plots or 
elsewhere. 

In 1982, sorghum midge emergence was greater from spikelets of the susceptible 
than the resistant hybrid, even though there was no difference in the number of 
the midge visiting each panicle. The largest nllmber of adults emerging from 
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spikelets of the susceptible hybrid occurred [rom sorghum planted 1 July. Emerging 
adult densities were low from the resistant hyblid with the most recorded from 
5pikelets of 18 June-planted sorghum. In 1985. the number of sorghum midge 
emerging was very high, as would be expected from the large number of adults 
collected from blooming resistant and susceptible hybrids. There was no difference in 
the number of emerging midge between susceptible and resistant hybrids, except 
for plants in the 11 May planting date. For both hybrids, the magnitude of adult 
midge emergence was related to planting dote with the largest emergence from the 
late planted sorghum. Midge damage ratings were lower on the resistant than 
susceptible hybrid. A difference in midge feeding damage between hybrids even 
though midge emergence was not different behveen hybrids, indicates tolerance to 
midge feeding in the rcsistant hybrid. There was no significant difference in 
damage level among planting dates for the resistant hybrid, but damage was 
significantly greater on the June-planted susceptible hybrid than for this hybrid 
planted in May. The differences in damage ratings for panicles on susceptible and 
resistant sorghum planted on L1 June when sorghum midge emergence was high is 
very close to the fivefold difference reported by Waquil et al. (1986). The difference was 
not as gt'eat for sorghum planted on 21 June, which may have been a result of higher 
sorghum midge oviposition. Waquil et al. (1986) hypothesized that if sorghum 
midge oviposition pressure became too great on susceptible plants, midge might move 
onto resistant cultivars. It appears that this may have happened on the very late 
sorghum in 1985. No sorghum midge parasites were recovered in these samples. 

Predators found in the panicles were predominately lacewings. Chrysopa sp. 
and DriLLS insidiosus (Say). Thei.r densities were Iowan sorghum panicles during 
August and September in all years. Predator numbers averaged ca. two per panicle 
in August and on 6 September, and one pCI' panicle during the rest of September 
over the four years, There were no differences in predator densities among 
planting dates or between sorghum hybrids. 

Panicle-feeding insect problems did not occur prior to August during this 
research. Therefore, sorghum planted before mid-May was already in the hard 
dough growth stage before many panicle feeding insects were present. Several 
panicle-feeding species were recovered on sorghum planted after mid May, but few 
were abundant enough to cause concern. L. hesperus in 1983 and 1984 and 
sorghum midge in 1985 were the only species which occurred in high numbers. L. 
hesperus is rarely found on sorghum and has not been reported in high numbers 
before or since 1983 and 1984. The value of midge-resistant sorghum hybrids for 
reducing midge damage on late-planted sorghum in the semi-arid high plains 
region was demonstrated by this research. The introduction of sorghum midge
resistant sorghum hybrids will allow for great.er nexibiJity for sorghum planting 
which will aid sorghum production by allowing planting and seed production when 
weather conditions are best. These data were collected in an agroecosystem which 
is predominantly plnnted in May. Consequently, the magnitude of the late-season 
insect problems could incl'ease over those reported in this manuscript if farmers 
were to plant large hectarages of sorghum in June. 
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ABSTRACT 

NocluidOllcma b'U)'(JJ!C/l.'ie Hemillet and Silvain (Nematoda: Aphelcnchoididac) was recovered 
from moths of 15 species of Noetuidac in Florida and Georgia. This is the first. record of this 
cntomogcnous nematode in North America. 1'\llultipic fi»ccies of Mocis and Spodoptcra are 
parasilized by N. gtl)'arW'lSe. which is a novel parasitic nematode known to altack only the 
adult stage of Lepidoptera. New host records for N. gU)'Ollcnsc are included among the 
parasitized North American Lcpidolltero. 

Key Words: Insecta, Noctuidae. Spodoptcm. Mods 

J. Agric. Entomol. 7(3): 241-245 (July 1990) 

Noctuidonema gUYQl1ense Remillet and Silvain (Nematoda: Aphelenchoididae) 
was reported as a parasite of the fall armyworm, SpodofJlera frugiperda (J. E. 
Smith) in French Guiana in ]988 (RemiJIel and Silvain 1988). Therein, N. guyanense 
was described as a new species and genus of ectoparasitic nemat.ode attacking 
several species of Spodoptera and Leu.cemia, and Anida. in{ecta (Oschenheimer) 
(RemiJlet and Silvain 1988). Recent host·range studies revealed that Noctuidorwma 
spp. attack the adult stage of at least 25 species of Noctuidae in Fl'ench Guiana 
(Rogers Cl. al. L990). Although larvae of Lepidoptera are frequently parasitized by 
nematodes (Fuxa et al. 1988, GeOl'gis et al. 1989), N. guyanense is the only species 
limiting its infestation to the moth stage of its host.. Another related aphelenchoidid, 
AcuguUurus pamsiticus Hunt, parasitizes the adult stage of the American cockroach, 
Periplaneta amen'eana (L.), in St. Lucia, \Vest Indies (Hunt 1980). In December 
1987 and January 1988, we found N. guyan€nse infesting adults of S. frugiperda in 
south Texas and south Florida, respectively. These were the first records of 
Noctuidonema in North America. \Ve suspected that Noct.u.idonema might also 
occur on other Lepidoptera species in North America. Hence, the purpose of this 
paper is to document the occurrence and host records of N. guyanense in 
southeastern United States. 

Mention or II proprietllI)' product. docs uot imply endorsement, by U.S. Departmellt. or Agriculture. 
Hcceived ror publication 22 Decemher 1989; accepted If, FebrullI)' 1990. 
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MATERIALS AND METHODS 

Prospective hosts of N. guyanense were collected by sweeping vegetation in a 
variety of habitats, from pheromone traps, and from a 1.5- by 2.0-m white sheet 
illuminated by UV light. While collecting prospective hosts for N. guyanense, 
emphasis was placed on diversity of arthropods, rather than on <luantity within 
taxa. Non-Iepidopteraus insects were placed immediately after collection into 
individual vials cantnining 10% fonnnlin far preservation and storage for subsequent 
microscopic examination. Specimens \Vere identified to family by consulting keys 
and descriptions found in Borror and DeLong (1964) and Jacques (1947). 

Collected Lepidoptera were placed immediately into a killjar churged with ethyl 
acetate for rapid immobilization and killing. Abdomens were then excised at the 
metathorax and placed into individual vials containing 10% formalin for fixing, 
preservation, and storage until subsequent microscopic examination for nematodes. 
Adult Lepidoptera minus their abdomens were labelled with a number corresponding 
with respective abdomens and pinned fOl· later taxonomic study. Noctuid specimens 
were identified to species by comparing them with previously confirmed voucher 
specimens, and from descriptions provided in Borror and DeLong (1964), Covell 
(1984), Howe (1975), Kimball (1965), and Watson and Whalley (1975). Updated 
nomenclature for species was determined from synonyms provided in Hodges et 
al. (1983). 

Host range data for N guyanense are from insects that were collected in 1988 
at Belle Glade, Fla., 27-30 March, 10-14 July, and 21 September; Brooksville, Fla., 
22 September; Homestead, Fla., 28-29 March, 11-12 July, and 20 September; 
county road 94 in North Everglades Park, Fla., 19 September; and Tifton, Ga., 
May-October. 

RESULTS AND DISCUSSION 

Abdomens from 1859 specimens of 150 species in 21 families of Lepidoptera 
were examined for N. guyanellse. Of the species examined, 78 (52%) were of the 
family Noctuidae, of which 15 spp. (19%) were infested by N. guyanense (Table 1). 
Host species had nn average infestation rate of about 32% (range 5 to 83%), 
harboring a mean of about 8 (range 0 to 26) adults and 46 (range 1 to 121) juvenile 
nematodes, respectively. As was the case in French Guiana in 1987 (Rogers et al. 
1990), multiple species of Mocis and Spodoptera from Florida and south Georgia 
were infested by N. guyanense. Spodoptera {rugiperda, S. latifascia (Walker), Mocis 
lalipes (Guenee), A. infecta, and Argyrogramma verueca (Fabricius) harbor N. 
guyonense in both French Guiana and the southeastern United States. Lepidopteran 
hosts of LV guYQnellse in the southeastern United States are confined to subfamilies 
Amphipyrinae, Catocalinae, Noctuinae, and Plusiinae of Noctuidae. Sixty-five 
species of Noctuidae and 70 species of Lepidoptera from 20 additional families 
were negative for N. guyanen8€ (Table 2). 

Noctuidonema guyanense wns not found on any of the 466 non-lepidopterous 
specimens among the 171 species of 72 families or Insecta or Arachnida examined 
(Table 3). Our data verify the data from French Guiana that hosts of N. guyanense 
are limited to Lepidoptera, principally species of Noctuidae. In French Guiana, N. 
guynnense also has been found on one species each in Lasiocampidae, Notodontidae, 
Pyralidae, and Sphingidae (Rogers et al. 1990). 
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Table I.	 Adult noctuid hosts of Noctuidonema guyanense in Florida and Georgia 
(1988). 

X No. Noctuidorzcnllli 
No. abdomens infested host. 

Taxa	 examined parasitized Adults Total 

Amphipyrinae 
Elaphira sp. 4 I 0 • 
Spodoplem eridanill (Cramer) 20 4 3 5 
Spodoptem {rugipcrda (J. E. Smith) 541 233 26 89 
Spodoplem lati{ascia (Walker) 44 4 t t 
Spodoptera omithoga/li (Guencc) 41 12 17 76 

Catocalinae 
Ephyrodcs eaeala Guenee 3 I 0 10 
Mocis dissevemns (Walker) 18 3 5 70 
Mocis llllipes (Guence) 296 112 17 69 
Mocis marcida (Guenee) 5 2 8 67 
Mocis texafla (Morrison) 22 9 8 66 
Ptichodis vinculum (Guenee) 19 JO 7 4 J 

Noctuinae 
Anicla jn{ecla (Ochscnheimer) 20 3 2 7 
Feltia subterranea (Fabricius) 22 I 0 I 

Plusiinae 
Agmpho oxygramma (Geyer) 12 2 7 65 
Argyrogmmmo vernlca (Fabricius) 5 1 3 ,1 

• One specimen of ElClphrill !'ill. had 121 juvenile nematodes lhllt were different from N. gll)'arle/l.'iI!. 

+ Nemulodel'i were not. counted (hosls Mlcrificcd for sectioning). 

The uJtimate fate of hosts infesled by N. guyallen5e remains unknown. Preliminary 
research indicates at least a chronic pathogenicity by N. gU)'Qnense on hosts which 
remain capable of night (Marti et al. in press). Also, research is underway t.o 
delineate t.he distribution, bionomics, lind infection etiology of N. guyanense, as 
well as its effect on hosts in controlled environments. A major factor limiting 
regulatory functions of larval par8sitoids is the ability of the adult stage of the 
host to escape epicenters of infestation as new habitats arc entered (DeBach 
1974). If N. guyanense should prove to be an effective biological control agent fOI· 
noctuid pests of agriculture, an advantage that it has over laloyal parasiloids would 
be that the infested stage of the hosl also would serve as a natural dispersion 
agent as new habitats are colonized (TimpeI' et al. 1988). 
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Table	 2. Lepidoptera from Florida and Georgia not infested by Noctuidonema 
guyanense (1988). 

No. examined 

Family	 Species Specimens 

Arctiidae 8 99 
Ctenuchidae 3 28 
Danaidae 1 5 
Geometridae 9 38 
Hesperidae 6 9 
Lasiocampidae 3 10 
Lycaenidae I 1 
Lymantl'iidae I 2 
Megalopygidae I 2 
Noctuidae 78 426 
Notodontidae 5 8 
Nymphalidae 2 7 
PapiJionidae I 1 
Pieridae 4 11 
PYl'alidae to 69 
Satumiidae 3 4 
Satyridae I J 
Sphingidae II 27 
Tineidae 2 8 
Tortricidae 1 2 
Yponomeutidae l 2 

Table 3. Non-Lepidoptera arthropods from Florida examined for Noctuidonema 
guyanern;e (J 988). 

No. examined 

Order Family Species Specimens 

Insecta 
Coleoptera 14 41 146 
Dermaptera 2 3 6 
Diptera 14 25 69 
Ephemcl'optera I I I 

Hemiptera 12 31 117 
Homoptera 4 10 23 
Hymenoptera 10 14 50 
Neul'optera 3 3 12 
Odonata 3 7 18 
Orthoptera 6 11 23 
Trichoptera I 1 1 

Arachinida 
Araneae 5 8 lJ 
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ABSTRACT 

In a 20-wk study from June to October 1985. weekly spot card counts detennincd that a 
single mass-seeding of 125.800 Ophym aenescerls (Wiedemann) larvae and PUI}flC in a 
commercial high-rise layer house (BMSD) reduced the adult house ny, Musca domesLica L., 
population average by 45.9% compared to counts in an adjacent unseeded house (BMCK). 
Rcinfestation pressure from four adjacent unseeded houses eventually caused a population 
resurgence in BMSD. The second year, as monitored by moving sticky tapes. multiple 
seeding of O. llenescens into BMSD reduced house flies by 45.370 compared to BMCK. 

At another locntion, 0. aenescem;; multiple seedings were made into house JTSD (102,000 
birds) from 1 May to 1 October 1986, and compared with a nearby unseeded house (JTCK, 
65,000 birds). Both houses were trcated with 1.5 ppm cyromazine in the feed whenever the 
mannger judged that the house fly population was at a critical annoyance Icvel (> 20 mes/IOO 
m). 1·louse JTSD was treated for 42 d and house JTCK for 122.5 d. The cost of cyromazine 
treatment in house JTSD was SI1.53 per 1000 birds and 536.93 per 1000 birds in house 
JTCK. Cost of mass-rearing seeded O. aenescens was $75. 

Seeding O. aenesccns into two isolated commercinl caged layer houses (BM5 and 8M6 
respectively) when the house fly population was below 10 flie" per 100 m resulted in O. 
aetlescens dominance and house Oy control as long as the manure was not removed. Counts 
in the two houses of house flies and O. aeTlescens in the upper noor and pits showed that 
94.5 and 95.3% of t.he upper Ooor populations were house nics and 51.4 and 65.3% of the pit 
populations were 0. aenescens. 

Key Words: Ophyra aenescellS, house fly, facultative predator, high-rise poultry houses 

J. Agric. Entomol. 7(3}: 247-257 (July 1990) 

High-rise, controlled environment, caged layer poultry houses are widely used 
in commercial egg production. Laying hens are placed in upper noor cages and 
manure accumulates on a cement noor called the pits. Because the house tempera
tures range from 21 to 34°C (E. C. T., unpublished data), house nics, Musca 
domestica L., can breed in these manure pits throughout the year, but their 
potential for rapid population growth and becoming a serious pest is greatest 
during the warmer months. 

Ophyra spp. (Diptel'8: Muscidae) are well-documented facultative predators of 
house flies (Anderson and Poorbaugh 1964, DIckers and Hulley 1984). Johnson and 
Venard (1957) separated the three species in the genus and studied their life 
history and morphology. 

Rt'ceh'ed for publication 8 September 1989; accepted 16 F'ebmary 1990. 
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In East Gelmany. von Schumann (1982), described Ophyra aenescens (Weidemann) 
as a semi-carnivorous larva and a suitable antagonist of the house fly. Other 
European workers reported 0. aenescens as a potential biological control agent of 
the house fly in confined animal houses (Muller et a1. 1981, Muller 1982, Adams 
1984). [n Florida and North Carolina, workers evaluated the predation rates of 0. 
aenescens (Hogsctte 1979, Geden et al. 1988). Nolan and Kissam (1985) ObSCNCd 
that O. aenescens replaced the house fly as the dominant species in t.he manure 
pits of two high-rise South Carolina poullry houses after treatment of laying hens 
with 1.5 ppm cyromazine (Larvadex""', Cibs Giegy, Greensboro, NC) in the feed 
had reduced the population of house nies. Ophyra aenescens dominance over the 
house ny continued aftel' the treatment stopped. They suggested that mass release 
of 0. aenescens into higlH'ise poultry houses whcn the housc fly population is low 
could maintain control of house flies. 

Despite their known predacious habits, Ophyra spp. have been considered to 
be filth flies in poultry houses (Axtell 1985, Stafford and Collison 1986). However, 
Nolan and Kissam (19B?). determined that 0. aenescens did not migrate to 
residences or become a nuisance in the surrounding areas. 

In ApI;} 19B5, a colony of O. aeuescens was obtained from South Carolina. The 
following describes the effect of mass seeding on house Oy populations in Virginia 
high rise layer houses. 

MATERIALS AND METHODS 

Mass rearing and seeding of Ophyra aenescens. Flies were reared in a walk~in 4 
by 4 by 3.6·m chamber maintained at 26·30°C, 50-60% RH and continuous 
daylight. A 20.3-cm (8-in) ventilator fan installed in an outside wall provided a 
constant air now and prevented buildup of ammonia. 

Adult food was 50% dried powdered meat products, dry powdered milk, and 
granulated sugar mixed dry in 2:2:1 proportions respectively, and placed into a 
cardboard cup on the chamber noor next to the water container. 

Lmval media per tray was 125 g vermiculite, 250 g coarse wheat bran, 75 g 50% 
powdered meat products and one chicken egg. \OVaI'm wat.er was added to the 
media to produce a wet mash which was placed into 35.6 by 30.5 by JO-cm {1 ]-qt.) 
plastic dish trays. The egg was broken and dropped onto the media in each tray to 
nttl'8ct adults for ovil>osition. The number of media trays to be mixed depended 
on the number of adults in the chamber. At maximum production, 84 trays v,,'ere 
prepared per week. An average of 1700 emerging adults was recorded from each 
tray over a 30·d period. Operational cost of rearing was 30 cents per tray. 

For mass*seeding, trays containing 18lvae and pupae were transported to the 
release site where they were emptied into plastic buckets and distributed onto the 
manure. ]f the manure pits were inaccessible, the media was poured onto the 
manure from the above walkways. 

Monitoring. The spot card method (Axtell 1970) was used to monitor house ny 
populations in the 1985 experiment. An index card (7.6 by 12.7 cm) was labeled 
and placed over the chicken cages at the front, center and back of each monitored 
house. They were replaced each week and the number of excrement spots, 
presumably made by house nies, were recorded. No 0. aerlescens were observed in 
the upper story of the seeded house. Fixed sticky tapes placed near the spot cards 
captured only house nics. 
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Ilbr all subsequent experiments, a moving tape method of monitoring house ny 
populations (Turner and Ruszler 1989) was used. Monitoring was achieved by 
walking a circuit at normal pace on the walkways between three rows of cages 
holding an extended sticky ny tape by the loop at the top so that the bottom of 
the tape was about 2 to 5 cm from the noor. Flies adhering to the tape on 
completion of a circuit were recorded. Monitoring was done by the same person at 
the same time of day each week. Since the house rows sometimes were of different 
lengths, counts were sbmdardized to number of flies per Joo m walking distance. 

Three to six manure sub·samples totaling up to 1000 g were collected weekly 
from wet spots in the front, center and back sections of each house. So that the 
final predation rate by 0. aenescens on house flies could be determined, the 
samples were brought to the insectary, weighed and 1>laced in rearing containers. 
Emerged adults were counted and their weekly numbers standardized by calculating 
the average number of emerged flies per 400 g manure. 

First Year Single Seeding, Bent Mount.ain, VA. Approximately 125,800 0. aenescens 
larvae and pupae were seeded on 3 June 1985, into the pits of a 15 by 107·m 
commercial high·!ise !llyer house containing 50,000 laying hens at Bent Mountain, 
Va. The averuge spot card count of the house ny population at the time of release 
was 64 spots per card. Reinfestation pressure came from four adjacent untreated 
houses. The house ny population was monitored in the seeded house (BMSD) and 
in an adjacent unseeded house (BMCK) for 20 wk. 

Second Year Multiple Seeding, Bent Mountain, Va. Beginning 8 November 1985, 
multiple seeding of 0. aeneSCCflS began in house BMSO and continued through 
September 1986. Weekly moving tape counts of the house ny population were 
recorded in houses BMSD and BivlCK Reinfestation pressure again came from 
the four adjacent houses; however, in 1986, the coOpel'8tol' applied a 1% bomyl fly 
bait (TrueGrit Blue'''', Ceva Laboratories, Overland Pork, KS) in all unseeded 
houses for 22 wk from 7 April through 9 September. The seeded house received 
fly bait for 15 d from 4 to 19 April. 

Effect of 0. aenescens on Cyromazinc Treatments, Jetersville, VA. Ophyra 
aenescens was tolerant of 1.5 ppm cyromazine treatment in the layer feed (E. C. 
T., unpublished data), To dctennine if the presence of O. aenescens would reduce 
the amount of cyromazine needed to control house flies, multiple seedings were 
introduced into a 152.4 by 15.2-m house containing 102,000 layer hens (JTSD) and 
compared to a nearby 152.4 by 10.7·m check house (JTCl<) containing 65,000 layer 
hens. Two other unseeded houses were present. Flies were monitored twice a 
month. 

The cooperator was under orders by local health authorities to control house 
flies. Thus. treatment of 1.5 ppm (Al) cyromazine (0.5 kg of 0.3% Premix per 
metric ton of feed) was staned in any house, including house JTSD, that he 
judged had a house fly problem. By our independent counts, this was > 20 house 
flies per 100 m. As soon as flies were brought under control, « 10 flies per 100 
m), treatment was stopped. Records were kept of the number of days and houses 
receiving treatments. Cyromazine cost was $3.08/t of feed. The birds in house 
JTSD consumed 9 t and in house JTCK, 6.4 t of feed a day. 
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Seeding in Isolated Houses. To eliminate the problem of rcinfestation pressure, 
we located two adjacent high-rise controlled environment caged layer houses 
(houses BM5 and BM6, 76,2 by 17.4 m, containing 60,000 birds each) in an isolated 
valley near Bent Mountain, Virginia. These were newly built houses with no 
previous accumulation of manure in the pits. The nearest commercial high rise 
house was about 6.4 km away. 

House BM5 was stocked wit.h young birds on 1 October 1986 and 0. aenescens 
seeding began 16 October. Manure had accumulated up to 25 em, and a house fly 
population of six flies per 100 m was present. The manager had been spraying the 
upper story and pit of this house with natural pyrethrin plus synergist three times 
a week. He stopped spraying 2 wk after we began the seeding. 

House BMB was stocked and the first O. aenescens seeding was made on 2 
February 1987. Less than 5 em of manure had accumulated and no house flies 
were seen. 

On 29 April 1987, after O. aenescens dominance was established in both houses, 
we began monitoring house flies in an unseeded commercial high-rise layer house 
(BM23) located 6.4 km from houses BM5 and BM6. This house (107 by 15 m, 
containing 50,000 birds) was sprayed every 2 rna with natural pyrethrin plus 
synergist. 

Stratification Habits of House Flies and O. aenescens. \oVeekly moving tape 
counts were made in three walkways in the upper story and in the pits of houses 
BM5 and BM6. The route in the pits consisted of the same area just under the 
walkways. 

RESULTS AND DISCUSSION 

First Year Single Seeding, Bent Mountain, VA. All houses were identical in 
construction and management, and it was assumed that there was no initial 
difference in house fly population. In June, the average difference in the house fly 
population between houses BMSD and BMCK was 28.1%. This initial small 
percent difference was expected because it would take at least 3 to 4 wk for any 
larval predator to affect an adult population already present. In July, the fly spots 
were substantially reduced in house BMSD with a difference of 91%; however, in 
late summer, reinfestation pressure of nies from all unseeded houses caused a 
resurgence of house flies in BMSD. The average percent difference for the 20-wk 
period was 45.9% (Table 1). None of the houses had been treated with insecticides. 
We concluded that additional mass-releases of O. aenescens would be needed to 
maintain control. 

Second Year Multiple Seeding, Bent Mountain, VA. Comparisons of house fly 
populations in houses BMSD and BMCK from 8 November 1985 to 9 September 
1986 (11 mol showed a reduction of 45.3% in house BMSD (Table 2). This was 
similar to results in the previous single seeding (Table 1); however, the second 
year the manager used 1% bomyl fly bait, in house BMCK for 22 wk from 7 April 
through 9 September. This probably affected the percent difference between the 
two hOllses. 
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Table 1.	 Weekly spot card counts showing the effect on house lly populations of 
a single seeding of 125,800 Ophyra aellescens in a commercial high rise 
layer house (BMSD) compared to an unseeded (BMCI<) house, Bent 
Mountain, VA, 3 June to 14 October 1985. 

Month' No. spots per card Percent 

BMSD BMCK differencet 

June 70.6 98.2 28.1 
July 33.0 366.8 91.0 
August 164.7 219.3 24.9 
September 267.5 409.7	 34.7 
Q£\9.i)!'Lm__ ...m __m __ .... . ~.1~J>. __... mm 1!7.c~..mmmm....mh...n.>.73mm 
X+ SE 164.9 + 32.3 305 + 38.2 45.9 
• Monthly lwcruge.
 
t Percent difference'" (BMCK-BMSIWBMCK X lOll
 

Table 2.	 Weekly moving tape counts showing the effect on house ny (HF) 
populations of multiple seeding of 0. aenescens (OA) in house (BMSD) 
compared	 to an unseeded (BMCK) house, Bent Mountain, VA 1985·86. 

o.OA HF/IOO m Percent 

Month' Seeded BMSD BMCK differencet 

ovember 95,200 1.3 6.6 80.0 
December 85,000 4.9 7.9 38.0 
January 0 0.7 10.2 93.1 
February 0 2.3 11.5 80.0 
March 0 1.3 2.3 43.5 
Aprilt 119,000 11.7 LO.4 ·12.5 
May 0 2.7 8.1 66.7 
June 0 26.2 65.3 59.9 
July 42,500 28.1 21.2 ·32.5 
August 0 15.0 23.8 36.7 
~ ~J'~!: "!!!~-': .. __ .. __ m __ .__ ?~, ~9 .n mmn..!:?n m.m h n __ 2:~ .m.mm .h ..?.?:?__ h. 
X ± SE 8.7 ± 3.08 15.9 ± 5.30 45.3 
• Avemge counts eveI')' " wk from November to Murch: every 2 wk fmlll April t() September.
 
t Percent difference'" (BMCK - BMSD)/B~'ICK X 100.
 
; Upper stOl)' of house BMCK was treated wilh 10k bomyl fly hait from 7 April 10 9 September. The
 

house 81'1.181) was treated from 4 to 19 April. 

Effect of O. aenescens on Cyromaz;ne Treatments, Jetersville. VA., House fly 
populations in houses JTSD and JTCK from 15 May to 10 October at Jetersville, 
VA., showed an aver'age percent difference of 31.8% (Table 3). rn decisions 
independent of our counts. the manager treated house JTSD for 42 d and house 
JTCK for 122.5 d with cyromzine. This treatment, based on feed consumption of 9 
tid (at $3.08 cyromazine/t) in t.he larger house, JTSD, and 6.4 tid in house JTCI<, 
showed a cost of $1176 in house JTSD (101,000 birds) and $2401 in house JTCK 
(65,000 birds). The cost for treatments were $11.53 and $36.93 per LOOO birds in 
the houses JTSD and JTCl< respect.ively. The cost of rearing O. aenesc:ens, not 
including labor 01' the trays that had to remain in the rearing chamber, was 
$75. 
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Table 3.	 Moving tape counts showing the effect on house ny (H F) population of 
multiple seeding of 0. aen.escens (OA) in house JTSD compared to 
unseeded house JTCK, Jetersville, Va. 1986. 

No.OA HF/JOO m	 Percent 

Month* released JTSDt JTCI<* difference § 

May 119,000 17.7 16.8 - 5.7 
June 59,500 4.8 6.7 27.6 
July 1l0,500 2.1 4.4 52.2 
August J36,000 2.3 7.2 68.1 
September 0 2.6 13.2 80.3 
October 0 7.0 7.9 J 1.4 

X± SE	 6.0 ± 2.7 8.8 ± 2.3 3J.8 

• l'\'lonihly llverage counls evcry 2 wk.
 
t Treated C\'cry dny with 1.5 ppm cyromnzine in feed from 12 June to 24 Jul)',
*Trenled every dny with 1,5 ppm cyromnzine in feed IS Mny to 3 September; trent cd every other day
 

from 3 Septembcr to I October. 
§ Perccnt difference'" (JTCK. JTSD)/JTCK X 100, 

Seeding in Isolated Houses. From 16 October to to December 1986, 398,000 0. 
aenescens were released in house BM5. By 13 January 1987, the larval samples 
showed a dominant ratio of 0. aenescens over the house fly (Table 4). On 20 
January, the owner removed the birds and cleaned out the manure including the 
dominant 0. aenescens. This house was I'estocked on 12 March and O. aenescens 
seeding began on 19 March while the manure accumulation was < 10 cm and 
house fly counts were < 1 fly per 100 m. Ophyra aellescem,' became dominant and 
after 15 April further seeding was not needed (Table 4). 

Table 4,	 Monthly avemge of O. aeneSCCIlS (OA) llnd house flies (HF) emerging 
from manure samples collected weekly from front, center and back of 
isolaled house BM5, Bent MOllntain, VA 1986-87. 

Total 398,900 
Second Brood Birds (1987) 

March 178,500 2.3 ± lo5 5.7 ± 2.3 2.5 
April 51,000 3.2 ± 1.4 J6.4 ± 3.4 5.1 
May 0 2.7 ± 1.6 20.6 ± 3.5 7.6 
Junet 0 2.4 ± 1.6 18.4 ± 2.2 7.7 

Total OA 229,500 
Birds moved oUL 20 Jannary and mmlUre rcmovcd. Beswckud 12 :\1nrch 1987, 

t Bird!'. moved Out 10 June and manure removed, Manure snmpling tenninated, 
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In house BM6, by seeding O. aenescens the same day the house was stocked 
with young birds, dominance over house nies was established within 1 wk. On 13 
May 1987, the birds were removed but the manure was not and Ophyra aenescens 
dominance continued until the experiment was terminat.ed (Table 5). 

The house fly population in the first brood of house BM5 was 5.2 house flies 
per 100 m (Table 6) at the first 0. aenescens seeding. The monthly average house 
fly counts in house BM23, located 6.4 kill from the seeded houses, was 41.4 house 
nies per 100 m compared with counts of 7.5 and 4.4 in houses BM5 and BM6 
respectively (Table 6). 

Stratification Habits of House Flies and O. ae"escens. In houses BM5 and BM6, 
cumulative counts of both species of nics in the upper noor section (Fig. 1) was 
compared with similar counts from the pits (Fig. 2). On the upper noor, house nies 
accounted for 94.5% (214.0 flies per 100 m) and 95.3% (16L.I nies per 100 m) in 
houses BM5 and BI\-16 respectively. Though the house fly population was small, it 
was still dominant in the upper noor section despite t.he larval 0. aenestens 
dominance in the manure. 

Table 5. Monthly average of O. aeTlCscens (OA) and house nies (HF) emerging 
from manure samples collected weekly from front, center and back of 
isolated house BM6, Bent Mountain, Va. 1987. 

No.OA Flies per 400 g ± SE Ratio 

Month Seeded HI' OA OAtHI' 

Febl'ual'y 
Mal'ch 

229,500 
0 

1.3 ± 0.6 
4.4 ± 1.9 

14.2 ± 4.4 
16.8 ± 3.7 

10.9 
3.8 

April 
May* 
Junet 

0 
a 
0 

6.1 ± 2.5 
3.1 ± 1.7 
3.1 ± 1.7 

18.7 ± 4.8 
25.5 ± 5.2 

180.0 ± 96.2 

3.1 
8.2 

58.1 
July 0 
August 0 
Sel,tembel't 0 
• __ ••• h_nnn __ d •••• n_n_ •• h 

21.1 ± 5.9 
1.4 ± 1.3 
0.4 ± 0.4 

n_n...._.hn •• n_••• _n h 

204.2 ± 64.6 9.7 
I.7 ± 1.3 1.2 
6.0 ± 3.3 15.0 

n __ ._. n __ •••• __ ••••••• n. __ .h 

Total OA 229,500 

• Birds remO\'cd 13 l\·tay. manure nol rcmovcd.
 
t Reslocked 10 June.
 
~ Birds removed '2 September, all 1ll1lllUrl' cleaned out, cXI>crimcnt tcnninlltccI.
 

The dominant adult. population in the pits section of both houses was 0. 
aenescens. The !'atio of percent. house l1ics to 0. aenesc:ens was 48.6 to 51.4% in 
house BM5 and 34.7 to 65.3?o in house BM6 (Fig. 2). Ophyra aenesc:ells adults 
remained mostly in the pits of high-rise poultry houses and were not annoying, 
supporting the conclusions by Nolan and Kissam (1987) that O. aenescens is not a 
pest to poultry egg producers or the surrounding areas. 

Investigations are still needed to determine all of the conditions under which 0. 
aenescens dominance can be maintained; however. we can draw some conclusions. 
First D. aenescens releases should be made when house fly I>ol>ulations are smull. 
Second, reinfestation of house flies migrating into seeded houses from unseeded 
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Table 6.	 Monthly average of weekly Counts or house ny populations comparing 
isolated seeded houses BM5 and BM6 with a similar high-lise unseeded 
hOllse (BM23), Bent Mountain, Va. 1986·87. 

House nies per 100 m
 

Month BM5 BM6t BM23t, *
 
October 5.2 
November 4.4 

December 3.7 
January 2.6 
February .* 1.1 
March 0.4 7.2 
April 3.3 10.6 56.9 
May 6.0 1.5 65.9 
June 10.3 1.8 55.5 
July 5.7 5.7 32.7 
August 22.4 6.3 29.5 

~?J'~':~ ~?~ ~'h .muu. uu __ ~ ~.~~ __ mu __ m uum __ n~: ?L__ u.mm.nmm...•m .~:Om __U U 

X±SE	 7.5 ± 1.3 4.4 ± 1.2 41.4 ± 7.6 

• Birds and manure removed. Bird~ restocked on 12 March and O. aellt!.~C('m; reseedin~ began on 19 
:\1arch. 

t Birds removed 13 May, restocked on 10 June. 
t: House sprnyed 6 May, 29 Jul)' and 2 September with synergizcd pyrelhrin adulticide. 
§ Birds removed 2 September. manure removed, eXI)eriment tenninoted. 

houses should be avoided by mass-seeding of 0. aenescens in all houses in the 
area. Finally, our results showed that O. aenescens dominance was maintained as 
long as the manure was not removed. 

Because O. aenescens adults remain almost exclusively in the pits, they can be 
considered beneficial under these cil'cumsUinces. Adulticides such as baits can be 
applied to the upper noor to reduce the population or the house flies that escaped 
predation. So long as the treatment docs not drift or fall into the pits, the 0. 
aenescens population should not be affected. Mass rearing and release of 0. 
aenescens can be used for reduction of house fly populations and still be compatible 
with adulticide baits. Thus, in an TPM program which uses limited insecticide 
treatment, O. aenescellS can be included. 
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MOVING TAPE COUNTS - UPPER FLOOR
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Fig. I. Cumulative total of houseflies (HF) and 0. aenescens (GA) (flies/LOO m) 
from moving tape counts in the upper noor of (a) house BM5 and (b) 
house BM6. 
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MOVING TAPE COUNTS - PITS 
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Fig. 2.	 Cumulative total of house flies (HF) and 0. aenescens (OA) (flies/IOO 
m) from moving tape counts in the pits of (a) house BM5 and (b) 
house BM6. 
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ABSTRACT 

European corn borel', Ostrillia 'lUbilatis (Hubner), spring moth emergence from field
coged corn find sorghum stalks in Darlington County, S.C. was monitored during the 5-yl' 
period 1985-89. Regression analysis of 10·90% moth emergence (Y) on degree-day accumulations 
(x) (base lOoC; 1 March starting dllte) revealed a highly significant logarit.hmic relationship 
(r~ = 0.759; n = 30; P < 0.001) expressed as Y = -374.51 + 79.56(1og x). Obsolved dales for 
10, 50, und 90% emergence always occurred within 4. II, and 12 d, respectively, of the 
predicted dates. Emergence for 1988 required substant.ially greater degrec-day accumulations 
than for thc other ycaTS, indicating that factors other than temperaturc may have been 
involved. Omission of the 1988 data Crom the analysis produced a highly significant linear 
relationship (r2 = 0.901; n = 25; P < O.(Xll) expressed as Y = -54.56 + 0.51:<. With one exception, 
this equat.ion predicted 10, 50, and 90% emergence within 3, 2 and 3 d of the observed 
emergence, respecti\'ely, with actual dates of 10, 50, and 90% emergence varying from the 
mean calendar dates by 15, 13, and 9 d, respectively. 

Key Words: Ostrinia rwbilalis (Hubner), European com borer, degree·days, spring emergence. 

J. Agric. 8ntomol. 7(3): 259-264 (July 1990) 

The European corn borer (ECB), Ostrinia nu.lJilalis (Hubner), is a seriolls pest 
of corn, cotton, sorghum, wheat, and vegetable crops in the southeastern United 
Stat.es. This insect overwinters as a fifth-instal' larva in above-ground plant debris 
and moth emergence occurs in South Carolina during March, April, and May 
(DuRant 1969, DuRant et a!. ]986). Since ECB larvae tunnel into the host plants 
within a few days after eclosion, effective chemical control involves timing of 
insecticide applications to coincide with the presence of newly hatched larvae. 
Legg and Chiang (1984) proposed a b ....o-step model for predicting ECB oviposition 
based on moth captures in pheromone traps. A reliable method of predicting ECB 
moth emergence would enhance management of the first generation of this pest by 
enabling growers and pest management specialists to more precisely time activities 
such as pheromone trap monitoring and in· field scouting. 

Temperal.ure is the primary factor innuencing the rate of ECB development 
(Beck 1968). Both Caffl'ey and \OVorthley (1927) and Matteson and Decker (1965) 
reported that the lower threshold temperature fol' ECB development is ca. WOC. 
Many degree·day (DD) methods for predicting the rate of insect development have 
been proposed which est.imate, with differing degrees of precision, actual DD 

Hcceived for Jlublication 24 November 1989; accepted 28 t,'ehnIUI)' 1990. 
Technical contribution 110. 3015 of the South Coralino Agriculturol Experiment Station, Clemson 
University. 
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accumulations (Pruess 1983). Several studies have been conducted on the effects 
of DD accumulations on ECB development. (Apple 1952, Jalvis and Brindley 1965, 
Anderson et al. 1982a,b. Eckenrode et al. 1983, Despins and Roberts 1984, Boivin 
et al. 1986). Despins and Roberts (1984) and Boivin et al. (1986) obsCI"Ved thaI DO 
requirements for ECR night peaks varied among different geographic locations. 
Eckenrode et al. (1983) found that ECa flight patterns varied due to different 
biotypes. Umcozor et al. (l985) investigated the effects of different tillage practices on 
the timing and duration of overwintering geB moth emergence and rcported that 
emergence occurred significantly later and was longer in duration in unhan'ested 
com plots than in mowed and disked plots. 

This study was conducted to determine the relationship between DD accumu· 
lations and spring emergence of ECB moths in the South Carolina Coastal Plain 
region. 

MATERIALS AND METHODS 

Corn (1985, 1986) and sorghum (1986-1989) stalks infcsted with diapausing 
fifth-instal' ECB lalvae were collected from fields in Darlington County during 
October and November. These stalks were cut at or slightly above the soil surface 
and immediately transferred to 2.4 by 2.4 by 1.8 m Lumite natural Saran 7.1 by 5.5 
mesh/cm field cages which at been erected in a recently disked field within 1 km 
of the collection site. Each cage conmined ca. 1,000 stalks. The stalks were 
stacked loosely on the soil in 1985-86, and suspended ca. W cm above the soil 
surface in wire mesh cylinders in 1987-89. The mesh was sufficiently coarse so that 
ECB moth movement was not impeded. Two cages containing corn stalks in 1985, 
one containing corn and one containing sorghum stalks in 1986, one containing 
sorghum stalks in 1987 and 1988, and two containing sorghum stalks in 1989 were 
monitored. A hygrothcnnograph was hOllsed in a standard weathel' shelter, ut a 
height of ca. 0.9 JIl, inside one of the cages. Emerging moths were counted and 
removed from the cages daily, Monday through Fliday. Degree-days were calculated 
beginning 1 M81'ch using WoC as the base tempel'8ture. The daily DO accumuJation 
was computed as the average of the daily maximum and minimum temperatures 
minus WoC; negative accumulations were defined as zero (LoeweI' et al. 1974). 
Alt.hough selection of 1 March as the starting date was arbitrary, this date 
provided slightly more accurate predictions than did 1 January. Regression 
analysis was conducted to quantify the relationship between DO accumulations (x) 
and percent emergence (Y) (Lotus Deve!. Corp. 1987). 

RESULTS AND DISCUSSION 

Emergence began al 39-82 DO, reached 10% al 113-166 DO, 50% at 181-285 
DD, 90% at 256-416 DO, and 100% at 368·515 DD. An exception WllS ]989, when 
emergence began on 16 February, prior to the 1 March starting date for DD 
accumulation. However, only 11 of 3728 (0.30%) moths had emerged by this date. 
Emergence plotted over accumulated DO produced a sigmoid curve, but when the 
extremes (0-10% and 9O·100%) were omitted a significant logarithmic relationship 
(1'2 = 0.759; n = 30; P < 0.001) existed (Fig. 1). A linear regression, while only 
slightly less significant (r"l = 0.681; n = 30; P < 0.001), tended to underestimate the 
DO requirements fOl' LO% emergence. 
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Fig. 1.	 Relationship between emergence of overwintering European corn borers 

and cumulative degree~days from I March in Darlington County, S.C., 
L985~89. Solid circles represent J988. 

Examination of Figure 1 reveals that observed emergence fol' 1988, especially 
for 50% and greater, was I'elativcly stow compmed with predicted emergence. For 
each percent (Y axis), the solid circle on the far right represents the 1988 
emergence. Although the cause of this relatively slow emergence is unknown, only 
161 moths emerged. Beck (1967) reported that partially dehydrated diapausing 
ECB larvae were incapable of complet.ing prepupal development until after they 
had access to water. Following access Lo contact moisture, pupation occurred 
rapidly. Dehydration appeared unlikely to be a faclor in the delayed 1988 emergence, 
since precipitation totalled 6.1 and 9.4 cm for ~'larch and April, respectively. 
Emergence was not delayed for 1.986, when precipitation totalled 10.5 and 0.9 em 
for March and April, respectively. Additionally, cumulative precipitation for January 
and F'ebrulll'y was 10.7 cm for 1988 compared with only 4.0 ern for 1986. This 
(1988) was the only year in which females outnumbered males. Since male moth 
emergence always peaked before female emergence, this may partially explain the 
delayed emergence. The sex ratio (males: femHles) was 0.9:1 for 1988; it vuried 
from 1.1:1 to L.4: L for the other years. 

\Vhen the L988 data were omitted from the regression analysis, a highly 
significant linear relationship existed (1'2 = O.90L; n = 25; P < 0.001); the equation 
Y = ·54.56 + O.51x provided a more accurate prediction of emergence (Table 1, 
Fig. 2). The observed dates for 10% emergence, which ranged from 28 Murch 
(L986) to 17 April (1987), nevel' differed from the predicted dates by more than 3 d 
(19 DD). The observed daLes for 50% emergence ranged from 4 April (1986) to 24 
April (L987), and ah..'ays occurred within 2 d (24 DD) of the predicted dates. The 
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Table I.	 Obsolved versus predicted European corn borer spring emergence from field· 
caged corn and sorghum stalks in Darlington County, S. C. 

Host No. 10% emergence" 50% emergence- 9O'jf Emergence" 

(year) moths Observed Predicted Observed Predicted Observed Predicted 

Corn (1985) 1355 2 Apr. 31 Mar. 15 Apr. 13 Apr. 22 Apr. 21 Apr. 
(146) (127) (227) (205) (308) (283) 

Com (1986) 196 29 Mar. 30 Mar. 7 Apr. 6 Apr. 18 Apr. 18 Apr. 
(118)	 (127) (2"21) (205) (28·1) (283) 

Sorghum (1986) 257 28 Mar. :10 1\'101'. 4 Apr. 6 Apr. 15 Apr. 18 Apr. 
(113)	 (127) (182) (205) (273) (283) 

Sorghum (1987) 1088 17 Apr. 14 Apr. 24 Apr. 24 Apr. 1 May 3 MilY 
(146) (127) (206) (205) (256) (283) 

Sorghum (1989) 3728 29 Mar. 29 !\'laf. 7 Apr. 17 Apr. 24 Apr. 26 Apr. 
(127)	 (127) (181) (205) (263) (283) 

" Numbl!rs in Jlllrcnlheses are degrce·dllYll. 
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Fig. 2.	 Relationship between emergence of ovcl"\vintering European corn borers 
and cumulative degree-days from 1 March in Darlington County. S.C., 
1985·89 (excluding 1988). 
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observed dates for 90% emergence ranged (rom 15 Aplil (1986) to 1 May (1987), 
and always occurred within 3 d (27 DD) of the predicted dates. The only exception 
was for 50% emergence in 1989, which occurred 10 d prior to t.he predicted date of 
17 April. Temperatures were unseasonably low during this time, with only 17 DD 
accumulating between 7 and 17 April. Emergence from sorghum ran slightly ahead 
of emergence from corn during 1986. 

This study indicates that ECB spring emergence in the South Carolina Coastal 
Plain region can be predicted with relative accuracy using DD accumulations. 
Pruess (1983) recommended that any claim that a DD model is superior to simple 
calendar date predictions should include deviations in actual days from mean 
calendar dates fOl' comparison. The mean calendar dates for 10, 50, and 90% 
emergence were 2, 11, and 22 April, respectively. Actual dates for 10, 50 and 90% 
emergence were 28 March - 17 April, 4 - 24 April, and 15 April- 1 May. respectively. 
Although the method used here underestimates DO accumulations when the 
threshold (lO°C) lies between the daily maximum and minimum temperatures, 
ECB development during these days probably would be relatively minimal. 
Caution must be observed when using trap capture data with this predictive 
equation, since the time between moth emergence and trap capture will vary 
depending on such factors as trap type (Oloumi-Sadeghi et al. 1975, Legg and 
Chiang 1984), location, and weat.her conditions. Blacklight and pheromone traps 
were present in the vicinity of the field cages during each year, but they captured 
extremely low numbers of ECB moths. Trap captures lagged several days behind 
caged moth emergence. Future validation studies must include attempts to determine 
the chronological relationships among emergence, trap capture, and oviposition. 
This study utilized unharvested corn and sorghum stalks; emergence probably 
would occur several days sooner in fields subjected to mowing and disking 
(Umeozor et al. 1985). Although determination of the reason for the slight 
difference in rate of emergence f!'Om corn and sorghum observed during 1986 was 
beyond the scope of this study, microclimate could have been a factor. Average 
temperatures possibly were lower within the larger corn stalks, resulting in fewer 
DD accumulations than within the sorghum stalks. Other possible factors include 
differences in moisture le\'els and nutrition between these two plants. 
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HOST LOCATING ABILITY OF TRlCHOGRAMMA PRETfOSUM RILEY!
 
IN INSHELL PEANUTS UNDER LABORATORY CONDITIONS'
 

John H. Brower
 
Stored·Product Insects Research and Development. Laboratory
 
Agricultural Research Service, U. S. Department or Agriculture
 

Savannah, GA 31403
 

ABSTRACT 

The ability of the egg parasitoid, Trichogramma prctiosum Riley, to locate and IHll'usitize 
eggs of the almond mot.h, GlIdra cQuw(/a (Walker), at vllrious depths among ins hell peanuts 
was tested in the laboralOI)'. Egg cards with 50 host eggs were inserted into small wire cages 
and positioned at 0-. 10- lind 20-cm depths in 3.8-liler jars conl~lining 1100 g of inshell 
peanuts. Either 200 or 500 T. pretiosum-pflrilsitized almond motll eggs, I d before cclosion, 
were scattered on the surface of the peanuts. Two light conditions, J2:12 L:D photoperiod or 
constant darkness, and two confinement levels, jars left open or jan; closed, were tested. 7'. 
pretiosum parasitized 63,3% of the almond moth eggs on the surface (0 cm), 36.9% at 10 CIn, 

and 12.i% at 20 em, rcgardless of other variables. Percent parasitism was grcater at all 
depths \vhen 500 T. pretioslJIn were released ("6.9r;~,) than when 200 T. prelioswn were 
released (28.3%). Parasitism was not significantly greater under 12: 12 L:D conditions (39.8%) 
than in constant darkness (35.5%), and confined parasitoids or unconfined parasitoids were 
about: equal in efficacy or parasit.ism, :\7.2% versus 38.0(i~. respectively. 

Key Words: Insecta, peanuts, stored commodities, biological control, pamsitoid, 7hchugl'nmma, 
Cadm, almond moth. 

J. Agric. Entoll1ol. 7(4); 26S-273 (October 1990) 

The almond moth, Cadra cQul.el!a (vValker), and the Lndianmeal moth, Plodia 
interpunctella (Hubner), are two primary pests of stored inshell peanuts in the 
southeastern United States (\Vomack 1984). Because these moths are major targets 
of chemical control efrorts, they have developed high levels of resistance to most. 
of the commonly used protectants Hnd rumigants (Attia et al. 1981, Zettler 1982, 
Arthur et al. 1988). These problems have prompted the investigation or various 
biological control agents including plll'asitoids and predators (Arbogast 1984) and 
microbials (McGaughey 1982). As pmt or this research into the biological control 
of insect pests of stored products, the potential or Tlichogramma spp. fol' control 
of moth populations is being invest.igated (Brower 1984b). 

Several species or cosmopolitan egg parasitoids in the genus Trichogramma 
have been mass·produced and distributed roJ' the suppression of field crop and 
orchard pests (Ridgway and Vinson 1977). Eggs of stored-product Lepidoptera are 
usually used for the mass production of the lmge numbers of Trichogramma 
needed for field 01' orchard release (Alden and Farlinger 1931, Lewis and Redlinger 
1969, Daumal et a1. 1975, Morrison et al. 1976). Brower (l984a) first reported the 
natural occurrence of T pretiosum Riley and T parheri Nagurakatti in peanut 
warehouses infested with the almond moth and suggested that Trichogramma spp. 

Hymenol)tcra: Trichogrnmrnalidae
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could be used for the suppression of stored-product Lepidoptera populations 
(Brower 1984b). The most common criticism of this proposal has been that, 
because Trichogramma spp. arc known to be positively phototactic (Morrison et a1. 
1976, Brower and Cline 1984), parasitoids released into storage warehouses would 
quickly ny to windows and doors and escape without locating or parasitizing 
potential host eggs. Therefore. the present study was designed to test the 
response of adult T pretiosum t.o t.he presence of almond moth eggs positioned at 
three depths among inshell peanuts by evaluating percentage of host egg parasitism. 
Secondary objectives were to test parasitoid effectiveness in confined and unconfined 
conditions in both total darkness and in a l2: l2 L:D cycle. The effect of parasitoid 
density on the percentage of almond moth egg parasitism also was determined. 

MATERIALS AND METHODS 

Trichogramma Rearing Procedure - The st.rain of T. preliosum used in these 
tests was originally obtained in L980 from the USDA Cotton Insects Laboratory, 
College Station, Texas, where it had been reared fol' many genemtions on eggs of 
the Angoumois grain moth, Silolroga cerealella (Olivier). At our laboratory this 
species was reared on almond moth eggs killed by LOO had of gamma radiation as 
described by Brower (1982). Irradiated eggs were distributed in a plastic petri dish 
(9-cm diam) to provide a uniform single layer of eggs. Petri dishes were then 
placed in a wide mouth jar (3.8-liter) that contained freshly emerged and emerging 
T. pretioswn adults. Dishes v.'ere left in this closed chamber 1'01' ca. 4 h to allow for 
parasitism; petri dishes were then transferred to an empty jar. New cultures were 
established daily and held in a controlled environment chamber maintained ai 
27 ± 1°C, 50 ± 5% RH, and a 12:12 L:o cycle (light 0600 to 1800 h). 

Collection of Hosl Eggs - gggs of the almond moth were collected from moths 
reared under controlled conditions similar to those for T. pretiosum except that 
humidity was maintained at 60 ± 5% RH. The diet of these moths was described 
by Silhacel{ and Miller (1972). To obtain eggs for the tests, large numbers of 
almond moth adults (1- to 2-d-old) were collected from stock cultures and placed 
in an inverted jar (3.8-liter) equipped with a screened lid. A rectangular piece (23 
by 30 em) of black contruction paper was folded to produce a six-pointed, hollow 
cylindrical star and placed inside the jar to provide sufficient surface area for the 
moths to rest without being crowded. Eggs that fell through the screen were 
collected after ca. l6 h, sifted through a 15 mesh/em screen to I'emove debris, and 
placed in a glass petri dish. Eggs were then rendered infertile by irradiation in a 
calibrated console UliCO irradiator with a source stl'ength of ca. 329 Ci and a dose 
rate of 352 md/min. 

Preparation of Egg Cards - A file card (7.6 by 12.7 em) was ruled so as to 
provide 12 equal rectangles (1.27 by 5,08 cm) plus a 2.54-cm margin for handling. 
The rectangles were lightly brushed with rubber cement and allowed to dry for at 
least 30 s. Pifty llTadiated almond moth eggs (8- to 24-h old) were evenly distIibuted on 
each rectangle with the aid of a dissecting microscope. The rectangles were cut 
apart and each was placed in a cylindrical 15 mesh/cm monel screen cage that was 
closed with a #7 cork. All egg cards used in a test were prepared in the same 
manner. 
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Inshell Peanuts - Runner type inshcll peanuts were held in cold storage at 
4.5 ± O.2°e until usc_ Peanuts were not treated with any pesticide and were clean 
(debris constituted less than 0.35% by weight). Peanuts were thoroughly mixed to 
provide a homogeneous testing medium, and separated into lots of ca. 1100 g to 
rill glass jars (3.8-liter) to a depth of 20 cm. 

Test Procedure - Three corked cages containing egg cards were placed at the 
horizontal center and parallel to the bottom in each 3.8-liter jar. One of each of 
the cages was placed at the 20-cm depth, at the 1O-C111 depth and on the surface (0 
em). A headspace of 5 cm was left in each jar. The surface cages were withheld 
until either 200 or 500 T preliosum-parasitized almond moth eggs, less than 24 h 
from pal'asitoid emergence, were scattered randomly on the surface 01' the peanuts. 
7hchogramma \.\'ould probably be distributed in this way in a commercial application. 
The O-cm cages were then placed on the surface of the peanuts. Lids, with t\\lO 3.3
cm circular perforntions and lined with two layers of 12.5-cm diam filter paper, 
were tightened on half of the jars to seal them. The remaining jars were left. 
without lids to allow the T prel,iosum adults to escape. Jars were placed in 
environmental chambers with condit.ions of 27 ± 1°C, 55 ± 5% RH and either a 12
h photophase 01' total darkness. Jars were moved only once and handled carefully 
to avoid sifting parasitized eggs downward. 

After a 6-d exposure in the environmental chamber, sufficient. t.ime for the 
emergence and adult life span of T. preiioswll, the cages were removed from the 
jars. Egg cards were then removed from the cages and placed in labelled plastic 
petri dishes (9-cm diam). Counts were made immediately with the use of a 
dissect.ing microscope to determine number of T. pretiosum-parasitized eggs. Petri 
dishes cont.aining- the egg cards were returned to the environmental chambers, 
incubated an additional 5 d, removed, and the percentage of parasitoid emergence 
recorded. 

'T'hree main variables were incorporated into these tests to yield a 2 X 2 X 2 
factorial design producing eight test conditions (plots) each with three host egg 
depths (subplots). The first variable was the l'elease rate of 200 or 500 T pretiosum 
parasitized eggs to determine the effects of pal'3sitoid density on the parasitization 
n-lte of host. eggs. Results of preliminary test in which the plll'asitoid release ratio 
ranged from 100 to lOOO parasitized eggs per jar showed that 100 parasitoids did 
not penetrate 20 cm of peanuts in sufficient numbcrs to ensure adequate levels of 
host parasitism and 1000 parasitoids gave variable results. Thus, release rates of 
200 and 500 were selccted for the remainder of this study. 

The second variable involved the release of T. pl'etiosum into open jars versus 
the confinement of parasitoids in closed jars with no avenue of cscape at both 
release rates to determine if unconfined pamsitoids would try to leave a peanut 
mass containing host eggs. The third compared a 12-h photophase to total 
darkness in open and closed jars and at bot.h release rates. Because Trichogramma 
spp. are positively phototactic (Brower and Cline ] 984), it was thought that if 
released indoors they would quickly ny to lighted doors, windows, or vents and 
escape without searching for hosts. The use of an alternating light:dark cycle 
versus a completely dark condition with and without parasitoid confinement would 
address these concerns. Subplots were three depths of host eggs in peanuts to 
determine the penetrating ability of T. pretiosum into inshell peanuts. Each test 
condition had 12 replications through time. Data were analyzed with an overall 
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analysis of variance, and least significant differences in mean parasitism at 
different conditions were calculated using the method of Duncan (1955). 

RESULTS 

Almond moth eggs parasitized by T. pretiosum in the laboratory had high levels 
of parasitism (90-100%) and pal'8sitoid emergence of >95%. Only parasitized eggs 
were selected for this study, and counts of 12 replications of 100 parasitized eggs 
kept at the smndard test conditions had an average parasitoid emergence percentage 
of 96.7 ± 1.:J%. The sex ratio of emerged adults from these controls was 53.5 d 

:46.5 9 (I " :1.15 9). 
Release Rale - The effect of parasitoid release rate on percent host egg parasitism 

was highly significant (P < 0.0001) (Table 1). The high release rate was 2.5 times 
the low release rate, and this difference produced significantly greater egg parasitism at 
all three host egg depths (Fig. L). Overall, the 500 release rate was 65.7% more 
effective than the 200 release rate. Specifically, 46.9% (0 = 144) of the available 
almond moth eggs were parasitized at the 500 release rate versus only 28.3% 
(n = 144) at the 200 release rute. 

Table 1.	 Analysis of variance for percentage of almond moth eggs parasitized by 
Trichogramma pretioswn at two parasitoid release rates, two light condi
tions and two levels of confinement of the parasitoid to the test chamber 
and at three host egg depths within each of the main treatments. 

SOUl'ce of Sum of 
variation squares df F Pt 

Release rate (R) 6234.7 I 53.48 0.0001*** 
Light condition (L) 338.0 I 2.90 0.0922 
Confinement (C) 10.9 I 0.09 0.7606 
R X L 1.1 L om 0.9220 
R X C 425.3 1 3.65 0.0594 
L X C 308.3 L 2.64 0.1075 
R X L X C 5.6 I 0.05 0.8277 
Error A (Rep.) 10259.2 88 1.44 0.0216 
Depth of hosts (D) 30647.4 2 188.96 0.0001 *** 
D X R 806.8 2 4.97 0.0079** 
D X L 7lU 2 4.38 0.0138* 
DX C 2169.5 2 13.38 0.0001*** 
D X Rx L 535.9 2 3.30 0.0390* 
D X Lx C 8.9 2 0.05 0.9467 
D X R X C 56.2 2 0.35 0.7077 
Error B 14434.9 178 
Total 66953.9 287 
t Levels of ,<;i~lIificance are * P < 0.05, ** - P <0.01 llnd *** - P < 0.001. 

Light Conditions -The presence or absence of a 12-h photoperiod did not have 
a significant (P> 0.05) effect on host egg parasitism (Table 1). The average percentage 
of egg parasitism was not. significantly greater in the alternating light and dark 
(39.8%, n = 144) t.han in total darkness (35.5%, n ~ 144). No significant (P > 0.05) 
interaction between release rate and light conditions was detected. 
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Fig. l.	 Mean number of almond moth eggs parasitized at three depths in 
inshell peanuts when either 200 or 500 Trichogramma. prcliosum were 
released at the surface. Bars represent means of 48 replications in both 
light and dRl'k and open and closed containers (LSD for two means at 
the 5% level is 3.68). 

Confinement of Parasitoids . The confinement of parasitoids had no significant 
(P > 0.05) effect on the overall levels of parasitism (Table 1). No significant 
(P > 0.05) difference in parasitism occurred when the parasitoids were confined 
with the host eggs (37.2%. n = 144) or allowed to escape freely (38.0%, n = 144). 
Although there was no method devised to count the T. pretiosum that remained in 
or exited from the open jars, the parasitism data indicated that T. pretiosum 
tended to remain with the peanut mass on which they were placed. The interaction 
of confinement and light conditions was not significant (P > 0.05), nor did release 
rate interact with confinement significantly (P> 0.05) (Table 1). 

Depth of Host Eggs. The effect of host egg depth on the number of eggs 
pal'8sitized was highly significant (P < 0.001) (Table 1). Depth was the most 
important factor in influencing the numbers of host eggs parasitized, being more 
important than the release rate. However, a highly significant (P < 0.01) interaction 
between release rate and number of eggs parasitized at each depth was detected 
(Table 1). Significantly (P < 0.01) more eggs were parasitized at each depth at the 
500 release rate than at the 200 release rate (Fig. I). A significant (P < 0.05) 
interaction between photoperiod and depth was found (Table 1). At the 500 
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release rate. significantly (P < 0.05) more eggs were parasitized in the 12-h 
photoperiod at 0 cm and significantly (P < 0.05) fewer eggs at 10 cm (Fig. 2). No 
significant (P > 0.05) difference occurred at 20 em. and none occurred at any depth 
at a release rate of 200 parasitoids. Depth and confinement of the parasitoids 
showed a highly significant (P < 0.001) interaction (Table 1). At the 200 release 
rate there was a significant 0:> < 0.05) difference between confined and unconfined 
parasitoids at the O-cm depth but not at 1001' 20 em (Fig. 3). At the 500 parasitoid 
release rate, the differences were not significant (P > 0.05) at 0 em but they were 
significant at the 10- and 20-cm depths. A weak interaction of depth. rate and 
photoperiod was significant at the P < 0.05 level, and no other interactions were 
significant (Table 1). 
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Fig. 2.	 The effects of a photophase (12h) or continuous darkness on mean 
number of almond moth eggs parasitized by Tricho/.:ramma pretiosum 
released at either 200 or 500 parasitoids per trial. Bars represent means 
of 24 replications with data from both open and closed containers 
pooled (LSD for two means at the 5% level is 5.20). 

Analysis of data for percentage of egg parasitism with depth for each parasitoid 
release rate indicated a linear relationship. Regression equations were calculated 
for each release rate, and these equations explained almost all of the effects 
observed in this test.. At the low release rate about 50% of thc host eggs werc 
parasitized at the surfacc und the percentagl\ declined about 2% fOl' cach centimeter in 
depth (y = 49.67 - 2.J4x. 1.:1 = 0.998). At the higher release rate a similar relationship 
was evident with 76% parasitism at the surface, decreasing by about 3% for each 
centimeter in depth (y = 76.05 - 2.91x. r'l = 0.995). The correlation coefficients were 
very high for both relationships. 
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Fig. 3.	 The effects of confinement or lack of confinement on mean numbcl' of 
almond moth eggs parasitized by Tric:lwgramma prel.iosum released at 
either 200 or 500 parasitoids per trial. Bars represent means of 24 
replications with data from both photophase (12h) and constant dm-kness 
containers pooled (LSD fol' two metll1H nt the 5% level is 5.20). 

The number of host. eggs parasitized at each depth showed a significant 
interaction with both photol)eriod and conlinemcnt. At the surface (0 cm) more 
host eggs were parasitized under photoperiod conditions, especially if the parasiLOids 
were confined and could not ny to a light source, Apparently in the dark more 
pnrasitoids tended to mOve downward in the peanuts, and significantly more eggs 
were parasitized at 10 em in the dark than in the light at the 500 release rate. This 
trend was especially true for the parasitoids that were not confined, in which case 
significantly more eggs were parasitized in the dark at both the 10- and 20-cm 
depths when 500 parasitoids were released. The trend was the same in the 200 
"elcase rate but differences were nOl significant (P > 0.05). 

DISCUSSION 

7'richogramma pretiosum can parasitize eggs of all species of stored-product 
moths tested (Brower 1983), and the almond moth is a particularly suitable host. 
However, because 7hchogrnmma spp. arc nOlmally found on plants, the penetration of 
a bulk commodity such as peanuts to search for host eggs is not n normal behavior 
pattern, One study using a shallow layer of artifical leaf litter in a closed container 
showed rn'chogramma brasiliaense Ashmead could find and parasitize host eggs in 
leaf litter (Martin 1969). The present study showed that T. pretiosum adults could 
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penetrate at least 20 ern into inshell peanuts <-lIld locate and parasitize host eggs. 
As expected, percent parasitism averaged highest at 0 em (63.3(}t1, n = 96) since the 
parasitoids were released on the surface of the peanuts. The data showed that 
average pal'flsitism decreased to 36.9% (n = 96) and to 12.7% (n = 96) at the 10
and 2Q-cm depths, respectively. The numbcr of parasitoids released also significantly 
(P < 0.0001) inl1uenced the percentage of parasitism at each depth, and the 
decrease with depth was a direct linear relationship. Apparently 20 to 25 em is as 
far as T preliosurn can be expected to penet.rate into inshell peanuts at most 
release ratcs, and penetration at low release rates may be considerably less than 
20 em. 

Even though Trichogramma. spp. are positively phototactic (Brower and Cline 
1984), they were effective in finding and parasitizing host eggs in bulk peanuts. 
This finding was unexpected because the parasitoids penetrated to 20 em and 
parasitized host eggs rather than dispersing 1.0 the lights in the cabinet even when 
unconfined. One possible explanation for this behavior is that the presence of host 
eggs or of host odors (kairornones) elicits a searching response and inhibits 
dispersal, and almond moth eggs are known to possess a kairomone attractive to 
T pretiosum (Lewis et al. 1971). Trichogramma preliosum distributed on the 
surface of the commodity were most effective on or near the surface where most 
moth eggs are laid. These results and the findings of others (KnipJing and McGuire 
1968) indicate that mass release of TricllOgramma spp. may be efficaceous fol' 
suppression of moth populations in commercial peanut storages. 
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ABSTRACT 

Different cultivars of (OUI' cereal species, hm:e significl.lntly dil"ferent effects on grasshopper 
growlh. Ton cult-ivar:; (five whellt.. Triticum (1C.~livum 11...1; three oats, AV(:I!a .~ati{;(J IL.I; one 
bfll']CY. Hordeum vuleare [L.I; and one rye, Sec(l/p ('I'lwtle IL.I) of currently recommended 
cel,Ctlls were fed to cngcd grasshoppers in the 11ibornl.OfY /lnd ill the field. 

Weights of nymphs and adult grasshoppers. Mcl(llloplu$ souguinipc.<; (Fabricius), were 
b'Teatesl on CI r)'C diet.. followed by wheat> barley> O<lls. The length of time for brrnsshoppers [0 

ronch adulthood was grcatcst. 011 dicts of oats, followcd by wheat. > barlcy > ryc. A diet. of 
r)'c produced the largest number of adult grasshoppers followed by barley> wheat> oals. 

In field ;Ind laboratory trial!; the highest biotic Jlotential was obtained on barley (c.\·. 
'Bonanza'), followed by rye> wheat> oats. Of the factors \o,.·hich cont.rihute to the biotic 
potential, namely nymph weight. adult. weight., eggs per pod, pods pel' female, number of 
eggs. egg I)od number, the numher of days from egl-( to adulthood, and adult density, the 
latter three explained 87% of the variance in the biotic potential values. 

Key Words: MelOllOplus SGlIguinipes, <Ultihiosis. I't'aring. CCI't'OIs. plant rcsislnllCC, 

,I. Agric, I':nlomol. 7(4): 275-282 (October 1990) 

Grasshoppers are the most imporbll1t insed pest of cereal crops in western 
Canada (Olfert 1986). Grasshopper feeding may occur in spring-seeded cereal 
crops throughout Ole b'Towing season of May to September. \Vhen severe grasshopper 
outbreaks OCClll', crops are protected primarily by the application of insecticides. 
The concept of reducing grasshopper damage through the use of resistant cultiv8rs 
has not received much att.ention in the past 30 yr (Knott 1986). However, 
resistance in cereHI crops would be of great benefit to farmers because it could 
reduce the frequency of insecticide application by utilizing the plants' natural 
defenses in the suppression of insect populations. 

The two fundamental mechanisms of plant resistance arc referred to as: 
antixenosis, nonpl'eference by an insect for n plant; and antibiosis, deleterious 
effects on insect life history when the plant is part of the insect's diet (Kogan and 
Ortman 1978), Olfert et al. (l988) showed that grasshoppers had significant 
differential feeding patterns (which may indicate antixenosis) on cereal cultivars 
under field conditions. Hinks et al. (1987) developed a method to screen cereal 
crops for antibiosis effects to early-instal' grnsshoppers. The objective of the 
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present study was to quantify antibiosis effects throughout the life cycle of 
grasshoppers reared on different cereal cult.ivars. 

MATERIALS AND METHODS 

Ten cultivars of currently recommended cereals were fed to caged grasshoppers in 
the labol'Utory and in the field. They comprised five cultivars of wheat, Triticum 
aestivum (L.) (Columbus, Neepmva, Sinton, Fielder, HY320); three of oats, Avena 
sativa (L.) (Cascade, Dumont, Fidler); one harley, Hordeum vulgare (L.) (Bonanza); 
and one rye, Secale cereale (L.) (puma). A non·diapause strain of Melanoplus 
sanguinipes (Fabricius) (Pickford and R~lIldell 1969), reared in the laboratory 
(Ewen and Hinks 1986), was used for all experiments. The grasshoppers were 
maintained on the respective diets for one complete life cycle. The growth and 
sUlvival parameters that were recorded during the study included nymph weight, 
adult weight, days to reach adulthood and number of adults. The reproduction 
parameters that were recorded were num bel' of egg pods, pods per female, eggs 
per pod, total number of eggs and number of eggs hatched. The biotic potential 
was defined as the average number of live offspring produced per grasshopper. 
Biotic potential was calculated for gl'8sshoppers maintained on each cereal CUltivlll'. 

Laboratory. The cereals to be used fol' the study were seeded (50 seeds) in LO~ 

em pots containing a sterile, soil~free mixture (Stringum 1971). The plants were 
grown in a controlled environmental cabinet at 15· 18°C, 16:8 light:dark. They 
were apPl'Oximately 15 - 20 em in height and 10 ~ 11 d old when they were fed to 
the grasshoppers. 

Fourt.een hundred hatchlings were placed in a metal-framed aluminum screen 
cage (45 cm3 ) (Mazunmich 1975) and immediately fed plants of the selected cereal 
cultivar_ The cages containing t.he grasshoppers and their food plants were placed 
in a controlled environmental growth cabinet at 27 ± 2°C, 16:8 light:dal'k. The 
potted plants were replaced daily to ensure that the grasshoppers were never 
without food. 

After 5 d, the survivors were counted; from among them, four groups of 200 
grasshoppers were randomly selected and transferred to separate cages. This was 
done to prevent overcrowding of later instal' grasshoppers and to minimize t.he 
effects of different densities. Forty individuals were weighed. 

Ten male and ten female grasshoppers were weighed 14 d after the adults 
appeared. Containers with moist silica sand were placed in the cages for oviposition 
once muting was observed. The eggs were recovered from the sand every second 
day, and incubated at 30°C. The numbers of individuals that hatched were 
recorded, and the non-viable eggs counted after hatching was complete. 

Means between cereal cultivars were compared using least significant difference 
(LSD) tests. Multiple regressions (SYSTAT 4.0, SYSTAT Inc.) of all possible 
combinations were used in analysis of factors that influenced' biotic potential 
values. 

Field. The field study was conducted at the Agriculture Canada Research 
Station farm at Saskatoon. The cereals were seeded in random order in 1-m wide 
strips (lS-cm row spacing) and l~m spacing between strips at a seeding rate of 75 
kglha. Metal·frame 'D' cages (Pickford J963), four replicates/cultivar, were placed 
over the crop after emergence. Seventy-five hatchlings were released into the 
cages 20 d after seeding. The number of grasshoppers/cage was less in the field 
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than in the laboratory beclluse the food plants inside the '0' cages were limiting. 
Cages in which the plant. material was consullled during the course of the study 
were moved to another area within the treatment row. No cages were moved after 
the grasshoppers were adults. The grasshoppers completed one generation on each 
respective cultivar. Growth and survival parameters of these grasshoppers were 
not measured becltuse of the difficulty in capturing the insects in the field without 
harming them. The cltges were removed after the grasshoppers had died. Soil was 
removed to a depth of 5 em from beneath each cage, sifted, and the egg pods 
recovered. The eggs were then incubated at 30°C until hutching wus completed. 
The number of hutchlings und non-viable eggs were recorded. 

RESUL;rs 

Growth and survival of M. sanguinipes werc affected to varying degrccs when 
fed exclusively on different species of cereal cultivars (Table 1). The weights of 
nymphs and adults were great.est on dicts of rye, followed by wheat> barley> oats. 
The lengt.h of time it took for the grasshoppers to reach adulthood was greatest on 
diets of oats, followed by wheat> barlcy > rye. A diet of rye produccd the largest 
number of adult grasshoppers followed by barley> wheat> oats. 

Table L.	 The effect. on selected biological parameters of grasshoppers (200/cage) 
when fed different cereal cultivars in controlled environmental chambers.· 

ymph Adult Weight. 

"Veight Male Ii'cmale Days Number 
Cereal (mg) (mg) (mg) to of 

Cultivar (n = 40) (n = 10) (n = 10) Adult Adults 

Wheat 
(Triticum aestivum L.) 

Columbus 11.4 a 302.2 a 334.0 ab 24.3 e 63.8 a 
Neepawa 
Sint.on 

9.2 ab 
8.3 be 

254.0 b 
228.4 b 

307.1 ab 
324.5 ab 

22.8 e 
31.5 b 

62.8 a 
26.3 b 

Fieldcr 8.1 be 232.2 b 299.7 b 32.5 b 30.0b 
HY320 7.8 c 272.6 ab 356.6 a 37.5 a 19.0 e 

MEAN (SE) 9.0 (.7) 257.9 (13) 324.4 (10) 29.7 (3) 40.4 (10) 

Oat 
(Avena sativa L.) 

Cascade 6.3 b 284.7 a 314.8a 34.0a 36.0 a 
Dumont 7.8a 209.1 a 266.0 a 34.8 a 22.5a 
Fidler i.l ab 178.2b 208.4 b 32.8 a 18.8 b 

MEAN (SE) 7.1 (.4) 224.0 (31) 263.1 (30) 33.9 (I) 25.8 (5) 

Barley 
(Hordeum vulgare L.) 

Bonanza 8.1 (.2) 226.4 (11) 267.1 (13) 28.0 (I) 44.8 (2) 

Rye 
(.<>ecale cereale L.) 

Puma 10.2 (.6) 374.6 (9) 472.5 (30) 27.5 (I) 48.3 (3) 
• Means within a column (within ellch cereal group) followed by the same letter arc not different at the 

5'i'- level of significance according 10 LSD tesL 
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Several of the above parameters were affected when grasshoppers were fed 
different. cultival's of the same cereal species. Of the \\,heat cultivars, a diet of 
Columbus resulted in significant.ly higher nymphal weights than three of the four 
other wheal cultivars (Table 1). The innuence of Columbus on the body weight of 
adult males was similar to that of nymphs, however, t.here was not a significant. 
effect of Columbus on the weight of adult females. Grasshoppers were able to 
reach adulUl00d significantly earlier and with more survivors on diets of Columbus 
and Neepawa than on any other cultivar. 

Of the oat cultivars, Cascade and Dumont caused a significant positive effect 
on adult weight (Table 1). There were no significant differences in t.he number of 
days to adulthood among the oat cultivars. Cascade and Dumont, however, allowed 
a significantly greater number of adults to develop than Fidler. 

Similarly, reproduction parameters of M. sanguiflipes were affected in varying 
degrees when fed different species of cereal cultivars (Table 2). The greatest 
number of egg pods, and number of pods per female, were recorded in experiments 
using barley, followed by rye> wheat> oaL'). The largest number of eggs per pod 
and total number of eggs were recorded in experiments using rye followed by 
barley> wheat> oats. The largest hatch was recorded for grasshoppers fed 
barley, followed by rye> wheat> oats. 

Table 2. The effect on selected parameters of reproduction of grasshoppers (200/ 
cage) when fed different cereal cliitivars in controlled environmental 
chambers.* 

Cereal Number Pods per Eggs per Number Eggs
 
Cliltivllr of Pods Female Pod of Eggs Hatched
 

Wheut 
(Triticum aestiuum L.) 

NeepawH 41.5 a 1.4 Db 16.8 a 694.0 a 335.0 D 

Columbus 32.0 Db 1.3 ab 16.4 11 521.5 ab 281.5 ab 
Sinton 24.8 b 0.8 b 17.0 n 409.8 b 154.3 be 
Fielder 29.0 b 1.8 a 17.7 a 514.0 ab 13i.0 c 
HY320 1.9.3 b 204 a 13.5 b 245.5 c 62.3 d 

MEAN (SE) 29.3 (4) 1.5 (.3) 16.:1 (.7) 477.0 (73) 194.0 (50) 

Oat 
(Avena !)(lliuQ. L.) 

Cascade 10.3 b 0.6 b 14.3 a 148.0 b 94.0 " 
Dumont 16.0 ab 1.4 a 15.5n 2:J5.5 a 95.8" 
Fidler 1.6.3" 104 Db 13.9 a 220.0 ab 55.3 a 

MEAN (SE) 14.2 (2) 1.1 (.3) 14.6(.5) 201..2 (27) 81.7 (13) 

B"rley 
(Hordellm vlIlgare (L.) 

Bonanza 51.8 (3) 2.6 (. I) 14.2 (.5) 728.5 (30) :164.0 (14) 

Rye 
(Secale cereale L.) 

Puma 41..0 (2) 204 (.3) 20.0 (A) 821.8 (46) 295.3 (40) 
• :\1etUlS within a coluInn (within each cereal group) follo.....ed by the I;nme letter nre nol different. lit the 

5'# le\'el of significance according 10 LSD test. 
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Reproduction was also affected when grasshoppers fed on different cultivars of 
the same cereal species (Table 2)_ Of the wheat cu\t.ivars, a diet of :"Jeepawa 
resulted in significantly greater number of egg pods, eggs per pod, numbel- of eggs, 
and towl hatch than from grasshoppers fed on HV320. Columbus, Sinton and 
Fielder did not show a general trend consistent among the reproduction parameters. 
Similarly among the oat cultivl.Irs, a consistent tl'end was not evident with respect 
to influence of cultivar on parameters of reproduction (Table 2). 

The biotic potential (the avemge number of nymphs produced in one generation 
Iler initial individual) of gl-asshoppers differed significanUy when grasshoppers 
were fed diffcrcnt species of ccrcals (Tablc :1). Both in the field und in the 
laboratOly experiments, barley (Bonanza) had the largest positive influence on 
population increase, followed by rye> wheat> oats. The majority of the values 
recorded in the field study did 110t differ significantly from those recorded in the 
IllboratOlY experiments_ Exceptions were the biotic potential values for Cascllde 
oat and HV320 wheat which were significantly lower in the field study t.han in the 
laboratory. 

Table 3. The biotic potential (number of nymphs per individual produced in one 
genellltion) of gl'8sshoppers when fed different cel'eal cultivars in laboratOlY 
and field trials.... 

Cereal 
Cultivar Laboratory Field 

Wheat 
(Tn'ticum aestivll1n L.) 

Neepawa 1.68 a 1.30 ab 
Columbus 1.41 au 1.39 a 
Sinton 0.77 be 0.52 b 
Fielder 0.69 c 0.58 b 
HY320 0.33 d 0.15 c 

MEAN (SE) 0.98 (.25) 0.79 (.23) 

Oats 
(Auetlo satiua L.) 

Cascade 0.47 a 0.17 b 
Dumont 0.48 a 0.49 a 
Fidler 0.24 a 0.49 a 

MEAN (SE) 0.40 (.08) 
0.38 (.11) 

Barley 
(Hordeum uulgare L.) 

Bonanul 1.82 (.07) l.86 (.17) 

Rye 
(Secale cereale L.) 

Puma (laboratory) 
Gazelle (field) 

1.48 (.20) 
1.04 (.18) 

• Means within a colullln (..... ithin each cereal group) followed by the same lctlcr arc not different at the 
5lk le....el of significance according to LSD tc!>1. 
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Of the wheat cultivars, Neepl1wa and Columuus had the largest inl1uence on 
population increase (Table 3). In the experiments with HY320, significantly lower 
biotic potential values were recorded than any other wheat cultivar. 

Of the oat cultivars, there was no significant difference in biotic potential 
values in laboratory studies Cfable 3). Field experiments with Cascade, howevcr, 
recorded a significantly lower vulue than Fidler and Dumont. 

All possible combination multiple regression analyses were conducted using the 
parameters of grasshopper growth and survival Cfable I), the parameters of 
grasshopper reproduction (Table 2), and a combination of all parameters measured 
in the experiment. Of the growth and survival parameters listed in Table 1, the 
three variable model below provided the best (r2 = 0.69) estimate of the relationship 
between biotic potential and the growth and survival parameters: 

Biotic Potential = 

1.75 + (2.13 X WI') + (-0.06 X DTA) + (0.01 X A) III 

where WF is the weight of females, DTA is the days to reach adulthood, and A is 
the number of adults. 

Of the parameters of reproduction listed in Table 2, a two-variable model 
provided the best (1'2 = 0.80) estimate of the relationship between biotic potential 
and the reproduction parameters: 

Biotic Potential = -0.03 = (0.04 X P) + (-0.15 X PF) 121 

where P is the number of egg pods, .and PF is the nwnber of pods per female. 
When all parameters were combined, one reproduction and two growth and 

sun/ivaI parameters were entered into the model. 'The relationship between biotic 
potent.ial and all parameters is approximated (1'2 = 0.87) by the regression equation: 

Biotic Potential = 

0.88 + (0.03 X P) + (-0.03 X DTA) + (0.01 X A) 131 
where P is the number of egg pods, DTA is the number of days to reach 
adulthood. and A is t.he number of adults. 

DISCUSSION 

Different cultivars of the same plant species from among currently grown cereal 
species, have significantly dirfet·ent effects on the biology and reproduction of 
grasshoppers. Observed differences would appeal' to result from antibiosis and 
from antixenosis. This conclusion is supported by nut.rit.ional studies (C.Ji'.H., 0.0., 
and N. D. W., unpublished data), in which the amounts ingest.ed of Cascade oats 
or Columbus wheat were not significantly different in second instal' but were 
significantly different in adult grasshoppers. Tn terms of their effect on the biotic 
potential of grasshoppers the cereals were ranked, most to least suitable, barley> 
rye> wheat> oats. Previous studies (Hodge 1933. Smith et al. 1952, Smit.h 1959) 
also demonst.ruted that, of the cereal species, oats were the least suitable food 
plants for grasshopper development. Pfadt and Smith (1972) also reported that 
reproductive pot.ential of grasshoppers is reduced on diets of less favorable food 
plants. 



OLl,'ERT cl. al: Grnsshoppcrs neared on Different Cereal Cultivars 281 

The results of this study are in agreement with those of Hinks et aL (1987), 
who developed a method to screen cereal crops for antibiosis effects on early· 
instal' grasshoppers. An evaluation of those cultivars which overlapped our study 
indicated that there was a highly significant correlation (I' = +0.78, df = 9) between 
biotic potential values ret.'Orded in the laboratOlY study and growth of grnsshoppers 
recorded in tJ1C screcning test. There was also a significanL correlation (I' = +0_61, 
df = 9) between biotic potential values recorded in t.hc field study and growth of 
grusshoppcrs recordcd in the screening t.est. The relationships between biotic 
potential valucs recorded in either field or laboratory and survival in the screening 
t.est. (Hinks el a1. 1987) were not significant. 

Dlfcrt et a!. (1988) showed t.hat grasshoppers discriminated between cereal 
cultivars undcr field conditions which implies that the least prcferred plants had 
antixcnosis properties. Comparison of t.hc biotic potentinl of grasshoppers in this 
study to levcls of foliar damage reported for the same five cereal cultivan; (Dlfert 
et. al.. 1988) rcveals a significant correlation (I' = +0.90 for laboratory and r = +0.83 
for field, df = 4). It is not surprising that grasshopper feeding preferences correlate 
well with theil' biotic performance because this is basic to their survival. 

The results of this study also supports the hypothesis that the length of time 
that it takes for grasshoppers to reach adulthood can hnve a st.rong inlluence on 
their biotic potential. I-links ct al. (1987) noted three benefits to grasshopper 
management. programs derived from significant. delays in growth and development 
of grasshoppers. The benefits are all valid for Illanagement of grHsshoppers in the 
prairie region. One, the delay will reduce the time that the females will be able to 
lay eggs prior to tho killing frosts in autumn. Two, the delay will result in 
decreased feeding rat.es which, in turn, could reduce tho extent to which crops are 
defoliated. Three, delayed growth extends the duration of the early inst:ars which 
arc most susceptible 10 naturally occun;ng m0l1alit.y factors os well us to insecticides. 
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ABSTRACT 

Wheat (Triticum spp.) containing: known sources of Hessian ny, M(Jyetio{a destructor (Say), 
rcsiSUlllCC was cvnluatcd ng:ninst mixed-biotype field populalions of the insect. in Georgia. 
Sources containing HI-J-l](j genes, except fol' 1-14, find Marquillo l'csistllncc were evaluat.ed. 
Typically. the effectiveness of rcsisl.nncc sources wns consistent with I.he predicted virulence 
of lhe Hessian fly biotype mixture reported to occur in Georgia. or the resisl~lnce sources 
currently deployed in the ricld, the H7H8 was the most effective. H3 was ineffective, but 
several sources of H3 were found to contclin additional ~enes for resistnnce. Sources 
containing HI H2. 1-19, H9J-110 and H 13 genes and some sources of Marquillo resistance were 
effective. Teml>ernture sensitive genes, HllJ, HlI, f-112 and Marquillo. were only partially 
effective in the field. These results demonstrate lhe imparlance of field evnlllations in 
conjunclion with laboratory evaluations to assess the effectiveness of sources of Hessian ny 
resistance for use in wheal. breeding programs. 

Key Words: Mayetiolo (!e.';lntc:tor, Triticum tlestivum. host plnnt resistance. 

,1. Agric. ~Iltomol. 7(4): 283-291 (October 1900) 

The Hessian fly, Moyetiola destructor (Say), is a severe pest of winter wheat, 
Triticum. aestivum L. em Theil, in the southellstel'l1 LJ. S. The insed. has been 
controlled in traditional wheat: growing areas since the 1950's by the usc of plant 
resistance (Callum and Rietz 1971). Wheat has been extensively grown in Georgia 
only in the last. decade, and most of the current adapted cultivars in Georgia have 
none of the known Hessian Dy resistance genes (Johnson el l.ll. 1984). 

Twenty genes for Hessian ny resistance have been identified in polyploid 
wheats and are designat.ed H I through H 19 and 'Kawvale' (Callun and Rietz 197]; 
Patterson and Callun 1973; Stebbins ct al. 1980, 1982, 1983; Oellermann et al. 
1983; Patterson et aL 1982,1988; Maas et aL 1987, 1989; Dbann; et aL 1988, 1989). 
Resistance from Triticum tauschii (Coss.) Schmal. has been transferred into 
common wheal. and is designated HI3 (Hatchelt et al. 1981). Most of these genes 
are dominant or incompletely dominant, except H4 which is recessive. The 
mechanism of resistance for all genes is antibiosis with neonate larvae dying after 
feeding on resistant plants. The presumed chemical basis of antibiosis, however, is 
not known for any gene. The HIH2, H3, H5, riG, H7H8, and Marquillo (HIS) genes 
have been deployed ngainst. Hessian ny. 
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The Hessian fly, however, has repeatedly demonstrated the ability to overcome 
resistance (Gallun and Rietz 1971). Sixteen biotypes varying in ability to survive 
on wheat containing the H3, H5, H6 and H7H8 genes have been designated as GP 
(Great Plains) and A to 0 (Gallun 1977). Sosa (1978) identified biotype L in the 
laboratory which is virulent against the four differential genes. This biotype now is 
widely distributed in the field throughout the midwestern and northeastern soft 
winter wheat region although it has not yet been detected in Georgia (Sosa 1981, 
Lidell and Schuster 1987, Maas et a\. 1989; J. E. F., unpublished data). Genes 
conferring resistance to biotype L have been identified, but a number of these 
genes are temperature sensitive and may not be effective in the southeast 
(Oellennann et al. 1983; Maas et a\. 1987, 1989; Patterson et al. 1988). Our 
objective was to evaluate the effectiveness of known sources of genes for resistance 
against Hessian fly populations in Georgia and to identify stable resistance sources 
for use in wheat breeding programs in the southeast. 

MATERIALS AND METHODS 

A preliminary evaluation of selected sOUl'ces of wheat with various genes fol' 
Hessian fly resistance (Table 1) was conducted in the greenhouse at Tifton, GA, 
during 1985-86. Twenty seeds of each genotype were sown in greenhouse benches 
on 30 December 1985. Plants in the early jointing growth stage were exposed to 
Hessian fly adults that. emerged from wheat collected in a field located 6 km 
southeast of Plains, Ga. on 31 January. Greenhouse plants were dug and dissect.ed 
4 wk after infestation t.o determine the percentage of infested plants for each 
genotype. The study was not replicated and percentages were based 011 9-19 
plants/genotype. 

Known sources of Hessian l1y resist.ance that are listed in Table 2 were 
evaluated in the field during the full and wint.er of 1986-87, 1987-88 and 1988-89. 
Gene sources were evaluated each yeur as part of the Uniform Hessian Fly 
Nursery. Three to six cultiv8l's with no Hessian Oy resistance were included each 
year. The study was conducted at the Beckham Research Farm 15 km west of 
Griffin, the Southwest Branch Experiment Station in Plains and the Coastal Plain 
Experiment Station in Tifton, Ga. About 100 seeds of each genotype were planted 
in a row l-m long at each location. All surviving plants were dug after 8-10 wk, and 
dissected to determine the percent~'lge of Hessian fly-infested plants. Because one 
replicate was evaluated at each location, results were pooled over locations within 
euch year and analyzed with a t.wo-way nnalysis of varinnce using locat.ions as 
replicates. Source means were separated using Fischer's Least Significant Difference 
Test (LSD) with P = 0.10 (SAS Institute 1982) using the genotype X location 
interaction as the error term. 

A mOre intensive evaluation of 42 wheat sources containing various genes for 
Hessian fly resistance was conducted during the fall and winter of 1988-89. The 
study wns conducted at the Griffin and Tifton locations, and in a field 15 km 
southwest. of Plains and at the Southeast. Branch Expeliment Station near Midville, 
Ga. These locations represent the main wheat growing areas in the state. Thirty to 
fifty seed of each source were sown in 1-m long rows. SOllrces were arranged in a 
randomized complete block design with three replications. All plants were dug 10
12 wk allel' planting, and dissected to determine the percentage of Hessian fly 
infested plants. lnfestation l'eSUlls were analyzed by locat.ion with a two-way 
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Table L	 Hessian ny infcswtions in wheat sources containing selected genes for 
resistance, greenhouse trial. 

Resistrlllce Susceptible 
Cultivar/Line Source plants (%) 

Blueboy None 100.0 
Newton None 92.3 
Florida ~IO I None 94.'1 
Florida 302 f\one 94.1 
Coker 983 None 78.6 
Bennett )Jone 75.0 

Arthur H3 91.7 
Arkan H3 92.9 
Pike H3 92.:1 
Hart H:J 8.3 
Frankenmuth H3 0 

Oasis H3H" BO.O 
Downy H31·1" 41.7 
WlI078 H5 Il.l 
83013 H5 0 

Fillmore HG 100.0 
Cnldwcll H(i (il.:i 
Auburn HG 71.4 
Clara Fay H3H6 '10.0 
WII081 H{i fl.:~ 

Scnecll H7HS 7.7 
I(nox G2 H6H7HS 16.7 

1~:l1a H9 21.4 
IN76529A5·3 HIO 52.(j 

Stella H9HlO 0 

!(ay H5HII 53.8 

I<SH 1127 HI:l 23.1 

Colt HIS (Marqllillo) 77.8 
Porker 76 HIS (Marqllillo) 0 
:-.JES2656 H 18 (Marquillo) 0 
Bnlle H18 (Marqllillo) 0 
I<S80-336 H18 (1\'larquillo) 0 

analysis of variance, und genotype means were separated using Fischer's LSD with 
P = 0.10. A liberal test such 8S LSD with a large P value was used for comparisons 
in all studies to minimize Type [] error in distinguishing effective sources of 
resistance that may be used in subsequent breeding programs (Jones 1984). 

RESULTS 

The greenhouse trial showed large infestations in plants with no resistance 
(Table 1). Wheat genotypes with the H3, H5, or H6 genes showed varying 
susceptibility to the Hessian ny. 'Hart' and 'Frankenmuth' were resistant whereas 
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Table 2. Percentage of Hessian ny-infested wheat plants with various resistance
 
sources dUl'ing three growing seasons 

Resistance 

Cultivar/Line Source 

Blucboy None
 
Newton None
 
Florida 302 None
 
I-/illsdale None
 
Coker 916 None
 
Coker 983 None
 
FIOIida 301 None
 

Big Club 60 1-/11-/2 

Arthur 1-/3 
Scotty 1-/3 
Norkan 1-/3 
Frankenmuth 1-/3 
Adena 1-/3 

Abe 1-/5 
WI 1078 1-/5 
Oasis 1-/31-/5 

Adder 1-/6 
Auburn 1-/6 
Caldwell 1-/6 
Compton 1-/6 
1N79421-/1-20-2-74 1-16 
Newton/LaLhrop Com. 1-/6
Fillmore 1-16 
Clara Fay 1-131-16 
IN774249RCI 1-151-16 

Seneca 1-171-18 
Stacy 1-/71-/8 
Knox 62 1-/61-/71-18 
Saluda 1-/71-18 

Ella 1-19 
rN8351 RL2-7-X 1-191-/9 

IN8279Cl-12-3-4 1-151-/61-/9 

IN76529A5-3 1-110 
Stella 1-191-/10 

Kay 1-151-/11 

841453 Composite 1-112 

KSI-I 3463 1-113 
KSI-/ 3563 1-/13 
KSI-/ 8998 1-113 
rN79422G 1-2-6-X 1-113 
KS85WGRCOI 1-113 

in Gcorgiat 

1986-87 

5l.3"
 
43.0*
 
53.0*
 
55.3*
 
37.0* 

66.7*
 
79.0*
 
37.7*
 

0
 
7.7 

6.7 
6.7
 

36.3*
 

2.3 
13.7 
12.7
 

0
 

6.0 

0
 
0
 
0
 

7.3 
10.3 

13.0
 
0
 

9.0 

16.0 

13.0 

6.0 

Season 

1987-88 1988-89 

30.0* 62.6* 
42.3* 37.8* 
55.7* 51.6* 

8Uj* 
70.5* 

0 0 

44.3* 5404* 
36.7* 42.9* 
37.0* 42.9* 

0 0.1 
0 3.7 

0 24.5* 
4.3 

11.3 24.9* 

9.7 
7.5 

4.3 19.0' 
0 7.4 
0 

0 0 
0 0 
0 0.4 

25.3* 

4.3 12.7 
13_3 28.5* 

0 0 

8.3 18.8' 
0 1.6 

12.7 2004* 

0 32.4* 

7.0 
4.3 
7.3 
4.3 

0.4 
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Table 2. Continued. 

Resistance Season 

Cultivar/Line Source 1986-87 1987·88 1988-89 

11\82104Bl·3·2 HI4HI5 l.i 18.4 
IN8268G 1-19-4 HI4HI6H16 16.7 18.4 

Brule H 18 (Marquillo) 3.0 0 0 
IN83250 I08-3-7 H 18 (MarquiIlo) 3.6 

LSD (10%) 19.6 22.6 18.8 
t Locnlions were Griffin, I'lain.~ mid Tifton. Ga. 
• l'vlcllll infes{lliioll significnnlly grealer lhall mosl resislUIl! sourcj~S (P = 0.10; LSD). 

other genotypes with the 1-13 gene were susceptible. Likewise, 'Downy' and 'Oasis' 
were susceptible, but the other H5 sources were resistant. Mosl sources ,,,,'ith the 
H6 gene were susceptible except for WIl08L Sources with the H10 and Hli genes 
were susceptible. Both sources of H7H8, 'Ella' (H9) and KSH 1127 (HI3) were 
resistant.. 'Stella' with the H9H 10 gene combination and all sources of the 
'Marquillo' resistance were resistant except for 'Colt' which was susceptible. 

The yearly field study showed no large shifts in genotYI>ic susceptibility over 
the 3-yr period (Table 2). However, wheat sources with the H9. HlO and Hli 
tended [0 increase in susceptibility over the 3 yr. Hessian ny populations were 
large in 1986-87 and 1988-89, but were small in 1987-88, consequently some of the 
seasonal vari.ability in genotypic susceptibility probably was c.auscd by the level of 
infestat.ion. Likewise, the relative susceptibility of genot.ypes to the Hessian ny 
generally was similar between locations in 1988-89 (Table 3). More genotypes, 
howevcr, showed susceptibility at Plains tlllln the other locations presumably 
because Hessian fly infestations were lat'gest as indicated by l'clat.ive infestations 
in cultivars with no genes fol' resistance andlor because more biotypes were 
present at Plains. The lowest number of susccptible genotypes was observed at 
Tifton which had the smallest Hessian lly infestation. 

Results of extensive (yendy) and intensivc evaluations in 1988·89 showed 
relatively consistent trends in the virulence of different resistance genes in the 
field and generally paralleled the initial results in the greenhouse. Most sources of 
the H3 gene were coml>letely susceptible to the Hessian Fly except for ;Frankenmuth' 
and 'Adena' which were resistant. Presumably these two cultivars contain addi
tionally genes fol' Hessian ny resistance. The H5 and H6 genes provided moderate 
resistance in the field, but some genotypes such as 'Abe' and 'Oasis' with the H5 
gene and 'Fillmore' llnd 'Caldwell' with the 1-16 gene were significantly more 
susceptible than most resistant genotypes especially when Hessian ny populations 
were large. The gene combinations of l-f5H6 and H51-16H9 generally were more 
resistant than single genes sources of the same genes. Sources with the HlO, Hll 
and H12 genes contnined more infested plants t.han the most resistant sources in 
the field. Temperatures were warm during the fall and winter of 1988-89 with 
maximum air temperatures often exceeding 24(1C, 

Sources containing the H7H8 genes were resistant in all evaluations except for 
'Saluda' in 1987-88 and 'Florida 301H' in 1988-89. 'Saluda' was resistant at all 
locations in 1987-88 except for Plains were 63% of plants were infested. Results in 
1988-89 demonstrated that Saluda was resistant at all locations. 'Florida 30tH', 
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Table 3. Effect of various sources of resistance on Hessian fly infestations In 

wheat at four locations in Georgia dW'ing 1988-89. 

Resisl.nncc Infested Plant.'I (%) 

Cult.ivar I Line Source Griffin PlainR Tifton Midville Mean 

Blueboy 
Florida 302 
Newton 
Coker 983 
Florida 301 

None 
None 
None 
None 
None 

46.2* 
52.8 
34.5* 
58.8* 
39.2* 

57.4* 
96.4* 
83.8* 
87.7* 
89.0* 

"-8 
13.9* 
15.6* 
Za.7* 
2G.5 

45.9* 
37.5* 
49.8* 
51.7* 
27.3* 

38.6* 
50.2* 
45.9* 
55.5* 
45.5* 

Big Club flO 1-1lJ-12 o o o o o 

Arthur 
Scot.ty 
Norkrln 
Frankenmuth 
Adena 

H3 
H3 
H3 
1-1.1 
H3 

49.5* 
47.7* 
;39.9* 

:3.5 
1.l 

89.7* 
80.9* 
72.3* 

5.7 
o 

18.7* 
22.0* 
[0.6 
o 
2.9 

50.9* 
48.8* 
24.9* 

1.3 
1.4 

52.2* 
49.9* 
36.9* 
2.6 
1.4 

Abc 
WI 1078 (MOl 
Oasis 

1-15 
1'15 
J-I3H;) 

riA 
5.7 

11).5 

33.6* 
la.8 
16.4 

o 
2.'1 
o 

2.8 
10.3 
5,4 

10.5 
8.1 
g.a 

Compt.on 
Fillmore 
Adder 
Caldwell 
Newton! 

Lathrop Compo 
IN79424H 1-20-2-74 
Clam Fay 

HG 
HG 
H6 
H6 

H6 
Hf) 
H3H6 

12.0 
1,1.9 
5.6 

19.1* 

5.6 
4.6 
5.6 

o 
17.9* 
16.4 
17.8* 

16.'1 
4.G 
o 

o 
o 
1.1 
o 
1.1 
o 
o 

o 
12.3 
2.2 

14.0 

2.2 
o 
5.4 

:1.0 
11.3 
6.3 

12.7 

6.3 
2.3 
2.8 

Seneca 
Stuc)' 
Saluda 
Knox 62 
Florida 30JH 

H7H8 
H7H8 
H7BS 
H6H7H8 
H6H7l-I8 

o 
3.2 
4.4 
o 

[ 1.4 

o 
1.9 
1.8 
6.9 

21. 1'" 

o 
() 

G.O 
1.:1 
0.8 

o 
o 
1.7 
o 
o 

o 
1.3 
3.5 
2.1 
8.3 

Ella 
IN8351 RL2-7-X 
IN8279CL-12-3-4 

H9 
H9H9 
H5HGH9 

8.2 
13.0 
o 

8.8 
8.7 
o 

1.3 
3.9 
o 

IA 
~U 
o 

4.9 
7.1 
o 

IN7G529A;l-;} 
St.ella 

HIO 
H9I·110 

o 
o 

37.7* 
1.9 

L8 
1.6 

10.6 
o 

12.5 
0.9 

Kay 1-15HII 19.1* 19.3* o 2.7 10.3 

JN8·11453 Composite 1-112 13.1 32.3* 4.5 7.5 14.4* 

KSH 3463 
KSH 8998 
IN7922-G 1-2-6-X 
l<S85WCRCOl 

HI3 
1-113 
1-113 
l-Il3 

1.0 
5.G 
1.2 

4.2 
12.8 
3.4 

2.2 
3.0 
1.6 

() 

o 
1.5 
1.8 

1.9 
5.7 
2.0 
o 

IN82104BI-3-2 
IN8268G \. 19-4 

1-114Hl5 
1-114H15H16 

4.6 
:1.0 

'I.G 
6.·1 

o 
2.2 

o 
9.0 

2.3 
5.2 

Brule 
NE 82G[l(j 
Chisholm 

H 18 (Mul'quillo) 
H [8 (Mul'quillo) 
1-118 (Mnrquillo) 

o 
o 
8.5 

o 
o 

52.2* 

o 
() 

11.l 

o 
1.1 

15.9 

o 
0.3 

21.9* 

LSD (10%) 16.4 16.7 11.2 16.0 13.3 

• :\1Clm illrcstat.ion signifil;ant[y gJ~awr Limn most resistant souJ"(;c (I' = 0.10; LSD). 
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which is a backcross derived from the cross of Florida 30 I*:VKnox 62, may still be 
segregating for resistance. 'Ella' containing the H9 gene was resistant, but the IN 
835IRL2·7·X ,!;ource of H9 was somewhat less effective than 'Ella'. The HI3 gene 
provided a good level of resistance in all sources. Further·more. gene combinations 
of H 11-12, H9J-1IO, H5H6 and H5H6H9 were effective in all years and locations_ 
Overall, the HI4H15 and Hl4H15H16 genes also showed good resistance in most 
tests, but sources conta.ining these genes had infestations exceeding 25% infested 
plants in evaluations at some locations in ]98i-BB and 1988-89. Most sources 
containing the Marquillo resistance were resistant in tJle field except for 'Chisholm' 
which wns susceptible (Table 3). 

DISCUSSION 

These results indicate that the H3, H5, H6. HID, HII and HI2 genes were not 
entirely effective against the Hessian ny in Georgia. Some genotypes with these 
genes such as 'Fr-ankenmuth' and 'Adena' may conlnin additional, but. unknown, 
genes for resistance. The H7H8 genes provided a high level of resistance at. all 
locations. Most of the currently grown (e.g., Saluda, Stacy, Coker 9766) or soon to 
be released cult.ivars available in Georgia (e.g., Georgia 100. GA.Andy. GA·Gore) 
that are resistant to the Hessian ny probably contain H71-18 resistance genes. A 
limited analysis of Hessian flies from southwest. Georgia indicated that the pJimary 
biotypes cUl'rent.ly are G (61 f/O), E (19%), and 0 (17%) wit.h low levels of 1\..1 (2o/r:) an 
D (I %) (J. E. P. and P. L. Taylor, unpublished data). This biotype mixlllre would 
rendel' H:3 entirely ineffective and H5 and H6 only partially effective. J-I7H8 would 
be classified as very effective. Our field results are consistent with the expected 
virulence of these reported biotypes. 

OUI' results indicat.e that.. other useful SOllrces of I'csiswnce 1'01' Geol'gia may 
include J-111-12 ('Big Club'), 1-151-161-19 (IN 8279CI-12-3-4), 1-19 ('I'll,,'), 1-191-110 (,Stella') 
and H13 (moHt sources). The H14H15 and H14HI5J-1l6 gene combinations <-lIsa 
may contain useful I'CSiSUlllce and most Marquillo sources were very effective. 
'Chisholm' and 'Colt' also contain the Marquillo gene, but. these sources wel'e 
susceptible in our st.udies. Penetrance of Marquillo resistance declines at > 18°C 
(1\rlaas el al. ]987) which may account for the susceptibility or some sources of this 
gene in our evaluat.ions. Resistance sources, such as HID, HII and H12, that have 
never been used in Georgia were only partially effective. HID, HII and I-Il2 are 
temperature sensitive with I-educed effectiveness at 24°C (Oellennann et. 31. ]983, 
l'vlaas et al. 1989) which may account for their reduced effect.iveness in our field 
trials. Consequently, t.emperature sensitive genes probably are of very limited 
utility in Georgia because air temperalures often exceed 24°C when wheal is 
present in the field. 

The Hessian ny has repeatedly demonstml.cd the ability to overcome single 
gene sources of resistance. Although 1-17H8 currelllly is effective in the stute, these 
genes are not effective against biotype L. Known sources of resistance to biotype 
L include H9. 1-110, H12·HI6. and :Vlarquillo resistance (Hatchett et a!. 1981, 
OellernulIln et a1. 1983, Stebbins et: al. 1982, Patterson et. al. 1982. Maas el a1. 1987, 
1989, Patt.erson et a!. 1988). but our results indicate that the heat sensit.ive genes 
HID and 1-112 are not reliable in Georgia. Good arguments exist for either using 
several genes for resistance simultaneously (Could 1986) or continue using new
genes for resistance sequentially until the Hessian fly becomes virulent (Cox 
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and Hatchett 1986). Sources that contained several resistance genes typically were 
very effective in our evaluations, but sequential release of single genes has been an 
effective approach in the past. More quantitative, multiallelic sources of resistance 
presumably would provide a more effective long term approach to Hessian fly 
management by plant resishmce. Sources that contain tolerance as well as less 
than complete antibiosis also may be effective over a longer t.ime than cUl'l'ently 
used single allelic sources of resist.ance (Gould 1986). 
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ABSTRACT 

Dialkyl carbamates and thiocnrb.amatcs of types ROC(=O)NHR', RSC(=O)NHR', and 
ROC(=S)NHR'. previollsly shown to be powerful acaricides against scabies mites (p:wroptcs 
spp.), have heen tested in the InhoratoC}' against. MW~C:(l domcstica L.. Tribolium c:onfusum 
Jacquelin duVal, Aedes aegypli L.• and Plodia j/ltcrpunctellll (Hubner). Carbamates and 
thionocarbamntcs generally had poor activity but much bellel" activit)' was shown by 
thiolcarbamatcs. Inseclicidal activity of the best of these mnlCliuls WitS comparable to 
uromatic carbammcs currently registered. Variations in toxicity for different insects suggested 
thnt these COlllllounds arc modcmtcly selective. 

J<ey Words: Insecticide. selective, Musca domestica, 'Inbo/ium COl/rUSUJII, Aedes oeJJj]xi, Plodia 
inlerptmctella. 

,J. Agric. gntomol. 7(4): 293·304 (October 1990) 

Initial studies in this laboratol)' on lipid esters of l1uoroacetic acid, nuoro
ethanol, and trichlorfon as delayed-action toxicants for fire ants (J(Clchansky et al. 
HJ79) led to prepamtion of some dialkyl alkanophosphonutes which were poorly 
insecticidal but quite active against nematodes in lahoratory screening tests 
(F'eldmesscr ot al. 1983), Also prepared were some 0, N-dialkyl cnrbamates which 
showed activity against scabies mites. This wns somewhat slIl'prising, since the 
carbamntes previously shown to have activity are aromatic (e.g, cal'bmyl, carbofuron) or 
oxime carbamates like aldicarb and oxamyl, which are close structural analogs of 
acetylcholine. These general classes have been I'eviewed by Kuhr and Dorough 
(1976). Derivatives of these classes have also been prepared in an attempt to 
reduce mammalian toxicity while retaining insecticidal activity (for reviews, see 
Fahmy and F'ukuto 1983, Fukuto 1983). Since derivatives of aromatic 01' oxime 
cal'bumates are still ommatic 01' oxime carbamates, however, these derivatives are 
outside the scope of this paper. 

A few aliphatic carbamates have been shown to be juvenile hormone mimics 
(ror a I'eview, see Henrick 1982), but these have terpene or terpene-analogous 
structures resembling natural juvenile hormone compounds. Other than for these 
compounds, no data could be found in the literat.ure regarding insecticidal activity 
of simple dialkyl carbamates, although they fall within the claims (if not the 
examples) of two patents and a paper on insecticide synergists (Hartle and 

This article reports the results of research only. Mention of fl pesticide docs not constitute an 
endorsement or a recommendation for its use by USDA. lIor doc!! it inll)ly rcJ:i!!tration under PI"'RA, as 
amended. Mention of a trademllrk or proprietary product docs not constitute an endorsement or a 
recommendation for its use by USDA. 
Recei\'ed for publication 8 September 1989: accepted 22 Mil)' 1990. 
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Thayer 1962, Thayer et al. 1965, Jager and Peissker 1969). The most active 
synel'gist..<; of these reports were exclusively aromatic, howevel', and the few alkyl 
compounds mentioned were essentially inactive as insecticides, and synergized 
pyrethrin only t.o the extent of ~ 35%. O,N-dialkyl carbamates are also reported in 
a European pat.ent application (Baker et al. 1981) to inhibit insect oviposition; no 
mention of insecticidal activity was made. The only references found to biological 
activity of simple thiocarbamates were a patent on nematicidal activity of methyl 
and ethyl N-methyl thiolcarbamate (Fielding and Richards 1967) and in the claims 
(but not the examples) of Marco and Grainger (1973) as feed additives. 

To pursue this further, a structure-activity study of these and their thio· 
carbamate analogs on scabies mites was carried out, and we prepared sevenll 
dozen compounds comparable to the best. commercial ncal'icides in assays against 
Psoroptes spp. (Kochansky and Wright 1985). Concurrently with the studies on 
mites, assays of activity against nematodes and insects were earned out here and 
in cooperating laboratories. Activit.y against nematodes has been l'epOIted elsewhere 
(Kochansky and Feldmesser 1989), and insecticidal activity is reported here. 

MATERIALS AND METHODS 

Approximately 350 compounds were prepared for these studies, most of them 
new. The compounds are of three basic structures (Fig. 1). Theil' syntheses were 
described by Kochansky and Wright (1985) and t.he nomenclature used here 
conforms to that given in footnote 4 of that paper. For a brief example, wit.h 
R = decyl and R':::: methyl, Fig. 1a is decyl methylcarbamate, Fig. Jb is decyl 
methylt.hioJcal'bnmate, and Fig. Jc is decyl methylthionocarbamate. ThioJcarbamates 
and thionocarbamates collectively comprise thioctlf'bamates. We have observed 
thai thionoc81'bamates (Fig. 1c) arc unstable, gradually rearranging to thiolcarbamate 
isomers (Fig. Ib) at room temperature. Thin-layer chromatography of a sample of 
decyl methylthionocarbamate which had been stored at room temperature for 3 yr 
showed that approximately half t.he material had rearranged. This reaction has 
been reported previously (Zalipsky et al. 1987 and references therein.). An 
analogous reuction in t.he aromatic series has preparative uses: ArOC(:::: S)N& _ 
ArSC(~ O)NR, 130-3OO"C, y, h, yields generally> 90% (Newman and Kames 19(6). 

o o S
 

ROCNHR' RSCNHR' ROCNHR' 

ca b 
Fig. I. General structures of tile three classes of carbamates tested. Rand R' are 

alkyl groups. a: carbamates b: thiolcarbamates c: thionocal'bamates. 
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Carbaryl used for comparison was extracted with hot acetone from a commercial 
WP formulation, filtered, and recrystallized from aqueous methanol to constant 
melting point~ Carbofuran used for comp3l;son in the t.ests with Tribolium confusum 
Jacquelin du Val was extracted similarly from 11 10 G formulation, treated twice 
with charcoal to remove the purple dye, then crystallized once from acetone/H20 
and twice from melhanol. A sample of methyl parat.hion was also prepared for 
comparison in the Tribolium tests. It was synthesized from dimcthylchlorothio
phosphate and the sodium suit of p-nitl'ophcnol, and crystallized twice from 
methanol. 

OUI' standard screening tests were used. Most were minimum lethal conccntl'ation 
tests, but two were reproduet.ion inhibition bioassays. Insects were from our 
established laboratory colonies und had not been selected for resistance to any 
pesticides. The tests described below were I'un at decreasing concentrations 
(3,1,0.3, ... series) until adult emergence or successful reproduction was observed, 
whereupon the compound was regarded as having failed. All tests were replicated 
twice. Only rarely did survival or reproduction occur in one replicate but not the 
other. 

In the yellowfever mosquito larvae tests, the test material wus added to the 
water in which the larvae were raised. In all other cases, a suitable amount of the 
test chemical to give the desired final concentration in the diet was coated on one 
of the solid ingredients as a solution in methylene chloride, followed by evaporation of 
the solvent and incorporation of the coated material into the respective diel. Diets 
were not re-treated during the course of a t.est.. 

Test'; were mn in hatches of up to 24-28 individual tests. This would be. for 
example, ten compounds X two replicates + four controls = 24. Controls were 
repealed for each batch of bioflssays. 

The tests on house ny, Musca domeslica L., larvae, confused 110ul' beetle, 
TrilJolium confusum, larvae und adult I'eproduction, and yellow fever mosquito, 
Aedes aegypli L., first or fourth-instal' larvae, were run ;n duplicate us described by 
Robbins eL al. (1970). The Indillnmeal moth (Plodia inlerpunclella [Hubner!) larval 
test was described by Cohen and Marks (1979) and the reproduction test was 
added. Unless otherwise stated, all were run at :.30°C, 55% RH, and in the dark. 
Since Tribolium, Plodia, and (arguably) Musca are all stored product insects in at 
least a broad sense, continuous darkness is their natural habiult. More specific 
descriptions follow. 

House fly lan'ae: Brieny, for the house ny t.est, 75 eggs per replicate were 
disinfected wit.h sodium hypochlorite solution, placed on 3.15 g of sterile, semi
delined diet. and reared to pupation and adult emergence. Control mortality 
ranged rrom 5·10% and adult emergence was recorded. 

Confused /lour beetle larvae: In the Tribolium Icuval t.est, 40 newly eclosed lirst
inswr larvae per I'eplicllte were reared together on 2 g or treated diet (white nour, 
whole wheat nour, brewers yeast, 4:4:1) to adulthood. Control mortality ranged 
from O-LO%. Again, emerged adults were counted. 

Confused /lour beetle adult reproduction: For t.he Tribolium reproduction tests, 
newly-emerged adults (25 each sex pel' replicate) were held on treated diet (1 g) 
for 10 d then transferred twice to 15 g of untreated diet and held for 1 wk after 
each tl'ansfer. The number of progeny WDS determined for each l-wk period. For 
controls, adult mortality was 0-5% and each female produced a total of 40-50 
offspring. Since Tribolium are quite resistant to all insecticides tested, concentrations 
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fol' these two tests arc expressed in percent rather than in ppm to avoid a table 
full of numbers> 1()3. 

Yellowfeuer mosquito larval tests: The ycllowfever mosquito huval tests were 
run in parallel starting with first-instal' and foul'th-instar larvae. Twenty Iantae of 
the first or fourth instal', respectively, were reared in 100 ml distilled water at 
25°C, continuous light. and fed micl'opulveri7.cd dog meal. Test compounds were 
added to the water in n maximum of 200 IJI of MeOH. Control mortalit.y was 0-25% 
(first instal' test) or 0·10% (4th instal' test) and sliccessful adult emergence was 
measured. 

lndianmcal moth larvae: The rndialllllcni moth, Plodia int.erpunctella (HObner), 
larval and reproduction tests were run IlS OTle continuous test. Fifty eggs pCI' 
replicate wcre reared on 5 g of treated diet. On the tenth day, corrugated 
cardboard rolls were added for pupatioTl. Pupae were counted just prior to adult 
emergence for a measure of larval toxicity. Control mortality was 0-20%. 

Indianmeal moth adult reproduction: POI' the reproduction lest, the surviving 
pupac were allowed t.o cmerge, and the total egg production was measured, as well 
as the egg hatch. When egg laying had ceased, the adults were frozen and sexed. 
Cont.rol mortality was from 0-20%, and each female produced 60-140 eggs, depending 
largely on the malc/female ratio. Clearly, if no adults emerge, there can be no 
reproduction, so the reproduction test is specifically for inhibition of reproduction 
at. concentrations below those lcthal to larvac. 

The higher numbel' in the ranges in the tables represents the lowest concen
lralion that succeeded in killing all insects or preventing any reproduction. The 
lowcr concentration of the range represents the dose at which one or more insects 
survh'cd to adulthood or Ht which successful reproduction occurred. Usually 
mortality 01' reproduction inhibilion was ~ 70% at this concentration, but anything 
less t.han 100% was trent.ed the same. Mortality/reproduction inhibition values less 
than lOOIi{, were corrected by Abbott's I'ormula (Abbott 1925) but this had no 
effect on the I'unkings of the chemicals, since there is no correction to 100% 
mortality. Because of this, control data were treated somewhat differently than 
usunl. Control mortality or viable egg produclion ranges arc given fol' each test, in 
the description above. \Vhere control mortality exceeded these values or egg 
production was subnonnal in controls, thc data for these runs were discarded and 
t.he test repeated. These tests arc rather severe, being designed to give minimum 
concentrations which are completely lethal 01' which completely prevcnt reproduction 
in rcplicated tests. They are not designed to collcct statistically analyzable data as 
for pl'obit analysis for LD~.o. LCfoIl. etc. 

RESULTS 

Table 1 shows the toxicity of thiolc8I'hamates to lirst-instal' yellowfever mosquito 
larvae. Three compounds were lethal at concentrations of 0.1-0.3 ppm, while 31 
others were similarly effective at 0.3-1 ppm. The most active compounds have 
from 9-14 carbon atoms in the two alkyl groups combined. For comparison, 
CD.l'bl:lt'yl, a commonly used insecticide, wa~ letJHlI at 0.1-0.3 ppm in this assay. All 
compounds of all types were much less Ilctive HUlIl carbaryl against fourth instal' 
yellowfever mosquito 181'Vae, with only three compounds active at < 3 ppm, while 
carbaryl was lethal at 0.003-0.01 ppm. 



Table I.	 Minimum lethal concentrations (ppm) of dialkyl thiolcarbamates to frrst instar yellowfever mosquito larvae (Aedes 
aegypti L.). Compounds active at .:5 1 ppm are underlined. 

Compound RSC(=O)NHR' 

R' I' 2 3 4 5 G 7 8 9 10 12
 

],
R >10 >10 >10 >10 3·10 ]·3 ]·3 0.3·1 >10 

2 >10 >10 >10 3·10 3·10 ]·3 3·]0 ]·3 0.3·1 0.3·] 3·]0 

3 >10 >10 >10 3·10 3·10 ]·3 ]·3 O.:J.I 0.3·1 0.3·1 
(') 

4 >10 >10 >10 3·10 ]·3 1·3 0.3·] 0.3·] 0.3·] 3-10 o 
5 3-10 ]-3 3-10 J-3 >10 0.3-J 0.3-JJ!1:!...	 

:I: 

L'" G 3-10 3-10 ]-3 1-3 0.3-] 0.3-] 0.3-] 0.3-1
 

7 1-3 J-3 0.3-1 0.3-J 0.3-] 0.3-J 0.3-J >10
 

8 0.3-J 1-3 0.3-1 0.3-J 0.]-0.3 1-3
 

9 0.3-] 0.3-] 0.3-] 0.3-]
 

10 0.1-0.3 0.3·] 0.:1-] 3-10
 

11 0.1-0.3 ]-3 >10 >10
 

]2 0.3-1 3-10 >10 >10
 

14 3-10
 

These numbers refer to the numher of carbun atoms in the respective alkyl groups. All are strai$lht chain and l'iltunIled. CaTha!')" wa~ lethal At 0.1-0.3 ppm in this 
assay. The ranges are treated as follow,,;; At the lower concentration. some lan'ae sUI"\;ved to adulthood or some reproduction took place. At the hixher 
concentration, all larvae died or no reproduction took place, depending on the test. 
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Table 2 shows the toxicity of the thiolcarbamutes to house fly larvae. The mo~t 

active compound was lethal at 3-10 ppm, 10 were lethal at 10-30 ppm, and 16 were 
lethal at 30·100 ppm. Since carbaryl itself was lethal only at 30-100 ppm, these 
compounds represent an improvement against t.his insect. The most active compounds 
have a total of 7-14 carbon atoms in the alkyl chains. 

Table 3 shows toxicity of the thiolcnrhamates to larvae of the confused nour 
beetle. Seven compounds were lethal at 0.01·0.0~3% (100-300 ppm). Carbaryl was 
also lethal at this level. The mosL active compounds have 7-13 LOtal carbon atoms 
in the alkyl chains. 

Table 4 gives results of c8l'bumates and thionoc8l'bamates on various insects 
and of some thiolcarbamates on insects other than those of Tables 1-3. One 
carbamate and six thionocarbamates were lethal to lirst·instar yellow fever mosquitoes 
at 0.3-1 ppm. Nine dialkyl c8rbamates (summed chain length 10-14 cal'bons) were 
lethal to house fly larvae at 30-100 ppm and three thionocarbamates (10-13 
carbons) at 100-300 ppm (cr cHrbaryl at 30-iOO ppm). Ten short-chain thiol
carbamates (summed chain length 8 carbons or' less) were lethal to lndianmeal 
moth larvae at 100-300 ppm and one at 30-100 ppm (cf. carbaryl at 100-300 ppm). 
Essentially all concentrat.ions of compounds whkh allowed lndianmeal moth adult 
emergence also HlIowed reproduction, so the data in Table 4 r'crer to the larval 
part of the test. Butyl pentylcul'bamate was lethal at 300-1000 ppm in this assay. 
Butyl pentylcarbamate and butyl hexylcarbamate were lethal at 0,03%-0.1 % in the 
confused flour beetle larval assay. Ten thiolcarbamates (6-12 cflrbons) prevented 
reproduction of confused nom beetle adults at 0.1-0.3% (cf. carbmyl at > l(.i~, 

carbofUl'an at 0.1-0.3% and methyl pa1'8thion at 0.1-0.3%). 

DISCUSSION 

The same unusual effect \vas observed in the mosquit.o larvicidal activity of the 
thiolcarball1ate compounds as was observed in the acaricidal activity: a variat.ion in 
activity with molecular size with no apparent relationship to the position of the 
functional group within the molecule. In mosquito larvicide tests (Table 1) the 
mosl.. active thiolcarbamates had 9-14 total carbons in the two chains. In the 
housefly and Thf)(){ium larval tcsts the activity wns correlated with longer groups 
on nitrogen (~ 3 carbons) but WllS still bl'Oadly distributed (7-J4 carbons total). A 
few thiolcarbamates (Table 4) were as active as carbaryl against lndianmeal mOl..h 
and prevented Tribolium reproduction at: concentrations equal to those required 
fOt· carbofuran and methyl parathion, and lowel' than those required for cIlrb8lYI. 

The activity of thionocarbamates was generally poor. The active materials are 
shown in Table 4. The best were slightly less act.ive than car'baryl against mosquito 
and house fly lalvae, but most showed litt.le or no activity in these tests. Cal'bamates 
without sulfur also had poor activity, only a few being as active as carbaryl against 
houseny larvae. 

Related compounds (unsubstituted carbamates. branched-chain carbamates, 0, 
N, N-tIialkyl cal'bamates, N-phenylcarbamates, and N, N'-dialkylureas and thioul'eas, 
and a few others) detailed morc thoroughly in I<ochansky and Wright (J985) were 
also tested and found to be inactive or of very low activity. Mammalian toxicity of 
at. least one of these compounds seems to be low, but no extensive tests have been 
run. Single oral doses of 300 mg/kg of decyl methylcarbamate (as a suspension in 



Table 2.	 Minimum lethal concentrations (ppm) of dialkyl thiolcarbamates necessary to kill larvae of the house fly (Musca 
domestica L.). Compounds active at ::; 100 ppm are underlined. 

o '" 
Compound RSC(=OlNHR'	 o 

,. ., r,	 '">-R' 2 3	 6 7 9 10 12 Z• en 
R l' 100·300 >300 >300 >300 100·300 100·300 100·300 100·300 >300 '" -< 

2 100·300 >300 >300 >000 aO·100 10·30 30·100 30·100 30·100 30·100 •
3 100·300 >300 100·300 30·100 10·30 10·30 1O·:l0 30·100 100·300 " "

~ o 
4 100·300 >:lOO 100·300 30·100 10·30 ...1:.!Q. 10·30 :l0·100 100·300 30·10	 o 
5 100·300 100·300 100·300 >300 >300 10·30 30·100 30·100 '" '?''" 
6 >300 100·300 30·100 111·30 10·30 10·30 30·100 100·300 

7 100·300 1oo·:l00 100·300 30·100 30-100 30·100 100·300 >300 ~ 
8 100·300 100·300 100·300 100·300 100·300 :10·100 .f 
9 100·300 100·300 100·300 100·300 

~ 

10 >300 >300 >;)00 100·300	 '£", 
g

J1 >300 100·300 100·300 1110·:300 g
12 100·300 >:lOO >300 >300 3 
14 >300 "<; 

5'The:;! numbers refer 10 the number of carbon utoms in the respective alkyl groups. All are straight chain and "llluraled. Carbaryl \VIIS lcthulal 30-100 ppm in thi ... 
~ arc"ay. The	 ranges are trenled 11~ follows; At the lo.....er concentration, some lal"ae survived to adulthood or !lOIlll! reproduction look place. At the higher ~ 

concentration, all lan'ae died or no reproduction took plllce, depending on the lest.	 is' 
a: 
~ 

g'0 



Table 3.	 Minimum lethal concentrations (%) of dialkyl thiolcarbamates against confused flour beetle larvae (Tribolium confusum 
Jacquelin duVal). Compounds active at .:S 0.03% (300 ppm) are underlined. 

Compound RSC( = O)N"HR' ,R' I'	 3 4 5 6 7 8 9 10 " 
R I' 0.03·0.1 0.1 ·0.3 0.1 ·0.3 0.03·0.1 0.03·0.1 0.03·0.1 0.03·0.1 >0.3 >0.3 ~ ,	 >0.03·0.1 0.1 ·0.3 0.03·0.1 0.03·0.1 0.01-0.03 0.01-0.03 0.03-0.1 0.03-0.1 0.03-0.1 0.1 -0.3 >0.3 

3 0.03-0.1 0.03-0.1 0.03-0.1 0.01-0.03 0.01-0.03 0.03-0.1 0.03-0.1 0.03-0.1 0.01-0.03 0.03-0.1 '"r;" 
4 0.03-0.1 0.03-0.1 0.03-0.1 0.03-0.1 O.QJ-O.D3 0.01-0.03 0.03-0.1 0.03-0.1 0.03-0.1 0.03-0.1 '" 5 0.03-0.1 0.03-0.1 0.03-0.1 0.1 -0.3 0.03-0.1 0.1 -0.3 >0.3 0.1 -0.3	 c 

36 O.O~-O.I 0.1 -0.3 0.1 -0.3 0.03·0.1 0.03-0.1 0.1 -0.3 >0.3 >0.3 
~ 

7 >0.3 0.03·0.1 0.1 ·0.3 0.03-0.1 0.03·0.1 0.1 -0.3 >0.3 >0.3 2:8 0.03-0.1 >0.3 0.03·0.1 0.1 -0.3 0.1 -0.3 0.1 -O.~ 

:-'9 >0.1 0.03-0.1 0.03-0.1 0.01-0.03 
Z 

10 0.1 -0.3 0.1 -0.3 0.1 ·0.3 >0.3	 ? 
~11 >0.3 >0.3 0.03-0.1 0.03-0.1
 

12 >0.3 >0.5 0.3 -0.5 >0.5 0;
 

14	 >0.3 .s 
•	 These numbers refer to t.he numher of carbon atoms in the rel'ipective alkyl groups. All flre straight chain and sat.urutml. Carbaryl was lethal at O.0l-O.03'7c in this 

assay. The ranges are Ireated as follows: At the lower concentration, some larvae !lUlvived to adulthood or some reproduction took place. At the higher 
concentration. all larvae died or no reproduclion [Ook place, depending on the test. 



Table 4. Minimum lethal concentrations of various carbamate compounds in assays against four additional insect species. 

Insect·· t 
Compound YFML(ppm) HF(ppm) IMM(ppm) CFB larvae (%) CFB adults (%) 

CH,SC(= O)NHCH, 
CH,SC(=O)NHCH,CH, 
CH,CH,SC( = O)NHCH, 
CH,CH,SC( = O)I\'HCH,CH, 
CH,CH,SC(= O)NH(CH,j,CH, 
CH,(CH,j,SC(=O)NHCH, 
CH,(CH,),SC(=O)NHCH,CH, 
CH,(CH,j,SC(= Oli H(CH,j,CH, 
CH,(CH,j,SC(= O)l'iHCH, 
CH,(CH,),SC( = 0)I\'HCH,CH, 
CH.(CH,),SC(= O)NH(CH,),CH, 
CH,(CH,).SC( = O)NHCH, 
CH,(CH,).SC( = O)NHCH,CH, 
CH.(CH,).SC(= O)I\'H(CH,j,CH, 
CH,(CH,hSC(= O)I\'HCH, 
CH,(CH,),SC(= O)NHCH,CH, 
CH,(CH,),SC(= O)NH(CH,j,CH, 
CH,(CH,),SC(= O)l\I'H(CH,).CH, 
CH,(CH,),SC(= O)NHCH, 
CH,(CH,),SC(=O)NHCH,CH, 
CH,(CH,),SC(=O)NH(CH,j,CH, 
CH,(CH,j,OCONH(CH,).CH, 
CH,(CH,),OCONH(CH,j,CH, 
CH,(CH,),OCONH(CH,),CH, 
CH,(CH,),OCONH(CH,),CH, 
CH,(CH,),OCONH(CH,j,CH, 

30·100 
30·100 
30-100 
30-100 
30·100 

100-300 
100-300 
100·300 
100-300 
100-300 
100-300 
30-100 

100-300 
100-300 
100·300 
100-300 

300·1000 0.03·0.1 
0.03·0.1 

0.1·0.3 
0.1-0.3 
0.1·0.3 
0.1-0.3 

0.1·0.3 
0.1-0.3 
0.1-0.3 
0.1-0.3 
0.1-0.3 
0.1-0.3 

0 '"
 n 
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>z 
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Table 4. Continued. 

Insect*· t 
Compound YFML(ppm) HF(ppm) IMM(ppm) CFB larvae ('70) CFB adults (%) 

CH,(CH,j60CONH(CH,j,CH3 30·100 
CH3(CH')60CONH(CH,joCH, 30·100 
CH3(CH,j,OCONH(CH,j,CH, 30-100 
CH,(CH,j,OCONH(CH,l,CH, 30·100 

CH,(CH,j"OCONHCH, 0.3-1 
CH,OC(~SlNH(CH,j,CH, 0.3-1 
CH,CH,OC( =S)NH(CH,joCH, 0,3-1 
CH,(CH,),OC( ~ SlNH(CH,l,CH, 0,3-1 
CH,(CH,l"OC(~S)NH(CH,)"CH, 0.3-1 100-300 
CH,(CH,j,OC( =SlNH(CH,j,CH3 100-300 
CH,(CH,j,OC(~SjNHCH, 0,3-1 
CH,(CH,j,OC(=S)NHCH,CH, 100-300 
CH,(CH,j"OC(=SlNHCH, 0.3-1 

carbaryl 0,1-0,3 30-100 lOO-300 0.01·0,03 >1 z
o 
~carbofuran 0,1-0.3 

methyl parathion 0.1·0.3 
It- YFML - yellow fever mosquito larva; HF - housefly larva; IMM - Indian meal llIoth larva; CFB = confused flour beetle. 
t The ranges are treated as folluwi'i: At the lower concentration, some larvae survived to mluh.hood or some reproduction took phlce. At the higher concentration, ul1 

larvae died or no reproduction took plac(>, depending 011 the test. 



I(OCHA~SI(Y and COHE~: Dialky (lhio)cl.Irbmnllle insecticides 30,1 

propylene glycol) showed no obvious toxicity Lo four rabbits over a 9·d pel'iod (J. 
K.	 and H. H., unpublished data.). 
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FIELD EVALUATION OF DIFLUBENZURON BOLUSES FOB FLY
 
CONTROL ON PASTURED CATTLE"'·" 

R. W. Miller', F. W. Knapl"" R. D. Hall', 
R. E. Williams', K. E. Doisy', J. Webb' 

ABSTRACT 

Dil1ubcnZW'OIl boluses worc administered to herds of pllSlurcd cattle in Indian.., I<cntucky, 
t\!tarylund, and Missouri in 1986, 1987, and 1988. Commercial boluses and experimental single 
bolus fOlmulations were evaluated. On most. herds, the boluses provided ~ 8017.: control of 
immat.1l1'c stages of the fnco fly, MU8ca aUlunmalis Dc Gecl', lind the horn ny, N((cmatouia 
irritans (Linnaclls), in the lllllnure for at least. JO wk. Expcl'imcnlal single-dose boluses were 
as crfective as commercial ones. In general, the boluses provided good control of adult horn 
flies in stnlcs with a high population of this species. but were less effecLive in controlling face 
nics 011 cattle. 

Key Words: Bolus, difluhcmmron, hom ny, HaenUltobifJ im/ans (Linnncus), race ny, Mu.'>fXJ 
uulunmoli... De Gccr, Dipiero, Muscidllc. 

J. Agric. 8nlomoL 7(4): 305-319 (October 1990) 

Dil1ubenzuron is an insect growth regulator that inhibits the formation of the 
insecl cuticle during ecdysis (Verloop and Ferrell 1976). It is active against the 
horn fly, Haematobia irritans (Linnaeus), face fly, Musca aulumnalis De Geer, and 
house fly, M. domestica Linnaeus, when evaluated as a cattle feed-through compound 
(Ivliller 1974, Wright 1975, Borker and Jones 1976). Miller and Miller (1978) 
demonstrated I.hat diflubenzuron could be incorporated into D sustained-release 
bolus to provide an extended period of control fol' the hal'll fly and face fly. 
Diflubenzuron boluses have been field-evaluated in the United States and Canada 
for control of the hom fly and face fly on pastured cattle (Miller et aJ. 1986, Scott 
et al. 1986). 

The research reported in this paper was conducted on herds of pastured beef 
cattle and dairy heifers in Indiana, Kentucky, Maryland, and Missouri during the 
summers of 1986, 1987, and 1988. The purposes of these studies were (1) to obtain 
daw on the ability of the bolus to control face flies and hom nies in different 
areas of the United States (1986, 1987, and 1988), (2) to obtain dat.a on the efficacy 
of a single bolus, compared with a double bolus formulation (1986 and 1988), and 

I Recei ....ed for puhliclItion 22 December 1989; lIccepted ;1 '\flril 1990. 
2 Diplcrll: Muscidnc 
3 This paper repor1s the resuhs of rc5enrch only. t\,lenlion of II proprietary product or 1I Ilesticide does not 

COnf;l.iwte recommendation hy the USD:\. nor does it imply registration under FIFRA, ns amended. 
This research WIIS 5upportcd by NC-IM and the Americun Cyanamid Company. 
Li ....estock Insects Laboratol)', Livcstock Ilnd PauliI)' Sciences Institute, AHS, USDA, Bclt.~\·ille, MO 
20705. 

~ Department. of Entomology, University of Kcnl.llcky, Lexing-ton. KY 'IOfJ46-0091. 
DepuI1ment of I~nt.omolo~, Univcrsity of Missouri, Columhia, 11.10 65211. 
Depurhnent of Entomology, Purdue University, West LllfIlYIJIt.e, IN 47907. 
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(3) to evaluate the timing of bolus application as related to efficacy through the 
season (1987). 

MATERIALS AND METHODS 

1986 Study. Thirteen herds of cattle in Indiana, Kentucky, and Maryland were 
involved in the study. One herd in Indiana, three herds in Kentucky, and four 
herds in Maryland \\'erc administered diflubenzuron boluses as outlined in Table l. 
One herd in Indiana or two herds in Kentucky and Maryland, similar in number 
and type of cattle to the bolused herds in each state, served as untreated 
contl'Ols. 

Starting 2 wk after the boluses were administered and continuing through 
September, face flies and hom nies were counted on 10 animals monthly in 
Indiana and biweekly in Kentucky, and on 15 animals weekly in Maryland. Foul' wk 
after administration of the boluses and ca. biweekly thereafter through 20 wk 
postbolusing, manure samples were collected randomly from five animals in each 
herd in Indiana and Kentucky und from 10 animals in each herd in Maryland. 
These samples were bioassayed with face fly larvae (Kentucky and Maryland), 
horn fly larvae (Indiana and Kentucky), and house fly larvae (Indiana, Kentucky, 
and Maryland). Bioassays were conducted generally as described by Scott et al. 
(1986). 

1987 Study. In Indiana boluses were administered to one herd and in Kentucky 
and Maryland blouses were administered to two herds. In l\1issouri, all of the 
cattle at the University of Missouri 486-ha Forage System Rcse8l'ch Center 
(FSRC) that. were one year or older (representing ca. 300 Hereford cows, heifers, 
and st.eers) were administered the labeled dosage of diflubem:uron boluses. These 
animals were subsequcntly divided into l6 smaller groups of 6 to 24 heads each 
and placed on pastUl'c. Treatment groups monitored consisted of two such herds 
locat.ed farthest from nemby untreated herd of 175 Angus cow-calf pairs pastured 
on 243 ha that bordered the F'SRC. There was one untreated control herd in 
Indiana, Kentucky, and Missouri and two untreated contl'Ol herds in Maryland. 
Information on herds in each state and dates of bolus administration is presented 
in Table l. 

Stmt.ing 2 wk after the boluses were administered and continuing until September, 
face flies and horn flies were counted on 10, 10, 15, and 25 animals in each herd in 
Indiana, Kentucky, Maryland, and Missouri, respectively. Counts were taken 
weekly in Maryland and biweekly in the othel' states. Manure samples wel'e 
collected randomly from five pats in each herd biweekly in Maryland and Missouri. 
Samples were taken to Lhe laboratory and bioassayed with house fly larvae in both 
states and also with face fly larvae in Maryland. 

1988 Study. Two experimental boluses were eVHluuted, each of which contained 
9.7~/O dillubenzuron. The differences between these boluses was in the manufactw'ing 
process, where either a flaked or powdered formulation of diflubenzuron was 
incorporated into the bolus. 

In Kentucky and Missouri boluses were administered t.o three and four herds, 
respectively. Two of the herds in Missouri were located at the University of 
Missouri FSRC and two of the herds were located in Boone County. One herd in 
Kentucky and one herd at each location in Missouri were administered boluses 
containing the powdered formullltion of diflubenzuron while anot.her herd was 
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Table I.	 Locations and years of studies, type of bolus administered, and descliption 
of catlIe. 

Bolus Dates boluses Breed and Appmx. no. cattle 
Year type* administered herd type per hel'd t 

1986 v 

1987 v 

)986 V 

1987 V 

1988 V, EP, EF 

1986 V, Efl, E7.5, 
EIO 

Hl87 V 

1987 V 

1988 EP, EF 

1988 EP, EF 

Indiana 

15 May Mixed breed beef 
cow-calf 

29 April Mixed breed beef 
cow-calf 

Kentucky 

)-15 May Mixed breed 
steers or heifers 

01' cow·calf 

3 March 1\'lixed bl'eed heel' 
cow-calf 

20-24 May Mixed breed beef 
cow~calf 

24-26 April Holstein 
dairy heifers 

1-8 April Holstein dairy 
heifers 

Missouri 

\-8 April Hereford steel'S 

23 May Hereford cow·calf 
calf or steers 
and heifers 

3rd wk of May Mixed breed beef 
cow-calf 

20-26 

15 

30-100 

39-56 

20-48 

30-80 

40-(jO 

20 

86-166 

16-32 

V>= commercial (Vigilllnl,c~) boluses conwining 10'''" diflubcll1.uron 1111(1 lid ministered at the rnle of one 
bolus per 250 k~ body .....1.• EP "" experimenlal boluses contllining 9.7'...: IlOwderCiI dillubell1.uron and 
administered /II the rotc of one bolus l>er 500 kl: body wt.. EF >= eXI>erimental holuses conwining 9.7'.+ 
naked diflubellzuron nnd adminslere<l 31 the mle of one bolus per 500 kg hody wt., E5, E7.5. 
EIO >= experimental boluses containing 5';.. 7.,')';;, or 10':'- dinubenzuron lind ndrninistered 8l the rote of 
one holus l>er !JOO kg body wt. 

t Numher does 110t include clll\'cs in cow·calf herds. 
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administered boluses containing the naked formulation of diflubenzul'on. These 
boluses were administered at the rate of one-half bolus to cattle weighing l36 to 
250 kg and one bolus to cattle weighing> 250 kg. In Kentucky an additional herd 
was administered commercial diOubenzul'oll boluses at the rate of one bolus per 
250 kg body wt. Two herds in Kentucky and one herd at each location in Missouri 
served as untreated controls. Information on these herds and the timing of bolus 
administration is pl'csented in Table 1. 

Horn Ilies and face flies on the cattle were counted biweekly as in 1987. 
Random manure samples were collected periodically postbolusing, frozen, and 
later bioassayed with horn fly and house fly larvae in each state. F'ace fly bioassays 
were conducted only on the Kentucky samples. 

COl'reded mortality values for each year were calculated using Abbott's formula 
(Abbott 1925). Fly count dat.."1 from each state for each year were transformed to 
loglO(n + I) values. Transformed data were analyzed by analysis of vaI'iance 
(treatment X weeks interactions used for experimental errol' terms) and Duncan's 
multiple range test using genet'al lineal' model procedures (81\8 Institute 1985). 
Arithmetic means are presented in table~. 

RESU[;rS AND DISCUSSION 

/986 Study. Bioassay data shown in Tuble 2 indicate that for the first 10 wk 
corrected mortality of horn flics and face flies in the manure of bolused cattle was 
generally 80% 01' greater. MOl'ullity of face l1ies in the Maryland herds l'eceiving 
the single bolus treatments was equal to 01' greater than the herd with commercial 
boluses. 

House fly mortality for the first 10 wk postbolusing was lower in each herd 
than the face fly or horn fly mortality. It has been previously reported that house 
fly larvae arc less susccptible to diflubenzuron than arc face fly or horn fly larvae 
(Miller and Miller 1978). 

Horn fly count data are shown in Table 3. There were considerably higher 
populations of this species in Kentucky than in Indiana and Maryland. fn both 
Indiana and Kentucky, cattle in the bolused herds had fewer horn flies on them 
than did cattle in the untreated control for the entire 20 wk of the experiment. 
This was true even though mortality of immature stages of this species markedly 
decreased after to wk postbolusing. In Maryland, cattle in the bolused herds also 
had lower horn fly counts during the first 10 wk of the experiment. During the 
second 10 wk, horn fly counts on three or the four bolused herds wel'e lower than 
on the untreated herds. The exception was the herd that received the boluses 
containing 5% dil111benzuron. 

Face l1y count data are also shown in 'fable 3. DUl'ing weeks 2~1O postholusing: 
when the bioassay data showed the manure to be toxic, counts on the boillscd 
herds were lower than on the control herds in all states; however, the difference 
was significant only on one herd in Maryland. The same trend held for the 11- to 
20-wk period; however, in Mnryland, face fly counts on cattle in herds that 
received both the M'r! and 7.5% diflllbenzuron boluses were significantly lower than 
on the control herd. 

Based on 1986 data, under field conditions, administration of diflubenzuron 
boluses caused ca. 2: 80% corrected mortality of face nies and horn flies in the 
manure in a majority of the herds for at least 10 wk. Experimental boluses 
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Table 2. Percent. corrected mortality of flies seeded as larvae into Inllnure from
 
catlle t.reated with diOubenzuron boluses, 1986. 

State and herd treatment* 

Weeks Indiana Kentllcky	 Maryland 

postbolusing V V V V V E5 E7.5 EIO 

Horn flies 
2 98 96 100 92 
4 100 85 100 
6 95 89 100 100 
8 70 98 

JO 82 86 51 96 
12 38 68 
14 39 36 31 
15-16 68 22 60 60 
18 31 4'1 13 
20 42 

Face flies 
2 100 100 99 
4 100 78 100 100 \00 100 100 
6 100 87 89 0 71 \00 70 
8 \00 92 55 100 49 86 

10	 \00 38 99 89 100 100 100 
12 34 66 
14 87 92 78 66 78 49 84 
16 61 30 67 72 77 82 100 
\8	 28 40 45 84 40 37 70 

House flies 
2 84 65 80 8 
4 78 45 80 86 100 92 100 
6 70 32 35 64 42 69 82 70 
8 \6 48 0 4\ 0 34 

10 50 23 14 43 39 67 89 97 
12 0 46 
14 19 12 63 65 66 32 64 
15-16 49 0 II 0 72 37 48 29 
\8 0 12 15 60 24 4 48 
20 33 

•	 v _ commercial boluses containing 10';.:. dil1uberrluron and administered at the rote of one holus per 
250 kg body wL E:o cxperimerlllli holuses containing 5'k, 7.f>';{., or 10';{ dillllhcnzuron and administered 
at the rote of one bolus per 500 kg body \\1. 



Table 3. Mean horn ny and face fly counts on untreated control cattle and on cattle treated with diflubenzuron boluses, w 
1986.' 0 

State and herd treatment"!" 

Weeks Indiana Kentucky Maryland 

postbolusing C V C V V C V q V E5 E7.5 El0 

Hom flies 
2 18.7 9.0 63.1 44.5 22.5 :385.0 16.3 0 0 0 0 
3-4 153.8 73.4 26.0 317.5 93.1 14.9 3.6 1.4 4.9 

w 

5-6 
7-8 

17.0 0 410.1 
536.0 

34.9 
15.2 

32.4 
40.0 

402.9 
148.0 

63.0 
182.5 

19.9 
44.3 

0 
0.5 

1.8 
5.4 

3.8 
0 

5.8 
1.2 

> 
".1 
F-" 

9-10 43.0 8.5 585.1 65.0 177.0 297.5 26:3.0 30.6 2.2 10.4 0 11.5 ~ 
0 

X 26.2 a 5.8 b 349.6 a 46.6 b 59.6 b 310.2 a 123.6 b 21.9 a 0.9 b 4.2 b 1.0 b 4.6 b b 
3 
2

11-12 693.2 37.8 92.0 332.5 202.0 19.2 0.1 6.8 0.6 0.4 < 
13-14 592.1 30.0 48.5 525.0 1.5 1.4 31.5 0 0.6 ~ 
15-16 26.0 0 502.0 62.5 15.6 0.4 11.5 1.4 1.6 -~ 

17-18 65.0 6.6 552.5 56.5 62.0 642.5 19.9 21.2 10.4 88.4 22.8 7.2 z 
19-20 448.9 55.8 185.2 310.0 109.0 73.3 47.6 88.4 44.6 105.0 ? 

~ 

X 45.5 a 3.3 b 571.7 a 45.0 b 96.9 b 462.4 a 98.4 b 26.2 a 12.0 b 45.3 a 13.9 b 23.0 b 
'" '" 

Face flies 
S 

2 16.9 12.0 ? -_.0 6.7 6.0 12.4 2.4 6.8 0.1 0.5 3.7 
3·4 11.7 13.8 11.5 6.2 2.4 5.2 0.8 1.3 17.1 
5-6 HI. 9 13.5 26.5 9.7 4.0 10.8 6.0 4.1 5.3 2.0 3.6 8.2 
7-8 18.6 8.2 4.3 13.3 8.8 16.0 10.4 2.4 7.0 2.7 
9-10 23.8 18.9 8.9 5.3 4.2 14.2 14.9 7.5 6.3 3.0 6.4 4.9 

X 17.2 a 14.8 a 13.6 a 8.7 a 6.0 a 11.3 a 6.9 a 7.9 a 7.3 a I.7b 3.7 ab 7.3 a 



Table 3. Continued. 

State and herd treatrnentt 

Weeks Indiana Kentucky Maryland 

postbolusing C V C V V C V q V E5 E7.5 El0 

Face flies (continued) 
11-12 12.4 2.9 3.3 i.9 13.8 15.9 4.0 1.4 2.2 6.0 
13-14 8.8 4.7 2.9 10.2 4.8 1.1 2.6 2.7 
15-16 16.3 15.8 20.4 8.8 i.O a.2 0.6 1.2 5.0 
li-18 8.4 6.8 17.1 8.0 4.1 12.7 5.1 2.6 5.1 2.6 2.i 1.0 
19-20 26.4 14.4 14.4 2.4 0 5.0 l.0 2.0 1.4 8.1 

X 12.4 a 11.3 a 16.2 a 7.5 a 6.2 a 10.8 a 6.9 a 8.1 a 3.6 abc 1.5 c 2.0 be 4.6 ab 
Within a !'tatc. means in a row 1I0t rollowed by a common Icller differ at the 5~ le\'el acconlin~ to Duncan's multiple range lest. 

t C '" untreated control, V "" commercial hoJusl's containing lOr.; dinubem.uron. F, = eXp<'rimental holuses containing .')~. 7.5"(' or 10':' dinubenzuron. 
t: Counts in this column arc th(' aq"rage of t .....o herds. 
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containing 5%. 7.5%, or IO% dinubenzuron and administered at the rate of one 
bolus per 500 kg body wt were as effective as the commercial bolus containing 
10% dil1ubenzuron and administered at thc ratc of one bolus per 250 kg body wt. 
With one exception in MUI),land, the boluses caused reductions in adult horn l1y 
populations for 20 wk. 

/987 Study. The aim or the 1987 study was to evuluHte the effectiveness of the 
boluses when administered carly in the season before face flics had emerged from 
overwintering diapllllse. However, according to the face l1y simulation model 
Flypop (Moon J986), Kentucky \Vas the only state in which the boluses were in 
cattle before face nics started emerging from diapause. Between 50% and 75% of 
the face nics had emerged from diapausc when the boluses were administered in 
Maryland and Missouri, and all face flies had emerged from diapause when the 
boluses were administered in Indiana. 

Bioassay data presented in Tllble 4 are similar to those obL:"lined in 1986 (Table 
2), but somewhat more erratic. In gellcrul, corrected mortality values for both face 
flies and house flics were higher during the first 10 wk postbolusing than during 
the second 10 wk. 

Table 4. Percent corrected mortality of nies seeded us larvae (Maryland) or eggs 
(Missouri) into manure from cattle treated with diOubenzuron boluses, 
1987. 

State and herd t.reat.ment*
 

Weeks Maryland Missouri
 

postbolusing V V 

Face nics 

4 100 100 
6 73 100 
8 82 100 

10 62 
12 33 0 
14 0 a 
16 61 50 
18 81 0 
20 98 42 

House nies 

4 98 97 82 
6 59 94 74 
8 28 91 71 

10 61 75 
12 0 33 87 
14 56 79 
15-16 70 58 69 
18 58 12 60 
20 77 88 
• V commercial boluscs cont;lining W'} dinubcllztlron tlnd odminslcrcd at the rllte or one bolus IJCr 

250 kl: hody wt. 

V 
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Horn fly populaUons \vere low in all stales except fndian8 during the first 10 
wk of the trial (Table 5). This is probably due to the fact that the boluses were 
administered later in Indiana than in t.he other' states. In Indiana and Kentucky, 
cattle in bolused herds had fewer horn flies than did cattle in the untreated 
control herds. There were no significant differences in horn fly numbers between 
untreated control herds and bolused herds in Maryland or Missouri. During the 
second lO-wk period. horn ny populations on cat.t1e in the bolused herds were 
lower than on the untreated control herds in Missouri, but not in Mal)'land. This 
was probably due to the overall lower horn ny populations in Maryland. Horn ny 
counts in Indiana and Kentucky arc not presented since catUe in t.he.se states were 
treated with insecticidal ear tags 13 and 10 wk postbolusing, respectively. This 
treatment significantly lowered horn fly !>opulations, but the role that the ear tag 
and bolus treatments played in this reduction could not be determined. 

Face ny counts in Kentucky. Maryland, and Missouri were generally low in 1987 
(Table 5). Among lhe four states. face nies on a bolused herd were significantly 
lower than on a control herd during the first 10 wk postbolusing only on one herd 
in I(entucky. In the second IO-wk period. face fly counts on one herd in Missouri 
were significantly lower than on the control herd. but becausc of the low number 
of flies on the control herd, this finding should be interpreted wit.h caution. 

It is interesting to note that the two treated herds in Maryland in 1987 were 
t.he herds t.hat received the 7.5% and 10% experimental boluses in 1986. The 
control herd of cat.tle was also the saine in both years. In 1987. fewer face l1ies 
were found on contJ'ol cattle than in 1986. On the two bolused herds of cut.tle, 
however, face fly count.s in 1987 were higher them in 1986. The rcasons fol' this 
finding arc not known. It is unlikely that face /lies would become resistant to 
dil1ubenzuron in only one season. 

J988 Study. Bioassay data shown in Table 6 indicates that the experimental 
di/lubenzuron boluses containing 9.7% of a powdered or flaked formulation of 
di/lubenzuron wcre us effective as the commercial boluses t.hat wcre administered 
at. a rate twice as high as thc cxpel'imenj".nl boluses (one bolus per 250 kg body wt 
\'s. one bolus 500 kg bC?dy wt). During the first 10 wk pos1.bolusing, horn ny and 
face fly mortality was over 90% except on two herds in Missouri. where corrected 
mortality of horn nies was 88% and 70%. These results confirm the 1986 data from 
Maryland. which suggested that a single bolus formulation was as effective as the 
commercial boluses in causing mortality of immature stages of the lace fly. 

In Kentucky both experimental bolus treatments reduced the numbers of horn 
nies and face mes on the treated herds compared wit.h the unlJ'eated control herds 
(Table 7). In Missouri there were no significant differences in mean horn ny 
numbers between t.he untreated control herds and the bolused herds during the 
first 10 wk postbolusing. Howcver, it. did appear that starting at weeks 5-6. horn 
nies were reduced on the bolus-treat.ed herds, especially those at the FSRC. 
Although the differences were not significant, the average number of face nies on 
the bolused cows at. the FSRC was lowel' than the number of face nies on the 
untreated control herd. The number of face flies on the bolused herds in Boone 
County was not lower than the number on the untreated control herd. 

Results obtained from this four-state study over a period of 3 yl' suggest that 
dinubenzuron boluses will reduce horn fly populations on cattle. especially when 
populations of this species are high. The boluses did not appear to give consistent 
control of adult face nies on cattle, which may be due to the dispersal habits of 



Table 5. Mean horn fly and face fly counts on untreated control cattle and on cattle treated with diflubenzuron boluses, 
~ 
~1987.-

State and herd treatment t 

Weeks Indiana Kentucky Maryland Missouri 

postbolusing C V C V V C:j: V V C V V 

Horn flies 
2 
3-4 
5-6 
7-8 
9-10 

X 

11-12 
13-14 

76.5 

155.5 

216.5 

149.5 a 

46.5 

58.5 

42.8 

49.8 b 

1.7 
11.2 
19.0 
? -_0.0 

14.4 a 

1.7 
5.4 

12.5 
20.0 

9.9 h 

0.7 
7.0 

11.9 
12.8 

8.1 b 

0 
1.4 

40.8 
68.2 

26.4 a 

85.1 
22.6 

0 
21.4 
14.2 
18.5 

13.5 a 

20.4 
6.4 

0 
8.6 

89.4 
22.9 

17.7 a 

14.6 
56.2 

34.5 
22.3 
:J2.0 
67.8 

39.2 a 

144.8 

2.0 
80.4 
18.5 
80.0 

20.2 a 

49.8 

8.3 
19.5 
18.4 
19.4 

15.2 a 

16.4 

~ 

> 
~. 
c 
OJ 

"
0 
3 
2

~ 
15-16 
17-18 
19-20 

22.8 
24.2 
19.4 

16.1 
21.2 
81.0 

45.8 
58.6 

8.9 

264.8 
140.2 

57.6 
50.6 

84.4 
77.8 

--, 
z 
0 

~ 

X 24.8a 19.0 a 86.7 a 183.3 a 52.7 b 42.9 b 
~ 

Face flies 
~ .s 

2 28.0 84.8 
8-4 
5-6 
7-8 
9-10 

80.0 

7.6 

26.0 

7.4 

8.5 
10.1 
10.4 
10.4 

7.8 
1.0 
4.8 
4.2 

6.4 
7.7 
8.0 
6.4 

2.4 
l.8 

10.4 
5.2 

19.6 
6.8 
2.3 
8.2 

17.2 
4.7 

10.4 
12.3 

10.4 
7.7 
4.7 
9.6 

7.1 
17.1 
0.9 
1.4 

5.5 
17.5 
5.1 
5.5 

X 21.9 a 22.6 a 9.8a 4.8 b 7.1 ab 4.8a 9.2 a 11.2 a 8.1 a 6.6 a 8.4 a 



Table 5. Continued 

State and herd treatment t 

Weeks Indiana Kentucky Maryland Missouri 

postbolusing: c V C V V q V V C V V 

Face flies (continued) 
1l·12 13.6 10.8 21.4 4.1 3.4 4.9 
13-14 10.2 6.0 16.5 
15-16 7.6 1.9 12.1 3.2 1.0 1.6 
17-18 3.4 6.4 6.1 5.4 1.5 3.6 
19-20 1.9 5.6 4.3 

X 7.3 a 6.1 a 12.1 a 4.2 a 2.0 b 3.4 ab 
Within n stot~. means in a row not followed by n common lettpr diffpr lit the 5'ir le\'el according (0 Duncan's multiple range te~t. 

t C;. untreated contml. \';. comml'rcial boluses containing 1O'l1 diflub£'nl.uron.
* Counts in this column 3re the <I\'cmges of two herds. 
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Table 6. Percent corrected mortality of l1ies seeded as larvae into manure from 
cattle treated with dinubenzuron boluses, 1988. 

State and herd treatment'" 

Kentucky	 Missouri 

Weeks FSRC Boone County 
postbolusing v EP EF EP EF EP EF 

Horn nics 
2 100 100 100 99 100 98 100 
5-6 LOO 98 100 100 90 93 100 

LO 100 96 100 100 88 70 92 
L5 88 86 67 74 71 
18 70 71 52 
20 35 37 

Face flies 
2 100 100 100 
5 100 100 100 

LO 92 100 LOO 
15 94 97 100 
18 65 81 91 

House Hies 
2 69 90 78 91 92 84 100 
5-6 88 97 97 91 79 78 95 

LO 69 46 74 86 71 46 70 
15 57 38 78 53 56 
18 46 26 69 
20 19 21 

...	 v = commercinl boluses cOlltnilling lO'l ditlubellwron (lnd ndminislered lit the rotc of one holus per 
250 kg body wI., EP = experimenllll boluses cOlllllilling 9.7% powdered diflubem:uron lllld administered 
nt, the ral.e of one holus per .'iOO kg body wt., EF = experimental boluses cOlltaining 9.7% flaked 
difluhenzllrOll and administered at the rote of one bolus per .'iOO kg body wI. 



Table 7. Mean hom fly and face fly CQUnLe; on untreated control cattle and on cattle treated with diflubenzuron boluses, 
1988.-

State and herd treatment t 

Weeks Kentucky Missouri 

postbolusing 

2 
3·4 
5-6 
7·8 
9-10 

X 

C 

333.7 
402.5 
336.2 
412.5 
460.0 

389.0 a 

V 

82.5 
82.5 
60.5 
34.5 
57.0 

63.4 b 

EP 

59.0 
82.5 
37.5 

4.5 
37.5 

44.2 b 

EF 

85.0 
75.0 
26.0 
20.5 
42.0 

49.7 b 

FSRC 
C EP 

Horn flies 
109.8 143.2 

124.4 76.6 

236.0 44.8 

156.7 a 88.2 a 

EF 

136.8 

46.6 

23.0 

68.8 a 

C 

61.6 
180.6 
143.0 
94.6 

183.2 

132.6 a 

Boone County 
EP EF 

97.8 66.4 
180.0 171.2 
43.3 78.8 

134.0 96.8 
78.4 58.0 

106.7 a 94.2a 

;;: 
? 
r

'" '"g 

f'. 

" '" 5
0 

~ 
::; 
g 

11-12 
13-14 
15-16 
17·18 

425.0 
532.5 
472.5 
450.0 

82.0 
90.0 
83.0 
77.5 

72.0 
90.0 
79.5 
70.5 

63.5 
63.5 
72.0 
87.5 

240.0 143.2 81.2 

126.0 121.8 55.6 
OJ 
0 
0• 
S 
(") 
0 

X 470.0 a 83.1 b 78.0 b 71.6 b ~ 
"

2 
3-4 
5-6 
7-8 
9-10 

12.6 
12.6 
14.2 
11.6 
11.6 

13.2 
9.8 

10.7 
5.1 
9.5 

7.6 
10.3 
4.1 
3.4 
8.2 

13.4 
9.6 
2.:J 
1.8 
8.6 

Face flies 
16.8 

8.:J 

5.0 

9.7 

2.8 

3.9 

4.3 

9.1 

4.9 

6.6 
4.5 
0.6 
0.4 
3.5 

17.7 
14.3 
2.2 
2.6 
:J.9 

11.8 
3.9 
0.9 
2.5 
:J.O 

;0
•2 
d 
::J••• 

X 12.5 a 9.7 ab 6.7 b 7.1 b 10.0 a 5.5 a 6.1 a :J.l b 8.1 a 4.4 b 

w 
~ 



Table 7. Continued. 

State and herd treatment t 

Weeks Kentucky Missouri 

FSRC Boone County 
postbolusing C V EP EF C EP EF C EP EF 

Face flies (continued) 
11-12 12.4 9.6 8.9 8.6 1.2 1.1 0.4 
13-14 14.8 12.9 7.7 8.7 
15-16 13.1 10.6 7.4 8.1 33.5 10.6 8.6 
17-18 12.4 10.8 6.8 6.9 

X 13.2 a 11.0 b i.7 c 8.1 c 
lit Within U silite. means in 8 row not followed by a common letter differ at the 5'A level according to Uuncnn's multiple range te~L 

t C = untreated contrOl, V = commercial boluses containing lOS: diOubenzuron. EP = experimental boluses containing 9.7'k powdered diflubenzuron, EF = experimental 
bohl!les containing 9.7~ flaked diflubenzuron. 

Z 
? 
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this species (Pickens and MilicI' 1980). Experimenlal boluses administered at the 
rate of one bolus pel' 500 kg body wi. appeared to be as effective as the 
commercial boluses administered at the rate of one bolus per 250 kg body wt.. 
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ABSTRACT 

Ext.ensive damage of winter wheat., Triticum acsliu/llll L. em Theil, by t.he HCHsinn ny, 

Maydio/n destrudo}' (Say), in Georgia prompted n series of experiments to cxmninc tbe 
feasibility of controlling the insect. by llsing systemic ~ranular inscct.icidcs applied at 
plnlltillg. Phormc, disulfoton. I.cl'bufos and clll'bofurun effectively controlled fnll infcslntions 
of the Hessian ny when applied in-furrow. but phoratc and lerbufos usuully werc more 
cffcclivc thall carbofuran and disulfoton :11 the SUIllO ratc. One experiment, however, 
indiclllCd that high rales of phoral.e and tcrhuros moy causc phytotoxicit.y to J.!crminaLing 
seedlings. Higher rates (Le.,.? 1.12 kg/ha) of all insccLicides also usu,llly reduced late winter 
and spring infestations of the illsecL. Grain yield losses wcre consistently prcvented in the 
Coustal Plain region by using insecticides except when infestations were low, hut yicld 
responses were morc variable in the Piedmont region. Early-season Hessian fly damage 
reduccd grain yield primarily by reducing spike numbcr per unit IIrca. Usc of systemic 
insecticides at planting had little effect on grain Lcst wci~hL except whcn Hessian ny damage 
severely affected grain yield. Houline use of a systcmic insecticide aL planting on susceptible 
wheat vnrielies probably is e(:ollomically jusLified in the COllsla] Plain J'egion where the risk 
of economic damage is substanl.inl, but may not be justified in the Piedmont region exccpL in 
early plant.ings. 

Key Words: 1n<;cctn, MCl)t'liofo desllliclor, wheal, insecticides. 

.J. Agrie. Entomol. 7(4): ~l21-;331 (October 1990) 

The Hessian lly, l\1ayetiola destructor (Say), has become a severe pest of wheat, 
Triticum nesliuum L. em Theil, in the southeastern U.S. where wheat acreage has 
incrcl.lsed dramatically during the last decade. Widespread outbreaks oCCUlTed in 
1977, 1984 (Johnson et al. 1984) and 1988 but loculized olltbrenks can occur every 
year. The Hessian fly has been controlled in tradtional wheat growing areas of the 
Midwest by plant resistance and ny-free planting dates. Most. varieties grown in 
the Southeast contain no Hessian fly resistance (Buntin and Raymer 1989). 
Furthermore, fly-free plant.ing dates generally are not effective in this area, 
especially in the Coastal Plain region (Buntin eL al. 1990). 

Insecticides have not. been widely used to manage t.he Hessian fly in the past. 
A number of studies in t.he Midwest have demonst.J'3tcd that the insect can be 
controlled by aPl>lying a syst.emic insecticide such as phorate or disulfoton at 
plant.ing (Brown 1960, \Vilson ei a!. 1960, Bigger et. ul. 1965). In-furrow applications 
of granules provided the best control in these st.udies. Seed treatments also were 
effective but caused phytotoxicity to germinatin~ seedlings, whereas broadcast 
applications usually were not. effective except at unacceptably high rates (Brown 
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1960. Bigger et al. 1965). Seed treatments or broadcast allplications of carbofuran 
at planting also can control the insect (Morrill and Kelson 19i6, Kelson and 
Morrill 1976). Little information is available on the effectiveness of systemic 
insecticides applied at planting for Hessian lly control in the Southeast. A series 
of experiments were conducted to examine the effect of four granular systemic 
insecticides applied in-fun'ow at planting on Hessian By infestations and productivity 
of winter wheat. 

MATERIALS AND METHODS 

Experiments were conducted dUling 1986/1987, 198i11988 and 1988/1989 growing 
seasons at Plains in the Coastal Plain region and ncar Griffin in the Piedmont 
region of Georgia. An experiment also was conducted in the Coastal Plain region 
ncar Midville, Ca. during the 1987/1988 season. Soil types at Griffin, Plains and 
1'\'1idville were Appling sandy clay loam, Tifton sandy loom and Dothan loamy sand, 
respectively. Tillage in all experiments consisted of moldboard or chisel plow 
followed by disk harrow. Soil pH was maintained at 6.0 at all locations. Either 550 
kg/ha of a 5-10-15 (N-P.I<) granular fertilizer or 330 kglha of 7-14-21 fCI'iilizer was 
incorporated bcforc planting, and ammonium nitrate was applied at 77 kg/ha of 
nitrogen during early February in all experiments. 

Soft red winter wheat was planted in 20-cm rows at the rate of 100 kg of seed 
per ha wilh a Tye drill. 'Florida 302' wheal was used in all experiments except at 
Plains in 1987/1988 whcn 'Coker 916' WllS used. \Vheat was sown at Griffin on 1 
October 1986, 19 October L987 and 30 September 1988. Planting dates at Plains 
wcre 29 October 1986, L December 1987 and 4 November 1988, and the expeJ;ment at 
j\'lidville was planted on 12 November L987. Treatments consisted of untreated 
control and vurious rates of systemic granular insecticides which were applied in
furmw at planting using a Hmull-seed box (Tye brand) attached to the grain drill. 
Rates are reported as kg (AI)/ha, but 1.12 kg/ha equals 2.28 g/lOO m 01' I'OW. Plots 
measured 2 In (to I"Ows) by 7 m, and treAt.ments in all experiments were arranged 
in a randomized complete block design with four replications. 

Hessian ny infestations WCI"C sampled by digging all plants in a 30-cm section 
of row in each plot. Plant and tiller number werc rccorded and tillers were 
dissected. The number of Hessian fly larvae plus puparia and percentage of 
infested tillers were recorded. Plots were sampled in 1986/1987 in early December 
(fall), early March (winter) and before harvest in May. Experiments during the 
other two season:; were sampled during JanuaJ'y to assess fall infcstntions and in 
May before harvest to assess spring infestations. 

Expel'imenl:s in the Coastul Plain region were harvested between 2 und 9 June 
in all seasons. Harvest at Griffin oCCUlTed on 10 June 1.987 and 14 June 1988 but 
I'ain delayed harvest until 22 June 1989. Plots were harvested during the first 
season by collecting all grain heads in two adjacent I-In sections of row. Grain 
heads were threshed wilh a small·bundle thresher. Plots were harvested in the 
other two seasons using a Hege small plot combine. Grain weight, test weight and 
moisture content were measured, and grain yield was calculated and adjusted to a 
moisture content of 13.5%. \¥heat yield components were measured at. Plains in 
L986/L98i by harvesting a '·m section of row and measuring spike (panicle) 
number, seeds per spike and weight. per seed. 
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Results of Hessiun l1y infestations and plant parameters were analyzed by 
experiment with 11 two-way analysis of vm·iance (Steel and TOl'l'ie 1960). If the (". 
value for treatment was signilicont (P < 0.05), means were separated using Duncan's 
(1955) multiple range test. Pearson's cOITelation procedure was used to assess the 
association bet.ween the percentage of Hessian l1y infested tillers and plant and 
tiller number (Steel and Torrie 1960). 

RESULTS A '0 DISCUSSION 

£{ficacy of Insecticides. Tables 1-5 show the effect of the various insecticide 
treatments on Hessian fly infestations in winter wheat. Infestations in untreated 
check plots revealed that population densities were very low at all locations during 
the fall of 1987 as compared with the otber hvo seasons. The fall of 1987 was much 
drier than normal which may have limited Hessian l1y emergence and carly 
establishment on volunteer wheat. Infestations within a scason, particularly during 
the spring, typically were lower at Griffin than ilt the Coastal Plain locations. 

Generally, all insecticides controlled Hessian l1y infestations in thc fall at rates 
of ?: l.L2 kg/ha (Tables L-5). Phorate and terbufos also were effective at the rate 
of 0.56 kg/ha. The 0.28 kg rate of terbufos and phorate and rates < 0.56 kg/ha of 
carbofuran and disullot.on were not effecl:ive as higher rates of the same insecticide. 
Brown (1960) also found that phorate was morc effective than disulfoton al. the 
same rate when applied in-furrow at planting. Full populations of the Hessian l1y 
were very low at Griffin during 1987/1988 and there were no significllllt differences 
between treatments in the filII (F = 1.89; df = 12,36: P = 0.07) llnd spring (F = 0.64; 
dl' = 12,36; I' = 0.80) (data not shown). 

C8rbofuran and disulfoton were less effective than t.he other insect,icides at 
Griffin in 1986/1987 (Table 1) and 1988/1989 (Table 4). Plants were about 35 d old 
when infestation occurred curly November in 1986. and the length of time between 
trcatment and infestation may account for the rcduced effectiveness of some 
treatments in t.his experiment. The apparently reduced effectiveness of some 
trcatments at Griffin in 1988/1989 may have bcen becuuse fall samples were 
collected 90 d aftc!' planting; therefore, treated plots may have been reinfested in 
late fall after the insecticides were no longer effective. This suggests that phorate 
and terbufos may remuin effective for a longer time tJwn carbofuran and disulfol.on. 
Brown (1960) also found that phorate remained effective for a longer time than 
disulfoton. 

Spring infestations at Griffin and late winter and spl·ing infestat.ions at Plains 
in treatments where fall infestations were most effeclively controlled also were 
significantly lower dUlIl in the untreated check in most expcriments (Tables 1-5). 

Plant Stand. \Vheat plant stand and tiller densit.y generally were not significantJy 
(P = 0.12-0.75) affected by the use of granular insecticides in any experiment, 
except at Midville in 1987/1988 where the 1.12· nnd l.68·kg rates of phol'ate and 
all rates of tel'bufos had significantly fewer plants than the untreated check (Table 
3). Soil conditions in t.his experiment were very dl)' at planting which may have 
induced phytotoxicity of germinating seedlings. Despite loss of plant. stand in some 
treatments, tiller number in the fall sample was not significantly (F = 0.64; df = L2,36; 
P = 0.80) different between treatments (data not shown). This suggests that in the 
absence of extensivc Hessian fly damage wheat plants compensat.ed for stand 
losses by increasing tiller production. 
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Table I. Effect of granular insecticides applied in-furrow at planting on Hessian fly infestation and grain yield and test weight of 
winter wheat at Griffin in 1986/1987_' 

Infested tillers (%)
Rate 

Compound (kg IAIJlha) Fall Winter Spring 

Untreated check 43.3 a 21.3 b 35_0 a 

Disulfaton l5G 0.56 32.1 a 17.4 be 26.3 abc 

Disulfaten l5G 1.12 16.3 b 17.3 be 20.0 abc 

Carbofuran l5G 0.56 29.6 a 18.3 b 27.5 ab 

Carbofuran l5G 1.12 14.6 be 7.6 cd 10-0 bed 

Terbufos l5G 0.28 35.4 a 33.0a 13.8 bed 

Terbufos l5G 0.56 8.8 be 15.0 be 12.5 bed 

Terbufos l5G 1.12 1.3 e 1.5 d 10.0 bed 

Phorate 20G 0.28 2.8 be 8.1 cd 5.0 cd 

Phorate 20G 0.56 2.0 e 2.7 d 10.0 bed 

Phorate 20G 1.12 1.8 e 2.2 d 3.8 d 

Phorate 20G 1.68 0.4 e 0.5 d 3.8 d 

• Means within columns followed by the same letter are not significantly different (P > 0.05; Duncan's multiple runge test). 

Grain 
yield 

(kglha) 

3563 a 

3689 ab 

3987 abc 

4589 be 

4510 abc 

3762 ab 

4311 abc 

4245 abc 

3820 ab 

4480 abc 

4853 e 

4805 e 

Test 
weight 
(kg/m 3) 

744 a 

747 a 

757 a 

769 a 

756 a 

763 a 

786 a 

784 a 

755 a 

762 a 

768 a 

784 a 

~ 

> 
~ 

f' 
~ 
8 
3 
S. 

~ 
.-' 
Z 
? 
~ 

:; 
~ 
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Table 2. Effect of ~ranular insecticides applied in-furrow at planting on Hessian fly infestation and grain yield and test weight of 
winter wheat at Plains in 1986/1987.* 

Rate Plants/ 
Infested tillers (%) Grain 

yield 
Test 

weight 
Compound (kg IAlllha) row m Fan Winter Spring (kglha) (kg/m') '" c 
Untreated check 34 a 42.2 a 33.0 a 89.7 a 1550 a 690 a 

Z 
-' 
~ 

Carhofuran 15G 0.56 39 ab 21.1 b 34.3 a 61.1 ab 1712 ab 716 a 
:!: 

Carbofuran 15G 

Disulfaton 15G 

1.12 

0.28 

41 ab 

49 b 

14.4 e 

7.0d 

16.9 e 

28.2 abc 

68.9 be 

72.1 ab 

1914 ab 

1937.b 

722 a 

695 a 

0••5', 

Disulfaten 15G 0.56 45 ah l.7d 26.4 abc 80.8 ab 1958 ah 726 a .i 
(") 

Disulfaton 15G 0.84 47 ab 1.3 d 29.4 ab 68.8 ah 2084 ab 704 a ~ 
~ 

Disulfaton 15G 1.12 50 b 0.0 d 21.1 b-e 76.5 ab 2127 b 702 a 
~. 

Phoro,e 20G 0.56 43 ab O.Od 29.0 ab 79.0 ah 1855 ab 90a 

Phorote 20G 0.84 52 b 0.5d 26.2 a-d 82.6 ab 2103 ab 697 a ~ 
0 

~ 

Phora,e 20G 1.12 40ah 0.0 d 16.2 e 65.3 be 2096 ab 700 a S: 
Q. 

Terburos 15G 0.56 51 b 0.4 d 19.4 cde 73.7 ab 2180 b 705 a 
0• 

Terbufos 15G 1.12 46ah O.Od 17.9 de 44.0 e 2260b 711 a 
• Means within columns follo..... ed by the same leHer are not significantly different (P > 0.0&; Duncan'l'i multiple range test). 
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Table a. Effect. of granular insecticide!:i applied in-furrow at planting on Hessian fly infestations and grain yield of winler wheat 
at Plains and Midville, Ga. in 1987/1988.-

Midville Plains 

Plant Grain Test Grain Test 
Rate density Infested tiUers (t;i) yield weight Infested rillers (t;) yield weight 

Compound (kg [AI[/ha) (! ·o.lrow m) Fall Spring (kg/ha) (kg/m'l Fall Spring (kg/ha) (kg/m') 
~ 

Untreated check 101 a 10.8 a 20.7 a 436;'') a 754 n 13.8 a 36.0 a 2069 ab 759 ab > 
~ Disulfaton loG 0.56 80 abed 0.5 b 16.0 a 4465 a 754 a 1.4 b 33.0 ab 1975 a 759 a ~. 

Disulfaton 15G 1.12 90 abc 0.0 b 21.5 a 4347 a 757 a 0.3 b 26.4 abc 2509 c·f 769 c '" " b
Disulfaton 15G 1.68 82 abc 0.0 b 16.0 a 4653 a 754 a 0.0 b 32.a ab 2389 bed 769 c 3 

"-
Carhofuran 15G 0.56 94 ab 2.9 b 19.3 a 4415 a 752 a I.3b a3.2 ab 2a13 be 767 be 

~ Carbofuran 15G 1.12 83 abc O.Ob 9.5a 4739 a 7558 0.3 b aO.7ab 2656 def 774 cd 
:-' 

CSl'bofuran loG 1.68 7 abc 0.0 b 20.0 a 4253 a 756 a 0.0 b 28.6 ab 2606 c·f 774 cd L 
p 

Phorate 15G 0.56 87 abc 0.0 b 10.0 a 4067 a 744 a 0.4 b 38.2 a 2283 ahc 766 abc ~ 

Phol'ate 15G 1.12 75 bed 0.0 b 15.4 a 4614 a 751 a 0.0 b 29.1 ab 2433 cde 767 be ~ 

2 
~ 

Phorate 15G 1.68 52 e 0.0 b 8.0a 4849 a 751 a 0.0 b 11.8 cd 2490 c·f 774 cd 

Terbufos 15G 0.56 77 bcd O.Ob 12.0 a 4129 a 75~ a 0.0 b 38.18 2552 c·f 770 c 

Terburos 15G 1.12 68 cde 0.0 b 11.0 a 49508 757 a 0.0 b 7.8 d 2745 ef 779 d 

Terbufos 15G 1.68 59 e O.Ob 10.0a 4nOa 756 a 0.0 b 18.2 bed 2788 f 781 d 
• Menns wilhin columns followed by the same Idler are not significantly different (P > 0.05: Duncan's multiple rlml;e lcst). 



Table 4. Effect of granular insecticides applied in-furrow at. planting on Hessian fly infestation and grain yield and test weight of 
winter wheat. at Griffin in 1988/1989.* 

Rate 
Infested tillers (%) 

Grain 
yield 

Test 
weight 

Compound (kg /AI/lha) Fall Spring (kg/ha) (kg/m;!) 

Untreated 

Untreated 

check 

check 2 

32.4 a 

32.8 n 

47.7 cd 

47.5 cd 

2038 a 

2391 a 

642 a 

689 a 

tll 
C 
Z 
~ 

Dioulfoton 15G 0.28 29.8 ab 73.0 a 2163 a 685 a ~ 
Disulfoton loG 

Disulfoton 15G 

Disulfot.on 15G 

Carhofuran loG 

Carbo/bran 15G 

0.56 

1.12 

1.68 

0.56 

L12 

28.7 abc 

24.1 abed 

17.6hcde 

32.4 a 

16.0 ede 

51.0 ed 

65.0 abe 

51.0 cd 

53.0 bed 

44.2 de 

1711 a 

1838 a 

2553 a 

1928 a 

2181 (l 

664 a 

648 a 

687 a 

674 a 

664 a 

~ 

;;
••5' 

" .".:< 
n 
0 

~ 
Carbofuran 15G 1.68 20.1 bed 38.2 de 2322 a 67:1 a 2-

Phorate 15G 0.28 18.5 bed 38.0 de 2244 a 680 a 
~.-

Phorate loG 

Phorate 15G 

Phorate loG 

Terbufos 15G 

0.56 

1.12 

1.68 

0.28 

5.5 efg 

3.6fg 

3.1 fg 

13.7 del' 

4~l.2 cd 

44.0 de 

:37.7 de 

69.7 ab 

2077 a 

2269 a 

2774 a 

2321 a 

660 fl 

676 a 

684 a 

675 a 

~ 
• 
~ 
C:;' 
0.: 
0 

" 

Terbufos l5G 0.56 2.7fg 48.0 de 1875 a 668 a 
Terbufos 15G 1.12 1.2 fg 38.0 de 2729 a 689 a 
Terbufos 15G 1.68 0.0 g 25.0 e 2477 a 685 a 
• Means within eolumns followed hy lilt! same letter are nut significantly different (P> 0.05; Duncan's multiple range lest). 

~ 
~-, 



wTable 5. Effect of granular insecticides applied in-furrow at planting on Hessian fly infestation and grain yield and test weight of '0en 
winter wheat at Plains in 1988/1989.* 

Rate 
Infested tillers (%) 

Hessian nies 
per 30 em row Grain 

yield 
Test 

weight 
Insecticide (kg IAlI/ha) Winter Spring Winter Spring (kg/ha) (kg/m') 

Carbofuran 15G 0.0 44.4 a 70.8 a 43.5a 290 a 746 a 529 a 
0.28 30.4 ab 74.2 a 39.0 a 162 b 1436 ab 583 ab 
0.56 19.1 be 66.7 a 21.0b 191 b 2164 be 650 be ,... 
1.12 
1.68 

7.0 cd 
l.ld 

60.8 a 
58.3 a 

6.8 e 
0.8 e 

127 b 
106b 

2582 cd 
3207 d 

654 be 
671 c 

>.,
".0 

Disulfaton 16G 0.0 48.8 a 83.3 a 69.8 a 273 a 387 a 447 a '" = 
0.28 35.8 ab 91.7 a 29.5 b 242 a 773 a 511 a ~ 
0.56 14.2 be 89.2 a 11.0 b 288 a 1437 ab 609 b !2

1.12 1.0 e 74.2 a 0.8 b 183 a 1909 be 633 b 
~ 1.68 1.0 e 55.8 a 0.3 b 82 b 2600 e 649 b 
~, 

Phorate loG 0.0 
0.28 

50.8 a 
6.7 b 

63.3 a 
70.8 a 

52.0 a 
13.0 b 

133 ab 
142 a 

368. 
1734 b 

546 a 
607 b 

z 
p 
~ 

0.56 4.5 b 55.8 a 2.0 b 96 be 2484 be 604 b 
1.12 
1.68 

0.0 b 
O.Ob 

40.0 a 
50.0 a 

0.0 b 
0.0 b 

85 e 
96 be 

1932 be 
2684 e 

627 b 
595 b '"S 

Terbufos l5G 0.0 50.8 a 68.3 a 59,5 a 185 a 363. 557 a 
0.28 6.8 b 54.2 ab 6.3 b 93 b 1484 b 615 b 
0.56 0.4 b 61.7 a 0.3 b 114 ab 2594 e 635 b 
1.12 0.0 b 32.5 c 0.0 b 47 b 2496 e 626 b 
1.68 0.8 b 36.7 be 0.5 b 68 b 2846 e 647 b 

• Means within columns find insecticides followed by the same lett.er are not significuntly different (P > 0.05: Duncun's multiple range test). 
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Conversely, plant. number at Plains in 1986/l987 was 27 - 53% greater in 
treatments where Hessian flies were controlled than in the untreated check, 
although these differences were not statistically significant foJ' all t.reatments 
(Table 2). Furthermore, the percentage of infesled tillers in the fall sample was 
negalively correlaled with plant number (r = ·0.76; N = 12, P = 0.00'1) and tiller 
number (I' = -0.81, l\' = L2, P = 0.002). Sampling of Hessian fly populations in 
lldjacent areas (Buntin and Chal)in 1989) found that plants were infested 7·10 days 
after planting. These results suggest lhat Hessian fly injury killed vcry young 
plants in this experiment. 

Grain Yield. Grain yield or I.reatments where Hessian flies were controlled was 
greater than yield of the untreated check in both experiments in 1986/1987 
although t.hese yield differences were not always statistically significant (Tables 1 
and 2). Grain yield in 1987/1988 was not significuntly different between treatments 
at Midville (Table 3) and at Griffin (F = 1.68; df = 12,36; P = 0.11) where grain 
yield averaged (± SO) 5612 ± 521 kg/hu (data not shown). However, plot.s receiving 
J.12· or 1.68-kg rat.es of all insect.icides at Plains in 1987/1988 usually had 
significantly greater grain yield than the untreated check (Table 3) even though 
wint.er infestations in the untreated plots were low (13.8% infested tillers). 'Coker 
916' was used at Plains whereas similar infestations of 'FIOI;da 302' at Midville did 
nOl affect grain yield. Correlations of wheat yield components with grain yield Hnd 
percentage of fall-infested tillers at Plains in 1986/1987 indicated that Hessian fly 
injury in the fall reduced grain yield primarily by reducing spike numbers per unit 
area (Table 6). Grain yield also was weakly correlat.ed with seed size. but was not 
correlated with seed number/spike. 

Table 6.	 Pearson correlation coefficients of yield components and grain yield and 
Hessian fly infested tiller during the fall in 1986/1987. t 

% Infested Crain 
Parameter tillers yield 

Grain yield 
Spike number 
Seeds/spike 
Seed size 

-0.61** 
-0.74*** 
0.32 

-0.43 

0.96*** 
-0.30 
0.75· 

Test weight -0.18 0.57 
t •. - and .... indicate :oignificnnt correlalion at P = 0.05, I' = 0.01 and P == 0.001, respecti....el)·. 

Although damage was prevalent, insecticide usage did not significanlJy affect grain 
yield at Grimn in 1988/1989 (Table 4). Harvest was delayed by rain which may 
have affected yield resulls in this expetiment.. Large yield differences, however, 
occurred between treatments at Plains in ]988/1989 (Table 5). Comparison of the 
highest l'8t.e of each insecticide with the untreated check indicated that Hessian fly 
dnmage reduced yield by 77-87%, Yield increascd with greater rates of all 
insecticides, but did not increase significantly abovc the 1.12-kg I'8te for carbofuran 
and disulfoton and the O.56-kg rate for phoratc and terbufos. Yield differences, 
however, cannot be entirely explained by the control of the fall infestation alone. 
Fo,' example, fall infestations in the O.28-kg rale of phorate and terbufos were 
statistically similar to the infestations in plots receiving higher rutes yet yield 
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losses wCl'e greater in the O.2S·kg rate thl-lI1 the other treated plots. 'T'he greater 
yield response in the higher rates probably renee ted suppression of damage by 
infestations during the late winter and spring. 

Grain test weight was not different (F = 0.58-1.50, P = 0.14 - 0.85) between 
treatments in any experiment except at Plains in 1987/l988 and 1988/1989. 'Test 
weight in 1987/1988 usually was greater than the untreated check when 2: 1.12-kg 
rate of all insecticides were used, but gl'Uin test weight of all treatments varied by 
only 3.1% [Tom the untreated check in this experiment (Table 3). In 1988/1989, test 
weight was greater in all treated plots than the untreated check if the percentage 
of infested tillers was significantly reduced in the treated plots in the fall (Table 
5). Grain test weight in the untreated check was to.l to 29.0% lower than the 
average test weight of treated plots with effective control for each insecticide. 
These results indicat.e that usc of systemic insecticides at planting did not greatly 
affect grain test weight. of \\-'inter wheat, except when Hessian fly damage severely 
affected grain yield. 

[mplicaliof1~ for Hessian Fly Management Use of a systemic insecticide at 
planting consistently prevented grain yield losses of wheat in the Coastal Plain 
when moderate to large Hessian fly infestations (i.e., > 20% infested t.illers) were 
present in the fall, although experiments in 1987/1988 suggest that yield response 
may vary with variety. Yield responses were not consistent at Griffin and occurred 
in one of three years. This difference in response between the Piedmont and 
Coastal Plain probably is caused by differences in Hessian fly seasonal occurrence 
in the two areas. The insect has one fall brood after planting, one winter brood, 
and one to two spring broods in the Coastal Plain I'cgion; whereas, the winter and 
second spring brood do not occur in the Piedmont region (Buntin and Chapin 
1990). Results of most. experiments indicated that use of systemic insecticides at 
planting not only controlled the damage by the fall brood, it also suppressed 
infestations by the next brood (i.e., late winter brood in the Coastal Plain and 
spling brood in the Piedmont). Consequently, yield I'csponse to insecticide o'eatments 
may reflect reduced dHmage by the fall and subsequent brood. However, the 
insecticides as used in this study probHbly did not remain active for more than 45
60 d. Consequently, suppression of winter and spring infestations probably is 
caused by a carryover of initial population differences established in the fall rather 
than direct insecticide-induced 1TI00iality of larvae in the late winter and spJing. 

Systemic insecticides should be applied at planting to control the Hessian fly 
whcn the expected value of losses exceeds the cost of control. Because the 
insecticides mllst be used as a preventive treatment before Hessian Ily injury can 
be assessed, treatment decisions must be based all the potential economic bellerit 
of using the insecticide versus the risk of economic damage by the insect. The gain 
threshold provides a measure of the economic benefit of a preventive control 
procedure in that it represents the amount of harvestable product that can be 
sacrificed before treatment is justified (Stone and Pedigo 1972). It is calculated as 
the cost of control ($/ha) divided by the market value of the crop ($/kg). The cost 
of an application of disulfoton 15G or phorate 15G (carbofuran and terbufos are 
not currently labelled for Hessian fly control in wheat) at 1.12 kg (AI)/ha is $16.47/ 
ha ($6.67/acro). Using a market value for wheat of $O.ll/kg ($3.00/bu 0" 60 lb/bu), 
the gain threshold would be 150 kg/ha (2.23 bu/acre). This value, however, does 
not include equipment costs and other external costs such possible environmental 
consequences. Nevertheless, the low gain threshold indicates that use of a syst.emic 
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insecticide at planting for Hessian fly control in susceptible varieties usually would 
be economically justified in the Coastal Plain region, where the risk or damage 
dUl'ing the fall and winter is substantial. Except. in early plantings where the risk 
of lal'ge fnll infestat.ions is enhanced (Buntin et al. 1990), the economic benefit. of 
routinely applying a systemic insecticide nt planting is less evident in the Piedmont 
region. 
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The banded cucumber bccUe (BCB), Diabrotic:a bo/teata LeConte, is I.l serious 
pest of sweetpotatoes because its larvae damage developing roots, significantly 
reducing the marketability of the crop (Schalk and Jones 1985). Insecticides now 
available to growers are not dependable for the control of BeR larvae (J. M. S., 
unpublished data). However, effective control by genetically inhel;ted resistance 
has been demonstrated (Jones et al. 1986). The U. S. Vegetable Laboratory has 
released six cultivars with multiple resistance to soil insects, including the BCB 
(Jones et al. 1983, 1985, 1987a,b, 1989; Dukes et al. 1987). The chemical mechanism of 
resistance, located in the peridenn, is unknown (Schalk ct al. 1986a,b). To 
determine the chemical mechanism of resistance, a diet, to which specific com
ponents extracted from I'csistant swectpotato can be added, is essent.ial. The 
purpose of this study was to develop a meridic diet which can be used to rear 
BCB larvae for studying resistance in sweetpot.'1loes. 

A RCB colony was established from a wild population of adults collected at the 
U. S. Vegetable Laboratory Farm. Larvae were reared on germinating wheat, 
according to methods by Schalk (1986) and adults were fed dry diet (Guss and 
Krysan 1973) and sweetpotat.o roots. 

Artificial diets t.hat had been developed for the spotted cucumber beetle, D. 
ulldecimpullctata howardi Barbel' (Sutter et al. 1971, Marrone et al. 1985), were 
initially used to rear BeB 18lvae. However, growth and development of BCB 
larvae were unsatisfactory when compared to 18lvae reared on control diet of 
germinating wheat (J. M. S. and J. K. P., unpublished data). Therefore, several 
changes in diets were tried to obtain satisfactory larval development. Different 
ingredients, such as raw linseed oil, cucurbitacins, lyophilized wheat roots, fresh 
genninating wheat, safflower and corn oil, cholesterol, beta-sitosterol, and Kretschmer's 
wheat germ, were added singly or in combinations. A total of 154 different diets 
was evaluated. 

All ingredients except agar were placed in a stainless steel blender with 50 ml 
distilled water and blended for about 4 min. Agur was placed in 50 ml distilled 
water, brought to boiling to dissolve the agar, and allowed to cool to 55·60°C. Agar 
was slowly added to the ot.her ingredients with the blender running at low speed. 

Colcoplern. Chrysomclidae
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The diet. was adjusted to pH = 6 at blending with 10% KOH (1 mI). After blending 
(2-3 min), 5 ml of t.he mixed diet were dispensed int.o 29-ml diet. cups. Aller the 
diet solidified, it was cut into halves and one half was placed into another 
cup. 

Neonate larvae were reared to second instal' on germinating wheat. To detelmine 
which expclimental diet best supported growth, 10-30 second instal's were individually 
weighcd (X = 1.56 mg/larva) and transferrcd into cups containing the experimental 
diet. OJ' the standard germinating wheat diet. Only one larva was placed into each 
cup to avoid cannibalism. Cups were placed into plastic crispers and sealed to 
maintain a high relative humidity (90 - 100%). The crispers were kept at 25°C 
(photoperiod LD, 1.2:12) until adult emergence. 

Larval \'v'eights were recorded at 2 and 7 d after test initiation. 'When the 
insects reached the prepupal stage, about 2 g or commercial blasting sand, 
moistened with distilled water (25 ml water/IOO g sand), were placed into each diet 
cup to provide a pupation medium. After the BeB pupated, the meridic or 
germinating wheat diet was removed and the number and weights of emerging 
adults were recorded. \Vhen an effective diet was identified the experiment was 
repeated nine times, with 10 - 30 replications each (X = 18.2 I'eplicatesltest). 

Larval weights at 2 and 7 d were compared using a t-test for paired data. 
Percent survival at 2 and 7 d was similarly compared, using a square-root 
transfonnation of the data. 

The most successful diet. contained 14 ingredients, of which beta-sitosterol and 
fresh wheat germ were most critical (cost per 100 ml was 26 cents) (Table 1). On 
this diet, larvae were reared successfully through the adult stages. The number of 
larvae that reached adulthood did not. differ from those rem'ed on germinating 
wheat; however, increases in Ialval weight on the experimental diet were lower 
after 2 Hnd 7 d (Table 2). 

Table 1. A meridic diet fol' latvae of the banded cucumber beetle. 

Ingredient. Amount. 

'Vater lOO ml 
Agar 1.5 g 

Alphacel 1.0 g 
Aureomycin 0.005 g 
Ascorbic acid 0.5 g 
Beta-sitosterol 0.03 g 

Casein 2.5 g 
Formaldehyde (3.77%) 1.5 ml 
lO7o KOH L.O ml 
Methyl puraben 0.1 g 

Salt mix W 0.8 g 
Sorbic acid 0.07 g 
St.eptomycin om g 
Kretschmer's wheat. genn J2.0 g 
Vanderzunt's vitamin mix 1.0 g 
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Table 2. Mean weights and survival of banded cucumber beetle second instal' 
larvae reared on a meridic diet and germinating wheat diet. 

Diet ('f 

:'IJo. or 
Dnys on Diet 

.Mean Weight#. + 
(mg) 

Mean Sllr"ival#, t 
(7,.) 

Meridic 
Wheat 

2 
2 

0.9 ± 0.4" 
1.5 ± 0.6 
(60.0%)1 

98.i 1\S 
96.7 

Meridic 
Wheat 

i 
i 

9.1 ± 1.0·· 
11.3±:l.3 

180.5%)$ 

8i.8 :-IS 
89.5 

1.[1	 n'" 1(", lurvlle per diet (meridic or wheat). Lan/lie were plllt:ed on diets lit test initiation; tests were 

repenled nine times, with nn IlHrllge of 18.2 replicutiolili pCI' lest lone second-instal' Intvn per 
replicnte). 

-# Lnn'lll weight (m~) and Ilercent slll"Viv31 after 2 and 7 d of feeding on respecli\'e diets. 
t .p < 0.05: ••p < 0.01; i-test for I'll ired replic"les.
 
$ Percelll weight gnio for meridic diel itS compared 10 the control wht'ut diet.
 
t:	 NS. not significanl, !-Iest for Iwired replicate", mn lIsinlt S(ju:lre-roo! Inl1lsfonnaliOIl of percenl 

dalli. 

Adults developing from lalvae reared on the control diet were significantly 
(P < 0.01) heavier t.han those reared on the experimental diet (15_7 ± 1.1 and 
13.1 ± 1.0 mg, respectively). However, no significant (P> 0.05) difference in percent 
adult survival was detected bet.ween the control unci experimental diet (67.570 and 
65.6% respectively). 

In preliminary tests, this diet \....as not as effenive for development of neonate 
larvae as it was for second instal' larvae. Howe....er, when neonate 131vae were 
permittcd to feed 011 germinating wheat for 2 d and then transferrcd to the meridic 
diet, their weight gains and survival were similm· to those or second instal'S. This 
indicates that this diet lacks a feeding stimulant., and/or unidentified I'actors to 
satisfy growth and development of neonate larvae. Further impro.... ement in the 
diet may be possible when these factors are better understood. 

This meridic diet provided substant.ial weight gains and sUivival of BCB 
second instal'S. It should he satisfactory for bioassay studies of compounds 
extracted rrom sweetpotato periderm to identify the chemical mechanism of 
resistance to BCB larvae. 
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ABSTRACT 

A rour-year study compared the effectiveness of selected insecticides applied 10 sunflower 
al the bud stage (HA), the early anthcsis stages (R5.! . R5.4) and the lale anthcsis stages 
(R5.5 - H.").9) in reducing the dmnllge caused by the red sunnower seed weevil. Smicroflyx 
rufuus LeConte. Sunnower treated at R5.1 - H5.4 anlhesis stages had significantly less achcnc 
damage than sunnower treated al the R4 sta~c. Hcsults were consistent in all four years. i'o 
signilicanl differences in percent achcnc damage were dclcclCd lwLwccn sunnower treated ;ll 
the H5.1· R5.4 and the R5.5· 115.9 anlhesis stages. 

Key Words: InSCCln. sunOower. Smicrotl)'x fttlvus. insecticide. 

<I. A~ric. Enl.omol. 7(4): :J:n·341 <October 1990) 

Larvae of the red sunflower seed weevil (RSS\V), Smicmnyx fuluus LeConte, 
cause severe economic losses to sunflower grown in the northern Greal Plains. 
Despite the I'ecommendation for planting early (Oseto et al. 1987) or fait or spring 
moldboard tillage (Gednalske and \Valgenbach 1984) to reduce RSSW damage, 
growers rely on insecticides for economic control of the RSSW. NOI't.h Dakota 
Cooperat.ive Ext.ension personnel advise growers to apply insecticides for economic 
control to apply insecticides when 80% of the sunflower rench bloom, and when 
RSS\\' adults reach the economic injury level of 12 to 15 adults per plant (Oset.o 
and Brane" 1980). 

Blool11 and nowering designate anthesis. An individual sunflower plant "blooms" or 
"flowers" from 7 to 10 d (Siddiqui ot a1. 1975, Schneiter and Mi1Icr 1981). 
Populations of adult RSSW' begin to increase on sunflower as plants start anthesis, 
peak when all florets have shed pollen, and decline at the sturt of plant senescence 
(Oseto and Korman 1986). Failure to account for t.he relationship between plant 
development and population levels of pest insects when applying insecticides can 
result in the inabilit.y to reduce pest populations and subsequent damage. Gednalske 
and Vlalgenbach (1984) obtained inconsistent control of RSSW on sunflower when 
insecticides were applied to plants with at least one row of disc nowers in 
bloom. 

Rf.'cei\·ed for publiclltion 2 :\'larch 1990: accepted 30 May 1990. 
f Currelll address: Depl. or Entomology. Purdue Unh·er;;ity, W. 1..I(oYf.'tte, IN 47907. 
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This study compares the elTectiveness of insecticides applied to sunflower at 
different stages of anthesis to control the RSSW. 

MATERIALS AND METHODS 

Research plots were esulblished from 1983 through 1986 neal' Leonard, ND. 
Oilseed variety '894' was planted during: the last week in 1\-18Y in all years. Each 
plOL measured 15.5 m by 4 rows on 76.2-cm centers with a 3.2·m wide buffer 
between plots. Plots were established in a randomized complete block with four 
replications. Insecticides were applied twice in 1983 and 1984 and once in 1985 and 
1986. A tractor mounted spray rig of local design was used to apply the insecti
cides. 

Before the fi.rst insecticide application in 1983 and 1984, plants at R4 (small ray 
petals visible from above), R5.1- R5.4 (10 to 40% of head in antbesis), or R5.5
R5.9 (50 to 90% of head in anthesis) were color-coded for later identification. 
Plants at the R4 and R5.J - R5.4 stages were color-coded in 1985 and 1986. Based 
on results obtained in 1983 and 1984, we eliminated the late anthesis stage in the 
1985 and 1986 studies. We used the sunflower growth stages of Schneiter and 
Miller (1981) to categorize the stage of 3nthesis. 

Insecticides applied were alanycarb 30%EC (Otsuka Chemical Co., Japan), 
benfuracarb 30%EC (Otsuka Chemical Co., Japan), biphenate 2EC (FMC Corp., 
Princeton, NJ), carbofuran 41" (FMC Corp.), chlorpyl'ifos 2EC (Dow Chemical Co., 
Midland, MI), cyfluthrin 2EC (Mobay Corp., Indianapolis, IN), cypennethrin 2.5EC 
(FMC Corp.), esfenvalerate 2.5EC, fenvlllerate 2.4EC (E. J. DuPont de Nemours 
and Co., Wilmingt.on, DE), llucythl'inate 2.5EC (E. I. DuPont de Nemours and 
Co.), lambda cyhalothrin 1EC (lCI Americas Tnc., \\'ilmington, DE), malathion 
9.7EC (Amcl;can Cyanamid Co., Wayne, NJ), and pel1nethrin 3.2EC (FMC COl'p.). 

The lirst insecticide application was on :3 August 1983 and 7 August 1984. 'fhe 
second insecticide application was made 5 d later in both years. rnsecticides were 
applied on 10 August 1985 and on 9 August J986. Harvest: occurred during the first 
week in October in all years. We hm"vested 10 of the previously color-coded 
capitula from each designated plant stage treatment from the middle two rows of 
each plot, and the achenes were threshed, cleaned, and stored for analYRis. 
Radiographs (Oseto and Korman 1986) of 500 achenes, selected at random from 
each of the pooled 10 capitula, were analyzed for seed weevil damage. The percent 
damaged achenes were calculated based on the 500 aehene sample. '1Ne used an 
analysis of variance (ANOVA) to analyze insecticide effectiveness for controlling 
the HSSW when applied to different stages of plant anthesis. Duncan's (1955) 
multiple range test was used to separate significant (P = 0.05) means among t.he 
treatments. 

REsu~rs 

Sunflower treated ai the R4 stage had a higher mean percentage of damaged 
achenes than sunnower treated during the R5. L. R5A stages of anthesis regardless 
of the insecticide used, the rate of application, or the number of applications 
(Table 1). There was no significant difference between the mean percentage 
achencs damaged in sunllower treated at the R5.1 - H5.4 and R5.5· R5.9 stages of 
anthesis in 1983 and 1984. 
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Table 1.	 Percent damaged achenes on oilseed sunOowcr treated for red sunllower 
seed weevil control at different plant stages. (1983-1986, Leonard, 
ND). 

Mean Percent Damaged Achenes 
(X ± Standard error)* 

Plant Stage 1983 1984 1085 1986 

R4 59.5 ± 13.5 a 27.8 ± 11.4 a 27.3 ± 6.3 a 47.2 ± 6.9 a 
R5.l - R5.4 20.1 ± 7.0 b 8.0 ± 7.4 b 7.0 ± 5.8 b 23.0 ± 9.2 b 
R5.5 - R5.0 25.~~ ± 9.4 b 13.3 ± 9.2 b 

•	 a.·lean!'; wilhin a trial followed by the same Imler are not signilicunll)' different m the 5'k le\'el hy 
Duncan'!,; (19551 mulliplc ronge le!>t; n =0 10 plants/treatment. 

In 1983, the grentest difference in insecticide effectiveness for RSS\V control 
occurred with chlorpyrifos treated sunOower. Chlorpyrifos 4E (0.5 kg IAII/ha) 
81>plied during R5.1 - R5.4 anlhesis reduced achene damage 84.6% over sunOowers 
treated during the R4 stage (Table 2). In 1984, IHlnbda cyhalothlin IEC (0.01 kg 
IAII/ha) applied during R5.1 - R5.4 anthesis reduced achene damage 84.2% over 
sunflower t.reated during the R4 stage (Table 2). In L985, biphenate 2EC (0.0'1 kg 
IAlllha) applied to R5.1 - R5.4 sunOower stages reduced achene damage 87.9% 
over sunDower treated during the R4 slage (Table 2). In 1986, lambdacyhalothrin 
lEC (0.015 kg IAII/ha) applied to R5.1 - R5.4 anthesis sllnllower reduced achene 
damage 75.8% over slInOower treated during the R4 stage (Table 2). 

Cal'boflll'llll, the only insect.icide applied in all foul' years, did not reduce HSSW 
damage as dramatically as biphenate in 1985 and lambdacyhalothrin in 1986, but 
carbofunm applied to H5.1 . R&.4 sunDower was more effective t.han R4 treatments 
in all years. 

DISCUSSION 

Weevils move to sunflower that. begin anthesis t.o feed on pollen and to oviposit 
on maturing seeds (Oseto and Korman 1986). Insecticides applied to sunflower at 
the R4 stage of ant.hesis may not reach weevils hidden among the involucral 
bracts. Insecticides applied to sunDower during anthesis have a better chance of 
contacting weevils that move freely over sunDower l1orcts. Weevil populations on 
sunDower peak during the R5.5 stage of anthesis t.he point at which oviposition 
begins (Oset.o and Korman 1986). Based on the oviposition behavior of the RSSW, 
maximum weevil mortality can be obtained if registered insecticides are applied 
during the R5.4 stage of anthesis. 

Growers who treat RSS\¥·infested sunDower at the correct stage of plant 
development can maximize profits. Based on the figures used by Oseto and 
Braness (1980) to calculate the economic injury level for the RSSW, the mean of 
59.5% damaged achenes in 1983 would result in a $65.00 loss per hectare for 
sunDower treated at the R4 stage. A meim of 20.2% damaged achenes at the R5.1 
R5.4 stages of ant.hesis would result in a $22.04 loss per hectare. Insecticide 
efficacy against. RSSW can be maximized when treatments are made as the 
majority of sunnower reach t.he R5.1 - R5.4 stage of anthcsis rather than on 
percentage of sunnower in bloom or flowering. R4 stage sunflower would be 
considered blooming. 
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'fable 2. Efficacy or selected insecticides for red sunf10wer seed weevil control 
applied t.o sunnower at dirrerent plant stages. (1983 - 1986, Leonard, 
ND). 

Percent damaged achenes for each plnnt stage 

Hate (X ± Standard errol') t 
Yea\'* Insecticide (kg IAII/ha) R4 R5.1 - !l5A !l5.5 - !lS.9 

1983 alanycmb 30(;;,j~C 0.5 74.4 ± 5.2 ub 30.6 ± 3A 11 ~10.1 ± 2.4 abc 
bcnful'ac<ll'b :lOr/eEoC 0.5 60.3 ± 5.9 ab 22.0 ± 2.3 ab 29.6 ± 3.1 abc 
cllrhofuran 4F 0.5 70.5 ± 4.3 ab 17.9 ± 2.6 bcd 22.8 ± 3.1 cdc 
chlorp)'lifos <lEe 0.5 6'l.~1 ± 8.7 ab 10.2 ± 3.:3 de 17.8 ± 1.9 ef 
chlorpyl'ifos 4E.C 0.75 G4.9± l1.6nb 26.7 ± 2.1 ab 30.5 ± 3.1 abc 
cypcnncthrin 3.2EC 0.02 G3.2 ± 8.3 ab 28.1 ± '\.9 ab 32.9 ± 3.9 ab 
cypcnnethrin J.21!:C 0.04 53.0 ± 12.9 cd 21.8 ± 5.5ab 24.4 ± 2.7 dec 
l111cylhrinatc 2.5EC 0.02 65.9 ± 5.5 ab 17.6 ± 3.8 bcd 20.9 ± 1.9 de 
nucythl'inate 2.5EC 0.0' 37.6 ± 4.6 cd 14.7 ± 4.1 cd 21.3 ± 0.9 de 
nucythrinatc 2.flEC 0.08 28.4 ± 7.0 d ,1.2 ± 0.9 e 11.5 ± 2.5 f 
pcrmcthrin 3.2EC a.Of) Ga.3 ± 8.6 ab 27.1±2.5ab 34.3 ± 1.2 fl 

pcnnethrin 3.2EC 0.1 65.7 ± 8.7 ah 20.8 ± 1.7 bbc 26.9 ± 1.9 abed 

1984 clirbofuran 4F 0.5 '12.3 ± 4.0 ab 17.3 ± 3.G ab 28.7 ± 9.2 ab 
cypl.lrmcthl'in 2.5EC 0.1 30.4 ± 7.4 ed 8.2 ± 2.1 be 12.] ± 3.0 he 
rcnvalerate 2.4EC 0.1 31.0± 7Ahc B.O ± 0.7 be 11.'1 ± 2.2 be 
lambda cyhalothrin I E.C 0.005 41.0± 9.2flb 22.9 ± 7.4 a 25.8 ± 9.4 ab 
lambda eyhalothrin IEC 0.01 30.4 ± 3.0 cd 4.8 ± 1.7 c 12.7 ± fl.4 be 
lambda cyhalothrin lEe 0.015 15.0 ± 4.0 cd 4.5 ± 0.8 e 5.4 ± 2.3 c 
lambda cyhalothrin lEG 0.02 21.8 ± 5.4 l;d 3.5 ± 0.6e 5.5 ± 1.6 c 
lambda cyhalothrin IEC o.oa 10.5 ± 4.2 d 2.1 ± 0.5 e 4.8 ± 2.8 e 

1985 biphenate 2EC 0.02 27.8 ± 5.7 a 9.8 ± 4.0 b 
biphcnate 2EC 0.04 30.7 ± 4.6 b 3.7 ± 0.9 b 
biphcnate 2EC 0.06 26.2 ± 3.4 n 5.1 ± 0.8 b 
cfll'bofuran 4F 0.5 '12.6 ± 2.8 a 22.1 ± 2.2 a 
eyOulhrin 2EC 0.025 29.1 ± 4.4 b 9.3 ± 1.0 b 
cyl1ut:hrin 2EC 0.05 26.7 ± 4.6 b 5.7 ± 0.9 b 
lambda eyhalolhrin IEC 0.01 21.2± 3.1 b 4.0 ± 1.2 b 
lambda cyhalothrin IEC 0.Gl5 25.2 ± 2.4 h 3.5 ± 0.5 b 
lambda cyhalothl'in IEC 0.02 22.8 ± 3.5 b 3.4 ± o.a b 
lambda cyhalothrin lEe 0.03 21.1± <lAb 3.1±0.7b 

1986 clwhofuran 4F 0.5 47.8 ± 8.1 abc 33.6 ± 5.2 ab 
esfcnvaleratc 2.5EC 0.025 45.4 ± 3.8 abe 22.8 ± 5.'1 cbd 
fcnvalerate 2.4I!:C 0.1 39.8 ± 4.7 be 19.1 ± 2.7 cd 
lambda eyhalol.hrin lEe 0.015 59.6 ± 9.4 a 14.4 ± 3.9d 
lambda cyhalothrin IEC 0.02 38.2 ± 6.1 c 18.5 ± 3.8 cd 
lambda cyhalothrin IEC 0.03 44.2 ± 9.2 abc 14.0 ± 4.t d 
mnlal.hion 9.7EC 0.5 51.3 ± 4.8 abc 30.9 ± 4.1 abc 
mnluthion 9.7EC 1.0 50.9 ± 5.9 abc 38.1 ± 3.9 a 

.. Two chemical appliclilions madc in 1983 and 1985, onc insec1icide UI)pliclllion ronde in 1985 and 
1986. 

t Means within a trial followed by the sallle teller arc not significantly different al the 5';" level by 
Duncan's (l9f)f» multiple range tes1; n = 10 planls/trclltmenl. 



341 OSETO and BUHn: Insecticide Timing and Seed Wee\'il Control 

Sunnowel' does not develop uniformly throughout a field. Seeding depth 
differences. genetic variability of the achcne. soil fertility and moisture differences 
within a field can contribute, in part, to differences in development among plants. 
Sunnower hybrids have been bred to develop aL differem times dur'ing lhe growing 
sea!';on to minimize environmental constraints such as low soil moisture and high 
tempera lures during t.he critical seed development stage (Fick t97B). Sunflower 
breeding programs should concentrate on developing sunllower that. develops 
uniformly in the field. Uniform sunflower development in a lield should maximize 
insecticide effectiveness against the RSSvV. 
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,\CAIU. I. 119
 
ucceSli, canopy. 41
 
Acrididae, 2i5
 
AClll/UUUruS parnsiticu.~ Hunt. 2'11
 
adaptation, I'll
 

At'rles aegJ'pli I •. , 293
 
lIerilll, 91
 

Africa. 171, IRa
 

Africa. West, 171
 
Agaricus bispur/ls Longe, 1·11
 
Amf,/yomma I.-an·celltum (Fu!Jricilll;),
 

America, Latin, 191
 
Allie/a illfcc/n (Oschenheimcr), 241
 
lllltihiosis, 275
 
Aphelenchoididnc, 241
 
lIphid, black·mllr~ined, 2!1
 
lIphid, COOl le1lf, 221
 
IIphid, pecan, 29
 
aphid, yellow lleClln, 2!1
 
Aphididlle. 29
 
lInu}'wonn, fnll, 221, 2:~1. 241
 
Asia. Southemll. 155
 
Btl mcl ion. 103
 
At:clla .salilia (I..). 275
 

hag, collapsihle, 41
 
barley, 27;i
 
beetle, handed cucumber, :I;]':j
 

hectic, confused nour, :ma
 
heel Ie, red nour, 127
 

beetle, sllwlOOlhed grain. 127
 

heel Ie, strawherry snp. 1:\7
 
beelle, sugarcllne, 10:\
 
Imllcficilll inseds, 221
 

hionssllY, 3a3
 
hioconlrol, II:!
 
biology, 1;17
 
hiotic potentinl, 275
 
bolus, 305
 
UoapIJillls allllu/(duR (Say), 119
 
JJo"lJhilllS micropf/u (Cane!'lrini), 119
 
borer, EurolX'lIn com, 2:,9
 
borer. pine s.hoot, 51
 
borer, c1m'cr stem, 149
 
Urlll.i1, 191
 
bmlworm, tobueco, 91
 

Ctulra, 26;i 

Cadm caute/{f/ (Walker). 2Gr,
 
ClulOpy <lcees!!. ·11
 
curbamote. 293
 
Caribbean, I
 
cult Ie, I, 11, :lOf)
 

Cecidomyiidlle, 147,28.:1, :121
 
Ccrulopogonidue, 71
 
cerenls, 275
 
Chlorocllroa ligala (Say), 2:13 

CllI)'somelidae, 333
 
clearing solution, 217
 

clover stem horer, 149
 
c1o\·cr. crimKon, 1·19
 
C,wpllflfocroci.'1 mf'tlinaliR (Guenee). 81. 113
 

cockronch, American. 24 I
 
COLEOPTERA. 103. 127. 137, I,m, 293, 333, XI7
 

collapsible hilI;, 41
 
collecting lechniques, 71
 

Colombia, 191
 
commodities. stored, 2Gr,
 
cOllllllunily, ·11
 
Cf)fllflrillia .~lJrgllicul(l (Coqllillett), 221, 233
 

e0111rol, bio]ogicu], 265
 
cnnlrol, fly, II
 
coopcrution. internal-iollnl.
 
corn, 259
 
com horer, Europenn, 2[19
 
conI, fann·slored, 127
 
correlation, lnbornlory-ficld, Ii
 
Cor:rdalidne, 61
 
COT')vlallls C(lnllltus J.., (i I
 
1:011011,91
 

Cowdria nllliinalltium. 

crop proteclion. 183
 
Cucujidol'. 12i
 
Culicidne, 29a
 
culturnl Ilrncticcs, 103
 
Curculionidne, 337
 

deer, white-tuilcd, 119
 
degree-dlly.'!, 259
 
development, 203
 
fJiabroticfI /m{lcflta LeConte, 333
 
f)in{)rotiw rmdcL"impwrcllltll IlOwrll"(ii Bllrher, 1·1!)
 

diet., urtificiul, 137, 1<19
 
diN, llLcl'idic. 333
 
diflubel17.uron, :lO.'i
 
dimetholltll, Ii
 
DIPTERA, 11,71, 141, H7, 217, 2,17, 2&:1. 2!.l3, :105,
 

321
 
DIIYI'EHA, cyclorrhllpholls, 217
 

discriminnling·dose lest. 127
 
disellse, henrl ..... lIler, I
 
disll!lIcemcnl, 91
 

e:ll'Wonn, conl, 221, 23:f
 
Ecuador, 20:J
 
emergence, spring, 259
 
eradication, regional Ilrogmm.
 
erndiclltion, tick, 119
 
elhanol, nhso]ule, 217
 
l';UCOSIIlrI, 51
 

EueOl('o/a rugiceps (LeConte), 103
 
Europellll com borer, 2[l9
 
[-;u')'trlllw bracollidis (F'erriere), 113
 

fucullalive predator, 2-17
 
fllrming !lystems, t.rnditioI1l11, 171
 

feeding rates, 81
 
feeding, foliage, 221
 



345 SUBJECT fNDEX TO VOLUME 7. IDOO 

feed ill!:. punic:I!.'. 233
 
nighl,91
 

l1i~hl activity. 103
 
nuvalinalc, 17
 

fly control, 11
 
ny, fllce, II, :~o."t
 

ny, Hes;;ian. 147,283. :\21
 
ny, hom, J I, :IO.'i
 

ny, house, 247. 293
 
fogging methods. ,II
 

forage. 149
 
fomlctll.nBLC. 17
 

grain...tared, 12;
 

grasshopper, 275
 
greenhug, 221
 
guilds, 41
 

f/(I('l1wtobia ;rri(lltlS (LinnnCllsJ, II. 305
 
heartwilier diseuse. 1
 
Hdiolliis vjr('scf'ns (F.) 91
 
lJefi(Jlflis WI (Boddie), 221, 233
 
HOIVIOPTERA, 29
 
Hord/'llm vulgaN' (I.,), :orl 
H\'ME~OPTEHA, 26!) 

I;-.lSECTA, 241, 26S, 321, 337
 
insecticide, 191,293, 321, :I:li
 
insecticide knockdown, 41
 
insecls, beneficial, 221
 

insects, forc!'l, ,11
 
insects, immnt.ure, 71
 

IPM, 155, 171, 183, lUI, 203
 
integrated pest. rrU1I1ugCllHHlt, [f)r), i71, 183,
 

I!Jl, 203
 
Ixodidnc, J. 1J!)
 

knockdown. insecticide, ·11 

J.angllrin muwr(/i Lalrcille, 149
 
Languriidae, 1'1!J
 

larvae. 71
 
Lnlin Americn, I!H
 
Icaf dip, Ii
 
Icaffolder, rice, iH, 113
 

leaffolders. 113
 
LEPIDOPTERA. 51, 81, 91. 113. 2·11.
 

259. 265, 293
 
l.£ptoglos.~u$ phyllopus (1~), 23..1
 
1.Rllcmlia. 241
 

life history, 61
 

Lycorirlla mati (Fitch), 1·11
 
LYClIs hespems Knight. 2:l..1
 

malathion. 127
 
Marosmill pallltllis (Bradley), 113
 
Mayetio/n dc.~tnu:lor (Soy), Hi, 28:1. :121
 
medio. 333
 
\1EGALOPTERA. 61
 
MclntlQplu.~ sll1lguitlipes (Fahricius). 275
 

meleorolo~', 91
 
midge. hiting, 71
 

midge, !>Ol1:hum, :l'"ll, 233
 
migration, 91
 
misuse, pesticide, 171
 

miles, TlJ
 
.\10cis. 241
 

M(md/in clll)'f!lIa (Fitch), 29
 
MOIll:fliopsi.'i Pf'ca,,;s (Bissell), 19
 
mosquito, yellowfe\1('r. 293
 
moth,91
 
moth, almond. 26.')
 
moth, Indillnmeal, 29:1
 
mOlh. pine ShOOI, :,1
 
molh, pine tip, 51
 
Musca alltlllll/lali.~ DcGeer, II, :J05
 
.~·Ius("a dames/im L., 247, 293
 

Muscidae. II, 247, 29:1, :J05
 
mushroom. 141
 

mushroom sciarid, 141
 

~E~MTOD'\, 241
 
Nl'wm virillu/n (I..). 23:1
 
Nitidulidoc, 137
 
Noctuidoe, 91. 241
 
Nllctuidom:ma gllymwI/St· Hcmillt:>t and Silvain, :N I
 
.".'}'SilIS raplwrrus Hownrd, 2:j;l
 

ants, 27fJ
 
O/igoTlJ'C1l11s pmteTl.~is (Banks), 221
 
Ophym ne"c,~r.cns (Wieclelnnlln), :247
 
orgunopho,~I)hales, I~i
 

OIl.THOIY['EHA, ~7!i
 

()r)'UlefllJjlll.~ surillamCTlsis (1..1. 127
 
O,~/ril/ia IIl1bil(/li.~ (Hillmer), 2il!J
 
Owrks, 61
 

parasitism, 241
 

pllrasitoid, 113, 265
 
peanuts, 20G
 
pecan, 29
 
Pniplnnl'ta (IfllcriC(//1I! (t..), 2·11
 
penuelhrin. 1·11
 
lIest icide mi"use, 171
 
IJCsticide o\'eruse, 155
 
pesticide regulation, 171, 203
 
pesticide use, 2Chl
 
pesticides. 153. 171. 183, 191
 
pt:>sticides. prohlems ",ilh, If~,
 

pest mana~cment, inlegmteri, IflS, 171. 183,
 
191. 21).1
 

phenol. 217
 

pirimiphos'lnt:>thyl, 1:l7
 
planting datc, 221. 2J:J
 
l-'fodia intl.'rpuTlctella (I'Hibner), 293
 
population dynamics, 29
 

poultry houses, caged layer, 247
 
pouLtry houses, high-rise, 247
 

predalor, facultative. 247
 

predators, 113
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production. secondary, 61
 
''»'mlidac, 81, 113. 259, 2G.'i, 293
 

rearing. 13'i, 275
 
rearing, mass, 24,
 
re~lIlation. pesticide, 171, :.!O:l
 
rCl;istance. 127, 1,11
 

resistance mmmgcment. I., I'll
 
resistance, host plant, 28:1
 
resistance. plant, 275
 

rcMislllllCC, Ilyrcthroid, 91
 
rC\'icw, I
 

Uhopnlosip/wl1t maidis (Fitch), 221
 

WI)'adoflia, 51
 
rice. 81, 113
 
riec lcaffolder, 81, 113
 
risk asses.~mcnl, 17
 
rootworrn. sOllthern corn, \·19
 
rye, 275
 

lIulllpling, 51
 

sampling methodologies. 39
 
snmpling, canopy arthropod. 41
 
Scnrobacidnc, 103
 
Schizophis IImmitlum (Handuni), 221
 
scinrid, mushroom, 141
 
Scillridae, 141
 
.x'irtolhrips din C\'loulton). 17
 
Sl'cah' ('eretl/l' 11..,), 27r,
 
secondary production, 61
 
lielccli ...·c. 293
 
Smicron)'x fu/vu.~ LeConle, aa,
 
flolution, clcllring, 21i
 

Sorghum bic%r (L.) Mocllsch, 221. 2;1;1
 
tmrghum. 221, 2a:l. 259
 
SOlllhl!/lst Asia, If),')
 
Spodoplern, 24 I
 

Sl'odoptern frugiperdfl (J, E. Smith). 221. 233, 2-11
 
Sft'fi(lota gl'mimlt(I (Say). l:li
 
stem borer, do\'er, 149
 
!>lored grain, 127
 
strawberries. 137
 
sUG/lrcane, I!.XI
 
slIgarcanp beetle, 103
 
"unnower, 337
 
~)'nergist, 127
 

tcchniqllps, collecting, 7 I
 
temperature, 259
 
Tenebrionidnc, 127, 293
 
lest, discriminating dose, 127
 
'l~trn'I)'Cll/I.~ urticae (Koch). 221
 
lhiocarbamate, 293
 
Thripidae, 17
 
thl'ips, 233
 
thrips, dtms, 17
 
THYSANOPTERA, 17
 
tick, 119
 
tick. cattle, 119
 

tick. soulhern cattle, 119
 
tick. tropical bont, 1
 
tobacco budwonn. 91
 
'I'ortricidoc, 51
 
trnjccIOl)', 91
 
tr::msl)Qrt, Iltlllospheric, 91
 
'{ribo/ium CfI,~Ullleum (Herbst), 127
 
Tril",lil/1II c(m{uslim Jacquelin du Val, 293
 
Trichogfllmma, 113, 26:,
 
'1'riclwgramma pretio,~illm nile)', 265
 
Trifolium illwnwtum 1.., 149
 
Triticum (Il'stioum (1..), 271)
 
Triticl/lIl r'l',~fiullm L, em Thl!l!, 28:1, :)21
 

United Slutes, 119
 

vnrinhility, HI
 
\'cgctalllcs, 155
 

weevil, red ~unnowcr ~ced, 337
 
wcight gain, calf. II
 
West Arricll, 171
 
wheat, 147, 2/5, 283, 3'.! I
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