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NOTE 

FURTHER STUDIES ON BOTANICAL DERIVATIVES 
AS ANTIFEEDANTS AGAINST CUCUMBER BEETLEl.2 

(COLEOPTERA: CHRYSOMELIDAE) 

David K. Reed' and Martin Jacobson' 

Key \Vords: Acalymma uitaltum, feeding deterrents. natural product.q. 

J. Agric. Entomol. G{I): 1-4 (Januar)' 1989} 

Cucumber beetles Me serious pests of cucurbits and striped cucumber beetle, 
Acalymma uitaltum (F.), is an especially destructive pest, causing damage to the 
roots by feeding of grubs and to the foliage of seedlings by feeding of adults. It 
also acts as a vector of bacterial wilt (Enuinia lracheiphila) as it feeds on the 
foliage of young seedlings (Rand and Enlows 1916). An effective antifeedant should 
offer an ideal management tool for this pest, since prevention of feeding would 
decrease foliage loss and disease incidence. Many materials of botanical origin 
have been screened against this beetle and further evaluations made of more 
promising materials (Reed et al. 1981; Reed et al. 1982a; Reed el al. 1982b; Reed 
and Jacobson 1983; Reed et al. 1983). Compiled in this note arc results of further 
tests of plant extract assays against the striped cucumber beetle adult. 

Striped cucumber beetle adults, reared on squash plants at 27 ± 2°e and 
60 ± 5% RH, were used in bioassays as described in Reed, et al. 1981. Finely 
ground plant parts were extracted with ethyl ethel' for 24 hr. Extracts were freed 
of solvent under vacuum, weighed, and stored in ol'din81)' refligel'ators until used. 
Test materials were mixed with canteloupe leaves and bionssayed at two 
concentrations, 0.1 und 0.5% test material. Bionssays were conducted in 811 

ail'conditioned greenhouse using leaf disks placed in polyethylene dishes covered 
with muslin cloth. 

A total of 167 species of plants comprising 70 families was tested for antifeedant 
activity against striped cucumber beetle. Tests were made of extracts from 
different parts of the plant for many of these species. Table 1 lists the plant 
species with which the greatest activity was shown, along with the optimum plant 
part. Representatives from 16 families are included in the list. Complete inhibition 
of feeding for the entire period of testing was obtained for only [hree materials, 
Tabemaemontana coeiacea twigs (Apocynaceae), Campa guianensis twigs (meliaceae), 
and Taxus brevifolia stem bark (Taxaceae). Others that appeared very promising 
wilh only a minimum of feeding were representatives of the Berberidaceae, 
Canellaceae, Euphorbiaceae, Fabaceae, Flacourtiaceae, HCl'nandiaceae, 

, Mention of a proprietary product in this Inlper does not constitute nn endorsement of this Prod\lct by 
the USDA. 

~ Accepted for publication 20 September 1988. 
S Fruit lind Vegetable Insects Research Laborntory, Agriculturul Hesearch Sen.'ice, U.S. Department of 

Agriculture, Vincennes, IN 47591. Currently fit Wheat and Other Cereal Crops Hcsearch Laboml,ol)', 
ARS-USOA, Stillwater. OK 74076. 

•	 Insect Chemical Ecology Luborntory. Agricultural Environmentnl Quality Institute. A~ricultural ReSellrch 
Service. U.S. Department of Agriculture. Belts\'iIIe. MI) 20705. Now retired. 
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Melastomataceae, Meliaceae. Menispermaceae. Arecaceae, Podocarpaceae, 
Rubiaceae, and Rutnceae. 

Table	 1. Plant species which were effective antifeedants against striped cucumber 
beetle adults in laboratory feeding tests· 

Plant Family	 Botanicnl Name Plant Partt 

ANNONACEAE 

APOCYNACEAE 

ARECACEAE 

BERBERlDACEAE 

CELASTRACEAE 

CLUSIACEAE 

CORNACEAE 

CUPRESSACEAE 

EUPHORBIACEAE 

FABACEAE 

FLACOURTIACEAE 

HER:"ANDJACEAE 

ICAClNACEAE 

LAURACEAE 

LECYTHIDACEAE 

LORAl',rrHACEAE 

~IELIACEAE 

MENISPERMACEAE 

MYIUSTICACEAE
 

PODOCARPACEAE
 

Annona purpurea Moe. & Sesse 

Tabernwemontana coriacca Link ex 
T. coriacca Link ex R. &8.
 

Pouroul1!a palmala P. & E.
 

Podophyllum peltatum L.
 
P. pe!tal.wl1 L.
 

7'riptcf)'gium wilfordii Hook. f.
 

Calopllllum bmsi/ictlse Comb.
 
Mammea (lfneana Sabine 
PsorospemlUm {ebrifugum Spach. 

Mustixin tetrandra Clarke 

C!lpreSSus an'zonica Greene 

Colliquaia brasiliensis 1<1. ex Baill 

Pcmgamjo pinnata (L.) Pierre 

Ljmlacheria maylle1lSis P. & E. 

Hemolldia pc/tata Mcissn. 
C. {asc:iculala Cam bess. 

tw 

R.	 & S. ws-sb 

tw 

" 
rz 

rl.-st.-IT 

r, 
st-bk 
sl-bk 

" 
tw 

sd 

Y.'s-sb 

sb 

'I 

sb 
tw 

Apodyle... dimidiata E. Mey. ex Am. ws-sb 

Or;(Jtea whitei R. E. Wood Hun ws-sb 

Couroupita amazonica Knuth Ir 

Phoradendroll tn"neruillm Nutt. lw-If 

Caropo (illionensis Aubl. rt-rb 
C. quio/lensis Aubl.	 tw 

C. Quionensis Aubl.	 sl-bk 
C. quiancnsis Aubl. (Acct.. sol. fmet)	 rl-bk 
C. quiammsis Aubl. (Ethllnol-sol. fract) wr-rb 
C. quioocnsis Aubl. (Ethanol-sol. fract) wr-rb 
C. {issilis	 Veil. 
C. 100110	 roxb. 
E. capenis Sparrm.
 
Cuamo sp.
 
Guarea sp.
 
IWelio azedarach L.
 
Soymida febrifr-Iga Juss.
 

Allamiria cocculus (L.) Wight & 

tw 
r, 

tw-If 
r, 
sb 
r, 
sd 

Am. (Ether soL) r, 
A. c(Jccu/us (L.) \Vight & Am. (H~O.sol) r, 
Virola sebifera Aubl. t.,\' 

Podocarpus sellowii Klatsch ex Endl. 
P. sellowii Klor.sch ex Endl.	 tw 
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Table 1. Continued. 

Plant Family	 Botllnical Name Plant Partt 

RUBIACEAE Coffea !iberica Bull. ex Hiern. fl·fr 
Mussacnda frondosa L. tw 
Psychotria capensis (Eckl.) Vatke tw·lf 
ROfldia sp. sb 
Remijio peruuioflo Standi. If 

RUTACEAE Clau,seflo onisota Hook. f. rt 

SOLANACEAE Physalis ixocorpa brat. ex Hornem. If 
P. [ongifolio Nutt. If 

TAXACEAE Taxus breuifulia Nutt. 

THYMELAEACEAE Daphne cannabina Wall. rt 

D. sureill W. W. Smith & Cave rt 

• Results	 tabulated tiS Percent Inhibition % consumed (treated) x 100; 
'if consumed (treated + untreated) 

considered effective antifeedants if percent inhibition after one day at n concentration of 0.5% of active 
material was less than 10. 

t	 si=stem, sh=stem bark, tw=twig, ws=woody siems, \f=leaves. rt.=root, pp=pulp, 17.=rhi1.omes, sd=seed, 
n=nowers. fr=fruit, bk=bark, rb=root bark 

None of the plant extracts tested exhibited any evidence of acting as a feeding 
stimulant, although a few had results over 50, indicating mOl'e attractiveness than 
repellancy (see footnote 1, Table 1). 

Yn Table 2, effects of plant components other than the plant extracts are 
shown. A total of 18 plant oils was tested, but none was considered to be a 
promising antifeedant. 

Table 2. Plant components which were effective antifeedants against striped cucwnber 
beetle adults in laboratory feedings tests* 

Component Name 

4

Affinia 
(+)-Carvone 
2,3-Dimethoxyphenol 
Elemi gum 
Gedunin 

u Hydroxywithanolide E. 
Isosafrole 
Limonin diosphenol 
Nicalbin A 
Piperonyl alcohol 
Withanolide E 

Apio! 
(+ )-Carvyl acetate 
1,2-Dimethoxy·4-propenylbenzene 
Epiisoobacunoic acid 
2-Hydroxy-3-methyl-2-cyclopenten-l-ol 
Isoobacunoic acid 
Limonilic acid 
Limonin oxime 
2-0xazolidinone 
Sesamol 

" Considered effective antifeedants if percent inhibition after OJle day ll~ing O..'i% ..... a~ less lhun 10. 

These data add to the numbers of materials that are promising antifeedants 
against the striped cucumber beetle. Activities within families or genera may 
indicate a common factor that could be useful in future research on antifeedants 
from plant products. 
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ABSTRACT 

Ovipositional host preferences of the squash bug, Anasa iris.tis (DeGeer) on common 
cucurbit cultivars grown on the Texas High Plains arc presented. Field experiments for 1984 
and 1985 demonstrated Lhnt the cultivars evaluated fell into the three categories of highly, 
moderately, or lowly preferred depending upon the specific cultiv31'. 

Key Words:	 Cucurbila pepo (L.), Cucurbita moschata Duchesne., Cucumis melD L., Cucurbita 
(oetirh'isima HBK, Anasa t,-is/is. 

J. Agric. Entoma!' 6(1): 5-8 (January 1989) 

The squash bug is a serious pest of many species of Cucurbita and is found 
throughout the western hemisphere. Damage to the plant is described as the 
"burning" effect in which leaves exhibit brown, dry patches before tuming completely 
brown and dying (Beard 1940). Studies show these symptoms are due simply to 
mechanical injury of the plant's cells (Beard 1940 and Hoerner 1938). 

Economic damage by squash bugs is highly variable depending upon geography 
and cucurbit cultivar attacked. Squash bug damage was noted to be much more 
severe in the western U.S. than in t.he eastern U.S. and that infestations in the 
Yakima Valley, Washington virtually ceased pl'Oduction of cllcurbits in home 
gardens and commercial fields (Eichmann 1945). Squash bugs have prevented 
establishment of some cucurbit cultivars in certain areas (Knowlton 1952; Metcalf 
et al. 1962). However, some authors have stated that squash bug conspicuousness 
has led many researchers to exaggerate damage and that some of the stand 
establishment damage attributed to squash bugs is actually caused by Diabrotica 
vittata Fabl'" the striped cucumber beetle, and/or Melittia cucurbitae (Harris), the 
squash vine borer (Beard 1940). Nechols (1987) reported that the squash bug is a 
particularly serious pest in the midwest. 

Many pest management strategies can be used by growers to avoid 01' reduce 
squash bug induced losses. The three most common and accepted practices are 
insecticide application, various cultuml controls and the use of resistant or non
preferred cucurbit cultivars (Metcalf et al. 1962). Insecticide applications are 
costly, adults are difficult to control and nymphs and adults tend to gather 
underneath leaves and fruits which protects them from contact with the spray 

I Present address: Department of Entomology. Teltlls A&r...l University, College Station, TX 7784.1.
 
~ Texas Agricultural Extension Sen'ice, Route 3. Box 213AA, Lubbock, TX 79·101.
 
l Present llddress: Department of Plant Sciences, University of Wyoming, Laramie, Vtly' 82071.
 
• Present llddrcss; Department of Entomology, Kansas Slate University. Mllllhultnn, KS 66506. 

5 
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(Novero et al. L962). Problems with chemical control are also compounded because 
the fruits are harvested often and preharvest intervals must be observed (Benepal 
and Hall 1966). Cultural practices involving clean farming during and after the 
growing season help prevent Qvenvintering shelter and is a suggested control 
measure (Metcalf et al. 1962). The squash bug is a perennial pest of commercial 
cucurbits on the High Plains of Texas and control is often difficult to obtain. 
Because little is known about host preference in this production area we decided 
to determine the ovipositional host preference among some commercially available 
cucurbit cultivars_ 

Field studies were conducted in Lubbock Co., Texas. The 1984 field study was 
conducted on approximately 0.1 ha in a furrow irrigated field which was fallow the 
previous year. Standard horticultural practices were utilized during the 1984 
season. Fertilizer was applied pre-plant at the rate of 120 kg of Nand 57 kg of P 
per ha. The study was arranged in a randomized complete block design with four 
blocks. Thirteen cucurbit cultivars were planted on June 8 in three-row plots on 
ca. 1 rn by 4.5 rn centers. Plots were handplanted with three seeds per hill and five 
hills per row. After emergence, populations were reduced to two plants per hill. 
Twelve cultivars (Table 1) were chosen from a list of the best adapted and most 
commonly grown vegetables on the Texas High Plains (Roberts 1984). Seeds of the 
Buffalo gourd, Cucurbita [oetidissima, HBK were collected from rangeland bordering 
the farm and included in the test. 

Table 1.	 Mean number of squash bug eggs per plot from thirteen cucurbit 
cultivars in field tests, Lubbock Co., TX 1984-85. 

Preference
 
Category Cucurbit X no. eggs/plot·
 

Highly 
Preferred 

C. pepo (L.) C\!. Seneca Black Zucchini 
cv. Bigmax Pumpkin 
C\!. Spirit. Hybrid Pumpkin 
cv. Seneca Yellow Stroightneck 

Moderately 
Preferred 

C\!. Sweet l\<Jama Winter Squash 
C\!. Dixie Yellow Crookneck 

C. moschala 

C\!. Conneticut Pie Pumpkin 
cv. Peter Pan Patty Pan 
Duchesne ev. Walthllln Butternut 

Lowly 
Preferred 

C. {oetidissima HBI< Buffalo gourd 
C. melo L. cV. Magnum 45 Cantaloupe 

ev. TAM Uvalde Cantaloupe 
ev. Israeli Cantaloupe 

5501 a 
4635 ab 
3994 be 
4073 be 

3B04 be 
3257 cd 
3097 cd 
2941 cd 
2902 cd 

51 0 

51 e 
34 0 

100 

•	 Values within the same column followed by the some letter ore not different by Duncan's multiple ran.:e 
test, P=5%. 

To quantify ovipositional host preferences of the squash bug periodic visual 
sampling was conducted from June 18, which was prior to any eggs being 
observed, to August 6 when the plants died. Early season counts were conducted 
on five plants per plot but as the season progressed only three plants per plot 
were sampled in both years. The same number of plants was examined for each 
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cultivar at each sample date. Plants were randomly selected within each plot, 
whole plants were inspected, and numbers of squash bug eggs were recorded. 
Priol' to analysis, a square root plus 0.5 transformation was performed to satisfy 
the assumptions of analysis of variance (Steele and Forrie 1980). Subsequently, an 
analysis of variance and a Duncan's multiple range test were performed to 
determine if there were significant differences in the number of eggs found on 
each cultivar. 

The 1985 study utilized the same design and cultivars as in 1984 and planting 
occurred on the same farm but in a different location. The field was fallow the 
previous year and no fertilizer was applied to the plots. Planting occurred on May 
31, and sampling commenced on June 7, which was prior to any eggs being 
observed and continued until August 2 when the plants died. 

Cultivars were evaluated for levels of preference based on Painter's (Painter 
1951) definition and criteria. He states that preference of a variety is definable 
only in terms of comparison with other varieties, usually more susceptible, and 
therefore, levels of preference are relative and arbitrary. When we categorized our 
cultivars therefore, we considered that each cultivar which shared the lettcr 
assigned to the most preferred cultivar by the Duncan's 119551 multiple range test 
to be highly preferred. Those cultivars not assigned that same letter were 
considered to have various levels of nonpreference.. 

The cultivars evaluated fell into three arbitrary groups: highly preferred, 
moderately preferred or lowly preferred. Similar results, based upon the tot.al 
number of eggs per plot, were obtained in both years (Table 1). 

Four cultiv8l's ('Seneca Black Zucchini', 'Bigmax Pumpkin', 'Spirit Hybrid 
Pumpkin' and 'Seneca Yellow Straightneck') were determined to be highly preferred. 
Five cultivars ('Sweet Mama Wint.er Squash', 'Dixie Hybrid Yellow Crookneck', 
'Connecticut Pie Pumpkin', 'Waltham But.ternut Squash' and 'Peter Pan Patty Pan 
Squash') were shown to be moderately preferred in 1984. Tn 1985, all except 'Sweet 
Mama \Vinter Squash', which fell within the highly preferred group were again 
determined as being moderately preferred. Four cultival's (Buffalo Gourd, 
'Magnum 45 Cantaloupe', 'TA!\1 Uvalde Cantaloupe' and 'Israeli Cantaloupe') were 
determined as being lowly preferred in both 1984 and 1985. These results are in 
general agreement with Novel'o et al. 1962 who determined in the laboratory that 
Black Zucchini was preferred over another C. pepo 'Royal Acorn', two Cucurbita 
rnoschata Duchesne cultivars ('Butternut' and 'Sweet Cheese') and two Cucurbita 
rna.rima cultivars ('Green striped Cushaw' and 'Pink Banana'). Benepal and Hall 
1966 also define Black Zucchini as preferred over two other C. pepo cultival's, 
'Early Golden Bush Scallop' and 'Caserta'. Howe and Rhodes 1976, however, 
determined an unnamed field grown zucchini ' ....as less preferred than 'Blue 
Hubbard' (C. maxima) and 'Green Cushaw' (Cucurbita mixta). It is apparent that, 
when discussing squash bug preferences in Cucurbita, one must be specific with 
respect to each particular cultivar because preferences differ among cultivars 
within the same species. This view is supported by results of others. Hall and 
Painter 1968 evaluated ca. 400 lineR of five cucurbit species and found that 
preference of the squash bug is highly variable among lines of all cucul'bit species 
and is probably due to widespread genetic variability of the host plant and 
pest. 

The results of this study have shown that significant differences exist among 
cucurbit cultivars in ovipositional preference by the squash bug. Commercial 
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growers and home gardeners who have had perennial problems with this important 
pest should consider planting less preferred cultivars when possible or utilizing 
Seneca Block Zucchini planted at strategic locations throughout the field in an 
attempt to lure the squash bugs away from the cucurbits used for production. 
Staggered plantings will be necessary; however, to continue tJle attractancy throughout 
the season as one planting will quickly be killed by the bugs and they then will 
move to the less preferred but cCltainly acceptable cucurbit. 
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ABSTRACT 

Cylindricnl plastic probe trnps. 37 em long with 2.0 em internal diameter and 2.8 mm 
round holes in the upper half of the traps, are used to detect or monitor mobile stnges of 
insects in stored-grain. These tmps have holes sloping downwards. 'l,Ve modified the traps 
such that the holes were sloping upwards. Adult insects infesting the up pOl' 16 em surface of 
(ann-stored corn, wheat and barlcy in Minnesota were sampled with one or both these trap 
types. Insect species and the number of adults of each species captured were similar when 
traps with holes slOI)ing downwards were inserted completely below the burley grain surface 
or partially, with a row of holes above the surface to lrap insects active on the grain ~urrace. 

The time required for separating and counting adults captured in stored barley in Imps with 
holes sloping downwards was positively and highly correlated with the tot."ll number of adults 
present in traps. Traps with holes sloping downwards captured the same insect species in 
corn, wheat and barley, as traps with holes sloping upwards. The number of adults of each 
species captured was also similar in these two trap types. However, traps with holes sloping 
upwards collected less amounts of whole wheat and barley kernels and grain debris than 
tmps with holes sloping downwards. Consequently, the time required for sepamting adults 
from traps with holes sloping upwards was slightly (1.3- to 2.2-£0Id) faster than traps with 
holes sloping downwards. Multiple regression analysis indicated that. about 877.- of the 
vurintion in t.he time taken for separat.ing adult insects from trap contents was explained by 
the number of adults per trap, and about 51k of the variation was explained by the number of 
whole grain kernels pel' trap. Grain debris in lraps, however, did nol. influence the time taken 
for separating adults. 

Key Words:	 Probe traps, I,WI} modificalion, stol'cd*grnin, adult insects, sampling. trap 
processing time. 

J. Agric. EnLomol. 6(1): 9-21 (January 1989) 

Cylindrical drop-in type traps, also called probe traps, are used to detect or 
monitor mobile stages of insects, especially adults, infesting stored*grain 
(Burkholder 1984). Loschiavo and Atkinson (1967, 1973) designed and field-tested 
(Loschiavo 1975) a dl'op-in type, perforated cylindrical brass trap. Barak and 
Harein (1982) modified the brass trap of Loschiavo and Atkinson (1967) to monitor 
adult insects infesting farm-stored shelled corn find wheat in Minnesota. Recently, 
Burkholder (1984) developed a cylindrical plastic probe trap, 37 em long with 
2,0 em internal diameter and 2.8 mm downward*sloped round holes in the upper 
half of the trap (Fig. 1). There are 192 holes pel' trap, and this perfol'llted region is 
15.8 em long. 

\	 Current address: Department of Entomo]og-y, \Valers Hall, l{u!lSns Stille L:nivcrsity, Munhaunn, Kansas 
6(\506 
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Fig. L	 Disassembled plastic probe trap. A=perforated region of the trap; B=funnel
shaped teflon cap that fits on top of the plastic vial (C). The plastic vial 
with the teflon cap is placed inside the bottom unperforated portion of 
the trap. The vial is held in place by a snap cup (D) that fits at the 
bottom of the trap. The top of the trap has two large holes (of 0.6 cm 
diameter) for rope attachment, to facilitate easy removal from grain. Scale 
3.0 em~7.4 em (1.00 em=2.47 em). 
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Probe traps can detect adult insects in grain at low densities (Loschiavo and 
Atkinson 1967; Lippert and Hagstrum 1987), and are more sensitive than grain 
sampling devices (grain trier and deep cup probe), in detecting insects (Barak and 
Harein 1982; White and Loschiavo 1986; Lippert and Hagstrum 1987). 

In the present investigation, unbaited plastic probe traps (Burkholder 1984) 
were used to sample adult stored-grain insects, infesting the upper surface (ca. 
16 cm) of farm-stored com, wheat and barley in Minnesota. The upper grain 
surface was sampled, because of the presence of greater number of adults in this 
region compared to the middle or bottom of the grain mass (Loschiavo 1985). 

Our objectives were (1) to determine the species of adult insects and the 
number of each species captured in traps with holes sloping downwards, when 
inserted completely below the barley grain surface or partially, with a row of holes 
above the barley surface to trap adults crawling on the surface, and (2) to 
determine the time taken to separate and count the adult insects from barley 
captured in traps with holes sloping downwards. Probe traps with holes sloping 
downwards, in addition to capturing adults in grain, also trapped grain kernels (if 
the kernels were smaller than trap holes) and debris. These kernels and debris, 
perhaps, enter the trap due to gravity at the time of insertion into or removal from 
grain. Separating adults from kernels and debris was found to be cumbersome and 
time consuming. Therefore, we modified the trap such that the trap holes were 
sloping upwards (Fig. 2B) instead of downwards (Fig. 2A). Lower half of the trap 
(without any holes; see Fig. 1) was cut, and this section was glued on top of the 
upper half. Trap modification resulted in a 0.5% decrease in trap length. Our third 
objective was to compare the traps with holes sloping downwards and upwards in 
stored corn, wheat and barley in (a) detecting the insect species and the number 
of each insect species captured, (b) the number of whole grain kernels and grain 
dust accumulated, and (c) the time taken to separate adult insects from the trap 
contents. The performance of the traps was tested in com, wheat and barley, 
because the same insect species are commonly found infesting all three types of 
grain in Minnesota (Barak and Harein 1981; Subramanyam 1988). 

MATERIALS AND METHODS 

Storages Sampled 
Five bins (18-58) and I flat storage (68) of barley, and one bin each of corn 

(7C) and wheat (8W), holding ca. 68 to 192 metric tons of grain, harvested in 1982 
(2 bins), 1984 (I bin and I flat storage), 1985 (3 bins) and 1987 (I bin), were 
sampled for adult insects with probe traps during 1986 and 1987. Grain was 
sampled between June and October, because adult insects in stored corn, wheat 
and barley in Minnesota were found to be active during this period (Subramanyam, 
unpublished data). 

Performance of Completely Versus Partially Inserl£d Traps 
Traps with holes sloping downwards were inserted below the barley grain 

surface completely, such that the top of the traps was in level with the grain 
surface. In partially inserted traps, a row of trap holes (6 holes) was above the 
grain surface. In storage 6B, a pair of completely and partially inserted traps was 
placed in the center of storage and a pair each in each cardinal direction. Distance 
between completely and partially inserted traps in a pair was 30 em. Traps were 
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Fig. 2. A probe trap with holes sloping downwards (A) or upwards (B). 
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left in the grain for 14 days. In storage bin 2B, a pair of completely and partially 
inserted traps was placed in the center and 4 trap pairs were placed in each 
cardinal direction at every 90 cm interval (11. = 17 trap pairs). Distance between 
traps in a pair was 30 cm. Traps were left in the grain for I day. Number of each 
insect species captured in completely and pal'tiully inserted traps ,\'as compared 
by a paired t - test at P = 0.05. Insect counts (x) were log (x + 1) transformed 
before analysis to stabilize variances. 

Time taken for Separating and Counting Adults Captured in Traps 
The grain surface in each of the 5 barley bins (lB - 58) was stratified into 4 

equal quadrants by transects passing through the north-south and east-west 
directions of the bin. In each quadrant. 4 probe trap locations were randomly 
selected. Traps (with holes sloping downwards) were inserted completely below 
the grain surface, and were removed after 2 days. The trap contents were emptied 
into plastic vials, brought to the laboratory and frozen to kill the captured adult 
insects. The time (minutes) taken to separate and count all the adults in each trap 
was recorded. Data were only recorded for 68 traps out of 80 traps placed in the 
grain. Time taken to sepamte and count all adult insects in trap samples was 
regressed on total number of insects present, The intercept and slope were tested 
ror departure rrom 0 at P = 0.05. 

Performance of Traps with Holes Sloping DOlUlluJards or Upwards 
A pair, consisting of probe traps with holes sloping downwards and upwards, 

was inserted completely below the grain surface in each cardinal direction in two 
barley bins (IB and 2B), a corn (7C) and wheat (8W) bin. There were 4 trap pairs 
each in bins 18 and 7C, and 3 pairs each in bins 2B and 8\V. Trapping duration 
was 1 week (bin 18) or 2 weeks. Distance between the two trap types in a pair was 
30 em. After the indicated trapping interval, both trap types were removed from 
the gmin. Tmp contents wCl'e emptied into Petri dishes and assigned a code 
number. Petri dishes were then given to technicians, who were unaware of the 
study objectives, for separating insect adults from whole grain kernels and grain 
debris. Each technician processed Petri dishes from separate storages, and the 
lime (seconds) taken for sepamting the insects was recorded. Number of grain 
kernels and the amount of grain debris in traps with holes sloping downwards or 
upwards was recorded. All grain debris (grain dust, weed seeds etc.) was weighed 
after drying at L30°C for L h in a ventilated-oven. Number of adult insects of each 
species in both the trap types was counted. A pnired t - test (P = 0.05) was used to 
determine differences bet\veen traps with holes sloping downwards and upwards in 
the number of each insect species captured, whole grain kernels and amount of 
grain debris trapped, and the time taken for separating out the adults from grain 
and grain debris. Original data values (x) were log (X + 1) transformed before 
analysis to stabilize variances. 

The data on t.he total number of adults, whole grain kernels and amount of 
grain debris in both the trap types from bins 28, 7e and 8W (11 = 20) were 
subjected to multiple regression analysis, to determine the factor(s) contributing to 
t.he greatest variation in the time taken for separating adults in the t.raps. 

RESULTS AND DISCUSSION 

Adult insect species captUl'ed in probe traps in corn, wheat and burley storages 
were the foreign grain beet.le, Ahasverus advena ('Waltl); Cryptolestes spp,; larger 
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flour beetle, Cyaneus angustus (LeConte); s8wtoothed grain beetle, Oryzaephilus 
surinamensis (L.); lesser grain borer, Rl1yzopertha dominica (F.); rice weevil, 
Sitophi/us oryzae (L.); red flour beetle, Tribolium castaneum (Herbst); hairy fungus 
beetle, Typhaea slercorea (L.). Except for R. dominica and S. oryzae, all other 
insect species also infest farm-stored shelled corn in Minnesota (Barak and Harein 
1982). 

Performance of Completely Versus Partially Inserted Traps 
All adult insect species captured in completely inserted traps in each of the 

two barley storages were also captured in the partially inserted traps (Table 1). In 
storage 6B, the number of adults of each insect species captured in completely 
and partially inserted traps was not significantly different (P> 0.05). However, in 
storage 2B, ca. 4.6·fold more adults of T. stercorea were captured in partially 
inserted traps than in completely inserted traps. Adults of T. stercorea feed on 
molds (Cotton and Wilbur 1982), and these adults may have been feeding on the 
molds growing on the grain surface. Several species of storage molds, especially 
those belonging to Aspergillus and Penicillium genera, were identified from the 
surface grain samples collected fi·om the barley storages 28 and 68 (Subramanyam, 
unpublished data). Though no differences were found in this present study, partial 
insertion of traps may be useful in detecting insects colonizing or infesting the 
surface of newly harvested grain. 

TIme taken for Separating and Counting Adults Captured in Traps 
Time taken for separating and counting adults captured in probe traps with 

holes sloping downwards was positively correlated with the total number of adults 
present in traps. This relationship was significant (P < 0.0001). However, only 64% 
of variation (HZ = 63.8%) in time taken for separating and counting adults could be 
attributed to the total number of adulta present in traps (Fig. 3). The remaining 
36% of the variation in the time taken for separating and counting adults could, 
perhaps, be explained by the amount of whole grain kernels or grain debris in 
traps, and the number of small·sized adults (e.g. Cryptolestes spp. adults), which 
are difficult to find in the trap contents. However, these variables were not 
studied. 

The regression intercept and slope were significantly different (P < 0.0001) 
from O. The intercept value (Fig. 3) indicated that when insects were not present 
in traps, it took 1.3 minutes just to examine the trap contents. The slope of the 
line indicated that when adults were present in trap samples, examining trap 
contents and counting adult(s} took 2.3 seconds per adult. 

The scatter of points around the predicted line for a fixed number of adults 
suggests that the time taken for separating and counting a fixed number of adults 
per trap in different samples varied considerably. This variation could be 
attributed to differences in the amount of grain and grain debris in trap samples, 
difficulty in finding small adult insects (e.g. Cryptolestes spp.), and variability of 
the person processing the traps. 

Performance of Traps with Holes Sloping Downwards or Upwards 
Insect species and the number of adults of each insect species in traps with 

holes sloping downwards and upwards captured in bins 1B, 2B and 7C were 



Table 1. Number (Mean ± SE) of adult insect species captured in probe traps with holes sloping downwards, when inserted 
completely or partially below the upper grain surface in two barley storages. 

Mean + SE adults per trap 

Storage no. Insect species Traps in.!:lerted: 

Partially Completely 

p- value* 

6Bt 

2Bt 

Ahasverus advena 
Cryptolestes spp. 
Oryzaephilus su-rinamensis 
Tribolium castaneum 
Typhaea stercorea 

Ahasverus advena 
Cryptolestes spp. 
Oryzaephilus surinamensis 
Rhyzopertha dominica 
Sitophilus oryzae 
Tribolium castaneum 
Typhaea stercorea 

3.2 ± 1.6 
11.2 ± 8.6 
26.2 ± 12.0 

0.2 ± 0.2 
0.6 ± 0.4 

1.5 ± 0.9 
4.0 ± 1.3 

15.8 ± 6.5 
0.1 ± 0.1 
0.1 ± 0.1 
0.06 ± 0.06 
2.3 ± 0.9 

1.8 ± 0.9 
5.2 ± 4.5 

24.8 ± 12.3 
1.0 ± 0.4 
0.2 + 0.2 

1.4 ± 0.7 
9.4 ± 4.4 

16.4 ± 4.8 
0.2 ± 0.1 
0.2 ± 0.1 
0.2 ± 0.1 
0.5 ± 0.3 

0.650 
0.521 
0.499 
0.105 
0.195 

0.885 
0.151 
0.933 
0.697 
0.333 
0.332 
0.002§ 

• Not significant lP (difference, d = 0) > 0.05; by paired r· testl.
 
t n :: fJ Ilairs; trapping duration 14 days.
 
;: rl :: 17 pairs, 1 missing value of (:ompletely inserted trnp in a pair: trapping dunn,ion 1 day.
 
§ Sig:nificant lP (d :: 0) < O.OfJJ.
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Fig. 3.	 Scatter plot showing the relationship between the time taken for 
sepamting and counting adults and the total number of adults captured in 
probe traps with holes sloping downwards. Nineteen obselvations arc 
overlapping. 

similar (Table 2). [n the wheat bin (8\V), adults of 1'. castal1eurn and T. slerco,.ea 
were detected only in tmps with holes sloping downwards. However, the number 
of these aelulls caught in traps \vas not significantly different from 0 (Table 2), 
indicHting that they were present at very low densities in the upper surface of the 
wheat sampled. 

In the barley storages 1B and 2B, the number of whole kernels in traps with 
holes sloping downwards, on average, was 9.0- and 3.0-fold, respectively, greater 
than in traps with holes sloping upwards. In the corn storage, both trap designs 
were free of corn kernels, because these kernels are larger than trap holes. In the 
wheat storage, l.S-fold more whole kernels wel'e pl'esent in traps with holes sloping 
downwards than in traps with holes sloping upwards (Table 3). In the corn, wheat 
and barley storages, 2.0- to 3.2-fold more grain debris was found in traps with 
holes sloping downwards than in t.raps with holes sloping upwards (Table 3). 



Table 2. Number (Mean ± SE) of adult insect species captured in probe traps with holes sloping downwards or upwards, placed 
below the upper ~rain surface in farm-stored barley, corn, and wheat. 

Mean ± SE adults per trap 
Storage no. lnsect. species with holes sloping 

P - value*Upwards Downwards 

lBt	 Ahasverus advenQ 0.5 ± O.n 0.8 ± 0.8 0.391
 
Cr)ptolestes spp. 24.3 ± 18.0 43.8 ± 36.2 0.432
 
Oryzaephilus surinamensis 31.8 ± 12.:J 24.8 ± 10.6 0.227
 
Rhyzopertha dominiea 3.:J ± 1.7 0.8 ± O.n 0.227
 
]'ribolium cnstaneUfTI 0.5 ± O.G 0.5 ± 0.5 1.000
 
Typhaea stereo rea 14.5 ± ]4.2 13.8 ± 12.1 0.2:J8
 " 2. 

= 
2B+	 Ahasvel1lS ndvena 0.3 ± O.:J 1.7 ± 0.7 0.225
 

Clyptolestes spp. 4.3 ± 0.8 2.7 ± 1.2 0.1:J1
 
Oryzaephilus surinamensis 0.7 ± 0.7 0.3 ± O.:J 0.423
 
Rhyzopertha dominico 1.:J± 1.3 0.3 ± 0.3 0.42:J
 
Typhaea stcrcorea 1.7 ± 1.2 3.3 ± 2.8 0.667
 

7C§	 Ahasve11ls advena 0.8 ± 0.8 1.0 ± 1.0 0.391
 
Cl)'Ptolestes spp. 1G.3 ± 3.9 17.5 ± 4.4 0.640
 
Cyaneus angustus 5.5 ± 4.5 14.0 ± 12.4 0.134
 
(),yzaephilus surinamensis 2.0 ± 1.0 2.3 ± 0.9 0.391
 
Sitophilus ()/yzae O.:J ± 0.3 0.3 ± 0.3 1.000
 
Typhaea sten.:orea 6.8 ± 6.1 4.5 ± 3.5 0.931
 



Table 2. Continued. 

8W~ Ahasueros aduena 1.7 ± 1.7 0.7 ± 0.3 0.816 
Cryptolestes spp. 144.7 ± 31.7 113.7 ± 68.6 0.380 
Oryzaeplzilus sunnamellsis 42.0 ± 23.5 23.7 ± J1.9 0.126 ,... 

• Not significant If' (d '" 0) > U.O;'; by paired t - te~tl. 

t rl '" 4 pai.n;; trapping duration 7 day!;.
*II '" 3 pairs; trapping duration 14 days. 

Tribulium castaneum 
Typlzaea stercorea 

0.7 ± 
1.0 ± 

0.3 
0.6 

0.0 
0.0 

0.184 
0.204 

>
",. 0 

'"•S 
9 

§ n '" 4 pairs; trapping duration 13 day~. !2. 
, " '" 3 pairs; trllpping duration 13 days. <

!2. 

.'" 
Z 
9 

G 
'".!S 



Table 3.	 Number (Mean ± SE) of grain kernels and grain debris (mg) captured, and the time (sec) taken for separating insects 
from whole kernels and grain debris, in probe traps with holes sloping downwards or upwards, placed below the upper 
grain surface in fann·stored barley, corn, and wheat. 

Mean ± SE per trap with holes sloping 
Storage no. Variable P - value*Upwards Downwards 

lBt Whole kernels 
Grain debris 
Time taken to separate insects 

2B§ Whole kernels 
Grain debris 
Time taken to separate insects 

7C~ 'Whole kernels 
Grain debris 
Time taken to separate insects 

8W** Whole kernels 
Grain debris 
Time taken to separate insects 

* Not significant IP (d = 0) > 0.05; by paired 1- testl.
 
t Significant IP (d = 0) < 0.05; by paired t - testl.
 
:I: Tl = ,j pairs; trapping duration 7 days.
 

§ rl = 3 pairs; trapping dmation 14 days.
 
111 = .. pnirs; trapping duration 13 duys.
 
**n = 3 pairs; trappinK duration 13 days.
 

1.0 ± LO 
124.7 ± 48.9 

2.7 ± 2.2 
36.8 ± 22.2 
35.0 ± 9.6 

0.0 
4.3 ± L4 

60.0 ± 35.4 

39.3 ± 5.2 
93.8 ± 20.5 

177.7 ± 48.9 

9.0 ± 3.9 
363.1 ± 166.4 

8.0 ± 7.0 
116.5 ± 44.3 

78.0 ± 5.8 

0.0 
13.2 ± 4.4 
75.0 ± 3L5 

71.7 ± 11.2 
161.4 ± 16.9 
320.0 ± 60.6 

0.OO4t 
0.154 

0.201 
0.153 
0.052 

0.333 
0.492 

0.104 
0.211 
0.152 
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The time taken to separate adults from traps with holes sloping upwards was 1.3· 
to 2.2~fold faster than from traps with holes sloping downwards (Table 3). 

Multiple regression analysis of the pooled datu indicated that the time taken 
for separating adults from traps (with holes sloping downwards and upwards) 
increased significantly with an increase in the number of adults (P < 0.0001) and 
whole grain kernels (P < 0.018) in traps. Time taken to separate adults, however, 
was not influenced by the amount of grain debris in traps (P = 0.999). Amount of 
grain debris in traps was, perhaps, too little « 0.4 g) to make it difficult to find 01' 

separate adults. Adults contributed to 87% of the variation in the time taken in 
processing traps while whole kernels contributed abollt 5% of the variation. Simple 
regression analysis (Fig. 3) and multiple regression analysis indicated that the time 
taken for separating adults fTom trap contents was mainly dependent on the 
number of adults in traps, and to a lesser extent on the whole grain kernels and 
grain debris. 

CONCLUSIONS 

Our results indicated no apparent advantages when probe traps with holes 
sloping downwards were inserted in barley surface completely or partially. In traps 
with holes sloping downwards, the time taken for separating and counting adults 
captured in barley, was positively and highly correlated with the total number of 
adults in traps. Traps with holes sloping upwards were as sensitive as traps with 
holes sloping downwards in detecting the adult insects in corn, wheat and barley. 
In addition, tl'nps with holes sloping upwards captured less number of whole wheat 
and barley kernels and gl'8in debris than traps with holes sloping downwards. Also, 
the time taken to separate adults from traps with holes sloping upwards was faster 
than from traps with holes sloping downwards. Difl'erences between the two tl'8P 
types were not significant in the amount of whole kernels and grain debris trapped 
and the time taken for separating insects, because the comparisons were based on 
few traps. However, the trend observed indicates that traps ,\'ith holes sloping 
upwards should be preferred over traps with holes sloping downwards, especially 
when using these traps in grain whose kernels are smaller than the tJ'ap holes (e.g. 
barley, sorghum and wheat) or in grain with excessive amounts of debris. 

The time taken for pl'Ocessing traps while sampling insect populations for 
estimating densities oj' detecting presence/absence in the field or laboratory arc 
important, since researchers, grain managers or consultants are often limited by 
the time available for sampling and processing. Therefore, it is important to design 
sampling devices that make efficient use of sampling and processing time, especially 
where there are a large number of tiaps to be pl'Ocessed or where insect management 
decisions are required within short periods. 
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ABSTRACT 

A computer-aided key for identification of seven species of jumping spiders of the genus 
Phidippus was developed based on electromorph patterns for five enzyme systems. The 
program was designed to record mobilities of eleclromorphs via a digitizer, automatically 
dctennine the species of spiders based on these elcctromorph patterns, and print a graph of 
the diagnostic gels and of the elcctromorph patterns compared to a known data base for 
each species. 

Key Words: Jumping spider, electromorph, electrophoresis, BASIC, program, 
Phidippus, key 

J. Agric. Entomol. 6(l): 23-29 (January 1989) 

Species discrimination using biochemical methods relies on the fact that even 
closely related species are likely to have acquired, during the course of evolution, 
homologous proteins with different amino acid sequences. Many of these proteins 
will have different net charges in an electric field and can be differentiated using 
the procedures of electrophoresis. ResearchCl's have taken advantage of such 
procedures to discriminate between species of Tetranychus mites (Ward et al. 
1982), Tabanus species (Sofield et a!. 1984), Anapheles species (Mabon et a!. 1976; 
Miles 1978), Drosophila species (Ayala 1973), and Rhagolelis species (Beflocker 
1980) to name a few. Electrophoretic keys based on allozyme differences between 
species have been proposed by many researchers le.g., Miles (1979) for species of 
Anopheles, Berlocher (1980) for species of Rhagoletis, and Avise (1974) for species 
of Lepomisl. 

Terranova and Roach (1987a) developed a biochemical key to distinguish 
between seven species of Phidippus spiders found in South Carolina based on this 
electrophoretic approach. The seven Phidippus species are: P. audax (Hentz), P. 
clarus Keyserling, P. otiosus (Hentz), P. princeps (Peckham & Peckham), P. putnami 
Peckham & Peckham, P. regius C. L. l<och, and P. whitmani Peckham & Peckham. 
To use this key, one must first obtain the mobility values of the diagnostic 
electromorphs for each specimen from five different electrophoretic gels developed 
for the enzymes superoxide dismutase, SOD, enzyme commission number (E.C.) 
1.15.1.1; fumerase, FUM, E. C. 4.2.1.2.; pbosphoglucomutase, PGM, E.C. 2.7.5.1.; 
phosphoglucose isomerase, PGI, KC. 5.3.1.9; and a-glycerophosphate dehydrogenase, 
GPD, E.C. 1.1.1.8. One must then compare the mobilities of the electromorphs for 
each unknown specimen through each couplet of the key until a species 

In cooperation with the South Carolinu Agriculturul Experiment SUI lion. This paper rcports the rC!lults 
of research only. The mention of a commercial or proprietary product does not constitute nn endorsement of 
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identification is achieved. Although the key is relatively casy to use, one must 
repeat the process for each unknown specimen to be analyzed. ]f only a few 
specimens are to be analyzed, use of this key pr~sents no problem. However, for 
an ecologist who collects numerous specimens from sweeping, vacuuming, or other 
means to determine population densities, etc., the use of such a key could require 
a great expenditure of time. "Ve have simplified this process by utilization of a 
microcomputer. 

METHODS AND MATERIALS 

Collection of spiders, electrophoretic, and enzymatic procedures were as 
described previously (Terranova and Roach 1987 a,b). 'fhe entire electrophoretic 
analysis of 23 unknown spiders was easily accomplished in 2.5 h. 

The program developed for species identification was written in BASIC for the 
Hewlett-Packard HP-85 computer. A Talos series 600 cybergraph digitizer attached 
via an RS-232 interfacc was used to rccord the mobility of each electromorph 
found on the gels. Due to memory limitations (32 K) of the computer, it was 
necessary to write the program as a series of subprograms chained together. Each 
subprogram can be addressed individually through a menu. 

Program Descn'ption 
Figure I is an overall now chart of the procedures necessary to discriminate 

between the seven Phidippus species of this report. Once the specimens have been 
electophoresed and developed for the proper enzymes, one has ony to digitize or 
key-in the mobilities of the electromorphs of each specimen relative to a 
predetermined standard. This task requires 15-20 minutes for the five gels each 
containing protein standards and up to 23 unknowns (gels used in the laboratory 
have a maximum of 24 sample wells). The computer then generates a report on 
each of the unknowns represented on the gels. 

Program SPIDER consists of seven major subpl'ograms that are addressable 
through pl'Ogram MENU. Figure 2 is a flow chart of the overall program showing 
the relationship of each subprogram. The subpl'Ograms and their functions are: 
1) MENU - allows the user to select the analysis desired. 2) CREATE - allows rhe 
user the choice of using t.he digitizer (subprogram DIGIT) to record the mobililties 
of the electromorphs or the key-in (subprogram KEY) mobility values from gels 
previously analyzed. In either case, myoglobin (Sigma, cat no. M0630) is the 
assumed reference standard. The program also creates a master file, nnmed by the 
user, of the digitized 01' keyed-in data. 3) F'ILE - creates a sublile from the master 
file that is used by subprograms ANALYZI and ANALYZ2. 4) GRAFDAT - prints 
a diagram of each of the five diagnostic gels and a table of mobility values for each 
specimen represented. 5) ANALYZI - determines within-gel ratios of the standard 
proteins myoglobin and albumin included in each gel and prints a report. The ratio 
beL1..·een these two protein standards aids the researcher in assessing electrophoretic 
reproducibility. 6) ANALYZ2· determines the identity of unknowns by taking 
mobility values through a computerized key. A report is generated for each unknown. 
7) KEYDAT - allows user to identify unknowns by keying in mobility values based 
on myoglobin as the reference standard (subprogram MYO) or on P. audax 
electromorph reference standards (subprogram AUD). A report consisting only of 
the presumed species name is generated. 
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Program Operation - User 
Once program CREATE is loaded into memory, a series of questions are asked 

of the user in order to 8) create a file named by the user, b) instruct the program 
on the number of unknowns to be analyzed, and c) identify wells that contain the 
standard proteins (myoglobin and albumin). The program then asks for any notes 
or comments the user may wish to include in the report to be generated. Once 
notes are entered, the program asks the user if the mobility values are to be 
digitized directly from the gels, or are to be keyed-in because they were obtained 
by some other means. If the values are to be keyed, subpl'Ogram KEY is loaded in 
memory and prompts the user to key-in the mobility values for each sample (1-24) 
for each of the five enzyme systems, in turn. If the values are to be digitized, 
subprogram DIGIT is loaded in memory, a brief outline of operating procedures 
fol' the Talos digitizer is displayed, and the program leads the user through the 
digitizing process for each of the five enzyme systems used to discriminate 
species. A file is then automatically created on a floppy disk of either the keyed-in 
mobility values or of the digitized mobility values. The user is then asked whether 
the computer should continue with the analysis of the unknowns. If the computer 
is not to continue, the program is ended. If the computer is to continue, it will 
automatically step through subprograms FILE, GRAFDAT, ANALYZI and ANALYZ2, 
analyze each unknown, and generate a printed response of its findings. If the 
analysis is to be run at a later time, one has only to enter the file name and use 
the program MENU to step through the analysis procedure. 

Program Operation - Computer 
Starting with enzyme SOD, subprogram GRAFDAT prints u listing of mobilities 

for each electromorph for each sample including the mobilities of the protein 
standards. A diagram is then drawn and printed depicting the origin and front of 
the gel and the distribulion of the electromorph and protein standards on it. Any 
notes or comments made by the use]' are also printed. This is repeated for 
enzymes FUM, GPD, PGM, and PGI. 

The subprogram FILE then sorts the data from the master file and creates a 
subfile of each sample for each enzyme and their respective electromorphs. 
Subprogram ANALYZl is automatically called and searches the subfile for the 
protein standards in each of the five gels, calculates the ratios between them for 
each pair to detennine within-gel variation and compares these data with a data 
base (that can be upgraded periodically) comprised of the standard ratios between 
myoglobin and albumin of all previous runs. This information is to aid the 
researcher in determining whether any particular gel falls outside user-defined 
limits and should be run again. 

A one-page report (through subprogram ANALYZ2) is generated for each 
unknown represented on the gels. First, each enzyme is listed along with the 
mobilities of each electromorph of the specimen under consideration. 'The program 
then automatically steps through the biochemical key using the mobility values of 
the specimen until a species identification is achieved. The program then graphs 
the 99% confidence limits of the enzyme mobilities of the presumed species 
alongside the values of the unknown, identifies the unknown to species and pl'ints 
morphological, environmental, and habitat data of the species or any other 
information supplied by the user. If any of the electromorph values fall outside of 
the diagnostic range of any of the seven Phidippuus species fl "No identification 
oossible" message is printed. 
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Subprograms MYO and A UD 
If the user has only a few specimens to be analyzed, or if analysis of the gels 

has already been accomplished using either myoglobin or P. audax as the 
reference standards, the user may use subprogram MYO or AVD to obtain an 
identification. Both of these programs lead the user to an identification through a 
series of questions. 

DISCUSSION 

Although the program is written exclusively for seven species of Phidippus 
spiders, the principles involved can be used to develop a computerized key for any 
group of organisms. One needs only to find consistent (diagnostic) electl'omorph 
differences between the species in question. Species are frequently monomorphic 
for different alleles and evidence indicates that even closely related congeners 
differ in allelic composition at about 25-50% of their loci (Avise 1974). This is 
important from a taxonomist's point of view in that it is not essential to sample 
many individuals at each locus, but to sample many loci to find these differences 
(Ferguson 1980). 

Herein lies the power of enzyme electrophoresis: its ability to resolve mobility 
differences between the products of different alleles· coding for various enzymes 
(Thorpe 1982). Since the molecular structure of proteins is genetically detcrmined, 
environmental modifications are not likely to OCClll' (Thorpe 1982). Thus, organisms 
can be expected to have thc same, 01' similar, electromol'ph composition through 
all life stages allowing species identification at any stage of their life cycle. 

Readers interested in obtaining a copy of the SPIDER program can do so by 
sending a blank 5~1!4" (double sided, double density) floppy disk to the senior 
author or by requesting a printout of the program. Test data will also be 
supplied. 
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ABSTRACT 

An innovative technique for single-mound treatment of the red imported fire ant (RIFA), 
Solenopsis inuicta, is described. A subsurface, thermo-fumigation system delivers 1.0% 
resmethrin in a light petroleum oil vapor into individual mounds at ca. 427°C. The technique 
was tested on 50 RIFA colonies during June 1986 near Kerrville, Texas. AU fumigated 
colonies were inactive 20 hours posttreatment, and only a single mound was active 4 weeks 
after treatment. Therefore, this thermo-fumigation system should be useful for effective 
treatment of RIFA colonies. 

Key Words:	 Solenopsis inuicta, resmcthrin, petroleum oil vapor, pyrcthroid, single-mound 
fumigation. 

J. Agric. Entomol. 6(1): 31-36 (January 1989) 

Since the introduction of the red imported fire ant (RIFA), Solenopsis inuicta 
Buren, into the United States, this species has become established as a pest in 
both rural and urban areas. Historically, the following four methods of chemical 
control have been widely used: 1) residual control with broadcast applications of 
chlorinated hydrocarbon granules, 2) toxic baits such as mirex and Amdro, 3) bait
formulated insect growth regulators such as Pro-Drone and Logic, and 4) single
mound treatments with insecticidal dusts, drenches, or fumigants (Williams 1983; 
Williams and Lofgren 1983; Lofgren 1986; Banks 1986). Results obtained from the 
first three methods are often slow and are best adapted for large area treatments. 
In addition, residual treatments for fire ant control are environmentally damaging 
and some chemicals are no longer available fol' use (Markin and Hill 1971; Alley 
1973; Banks et al. 1973; Johnson 1976). 

Although single-mound treatments are not cost effective fol' large area control 
programs (Williams 1983), the methods are often suitable for RIFA-infested horne 
lawns, gardens, school grounds, recreational and other pu blic areas where specific 
and rapid control is needed. However, horne remedies such as single-mound 
drenching with 90"C water, burning or dosing colonies with gasoline, sprinkling 
with epsom salts 01' instant grits, drenching with household bleach, and physically 
destroying mounds by digging or plowing result in varying levels of control 
(Lofgren at al. 1975; Tschinkel and Howard 1980; Lemke and Kissam 1987). In 
contrast to the treatment methods listed above, applications of single-mound 
insecticidal dusts such as chlOlinated hydrocarbons and calcium cyanide (Cyanogas), 

This paper reports the results of resenrch only. Mention or 1I pesticide or application technique does not 
constitute 1\ recommendation by Texas Tech University or the American Farm Bureau Federation. 
Depnrtment of Agronomy, Horticulture, llnd Entomology, College of Agricultural Sciences, Texas Tech 
University, Lubbock, Texas 79409 
Present address: American Fann Bureau Federation, Natuml and Environmental Resources, 225 Tougy 
Ave., Park Ridge, Illinois ()0068 
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are quite effective (Lyle and Fortune 1948; Eden and Arant 1949; Green 1952). In 
addition, chlordane, earbalyl, and various organophosphate insecticides are effective 
as single-mound drenches (Eden and Arant 1949; Morrill 1976, 1977; Hillman 1977; 
Marshall and Martin 1980; Gardner 1981; Francke 1983; Williams and Lofgren 
1983; Lemke and Kissam 1987). 

Although fumigants for RIFA control have the ability to penetrate soil, methyl 
bromide, chloropicrin, acrilonitrile, carbon disulphide, and cynanide were shown 
inferior to mound dusting with 5% chlordane in Mississippi (Green 1952). In fact, 
surviving ants constructed ventilation holes in some mounds fumigated with 
methyl bromide and reoccupied the mounds within a few days. More recently, 
Hillman (1977) tested methyl bromide and Phostoxin fumigants and observed 63 to 
93% and 60 to 90% reduction in numbers of active mounds, respectively. Field 
tests of the fumigant 1, i, i-trichloroethane show conHicting results. Two treatments 
effectively controlled colonies for 6 weeks (Scarborough et al. 1982), whereas the 
chemical was less effective in t\vo other studies, and considerable colony movement 
from treated mounds was noted (Williams and Lofgren 1983; Lemke and Kissam 
1987). Aerosol formulations of chlorpyrifos injected into mounds pl'Ovide vmiable 
control (Horton et a1. 1982; Lemke and Kissam 1987). Pyrethrin, in 0.7% aerosol 
formulation injected into mounds, provided> 80% and> 60% control after 7 days 
(Halton et al. 1982; Lemke and Kissam 1987, respectively). However in both 
studies, large numbers of aerosol-treated mounds became reoccupied. 

A field test of an innovative technique for single-mound control of RIFA was 
completed near Kerrville, Texas, during the summer of 1986. The objective of this 
study was to determine the efficacy of single~mound, thermo-fumigation with 
resmethrin for control of RIFA colonies. 

MATERIALS AND METHODS 

The subsurface thermo-fumigation system (Fig. L) consists of a propane-fueled 
burner that heats a CO2-pressurized 1.0% resmethrin solution (Exxon 150A carrier) 
to ca. 1,204°C. When the attached soil probe is pushed deeply into an active RTFA 
mound and the trigger is depressed, the heated, pressurized resmethrin (now in 
vaporized form) is projected through the 1 meter-long probe and injected into the 
top 60 cm of the mound. The ca. 427°C rcsmethrin/solvent vapor has a particulate 
size of ca. 0.5/lm as it leaves the probe orifice (C. vr Evans II, pel's. comm.). 
Fumigant activity of t.he material is evident as vapor permeates the mound and 
associated tunnels and galleries by the venturi effect. Within ca. 5 seconds, vapor 
escapes through openings in the mound and nearby foraging tunnels. 

The study site was the Kerrville State Recreation Area neal' Kerrville, Kerr 
Co., Texas. On 14 June 1986, 100 RIFA mounds were each marked with a 
numbered, wooden stake and rated according to worker numbers and brood 
characteristics (Lofgren and Williams 1982). Subsequently, 50 randomly·chosen 
mounds were fumigated with ca. 60 ml of resmethrin solution per mound, and the 
other 50 mounds served as controls. Treatments were applied from 1500 to 1730 
(CDT) when the air temperature ranged between 32°C and 34°C. All colonies were 
evaluated ca. 20 h (t5 June) and 4 weeks (17 July) after lreatment. Pre- and 
posttreatment differences in mound ratings between fumigated and control colonies 
were determined using Student's t-test (P < 0.05; d.L = 98). In addition, Student's 
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Fig. 1. Subsurface, thermo-fumigation system (Ant Fire Tne., Beaumont, Texas) 
used in field trial near Kerrville, Texas. 
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t-test was used to determine differences within each treatment among pretreatment 
and posttreatment ratings (P < 0.05, dJ. = 49). 

RESULTS AND DISCUSSION 

The mean pretreatment ratings (Lofgren and \Villiams 1982) of treated and 
control mounds were 15.2 and 15.0, respectively (Table 1), and were not significantly 
different. Immediately after treatment, all ant activity in or on each fumigated 
mound ceased. Several minutes posttreatment (upon cooling of the soil), shallow 
hand excavation of 10 randomly chosen, fumigated mounds confirmed the lack of 
ant activity within the mounds. The mean control mound rating 20 h after 
treatment was 14.7, and was not significantly different from the pretreatment 
rating (P > 0.05; d.f. ~ 98; cal. t = 0.353). However, each of the 50, fumigated 
mounds was inactive and each was assigned a rating of zero, On 17 July, 33 days 
after treatment, the mean control mound rating was 7.8, which was significantly 
less than the pretreatment rating (P < 0.05; d.f. = 98; cal. t = 5.078). On that date, 
24% of the control mounds were inactive (rating = 0), and only 16% of the mounds 
were rated 20 or 25 (10,000-50,000 workers and > 50,000 workers, respectively, 
with worker brood). Because soil at the study site was very dry, some colonies may 
have abandoned the mounds. However, at 4 weeks after treatment, only one 
fumigated colony was active (rating = 4), and the odor of resmethrin and oil was 
still detectable in treated mounds. Because re-colonizution of previously abandoned 
mounds has been observed after methyl bromide and pyrethrin aerosol treatments 
(Green 1952; Lemke and Kissam 1987, respectively), this one active mound in our 
test may have been an example of reoccupation. However, the mean colony rating 
of fumigated mounds was significanUy less than that of the conb.'ol colonies (Table 1). 

Table 1.	 Comparison of mean ratings of fumigated (1.0% resmethrin) and control 
red imported fire ant colonies in Kerrville, Texas (summer, 1986). 

Mean Colony Ratingst t 

Treatment No. colonies 

Pretreatment Posttreatment 

20 hours 4 weeks 

Fumigated 
% reduction 

Control 
% reduction 

50 

50 

15.2 a 

15.0 a 

0.0 a 
100.0% 

14.7 b 
0.0% 

0.1 a 
98.0% 

7.8 b 
24.0% 

Cal. t§ 0.2 n.s. 27.8' 6.1' 

t Lofgren lind \\-'illiams (l982). 

t Means within columns followed by the sume letter are not significantly different (P '" 0.05; dJ. '" 98; 
Student's \.·test). 

§ Critical t '" 1.671. 
• '" significantly different; n.S. '" not significantly different (P '" 0.0.'1). 
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When used 8S mound drenches, pyrethroid insecticides have shown variable 
efficacy. Fenvalerate drench caused rapid mortnlity of RlFA colonies (Phillips et al. 
1984), whereas permethrin drench was only moderately effective in another trial 
(\ViIliams and Lofgren 1983). Howevcr, the efficacy of the herein described 
subsurface, thermo-fumigation system appe8l's promising. Whether the aclive 
ingredient (I'esmethrin), the heated, vaporized carrier material (light petroleum oil), 
or both caused colony mortality is not known. The cost of chemicals, propane fuel, 
and CO., was calculated ut ca. 55¢ per mound. Labor costs ($7.50 per hour and 30 
mounds- trealed per hour) bring the total cost to ca. SOc per treated mound. 

The thelmo-fumigation equipment is considered quite safe based on destruction 
tests (C. W. Evans II, pel's. comm.); however, parts of the equipment, such as the 
vaporizing chamber cover, are very hot and will cause severe bums to skin. The 
use of protective clothing, a respirator, and a face shield is recommended. 

Presently, the thermo-fumigation equipment is not available for sale or lease by 
the general public. Negotiations are in progress with national pest control companies 
to provide services by certified applicators. Altcrnatively, programs through county 
agricultural offices may be provided in the future (C. \V. Evans II, pers. comm.). 
\Vhen available, this fumigation method is a viable option for RIF'A control in 
urban settings such as residential properties and recreational areas. 

ACKNO\\ll~EDGMENTS 

The authors thank C. W. Evans II, inventor of the apparatus, and D. Slaughter and G. 
Smith of Ant Fire. Inc., Beaumont, Texas, for assistance in this trial. Also, thanks to T. 
Hufstedler, Kerrville State Recreation Area, for his help in locating the site for this study 
and to the Texas Department of Agriculture for its cooperation. We thank R. Sites, C. 
Paulson, and J. Cokendolpher for their helpful comments on the manuscript. Cont.ribution 
no. '1'-10-189, College of Agricultural Sciences, 'texas Tech University. Supported by Interagency 
Agreement #0800 (85-86), 'fexas Department. of Agriculture. 

LITERATURE CITED 

Alley. E. G. 1973. The use of mirex in control of the imported fire ant. J. Environ. Quality 
2:	 52-61. 

Banks, \"l_ A. 1986. lnsect growth regulators for control of the imported fire ant. pp. 387-398. 
1ft Lofgren. C. S. and R. J<. Vander Meer (cds.). Fire ants and leaf-cutting ants: hiology 
and management. Vlestview Press, Boulder and London. 

Banks,	 W. A., B. 1\11. Glancey. C. E. Stringer, D. P. Jouvenaz. C. S. Lofgren, and D. E. 
Wcidhaas. 1973. Imported lire ants: eradication trials with mirex bait. J. Econ. Entomol. 
66: 785-789. 

Eden, W. G., and F. S. Arant. 19'19. Control of t.he imported fire /lnt in Alabama. J. Ecan. 
Entomol. 42: 976-979. 

Evans, C. W. Il. 1986. personal communication. Benumont, Texas. 
Francke, O. F. 1983. Efficacy tests of single-mound treatments for control of red imported 

fU'e ants, Solenopsis i'wicta Buren. SouUl\vesL Entomol. 8: 42·45. 
Gardner, W. A. 1981. Red imported nre ani control by mound drenches, 1980. Insecticide 

Acaricide Tests 6: 132. 
Green, H. B. 1952. Biology and control of the imported fire ant in I'vlississippi. J. Econ_ 

Entoinol. 45: 593-597. 
Hillman, R. C. 1977. Red imported fire ant control with conventional insecticides, 1975. 1976. 

Insecticide Acaricide Tests 2: 135. 



36 J. Agric. Entomol. Vol. 6, No. I (1989) 

Horton, P. M., J. B. Kissam, S. B. Hays, and G. W. Query. J982. Chlorpyrifos aerosol mound 
injectors for the control of the red imported fire ant. ,r. Georgia Entomol. Soc. 17: 478
484. 

Johnson, E. L. 1976. Administrator's decision to accept plan of Mississippi authority and 
order suspending hearing for the pesticide mil-ex. Fed. Regist. 41: 56694-56704. 

Lemke, L. A" and J. B. Kissam. 1987. Evaluation of various insecticides and home remedies 
for control of individual red imported firc ant colonies. J. Ent.omoL Sci. 22: 275-281. 

Lofgren, C. S. 1986. The search for chemical bait toxicants. pp. 369-377. In Lofgren, C. S. 
and H. K. Vander Meer (cds.), Fire ants and leaf-cutting ants: biology and management. 
Westview Press. Boulder and London. 

Lofgren, C. S., W. A. Banks, and B. M. Glancey. 1975. Biology and control of imported fire 
ants. Ann. Review of Entomol. 20: 1-30. 

Lofgren, C. S., and D. F. Williams. 1982. Avelmectin Bla: Highly potent inhibit.or of 
reproduction by queens of the red imported fire ant (Hymenoptera: F'ormicidae). J. Ecan. 
Entomol. 75: 798-803. 

Lyle, C., and I. )i'ortune. 1948. Notes on an imported fire ant. J. Econ. Entomol. 41: 
833-834. 

I'\!Iarkin, G. P., and S. O. Hill. 1971. Microencapsulated oil bait for controt of the imported 
fire ant. J. Econ. Entomol. 64: 193-196. 

Marshall, F. A., and P. B. Martin. 1980. Bel1llUdagrnss, attempts at fil'e ant suppression, 
Tifton, 1978. Insecticide Acaricide Tests 5: 190. 

Morrill, W. L. 1976. Red import.ed fire ant control with mound drenches. J. Econ. Entomol. 
669, 542-544. 

Morrill, W. L. 1977. Red importcd fire unt control with diazinon and cblorpyrifos drenches. J. 
Georgia Entomol. Soc. 12: 96-99. 

Phillips, S. A., Jr., D. M. Claborn, and O. F. Francke. 1984. Comparison of !lCrial application 
and single-mound drenches of fenvalerat.e against the red imported fire ant., Solenopsis 
invicl(l Buren, in Texas. Southwest.. Entomol. 9: 164-168. 

Scarborough, T. A., J. C_ Burne, and S. B. Hays. 1982. Imported fire ant control with 1, 1, 1
trichloroethane· individunl mound treatment.. Inseet.icide Acaricide Tests 7: 267. 

Tschinkel, \1.,,1. R., and D. F. Howard. 1980. A simple. non-toxic home remedy against fire 
ants. J. Georgia Entomal. Soc. 15: 102-lO5. 

Williams, D. F. 1983. The development of toxic baits for the control of the imported fire ant. 
Fla. Entomol. 66: 162-172. 

Williams,	 D. F., and C. S. Lofgren. 1983. Imported fire ant (Hymenoptern: Formicidae) 
control: Evaluation of scveral chemicals for individual mound treatments. J. Econ. 
Entomol. 76: 1201-1205. 



PERlDOMESTIC COCKROACH SUPPRESSION
 
WITH HYDRAMETHYLNON BAITl
 

Richard S. Patterson and Philip G. Koehler'
 
USDA~ARS Insects Affecting Man and Animals Research Laboratory
 

P.O. Box 14565
 
Gainesville, FL 32604
 

(Accepted for publication 23 November 1988)
 

ABSTRACT
 

Pcrirlomestic cockroach populations were studied at 17 Florida suburban houses to 
determine the effectiveness of a new hydramethylnon gel bait Connulation. Five species of 
cockroaches were collected in baited traps. The most commonly trapped species were 
Periplaneta [uliginosa (Serville) (77.05%) and Eurycolis [loridana (Walker) (18.45%). Three 
additional species were collected but comprised less than 5% of the total trap catches. 

A single application of 2.0% hydramethylnon gel bait to 30 locations at each of five 
houscs provided control of all cockroach species for 12 weeks with average reductions of 
94.0-99.8%. Application of eight bait stations (containing 1.65% hydramet.hylnon bait) to the 
outside perimeter of houses did not statistically reduce cockroach populations compnred with 
the untreated controls. The poor control provided by the bait stations was not due to lack of 
toxicant but the ability of foraging cockroaches to lind the bait stat-ions. 

J<ey Words: Periplaneta [uliginosa, EUT)lcotis fioridana, hydramethylnon, Insecta 

J. Agric. Entomol. 6(1): 37-42 (January 1989) 

Cockroach fauna is diverse in the warm, humid regions of tropical and 
subtropical America and Africa (Guthrie and Tindall 1968) with most species 
occurring in outdoor habitats. Many species recorded in man-made habitats also 
occur and breed in outdoor habitats if temperature and humidity are favorable 
(Schal et aJ. 1984). Outdoor-breeding cockroaches that frequently enter structw'es 
are commonly called peridomestic since they often breed in outdoor habitats but 
invade structures in such numbers they are considered a nuisance. In the U.S., ca. 
12 cockroach species are considered of major peridomestic importance (Eads et al. 
1954; Fleet und Frunkie 1974; Fleet et ul. 1978; Appel und Rust 1985). 

In northcentral Florida, Hagenbuch et al. (1988) recorded eight species of 
cockroaches, Eurycotis fioridana (Walker), Cariblalta Lutea (Saussere and Zehtnel'), 
Periplaneta fuLiginosa (Serville), P. australasiae (F.), P. americana (L.), P. brunnea 
(Burmeister), Pycnoscelus sunnamensis (L.), and Parcoblatta spp. that were captured 
in pitfall traps within 1 m of Florida houses. In an eadier study in Texas, Fleet et. 
ai. (1978) reported that six peridomestic species were trapped at an urban 
property. These were the same species Hagenbuch et al. (1988) reported except 
for Parcoblatta [ulvescens (Saussere and Zehtnel'), P. pennsylvanica (DeGeer), and 
Pseudomops septelltriollalis (Heburd). Cornwell (l976), Thoms und Robinson (1986), 
and Brenner (1988) reported that cockroach aggregations near buildings can 

This article reports the results of research only. i\'lention of fI proprichU)' product does not constitute an 
endorsement. or 1.1 recommendation for its usc by USDA or University of Florida. 
Department. of I~nt.omology lind Nematology, Institute of Food and Agricultural Scil!llces, University of 
Florida, Gainesville, FL 32611 
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result in cockroach entry (especially P. americana, P. (uliginosa, and Blatta 
orientalis L.) into houses. 

Perimeter insecticide treatments of chlorpyrifos have been used to reduce 
numbers of cockroaches occurring outdoors (Hagenbuch et al. 1988) and to 
establish a barrier between the structure and peridomestic cockroach populations 
(piper and Frankie 1978). Problems associated with periodic outdoor treatments 
include poor residual control and wasteful overuse of chemicals (Piper and Frankie 
L978). Outdoor bait treatments offer several theoretical advantages over spray 
treatments, such as longer residual control, species specific toxicity, and easy 
incorporation into integrated control programs (Rust 1986). 

Earlier laboratory studies with hydramethylnon bait (an inhibitor of mitochondrial 
respiration IHollingshaus 19871) demonstrated efficacy against P. americana (Milio 
et al. 1986). Hydramethylnon bait stations (Comba~ Roach Control System, 
American Cyanamid, Clifton, N.J.) are labeled and sold commercially for control of 
"palmetto bugs" 01' peridomestic cockroaches. Milio et a1. (1986) found the bait 
stations did not provide good control of American cockroaches in poultry feed 
rooms due to a constant emigration of peridomestic cockroaches from outside. 
Since the large bait stations had not been effective inside buildings to reduce 
emigrating cockroach numbers, we tested the hypothesis that placing the stations 
outside buildings locations could reduce numbers before emigration. QUI' main 
objective of this study, however, was to evaluate a new gel formulation of 
hydramethylnon that could be easily placed in small amounts at outside locations. 
We thought that by providing cockroaches easy access to the bait the total 
cockroach population could be reduced before emigration into houses. 

MATERIALS AND METHODS 

Our study was done in the fall when populations of peridornestic cockroaches 
in the Gulf States peak, are most mobile, and often invade houses (Fleet et al. 
1978; Appel and Rust 1985; and Brenner 1988). Baited traps were used to survey 
the premises around 30 single·family dwellings in a 1.0 km'2 section of suburban 
Gainesville, Florida for peridomestic cockroaches. Traps were made from 0.95 liter, 
paint cans, baited with ca. 5 ml of dried distiller's grain. A 3 em wide band of 
mineral oil-white petroleum jelly mixture (2:3) was spread under the inner lip of 
the can to prevent escape of cockroaches. Plastic covers (21 cm by 15 cm) were 
attached with Velcro over the tops of the cans to exclude rain or irrigation water. 
Traps were baited for a 24 h period and monitored 1 wk before treatment and I, 4, 
8, and 12 wk following treatment. A total of 15 traps were placed on each property 
at each trapping interval. Five traps were attached to the walls of the house with 
Velcro strips with the remaining ten traps placed under trees, shrubs. next to 
garbage cans or in other likely areas of cockroach aggregation. Trapped cockroaches 
were indentified to stage and/or species, counted, and released at the point of 
collection. 

After the pretreatment survey, 17 houses were selected for this study; the 
average number of cockroaches trapped per house was 67. Ten of these houses 
were treated with hydramethylnon in locations where these cockroaches aggregate 
and had been trapped before treatment. These locations included the bases and 
sides of trees, corners of foundations, leaf litter, air conditioner compressors, and 
wood piles. The remaining seven houses were not treated and served as controls. 
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The new fonnulation of hydramethylnon was a 2% gel or soft paste (MAXFORCEiII 
Roach Control Gel) that could be dispensed with a caulking gun in small drops to 
locations where cockroaches aggregate. For this study, 30 drops of 7.2 g each were 
deposited for each house site. Five houses were assigned the hydramethylnon gel 
treatment. The hydramethylnon that is sold commercially in large bait stations 
(COMBATII Roach Control System) \Vas evaluated to determine its effectiveness 
as a perimeter treatment at the remaining five houses. These bait stations consist 
of a childproof plastic box cont.aining 7.5 g of 1.65% hydramethylnon bait. Eight 
bait stations were placed per premise because 8 stations are sold in each package 
to consumers and most use one package per premise to conb'o! cockroaches. 
Placements were on the ground in protected locations where cockroaches had been 
collected pretreatment. The applications were made on October 2, 1987. At the 
end of the study, 13 bait stations were returned to the laboratory to determine the 
amount of bait consumption. 

Mean pretreatment trap catches and percent reductions (compared to pretreatment 
catches) at each time after treatment were calculated. Percent reduction was 
nonnalized by transfonnation to ranks (Conover and Iman 1981) and analyzed by 
analysis of variance and means separated by the Waller-Duncan procedure (SAS 
Institute 1985). 

RESULTS AND DISCUSSION 

Cockroaches were found around the perimeter of all houses surveyed. The total 
number of cockroaches collected over the three month trapping period and 
percentage composition of each species are shown in Table 1. Of 2,087 cockroaches 
collected, 47.6% were adults and 52.4% were nymphs. The two most common 
species, comprising: 95% of collected cockroaches, were P. {uliginosa (i7.05%) and 
E. floridana (18.45%). Three additional species C. lutea, P. australasiae, and P. 
brunnea were collected but comprised less than 5% of the total trap catches. 

Table 1.	 Percent composition of peridomestic cockroach species captured over a 
three month period at test sites in suburban Gainesville, Florida. 

1 o. cockroaches 
capt-ured Percent 

Cockroach species 
Adults Nymphs of total 

Periplaneta {uliginosa 656 952 77.05 
Eurycotis /Toridana 252 133 18.45 
P. australasiae 48 3 2.44 
Cariblatla lutea 37 3 1.92 
P. brunnea I 2 0.14 
Total 994 1093 
Total collected 2,087 

An earlier study in the same area of Florida using pitfall traps collected eight 
speices of cockroaches with E. floridana (28.9%), C. lutea (23.0%), and P. fuliginosa 
(14.2%) predominating (Hagenbuch et al. 1988). [n Texas, Fleet et 01. (1978) 
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reported six speices of cockroaches were trapped, with only one species, P. 
{uliginosQ, collected regularly in large numbers (25,878) in above-ground traps. It is 
evident that different types of traps or trap placement result in differential 
attraction and collection of individual species of cockroaches. Periplaneta {uliginosa 
was the most frequently caught species in traps placed on the ground or above 
ground level (walls, trees, shrubs, etc.); whereas other species, such as E. floridana 
and C. lutea, predominated catches in pitfall traps. 

The mean numbers of cockroaches collected per trap before and percentage 
reductions after hydrarnethylnon applications are presented in Table 2. It is 
obvious that the gel formulation was readily accepted by the cockroaches as 
indicated by the high degree of control. The population was almost eliminated in 
the perimeter area, and the residents reported that no cockroaches were obselved 
inside their homes. This agrees with earlier work by Brenner and Patterson (1988) 
and Hagenbuch et al. (1988) who used various cWorpyrifos scatter baits as a 
barrier treatment for these peridornestic cockroaches. The hydramethylnon bait 
stations did not significantly reduce the cockroach populations compared with the 
untreated controls. This was probably due to limited foraging area of the peridomestic 
cockl'oaches and their inability to locate the bait stations. The limited foraging 
area was shown by Brenner (1988) in his ecological studies of' the smoky brown 
cockJ·oach. 

Table 2.	 Effectiveness of two hydramethylnon formulations for control of 
peridomestic cockroaches. 

Percent reduction at week 
Pretreatment after treatmentt 

Treatment Mean* 
1 4 8 12* 

Gel 66.0 a 94.4 a 97.3 a 94.0 a 99.8 a 
Bait station 106.5 a 31.8 b 64.7 b 44.0 b 90.! b 
Control 39.0 a 23.8 b 54.! b 46.1 b 77.8b 

• h-Ieull number of peridomestic cockroaches per premise. l...leuns within 8 column followed by the same 
letter Hre nol significnntly different (P> 0.05; \Vllller-DunclIll's procedure 18AS Institute 19&')]). 

t Trelltmcnts were applied on October 2, 1987. 

.:j: Qvcmighl temperatures were below 55°F nnd resulted ill low trop catches. 

Visual examination of the bait stations returned to the labol'lltory at the end of 
the study revealed less than half of the bait was consumed in each bait station and 
mold covering the bait in approximately half the stations. Weights of the bait 
contained in stations used in this study averaged 4.73 ± 0.60 g (mean ± SE) 
compared to an average of 7.44 ± 0.06 g (mean ± SE) of bait contained in new bait 
stations. 

Field tests with hydramethylnon bait stations have resulted in effective control 
of German cockroaches (Bennett et a1. 1984; D'Agnese 1984; Reierson and Rust 
1984; Milio et a1. 1986) and oriental cockroaches (Thoms and Robinson 1987). 
However as in earlier field tests at poultry house feed rooms (Milio et al. 1986), 
hydramethylnon bait stations in the our study failed to provide satisfactory control 
of peridomestic cockroaches. If more than 8 bait stations had been placed, a 
higher degree of control probably would have been achieved. The perimeter 
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treatment of houses with hydramethylnon gel was effective in reducing pelidomestic 
cockroach populations around and in houses. Placement of the bait is critical 
because these cockroaches do not forage long distances, as indicated by the lack 
of control with the hydramethylnon bait stations, even though sufficient toxic bait 
was present. 
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ABSTRACT 

A 12,706 m:l warehouse containing cases (1.2 m X 0.76 m X 0.76 m) and hogsheads of flue
cured tobacco was fumigated with carbon dioxide (CO,,) to kiU the cigarette beetle, J..<lSiodemw 
sel'ric:ome (F.). A total of 508 eggs, 288 larvae, 270 pt;pae, and 494 adults were rloced in the 
freespace and inside tobacco containers prior to fumigation. CO,) was introduced as a liquid 
that \'ll.porized as it left a hose inside the warehouse. Addit,io,;al CO? was added daily to 
bring t.he concentrat.ion back up to 60%. While fumigat.ion continued for seven days, half the 
insects from cases, hogsheads, and the freespflce were removed orter five days through a pre
cut hole in the wall of the warehouse. 

All insects were killed by both the 5-day and the 7-day treatments. Concentrations of CO" 
in lobe freespace ranged from 35 t.o 60% during the fumigat.ion. Concentmtions in the case; 
and hogsheads were 38 to 45% after the lirst day until the last day when they suddenly 
increased to 52 and 54%. Posit.ive pressure in the warehouse during CO2 introduction never 
exceeded 5.1 mm of water. 

Key Words: Tobacco, warehollse, Lasiuderma serncorne, carbon dioxide, fumigation, 
modified atmosphere. 

J. Agl'ic. Entomol. 6(1): 43-51 (January 1989) 

The cigarette beetle, Lasioderma serricome (F.), is the major insect pest of 
warehouse-stored tobacco throughout the world. Currently, the only practical way 
to disinfest tobacco warehouses of the cigarette beetle is t1ll'ough fumigation with 
very toxic chemicals, especially the aluminum and magnesium formulations of 
phosphine. Phosphine is still an excellent, and when used correctly, a very safe 
fumigant. However, the futw'e use of phosphine could be limited by regulatory 
rulings, the general public perception of toxic chemicals, and insect resistance 
(Attia 1984). 

Carbon dioxide (C02) has been studied as a fumigant (or modified atmosphere) 
to control insect pests in stored commodities, such as grains (Jay and Pearman 
1973; Navarro et al. 1979), fruit (Soderstrom and BrankJ 1982), and peanuts 
(Marzke and Pearman 1970). Jay (1980) reported that high CO, atmospheres 
generally kill insects faster than high nitrogen atmospheres, and that CO2 
concentrations of 60% can be allowed to fluctuate as low as 35% and still give 
good insect control. Banks (1981) concluded that CO2 concentrations of > 60% in 

r...lention of a company or propricWI)' product docij not imply endors~ment or rccomm~ndfl1.ion by the 
U.S. Department of AgricultIJre. Puper No. 11918 of the Journal Serie~ of the Kort.h Carolina 
Agricultural Re~earch Service. Rnleil'h, Nor·th Curolinn 271;9.')-7601. 
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stored grain can also inhibit the growth of microorganisms. CO2 is relatively safe 
to use, leaves no known residues, and readily penetrates packages of tightly 
compressed commodities, such as tobacco. 

In the laboratory, Childs and Overby (1983) studied the effect of rearing 
medium, the developmental stage at which exposed, the length of exposure, and 
the CO concentration on susceptibility of the cigarette beetle to CO2, Generally, a 

2 
65% CO2 concentration was more lethal than the 35 and 92% concentrations, and 
the egg was the most susceptible stage. Seven days were required to kill all 
cigarette beetles at 27°C in the 65% CO'} concentration. In a recent laboratory test. 

C0

E. G, Jay (personal communication) fou~d that four days were required to achieve 
100% mortality of all cigarette beetle stages at 65% CO2 and 32°C. We report here 
on a commercial warehouse test designed to eliminate live cigarette beetles with 

9 • Seven days was selected as the maximum exposure period because normal 
war~house operations usually preclude sealing a warehouse for longer than a 
week. 

MATERIALS AND METHODS 

Specific objectives were to determine the efficacy of CO" fumigation against all 
stages of the cigarette beetle after both five and seven ~days exposure in the 
warehouse freespace and within cases and hogsheads 'of tobacco. Also of interest 
were the daily fluctuations in CO,) concentrations, the temporal concentration 
increases within interstitial spaces i~ the tobacco containers, and the total amount 
of CO,) required to do the fumigation. 

A 12,706 m3 tobacco warehouse located in Fuquay-Varina, N.C. and owned by 
Flue-Cured Tobacco Cooperative Stabilization Corporation was selected to be 
fumigated. It contained 873 cases (1.2 m X 0.76 m X 0.76 m) and 1,929 hogsheads (a 
total of 1,005 metric tons or 3,321 m3 of tobacco), and was considered to be a 
relatively tightly sealed structure. Doors and vents were covered with 4·mil 
polyethylene. PVC would have been less permeable to CO2, but logistics and time 
constraints prevent the use of PVC. Temperature and relative humidity were 
recorded continuously throughollt the test both in the warehouse and outside 
along the warehouse walls. Tobacco temperature was measured at the start and 
finish of the test. 

Nine gas-monitoring lines of polyethylene (6.4 mm OD, 4.8 mm lD) were run 
from outside the warehouse to the inside (Fig. 1). Inside, the ends of two of the 
lines were placed in the center of two cases and the ends of two other lines were 
placed in the center of hvo hogsheads. The other five lines were used to monitor 
CO2 concentrations in the freespace. From each end of the warehouse, two of 
these lines were placed 6.] m in from the door and 4.6 m to the left of the 
warehouse center line. At each point one line was placed high (slightly above top 
of uppermost container, = ca. 4.3 m above floor) and one low (ca. 1.2 m above 
floor). The remaining line was placed ca. 4.6 m from the center of one sidewal1 and 
ca. 2.7 above the floor. 

All stages of the cigarette beetle were placed in the warehouse. A stainless 
steel spike containing four small cylindrical cages (6.4 mm diam X 19.0 mm high, 40 
mesh stainless steel screening) of either the egg, larval, pupal, or adult stage was 
pushed into each of six cases and four hogsheads to monitor insect mortality 
within the tobacco. The spikes were pushed in far enough that all insects were 
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placed within 10.2 em of the center of the tobacco mass. Ten large cylindrical 
cages (5.7 em diam X 7.6 em high, 20 mesh brass screening), each containing the 
same type of fOUf small cages of insects, were placed throughout the warehouse to 
monitor insect mortality within the warehouse freespace. 

Test insects were 2·4 day-old adults and pupae, and equal mixture of 2-3 and 
6-7 day-old 4th instar lalVae, and 2-3 day-old eggs. The total numbers of treated 
insects were 494 adults. 270 pupae, 288 ISn'se, and 508 eggs. Five additional spikes 
(prepared as described above and containing 122 adults, 54 pupae, 54 larvae, and 
128 eggs) were pushed into cases in an untreated warehouse. These SCIVcd as 
controls. 

After the warehouse was sealed by Pesteon Systems Inc., Airco Industrial 
Gases began introducing CO2 on 21 June 1988. Liquid CO2 was introduced from a 
trailer through a hose that was connected to L-type copper tubing (1.6 cm OD, 
l.3 cm ID). Liquid CO,} entered one end of the warehouse through this tubing that 
ran through a hole c~t in the door. Upon leaving the tubing on the warehouse 
noor, CO2 was effectively distributed as a gas by the turbulence of injection. Two 
fans were left in the warehouse to circulate air during the non-purging portion of 
the fumigation ("Purging" refers to displacement of the ambient warehouse 
atmosphere by the introduction of CO2,) 

Each subsequent day, except for the last day when aeration occun'ed, additional 
gas was introduced to bring the CO2 concentration up to > 60%. CO2 concentrations 
were monitored daily with Draeger tubes; airspace concentrations were monitored 
both just before and just after pW'gings. Concentrations in the cases and hogsheads 
were monitored only before purgings because they change much less rapidly than 
do airspace concentrations. Positive pressure in the warehouse due to introduction 
of CO? was measured with a MagneheJic~ pressure gouge (F.W. Dwyer Mfg, Co., 
Michigan City, Ind.). 

Half the spikes and frees pace-cages were removed from the warehouse after 
five days of exposure to CO2 to assess insect mortality. This was accomplished by 
cutting a hole through the warehouse wall prior to fumigating, attaching ropes to 
the spikes and cages, sealing the hole for the fumigation, and then pulling the 
spikes and cages through the opening after five days exposure, The remaining half 
of the spikes and cages were removed after seven days exposure when the 
warehouse was aerated. All insects were returned to the Oxford laboratory where 
they were observed for mortality. Mortality was based on whether eggs hatched, 
pupae developed into adults, or on direct observations of larvae and adults. 

RESULTS AND DISCUSSION 

Temperature of the tobacco was 23.3°C at the beginning and end of the test. 
Freespace temperature during the test ranged from 22.2 to 26.7°C (Max) and from 
11.7 to 16.7°C (Min), and had a mean value of 22.9°C. The mean relative humidity 
in the freespace was 65.4%, ranging from 59 to 96%. 

Initial purging to a CO2 concentration of 60% required 3.75 hours and 18 metric 
tons of CO2, with a total of 71 metric tons of CO2 being used for the entire test. 
Daily purgings were done in the late morning and required ca. 1.5·2.0 h to finish. 
The exception was the day before aeration when the supply truck arrived with an 
insufficient. load of CO? and 6.8 metric tons had to be added to the warehouse 
much later in the day (b-etween 2020 and 2125 hours). The two circulation fans that 
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ran throughout the non·purging portion of the test prevented both vertical and 
horizontal stratification. Within a given setting (freespace, case, or hogshead), CO., 
readings averaged < 1% difference between the monitoring lines each day. -

CO.., concentration in the warehouse frees pace prior to purging each morning 
vaned little, ranging from 34.6 to 37.8% (Fig. 2). The daily post-purging concentration 
ranged from 60.1 to 61.8%. Concentration in cases and hogsheds remained steady 
(38 to 45%) for most of the test period, but were noticeably higher on the last day 
(Fig. 3). This higher concentration was probably due to the very late purging the 
previous day (see previous paragraph). CO2 concentrations rose more quickly at 
the center of cases (0.66 m3) than at the center of the larger hogsheads (1.42 m') 
(Fig. 3). Also, by morning the cases had more readily given up CO2 to the less CO

2 
concentrated freespace than had the hogsheads. 

Magnehelic readings indicated that positive pressure in the warehouse reached 
ca. 5.1 mm during the initial purging, but never exceeded 3.6 mm in subsequent 
purgings. Tightness of the warehouse was indicated by the presence of a slight 
positive pressure within the warehouse early each morning before purging. Aeration of 
the warehouse below 1% CO2 was accomplished within 2 h. 

All insects from both the 5- and 7-day exposures were killed (Table 1). 
Mortality of the control adults, larvae, and eggs were very low. Mortality of control 
pupae was higher than that of the other control sUlges, but still much less than 
that of the treated pupae. (Cigarette beetle pupae are often more adversely 
affected during tests than are the other stages, probably because it is more 
sensitive to being handled.) Based on these results, at the 95% confidence level 
the upper limit on the insect survival rate from a 7·day treatment would he 0.0019 
or ca. lout of 500 insects, and 0.0038 from a 5-day treatment (Couey and Chew 
1986), The lower limit for both treatments would be 0.00. 

This investigation, conducted in a typical tobacco warehouse and according to 
standard commercial CO2 applications, indicated that CO2 fumigation may be very 
effective in disinfesting warehouses of the cigarette beetle. Disinfestation and 
aeration was accomplished within eight days, a period of shutdown currently 
acceptable to the tobacco industry. Results also suggest that the shorter 5-day 
exposure would be sufficient. This would save costly gas and shorten the 
interruption in warehouse operations. 

The use of CO., is now much more costly than current disinfestation methods. 
(For this test, ca. ~ine times 8S costly as a fumigation with phosphine.) However, 
current methods could become undesirable, ineffective, or difficult to implement. 
Also, the cost of using CO2 can probably be reduced by: 1) maintaining freespace 
concentrations with a slow continuous injection of CO2 rather than a rapid purging 
each day, 2) purging later in the day when lower temperatures create less pressure 
within the warehouse, and therefore, less leakage, 3) better estimating the optimum 
concentration and exposure needed to do the job, and 4) tighter sealing, such as 
with PVC instead of polyethylene over doors and vents. 
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Table 1. Percentage mortality (SE) of cigarette beetles from control spikes and from spikes left in cm'bon dioxide-treated 
warehouse. (5 replicates per treatment) 

No. days 
Treatment exposure 

Control 

Carbon dioxide, 
freespace 

5 

Carbon dioxide, 
in tobacco 

5 

Carbon dioxide, 
freespace 

7 

Carbon dioxide, 
in tobacco 

7 

• Number of individullis tested. 
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ABSTRACT 

The frequency of resistance to five insecticides (crotoxyphos, tetrachlorvinphos, dimethoate, 
dichlorvos and pennethrin), relative to a laboralary-susceptible strain, was evaluated against 
10 strains of house flies. Mu!>ca domestica L., collected from dairies across New York. Percent 
survival was evaluated at fOUf diagnostic doses: susceptible strain LC9'J' 3 X LC99• 10 X LC

99
• 

and 30 X LC99" Resistance occurred at high frequencies even at 10 X LC for crotoxyphos,99 
dimethoate and tetrachlorvinphos. Resistance to pennethrin was substantial at five dairies 
and low at five others. A high frequency of resistance was noted for dichlorvos only at the 
LCgg doses, with only 10..... numbers of resistant nies detected at the higher doses. The 
pattern of resistance versus pesticide use, and the prospects for resistance management on 
these dairies are discussed. 

Key '''lords: Insecta, resistance. insecticides, dairies, organophosphate. pyrethroid, house 
fly. 

J. Agric. Entomol. 6(1): 53-64 (January 1989) 

Resistance to pesticides is one of the most serious problems facing agriculture 
today. Resistance can lead to increased application rates, increased frequency of 
pesticide use, and ultimately the compound may become largely ineffective. We 
cannot assume that there will be an unending supply of pesticides to be used as 
replacements due to the increased difficulty in discovering pesticides and the 
tremendous cost for their development (Georghiou 1986). For these reasons, we 
need to improve how existing compounds are used in order to delay the onset of 
resistance. However, before we can implement resistance management strategies, 
we need to know the geographic distribution and frequency of resistant individuals. 
Although the number of resistant species have been tabulated (e.g., Georghiou 
1986), the geographical extent of resistance has received far less attention. For 
example, on Long Island, New York, the Colorado potato beetle (CPB), Leplirwtarsa 
decemlineala (Say) has rapidly acquired resistance to vil-tually all insecticides used 
against it (Forgash 1984). However, CPS is not resistant thl'Oughout its range; not 
only is CPB "still apparently susceptible to organophosphates and carbamates in 
the Midwest" (Georghiou 1986), highly susceptible populations can still be found 
in northern and western New York (Roush, unpublished). The diamondback moth, 
also notorious for resistance, shows significant differences in susceptibility. even 
within a few kilometers, in spite of strong dispersal capabilities (Tabashnik et al. 
1987). Thus, even for species with extensive resistance histories, and where 
resistance is perceived to be widespread, broad geographical surveys are needed 
to establish the real extent of resistance. 

53 



54 J. Agric. Enlomol. Vol. 6, No. 1 (1989) 

House flies, Musca clomeslica L., are major pests in Bnd around dairy housing 
systems. Lowered levels of milk production, reduced feed conversion. and public 
health concerns have been attributed to house fly activity. Therefore, flies can 
have significant economic impact on dairy production if not controlled. House flies 
have developed resistance to virtually every insecticide used against them (Georghiou 
and Mellon 1983). Recently, there have been failures of the newly registered 
insecticide, permethrin, at dairies in New York (unpublished observations); high 
resistance ratios to permethrin have been reported from dairies in the Chino Basin 
of Califomia (Meyer et al. 1987), Guelph, Ontario, Canada (MacDonald et a1. 1983) 
and Europe (Keiding 1976; Sawicki et al. 1981). Cleady, success in managing house 
fly resistance problems would have implications for livestock and poultry facilities 
worldwide. Previous work in North America has focused on monitoring resistance 
in limited geographical areas (dairies within 60 km of each other), often only to one 
or two insecticides, and using customary LD50-type analysis (Georghiou 1966; 
Meyer et 81. 198?). LDr;o·type analysis has several limitations for resistance 
monitoring and a more sensitive method for detecting resistance is the use of 
diagnostic doses (i.e., a dose killing 2. 99% of a susceptible strain, Roush and 
Miller 1986). Herein we report our efforts to measure the frequency of house fly 
resistance to five commonly used insecticides from dairies in four widely spaced 
counties. extending across more than 460 km of New York state. 

MATERIALS AND METHODS 

Five insecticides were tested: crotoxyphos (Ciodrine), dichlorvos (Vaponslll), 

dimethoate (Cygon~), permethrin and tetrachlorvinphos (Rabon~). The purity and 
sources have been previously reported (Scott and Rutz 1988). 

Eleven strains of house nies were used: S+ (an insecticide susceptible strain) 
obtained from Dr. F. \V. Plapp, Jr. of Texas A & M University; Learn and Wood, 
collected from dairies in Schuyler Co., NY; Brown, Button and Swift from dairies 
in Steuben Co., NY; Tarbox and Mesick from dairies in Rensselaer Co., NY; and 
Cross, Hill and Smallbach from Chautauqua Co., NY (Fig. 1). All field strains were 
collected in July and August 1987 and reared for one to four generations in the 
laboratory without selection pressure prior to testing. 

A residual contact method was used for the insecticide bioassay. Twenty to 50 
(2-5 day-old) adult female house mes were placed in a 450 ml glass jar (internal 
surface area = 240 cm2) that had been treated with insecticide (Roush and Plapp 
1982). Mortality was assessed after 24 hours, and each dose was replicated at least 
three times. All bioassoys were done at 25°C. Flies were considered dead if they 
were unable to right themselves. The S+ strain was used to generate complete 
concentration-response lines that were analyzed by probit analysis (Finney 1971). 
The LC99 for the S+ strain was detennined for each insecticide. 

Bioassays of field-collected colonies were carried out at four diagnostic doses 
(susceptible strain LC"" 3 X LC"" 10 X LC"" and 30 X LC",), as this method is 
considered best for the detection of resistant individuals (Roush and Miller 1986). 
This diagnostic dose approach makes no assumption about the genetics of 
resistance (Roush and Miller 1986). Ultimately, such diagnostic tests would be 
most useful in describing resistance where mortality at a diagnostic dose can be 
correlated with control failure. However, due to the variation in application 
methods between dairies, we were unable to make such correlations. Therefore, we 
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covered a 3Q-fold range with the diagnostic doses to avoid either over- or 
underestimating the extent of the problem. 

RESULTS AND DISCUSSION 

The results of the bioossays of the five insecticides to the S+ strain are shown 
in Table 1. Toxicity decreased in the order of dimethoate >> tetrachlorvinphos > 
pennethrin > crotoxyphos >> dichlorvos. The relative toxicity of the compounds 
is very similar to those reported earlier (Scott and Rutz 1988), except that the 
LCws are about lO-fold higher in this study, which utilized larger jars and a 
different susceptible strain. 

Table J.	 Toxicity of five insecticides (J.lg/jar) to susceptible (8+) house flies by a 
residual contact method. 

Insecticide n LC" (95% CL) LC~I (95% CL) Slope (SE) 

Crotoxyphos 180 12 (10-14) 38 (26 - 89) 4.5 (1.0) 

Tetrachlorvinphos 320 5.8 (5.1 - 6.6) 29 (22 - 45) 3.3 (0.3) 

Dimethoate 200 0.57 (0.49 - 0.68) 2.5 (1.8 - 4.8) 3.6 (0.5) 

Dichlorvos 240 91 (75-110) 450 (320 - 830) 3.3 (0.5) 

Permethrin 240 8.6 (7.4 - 9.9) 35 (25 - 58) 3.9 (0.5) 

The results of bioassays on the field-collected house flies (Fig. 2-6) are 
presented as percent survival at the four diagnostic doses (i.e., frequency of nies 
resistant to a given dose). Resistance to crotoxyphos (Fig. 2) and tetrachlol'vinphos 
(Fig. 3) was found at all of the farms and was present. at a high frequency (> 25%), 
even at a dose of 30 X LC A substantial amount of resistance to dimethoate was99. 

noted (Fig. 4) at all doses exept 30 X LC99. Percent survival towards dichlorvos 
(Fig. 5) was high at all farms, but only at the LC9'J dose. This appears to be a 
unique feature of dichlorvos. Even in areas of the world where selection pressure 
is high, resistance to higher doses does not appear to evolve (I<eiding 1976; 
MacDonald et al. 1983; Chapman 1984). Resistance to permethrin (Fig. 6) was the 
lowest of all the insecticides, undoubtedly because this insecticide has been 
available for control of house flies on dairies in New York only since the carly 
1980s. However, the frequency of permethrin-resistant nics at the Learn, Wood, 
Hill and Brown dairies was high enough for the dairymen to complain about 
control failures. 

We were generally unable to gather information on insecticide use patterns for 
periods of more than one to two years prior to the study. Therefore, we have no 
basis to form a relationship between the past history of insecticide use and our 
results for most of the dairies studied, with the exception of the cases mentioned 
below. It is of interest that for a given insecticide the patterns of resistance were 
generally similar througout the state, with the exception of permethrin. This is in 
sharp contrast to resistance in spider mites, which clin vary sharply from one 
orchard to another (Dennehy et a!. 1988). The different results are likely due in 
large part to the differences in mobility of the two pests. 
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Fig. 2.	 Percent survival of house flies from 10 dairies across New York state to
 
crotoxyphos at the susceptible strain LCoo' 3 X LC99 • 10 X LC99 and
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We were able to obtain reliable histories of recent insecticide use at the 
following dairies: Learn had used permethrin from 1977·1987 (initially under an 
experimental use permit); Wood used permethrin from 1985·1987, and both were 
experiencing recent control failures; Brown dairy sprayed permethrin twice in 1985, 
12 times in 1986 and ceased using permethrin in 1987 (switched to dimethoate) 
due to inadequate control; Swift had never used insecticides for fly control on 
their farm; Mesick sprayed with crotoxyphos in 1986 and 1987; Hill had used 
permethrin from 1985-1987, but switched to dichlorvos in 1987 when permethrin 
control failures began; SmaJlback used permethrin in 1985 and 1986, pyrethrins in 
1987, and had used dichlorvos and tetrachlorvinphos in previous years (ca. 1979
1985). 

The results of our study correspond with the history of insecticide use only in 
certain cases. For example, the highest levels of resistance of permethrin were 
found at dairies (Learn and Wood) where use of the compound had been most 
intensive. However, resistance to all five insecticides was noted at the Swift dairy 
even though insecticides were never used on this dairy. This implies that there 
was substantial movement of flies to Swift from other farms, which appears to be 
inconsistent with observations in California (Georghiou 1966) and Britain (Denholm 
et a!. 1983) that suggested Oy movement. between farms was quite limited. An 
alternative interpretation may be that, although the intermingling of fly populations 
was quite slow, it had been substantial over the last 10-30 years of insecticide use. 
This explanation suggests there is probably substantial cross-resistance between 
compounds and that the resistance gene(s) may not be strongly selected against in 
the absence of pesticide use. In any event, the relatively poor correlation between 
insecticide use patterns and resistance is not inconsistent with other studies. For 
example, Meyer et al. (l987) could not explain the level of resistance at their most 
highly resistant population. Similarly, resistance levels in the parasitoid Aphytis 
melillus DeBach were only partially explained by pesticide use within the host 
citrus grove (Rosenheim and Hoy 1986). 

Overall, very little is known about the resistance mechanisms present in these 
strains. A previous study on flies collected from the Learn dairy and subjected to 
laboratory selection with permethrin, determined the mechanisms of pyrethroid 
resistance to be increased metabolism by microsomal monooxygenases, decreased 
cuticular penetration and insensitivity of the nervous system (kdr) (Scott and 
Georghiou 1986). Elucidation of the resistance mechanism(s) responsible for the 
pyrethroid and organophosphate resistance observed in our present study will 
require further investigation. 

Our results suggest that the future usefulness of the live insecticides we tested 
might be limited. Resistance levels to tetrachlorvinphos, crotoxyphos and dimethoate 
are already so high that they are probably ineffective in many situations. Levels of 
resistance to permethrin much higher than those at Learn and Wood have already 
been reported in California (Meyer et al. 1987), Canada (MacDonald et al. 1983), 
England (Sawicki et al. 1981; Chapman 1984), and Denmark (Keiding 1976). 
Additionally, it has been shown that laboratory selection of flies from the Learn 
dairy can produce a strain having a GOOD-fold resistance to permethrin (Scott and 
Georghiou 1985). Therefore, it is likely that the effectiveness of residual sprays of 
permethrin will probably continue to decline. While dichlorvos may continue to be 
useful, we should not rely upon it exclusively, particularly in view of concerns that 
there may be health risks associated with it (Anonymous 1988). 
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""'hen faced with a pyrethroid resistance problem on a hog farm in England, 
British researchers adopted a program of biweekly space (aerosol) sprays to 
manage resistance (Denholm et al. 1983). Space sprays are nonpersistent applications, 
in contrast to residual sprays, and nonpersistent applications can be an effective 
way to reduce the rate of resistance selection (Taylor et al. 1983). Such a system 
warrants further study at livestock and poultry farms in the United States in an 
effort to save the remaining susceptibility to pyrethroids. 
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ABSTRACT 

Max-Conll (770 cypenncthrin, 5% chlorpyrifos, 3.5% piperonyl butoxide) and EClrin¢ (8% 
fenvalcratel ear tags were e ....aluated for efficacy against. the hom ny, /-/aematobia i,.ritalls 
(L.), in South Carolina at the Simpson Agricultural Experiment Station in northwestern SC, 
and at the gdisto Research and Education Centel' in the southwestern region of the stllte. At 
Simpson, Ectrin gave significant (P < 0.05) reductions in horn ny numbers compared to the 
control until the 13th week post-treatment; Max-Coll reduced numbers significant.ly (P < 0.05) 8 
of 1;3 weeks post-treatment. Ectrin t.:1gS gave significant (I' < 0.05) reduct.ions 8 of 10 weeks 
and Max-Con 9 of 10 weeks at Edisto, However, neither tog at either location maintained fly 
numbers below an adequat.e control level of 50 nics per side for more than 9 weeks. 
Insecticide resist.ance tests indicated resistance levels 1.0 fenvalerate as high as 53-fold at 
Simpson and 37·fold at. Ecli,<;to at. the end of the fly season. The use of insect.icide mixt.ures 
for horn Oy cont.rol in South Carolina is discussed. 

Key Words:	 Haematobia in·itans, horn fly control, CIll' tags, fellvuleratc, cypcnncthrin, 
chlorpYl'ifos, resistance 

J. Agric. Ent.omoJ. 6(2): 65-69 (April 1989) 

Resistance of the horn fly, Haematobia irrit.Q.ns (L.), to pyrethroids in the 
Southeast has been well document.ed (Sheppard 1984; Quisenberry et al. 1984; 
Schmidt et al. 1985). However, insecticide resistance in the horn fly in South 
Carolina has never been investigated. Preliminary work in 1985 indicated some 
degree or resistance to the pYl'ethroids in horn flies collected at the Simpson 
Agricultural Experiment Station in Pendleton, South Carolina. Actual levels of 
resistance were not precisely determined. In 1984, at the Edisto Research and 
Education Center in Blackville, SC, Ectl'in@ ear tags that had been used at this 
location for at least 2 years were no longer effective. Tags were not used in 
1985. 

The study related here had two objectives: 1) to document fenvalerate resistance 
levels at Simpson and Edisto and 2) t.o evaluate an ear tag impregnated with a 
mixture of insecticides (7% cypermelhrin, 5% chlorpyJifos, 3.5% piperonyl butoxide) 
for efficacy against horn flies at Simpson and Edisto. 

Technil:111 Contribution No, 28:15 SOlllh Cnrolillil Agricul1und Experiment Slnllo11, Clemson University,
 
Clemson, SC 29G34-036fJ. Fcc puirl fOl' enrly publication.
 
Department of Animal Science, Clemson University, Clemson, SC 29634.
 
Experimental Stati~lics Unit. Clemson L"ni\'cr';;il.y, Clemson, SC 2D634,
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MATERIALS AND METHODS 

Fenualerate Resistance Determinations: 
Resistance levels of horn nics to fenvaJerate at the Simpson and Edisto 

stations were documented using an impregnated rtIter paper technique described 
by Sheppard and Hinkle (1987). Thirty to 45 field collected nics ' ...·ere tested at 
each of 5 to 7 concentrations of pesticide. Neither age nol' sex of the flies used was 
detennined. Dead nies (those unable to stanct) were counted after 2 hours, and the 
percent mortality was calculated. Flies collected at the Simpson station were 
brought back to the laboratory for testing due to the close proximity of the farm. 
Flies collected at Edisto were tested on site in a shaded location. The mortality 
data were analyzed with a probit analysis. Maximum-likelihood estimates of the 
intercept and slope were calcul<.lted using the SAS probit procedure (SAS Institute 
1985). Slopes of treatment groups were compared using a t-test (Steele and Torre 
1980). Resistance factors (RF) were calulated by dividing the LC.~o of the test 
population by LC5Q of a known susceptible population_ An LC50 of 0.68 pg/cm2 

obtained by Sheppard and Mar-ciando (l987) lIsing this same procedure with a 
susceptible hol'l1 l1y population supplied by Dr. Jerry Butler, University of Florida, 
Gainesville, FL., was used for RF calculations. 

Ear Tag Efficacy Trials: 
Cattle from Simpson and Edisto were divided into three groups of at least 30 

adult animals each for tl'eatment application. Animals in Group I received two 
Ectrin@ tags (8% fenvalerate) pCI' head; Group II received two Max-Con@ tags (7% 
cypel'methl'in, 5% chlol'pyrifos, 3.5% piperonyl butoxide) per head; and Group III 
remained as an untreated control. 'fhe tags were applied June L8 at Simpson and 
July 15 at Edisto. The Ectrin ear tags, \o,.'idely used commercial tags, were used as 
a standard for the Max-Con tag. 

Efficacy was based on adult fly counts which began 2 weeks pre-treatment and 
continued for 14 weeks post-treatment at Simpson and 12 weeks at Edisto. Horn 
nies on one side of 10 randomly selected animals per herd were counted weekly 
with the aid of binoculars when necessary. Counts of ~ 50 l1ies per side were 
considered good or adequat.e control. Mean fly count.s were compared on a date by 
date basis in analysis of variullce using the SAS GLM procedl1l'e (SAS Institute 
1985). These comparisons of treatment means were based on analysis of !oglO 
transformed data (Steel and Ton'c 1980). ]\.'lean separations were based on Duncan's 
multiple range test. All significant differences reported me at the alpha = 0.05 
level. 

RESULTS AND DISCUSSION 

Resistance Determintions: 
Results of resistance tests conducted during the last month of the season at 

Simpson are presented in Table 1. The LC~o's from each herd were significantly 
different (Max-Con> Ectrin > Contl'ol) based on non-overlap of the 95% fiducial 
limits. Analysis for significant differences in slopes of these I'egressions revealed 
only a significantly higher slope for the Max-Con herd in comparison to the 
control. No other slope comparisons revealed significant differences. 

The LC5Q's for tagged herds at Edisto (Table 2) were significantly higher than 
the LC50 of the control herd. 'fhe Lew's of the Ect.rin and Max-Con herds did not 
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Table L Toxicity of fenvalerate to horn nics at the Simpson Agricultural 
Experiment Stat.ion. 1986. 

Date Herd L5(l (~g/cm') Slope Rfo 

29 July 

8 September 

9 September 

Control 

Ectrin 

Max~Con 

1.67 

25.87 

35.78 

2.14 

3.08 

3.82 

2.46 

38.04 

52.62 

•	 Based on an LCz,C1 su;;;ccplible of 0.68 Ilg/cm~ from Sheppard 11lld Man:i11lldo..1. Agric. "::nlomol. 4(3): 
262-2iO. 

Table 2.	 Toxicity of fenvalerate to horn flies at the Edisto Research and 
Education Center. 1986. 

Date Herd L", (~g/cm') Slope RF' 

5 August 

29 September 

30 September 

Control 

Ectrin 

Max-Con 

2.68 

25.04 

22.34 

1.57 

2.20 

1.93 

3.94 

36.82 

32.85 

•	 Based on an LC5(I susceptible of 0.68 f.lg/c~ from Sheppard und Mnrl;iundo. J. Agric. Entomol. 4(.1): 
262·2iO. 

differ significantly. The slopes of the regression lines for all three herds were not 
significantly different. 

Ear Tag	 'frials: 
At Simpson, Ectrin tags performed significantly better than Max-Con tags in 

reducing horn fly numbers each week of the study except fol' weeks 4 and 13 
(Table 3). Ectrin tags significantly reduced horn fly numbers in comparison to the 
control herd until the 13th week post-treatment, however, mean number of horn 
flies per side exceeded 50 Ilies per side after 9 weeks and did not drop below this 
level for the duration of the study. Similarly, Max-Con tags gave significant 
reductions in fly numbers compared to the control for weeks 1 through 6 and in 
week 9. Max-Con tags allowed fly numbers to exceed 50 per side in the 7th week 
and numbers did not drop below this level through the L3th week. 

At Edisto, the Max~Con tags gave significantly better control than the Ect.rin 
tag in weeks 3 through 8 (Table 4); in the remaining weeks no significant 
differences between tags were found (Table 4). Max-Con gave significant 11y 
reductions compared to the control 9 of 11 weeks while Ectdn gave significant 
reductions 8 of 11 weeks. However, both tags kept ny numbers below 50 per side 
for only 7 weeks. 

Horn flies at the Simpson Agricultural Experiment Station have developed 
levels of fenvalerate resistance as high as 53-fold after 3 to 4 years of fenvalerate 
ear tag use. At the Edisto Research and Education Center, horn nies collected 
from tagged herds were as much as 37-fold resistant to fenvalerate after at least 
three years exposure to synthetic pyrethroids. The high levels of fenvalerate 
resistance documented here and consequent cross-resistance to cypermethrin 
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Table 3.	 Mean number of horn nies pel' side at the Simpson AgricultUl'al 
Experiment Station. 1986. 

\Veek	 Max-Con Ectrin Control 

1 35.G b 10.1" 74.6/1 
2 20.3" 6.5e 67.9, 
3 6.l h 3.2IJ 23.9" 
4 6.3" 3.4" 55.2, 
5 10.2" 4.9c 39.4, 
6 10.1" 3.7(; 62.7, 
7 50A 

n 
12.5b 72.2/1 

8 72.5
a 17.5" 90.0, 

9 lOG.i b 31.2, 273.0, 
10 204.5, 90.5" 268.4" 
11 142.6" 91.4b 

]60.2
n 

12 136.1, 87.8b 196.6, 
13 215·°11 149.0, 221.1, 

Means followed by the slime letter for each week nre lIot significlllllly different (P > O.05)/Dllnclln·~. 

J'vlcnns presented llre actuul means. Differences are based on log to transformed datil. 

Table 4.	 Mean number of horn flies per side in ear tag studies at the Edisto 
Research and Education Center. 1986. 

Week Max-Con Eetrin Control 

I ' "<)./ h g.?\) 81.7
11 

2 3.3" 4.Gb 60.91\ 
3 6.3, 17.2lJ 47.7(1 
4 1.9(; 14.4" 66.9" 
5 15.5 e 31.9\1 68.4" 
6 19.0" 54'/n 93.6" 
7 36.4" 48.9b 217.2 

11 

8 71.2b SO./ ll 156.6, 
9 69.3 

11 
91.2 

11 114.4" 
10 
11 58.7 b 73.4lJ 186.5" 
12 85.4, 121.3 

11 

MCllns followed by the same letter for each week are not significantly different. (I' > O.05l/Duncan's, 
i\lellns presented are actual means. Differences are based loglO transfomllltions of the data. 

(Byford et al. 1985) would account fol' the control failures of the Ectrin and Max· 
Con tags at Simpson and Edisto. 

Certain conditions must be present for insecticide mixtures to be an effective 
means of combatting insecticide resistance. Mechanisms of resistance to each 
chemical in a mixture must occur at such low frequencies that no individual in a 
population has both mechanisms; components of the mixture should have similar, 
preferably short, decay rates in the environment; the use of the mixture should 
begin before the target species develops resistance to one of the elements of the 
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mixture (Georghiou 1983), unless the components of the mixture exhibit some 
degree of negatively correlated toxicity (resistance to one component confers 
increased susceptiblity the other component) (Brown 1961; Ogita 1958). At least in 
two locations in South Carolina, the OCCUI'l'ence of high levels of fenvulerute 
resistance in the horn fly population violates the requisite of susceptiblity of the 
target species to all components of a pyrethroid mixture. The control failure of the 
Max-Con tag (mixture of pyrethroid and chlorpyrifos) in South Carolina and of 
other pyrethroid/chlorpyrifos ear tags in Nebraska trials (J.B. Campbell, University of 
Nebraska, personal communication) would indicate that no significant negatively 
correlated toxicity between the pyrethroids and chlorpyrifos is occurring. 'With the 
ability of horn nies to disperse (Byford et a1. 1987), movement of the cattle 
themselves, and the widespread use of pyrethroids for horn ny control and also for 
control of agronomic pests, some degree of pyrethroid resistance is probably 
present throughout the state. Therefore, pyrethroid ear tags and use of pyrethroids in 
any type of mixture will probably be of limited value in South Carolina in horn fly 
managrnent programs. However, if producers are made aware of the problem and 
its causes, perhaps worsening of the resistance problem in South Carolina can be 
prevented. 
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ABSTRACT 

Numbers of individuals of predominant. species of carabids (Coleoptera: Carabidac) 
captured in pitfalll.raps u'cre compared in two forage legumes. sainfoin (Onobrychis viciitolia) 
and alfalfa. PterostichliS melcwarius (Jlligcr) and Harpalus amputatus Say were the most 
common species captured during the fLfS\' season or legume production. Amara [oreta 
(LeConte) were the most prevulent during the second year, and significantly more were 
captured in alfalfa than in sainfoin. More potential en rabid prey (Hypcra postica Gyllenllal 
larvae and Acyrtlwsiphon pisum) (Harris) appeared in sweep net samples in alfalfa than 
sainfoin. Carabid activity density decreased lifter forage wos haIVcstcd, but was not significantly 
affected by insecticide treatment. 

Key Words: Pitfall traps, activity density, ground beetles, alfalfa insects, sainfoin insects 

J. Agric. Entomol. 6(2): 71-76 (April 1989) 

Ground beetles (Coleoptera: Carabidae), (called carabids, hereafter) can be 
important predators, fol' larvae or adults are entomophagous in corn (Dritschilo 
and Wanner 1980; Lesiewicz et al. 1983), soybeans (Bechinski and Pedigo 1981; 
House and All 1981), alfalfa (Barney et al. 1979; Los and Allen 1983; Barney and 
Pass 1986), cabbage (Hokkanen and Holopainen 1986), and cereals (Frank 1971; 
Tomlin 1975; Scheller 1984; Young 1985). Some phytophagous species feed on crop 
seeds (Lund and Turpin 1977) or may consume or cache weed seeds (Kirk 
1972). 

Due to their abundance and predacious act.ivity, interest has been shown in 
consenration and enhancement of carabid pOI>ulations by judicious agronomic 
practices (Allen 1979). The effect of various crops (Rivard 1966), organic vs 
conventional farming practices (Dritschilo and Wanner 1980; Hokkanen and 
Holopainen 1986), and tillage methods (Tyler and Ellis 1979; Barney and Pass 
1986) on carabids has been studied. Carabids were sensitive to most insecticides 
when exposed to spray (I<ulman ]974) or indirectly through poisoned hosts 
(Gholson et al. 1978). Soil insecticide residues were found in carabids (Sellers and 
Dahm 1975), but species varied in their susceptibility (Hsin et al. 1979; Thornhill 
and Edwards 1985). 

Although carabids are plentiful and potentially are important biological factors 
in agricultural systems, no SlU"eys have been conducted in Montana. We conducted 
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preliminary surveys with pitfall traps in various agricultural habitats, and carabids 
were the predominant insects. 

Catch sizes indicate "activity density". Activity density is a function of (carabid 
movement on the soil surface) X (population density) (Hokkanen and Holopainen 
1986). Therefore, in order to be captured, individuals must be aelive or traps will 
not be encountered. 

Our trials were designed to compare carabid activity density in two perennial 
Corage legumes, alfalfa (Medicago sativa) and sainrain (Orwbrychi.., uiciifolia). These 
crops are grown for either hay or seed, and the management practices which are 
associated with each type of production could affect carabid activity density. 

Our objectives were to I)-compare activity density of carabids in the two crops, 
2)-compal'e availability of potential cal'abid prey in alfalfa and sainfoin, 3)-compare 
activity density of carabids following hay and seed management practices, and 4)
determine effects of a commonly used pesticide on carabid activity density_ 

MATERIALS AND METHODS 

Field plots of sainfoin, val'. 'Remont' and alfalfa val'. 'Ranger', were planted in 
eight alternating strips (each 9 III wide and 47 m long) in July, 1984 in Gallatin 
Co., MT. After crop emergence, 16 pitfall traps (modified from Morrill 1975) were 
placed in each strip, and were serviced weekly during the growing seasons of 1985 
and 1986. Differences in numbers of predominant carabid species in the two 
habitats were analyzed by analysis of variance and means separated by Least 
Significant Difference test (MSDSTAT, Lund 1985). 

To determine the presence of foliage-inhabiting insects, weekly sweep samples 
consisting of 10 sweeps using a 38 em diameter net were taken and results 
obtained during the insect population peak on June 20 (one tenth bloom stage of 
alfalfa, and standord time of cutting) are presented. 

Treatments for forage and seed management practices were established on 8 
July, 1986. The foliage on one half of each plot was cut, baled, and removed. The 
remaining half of each plot was left. uncut, as is standard practice for seed 
production. Cacabids were trapped for 17 days (insects removed weekly), and 
differences in mean numbers of predominant species in cut and uncut plots in 
alfalfa and sainfoin were analyzed using analysis of variance and means separated 
by Least Significant Difference (MSDSTAT, Lung 1985). 

On 25 July 1986 the insecticide treatment trial plots were established. Each 
plot was subdivided, and half was sprayed with pirimicarb 50W insecticide at 
0.28 kg AI/ha with a C02 pressurized backpack sprayer delivering 189 liters/ha. 
This resulted in a split-plot design with four replications (plots size 9 m X 12 m 
each) of treatments including: l)~unspraycd, uncut, 2)-unsprayed, cut, 3)-sprayed, 
uncut, or 4)-sprayed, cut. Carabids were trapped for 30 days after spraying. Mean 
numbers of predominant carabid species were converted to carabids/day/trap, 
transformed (-J x + 0.5 ) and analyzed as before. 

Representative specimens of carabids captured in a previolls survey were 
submitted for positive identification to Dr. P. M. Choate, University of Florida, 
Gainesville, FL. These specimens were used for identification of specimens 
collected in this study. 



73 LESTEH and MORRILL: Carabids in Legumes 

RESULTS AND DISCUSSION 

Carabids represented 7,759 of the 8,365 insects which were trapped during the 
2-year study. The predominant species were Pterostichus melanarius Illiger, 
Harpalus ampulatus Say, Amara {areta LeConte, Stenolophus comma F., Bembidion 
lampros Herbst, Agonum dorsale Pontoppidan, which represented over 90% of the 
individuals captured. 

During the first year of legume growth, P. melanarius and H. amputatus were 
the predominant species. Significantly more P. melanarius were captured in alfalfa 
than in sainfoin, but there was no significant difference in catches of H. amputatus 
in the two crops (Table 1). The plant foliage was not high enough for sweep net 
sampling during the rirst season. 

Table 1. Numbers of carabids (Coleoptera: Carabidae) captured in pitfall traps in 
first and second year growth of alfalfa and sainfoin in untreated plots, 
Gallatin Co., MT. 

Crop"
 

Insect Alfalfa Sainfoin
 

1985 
Pterostichus melanarius 
Harpalus amputatus 

1986 
Stenolophus comma 
Harpalus amputatus 
Amara {arcta 
A. dorsale 
Pterostichus melanariu.'> 
Bembidion lampros 

144 at 
54 a 

37 a 
182 a 
577 a 

26 a 
98 a 
lOa 

92 b 
60 a 

6 b 
178 a 
374 b 
45 b 
73 a 
8 a 

.. Numbers are means of four Imps in each of four plots. 
t Numbers within ro.....s not followed by lhe slime letter are significllntly different, Least Significant 

Difference test (fvlSUSTAT, Lund ]985), P = < O.OEi. 

During the second year of plant growth (1986), A. [areta was the most 
prevalent, followed by H. amputatus and P. melanarius. There were significantly 
more S. comma and A. [areta captured in alfalfa, while significantly more A. 
dorsale were captured in sainfoin (Table 1). 

Differences in curabid activity density in the two crops may be due to 
availability of insect prey. Although host ranges are undetermined for some 
species, many are known to be entomophagolls (Sunderland 1975; Hagley et al. 
1982; Allen 1979). More alfalfa weevil (Hypera post.jea Gyllenhal) larvae and pea 
aphids, (Acyrthosiphof7 pisum Harris), were collected in sweep net samples in 
alfalfa than in sainfoin (Table 2). Other potential insect prey included alfalfa 
looper larvae, Autographa ca.lifomica (Speyer) and Iygus bug nymphs (Lygus spp.). 
Although these are foliage-dwelling insects and carabids are genel'ally believed to 
be ground~dwelling insects, carabids may forage in plants (Luff 1978; Griffiths et 
al. 1985). We captured A. {arcla in sweep nets and obselved individuals foraging in 



74	 J. Agric. Enlomol. Vol. 6, No.2 (W89) 

Table 2.	 Numbers of potential insect prey of carabids (Coleoptera: Carabidae) in 
alfalfa and sainfoin sweep net samples 20 June, 1986, Gallatin Co., NIT. 

Mean No./l0 sweeps· 

Insect Alfalfa Sainfoin 

Autographa cali[ornica Imvae 17.3 a 25.0 a 
Hypera postica larvae t35.7 a o b 
Acyrthosiphon pisum 183.3 a o b 
Lygus spp. nymphs 50.7 a 85.7 a 

• l\'leans	 within rows followed by the same letter are not significunlly different., Least Significant 
Difference test, (MSUSTAT, Lund 1985), P = > O.G5. 

foliage. Other species might also forage in foliage, but not be picked up during 
sweep net sampling due to their nocturnal behaviol'. It also is possible that foliage 
dwellers sometimes fall 01' drop to the ground and could become carabid prey. 

After crop foliage was hmvested, carabid activity density decreased significantly in 
all cases, except for S. comma in sainfoin ('fable 3). Reduction in activity may be a 
result of abandoning plots due to lack of hosts, reduced foraging activity due to 
lack of host availability, or inactivity due to increased ground temperature. 

Table 3.	 Numbers of c81'abids (Coleoptera: Carabidae) captured in pitfall traps in 
cut and uncut alfalfa and sainfoin, 1986, Gallatin Co., MT. 

Alfalfa'	 Sainfoin 

Insect Cut Uncut Cut Uncut 

P. melanarius 44 a 80 b 58 a 92 b 
H. amput.at.us 90 a 148 b 149 a 272 b 
A. {areta 162 a 613 b 208 a 367 b 
S comma 32 a 57 b 19 a 22 a 

• Numbers are mean	 numbers of beetles per trap (N = 4). Numhers no\. followed by the same letter within 
rows and crops are significantly different, Least Significant Difference test. (MSUSTAT, Lund 1985), 
p = < 0.05. 

The insecticide had little effect on carabid activity density, although significantly 
more H. amputatus were captured in sainfoin which was treated and hSlvested. In 
alfalfa, significantly more H. amputatus were captlll'ed in halvested plots that were 
treated (Table 4). Pirimicarb is commonly selected by alfalfa seed producers for 
control of lygus bugs (Hemiptera: lVliridae) due to minimal effect on insect 
pollinators. Scavenging carabids were exposed to the insecticide directly or by 
consumption of prey containing residues. However, no significant reductions of 
carabid activity were detected following tl'eatment. Because the effects of pirimicarb 
on the beneficial cara bids was minimal, use of this insecticide in an insect pest 
management system is suggested. 
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Table 4. Numbers of carabids (Coleoptera: Carabidae) captured in pitfall traps in 
sainfoin and alfalfa following forage or seed management (uncut) practices 
and treatment with pirimicarb, July, August, 1986, Gallatin Co., MT. 

Species· 

Treatments 

Uncut + unsprayed 
Uncut + sprayed 
Cut + sprayed 

Uncut + unsprayed 
Uncut + sprayed 
Cut + sprayed 

P. melanarius 

2.0 a 
2.0 a 
1.9 a 

1.5 a 
1.2 a 
l.8 a 

H. ampulatus 

Sain{oin 
1.8 a 
1.7 a 
2.5 b 

Alfalfa 
l.4 a 
1.2 a 
l.6 a 

A. {areta 

1.8 a 
1.5 a 
1.8 a 

2.3 a 
1.9 b 
1.6 c 

• Numbers	 orc transformed (~) means of clirilhids/day/trap. 
Mellns within columns <lnd crOllS followed by the same letter are not significnnlly dimerenl. LC1.lst 
Sigllificanl Difference lest, (MSUSTAT. Lund 1985), P> 0.05. 

ACKNOWLEDGME 'TS 

We thank P. M. Choate, University of Florida, for carabid identification. Statistical 
lldvice was oblained from R. E. Lund. i\,ISUSTAT is available from the Research and 
Development. Institute Inc" MSU, Bozeman, MT 59717. 

LITE RATU RE CITED 

Allen, R. T. 1979. The Occurrence nnd Imporl'ance of Ground Beetles in Agricultural and 
Surrounding HabiL.1ts, In Erwin, T. L" G. E. Ball, nod D, n. Whitehead (eds). Carabid 
Beetles: Their Evolution. Nutural History, and Classification. Junk, The Hague-London
Boston. pp. 485-492, 

Barney. R. J., and B. C. Pass. 1986. Pitfall trap collections of ground hectic lalvac 
(Coleoptera: Carabidae) in Kentucky alfalfa fields, Great Lukes Entomol. 19: 147-151. 

Barney, R.•J" S..J. Rober!..., R. D. Pausch. and E. J. Annbrust. 1979. Insect predators of the 
alfalfa wecvil nnd clover root curculio (Coleoptera: Curculionidae) during fall reentry, Crt. 
Lakes Entomol. 12: 153-155. 

Bechinski, E. J., find L. P. Pedigo. 1981. Ecology of predaceous arthropods in Iowa soybean 
Ilgl'oecosyslcrns. Environ. El1l.ol11ol. 10: 771-778. 

Dritschilo, \1,,' .• nnd D. Wanner. 1980. Ground beetle abundance in organic and conventional 
corn lields, Environ. Entomol. 9: 629·631. 

Fmnk. J. H. 1971. Carabidae (Coleoptern) as predators of the red-backed cu~...orm (Lepidoptera: 
Nocluidae) in central Alberta. Can. Entomol. 103: 1039-10'l4. 

Gholson, L. E., C. C. Beegle, n. L. Best.. and J. C. Owens. 1978. Effects of commonly used 
insecticides on cornfield carabids in Iowa. J. ECOD. Entornol. 71: ..U6-418. 

Griffiths. E., S. D. WradeD, and G, P. Vickerman. 1985. Foraging by the carabid Agollum 
dorsale in the field. Eco!. Entomol. 10: 181-189, 

Hagley, E. A. C., N. J. Holliday, and D, R. Barber. 1982. Lahoratory studies of the food 
preferences of some orchard carabids (Coleoptera: Carabidae). Can, Entomo!' 114: 431-437. 

Hokkancn, Ii., and J. K. Holopainen, 1986. Carabid species and activiiy densities in 
biolobrically and convenlionally managed cabbage fields. J. Appl. Entomol. 102: 353-363. 



76 J. Agric. Entomol. Vol. 6, No.2 (1989) 

House, G. J. nnd J. N. All. 1981. Carabid beetles in soybean agroccosystems. Environ.t 

EntomoJ. 10: 194-196. 
Hsin, Chu-Ying, L. G. Sellers, and P. A. Dahm. 1979. Seasonal activity of carabids flnd the 

toxicity of carbofuran and tcrbufos to Pterostichus chlilcites. Environ. Entomol. 8: 154-159. 
Kirk, V. M. J972. Seed-caching by larvae of two ground beetles, J-larpalus pCTlSylvanicl1s and 

N. erralicus. Ann. Entomol. Soc. Am. 65: 1426-1427. 
Knlffinn, H. M. 1974. Comparative ecology of North American Carabid(U! wilh special 

reference to biological control. Entomophaga. 7: 61-70. 
Lcsicwicz,	 D. S., J. W. Van Duyn, and J. R. Bradley. 1983. ~·lid·season response of three 

curabids to soil insecticides applied to field corn plots at. planting. J. Ga. Entomol. Soc. 
19: 271-275. 

Los, L. M.. and \\!. A. Allen. 1983. Abundance and diversity of adult carahidae in insecticide
treated and untreated fields. Environ. Entomol. 12: 1068·1072. 

Luff, M. L. 1978. Population dynamics of Carabidae. Ann. App!. BioI. 101: 164-170. 
Lund, R. E. 1985. MSUSTAT, an interactive statistical analysis package. lvlont. State Univ., 

Bo;:eman, MT. 59717. 146 p. 
Lund, R. D., and F. T. Turpin. 1977. Carabid damage to weed seeds in Indiana cornfields. 

Environ. Ent.omol. 6: 695-698. 
Morrill, W. L. 1975. Plastic pitfall trap. Environ. Entomol. 4: 596.
 
Rivard. I. 1966. Ground beetles (Coleoptera: Carabidae) in relation to agricultural crops. Can.
 

Entomo!. 98: 189-195. 
Schellcr. H. V. t984. The role of ground beetles (Col'llbidae) as predators on early populations of 

cereal aphids in spring barley. Zeitschrift fur angewandte Entomo!' 97; 451-463. 
Scllers, L. G., and P. A. Dahm. t975. Chlorinated hydrocarbon insecticide residues in ground 

beetles (Harpalus pensylvallict1s) and Iowa soil. Bull. Environ. Contmnination and Tax. t3: 
218-222. 

Sunderland, K D. 1975. The diet of some predatory art.hropods in cereal crops. J. App!. 
Eeol. 12: 507-515. 

Thornhill, W. A., find C. A. Edwards. 1985. The effect.<; of pesticides and crop rotlltion on the 
soil-inhabit.ing fauna of sugar-beet. fields. Part I: The crop and macroinvel'tebmtes. Crop 
Prot.. 4: 409-422. 

Tomlin, A. D. 1975. The toxicity of insect.icides by contact and soil trcatment of two spccics 
of ground beetles (Coleoptera: Carabidae). Can. Ent.omo!. 107: 529-532. 

Tyler, B. r\'1., and C. R. Ellis. 1979. Ground beetles in three tillage plOlS in Ontario and 
obscrvaHons on their importance as predators of the northern corn I'ootworm, Diabrolica 
longicomis (Coleoptera: Chrysornelidae). Proc. Entomo!. Soc. Ontario. 110: 65-73. 

Young, O. P. 1985. Adult Calosoma sayi (Coleoptera: Carabidae) as fI predator on fall 
armywonn {Spodoptera {rugiperda) pupae. J. Entomol. Sci. 20: 220-224. 



EVALUATION OF S-31183 FOR FLY (DIPTERA: MUSCIDAE)
 
CONTROL AS A FEED-THROUGH COMPOUND FOR
 

POULTRY, CATTLE, AND SWINE'
 

R. W. Miller
 
Livestock Insects Laboratory, LPS!
 

ARS, USDA
 
Beltsville, MD 20705
 

(Accepted for publication 15 December 1988)
 

ABSTRACT 

8-31183 2-ll-methyl~2-(4·phel1oxyphcnoxy) ethoxy]pyridinc was evnluated us a fced-through 
compound in poultry, cattle, and swine for the control of house flics, Musca domestica L., in 
manure. Control of the face ny, Mus£'U aUlumnalis DeGeer, was also determined in cattle. S
31183 functions as a juvenile hormone mimic, which inhibits the cclosion of adults from 
pupae. Levels of S-3t183 in the ration required for> 80% inhibition of adult house fly 
celosian were 1 and 5 ppm for hens and pigs, respectively. In cattle. feeding rales of 0.004 
and 0.1 mg/kg body \\1/day resulted in a similar degree of control for face and house nies, 
respectively. 

Key Words: House fly, Musca domestica L., Face Oy, Musca autumnnlis DeGeer, Feed
tllrough. 5-31183, Juvenile hormone mimic. 

J. Agric. Entomol. 6(2): 77-81 (April 1989) 

Although the concept of using feed-through compounds to control species of 
flies that breed in fresh animal manure is not new (Miller 1970), there has been a 
renewed interest in this method of fly control (Miller and Miller 1985). This 
interest was stimulated by the discovery and development of a new class of 
compounds classified under the broad category of insect growth regulators. Insect 
growth regulators can be further subdivided into three more general categories: 
juvenile honnone analogs or mimics, ben7.0ylphenylureas or chitin synthesis inhibitors, 
and triazine compounds. There has been considerable research conducted on 
compounds in each of these categories as feed·throughs to control fly pests of 
poultry and cattle. Fly pests of poultry are primarily the house fly, A1usca 
domestica L., and the little house ny, Fannia canicularis (L.). The primary fly pests 
of cattle to which research on feed-through compounds has been directed are the 
Face fly, Musca autumnalis DeGeer, and the horn ny, Haematobia irritans (L.), and 
to a lesser extent the house fly and stable ny, Stomoxys calcitrons (L.). One 
compound in each category has been registered for feed·through usage for cattle 
or poultry to control one or more species of nics. They are methoprene for horn 
ny control with cattle, dinubenzuron (bolus) for face and horn ny control with 
cattle, and cyromazine for house ny and little house fly control with poultry. 

Flies may become resistant to any compound when it is used on a continuous 
basis. Therefore, it is impol'tant that new compounds be developed that can be 
used alternately with compounds already on the market to decrease the development 
of resistance to a given compound. This paper describes research conducted on 

This paper reports the resulL'I of rcllcnrch only. Mention of a proprietary product or a pesticide does not 
constitute a recommendation !.Jy the USDA, nor does it imply rcgislmtion undcr PIFJtA as amended. 
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S-31183, 2-11-methyl-2-(4-phenoxyphenoxy)ethoxylpyridine, as a feed-through compound 
to control flies in cattle, poultry, and swine. The compound was developed by the 
Sumitomo Chemical Company, Osaka. Japan. While not similar to the natural 
juvenile hormone in chemical structure, 8·31183 acts as 8 juvenile hormone 
mimic. 

MATERIALS AND METHODS 

Chicken Experiment. 
Two b'ia)s were conducted. In the first, a 0.5% granular formulation of 8-31183 

was premixed with 200 g of poultry feed. This formulation, as well as the 0.1 % 
granular formulation used in the second experiment, was supplied by Coopers 
Animal Health, Kansas City, Kansas. This premix was incorporated into 30 kg of a 
commerical layer ration resulting in a concentration of 10 ppm AI in the feed. 
Eight mature broiler·breeder hens were fed the treated ration while eight other 
hens were fed untreated ration. Seven times during a 3-wk feeding period, manure 
was collected from both groups of hens, taken to the laboratory to conduct 
bioassays using house Oy larvae as descJ;bed by Miller (1982). Brieny, the 
bioassays consisted of seeding 25 one-day·old house fly larvae into each of two 
cups containing 200 g of fresh manure and holding the manure until the larvae 
pupated. Pupae from the cups were counted, combined, weighed, and held for 
adult eelosion. 

In the second trial a 0.1% granular formulation of S·31183 was incorporated 
into layer feed at levels of 0, 0.04, 0.2, and 1 ppm. The four treatment levels were 
fed to eight \Vhite Leghorn pullets per treatment, in each of two replicates for 6 
WKS. Once or twice a week, manure was collected (10 collections) from each 
replicate and taken to the laboratory. Bioassays with house fly larvae were set up 
as described in the first trial. 

Cow Expen"menl 
Two 4 X 4 Latin square trials were conducted using four dry, 2· to 3-yeal'-old, 

non-pregnant Holstein heifers ranging in weight from 400-600 kg in each trial. The 
heifers were fed a complete feed ration twice a day consisting of concentrate and 
corn silage at a maintenance level of intake. At each afternoon feeding during the 
trials, the heifers were fed 0.1% granules of S-31183 at rates of 0,0.004,0.02, and 
0.1 mg AI/kg body wt mixed into 200 g of concentrate feed. 'When the heifers had 
consumed the treated concentrate, they were fed their complete feed ration. After 
a 7·day period, the heifers were switched to a different treatment rate. Manure 
was collected for the final 4 days in each period plus the first day the following 
period before the new feeding rates had started. )t was assumed that after 3 days, 
an equilibrium would be established at the new feeding rate. Manure was taken to 
the laboratory and subjected to bioassays with house fly (Trials land 2) and with 
face fly (Trial 2) lalvae as previously described. 

Pig Experif'1Wfll 
Two trials were set up. In the first, 12 one-month-old, weaned pigs were 

divided into four groups of three pigs each and housed in raised metal pens 
measuring 1.2 X 1.2 m. The pigs were fed a 16% baby pig ration at a rate of 10% of 
their body weight. A 98.9% AI technical formulation of S-31183 (supplied by 
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Sumitomo Chemical Company) was mixed into the ration at levels of 0, 10, 50, and 
100 ppm AI and fed to the pigs for 18 days. Manure from the pigs was collected on 
days 7, 12, 14, Bnd L8, taken to the laboratory, and bioassayed with house fly 
larvae as previously described except that 4 cups of manure were used for each 
treatment level. After a lO-day break, one pig from each pen was removed because 
of overcrowding, and the pens, each holding two pigs, were randomly assigned to 
receive 8-31183 (0.1% granular formulation) at levels of 0, 5, 10, and 20 ppm AI. 
This trial lasted for 11 days, during which time manure was collected and tested 
with bioassays about every other day (six times). 

RESULTS AND DISCUSSION 

Chicken Experiment 
In the first trial, inhibition of adult eelosion of house fly pupae averaged 97%. 

Table 1 shows results from the second chicken feed-through trial. Although there 
was a trend toward fewer pupae in the manure samples when the hens were fed 8
31183, the average weight of the pupae were the same between the different 
treatment levels and control. At each increase in concentration of 8-31183 in the 
ration, there was an increase in inhibition of adult eclosioll, which approached 90% 
at a level of 1 ppm in the ration. This level of activity is considerably higher than 
that of other compounds with a juvenile hormone activity evaluated as poultry 
feed-through compounds. A level of 50 ppm of technical methoprene or AI3-36206 
1-(8-methoxy-4,S-dimethylnony\)-4-(I-methylethyl)benzene in the ration of hens was 
required for a similar degree of control (Breeden et al. 1975; 8chwart: et al. 1980). 
The activity of methoprene could be increased by a factor of 10 by encapsulation 
of the compound (Breeden et a!. 1975). 8-31183 also is more potent as a poultry 
feed-through compound than four benzoylphenylurea compounds evaluated at 
Beltsville (1\'liller and Miller 1985). The only compounds evaluated in our laboratory 
with activity similar to 8-31183 are cyromazine and the closely related compound 
6-azido-N-cyclopropyl-1V'-ethyl-I,3,5-triazine-2,4-diamine (Miller and Corley 1980). 

Table 1. Number and weight of pupae, and inhibition of adult eelosion of house 
flies seeded as larvae into manure of untreated hens and those fed S
31183.' 

S-31183 
in ration 
(ppm An 

Mean no. pupae 
per sample 

Mean pupal 
wt (mg) 

Inhibition of 
adult eelosion (%) 

0 
0.04 
0.2 
1.0 

31.2 a 
29.5 ab 
30.2 ab 
29.0 b 

24.9 
24.3 
24_7 
24.1 

a 
a 
a 
a 

12.5 a 
27.3 b 
47.7 c 
88.3 d 

•	 Mel\ns in iI column without iI common letter are different (P < .05) Ilccording to Duncun's multiple range 
tCHt. 

Cow Experiment 
8-311S3, after passage through the digestive tract of the cow, was higWy 

effective in inhibiting the eclosion of adult face flies (Table 2). Number of pupae 
and average weight of pupae were not affected by treatment. The greater than 
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90% inhibition of ec1osion when 8·31183 was fed at a level of 0.004 mg/kg body wtl 
day indicates this compound is considerably mOl'C active as a cattle feed-through 
compound than others we have tested with juvenile hormone activity (Miller and 
Miller 1985). The activity of 5·31183 is similar to that we have obtained with 
compounds having 8 benzoylphenylurea type structure (Miller and Miller 1985). 
Also, 5·31183 is highly active against the house ny ('Table 2). It was previously 
reported that with the exception of ivermectin, a!systin (BAY Vi 7533) was the 
most ac..:wve compound that we had tested as a cattle feed-through compound 
against both the house Ill' and the face Ill' (Miller 1982). The activity of 8-31183 is 
similar to alsystin against these two species. 

Table 2. Number and weight of pupae, and inhibition of adult eelosion of face flies 
and house nies seeded as larvae into manure from untreated cattle and 
those red 8-31183.-

Species 

8-31183 
in ration 
(ppm AI) 

Mean no. pupae 
per sample 

Mean pupal 
wt (mg) 

Inhibition 
of adult 

eelosion (%) 

Face 
Fly 

0 
0.004 
0.02 
0.1 

18.7 a 
13.4 a 
12.6 a 
11.8 a 

20.3 a 
17.7 a 
19.3 a 
20.7 a 

44.7 a 
94.9 b 

100 b 
83.3 b 

House 
Fly 

0 
0.00,) 
0.02 
0.1 

30.5 a 
27.8 b 
29.3 ab 
29.4 .b 

20.5. 
19.9 • 
19.8 • 
19.5 a 

21.0 a 
23.6 a 
54.7 b 
81.5 c 

•	 Means in a column .....ithin II speices without B common leiter are different (P < .051 according to 
Duncan's multiple rnnge test. 

Pig Experiment 
The results in Table 3 show that 8·31183 was effective as a feed-through 

compound in swine against the house fly. A level of 10 ppm in the ration provided 
> 90% inhibition of adult eelosion in each of the two trials. In Trial] levels of 50 
and loo ppm in the feed caused 100% inhibition of eelasian of adult flies from 
pupae. 8tirofos is presently commercially available as an oral larvicide to control 
house flies in the manure of pigs up to market weight. The recommended level is 
50 ppm of stirofos in ration; therefore, 8·31183 is at least as potent. Stirofos is the 
only compound now available as a feed-through compound for swine. 

The results of these experiments demonstrate that 8-31183 has a high degree 
of activity against immature house nies after passage through the digestive tracts 
of poultry, cattle, and swine. Presently, there are no compounds registered for 
house fly control in the U.S. with a mode of action similar to that of the natural 
juvenile compound. Since house flies in many areas of the country are resistant to 
insecticides currently being used, 8-31183 would appear to be a good candidate fol' 
further development to control house flies and other species of flies that use 
animal manure as an oviposition medium. 
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TobIe 3. Number and weight of pupae and inhibition of adult eelosian of house 
llies seeded as larvae into manure from unlJ'ented pigs and those fed S
31183.-

Trial 

8-31183 
in ration 
(ppm AI) 

Mean no. pupae 
pel- sample 

Mean pupal 
wt (mg) 

Inhibition of 
adult eelosion (5~) 

0 
10 
50 

lOO 

36.8 a 
35.7 a 
55.2 a 
49.8 a 

25.0 a 
22.8 ab 
24.7 a 
22.1 b 

22.4 a 
90.5 b 

100 c 
100 c 

2 0 
5 

10 
20 

58_3 a 
55.3 a 
55.3 a 
55.3 a 

23.7 a 
23.6 a 
23.4 a 
21.7 b 

10.6 a 
81.5 b 
93.6 c 
98.9 d 

..	 Means in a column within a trial wilhout a common leiter are different (I' < .Il')-, according to Duncan's 
Illultiple range test. 

LITERATURE CITED 

Breeden, G. C.. E. C. Turner, .Ir., nnd \·V. L. Benne. 1975. Methopl'cne ml a feed additive for 
control of the house fly breeding in chicken manure. J. 8con. Elilornol. 68: 451-.152. 

Miller, R. \V. 1970. LArvicides for fly cont.rol- A review. Bull. 8nl.omol. Soc. Am. 16: 
154-158. 

Miller, H. \V. 1982. BAY Vi 7533 t.cst.ed in cat.tJe and poultry as 1\ feed-through compound 
Against nics. Southwest. Enlomo!. 7: 130-134. 

\o1illel', H. W., and C. Corley. [980. Feed-through eflielley of CGA-19255 and CGA-72662 
ngainst manure-breeding nil'S nnd other mthropods and residlle in feces, eggs, and tissues 
of laying hens. Southwest. Enlomo\. 5: 144-148. 

:VIiller, H. W., and J. A. Miller. 1985. Feed-through chemicals for insect coni 1'01 in animals. 
1985. In Agric. Chemicals of the Future (BARe Symposium 8, J. L. Hilton, cd.). Rowan 
llnd Allanheld, Totowa. 

SChwarz, l\L, W. A. Banks, and H. W. Miller. 1.980. Current research with A13-36206 (J'vIV678) 
in the United Slates Dcpnrlmenl. of Agriculture. 111 Hegullllion of insect development and 
behnvior. Wroclaw Tech. Uni..... , \\lroclaw, Poland. 



SOYBEAN NODULE FLY, RIVELLlA QUADRIFASCIATA
 
(DIPTERA: PLATYSTOMATIDAE): OBSERVATIONS ON
 

ADULT FOOD SOURCES AND RESPONSES TO
 
BAITS AND TRAPS'
 

R. W. Koethe' and J. W. Van Duyn'
 
Department of Entomology
 

North Carolina State University
 
Raleigh, NC 27695-7613
 

(Accepted for publication 19 December 1988)
 

ABSTRACT 

Adult. soybean nodule flies (SNF), Riuellia quadnlasciata (Macquart) were observed 
fceding in the field on a variety of foods, including carrion, honeydew, bird droppings. insect 
frass. and nCCUlr. Essentially all flies observed feeding on proLeinaceous foods were female. 
whereas both sexes aecun-ed on honeydev,,· and nectar. Traps bailed with meat or dead 
insects rcudily hllpped femaJes but not males. Fnlit, ethylene glycol and soap water baits 
cllughl. few flies unless meal was added. Vertically placed meat bailed jar traps and sticky 
traps showed a contrasting distribution of the two sexes within and slightly abovc thc 
soybcan CtlnOpy, howcver, lhe highly skewed catching of female SNF was not influenced by 
male distribution. Sticky traps caught. bot.h sexes and appeared as effective as baited-jar 
Imps for catching females. 

Key Words: Soy nodule ny, Rivellia q(l(ulri[asciata, adult food sources, baiLs, and traps. 

J. Agric. Entomol. 6(2): 83-90 (April 1989) 

The soybean nodule fly (SNF), Rivellia quadrifasciata (Macquart), is Widely 
distributed in the Eastern United States (Namba 1956). Like other species of 
platystomatid nics, this species was largely ignored until Eastman and \Vuensche 
(1977) reported feeding and damage by SNF larvae to the Rhizobium nodules of 
soybean (Glycine max (L.) Merrill). SNF was found to be abundant in North 
Carolina soybean fields (Dietz et al. 1976) and several studies were initiated 
(I<oelhe 1982; I<oethe and Van Duyn 1984; I<oethe et aJ. 1986). Although infO/mation 
on the biology of adults is limited for all the platystomatids, a wide range of adult 
foods (e.g. nectar, Homoptera honeydew, plant sap, bird droppings, and carrion) 
have been reported (Blanton 1938; Hennig 1945; McAlpine 1972). Males of at least 
two species of Riuellia have been observed to feed females globules of liquid 
dUl"ing mating (Piersol 1907; Foote 1985). Herein we report on observations on 
food sources and studies concerning the attractiveness of baits to adult SNF. 

This article rel)()rts Ihe results of reselll'"ch only. :\fention of a proprietary product does not constitute
 
endorsement of the products named or criticism of similar ones not. mentioned.
 
Current. address: Ilegional V Office, Uni.... of Illinois, P. O. Box 8167, State Fairgrounds, Springfield. IL
 
62;91.
 

Addrefls: Tidewater ne»earch Slution. Route 2, Box 141, Plymouth. N.C. 27962.
 

83 



84 J. Agric. EntomoL Vol. 6, No.2 (1989) 

MATERIALS A D lIirETHODS 

Field Observations 
Field notes on apparent feeding activity were taken periodically during the 

1979·81 growing seasons from a variety of food sources; including nectar. aphid 
honeydew, and carrion (dead insects). Particular attention was paid to the sex ratio 
of adults attracted to the food sources. 

Preliminary observations indicated that SNF was attracted to dead insects and 
to supplement the relatively few field observations, data were collected f!'om 496 
insect-baited traps placed on the soil surface within soybean fields. A trap 
consisted of a dead cricket placed in an open petri dish coated with Stickem· 
Special (Michel and Pelton Co" Emeryville, CAl and a trap capture was considered a 
feeding event. 

Baited Traps 
[nitial selection of bait type was influenced by the highly skewed female: male 

sex ratio (103.5: 1) found in pitfall traps containing dead insects during seasonal 
history studies (Koethe 1982; Koethe et a!. 1986). To determine whether decaying 
plant or animal material was attractive to the flies, four treatments were tested: a 
control of unbaited ethylene glycol (antifreeze-frequently used as a pitfall trap 
preservative), meat plus ethylene glycol, fruit (peach) plus ethylene glycol, and a 
treatment in which all insects except SNF were allowed to accumulate in the 
ethylene glycol during the 9-day test period. Bait materials were placed in pitfall 
traps made of wide mouth, 473 mt jars buried into the soil at a depth even with 
the jar height. In all treatments, the same ethylene glycol preservative (200 mil 
trap) was used for the duration of the study, except in the unbaited control, where 
it was changed daily. Two locations in a soybean field (ca. 0.8 ha) were used and 
the experiment was replicated four times at each location (] rep = 1 trap of each 
type). Results were evaluated using analysis of variance with mean separation by 
Duncan's new multiple range test, p > 0.05 (Duncan ]955). 

Carabids and other cursorial organisms caught in the pitfalls interfered with 
the fruit and meat baits and complicated evaluation of results in the first trapping 
study. Therefore, the pitfall jars were repositioned in two additional studies so 
that their rims were at least 9 em above the soil and were thus jar traps. This 
switch from conventional pitfalls to jar traps reduced the number of extraneous 
organisms caught. Each jar was filled with 200 ml of ethylene glycol and baited 
with a standard meat bait (a dead laboratory mouse weighing ca. 25 g). 

The first jar trap experiment compared fly catches in traps containing meat 
bait plus ethylene glycol with those traps containing ethylene glycol only. The 
experiment was conducted in each of three pairs of adjacent 0.2 ha soybean 
plantings. Six sets of paired comparisons were made between baited and unbaited 
traps placed on either side of a soybean row in each planting. The bait and 
ethylene glycol were changed at 3-week intenmls during the 6-week experimental 
period. 

A second jar trap experiment performed in the same fields during the later half 
of the growing season used a similar design, but compared ethylene glycol-mouse 
baited traps with soap-water-mouse baited traps (in order to compare preselvative 
attractiveness). Two additional treatments were included at one location: unbaited 
traps containing ethylene glycol, and unbaited traps containing soap water. The 
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test baits and liquids were checked weekly; bait and ethylene glycol were changed 
at 2-week intervals. Results from both jar tests were analyzed with a paired t·test, 
P = .05 (SAS Institute Inc. 1982). 

Vertical Trapping 
In order to determine if the highly skewed female:male sex ratio was a 

response to ny distribution within and above the canopy 01' a true response to 
meat baits, we used two types of vertical trapping devices within the soybean 
canopy. Both sticky traps and baited jar traps were used to sample nies in three 
canopy regions. Sticky traps were const.ructed of waxed cardboard cylinders 
designed for concrete forms (15.2 cm din. and 1.5 ill tall). Cylinders were fitted 
with a circular masontie roof (ca. 25 em dia.), painted chrome-yellow (Sherwin 
Williams Co., Cleveland, OH) and divided into three 50 em regions to correspond 
to low (0%-50%), high (50%-100%), and above (100%-150%) canopy regions. Traps 
were coated with Stickem-Special. Similar traps have been used by Mueller and 
Stern (1973) and Boiteau et ai. (1979). 

Vertically placed jar traps utilized the previously mentioned 473 ml jars arranged 
in hardware cloth baskets suspended on a 2.5 em X 5.1 em X 2 m wood post. Jars 
were aUached in each of the canopy positions mentioned above for the sticky 
traps. 

Four each of the sticky traps and vertically arranged baited jar traps were 
placed as pairs in each of four small soybean fields (ca. 0.8 hal in Johnston and 
Washington Counties (two/co.). Trapping stations were at least 7 m from a field 
edge and individual traps were arranged 7·8 m (8 rows) apart. Each trap was 
placed between the soybenn rows and ca. 15 em from the plant base. Plants were 
trimmed as necessary to prevent foliage from blocking the trap surfnce. 'T'hree of 
the fields were sampled weekly for five samplings (Aug. through early Sept.) and 
the fourth field was sampled four times over the same period. At each sampling, 
adults were removed from each trap, sexed and recorded. Bait and ethylene glycol 
were changed at 2-week intervals. Data (mm sticky traps and jar traps were pooled 
over location and date and contrasted for vertical position differences by ANOVA 
and LSD techniques at the 0.05 level. No contrasts were made between trap types 
since sticky traps caught both sexes whereas jar traps only caught females. 

RESULTS 

Field Observations 
Observations revealed that SNF adults, like many other Dipteran adults, reed 

on a wide variet.y of food sources. Probing with the mouth parts was observed on 
insect frass, dead insects of several kinds, bird droppings, sap from corn (Zea 
mays L.), Homoptera honeydew from leafhoppers and aphids, and nectar from 
cotton (Gossypium hirsutum L.) and southern pea (Vigna unguiculata (L.) Walp.) 
extra noral nectaries. In addition, when mating, the males were obselved to feed 
females droplets of clear regurgitated liquid. Only female mes were observed 
feeding on naturally occurring dead insects (12:0 flm ratio). However, the sex ratio 
of flies observed feeding on honeydew on corn and Johnsongrass (Sorghum 
halepense (L.) Pel's.) plants and on extra noral nectaries of cottoll plants adjacent 
to soybean fields were ahout equal (0.93:1 flm ratio in bot.h cases). The insect. 
baited petri dishes placed on the ground within soybeans caught only 1.26 nies, of 
which 125 were females. 
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Baited Traps 
Only female flies (n = 55) were caught in baited pitfall traps and significant 

differences were observed among mean catches from the four trap baits (Table 1). 
Traps baited with meat and traps in which insects were allowed to accumulate 
caught similar numbers, however, these traps caught signficantly (p = .05) more 
Hies than fruit baited or ethylene glycol baited traps. 

Table 1. A comparison of adult female SNF caught in pitfall traps baited with 
various materials. 

Total females Mean no. females 
Bait caught per trap 

Ethylene glycol 1 0.125 b 
(control) 

Fruit (peach) 6 0.75 b 

Accumulated insects 22 2.75 a 
in traps 

Meat (dead mouse) 26 3.25 a 

Menns followed by the sume leiter do not signficinntly differ at a.or> level (Dullclln 1955) after logarithmic 
Irllilsfonnniion. 

Of the 398 total flies caught in baited jar traps only two were males. The 
differences between meat baited and unbaited (ethylene glycol only) trap catches 
were significant (p::::: .05), however, no differences were observed between trap 
catches from the meat-soap water or meat-ethylene glycol baits (Table 2). Few 
SNF were caught in traps containing only ethylene glycol or soap water. 

Vertical Trapping 
Of the 2122 SNF caught in meat baited jar traps, 2119 were female and 3 were 

male. Catches were similar among all of the field locations. Pooled data (pooled 
over location and time) showed significantly (LSD, p ::::: .05) more flies caught at 
the lowest trap position with decreasing and significantly different numbers of 
female SNF caught 85 trap placement became higher. Fewer than 5% of the total 
lly catch was from above the canopy. 

Sticky cylindrical traps caught both male and female flies and, therefore, no 
statistical contrast between sticky traps and baited traps were made. Catches from 
sticky traps totaled 5394 flies, of which 3623 (67%) were female and 1771 (33%) 
were males. The vertical distribution of the sexes was similar for the four fields 
but differed sharply between the sexes (Fig. 1). For females, catches were similar 
to those of the meat-baited jar traps with significantly greater numbers of SNF 
caught at each successively lower level. However, male distribution was reversed, 
with significantly fewer flies (ca. 20% of total catch) caught at the lowest position 
within the canopy. Upper canopy and above canopy positions caught equal 
numbers of SNF flies. 
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Table 2.	 Comparison of adult female SNF catches in jar traps using various 
baits. 

Treatments
 
Total females/six traps/
 

sample period·

Sample 

Experiment Field Period Meat No meat 

Ethylene glycol 1 6/13-7/14 44 0 
+ meat bait vs 7/4-7/25 94 1 
ethylene glycol 2	 6/13-7/4 6 0 

7/4-7/25 8 0 

3	 6/13-7/4 7 0 
7/4-7/25 3 0 

4	 6/12-7/3 
7/3-7/24 3 0 

5	 6/12-7/3 9 0 
7/3-7/24 59 0 

6	 6/12-7/3 95 1 
7/3-7/24 57 8 t 

Ethylene Soap 
Glycol* Water* 

Meat baited with 8/15-8/22 1 

ethylene glycol 2	 8/15-8/22 5 6 
\IS. meat	 baited 

3	 8/15-8/22 1with soap water 

4 8/15-8/22 3 8 

5 9/10-9/17 15 11 
9/17-9/26 11 5 

6 9/10-9/17 8 12 
9/17-9/26 6 7 

• Significant differences between trealments in all fields and periods. P = .05, Paired toTes!.
 
t Six of the eight femnles in one trllp in which severn] other insects (including two Hdiothis lnl"oe and
 

one large Hymenoptera) were caught.. 
:t: No significant differences. P = .05, Paired t-Test. 

DISCUSSION 

SNF adults were observed feeding in the field on 8 wide variety of foods. 
Female flies occurred on both proteinaceous and sugary substrates whereas males 
were observed primarily on honeydew or nectar. Baited jar traps were almost 
exclusively visited by female flies when meat or dead insects were used as baits. 
Male flies were not effectively trapped by fruit (peach) or pOl"tein baits but were 
only caught in abundance with yellow sticky traps. Although the vertical distribution 
of the SNF sexes within the canopy contrasted sharply, with females occurring low 
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Fig. 1	 Mean percent of total catch of female and male SNF caught on cylindrical 
sticky traps at different heights relative to the soybean canopy height. All 
female heights significantly different and 0%-50% \'5 50%·100% and 100%
150% significantly different for males (LSD, P = ,05), Aug.-Sept. 1980. 

and males high, enough male flies were present at ground level to have affected 
meat-baited traps jf the males had been attracted, however, male flies were not 
caught at any height. 

Quantitative work on feeding behavior of a distantly related species, Phormia 
regina (Meigen), has shown that protein ingestion by females corresponds with 
ovipositional activity (Belzer 1970; Dethier 1976). Also, several species of Tephritidae 
closely related to SNF require protein feeding for normal ovarian development 
(Fluke and Allan 1931; Hagen 1953; Nielson and MeAllan 1964). The striking 
attractiveness of proteinaceous baits to 81 F females, but not to males, strongly 
suggests that this species also requires protein ingestion for ovarian development, 
or some other metabolic function related to egg pl·oduction. Conversely, males 
were most frequently observed feeding on substances of low protein but high 
sugar content and, presumably, carbohydrates (energy) is a main nutritional 
requirement of SNF adult males. 
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Trapping of SNP would likely result in unequal catches of the two sexes unless 
special attention was given to trap type and placement. Vtle did not emphasize 
sugar baited traps and the possibility of monitoring male flies with baited traps 
remains unknown. However, males of many insects feed less than females and any 
bait type attractive to SNF may differentially attract females. Distributional 
differences between the sexes likely reflect their reproductive roles in sustaining 
the species. Females SNF oviposit in the soil whereas male nies may have little 
need to visit the lower canopy levels. TraPl>ing to assess the total fly population 
with a non-sex-discriminating trap type would require plueement across the 
distribution spectrum or restrictions on randomization so that equally populated 
meas of' the female and male ranges were sampled. Sticky tmps appeared to be a 
likely candidate for a non-discriminating trap and in OUI' study they appeared to be 
as effective as baited traps for catching female SNP. 
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ABSTRACT 

Engorged female brown dog ticks. Rhipicephalus sanguineus (Latreille), lone sLar ticks. 
Amblyomma amcn'coTlum (L.), and American dog ticks, Dermacefltor uariabi/is Say. were 
released at monthly intervals from April-September in 1981 in upland oak-hickory habilut in 
southeastern Oklahoma to compare oviposition, survival of eggs, rate!> of embryogenesis. and 
survival rates of larvae. Components of survival strategies for the larvae WCI'C idcntiJicd und 
compared for the three species. Brown dog tick larvae had the shortest developmellwl limes 
in all months but were poorly adapted to surviving in the conditions of the woodcd habitat as 
shown by thc very shorl. longevit.y of the larvae (x= 21.7-36.5 days) and inability to 

overwinter. Lone slar t.ick larvlle survived for much longer (x = 83.2-109.4 days) lind a small 
percentage was able to ovcrwinter. American dog tick larvae sur.'ived the longest (x> 143-266 
days) possibly bccuusc they fom1Cd a light cluster beneath the leavcs and remained innctive 
until carly spring. Only eggs of the Amcrican dog tick were capable of ovcn\'inlering in 
Oklahoma. 

Key Words:	 Amblyomma, Dermacentor, Rhipicephalus, Lone sUlr lick, Brown dog tick, 
AmericlIn dog tick. 

J. Agric. Entornol. 6(2): 91-9!1 (April 1989) 

The normal chain-of-events for most 3-host ixodid ticks is for thc female to 
attach to a host, matc, imbibe a relatively large bloodmeal, drop ofr, and then 
produce a large single batch of eggs (Balashov 1968). The events occun"ing 
afterwards until the lanrae die or attach to 8 host can involve dissimilar strategies 
developed during the evolution of the species. The ecological strategy of a species 
is therefore determined by its environment (Southwood et al. 1974). Included as 
components of each strategy are: (1) developmental time, (2) host·seeking activity 
and (3) sunrival time. 

A major problem in comparing the strategy for survival of the Ixodidae is that 
most field studies of individual species are usually separated considerably in time 
and space. Also, different experimental designs can make comparisons among 
species less reliable. 

Beginning in April 1981 the strategic dissimilarities of the larvae of three 
important 3-host tick species affccting man and animals in southeastern Oklahoma 
were studied under similar field conditions. lncluded in the study ..... crc the 
American dog tick, Dermacentor uariabilis Say, which is the primary vector of the 
Rocky Mountain spotted fever agent, Rickettsia rickettsii (Burgdorfer 1975); the 

Rhipiccphalu.~ Sflllguinclfs (Lllircille), lone stili' tick, Ambl)u",mu amcricatlllm (L.), nnd Amcricilll dog 
tick, Dermacentor t;nn·abili.~ SilY. 

91 
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lone star tick, Amblyomma americanum (L.), a noxious pest of man and animals 
capable of transmitting several diseases (Hair and Howell 1970), and the brown 
dog tick, Rhipicephalus sanguineus (Latreille), a major pest of dogs (Koch 1982) 
and primary vector of the agent causing canine ehrlichiosis. Ehrlichia canis, (Lewis 
and Huxsoll 1977). The purpose of the present study was to document the 
dissimilarities among the species throughout the same season and hence, similar 
conditions. 

MATERIALS AND METHODS 

The sites for the study were selected in upland oak-hickory forest located on 
the Kefi' Foundation, Tne. ranch near Poteau, OK (latitude 35° 031N, longitude 94° 
38 I W). The areas selected had mostly post·oak, Quercu.s stellata 'Nang., blackjack 
oak, Q. mariLandica Muenchh., and black hickOlY, Carya texana BucH, as overstOlY; 
and some winged elm, Ulmus alata Michx., and red cedar. Ju.niperus uirginiana L.• 
as undergrowth. The areas had an accumulation of 100-150 cm of leaf litter and 
had overlapping overstory that prevented direct sunlight penetration to the forest 
floor. 

Temperature and humidity were recorded continuously with a Belfor~ (Model 
5-594) hygrothermograph in a standard weatherbox located ca. 30 em above 
ground. Precipitation was recorded weekly using a standard rain gauge located in a 
nearby meadow. 

Adult ticks from recently colonized strains of the three species (F 2nd to the 
6th generation) were placed in feeding cells on stanchioned cattle each month from 
March-August 1981. Neal' the beginning of each month (April-September) engorged 
females that had detoched naturally from the host were placed individually into 5 
X 7 ern packets of very fine mesh (32 mesh/ern) that had the edges sealed with hot 
glue. Each month 17-26 (x = 21) engorged females of each of the species were 
packaged and then placed at 9-13 randomly selected sites in the upland habitat. 
Each site was marked with a 45 em wooden stake driven about 10 em into the 
ground; no more lhan 2 packets containing the same species were placed at the 
base of each stake on the soil surface but beneath the leaf litter. In addition, 8-12 
(x = 10) engorged females of each species were released individually into circular 
metal arenas (30 em diam X 15 em) (I arena/females) that had been dliven about 
3 em into the ground. Each female was placed at the base of a short (15 em) white 
wooden stake that had been driven about 5 cm into the ground in the center of 
each arena. A bead of Stickurn Special" was applied to the top edge of each arena 
to prevent escape of larval ticks. 

Half of the packets of engorged females for each species was obselVed through 
the saran cloth twice weekly for oviposition and egg hatch. After total egg hatch 
was estimated, t.he larvae in packets were observed biweekly for sUivival. The 
other packets were checked for egg hatch and then left undisturbed fol' 
observations on overwint.ering. 

The arenas were also visit.ed twice weekly for observance of any activity of 
newly hatched IOI'VllO and any response to human breath. L8Ivae obselved on the 
leaf litter 01' the white stake were noted as present in the arenas. If no larvae were 
seen, an obselver would exhale 5 times into the arena and then estimate the 
numbers of ticks that carne out of the leaf litter during a lO-second interval. If 
there was no response to human breath and the eggs fr-om the same cohort of ticks 
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in the packets had hatched, the leaves in the arena were carefully separated and 
the presence of lan'ae was noted. The larvae in the arenas were checked biweekly 
for survival after egg hatch was completed. 

Observations were continued until November when average temperatures dropped 
below woe and then were resumed in March when average temperatures rose 
above WOC. The oven....intering success was determined for the lal....'ae in packets 
on 1 April 1982. The packets were examined again on 1 July 1982 to determine if 
any eggs that ovenvintered had hatched during the spring. 

RESULTS AND DISCUSSION 

Developmental Times 
The preoviposition times for the females and the incubation times for the eggs 

are shown in Fig. 1. The developmental times fol' all species is inversely related to 
average daily temperature; the longest developmental times were for ticks released 
in April and the shortest developmental times for ticks released in July. 

The data for A. americanum generally agree with previous data collected [or 
this species in the same habitat during 1978·1980 (Koch 1984). The lack of hatch 
of eggs from females released in September (Table 1) could not be explained by 
average temperatures that were lower than normal in September and October 
(fable 2); females released in September 1978 laid eggs which did not hatch under 
temperatures averaging 2.1°C above normal (Koch 1984). However, the hatch of 
eggs from females released in September is normally low (7.4% and 5.4% of the 
eggs laid in 1979 and 1980, respectively, hatched) (Koch 1984); indicating that an 
earlier (mid-August) release is nearer the critical time for a successful hatch of a 
complete egg mass (> 90%). 

In all months, R. sanguineus eggs were the first of the three species to hatch 
(Fig. 1) due to a shorter preoviposition period (Apl'il), shorter egg incubation 
period (July), or a combination of both (May, June, August, September). Hooker et 
al. (1912) estimated that the total effective temperature 1= average temperature 
(OC)· developmental threshold temperature/day X developmental time (days)! for 
egg incubation was 430°C for R. sGnguineus, 458°C for D. variabi/is, and 479°C for 
A. amen·corwm. Total effective temperature calculated from our data (Fig. 1) agree 
with the values obtained by Hooker er al. (1912). 

Eggs laid by D. uanabilis females in September either hatched (10.5%) or 
ovenvintered and hatched in the spring-summer (82.0%) (Table l). Eggs of the 
other two species were unable to ovenvinter and did not hatch if oviposition 
occurred in September 01' later. 

Host-Seeking Activity 
The R. sanguineus and A. americanum larvae were found aggregating in clusters 

atop the white stakes 7-14 days and 10·20 days, respectively, following the first 
observed hatch of eggs in the packets. Patrick and Hair (1979) reported a 
I>reactivity period of recently hatched A. americanum larvae in eastem Oklahoma 
of 10·16 days after hatching in late June to early July and 20-29 days after 
hatching in late July and August. These estimates of Patrick and Hair (1979) 
included hatching time, however, and the actual preactivity time should be shorrer. 
[n the present study, A. americl11w1n and R. sanguineus larvae readily responded to 
human breath (x = lL7 and 8.2 larvae/lO seconds for April-August, respectively) 
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Table 1.	 Oviposition and average percent egg hatch of three species of ticks in 
polyester packets placed in an upland oak-hickory habitat of LeFlore 
County, Oklahoma in 1981.· 

Date Engorged Females Released 

April May June July August Scptember t 

I 1 1 1 I 1 

Rhipicephalus sanguineus 
No. females released 25 17 21 24 20 20 
No. t.hat oviposited 24 16 20 22 18 18 
No. egg masses hatching 19 16 20 21 17 18 
x% hatch 80.0 89.6 87.6 95.0 95.7 19.2 

Dermacentor vllriabilis 
No. females released 24 24 25 20 20 18 
No. that oviposited 24 20 24 20 18 17 

o. egg masses hatching 24 18 24 20 J7 15 
x % hatch 89.0 80.3 92.4 99.4 100.0 10.5 

Amblyomma americanum 
No. remales released 24 26 19 18 18 18 
No. that oviposited 22 24 18 18 15 Ii 
No. egg masses hatching 20 22 18 18 14 0 
x 'Yo hatch 87.5 86.7 93.9 89.9 93.2 0.0 

• TIll' ovcmge '~ hnteh is buscHI only on the egg clutches willi some hatch. 
t	 No cgl,:s from R. sanguincw; or A. wlleric01l11m hUlched in 1982; eggs from D. V(Jri(jbili.~ ovcrwinlcred llnd 

lhe tol.ol halch of eggs Willi 92.5 (checked I ,July 1982). 

before any were observed on the stakes or leaves in the arenas. The low numbers 
responding to human breath during the pl'eactivity period may l'eJ1ect low egg 
hatch at the time or the observation. 

[n contrast, no D. uariabilis larvae were round crawling on the leaves or stakes 
in 1981. The D. variabi/is larvae in all months responded to human breath (x = 38 
larvae/to seconds ror April-August) but were never observed above the lear litter 
without being stimulated. The greater response of D. variabilis larvae to human 
breath probably reflects a greater number of larvae available to respond since 
questing was delayed until the following spring. 

Dermacentor uariabilis was the only species in which the lalvoe fOlmed a tight 
cluster beneath the leaves. The same clustering of larval D. uariabilis, but not A. 
amen'canum or R. sanguineus, occurs inside of 20-dram glass vials used in laboratory 
rearing procedures (Koch and Mount 1980). 

When the arenas from all months containing D. uariabilis larvae were examined 
on 23 March 1982, the clusters of larvae had disbanded and were either crawling 
around on top of the leaves 01' were on the white stakes. No larvae were found 
under the leaves in arenas without active larvae. 

None of the R. sanguilleus and few of the A. americanum larvae overwintered 
(Fig. 2). The only A. americanum larvae that survived were from rcmales released 
in August; an average or 7.2 larvae/lO seconds responded to human breath and 
none was observed on the stakes. 
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Table 2. Comparison of 1981~1982 monthly average rainfall and temperature with 
1941·1970 climatological normals for Poteau, Oklahoma. 

Temperature °C Rainfall mm 

Year Month x deviation x deviation 

1981 April 20.3 + 3.0 81.0 40.6 
May 19.4 - 1.9 220.0 + 53.1 
June 26.2 + 0.5 128.8 + 40.2 
July 28.1 - 0.1 165.7 + 70.4 
Aug. 26.0 - 1.8 108.2 + 21.8 
Sept. 22.8 - 0.9 64.3 35.3 
Oct. 17.6 - 0.3 223.8 + 137.7 
Nov. 12.2 +1.1 66.5 22.4 
Dec. 6.2 - 0.3 3.6 68.8 

1982 Jan. 4.0 - 1.0 122.9 + 58.2 
Feb. 5.5 - 2.0 52.6 32.5 
Mar. 14.4 + 3.2 31.8 66.5 
April 15.7 - 1.7 48.8 72.9 
May 21.8 - 0.5 194.6 + 27.7 
June 23.6 - 2.0 134.6 + 46.0 
July 27.4 - 0.8 65.5 29.7 

Surviual Time 
The sUivival of larvae is shown in Fig. 2. Brown dog tick Ialvae had the 

shortest survival time of the three species under the field conditions in the oak
hickory habitat. Survival (50% alive) ranged from x = 21.7 days (June releases of 
females) to x = 36.5 days or longer (August and September releases of females) 
(Fig. 2). Hooker et al. (1912) estimated that the average life of brown dog tick 
larvae in the summer is about 60 days. 

Larvae of the lone star tick survived much longer than larvae of the brown dog 
tick. Average survival (50% alive) ranged from 83.2 days (June releases of females) 
to 109.4 days or longer (July and August releases of females) (Fig. 2). Larval 
survival of lone star ticks was similar to that reported on in earlier studies (Koch 
(984). 

Survival of American dog tick laJvae through the winter was > 50% for all 
monthly releases of ticks (Fig. 2). Sonenshine et a1. (1966) reported that peak 
activity of D. uariabilis l8Ivae occurred in March and April in Virginia and that 
larvae hatching in late summer did not feed. The results of the present study 
would indicate that larvae that hatch in early summer also do not actively seek 
hosts during the Iil'st season in Oklahoma. 

In Massachusetts continuous D. uariabilis larval activity does not occur until 
mid-May (Smith et al. 1946) and decreasing daylength induces winter diapause of 
immatures (Smith and Cole 1941). McEnroe (1978) reviewed reports of the 
seasonal activity of D. uariabilis populations in eastern North America and 
concluded that larval diapause does not occur in the southern limit of the species, 
because there were high levels of immature activity in the fall and winter months 
in Georgia (Morlan (952) and Florida (Rogers 1953). 
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The strategic dissimilarities identified and quantitated in this study help to 
explain the distribution of these ticks. In environmental conditions, like those in 
the habitat in this study brown dog tick larvae must find suitable hosts quickly 
due to their short longevity. 

American dog tick larvae on the other hand can remain dormant through the 
summer and winter before seeking suitable hosts that are usually abundant in 
most wooded habitats. Lone star tick larvae arc likewise capable of surviving long 
periods of time in wooded habitat but actively quest during the hot summer 
months and then few overwinter. 

A fourth survival strategy of hard tick larvae is to remain on the host and molt 
to nymphs; but only about 50 of the cu. 650 species of Ixodidae have adopted this 
feeding habit (Hoogstraal and Aeschlimann 1982). Hoogstraal (1978) considered 
the three-host feeding pattern as more primitive than the two-host and one host 
pattei'll. The winter tick, D. atbipictus (Packurd), is a very common one host 
species occurring in Oklahoma and the northern U.S. Unlike any of the three 
species we studied, the larvae are active from late fall to eady spring (Hooker et 
a1. 1912); thus a fifth strategic component, cold weather activity, exists. 

Control of lone star larvae in Oklahoma was achieved with one to three 
applications of acaricides from July to September (Mount 1983). based on the 
results of the present study, control of American dog tick larvae using the same 
schedule would probably be poor due to the inactivity of the ticks in the summer. 
Control of brown dog tick larvae could be achieved, but due to the lack of suitable 
hosts and the very short longevity of the ticks in natural wooded habitat, 
management with aearicides is not necessary. 

It is apparent [Tom this study that the ecological strategies employed by ixodid 
tick lalvae can be very different under similar conditions. Tailor-made management 
schemes for different tick species using technologies like controlled burning, host 
management, vegetative management, etc. require quantitative data as provided in 
this study. 
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ABSTRACT
 

Fall annywonn, Spodoptero frogiperda (J. E. Smith), was reared on meridic diets containing 
pinto bean, peanut, peanut meal, soybean meal, bennudagrass pellets. and alfalfa pellets. 
Data were recorded on survival, weight of larvae at 10 days of age, days to pupation, weight 
of pupae, days to adult celosian, sex, and fecundity. Pinto bean. bcrmudagrass pellets, alfalfa 
pellets, and peanut meal were suitable diets for laboratory production of the fall annywonn 
based on a host suitability index rating performance from high to low host suitability (Lynch 
et oJ. 1981). Peanut and soybean meal were unsuitable as a diet ingredient due to low 
survival of larvae or low fecundity for adults. 

Key Words: Fall armyv.Xlrm, Spodoplera {ntgiperda, Meridic diets, Development, Oviposition, 
Fecundity. 

J. Agric. Entomol. 6(2): 101-111 (Apeil 1989) 

The fan armyworm (FAW) , Spodoptera {rugiperda (J. E. Smith), i' one of the 
most economically damaging insect species of the tropical and subtropical regions 
of the Western Hemisphere (Luginbill 1928). Because of its economic importance 
to agriculture, many studies have been conducted on rearing this insect. 'Walters 
(1937) reared the FAW in the laboratory on corn and bean leaves. One of the first 
artificial diets used to rear FAW was the wheat germ diet developed for the 
European corn borer, Ostrinia nubilalis (Hiibner), where first instar larvae were 
started on corn and transferred to artificial diet in the second instal' (Revelo and 
Haun 1964). Burton (1967) was the first to develop mass rearing techniques for the 
FAW solely on an artificial wheat germ diet. The more economical modified pinto 
bean diet, developed for rearing the corn earworm, Heliolhis zea (Boddie) (Burton 
1969), was subsequently used for rearing the FAW. Numerous modifications of the 
rearing procedures have been made to more efficiently rear the FAW, but the 
modified pinto bean diet remains the standard diet of choice (Perkins 1979). The 
FAW has been reared in the laboratory for over 360 generations on the modified 
pinto bean diet during the past 26 years. Approximately 10,000 FAW per day can 
be reared using the techniques described by Perkins (1979). and a potential of 
100,000 FAW per day can be produced using multi-cell fonn·fiU·seal equipment 
currently available. 

1 In cooperation with the University of Georgia College of Agriculture Experiment Stations, Coastal Plain 
Station, Tifton, GA 31;93. 

~ ICRISAT, Patancheru P.O., Andhm Pmdesh, India. Joumal Article No. 824 of Lhe Intemotional Crops 
Research Institute for the Semi-Arid Tropics (ICRlSAT). 
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More recently, Parra and de Carvalho (1984) studied the developmenL and 
quantitative nutrition of FAW larvae reared on seven varieties of pinto bean as 
ingredients in artificial diets. Differences in larval developmental time were noted 
with larvae reared on 'Branco-de-Uberlandia' completing development 18.7 days 
sooner than larvae reared on 'Monma'. Approximate digestibility was also greatest on 
the diet containing 'Sranco-de-Uberlandia'. The differences in digestibility of the 
diet and development of FAW larvae were attributed to differences in tannin 
content of the bean varieties. 

Guillermo (l986) rca red the FAW on an artificial diet similar to the modified 
pinto bean diet; soybean flour replaced pinto bean as the primary ingredient 
Diluting the soybean OOUl' diet by 60% with water resulted in more economical and 
efficient production of FAW larvae with only a slight decrease in their weight at 10 
days. Larval duration, % pupation, and % adult eelosion were comparable when 
the soybean nour diet was diluted by 0, 20, 40, and 60%. Fecundity of the resulting 
females was actually improved by diluting the soybean nour diet 20, 40, and 
60%. 

The cost of producing FA"" has steadily increased from $16.50/1000 pupae in 
1967 to ca. $56.25/1000 pupae in 1988 01'1. D. Perkins, personal communication). 
Increasing costs for pinto bean that is used in the diet represent a major polt.ion 
of the increased costs for diet ingredients and is an ingredient that can be readily 
substituted. The use of peanut produced in field research conducted at the Insect 
Biology and Population Management Research Laboratory (TBPMRL) could reduce 
cost of production if suitable for rearing the FAW. Therefore, research was 
conducted to evaluate the effects of substitute ingredients that arc more readily 
available and more economical than pinlo bean on FAW larval development and 
udult fecundity. 

MATERIALS AND METHODS 

The FAW used in this study were from a colony maintained at the Insect 
Biology and Population Management Research Laboratory (Perkins 1979) on the 
modified pinto bean diet described by Burton (1969) (Table I). 

TWo tests were conducted to evaluate the suitability of various foods substituted 
for the pinto bean in the FAW diet. Diet ingredients other t.han the pinto bean 
remained constant in the tests. In the first test, pinto bean (control), raw peanut, 
50% peanut: 50% pinto bean (50%P:50%PB), bermudagrass pellets ('Coastal'), and 
50% bermudagrass pellets: 50% pinto bean (50%BP:50%PB) were evaluated. A 
second test was conducted because peanut kernels were not suitable as a substitute 
for pinto bean for rearing the FAW. In the second test, pinto bean, soybean meal, 
peanut meal, alfalfa pellets, and bermudagrass pellets were evaluated. Each diet 
was prepared in quantities of 2 liters each as described by Perkins et al. (1973) 
and dispensed into 200 plastic diet cups (29.6 ml) at ca. 8 mllcup. After the diet 
solidified and cooled, one neonate FAW was placed in each eup and the cup was 
capped with a paper lid. Trays of cups were then placed in an incubator 
maintained at 26.7 ± 2°C, 80 ± 5% RH, and a 14:10 (L:D) photoperiod. 

Data were recorded on weight of larvae and % survival at 10 days, days to 
pupation, weight of pupae, % survival to pupation, days to adult eelosion, % 
survival to eelosion, and fecundity. Fecundity data were obtained by placing six 
pairs of FAW moths from a treatment in a 3.8·liter ice cream Carton. Each carton 
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Table 1.	 Ingredients and cost per liter of Burton's (1969) modified pinto bean diet 
for rearing the fall armyworm. 

Ingredient Quantity Cost ($) 

Pinto bean lll.O g .085 
Torula yeast 33.8 g .090 
Wheat germ 52.8 g .085 
Ascorbic acid 3.4 g .040 
Methyl p-hydroxybenzoate 2.1 ml .025 
Sorbic acid l.lg .0lO 
Formaldehyde, 10% 8.4 ml .005 
Water (in blender) 490.0011 .000 
Water (agar solution) 338.0 ml .000 
Agar 13.5 g .250 

was lined with waxed paper and covered with a paper towel that was secured over 
the top of the container with l1 rubber band. One cotton dental roU (3.8 em 
long X 1.0 em diam.) was saturated with stale beer and placed in a container (4 em 
diam. X 3 cm high) in the bottom of the oviposition carton each day as food for the 
adults. Each carton was checked daily for oviposition, beginning the second day, 
and the waxed paper and paper towel containing egg masses were removed. 
Fecundity was then determined by weighing the egg musses and applying the 
regression equation Y = 14.87 X where Y is the number of eggs/egg mass and X is 
the weight in O1g of the egg mass (Lynch et al. 1983). 

All experiments were designed in a randomized complete block. Initially, 100 
replicates with two cups/replicate were used in each bioassay to measure the 
effects of the different diets on the developmental biology of larvae, pupae, and 
adults. Fecundity data were based on 4 to 10 replicates, i.e., unequal replication in 
the fIrst test and 10 replicates in the second test. A host suitability index (HSI) 
was calculated for each diet using the equation HSI = I(fecundity/consumption)/ 
ISlval developmental timel X % survival (Lynch et a1. L981). A standard consumption 
rate of 164.5 mg, as determined by Chang et al. (1987) for the pinto bean diet, was 
used for all calcuJations. All data were subjected to an analysis of variance (SAS 
lnstitute 1985) and significantly different means were separated by Duncan's 
(1955) multiple range test. 

RESULTS 

The weight of FAW larvae fceding on bermudagrass pellets or 50% BP:50%PB 
diet was significantly greater after 10 days than the weight of larvae feeding on 
diets with pinto bean, peanut, or 50%P:50%PB (Table 2). Likev-.1se, the larvae that 
fed on pinto bean diet were significantly heavier at 10 days than larvae that fed on 
peanut diet, and larvae that fed on peanut diet were significantly hca\·ier than 
larvae that fed on 50%P:50%PB diet. Survival at 10 days was comparable for FAW 
larvae on the pinto bean, 50%P:50%PB, bermudagrass pellet, and 50%BP:50%PB 
diets, and significantly more larvae sUl"vived on these diets than larvae on the 
peanut diet. 
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Developmental time l.o pupation was significantly shorter for larvae that fed on 
bermudagrass pellet diet or 50%BP:50%PB diet than for larvae that fed on the 
other three diets (Table 2). Similarly, developmental time was significantly shorter 
for larvae that fed on pinto bean diet than for IOlvae that fed on the two diets with 
peanut, and significantly shorter for larvae that fed on 5O%P:50%PB than for 
larvae that fed on peanut diet. The weights of male pupae from larvae that were 
reared on pinto bean, 50%P:50%PB, bermudagrass pellets, and 50%BP:50%PB 
diets were comparable, and all pupae except those from larvae that were reared on 
50%P:50%PB were significantly heavier than pupae from larvae rcared on peanut 
diet. Female pupae from larvae reared on peanut diet were also significantly 
lighter than pupae from larvae reared on any of the other foul' diets. Survival of 
larvae to pupation was comparable on the pinto bean, bermudagrass pellet, and 
50%BP:50%PB diets, and all larvae from these diets had significantly greater 
survival to pupation than larvae that were reared on the two diets that contained 
peanut. 

Developmental time prior to adult eelosion was comparable for FAW larvae 
reared on pinto bean, bermudagrass pellet, and 50%BP:50%PB diets, and larvae 
from these diets required significantly fewer days to adult eelosion than larvae 
from the two peanut diets (Table 3). Larvae reared on 50%P:50%PB diet also 
required significantly fewer days to adult eelosion than larvae reared on peanut 
diet. Survival of larvae to adults was significantly higher when la1\.'ae were reared 
on bermudagrass pellets than for larvae reared on pinto bean, peanut, or 
50%P:50%PB. Survival of Imvae to adults on 50%BP:50%PB diet wss intermediate 
between survival for lalvae reared on bermudagrass and on pinto bean. 8U1vival of 
larvae to adults on peanut was significantly lower than survival of larvae to adults 
on any of the other diets. The addition of 50% pinto bean to the peanut 
significantly improved sUlvival of larvae to the adult stage, but survival of larvae to 
adults on 50%P:50%PB was still significantly lower than sUlvival of larvae to 
adults on pinto bean, bermudagrass, or 50%BP:50%PB diet. The sex ratio of 
adults from larvae reared on the five diets was comparable. 

lnsufficient larvae survived to adults on the peanut diet for the collection of 
fecundity data (Table 3). Females from lalvae reared on the other four diets had a 
comparable ovipositional period and laid an equal number of egg masses. However, 
the number of eggs/female/day was significantly greater for females originating 
from larvae that were reared on bermudagrass and 50%BP:50%PB diets than for 
females originating from larvae that were reared on the 50%P:50%PB diet. Thus, 
since the ovipositional period and number of egg masses/female were equivalent 
for females from larvae that \vere reared on the four diets but the number of eggs/ 
female/day differed, egg masses were larger for females from larvae that were 
reared on bermudagrass, 50%BP:50%PB, and pinto bean diets than egg masses for 
females from larvae that were reared on the 50%P:50%PB diet. Consequently, 
total fecundity was significantly greater for females from larvae that were reared 
on bermudagrass, 50%BP:50%PB, and pinto bean diets than total fecundity for 
females from larvae that were reared on 50%P:50%PB diet. 

Analysis for host suitability index indicated that diets containing bcrmudagrass 
pellets (HSI = 43.30), 50%BP:50%PB (HSI = 41.9a), and pinto bean (HSI = 35.5a) 
were the best hosts for rearing the FAW. Peanut (HSI = a.Ob) was an inadequate 
diet since larvae that fed on it had low survival to eelas ion. The 50%P:50%PB diet 



Table 2. Effects of substituting diet ingredients for pinto bean in the fall armyworm meridic diet on fall armyworm larval 
development. 

Developmental Parameters· 

Diet 
treatment t 

10 d larval 
weight (mg) 

Survival at 
10 d (%)t 

Days to 
pupation 

Pupal 
Male 

wt (mg) 
Female 

8U1vival to 
pupation (%)t 

Pinto bean 
Peanut 
50%P:50%PB 
Bennudagrass pellets 
50%BP,50%PB 

187.3 b 
90.5 c 
73.6 d 

236.9 a 
233.0 a 

100.00 a 
82.0 b 
98.0 a 
98.0 a 

100.0 a 

14.7 c 
19.9 a 
18.1 b 
14.2 d 
14.2 d 

246.5 a 
202.1 b 
223.0 ab 
256.9 a 
252.8 a 

257.9 a 
92.2 b 

232.0 a 
264.7 a 
262.3 a 

92.5 a 
11.5 c 
60.0 b 
97.0 a 
96.5 a 

• l\'teans v.ithin a culumn followed by the same letter are not significantly different (p > 0.(5) using Duncan·s (19:),') multiple range test.
 

t 5O%P:50%PB = 5 'i't peanut:50'k pinto bean; 5O'kRP:50StPB = SO'k bennudagl'as;s pelJets:507c pinto bean.
 

t Percentage dala tranSfomled 10 arcJ;in.j'k for analysis.
 



Table 3. Effects of substituting diet ingredients for pinto bean in the fall armyworm meridic diet on fall armyworm adult biology 
and fecundity.* 

~ 

Diet Days to SUlvival to Sex ratio No. days Egg masses/ Eggs/ Eggs/ > 
treatment t adults adults (%) t male:female ovipositing§ female female female/day ~,.

0 

Pinto bean 23.2 c 85.5 b 1.18:1.00 a 5.7 a 7.2 a 1003.6 a 176.5 ab '" SPeanut' 29.0 a 1.0 d 1.00:1.00 a S 
50%P:50%PB 27.3 b 29.0 c 1.07:1.00 a 5.0 a 7.9 a 704.3 b 137.4 b ~ 
Bermudagrass 22.7 c 92.5 a 1.00:1.00 a 5.6 a 6.0 a 1093.5 a 199.8 a < 

~ pellets 
50%BP:50%PB 22.6 c 91.5 ab 1.00:1.08 a 5.7 a 6.3 a 1070.6 a 188.5 a 

.Co 

z 
* Means within a column followed hy the !lame letter are not significantly different (p > 0.05) u!ling Duncan's (1955) multiple range lest. ? 

~t 5O%P:50%PB = 50% peanut:50% pinto hean; 5O%BP:50%PB =50% bcnnudagrass pellet..~;50% pinto bean.
 
; Percentllgo data transformed to arcsin v'% for analysis.
 

§ Ovipos~ion data based on 6 pairs of adults/replication and 10 replications. .'8'" 
~
 

,. Insufficient survival on peanut precluded ovipositon data.
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(H8I = 6.9b) was also inadequate with low sun,ival of Imvae to adult eelosion and 
reduced fecundity in resulting females. 

In the second test, soybean meal promoted a significant.ly greater weight gain 
in 181vae after 10 days of age than the other treatments (Table 4). Larvae t.hnt. fed 
on pinto bean diet. weighed signiJicantly marc at 10 days than larvae that. fed on 
bermudagrass pellets, alfalfa pellets, or peanut meal diets. Larvae reared on diets 
with bermudagrass pellets and alfalfa pellets, had comparable weights at 10 days 
of age, and larvae from both diets wC!'e significantly heavier at 10 days of age than 
larvae reared on peanut meal diet. However, survival of l8Ivae that fed on peanut 
meal diet was significantly greater at 10 days than survival of lan.'ae that fed on 
bermudagrass pellets. alfalfa pelleis, or soybean meal diet. 

Soybean meal also promoted the most rapid lalval development, as larvae 
reared on soybean meal required significantly fewer days to pupation than larvae 
that were reared on any other diets (Table 4). Larvae that fed on pinto bean and 
bermudaf,Tfass diet required signiJicantly fewer days to complete larval development. 
than larvae that fed on peanut meal or alfalfa pellet diet. However, survival t.o 
pupation was comparable for larvae reared on all diets. 

The weight of male pupae from larvae that were fed on pinto bean, bennudagrass, 
and alfalfa diet was significantly greater than the weight of pupae for larvae that 
were fed on peanut meal or soybean meal diet (Table 4). The weight of male 
pupae from larvae that were fed on peanut meal diet was nlso significantly great.er 
than the weight of pupae from larvae that were fed on soybean meal diet. The 
weight of female pupae from lalvne fed on bermudagmss pellet and pinto bean 
diet was compamble and was significantly greater than the weight of pupae from 
larvae fed soybean meal or peanut meal diet. 8U1vival of larvae to pupation was 
compara hie on all diets. 

The sex ratio of emerging adults was skev..·ed in the second test. Significantly 
more females survived to adult eelasian than males when larvae were fed on 
peanut meal diet than when laJvae were fed on pinto bean, bermudagrass pellet, or 
alfalfa pellet. diet (Table 5). Conversely, significantly more males survived to adult 
eelosion than females when Iwvae were fed on benl1udagrass pellet and alfalfa pellet 
diet than when l8Ivae were fed on pinto bean, peanut meal, or soybean meal diet. 

As in the previous test, no significant differences were recorded in the number 
of ovipositional days or the number of egg masses/female. However, number of 
eggs/female/day and total eggs/female were significant.ly greater for females 
originating from pinto bean, peanut meal, bermudagrass pellet, and alfalfa pellet 
diets than for females originating from soybean meal diet. 

HSI was significantly greatel' for FAW reared on bermudagrass pellct 
(H8r = 37.8u), peanut meal (HSI = 35.5a), and alfalfa pellet (HS! = 34.18) diets 
than for FAW reared on soybean meal diet (HSI = 20.Gb). Insects reared on pinto 
bean diet had an intermediate HS[ (HSI = 32.1ab). The lower HSI for insects 
reared on soybean meal diet was a result of reduced fecundity for females from 
larvae that fed on this diet in comparison with the fecundity for insects from 
larvae that fed on the other diets. 

DISCUSSION 

Two major required ingredients for an insect diet. Brc proteins and fats (Davis 
1972; Chippendale 1972). Legumes, such as peanut and soybean, are characterized 



Table 4. Effects of substituting diet ingredients for pinto bean in the fall armywonn meridic diet on fall armywonn larval 
development. 

Developmental Parameters· 

'-
Diet 10 d larval Survival at Days to Pupal wt (mg) Survival to > 

rtreatment weight (mg) 10 d (%)t pupation Male Female pupation (%) t	 ,. 
0 
t'lPinto bean	 248.8 b 92.5 ab 14.4 b 264.2 a 281.7 ab 90.0 a 
S 
3Soybean meal 295.2 a 88.0 b 14.0 c 240.0 c 257.3 c 87.4 a 
~ 

Peanut meal	 171.8 d 97.0 a 14.8 a 248.9 b 262.9 c 93.4 a ~ 
.r::

Bennudagrass pellets 203.0 c 89.7 b 14.5 b 264.3 a 288.8 a 90.0 a 
Z 
0 

Alfalfa pellets 210.2 c 89.6 b 14.8 a 263.2 a 276.8 b 90.5 a '" 
• Means within a column followed by the same letter are not significantly different (P > 0.05) using Duncan's (1955) multiple range test. G 

0<>t Percentage data lransfonned to arcsin ."f% for analysis.	 -'3 



Table 5, Effects of substituting diet ingredients for pinto bean in the fall armyworm meridic diet on fall armyworm adult biology 
and fecundity.-

Diet Days to Survival to Sex ratio No. days Egg masses/ Eggs/ Eggs/ 
treatment adults adults (%) t male:female Ovipositingt female female female/day 

Pinto bean 22.7 e 90.0 a 1.00:1.08 ab 6.2 a 8.0 a 844.3 a 133.1 a 

Soybean meal 22.1 d 87.4 a 1.00:1.25 ab 6.4 a 6.3 a 526.4 b 81.2 b 

Peanut meal 23.1 b 93.4 a 1.00:1.44 a 6.2 a 8.0 a 924.4 a 149.6 a 

Bermudagrass 23.1 b 90.0 a 1.25: 1.00 be 6.1 a 7.0 a 1001.0 a 163.8 a 
pellets 

23.4 a 
Alfalfa pellets 90.5 a 1.53:1.00 e 6.6 a 7.8 • 917.6 a 141.9 a 

• Means within a column followed by the same lettef are not significantly different (P > 0.05) using Duncan's (1955) multiple range test.
 
t Percentage data transfonned to arcsin ~ fOf analysis.
 
t Oviposition data based on 6 pairs of adults/replication and 10 replications.
 

-g 
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by higher protein (26.0 and 37.9%, respectively) and fat (47.5 and l7.4%, respectively) 
content than is found in pinto bean (22.8% protein and 1.3% fat), bermudagrass 
pellets (14.9% protein and 3.611'0 fat), or alfalfa pellets (17.4% protein, 2.5% fat) 
(National Academy of Sciences 1971). All of these diet ingredients contain the 10 
essential amino acids required by insects (Davis 1972), with the possible exception 
of peanut which has a low tI)'ptophane concentration. Fats such as polyunsaturated 
acids and sterols also are required in low concentrations by insects (Chippendale 
1972). Peanut meal and soybean meal contain relatively low concentrations of fat, 
7.3 and 1.1%, respectively, with higher concentrations of protein, 47.6 and 37.9%, 
respectively (National Academy of Sciences 1971). However, as Vanderzant (1966) 
noted, small changes in concentrations of individual amino acids may result in an 
inadequate diet for the proper development of lalvae, pupae, or the emergence of 
adults. 

The ultimate test for a nutritionally adequate insect diet is the emergence of 
reproductively normal adults (Vanderzant 1966). Larval diets containing pinto 
bean, bermudagrass pellets, 50%BP:50%PB, peanut meal, or alfalfa pellets were 
adequate for laboratory production of the FAW; these diets promoted rapid larval 
development, female pupae of normal weight, excellent sUlvival to adult eclosion, 
and excellent fecundity. lnsects reared on diets containing raw peanut or soybean 
meal had a lower survival or fecundity. Apparently, the fat content of raw peanut, 
even when at only 50% concentration, was excessive for proper development of the 
FAW. Fat content was greater for peanut meal than for any of the other diet 
ingredients tested, but was only 15.4% of the fat content of raw peanut. PAW 
development, survival, and fecundity were dl'8stically improved when larvae were 
fed peanut meal diet rather than raw, homogenized peanut. 

The HSl provides a quantitative measurement of the insect-host relationship, 
enabling one to evaluate the overall performance of an insect on a particular host 
(Lynch et al. 1981). Although this index was originally developed to measure the 
effects of antibiosis on insects, it also is applicable to an insect's performance on 
meridic diets as reported here. Higher HSI's resulted when FAW's were reared on 
pinto bean, bermudagrass pellet, and 50%BP:50%PB, alfalfa pellet, or peanut meal 
diets than for insects reared on peanut, 50%P:500/0PB, or soybean meal diets. 
Therefore, the former diets with higher HSI values are more suitable for rearing 
the FAW in the laboratory than the latter diets with lower HSr values. 

The cost/kg for the diet ingredients evaluated here cUl'rently is $0.23 for peanut 
meal, $0.26 for alfalfa pellets, $0.32 for soybean meal, $0.76 for pinto bean, and 
$2.20 for peanut. Bermudagrass pellets are not commercially available, but could 
be produced for approximately $0.20!kg. Therefore, substitution of bermudagrass 
pellets, peanut meal, or alfalfa pellets for pinto bean in FAW reuring media would 
save 11.0, 10.2, or 9.3%, respectively. However, before new diets are accepted in 
lieu of the standard pinto bean diet, addit.ional tests on the field establishment on 
different hosts of progeny from larvae reared on the new diet, parasitization rates 
for parasites of FAW lalvae on the new diet, and adult and l8Ival behavior of 
insects reared for several generations on a new diet must be conducted. Guillermo 
(1986) reported reducing rearing costs up to 60% by diluting FAW diet with water, 
with no increase in the developmental time for larvae or decrease in adult survival 
or fecundity. Further investigation in diluting the pinto bean diet as reported by 
Guillermo (1986) may be more directly applicable, and possibly reduce costs more 
than substituting diet ingredients for pinto bean. 
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ABSTRACT 

Increased plant.ing density of 'Wray' sweet. sorghum, Sorghum bicolor (1...) Moench, 
resulted in decreased stalk barrel size and increased fiber content. Planting slHnds were 
cswblishcd at. 3.6, 5.3, 8.6 and 14,3 plon!s per metel" of row to provide sweet: sOI'i-(htlm plots 
with discrete fiber levels. Sugarcane borer, Diatroco sncc!lal'll/is (1".), larval lllOI'tlllit.y after 
stalk entry, moth emergence and other damage indices indicated no significnnl. reduction in 
survival of t.his pest in relation to increased fiber content of sweet. sorghum. ContrOl'ily. 2-fold 
increases in total molh emergence occurred in plots with higher libel' levels. 

Key Words: Plant fiber, Diatmea s(lccllllm!is, Sorghum bicolor. 

J. Agric. Entomol. 6(2): 1l3·118 (April 1989) 

Sweet sorghum, Sorghum bicolor (L,) Moench, 'Wray' is cultivated pl'imarially 
as a forage crop in many areas of the United Stales, However, sweet sorghum use 
in making fuel alcohol may lead to greatly increased acreage of this crop in the 
future. This crop is highly susceptible to attack by the sugarcane borer, Diatraea 
saccharalis (F,), (Reagan and Flynn 1986; Ii'uller and Reagan 1988) which is also 
regarded as the key pest of sugarcane in the western hemisphere. 

Use of resistant varieties in controlling this pest in sugarcane is considered the 
most important n:>M practice in Louisiana (Reagan and Martin J988). Some 
mechanisms of resistance reported have included leafsheath appl'ession, rind 
hardness, and high fiber content (Coburn and Hensley 1972; Martin et al. 1975; 
Reagan and Martin 1988). Research involving sugarcane borer resistance for sweet 
sorghum has been limited to varietal studies conducted in two trials at San Paulo, 
Brazil (Lara and Perussi 1984). In the first trial, a significant (r = 0.52, P < 0.05) 
positive correlation was found between percent infestation and stalk diameter at 
the median internode of sweet sorghum plants. However, no significant correlation 
between these characters was obselved in the second trial. The authors declined 
to speculate on the possible resistance mechanism. Our research assumes that the 
decreased level of infestation in sweet sorghum varieties with small stalk diameter 
may have been related to increased liber content which occurs as stalk barrel size 
decreases. This would coincide \\-'ilh obsel"vations by Mathes and Charpentier 
(1962) that high fiber conteni in sugarcane generally results in increased sugarcane 
borer mortality. 

Stalk barrel size can be manipulated by changing plant densities, as high 
densities result in narrow stalk burrel size with increased fiber content. The 
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primary objective of our study was to investigate the relationship of sweet 
sorghum plant fiber content and the sugarcane borer through manipulation of 
plant density. 

MATERIALS AND METHODS 

Sweet sorghum cv. 'Wray', the principal vartiety grown in Louisiana, was 
planted in four row plots with 0.91 m spacing (13.72 In long, 0.005 ha plots) on a 
commerce silt loam soil on 2 June 1984 and t5 June 1986 at the St. Gabriel 
Research Station, Iberville Parish, Louisiana. A randomized complete block with a 
split plot experimental design was used with five and four replications for 1984 
and 1986, respectively. Whole-plot treatments consisted of untreated plots and 
those plots without sugarcane borers (suppression achieved by using monocrotophos 
0.85 kg IAII per hal. Sub-plot treatments of four plant densities of 3.6 (39, 353 per 
hal, 5.3 (59, 936 per hal, 8.6 (94, 016 per hal and 14.3 (156, 320 per hal plants per 
meter of row were established by hand thinning higher plant populHtions to the 
desired density levels to ensure even spacing within treatments. Liquid chlordane 
(1 kg [All per hal was applied to the soil stu·face to remove soil inhabiting 
predatory arthopods (Fuller and Reagan 1988), particularly the red imported fire 
ant, Solenopsis invicta Buren. Thus, mortality factors were limited to those 
associated with the O·eatmcnt. parameters. Ot.her possible mortality factors (e.g. 
parasites, diseases and weather stress) were considered to have affected all 
treatments equally. 

Insecticide applications were initiated when sugarcane borer larvae were found 
infesting sweet sorghum leaf sheaths. Routine applications followed at " week 
intervals to remove any infestations in those plots where sugarcane borers were 
suppressed. Five plants per plot were taken [rom the two outside rows approximately 
every 4 weeks in 1984 and examined for infestations of sugarcane borer larvae. 
Sampling efforts were intensified in 1986 to provide \veekly larval counts 
throughout the growing season. Sample size was restricted to five plants to 
maintain plant stand integrity. Equal number of stalks sampled across density 
treatments resulted in a larger percentage of plants per area sampled in the lower 
planting densities. Therefore, sugarcane borer infestation estimates were converted 
to number of larvae per m2. Irrespective of these samples, we used damage 
,'ecords (entrance and exit holes) of stalks at harvest to serve as our primary index 
of sugarcane borer population levels. 

Two center rows of each plot were cut and weighed in August in ]984 and 1986. 
Leaves were removed from 50 plants in each plot to examine the internodes for 
sugarcane borer larval entrance or moth exit holes. Percent survival of sugarcane 
borer l81vae after stalk entry was determined from moth exit holes divided by the 
number of entrance hotes (Fuller and Reagan 1988). Moth exit holes are distinctively 
lurger (6 to 8 mm diu.) and more oval in shape than the small (2 to 3 mm dia.) 
round larval entry holes. Percent bored internodes were calculated by division of 
the number of damaged internodes by the total number of internodes. Sugarcane 
borer adult emergence levels were determined by converting moth exit holes into 
per ha units. Two 25·stalk bundles per plot were randomly chosen for sugar 
analysis. Diameter of the third internode from the base of each stalk was recorded. 
,Juice extraction and percent fiber estimates were conducted using the press 
method as described by Tanimoto (1967). Total sugars (all fermentable sugars) 
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estimates were derived from solu ble solid measurements (Brix) according to 
methods by Ricaud and Arceneaux (J984). Arcsin square root transforma.tions were 
performed on percentage values. Data were subjected to the General Linear Model 
Analysis (SAS Institute 1985) and mean separations were by the F test or 
Duncan's multiple range test where appropriate. 

RESULTS AND DISCUSSION 

Altering sweet sorghum plant. density pl·ovided the four discrete levels of fiber 
content (Table 1). Differences in percent bored internodes per plant were not 
detected. Similar mean damage levels per plant reveal that the number of larvae 
increased per m2 pl'opOitionally as the number of plants increased; thus the 
number of larvae per stalk remains constant among the different plant density 
treatments. Also, a significant IF = 2.96; df = 3, 48; P = 0.4171 increase in total 
sugarcane borer IBlvae was found in plots with higher sweet sorghum stands. Data 
fol' individual sampling dates varied considerably (Table 2); however on most dates 
the 14.3 and 8.6 plunts/rn density level had higher larval density estimates pel' m2 

than those found in lower plant stand plots. No clear evidence was found to 
indicate why greater sugarcane borer l81val densities were l>resent in higher plant 
stands. 

Significant. differences in moth emergence pel' ha were not detected among 
treatments without sugarcane borer suppression (Table 1), however, there was an 
approximate 2-fold increase in moth production in H.3 and 8.6 plantslm when 
compared to that found in plots with 5.3 and 3.6 plants/m stands. Damage indices, 
exit. holes and larval counts all rel1ecl larger sugarcane borer population densities 
found in the plots with increased plant stands. Thus, the plants which possessed 
high fiber levels and reduced stalk diameter were harboring a greater number of 
sugarcane borer larvae per m2. 

Lmval sUJvival after stalk entry in untreated (no monocrotophos) plots was 
similar in all treatment densities. Although morc lalvae pCI' area were present in 
the higher density stands, the proportion reaching the adult stage per stalk 
remained constant among the different stands. 

Irrespective of sugarcane borer infestations, sugar yield was greatly reduced in 
lower plant density plots (see Table I). In untreated areas (no monocrotophosl, the 
natural sugarcane borer infestations caused damage which reached, but did not 
greatly exceed the LO% bored internode economic injury level (Fuller et al. 1988). 
Comparing untreated and monocrotophos treated plots, yield losses attributable to 
sugarcane borer infestation were observed in 3.6, 5.3 and 14.3 plantim plots, 
however, this situation did not appeal' in the 8.6 plantS/ill plot. 

Mathes and Charpentier (1962) reported high fiber as one of several resistance 
mechanisms responsible for reducing sugarcane borer survival. This relationship 
between fiber and larval survival after stalk entry was not evidenced in '\VI'8Y' 
sweet sorghum. Renewed intel'cst in sweet sorghum as a feeder stock for alcohol 
production and the need for non-chemical control techniques may lead to 
udditional studies to provide effective cultural control practices for the sugarcane 
borer. However, high libel' content as a result of increased plant stand should not 
be considered as a cultural control strategy. Other possible resistance mechanisms 
such as rind hardness and leafshcath appression may be more valuable. 



Table 1. Sweet sorghum planting stand effects on D. saccharalis larval survival, damage indices, and yield of total sugars at St. 
Gabriel, LA, in 1984 and 1986. 

Whole Plant Stalkt Internodes Larval, D. saccharalis Total
 
plot density diameter bored Fiber swvival moth emergence sugars
 

treatmen~ (plants/m) (em) (%) (%) (%) (lO'lha) (kg/ba)
 

Monocrotophos 14.3 1.56 d 3.4 b 11.4 ab 4.2 b 8,584.9 a 
8.6 1.86 e 4.0 b 11.6 a 8.8 ab 6,139.7 cd 
5.3 2.26 b 3.3 b 10.8 be 5.0 b 5,620.0 d 
3.6 2.62 a 3.2 b lOA e 2.9 b 4,337.5 e 

No 
Monocrotophos 14.3 1.58 d 10.5 a 12.1 a 9.4 a 17.7 a 7,340.6 b 

8.6 1.92 e 10.9 a 11.4 ab 10.7 a 17.4 a 6,734.6 be 
5.3 2.25 b 8.8 a 10.2 e 11.6 a 9.3 ab 5,537.4 d 9 

Z 

3.6 2.53 a 9.7 a 10.8 be 11.0 a 8.0 ab 4,045.1 e ~ 

MeanJl within columns followed by the same letter are not significantly different (P> 0.05; Ducnn's multiple range test. with a weighted whole-subplot. interaction ~ 

term). S 
• Treatments to allow for natural or insecticide suppressed D. saccharafis populations. 
t Diameter waJl measured in the middle of the third internode (rom the bose of the plant. 
1: Based on D. sacchamfi... survival after entry into ~weet sorghum stalks. 
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Table 2. Mean weekly D. saccharalis larval infestation estimates for differing plant densities of sweet sorghum in untreated (no c: 

rmonoerotophos) plots at St. Gahriel, La., 1986. r 

;;;l '" 
Mean· no. larvae/m2 

Plant density 
(plant/m) 24 

July 

31 7 14 

August 

21 29 4 

Septemher 

II 19 26 

14.3 
8.6 
5.3 
3.6 

0.4 a 
0.0 a 
0.0 a 
0.0 a 

0.0 b 
0.0 b 
0.5 a 
0.0 b 

1.0 ab 
1.3 a 
0.7 ab 
0.0 e 

0.7 a 
0.9 a 
1.1 a 
0.0 a 

3.9 a 
2.2 abc 
2.7 ab 
1.2 be 

2.6 a 
1.0 a 
0.8 a 
1.1 a 

4.3 a 
1.7 a 
0.8 a 
0.0 b 

2.9 a 
4.2 a 
2.4 a 
2.6 a 

0.7 a 
1.3 a 
1.1 a 
0.4 a 

2.9 a 
2.1 ab 
3.4 a 
0.5 b 

• Means within columns followed by the same letter are not significantly different (P> 0.05); Duncan's multiple range test). 
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ABSTRACT 

Studies of soil insect pests are often hampered by unreliable insect populations in l1eld 
piaL". A technique was developed to produce southern corn rool.worm, Dinbrotic(J 
ulldecimpunc:lala howardi Barber larval infesLalions in field corn. This technique is applicnble 
in the southeastern United States where southern corn root.worm (SCR) larvae damngc 
seedling corn. Field plots were planted with corn then artilicially infested with SeR larvae. 
Unprotected corn stands were consistently nttockcd with the percent damaged ranging from 
26.3 to 56.1 C;-;" Feeding was distributed over all below-ground plant purts lind was typical of 
damage in natural infestations. In seven trials over 2 years the technique proved to be a 
reliable method for producing rootwoml infestations of known initial density and distribution. 
This techniquc pClmits some OcxibiJity to produce infestations at times or locations, not 
possible with natural populations. 

I(ey Words:	 Diobrotica urldecimpunclalo howard;, southern corn rootworm, artificial 
infestation, corn scedling dllJnage . 

•1. Agric. Enl.omol. 6(2): 119-126 (April 1989) 

Much of the difficulty in conducting field experiments with soil insects is the 
problem of obtaining adequate or uniform field infestations. Natural infestations 
are often too unpredictable to ensure success of field trials. [f a population is 
located, unequal distribution of insects in the field may complicate design and 
interpretation of experiments. It is not uncommon to set up numerous field tests 
for certain soil pests in hopes of obtaining the desired distribution and level of 
infestation in one of them. The southern corn rootworm (SCR) Diabrotica 
un.decimpunclala howardi Barber is one such pest that is difficult to work with in 
field trials. 

The SC R has been one of the most serious pests of seedling corn in the 
southeastern US (Luginbill 1918). Currently, it is largely controlled by early 
plowing to remove overwintering hosts, and by the use of soil insecticides at 
planting (Anon. 1955). Recent experiments using feeding deterrents fol' control of 
SCR required development of a technique to produce reliable SCR infestations of 
known density and distribution (Landis 1987). 

In North Carolina, adult SCR are active on warm days throughout the winler 
and females begin to have mature eggs as early as January (Meinke 1984). 
Overwintering adults begin ovipositon in February, peaking in March and Apli!. 
Eggs are laid in the soil at the base of wild and cultivated hosts. particularly 

, Current Addre!ls: Dellan-menl or Entomology and Pesticide Hesearch Cenler, Michiglln State University. 
~~ast Lansing, MI ·18824. 
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legume cover crops where adults feed and rest (Thomas 1912; Arant 1929; Arant 
1934). Corn planted into a field containing these hosts can be severely damaged if 
larvae have not completed development by the time of planting (Isley 1929; Arant 
1934). The most serious damage is done by the late second and third instal' larvae 
each of which is able to destroy one or more plants (Isley 1929). 

Historically, field studies on SCR have relied on natural infestations to provide 
the necessary levels of pest pressure (Arant. 1929; Arant 1934; Hays and Morgan 
1965; Smith 1971; Sullivan and Brett 1971). In other studies, adult populations 
have been supplemented to achieve high levels of infestation (Chalfant and 
Mitchell 1970). Altificial infestations with SCR eggs have been made in greenhouse 
(Turpin and Peters 1.971) and field micl'oplots (Branson And Ortman 1970; 
Lummus et al. 1983). Greenhouse microplots huve also successfully been infested 
with second instar SCR larvae (Smith 1970; Smith and Porter 1971). Infestation of 
field plots with SCR larvae has not been reported previously. 

At present, the only proven method fol' artificially infesting field plots with 
Diabrolica sp_, is the egg infestation technique developed for western and northern 
corn rootworms, D. virgifera virgi[era LeConte, and Diabrotica barberi Smith and 
Lawrence (Chiang, et a!. 1975; Palmer et 81. 1977; Sutter and Branson 1980, 1986). 
For these species, infesting with eggs, at or prior to planting corn can successfully 
mimic the timing and intensity of the plant/insect interaction since both species 
ovenvintel' in the soil as eggs and hatch after corn has emerged. Infesting with 
eggs might also be used to mimic an SCR infestation (larvae present in soil at 
time of corn planting) but timing would be more difficult. A host plant would need 
to be established and infested with SCR eggs in early spring. Larval maturity 
would need to be tracked Hnd at the correct t.ime, the spring host killed and corn 
planted. Several factors could disnlpt this approach including temperature, variable 
egg mortality, or redistribution due to larval movement. To assure a consistent 
level and distribution of infestation I decided to explore direct. infestation of field 
plots with SCR larvae. 

MATERIALS AND METHODS 

To reduce the possibility of a natural infestation of SCR, the test site was 
moldboard plowed, disked and bedded ca. I month before planting. These cultural 
practices ensured that no SCR host plants were present to attract adult oviposition. 
Application of a preemergence herbicide (simazine 4L) at planting maintained the 
site free of weeds for the duration of the experiment. The tests were arranged in a 
randomized complete block design with infested and uninfested plots within each 
block. Plots two rows wide (97 cm rev,,' width) and 2.3 m long were planted with 
corn using "crowhopper" hand planters. Seeds were planted at intervals of 15.2 cm 
(30 seeds per plot), and irrigated with ca. 1.25 em of water to assure gennination. 

SCR larvae were reared in the laboratory using methods modified· from 
standard Diabrolica rearing techniques (Brunson et a1. 1975; Jackson 1985, 1986). 
First inst.ar larvae were placed onto corn root mats growing on moist germination 
paper in plastic sweater boxes (40 by 27 by 9 em). The roots were covered with 
2 cm of slightly moistened peat and boxes were maintained at 25 degrees C. After 
ca. 10 days, larvae were late second and early third instars and were ready to be 
placed into field plots. 
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Two tcchniques were tested for transferring larvae from the laboratory to the 
field. In 1985, larvae were removed from sweater boxes with foam shieled forceps, 
sorted for size and placed into 150 ml plastic cups containing a small amount of 
moist peat.. Each cup contained sufficient larvae to infest one plot (180) consisting 
of equal numbers of late second and early third instal'S. Cups were held at 15 
degrees C for transportation to the field. 

In 1986, larvae were collected from rearing boxes by inverting rootmats on 
screen (1.3 mm mesh) o\'er large Berlese funnels, forcing larvae down into collection 
containers filled with moist peat. \Vithin 12 h, all larvae had moved off the root 
mat. 

After collection, larvae were nansferred to 3 ml vials using foam shielded 
forceps. Six larvae were placed in each vial; three late second and three eaTly third 
instars. A small amount of moist peat was added to each vial to maintain humidity 
and prevent larvae from injuring one another. Straight-sided vials facilitated 
remm'al of larvae in the field. In addition, caps which fit over the vial lip rather 
than insidc it, reduced injury to larvae when caps were removed. Vials containing 
larvae were kept at 15 degrees C. 

To maximize feeding pressure on the corn seeds and seedlings, larvae were 
placed into infested plots only after the seeds had imbibed enough water to 

become susceptible to attack. Corn was planted in the moming and infested in the 
evening of the following day. This provided 36 h fol' seeds to begin gClTnination. 

Test plots were prepared for infestation by creating holes in the soil direct.ly 
beside each corn seed. A flat-tipped knife was used to make slits 2.45 Clll wide and 
Gcm deep. In 1985, six larvae, three late second and three endy third instal'S, were 
counted Ollt of the cups and placed into each slit with a pail' of shielded forceps. 
In 1986, the contents of one vial were emptied into each slit. and the opening \""as 
sealed with soil. The soil needed to be moist for the slit to be made und remain 
open while larvae were inserted. rr the soil surface was dry, plots were watered (ca. 
1.0 cm) before infestation. 

The above procedure resulted in an initial infestation level of 12 larvae per 
30.4 cm of row. After 3 weeks of growth, all seedlings (30/ploL) were excavated and 
examined for damage. The location of damage along the plant axis was recorded 
lIsing C8tegolies developed previously (Landis 1988). Seven categOI;es were established 
(six in 1985, category #7 included in #5) to describe damage to different plant 
parts (Fig. I). A damage index (DO was calculated for each plant representing the 
proportional height reduction relative to an undamaged control. The mean height 
of uninfested plants in the same block was used to calculate the index. Plants 
which failed to emerge, or died after emergence, due to SCR feeding damage, 

heighl of damaged plant 
DI = J --------

mean height of 
uninfested plants (N = 20) 

received a DI of one. Damaged plants which were taller than the mean uninfested 
plants had DJ's which were negative in sign. A mean damage index for each 
damage type was calculated. Plants which failed to emerge or wel'e stunted due to 
seed defects or from insect damage other than SCR were not included in the 
analysis. 



122 J. Agric. Entomol. Vol. 6, No.2 (1989) 

6
 

7
 

5
 

2
 

1
 

4
 

Fig. 1	 Southern corn l'ootworm damage types classified by location along the 
plant axis. Numbers correspond to feeding damage on: 1 = base of primary 
root, 2 = scutectuar node, 3 = seed endosperm, 4 = primary root> 1 em 
from base, 5 = first internode, 6 = stalk above crown node, 7 = on crown 
node. In 1985 studies, #7 was included under type #5. 
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RESULTS AND DISCUSSION 

In seven trials conducted over 2 years, this technique provide a reliable way to 
create SCR infestations for small plot, field tests (Table I), In 1985, 48.9% 
(SEM = 2,98, N = 3) of the plants were damaged in all trials combined, In 1986, 
the average was slightly lower with 38.7% (SEM = 6.42, N = 4) damaged across all 
trials. Damage in the 1986 trials was probably lowered by the exb'eme drought 
conditions in the southeastern US during that year although an effect of larval 
transfer method cannot be ruled out. In only one trial during 2 years of study did 
the level of damage fall below 30%. These levels of damage pennitted discrimination 
between the erncacy of feeding deterrent treabnents (Landis 1987). 

Table 1. Percentage of plants receiving detectable SCR damage in 1985 and 1986 
field trials of larval southern corn I'ootworm artificial infestation 
technique, Clayton, NC. 

Mean % 
N N Plants damaged 

Year Trial (Blocks) (Plants/block) reI' Block ± SEM 

1985 I 5 30 51.7 3,10 
2 4 30 42,9 4.73 
3 4 30 52,0 4,99 

1986 I 4 30 39,9 6,13 
2 5 30 32,6 3,00 
3 5 30 56.1 6,28 
4 6 30 26,3 7,02 

In no instance was SCR damage detected in uninfested plots, indicating that 
natural infestations were not contributing to damage in infested plots. Background 
infestations of tobacco wireworm, Conoderns l.!esperlinus (Fab.) were detected in 
both SCR infested and uninfested plots in all trials during 1986. In the flrst three 
trials tobacco wireworm damage was < 1%, in trial four damage reached 5.7%. The 
damage of tobacco wireworm is distinctive because they bore directly through the 
seed coat to feed on endosperm. Seedlings damaged by tobacco wireworm were 
not included in analysis of damaged plants. 

SCR feeding damage was distributed over all of the below-ground plant parts 
(Table 2). Feeding damage to the seed, shoot and tap root could be readily 
detected. Damage to fine roots of the adventitious and primary-root system could 
not be reliably observed by this method. The observed damage was typical of that 
found in natural SCR infestations (Luginbill 1918; Arant 1929; Isley 1929; Anon, 
1955; and personal obselvation). Feeding occurred on the shoot at the soil surface 
and on roots more than 10 cm deep in the soil, indicating that larvae were able to 
move and choose their feeding sites. 

The severity of damage ranged from insignificant feeding to plant mortality 
(Table 2). The most severe types of damage were those which affected the growing 
point of the plant. For plants just starting to germinate, larval feeding on the 
embryo (categories 3, ]3 and 123) was very destructive. Many plants damaged at 
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Table 2.	 Distribution of SCR feeding damage on corn seedlings and associated 
damage index for each damaged location, 1985 and 1986, Clayton, 
NC. 

1985	 1986 

Mean Mean 
damage % or Damaged damage % of Damaged damage 
location N plants index· N plants index· 

1 11 3.5 0.34 15 6.8 0.22 
2	 9 2.9 0.02 6 2.7 ·0.01 
3 6 1.9 0.50 3 1.4 0.29 
4 II 3.5 0.09 19 8.7 0.08 
5 22 7.1 0.54 40 18.3 0.16 
6 66 21.2 0.16 5 2.3 0.05 
7 included in location 5 16 7.3 0.99 

13 2 0.6 1.00 16 7.3 1.00 
25 33 10.6 0.82 20 9.1 0.52 

123 91 29.3 0.99 44 20.1 1.00 
125 6 1.9 0.60 5 2.3 0.67 

All othert 54 17.5	 30 13.7 

•	 OJ = 1- (height of damaged plant/mellll height or uninfested Illants). Represents a proportional height 
reduction of dumuged plants relative to undnmnged controls. 

t	 Ninctecn additional damllge types in 1985 and seventeen in 1986, combinations of damage at two or 
more locations on the plant.. 

these locations never emerged from the soil. Larger plants (those which did 
successfully emerge) were most severely affected by damage to the crown region 
(category 5 and 25 in 1985, category 7 in 1986). 

The vial method (1986) was the most efficient of the two transfer techniques. 
The 1985 cup method required up to 20 minutes to infest a single plot compared 
with ca. 5 minutes with vials. Using vials, larvae were only handled once, reducing 
infestation time. Larvae were kept in vials for up to six hours (at 15 degrees C) 
with no mortality or apparent ill effects. The peat placed in vials should not be too 
moist because condensation forms when vials are cooled. Emptying the contents of 
the vial is hampered by condensation. 

The size of experiments using direct larval infestation is primarily limited by 
the numbers of larvae that can be produced at anyone time. The largest trial 
completed in this study required 5400 larvae, place into 30 (2.2 m') plots. Counting 
larvae into vials was the most time~consuming portion of the process. When 
counting, it was best to have excess larvae available to ease size selection. 
Eighteen to 20 minutes was required for one person to sort, count and place 180 
larvae into vials. For the largest experiment (30 plots), approximately 10 person~ 

hours were required to count larvae and 2.5 person-hours to infest plots. 
In conclusion, direct larval infestation has proved a reliable, although labor~ 

intensive method for creating infestation of SCR larvae in field corn, with the vial 
method the most efficient transfer technique. Larval infestation requires a 
minimum of equipment and permits a researcher freedom to conduct tests even 
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when natural SCR infestations are unreliable or of insufficient density. With minor 
alterations, this method should be applicable to other soil insect pests as well. 
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ABSTRACT 

LepidoptefOUS Imvae were monitored for 3 years for parasitization by Cotesia marginil.'l?nLris 
(Cresson) in soybean planted early-. mid-, and late-season in South Carolina. It was the most. 
prevalent parasitoid in green c1overworm, Plalh)pena scabra (F.). which sCIVcd as its host for 
t.he longest period in the early planting of 1985 (]7 June through l4 October). It was one of 
the most abundant. parasitoids in soybean looper, Pscudoplusia incltldens Walker, and corn 
con\'orm, HeJiothis zea (Boddie), and also occurred in the velvctbean calerpillar, ATlticorsia 
gemmatalis Mulsant. The parasit.oid occurred in soybean planted on all dates. It. was most 
abundant in early plantings lit three of five sites; two of the three early plantings where the 
parasitoid was most abundant hosted more P. seabra first through fourth instars. Therefore, 
planting date had a significant effect. on P seahm populations, thus an indirect effect on the 
numbers of larvae parasitized by C. marginiuerltds in the various plantings. This effect was 
not evident in subsequently occurring lepidopterans which did not reach economic threshold 
levels. 1\'leanwhilc, P. scabro was an important. host for C. marginiucntn's regardless of 
planting dale because it served as n host for the parasitoid as percent parasitism often 
exceeded 20% in dense P. seahm populations prior to or during the week of the occurrence 
of P. includcns, which is morc economically important. 

Key Words:	 Glycine max (L.) Merrill, Lepidoptera, Cotesio marginiventris (Cresson). 
planting dates, biological control, parasiloid 

J. Agric. EntoOlo!. 6(2): 127·136 (April 1989) 

In South Carolina the green c1overwonn (GCW), Plathypella scabm (F.), is 
often present in low numbers in soybean, Glycine max (L.) Merrill, several weeks 
before the occurrence of the more important pests: corn earworm (CEW). HeJiothis 
zeo (Boddie); soybean looper (SBL), Pseudoplusio includens (Walker); and 
velvetbean caterpillar (VBC), Anticarsia gemmatalis (Hubner). Carner et al. (1974) 
recorded peak populations of GGW in late August 1972 and early August 1973, 
CEW in late August 1972 and not present in 1973, SBL in early September, and 
VBC in mid- to late September in South Carolina. 

The effects of planting date on population levels of soybean arthropods have 
received limited investigation. Tn Mississippi, GC\V and VBC populations were 
generally higher in late planted and late maturing cultivars (Buschman et al. 1981). 
Joshi (1980) indicated that soybeans planted after mid·June were more susceptible 
to CEW infestations and subsequent pod damage, and susceptibility increased 
with each successive planting date. In North Carolina, recommendations to plant 
soybean early (before 5 June) were SUPI>orted because yields, parasitism by the 
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entomopathogenic fungus, Nomuroea rileyi (Farlow) Samson, and predator densities 
were higher than on late-planted beans (Sprenkel et 01. 1979). These authors 
presented data which showed that population densities of GCW, CEW, and SBL 
were generally higher in soybean planted as early as 5 June 1973 or on an average 
date of 22 May 1974 than in later plantings. Bradley and Van Duyn (1980) reported 
that 15 soybean fields planted by 20 May did not require insecticide applications 
for control of H. zea larvae, whereas 79% of the fields planted after that date had 
to be sprayed. Sioderbeck and Yeargan (1983) repOited Ulat GCW !!lIval populations 
were asynchronous in conventionally tilled soybean planted on different dates. 
Larval populations increased as soybean began to flower, peaked during full bloom 
to late pod-set, and began to decline during early pod-fill. 

The effects of three soybean planting dates on arthropod pests and beneficials 
were evaluated in central Missouri (Marston et ai. 1979). More small GC\V larvae 
were found just prior to flowering in a l3 May planting than in later plantings, and 
no differences were reported in numbers of parasitoids. The parasitoids included 
Trichogramma pretiosum Riley, Cotesia (=Apanteles) marginivenlris (CI'esson), 
Rogas rwlophanae Ashmead, and Diolcogaster (=Pl'Otomicroplitis) {acetosa (Vleed). 
With the exception of their study, which exhibited low larval host populations, 
reports of the effect of planting dates on pa.rasitoids are limited. 

The p8l1Jsitoid Cowsia (=Apanteles) marginiventris has been recorded as the 
most abundant parasitoid of lepidopterans in soybean in South Carolina (rvlcCutcheon 
and Turnipseed 1981). It attacks all of the major lepidopterans in soybean and is 
active throughout the soybean production regions of the Southern and Midwestern 
United States (McCutcheon 1987). The life cycle of C. marginiuentris, its 
geographic diversity, and wide host range contribute substantially to the parasitoid's 
pest-I'egulating capacity. It attacks small larvae, killing them eight days aftel' 
oviposition (Kunnalaca and Mueller 1979) and before they reach the last instal" in 
which most plant consumption takes place (King 1981). The parasitoid kjlJed 20 
and 29% of small GCW collected from soybean in 1984 and 1985, respectively in 
South Carolina (G.S.M., unpublished data). Thus conselvation and appropriate 
management of C. marginiuenl.ris could aid in regulating lepidopterous pest 
populations, and thereby reduce insect.icidal applications, 

This study was undertaken to determine if varying soybean planting dates had 
any effect on the occurrence and abundance of the parasitoid C. marginiuentris, 
along with its lepidopLerous hosts in soybean in South Carolina. 

MATERIALS AND METHODS 

Soybean fields were planted early-, mid-, and late-seuson during 1983-85 on or 
near the Clemson University Edisto Research and Education Center (EREC) in 
Barnwell County, South Carolina. The research site is in the southwestern section 
of the major soybean growing region which extends fl'om the Upper Coastal Plains 
to the Pee Dee Region of the state. Recommended planting dates for early or full 
season soybean extend from 10 May through 10 June in South Carolina. (Clemson 
Vnlv. Coop. Ext. SelV. 1985). 

Soybean fields were planted in 96-cm rows using conventional tillage practices. 
Early-, mid-, and late-season plantings at each site were: sites A and B of medium
maturing 'Bragg' (Group Vm in 1983 on 3 May, 9 June, and 20 June; sites C and 
D in 1984 on 15 May (early-maturing 'Centennial' - Group Vl), 1 June (early. 
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maturing 'Centennial'), and 20 June (Iate·maturing 'Coker 368' - Group VIII); site E 
of medium-maturing 'Braxton' (Group VII) in 1985 on 6 May, 12 June, and] July. 
The three plantings at site A were in adjacent 1.0-ha strips; the three plantings at 
other sites were in isolated 2.0-ha areas less than 0.5 km apart. Sites C and D were 
growers' fields near EREC. 

\Veekly larval collections and population counts of GCW, CEW, SBL, and VBC 
were taken from the first appearance of lepidopterous larvae through the fall when 
populations ceased. Samples were taken from 29 June through 16 September in 
1983, 26 June through 11 October in 1984 and L7 June through L4 October 1985. 
All fields were monitored from growth stages V2 through R8 (Fehr and Caviness 
1977). A 1-m~ ground cloth (Turnipseed 1974) was used to take weekly samples 
consisting of LO single-row beats. Sampling was terminated after 10 samples, and, 
when present, up to 40 larvae of each species were collected, categorized as small 
(first-second instar), medium (third-fourth instar), or large (fifth instar or over) and 
placed individually in 30-ml plastic cups containing artificial diet (Greene et aI. 
1976). Larvae were held at 26 ± 2°e, 60 ± 5% RH, and a L4:10 LD regimen and 
checked every 1 to 2 d for parasitoid emergence, pupation, or disease symptoms. 
After 1 wk, if dead larvae did not exhibit emergence of parasitoids or disease 
symptoms, they were recorded as having died from unknown causes. Pupae were 
held for parasitoid or moth emergence. 

Percentage of parasitism was calculated by dividing the total number of larvae 
from which a parasitoid emerged 01' which showed symptoms of diseuse by the 
total number of larvae collected minus the number that died of unknown causes. 
For calculations with C. marginiventris, only larvae collected in the first to fourth 
instal's were used because of this parasitoid's development in small larvae 
(Kunnalaca and Mueller 1979). 'To assess a parasitoid as a mortality factor, it is the 
percentage of susceptible hosts attacked for the generation that must be detel111ined 
(Van Dl'iesche 1983). Adult pal'asitoids were identified by the senior author. 

Data on numbers of each lepidopteran and C. marginiuentris from early-, mid-, 
and late-season plantings were subjected to one-way analysis of variance (BAS 
Institute 1982); means were separated with Duncan's multiple range test. 
Parasitoid data were transformed to /X + 0.5, where X=parasitoids per m~ per 
sample, before analysis to approximate a normal distribution (Duncan 1955). 

RESULTS AND DISCUSSION 

Cotesia marginiuentris occurred in lepidopterans collected from early-, mid-, 
and late-season planted soybean in all locations (Table 1). The parasitoid was 
most prevalent in GC\V and SBL populations, and rarely occurred in VBe 
regardless of planting date or population density. While incidence of parasitism in 
CEW was consistently low throughout the seasons, it reached 8 and 10% during 
late July-early August 1985 as populations peaked at 9 per row-m. Lepidopterans 
were parasitized by C. marginiventris as early as 17 June (early planting-1985) and 
as late as 14 October (early and late pJantings-1985) dUling the three-year study. 

Green Clouerworm (GCWj 
The GeW was the first lepidopteran detected in soybean during each of the 

three seasons. Of 2,543 first through fourth ins tar GeW collected from early· 
season plantings, 252 were parasitized by C. marginiuentris for a ]0% incidence of 
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Table 1.	 Season-long incidence of C. marginiuentris in green c1overwonn, soybean 
looper, corn earworm, and velvetbean caterpillar in early-, mid-, and late
planted soybean. Blackville, 8C. 

Planting Percentage Parasitism- (# Collected) 

Date GCW 8BL CEW VBC 

1983-8ite A 
3 May 11(479) 1(4) 0(3) 0(14) 

9 June 5(474) 0(17) 0(61) 0(15) 

20 June 12(360) 2(20) 0(7) 0(24) 

1983-8ite B 
3 May 2(561) 0(71) 0(11) 0(24) 

9 June 7(351) 14(21) 0(9) 0(34) 

20 June 4(309) 20(14) 0(0) 0(35) 

1984-8ite C 
15 May 12(422) 3(37) 0(122) 0(24) 

1 June 11(357) 2(32) 1(95) 1(24) 

20 June 18(325) 2(116) 0(143) 0(45) 

1984-8ite 0 
15 May 7(392) 19(68) O( 153) 0(39) 

1 June 16(341) 13(129) <1(99) 0(90) 

20 June 36(399) 23(89) < 1(66) 0(36) 

1985-8ite E 
6 May 16(689) 12(55) 2(267) 0(30) 

12 June 9(531) 2(55) 4(253) 0(27) 

1 June 7(451) 14(37) 5(45) 1(248) 

•	 Percentage parasitism::: no. first-fourth instal's pllr:lsitized divided by (no. of first-fourth instal's 
co1Jected minus IlIrvn~ dying of unknown causes) X 100. 

parasitism. Of 2,054 first through fourth instal' larvae collected from mid-season 
plantings, 191 were parasitized by C. marginiventris for a 9% incidence of parasitism. 
An additional 1,844 first through fourth instal's were collected from late-season 
plantings, and 289 of these were parasitized by C. marginivent.ris for a 16% 
incidence of parasitism. 

Weekly incidence of parasitism by C. marginiventris is depicted in Fig. 1 above 
each bar which represents populations of first through fourth instal's of GCW. It is 
of interest that the weekly incidence of parasitism was generally higher in early 
plantings than in late plantings during peak populations in August. Conversely, 
percent parasitism was generally highest in late plantings during peak populations 
in September. Numbers of pal'8sitoids collected over the entire season were 
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Fig. 1	 Weekly population density and percentage of parasitism by C. marlJlmventns 
(denoted above each bar) of 1st through 4th ins tar green c1overwonn from 
soybean planted in early·, mid-, and late-season. Blackville, SC 1983 (top), 
1984 (center), 1985 (bottom). 
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Table	 2. Effect of soybean planting date on populations of green cloverworm 
larvae and associated Colesia marginiventris. 

Planting Mean- GCW1m2 Mean* larvae 

Date (First-Fourth Instal's) parasitized by Cotesialm2 

1983 Site A Site B Site A Site B 

3 May 6.35 a 5.55 a 0.40 a 0.40 a 
9 June 4.03 ab 3.15 ab 0.09 b 0.08 b 

20 June 3.08 b 1.06 b 0.17 b 0.10 b 

1984 Site C Site D Site C Site D 

15 May 3.06 a 4.69 a 0.56 a 0.44 a 
1 June 2.56 ab 3.04 a 0.12 a 0.06 b 

20 June 1.75 b 2.92 a 0.18 a 0.14 b 

1985 Site E Site E 

6 May 3.57 a 0.17 a 
12 June 4.97 a 0.13 a 

1 July 3.81 a 0.29 a 

,.	 Means in the same column (and within each year) followed by the sllme letter are not si~nificalltly 

different (P = 0.05, Duncan's multiple runge test jSAS In!!titute 19821). 

significantly higher in early plantings than in mid· and late-season plantings at 
both sites A and B in 1983 and at site Din 1984 (Table 2). In 1985, no differences 
were detected in the number of parasitoids collected over the entire season from 
soybean of various planting dates (P > 0.05). However, during the last three weeks 
of September 1985, host larvae occurred only in the midwand latewseason plantings 
and incidence of parasitism ..vas high (Fig. 1). 

The GCW served as a host of C. marginiventris for a longer period of time than 
did the other lepidopterans. The parasitoid was detected from 29 July through 5 
September in early plantings in 1983, from 25 June t1u·ough 1 October in mid
season plantings in 1984, and from 17 June through 14 October in early plantings 
in 1985. 

Planting date influenced I'ate of GCW population increase, with GC"V appearing 
first in the early plantings and last in the late plantings. The first generation of 
GC"V peaked during the first 2 wks in August in the early plantings. A peak in 
population was less pronounced in the mid-season plantings during August and 
did not occur until September in t.he latewseason plantings (Fig. 1). Additionally, 
there were significant differences in population density among the three planting 
dates with more GCW OCCUlTing in early planted compared with late planted beans 
in 1983 at both sites and in 1984 at Site C (Table 2). Peak populations of the 
September generation of GCW were similar among planting dates; however, in 
1983 when peak populations were in August, there were significantly more larvae 
in the early-season plantings than in the mid- and late-season plantings (F = 6.5; 
df = 2, 4; P < 0,05). These data are consistent with findings in North Carolina 
where more GC\V lalvae were found in early plantings (Sprenkel et a1. 1979). 
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The trend in GC\\' populations. regardless of planting date in South Carolina 
soybean, was a gradual increase from low levels « 1.0 per row-m) in July to peak 
levels in the next generation during the first week of September. However, the 
early plantings of 1983 and 1985 hosted 2.2 and 5.1 larvae per row-m during the 
third week of June with peak populations during August and September, respectively. 
GeneraJly. populations of GCW remained lowest during vegetative stages in 1984 
when early·maturing 'Centennial' was planted early. Consequently, there is little 
evidence to support the idea that plant phenology is signLficant in rate of 
population increase (Marston et al. 1979). Rather, date of planting appeared to 
have more of an impact in that medium-maturing varieties in 1983 and 1985 
exhibited a relatively high peak in early plantings of 14 and 8 small and medium 
GCW per row-m, respectively (Fig. I). 

In 1985, interactions occurred between C. marginilJenlris and the entomopathogenic 
fungus, N riley;,. During the first week of September, incidence of the parasitoid 
was greater in the late planting (23%) than in the early planting (3%) as 
populations in both were near 14 larvae per row-m. Conversely, on the same date 
N. rileyi wos more prevalent in the early planting (58%) than in the late planting 
(L2%). This fungus caused the death of fourth instal'S. There was an epizootic in 
the early planting that completely wiped-out populations of GCW after 9 September. 
On six occasions, C. marginiuenlris emerged from GeW that yielded N rileyi 
conidia. Thorvilson et al. (1985) reported that it increased in frequency in all of 
four soybean tillage systems and developed into an epizootic by season's end in 
Iowa. \Vhile C. marginiuentris was detected in low numbers, Rogas nolophanae 
Ashmead was the most commonly reared parasitoid in their study. 

Olher Lepidoplera 
Population levels of host lepidopterans othel' than GCW and incidence of 

parasitism were unusually low in 1983. In 1984, populations of first through fourth 
instal' CEW peaked on 31 July in early· and mid~season plantings (4.1 and 4.7 per 
row-m, respectively) but not until the third week of August in late-season plantings 
(3.5 per row·m). Jncidence of parasitism was extl'emely low (Fig. 2). Only the mid· 
and late season plantings hosted C. margillivelllris in 1984 (Table 1). During 1985, 
peak populations of first through fourth instar CE\V were 9 per row~m in mid
season plantings with 8% incidence of parasitism (Fig. 2). This generation of CE\V 
in mid-season plantings yielded the highest recorded incidence of parasitism by C. 
marginiuentris in CEW in South Carolina (McCutcheon and Turnipseed 1981). The 
parasitoid was reared from collections of each planting date. Population levels 
were unusually low in late-season plantings and did not reach the economic 
threshold of 6 larvae per 0.3 m throughout the study at any of the sites (Clemson 
Univ. Coop. Ext. Servo 1985). Therefore, statistical analyses and generalizations 
could be misleading from such low populations. The CE\V was determined a host 
of C. margilliL'enlns for the longest time period in 1985 with the first incident of 
the parasitoid on 30 July and the last on 19 September in the mid-season planting 
(l2 June) of medium.maturing 'Braxton', 

\Vhile the SBL did not reach economic threshold levels during its peak 
populations, it had a high incidence of parasitism in all planting dates (Fig. 3). 
Numbers of first through fourth instar SBL b81'ely exceeded 1 per row-m in the 
late-season planting of 1984 and incidence of parasitism was unusually high. The 
SBL was determined as a host of C. marginiuentris fl"Om the last week of August 
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Fig. 2.	 Weekly peak population density and percentage of parasitism by C. 
marginiventris (denoted above each bar when parsitoids were present) of 
1st through 4th instar Heliothis spp. from soybean planted in early, mid, 
and late season. Blackville, SC. 

through the first week of September in 1984 and first week of October 1985. In 
south Georgia, Beach and Todd (1985) detected this parasitoid in SBL from 19 July 
through 4 October 1983 and from 16 August through 13 September 1984, In their 
study, incidence of C. marginiventris reached 3% as populations peaked at 31 per 
row-in in 1983 and 12% as populations peaked at 20 per row-m in 1984. 

Populations of VBC were low throughout most of the study, reaching 5 first 
through fourth ins tars per 1'0W-01 in mid-season plantings in 1984. Parasitism was 
rare in this host. While only 4 larvae of C. marginiuentris emerged from VBC, it is 
important to note that it is a late season host found only in mid-and late-season 
plantings in this study. 

This study demonstrates that GCW is an important host for C. marginiuentris 
in soybean in South Carolina regardless of planting date. Since GCW, seldom, if 
ever, causes economic concern in the Southeast, it is interesting to observe its role 
in hosting the parasitoid prior to the occurrence of the more economically 
important SBL, which is also susceptible to C. marginilJentris. This parsitoid was 
first recorded in SBL in 1976 from soybean in South Carolina (McCutcheon and 
Turnipseed 1981). Its ability to switch hosts is important and has been observed 
by Daigle et al. (1987). High and low density GCW populations maintain C. 
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marginiuentris (denoted above each bar when parasitoids were present) of 
1st through 4th instar soybean looper from soybean planted in early, mid, 
and late season. Blackville, SC. 

marginiuenln's, and when SBL occurs it begins to utilize a high percentage of the 
SBL as hosts" 

The occurrence of C. marginiuenl.ris throughout the season on GCW in soybean 
planted on different dates is advantageous because when SBL populations begin 
to increase the parositoid will be available to help deter outbreaks. If GCW 
poulations are not disrupted by unnecessary use of insecticides or other 
management tools. this biotic control agent will be available naturally to assist in 
reducing potentially serious lepidopterous pest numbers in soybean. regardless of 
planting date. 
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ABSTRACT 

In a 3·year survey of South Carolina wheat, Hessian fly, Mayetiola destructor (Say), was 
detected in 98% (N = lOB) of all fields sampled in the spring. Population levels were higher 
than previously reported in sUlVeys of this pest. The southern Coastal Plain counties were 
consistently more infested, with tiller infestations exceeding 2090 in 65, 36, and 80% of fields 
during 1984. 1985. and 1986 respectively. In 1986 southern Coastal Plam fields averaged 69% 
plant infestation, 35% tiller infestation, and 4.9 immature flies/plant. A survey of upper 
Piedmont counties indicated that economic infestations can occur in any area of the state. In 
all regions, populations were low through February. Only two of the 73 fields (2.7%) sampled 
in both late winter and spring of 1985-86 and 1986-87 had any appreciable tiller infestation 
(2: 5%) before development of spring generations. Only one early-planted field showed 
economic injury from fall generations. Adjacent fields of wheat stubble in minimum tillage 
soybean production and volunteer wheat from dove baiting were associated with severe 
infesiations. Correlation between spring and winter fly infestations was higher in 1985 than 
1986. No consistently reliable spring treatment decision could have been made based simply 
on levels of flies detected in a 50-plant late winter snmple. 

Key Words: Mayetiola destructor, Hessian fly, wheal. 

J. Agr;c. Entomol. 6(3): 137-146 (July 1989) 

The Hessian fly, Mayetiola destructor (Say), is a sporadic pest of wheat in the 
southeastern United States (Hatchett 1969: Morrill and Nelson 1976; Johnson et 
a1. 1984). Infestations have occurred since at least 1845, when this pest was 
reported in Georgia (Webster 1899). In major wheat production areas of the 
midwestern United States, the primary means of control have been delayed 
planting (Webster 1899; McColloch 1923; Gallun 1965) and host plant resistance 
(Gallun and Reitz 1971; Gallun 1977; Lafever et al. 1980). Until recently, there has 
been relatively little emphasis on development and use of varietal resistance in the 
Southeast because the pest has not been regarded as a consistent economic 
problem (Hatchett 1969). Thus, the most widely grown wheat varieties in South 
Carolina and much of the Southeast have no Hession fly resistance (e.g. Coker 983, 
Florida 302). The sporadic nature of the pest and secondary importance of wheat 
relative to other more traditional crops have also contributed to a generally poor 
grower awareness of the influence of planting date and other cultural practices on 
fly damage. 

Technical contribution No. 2799 of the South Carolina Agricultural Experiment Stntion, Clemson 
Uni\"ersity, Clemson. SC. 

2 Current address: Department of Entomology and Plant Pathology. P. O. Box 1071, The University of 
Tennes!lee, Knoxville, Tennessee 37901-1071. 
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During the 1983-84 growing season, South Carolina wheat growers noticed 
considerable stunting, stand reduction, and lodging. These symptoms were often 
attributed to "winter kill," lack of vernalization, or nutrition. Plant examinations 
revealed an abundance of Hessian fly puparia. This prompted the initiation of an 
annual survey to evaluate the severity of Oy infestation in major wheat production 
areas of the state. Such information is essential to develop. implement, and 
evaluate management strategies for this insect. 

MATERIALS AND METHODS 

Wheat fields were surveyed for Hessian fly over a 3-year period from 1984-86. 
The sampling was primarily from major wheat producing counties (Fig. 1). In 1984, 
five fields from each of four southern Coastal Plain counties (20 fields) were 
sampled once prior to harvest (June 7-8). In 1985, 22 fields from these counties 
were sampled on April 17-18. Sixteen additional fields were sampled from three 
northern Coastal Plain counties on May 8-9. An additional 15 fields from three 
upper Piedmont counties were sampled on May 22-30. Out of this total of 53 
fields, 38 had been previously sampled in late winter (March 4-5, March 20, and 
March 15 for the southern Coastal Plain, northern Coastal Plain, and upper 
Piedmont, respectively). In 1986, 20 fields were sampled on February 26-27 and 
April 28 from the same four southern Coastal Plain counties as in 1984 and 1985. 
Fifteen fields from three northern Coastal Plain counties were sampled on March 
6 and April 22. Fields were sampled twice in 1985 and 1986 to determine fly 
infestation before and after the establishment of spring generations. Within any 
county, widely dispersed fields were selected in an attempt to represent different 
production conditions. 

In each field, 50 plants, ten from each of five locations taken diagonally across 
the field, were uprooted and placed in a plastic bag for laboratory examination. In 
1984, a headed tiller (culm) was chosen randomly from each plant and examined 
for Hessian fly larvae and puparia by peeling each leaf back to its node. The 
percent tiller infestation was recorded for each field. In 1985 and 1986, on all 
tillers, headed and unheaded, the larvae and puparia were summed to obtain the 
flies/plant counts reported in this study. The percentage of tillers infested, 
percentage of plants infested, and number of flies/tiller were also recorded. 
Correlation coefficients were calculated using the CORR Procedure (SAS Institute 
1985a) and linear regression analysis was conducted with REG Procedure (SAS 
Institute 1985b). Percentage data were transformed (arcsine) for analysis of 
variance and Duncan's multiple-range test (GLM Procedure, SAS Institute 1985c). 

RESULTS 

In 1984, fly infestation was detected in 19 of the 20 fields (95%) sampled in the 
southern Coastal Plain. The percent culm infestations were 26.4 ± 3.5, 21.6 ± 8.2, 
20.0 ± 5.2, and 24.8 ± 6.4 (j[ ± SEM) for Barnwell, Bamberg, Calhoun, and 
Orangeburg counties respectively. Thirteen of 20 fields (65%) had culm infestations 
exceeding 20%. 

In 1985, the spring tiller infestation was 23.6% in these same four counties 
(Table I). Infestation, as measured by percent plants infested, percent tillers 
infested, and number of flies/plant was significantly higher in the southern Coastal 
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Fig. l. (A) 1984 Distribution of wheat in South Carolina; (B) Counties sampled for 
Hessian fly. 
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Plain than the northern Coastal Plain or Piedmont Counties (Table 1). Late winter 
infestations were low ( < 5% tiller infestation) in all fields (Tables I, 3). In fact, 25 
of 38 fields (65.7%) sampled at this time had no detectable population. However, 
52 of 53 fields (98%) sampled in the spring were infested and 11 (20.7%) had tiller 
infestations exceeding 20% (Table 3). 

The 1986 spring survey of the same four southern Coastal Plain counties 
showed an increase from the spring of 1985 in percent plants infested (46 to 69%; 
F = 5.0; df = 1,36; P = 0.03). Similar increases of percent tiller infestation and 
number of flies/plant (Tables I, 2) were not statistically significant (P = 0.09 and 
P = 0.07 respectively). Infestation also increased in the northern Coastal Plain 
from 1985 to 1986. Spring percent tiller infestation increased from 5 to 14% 
(F = 5.1; df = 1,29; P = 0.03) and spring percent plant infestation increased from 
15 to 32% (F = 6.9; df = 1, 29; P = 0.01). As in 1985, spring infestation was 
significantly higher in the southern Coastal Plain than the northern coastal Plain: 
69 versus 32% plants infested, 35 versus 14% tillers infested, and 4.9 versus 0.7 
flies/plant (Table 2). Twenty-one of 35 fields (60%) had no detectable infestation 
on the first sample date and all but two fields had low populations (tiller 
infestation < 5%) in this late winter sampling (Table 3). One Calhoun County field 
was severely infested (37% of tillers) in late winter. All 35 fields had detectable 
populations by the spring sample dates and 20 (57%) had tiller infestations greater 
than 20% (Table 3). Sixteen of 20 southern Coastal Plain fields (80%) had over 
20% tiller infestation (Table 3). 

Correlation analyses of percent plants infested, percent tillers infested, number 
of flies/plant, and number of flies/tiller measured on both sampling dates in 1985 
showed that the best correlations between winter and spring infestations were for 
the percent tillers infested in the spring with percent tillers infested in the winter 
(r = 0.72, P = 0.0001) and percent tillers infested in spring with percent plants 
infested in winter (r = 0.70, P = 0.00(1). Regression equations for these relationships 
were: y = 8.4 + 10.2 x (r' = 0.51, SEM of slope = 1.7), where y = spring percent 
tiller infestation and x = winter percent tiller infestion; and y = 8.8 + 1.84 x 
(r = 0.49, SEM of slope = 0.3), where y = spring percent tiller infestation and 
x = winter percent plant infestation. In 1986, however these same two correlations 
were nonsignificant (r = 0.29, P = 0.09 and r = 0.33, P = 0.06, respectively). Scatter 
plots of the data did not indicate that a nonlinear model would be any more 
appropriate. In 1985, all fields with winter tiller infestations > 1% (N = 7) 
exceeded 20% tiller infestation in the spring. AU fields with winter tiller infestation 
below 1% (N = 31) failed to reach 20% tiller infestation in the spring. However, in 
1986, fields with no detectable winter infestation in a 50-plant sample (N = 21) 
developed anywhere from 2 to 48% spring tiller infestation. 

DISCUSSION 

The Hessian fly infestations encountered in this survey exceeded previously 
reported levels. Johnson et al. (1984) reported a range of only 2-15% plant 
infestation, based on field counts of stunted and lodged plants, in a contemporary 
survey of commercial fields in the Georgia Coastal Plain. Pike et al. (1983) 
reported average culm infestations of 5.1, 2.0, and 1.2% in different regions of 
Washington. In Oklahoma, Hatchett et a1. (1981) found regional infestations of up 
to 16.3% of culms, but most areas of the state were much lower. Over a l3-year 



Table I. Hessian fly infestation of wheat in selected South Carolina counties, 1985. 

Late winter sample- t Spring sample- t 

Region County 
No. 

fields 
% plants 
infested 

% tillers 
infested 

No. 
flies; /plant 

No. 
fields 

% plants 
infested 

% tillers 
infested 

No. 
flies; /plant 

Southern Coastal 
Plain 

Bamberg 

Barnwell 

Calhoun 

Oraogeburg 

5 

6 

4 

3 

2.0 b 

1.3 b 

7.0 a 

12.7 a 

0.3 b 

0.4 b 

1.7 a 

2.1 a 

0.04 a 

0.02 a 

0.06 a 

0.04 a 

5 

7 

4 

6 

38.4 be 

28.3 be 

78.5 a 

50.0 b 

15.1 be 

11.5 e 

46.2 a 

29.8 ab 

1.2 b 

0.4 b 

7.0 a 

2.4 b 

0 
:t 
1; 
Z 
:; 

Pooled Data 18 4.7 A 0.9 A 0.04 A 22 45.6 A 23.6 A 2.3A ~ 

Northern Coastal 
Plain 

Darlington 

Florence 

Sumter 

6 

3 

3 

o b 

o b 

7.3 a 

o b 

o b 

1.2 a 

o b 

o b 

0.1 a 

6 

5 

5 

7.0 e 

9.2 e 

31.2 be 

2.7 e 

3.4 e 

9.9 e 

0.1 b 

0.1 b 

0.8 b 

:t 
0 
~ 
~••
" ." 

'"s· 
Pooled Data 12 1.8 A 0.3 A 0.03 A 16 15.2 B 5.2 B 0.3B U> 

0 
c 
50 

Upper Piedmont Anderson 3 o b o b o b 5 20.0 e 10.3 e 0.5 b 0 
0 

Oconee 

Pickens 

0 

5 o b o b o b 

5 

5 

25.6 be 

6.8 e 

15.1 be 

5.4 e 

0.7 b 

0.1 b 

~ s· 
0 

Pooled Data 8 OA OA OA 17.5 B 10.3 B 0.4 B 15 
• Southern Coastal Plain counties sampled March 4-5 and April 17·18; northern Coastal Plain sampled March 20 and May 8-9; Piedmont sampled March 15 and May 

22-30. 
t Means within columns followed by the same lower cose letter are not significantly different (P = 0.05; Duncan's multiple range tellt), Upper case letters compare 

pooled regional means. 
i Total flies (larvae and puparia) per plant. :;: 



Table 2. Hessian fly infestation of wheat in selected South Carolina counties, 1986.	 :;: 
'" 

Late winter sample*t	 Spring sample*t 

No. % plants % tillers No. % plants % tillers No. 
Region County fields infested infested fiies t /plant infested infested flies t /plant 

Southern Coastal Bamberg 5 7.6 a 2.7 a 0.1 a 79.0 a 43.7 a 8.8 a 
Plain 

Barnwell 5 0.8 a 0.4 a 0.01 a 68.0 ab 36.5 ab 2.7 ab 
~ 

Calhoun§ 5 18.0 a 7.8 a 0.8 a 66.7 a 30.2 abe 5.2 a '"
> ,. 
~ 

Orangeburg 5 2.4 a 1.6 a 0.04 a 62.0 ab 29.0 abe 3.0 ab OJ 
0 
S 

Pooled Data 20 7.2A 3.1 A 0.23 A 68.9 A 34.8 A 4.9 A 
3 
~ 

Northern Coastal Darlington 5 1.6 a 0.5 a 0.02 a 32.6 be 18.1 be 0.1 be ~ 
Plain .'" 

Dillon 5 1.2 a 0.4 a 0.01 a 38.4 be 18.0 be 0.7 be Z 
? 

Marlboro 5 o a 0 a o a 25.2 e 6.8 be 0.4 e '"' 

Pooled Data 15 0.9 A 0.3 A 0.01 A 32.1 B 14.3 B 0.7 B 
j 

• Southern Coastal Plain counties sampled Feb. 26-27 and April 28; northern Coastal Plain counties sampled March 6 and April 22.
 
t Means within columns followed by the same lower case letter are not significantly different (p = 0.05; Duncan's multiple range test). Upper case letters compare
 

pooled regional means (P = 0.05; F-test). 
:; Total flies Ourvae and puparia) per planL 
§ Riased by one severely infested field in Calhoun County on Feb. 26 sampling. 



Table 3.	 Distribution of percent tiller infestations for South Carolina wheat fields surveyed in winter and spring of 1985 
and 1986. 

Late winter sample Spring sample 
% tiller infestation % tiller infestation 

Year No. > 0 > 5 No. > 0 > 10 > 20 > 30 > 40 > 50 > 60 
and Region fields 0 S. 5S. 10 > 10 fields 0 S. lOS. 20 S. 30 S. 40 S. 50S. 60 < 70 > 70 

(') 

1985	 ::t 
> 

Southern 18 8 10 0 0 22 0 9 5 2 0 2 3 0 1 "0:z
Coastal :?
Plain 

~ 
Northern 12 9 3 0 0 16 0 14 1 1 0 0 0 0 0 ::t
Coastal	 0••Plain	 s· 

0 ..,Upper	 8 8 0 0 0 15 8 4 1 1 0 0 0 0 
-<Piedmont 3· 

Total fields 38' 25 13 0 0 53- 31 10 4 1 2 3 0 1 0 '" c 
1986 !T 

Southern 20 9 9 1 It 20 0 0 4 6 3 5 0 1 1 
(')

•2-Coastal 
Plain •

3· 

Northern 15 12 3 0 0 15 0 8 3 3 0 0 0 1 0 
Coastal 
Plain 

Total fields 35' 21 12 1 35' 0 8 7 9 3 5 0 2 1 
• In 198.'i, 38 of 53 fields sampled in spring were previously 8umpled in winter. In 1986, all 35 fields were sampled winter ond spring.
 
t Calhoun County field with 37% tiller infestation. 0:
 

'" 
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period, Ohio infestations ranged from 1 to 9.2% of mature stems (Lafever et a1. 
1980). The 1984 culm infestation of 23% in our study was based on sampling 
techniques similar to the latter three surveys. 

The relationship between Hessian fly infestation and yield loss is still poorly 
understood. Hill et al. (1943) found a 20% culm infestation equivalent to a 56 kg/ha 
(0.84 bu/acre) loss. This wns regarded as a minimum estimate because it ignored 
tillers stunted into nonproductivity and lodging losses. Twenty percent culm 
infestations have been equated with 67 kg/ha (1 bu/acre) yield losses (Lafever et al. 
1980). Painter (1951) reported a 25% yield loss on infested tillers, and analysis of 
the extensive data of Hill et al. (1943) shows a mean yield loss for his studies of 
22% on infested heads. Individual head yields of spring generation infested tillers 
were 27% lower than uninfested heads for Florida 301 and Coker 762 wheat 
varieties (J.W.C. and M.J.S., unpublished data). Assuming a 25% loss per infested 
tiller, a 20% headed tiller infestation would result in a loss of 100 kglha (1.5 but 
acre) on an expected yield of 2020 kg/ha (30 bu/acre). If economic loss occurs at 
20% culm infestation, then 65% of southern Coastal Plain fields had economic 
infestations in 1984. 

The presence of substantial fly populations in the upper Piedmont in 1985 
indicates that this pest can be of economic importance in any area of the state. 
However, fly populations were highest in southern coastal Plain counties in both 
1985 and 1986. This is consistent with a general gradient of fly severity in the 
Southeast. Few problems with the pest have been reported from North Carolina 
relative to South Carolina and states further south. Presumably, temperature and 
relative humidity are more favorable for late fall and winter larval survival to the 
South. Concurrent life history studies in the South Carolina Coastal Plain have 
shown that there are 5 to 6 broods, with the number and timing of cohorts 
dependent on temperature and precipitation (J.W.C., unpublished data). In heavy 
infestation years such as 1986, it is likely that virtually every wheat field in the 
state has some infestation. Relatively few hectares have been planted with 
resistant cultivars. A survey of the major seed suppliers for South Carolina in 1986 
indicated that only 5% of seed sold had any known fly resistance. 

The cyclic nature of Hessian fly outbreaks has long been recognized (McColloch 
1923) and hymenopterous parasites have been suggested as one of the prime 
regulators of fly populations (Webster 1899; Pike et al. 1983). The severity of the 
most recent outbreak in the Southeast can be attributed to a combination of 
cultural practices. Johnson et al. (l984) mentioned increased wheat acreage, 
increased reliance on susceptible varieties, and canselvation tillage as contributing 
factors. In South Carolina we have seen two additional practices associated with 
severe Hessian fly infestation. One is the desire to use wheat as a forage, which 
necessitates planting in September or early October. Another significant practice 
throughout the Southeast, is the use of wheat to bait fields for dove shoots. The 
dove season begins throughout the Southeast during the first week of September 
and it is common practice to scatter wheat seed on strips of disked ground. 
Rainfall results in germination, and numerous Hessian fly nurseries have been 
established at an ideal time to build infestations far adjacent later planted 
fields. 

In the authors' experience, the common factors of severe fall infestations have 
almost invariably been the adjacent wheat stubble of minimum tillage soybean 
fields or adjacent volunteer wheat; often from dove baiting. The importance of 
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turning under wheat stubble and volunteer wheat prior to planting is well
established (McColloch 1923). However, in practice it is not always possible to 
combine soybeans prior to planting early wheat. In this case varietal resistance or 
chemical control must be relied on. 

Although winter stand reductions and stunting associated with early planting 
(prior to November 15) are dramatic and can result in 100% crop loss, this study 
indicates that in most South Carolina fields, yield loss is primarily from spring 
infestations. Only 1 field (1.4%) of 73 sampled in 1985 and 86 had economic 
infestations prior to emergence of the spring generations. Most wheat in the South 
Carolina Coastal Plain is planted after November 20 and avoids severe fall or 
winter infestation. Therefore the primary challenge is how to best manage these 
spring generations. 

Ideally a grower would be able to sample fields in February, prior to development 
of economic infestations, and treat on an as-needed basis. Such treatment assumes 
an efficacy of properly timed foliar treatments which has not yet been demonstrated 
or thoroughly investigated. In this study there was no simple, consistent relationship 
between winter and spring infestation levels. The previously mentioned annual 
differences in the timing and number of generations may preclude any simple 
estimation of spring infestation from winter sampling. 

This study documents the recent severity of Hessian fly throughout the major 
wheat producing areas of South Carolina. It points out the need for implementing 
a management program and serves as a reference point for measUling its success. 
At present, stubble and volunteer wheat management, the use of available valietal 
resistance, and at~planting insecticides only on early planted susceptible varieties 
are being emphasized for control of Hessian fly in South Carolina. Studies are 
needed on the pest's life history, economic thresholds, field performance of 
resistant varieties, and the feasibility of chemical control. Understanding the yield 
loss significance of spring infestations and how they can best be managed is 
particularly important for the high yielding susceptible varieties currently available 
to Southeastern producers. 
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ABSTRACT 

Female boll weevil, Anthonomus grondis grandis Boheman, progeny dipped for four 
generations in 2.0% aphoJate solution had a significantly greater increase in inherited sterility 
than other treatmenls tested. Aft.er three generations of dipping adults in 8 l.O% apholate 
solution. the undippcd female progeny outcrossed in the fourth generation with untreated 
males had accumulated significantly more inherited sterility thon the other treatments. 

Key Words: Genetic, cotton-insect, chemosterilant, insect growth regulator, inherited 
sterility. 

J. Agrie. Entomol. 6(3): 147-152 (July 1989) 

Transfer of sterility to the F I generation was first reported by Proverb (1962) in 
the codling moth, Cydia pomporwlla (L.). Stimmann (1971) found that Tricopiusia 
ni (HUbner), cabbage looper, progeny inherited sterility when treated with partially 
sterilizing doses of tepa. This study predicated that of LaChance et al. (1968) 
which repOl'ted that tepa induced chromosome breaks. North and Holt (1968) also 
found that polycentric chromosomes altered by irradiation or mutagenic chemicals 
makes inherited sterility possible in the F] generation. 'fhe fragmented chromosomes 
retain their ability to mature as individual chromosomes; the P

l 
larvae survive but 

exhibit reduced fertility. Inherited sterility induced by irradiation has been demon· 
strated with; cabbage looper, Tricoplusia ni (Habner) (North and Holt 1969), pink 
boll worm, Peclinophora gossypiella (Saunders) (Cheng and North 1972), beet 
annYWOllll, Spodoplera exigna (HObner) (Debolt and Wright 1976), tobacco budwOlm, 
Heliol.llis uirescens (F.) (Proshold and Bartell 1972), com earwonn, Heliothis zea 
(HObner) (Carpenter et al. 1987), sugarcane borer, Diat.raea saccharalis (F,) 
(Sanford 1976), fall armyworm Spodoplera {rugiperda (J. E. Smith) (Carpenter et 
al. 1983), Indian meal moth, Plodio inlerpullct,lIa (Hubner) (Ashraft et al. 1972), 
and codling moth, Cydia pomonella (L.) (Proverb 1962). 

Other arthropods in which inherited sterility has been demonstrated include 
Gonocerlls angulatus Goeze (Delrio and Cavalloro 19i5) and Nezara uiridula (L.) 
(Dyby 1983). Inherited stelility was also I'eported in Acanthoscelides obectlls Say 
(Coleoptera: Bl'uchidae) when males were ilTadiated with 10 krads and mated with 
normal females (Szentesi 1975). Feldman (1975) found that the spider mite 
TetrancJws urlical Koch irradiated with x-rays at 0.5-2 krads induced 60.8% 
chromosomal rearrangements in F1 progeny. Morgan et al. (I 96i) demonstrated 
that inherited sterility took place in house flies, Musca domestica L.) using 
chemosterilants. Our study on boll weevils, like that by Morgan et al. (196i), \\o·as 

147 
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done to detennine the cumulative effects of outcrossing weevils which were dipped 
in apholate solutions. Four successive generations of boll weevils were treated with 
substerilizing doses of 8pholate (Haynes et 81. 1966). We sought answers to two 
questions: 1) Were some chemically-induced deleterious effects inherited or 
cumulative in boll weevils from generation to generation?; and 2) How sterile were 
progeny of treated parenls when outcrossed with normal weevils after one to three 
generations? 

MATERIALS AND METHODS 

One and two percent aqueous solutions (25 ml) of 8pholate were prepared 
before the boll weevils were dipped. Each solution contained one or two drops of 
liquid soap which was used as a wetting agent. Five to six hundred newly emerged 
weevils reared by the methods of Lindig (l979) were obtained from the Gast 
Rearing Laboratory, Mississippi State, MS, 2·3 days before dipping and separated 
by sex. Groups of 50 weevils of each sex (treated and controls) were fed artificial 
diet pellets (30°C - 40% RH) before and after each treatment. After male and 
female weevils were dipped in the 1.0% or 2.0% npholate solutions, they were 
removed from the solution, placed on paper towels to absorb excess liquid, and 
blown dry with air. Controls were dipped in water (containing wetting agent) 
only. 

Next, the treated (1') and control (C) weevils were placed in 0.47 liter paper 
containers with 50 untl'eated (V) weevils of the opposite sex. Eggs were collected 
from each treated gl'Oup for 7·10 days until at least 1,000 eggs had been recovered 
from the adult diet pellets. Usually only about 500 eggs were collected from 
control groups because much higher emergence was expected. After the eggs were 
surface sterilized with 0.1% sodium hypochlol'ite for 30 min, groups of 50 eggs 
were implanted onto each larval plate. The antibiotics streptomycin (0.01%), 
neomycin sulfate (0.01 %), and folpet (0.03%), were mixed with sand and grits (Grit
O·cobs Q.6(J!') and placed thinly over the surface of the diet to prevent bacterial 
growth. Two to three weeks after insects were held at 30°C and 40% RH, emerging 
adults were collected. The sex of approximately half the newly emerged F

1 
adults 

was determined and they were dipped in apholate or water (control) as their 
parents had been. Procedures were the same as those described in the P, 
generation. The other half of the newly emerged F, weevils (undipped) were mated 
to U males and females. Four generations of weevils were treated in this manner 
during the course of this research. 

Data were subjected to an analysis of variance and means were separated with 
Duncan's (1955) multiple range test (P = 0.05). 

RESULTS AND DISCUSSION 

LaChance (1985) noted that several attributes are common among offspring 
inheriting chromosomal aberrations from treated parents. They include: 1)F1 males 
and females are more sterile than P, males and females that are irradiated; 2) 
more F, male progeny than female progeny are produced; 3) the F, progeny of 
irradiated weevils may develop more slowly than F I progeny of non-irradiated 
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parents; and 4) F) males of irradiated parents may mate but fail to inseminate 
females. 

The number of boll weevil eggs collected from T females X U male matings 
averaged less than I> that of T males X U females (Table 1). Sterility (based on 
reduced adult emergence) of T male X U female matings increased gradually from 
64.5% in the first generation of treatment (1.0% apholate) to 76.1% in the fourth 
generation, but the differences were not significant. The 1.0% apholate treatment 
resulted in significantly more male than female sterility through the first three 
generations of treatment; in the fourth generation male sterility was 18.4% greater 
than female sterility but the difference was not signficant. 

A 2% apholate treatment, unlike results obtained at the 1.0% level, resulted in 
more female sterility than of the male weevil from the second to fourth generation; 
the genetic damage was not significantly greater until the fourth generation. To 
illustrate, sterility in T male X U female matings increased from 78.3 to 86.8% 
through four generations of dipping (not significant) while it increased from 75.3 to 
98.3% (significantly higher,) in T female X U male matings (Table I). The 2.0% 
apholate dip resulted in a significant increase in the T female weevils' sterility 
from the first to second and the third to fourth generation. Adult emergence in all 
treatments was significantly lower (i.e. 2:.. 45% sterility) than the controls. 

The number of boll weevil eggs collected from undipped F 1 through F:
l 

progeny 
of T females X U males averaged 39·45% fewer eggs than T males X U females. 
Such decreases were significant in most cases (Table 2). The FI' F

2
, or F

3 
undipped progeny of male and female weevils treated with 1% or 2% apholate 
were not significantly different from each other. With 1.0% apholate, inherited 
sterility of treated females increased significantly [rom zero in the F generation to

1 
40.7% in the Fa generation. The F I sterility of treated males increased from 11.4% 
to 20% in three generations, but this increase was not found to be significant. 

At the 2.0% apholate treatment, F, male boll weevil sterility increased from 
14.5% to 18.8%; this difference was not significant. Female sterility increased from 
20.4% to 33.1% in three generations; this difference also was not significant (Table 2). 
After three generations progeny of both 1.0% and 2.0% female boll weevils treated 
with 8pholate had accumulatd enough genetic damage to be significantly different 
(40.7 and 33.1%, respectively) from the control. 

Chromosomal aberrations in the F I and Fz generations of adult house flies 
released from pressure by apholate indicated that genetic damage was transmitted 
from parent through the offspring. Chromosomal stickiness, fragmentation, and the 
absence of an autosomal homologue probably contributed to sterility (Morgan et 
al. 1967). It was also found that a house fly colony continuosuly fed apholate 
increased from an average of 6% for Fl· F5 generations to 69% for the F - F

26 50 
generations and decreased to 14-22% for the 51st-65th generations. Thus, the flies 
eliminated some of the accumulated defects and regained fertility after 50 
generations. Flies fed 0.05% apholate eventually died out, indicating genetic 
defects. These defects made later generations more susceptible to the chemosterilant 
than earlier generations (Morgan et al. 1967). Proshold and Bartell (1972) found 
that inherited sterility expressed itself more in F I females of the tobacco 
budworm, Heliothis uirescens (F.). 

A comparison of the general attributes of inherited sterility listed earlier 
(LaChance 1985) reveals that boB weevils fit the profile. Each of the three 
generations of weevils treated was more sterile than the previous one. There were 
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Table 1.	 Results of dipping boll weevils in 1.0% or 2.0% dips of apholate for one 
to four succesive generations. 

Number Percent Percent 
Sex generations No. eggs adult accumulated 

Treatment· treated t treated collected emergence t sterility§ 

1.0% apholate dip M 1100 a 16.2 ± 11.2 c 64.5 
F 620 b 20.3 ± 9.7 b 56.2 
M 2 882 ab 11.5 ± 8.3 c 75.0 

F 263 c 21.9 ± 7.6 b 52.3 
M 3 ll05 a 9.8 ± 8.7 cd 77.6 
F 415 c 23.9 ± 10.2 b 45.3 
M 4 1066 a 10.1 ± 8.5 c 76.1 
F 552 bc 17.9 ± 3.7 bc 57.7 

2.0% apholate dip M 1060 a 9.9 ± 7.6 cd 78.3
 
F 517 c 11.3 ± 4.8 c 75.3
 
M 2 959 ab 6.7 ± 4.0 d 85.4
 
F 429 c 4.7 ± 4.0 d 89.8
 
M 3 782 b 8.3 ± 5.1 d 81.0
 
F 145 c 3.4 ± 2.6 d 92.2
 
M 4 1302 a 5.6 ± 4.1 d 86.8
 
F 292 c 0.7 ± 0.3 e 98.3
 

Control' 

I 521 45.6 ± 16.9 a 
2 620 45.9 ± 6.6 a 
3 651 43.7 ± 2.0 a 
4 1026 42.3 ± 13.7 a 

• Four rephcalLons 
t M = 50 treated males mated with 50 1I11lreald females; F = 50 troilted females mated with 50 untreated 

malelt 
t Mean!> followed by the same letter are not significant (P = 0.05; Duncan's 119Mli multiple rnnge 

test). 
§ Sterility based on reduction in adult emergence compilred with the control. 
, Only abollt one· half the eggs were collected from controls. 

more than twice as many F I male progeny produced in these studies compared 
with F, female progeny. The PI boll weevil progeny of treated P

l 
weevils required 

1·2 days longer to develop compared with controls. Pl'Ogeny of the Bpholate 
treated males mated with untreated females laid less than half as many eggs as 
controls indicating many treated males failed to transfer spenn. 

In conclusion, four generations of female boll weevils dipped in a 2.0% apholate 
solution and mated with males had cumulative sterility which WDS significantly 
greater than all other treatments. After three generations of treatment, the 
undipped progeny (fourth generation) of 1.0% apholate·tl'eated females mated with 
U males had accumulated enough sterility to increase signficantly from 0 to 40.7%. 
In a preliminary study more than 20 years ago, Haynes et al. (1966) reported that 
F] progeny of weevils treated with 2% apholate and mated wit.h normal weevils 
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Table 2.	 Results of mating Fl' F2, and F3 undipped progeny of 1.0% or 2.0% 
apholate treatd boll weevils to normal males and females. 

Number of Number Percent Percent 
Treatment Sex generations eggs adult accumulated 

used- treated t treated collected emergence; sterility§ 

1.0% apholate dip M 1 821 ab 40.3 ± 2.5 a 11.4 
F 750 b 48.1 ± 2.4 a 0 
M 2 1009 a 35.7 ± 13.2 a 21.7 
F 363 e 39.2 ± Ua 14.0 
M 3 1091 a 35.8 ± 14.7 ab 20.0 
F 670 b 26.5 ± 1.0 b 40.7 

2.0% apholate dip M 1 710 b 38.9 ± 17.3 ab 14.5 
F 548 be 36.2 ± 10.3 ab 20.4 
M 2 987 a 33.3 ± 16.3 ab 27.0 
F 236 e 38.1 ± 3.7 ab 16.4 
M 3 999 a 36.3 ± 3.5 ab 18.8 
F 689 b 29.9 ± 4.4 b 33.1 

Control	 I 487 45.5 ± 5.9 a 
2 573 45.6 ± 7.7 a 
3 830 44.7 ± 6.2 a 

- Three replications 
t M '" malc progeny of apholate-trellied weevils mated with untreated females; F '" femllie progeny of 

npholntc·trented weevils mated wilh untreated males. 
::: Means followed by the same letter are not significant (11"'0.05; Duncan's 119551 multiple range 

test). 
§ Based on reduced adult emergence compared with the control. 

produced 35% fewer progeny after one generation compared with the control. 
Although data from this previous study were not analyzed statistically, they seem 
to confirm that apholate sterility in weevils is genetically transferred to the 
progeny. 

LITERATURE CITED 

AshraJi, S. H., E. W. Tilton, and J. H. Brower, 1972. Inheritance or radiation·induced partial 
sterility in the Indian meal moth. J. Econ_ Entomol. 65: 1265·1268. 

Carpenter, J. E_. J. R. Young, E. F. Knipling, and A. N. Sparks. 1983. Fall armyworm: 
Inheritance or gamma-induced deleterious effects and potential ror pest control. J. Econ. 
Entomo!. 76: 378-382. 

Carpenter, J. E., J. R. Young, A. N. Sparks, H. L. Cromroy, and M. A. Chowdhury. 1987_ 
Corn earworm: Erfects of substerilizing doses of radiation and inherited sterility on 
reproduction. J. Econ. Enwmo!. 80: 483-489. 

Cheng, W. Y.• and D. T. North. 1972. Inherited steility in the F1 progeny or irradiated male 
pink bollwonns. J. Econ. Entomo!' 65: 1272-1275. 

Debolt, J. W., and F. D. Wright. 1976. Beet armyworm: Inherited sterility produced by 
irradiation of pupae or adults. J. Eean. Entomol. 69: 336·338. 



152 J. Agric_ Entomol. Vol. 6, No.3 (1989) 

Delrio, G., and R Cavallaro. 1975. Sterilite heriditaire chez Gonocertls acuteangulatus Gaez 
(Rhyncotc. Coreidae). pp. 432·436. In Proc. Symp_: Sterility Principle for Insect Control. 
Innsbruck, Astria, July 22-26, 1974_ I.o\EA, Vienna, STIIPUB/377. 620 pp. 

Duncan, D. 8. 1955. Multiple range and multiple F tests. Biometrics. 11: 1·42 
Dyby, S. B. 1983. The effects of low-level radiation on the reproductive biology of Nezara 

uiridulu (1...) (Hemiptcrn: Pentatomidae) Mostcr's Thesis, University of Florida. 99 pp. 
Feldmann, A. M. 1975. Induct-ion of structural chromosome mutations in males and females 

of Tetran)'chus urticac Koch (Acarina: Tetranychyidae). pp. 437-445. In Proc. Symp.: 
Sterility Principle for Insect Control. Innsbruck, Austria, July 22-26, J974. IAEA, Vienna, 
STvPUB/377. 620 pp. 

Haynes, J. W.. P. A. Hedin, and T. B. Davich. 1966. Hempn and apholate as chemosterilants 
for the boll weeviL J. Econ. Entomo!' 59: 1014-1015. 

LaChance, L. E., D. T. North, and W. Klassen. 1968. Cytogenic and cellular basis of 
chemically induced sterility. It! G. C. LaBrecque and C. N. Smith led.) Principles of insect 
chemosterilization. Appleton-Centul)'-Crofrs, New York. 3M. p. 

LaChance, L. E. 1985. Genetic methods for the control of Icpidopteran species: starns and 
potential. U.S. Department of Agriculute, Agricultural Rescarch Service, ARS-28, 40 pp. 

Lindig, O. H. 1979. A rcplacement for cottonsecd meal !Incl meats in boll weevil diets. J. 
Econ. Entomol. 72: 291-292. 

Morgan, P. 8., G. C. LaBrecque, C. N. Smith. D. W. Meifert, and C. M. Murvosh. 1967. 
Cumulative effects of substerilizing doses of apholmc and metcpa on laboratory 
populations of the house ny. J. Econ. Entomol. 60: 1064-1067. 

North, D. '1'., and G. G. Holt. 1968. Genetic and cytogcnetic basis of radial.ion·induced 
sterility in the male cabbage looper, Tn·coplusia ni Hulmer III Int. At. Energy Agency 
Symposia "Isotopes and radintion in Entomology," Vicnna, Austria, Nov. 1967. 

North, D. T., and G. G. Holt. 1969. Population suppression by transmission of inherited 
sterility to progeny of irradiated cabbage looper, Tricoplusia ni Hubner. Can. Entomol. 
101, 513·520. 

Proshold, F. I., and J. A. Bartell. 1972. Inherited sterility in progeny of irradiated male 
tobacco budworm: Effects on reproduction, developmental time, and sex ratio. J. Eeon. 
Entomol. 63: 280-285. 

Proverb, M. D. 1962. Progress of the use of induced sexual sterility for the control of the 
codling moth, Carpocapsa pompollclfa (L.). Proe. Entomol. Soc. Onto 92: 5-11. 

Sanford, J. W. L976. Inherited sterility in progeny of irradiated male sugarcane borers. J. 
Econ. Entomol. 69: 456-458. 

Stimmann. M. W. 1971. Inherited sterility among progeny of male cabbage loopers treated 
with tepa. J. Econ. En1omol. 64: 784-787. 

Szentesi, A. 1975. Effect of substerile irradiation doses on the progeny of treated bean weevil 
adults (Acanthoscelides obtectus Say, Col. Bnlchidae) pp. 269-278. III Proc. Symp.: sterility 
principles for insect control. Innsbruck, Austria, July 22·26, 197,1. IAEA, Vienna, STII 
PUB/377. 620 pp. 



PRECIPITATING ANTIBODY CONCENTRATIONS AND VISUAL
 
ESTIMATES CORRELATED TO ABSOLUTE NORTHERN
 

FOWL MITE (ACARI: MACRONYSSIDAE) DENSITIES
 
FROM WHITE ROCK HENS
 

J. G. Burg,' C. H. Collison,' and A. M. Mastro'
 
Department of Entomology
 

The Pennsyh'ania State University
 
University Park, PA 16802
 

(Accel>ted for publication 6 March 1989)
 

ABSTRACT 

Fifty-four White Rock hens were infested with 2,000 northern fowl mites/ bird and six 
hens were sampled at nine time periods during the 28,week study. Hens supported an 
average of 15,028 mites when mites were collected from infested bird carcasses digested with 
a modification of the Cook's technique. Mite-specific Ilrccipitating antibodies were quantified 
from hen serum samples with rocket electrophoresis. Seventy-foUl' percent of the serum 
samples gave quontifiabJe results. A reduction in antibody concentrations was observed with 
increased mite population densities suggesting that immunosuppressive or tolerance 
mechanisms may playa role in the host's humoral immune response to a mite inrestation. A 
visual mite density rating index was more accurate in assessing mite population densit.ies 
than quantitative antibody measurements. 

Key "'lords: Northern rowl mite, host immunit)" rocket electrophoresis, population density. 

J. Agric. Entomol. G(3l: 153-157 (July 1989) 

The northern fowl mite, OrnithollYsSU.S sylviarum (Canestl'ini and F'anzago), is 
one of the most serious arthropod pests affecting poultry production in the United 
States (DeVaney 1978). As obligate, hematophagous parasites, mites complete 
theil' entire five stage (egg, larva, protonymph, deutonymph and adult) life cycle on 
an avian host. Only pl'otonymphs and adults are known to feed (Sikes and 
Chamberlain 1954), Large populations (> 50,000 mites! bird) have the potential of 
consuming 6% of the total blood volume/ day of a 1.5 kg hen (DeLoach and 
DeVaney 1981). 

Matthysse ot. al. (1974) and DeVaney and Ziprin (l980b) detected the presence 
of mite-specific, precipitating antibodies in the sera of infested \-Vhite Leghorn 
chickens with an agar-gel diffusion technique and showed a positive correlation 
between percentage of positive agar-gel tests and mite infestation severity. 
Quantitative measurements of mite-specific, precipitating antibody concentrations 
and comparisons with absolute mite numbers have not been made to date. 

Precipitating antibody concentrations (IAbJ) and antigen volumes have been 
correlated with rocket electrophoresis (RE) (Laurell 1966), and IAbl can be 
quantified with this technique. Electrophoretic migration of antigen into antibody-

I Current address: Department of Entomology, University of Kentucky, Lexington, KY 40546
009J. 

1 Current address: Department or Entomology. fvIississippi State, 1\'15 39762. 
.3 Department of Molecular and Cell Biology, The Pennsylvania State University. 
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impregnated agarose produces a rocket-shaped precipitate at the site of optimum 
antibody and antigen concentrations. The area under the precipitate is proportional 
to antigen concentration (iAgJ) and inversely proportional to IAbl (area = (1<) IAg[/ 
IAbJ, where K is a constant), 

The purpose of this study was to quantify mite-specific IAbl in northern fowl 
mite-infested White Rock hens with HE and to correlate changes in host's IAbl 
with mite density changes. The accuracy of visual estimates and IAbj measurements 
were compared with absolute mite densities to determine the reliability of each as 
a mite monitoring method. 

MATERIALS AND METHODS 

Fifty-four \Vhite Rock hens (Case Farm Hatcheries, Brodbecks, PAl were 
randomly divided among three similar, adjacent shelters (7.3 X 7.3 m) at The 
Pennsylvania State University Poultry Research Fann. Hens were caged individually 
in single deck, double row cage banks and received feed and water ad libitum. At 
36 weeks of age (10 February 1983), each hen was infested with 2,000 northern fowl 
mites/ bird. Feathers containing mites were removed from infested birds and held 
for 24 h in 3.8·liter freezer bags. Individual feathers were then placed on a white 
enamel tray, and active mites were mechanically aspirated into Pasteur pipets. 
Collected mites were mechanically blown from the pipet into the vent feathers of a 
previously uninfested hen. 

Mite population densities on all hens were estimated weekly for 28 weeks and 
prior to sacrifice by parting feathers on the vent, breast and legs. The following 
visual rating scale was used fol' mite population estimates: 0 = 0 mites/ bird, 1 = 1
2 mites, 2 = 3-9 mites, 3 = 10-31 mites, 4 = 32-99 mites, 5 = 100-315 mites, 
6 = 316-999 mite" 7 = I,OOO-3,l59 mites, 8 = 3,160-9,999 mites, 9 = 10,000-31,586 
mites, and 10 = > 31,586 mites/ bird. Endpoints for the index were from 0.5
intervals on a log scale that were then cOllverted to real numbers. Birds were 
selected randomly to avoid any bias resulting from systematic counting. 

Blood samples were collected from two randomly selected hens! shelter 2, 4, 6, 
8, 12, 16, 20, 24 and 28 weeks after infestation (six hens! sample period). Blood 
was obtained from a wing vein at 2 and 4 weeks after infestation and by cardiac 
puncture during the remaining sample periods. Cardiac puncture samples were 
taken within 1 minute. Collected sera were stored at -20°C. 

Following blood sample collection, hens were killed with chloroform and stored 
at _40°C in 15.l-liter plastic bags. Bird carcass digestion was performed ,vith the 
Cook's technique (Cook 1954) as modified by Kim (1972) and Lemke et a1. (1988). 
Immature (larvae, protonymphs and deutonyrnphs), adult and gravid female mites 
[rom each hen were counted with a binocular microscope (lOX), and the life stage 
counts were combined for comparisons with antibody concentrations and visual 
estimates. 

I~ach serum sample (0.5 ml) was analyzed for mite specific precipitating antibody 
concentrations using RE (Laurell 1966). Plate preparation, duration of electrophoresis 
fun, washing and staining of plates, measurements of precipitates and mite antigen 
preparation were done according to Burg et a!. (1988). 

A regression line (Y = a + bX) was fitted to the five precipitate area 
measurements (1,2,3,4 and .5 1-11 of mite antigen) from each sample (Steel and Torrie 
1980), Y was calculated for X = 1 and 1/ Y was used as a measure of antibody 
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concentration. Absolute mite densities were compared with analysis of variance 
(Steel and Torrie 1980) for shelter and time effects. Differences with P < 0.05 were 
considered significant. Analyses were conducted with StatView 512+ThI statistical 
software (Feldman et al. 1986). 

RESULTS AND DISCUSSION 

The mean number of mites/ hen for the nine sampling periods were not 
significantly different and no effects due to shelter were observed. White Rock 
hens supported an average of 15,028 ± 3,100 mites/ bird. Sixteen hens (29.6%) 
supported between 16 and 1,942 mites with an average of 669 ± 165 mites/ 
bird. 

HE analysis for mite-specific antibodies resulted in measurable precipitates in 
40 of 54 serum samples (74.1%). Distinct precipitates could not be differentiated 
from the background stain in six serum samples. Baseline migration during 
electrophoresis made accurate tracing difficult in 16 cases. Six samples also had 
faint second peaks, with incomplete bases, indicating the presence of an additional 
mite-specific antibody. Precipitating antibodies were not detected in 14 serum 
samples; however, mite densities were not relnted to the results of the RE 
analyses. There were no significant differences (P = 0.72) in absolute mite 
densities between hens that showed positive (16,735 ± 3,998 mites) or negative 
(10,154 ± 3,408 mites) RE results when the data were analyzed with Student's t
test (Steel and Torrie 1980). 

DeVaney and Ziprin (1980a) demonstrated a degree of acquired resistance in 
White Leghorn hens that had been previously infested, then cleaned of northern 
fowl mites. Their results suggested that circulating antibodies or a cellular immune 
response may have been responsible for the observed resistance. 

Mite population densities were negatively correlated (P < 0.003) to antibody 
concentration (Fig. 1) which suggested a decline in antibody concentration as mite 
numbers increased. This observed antibody reduction may indicate the presence 
of partial immunological tolerance or mite-induced immunosuppression. A 
significant negative correlat.ion between mite density and antibody concentration 
from the first sample period suggested that precipitating antibody suppression was 
established within 2 weeks of mite activity on White Rock hens. 

White Rock hens that received intramuscular injections of 8 crude mite extract 
antigen prior to a northern fowl mite infestation supported similar mite numbers 
as untreated hens (Burg et al. 1988). DeVaney et. al. (1984) burseetornized and 
splenectomized White Leghorn roosters and demonstrated that a reduction in 
antibody activity had no effect on nOI·them fowl mite development, Additional 
immunological work on the localized response to mite feeding in chickens should 
be studied to determine the effects of cell-mediated immune effector mechanisms 
on mite population biology. 

RE analyses of serum samples was not an acceptable method for assessing 
mite population numbers due to a small correlation coefficient (R = 0.46). There 
,,,,'as a significant correlation (R = 0.91) between visual mite density rating values 
and absolute mite densities (Fig. 2). No obvious timc·dependent bias was observed 
with the half log rating scale making it an accurate and ,'eproducible method of 
est.imating northern fowl mite population densities. Adherence to the specific 
endpoints for each division of the scale is not critical since it is impossible to 
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Fig. 1.	 Correlation of absolute northern fowl mite densities and precipitating 
antibody concentrations (I!Y) from mite·infested \Vhite Rock hens. Blood 
samples were collected prior to hen sacrifice and mite densities were 
determined from hen carcasses digested with potassium hydroxide 
(modified Cook's technique). 
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Fig. 2.	 Correlation of visual northern fowl mite index values and absolute mite 
densities from White Rock hens initially infested with 2,000 mit.es! bird. The 
index value endpoints were computed from a half log scale (see text for 
endpoints) and absolute mite densities were detelmined from hen carcasses 
digested with potassium hydroxide (modified Cook's technique). 
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visually distinguish between individual mites on heavily infested birds. A practical 
visual index could be established using a log scale as a base with the division 
endpoints rounded off. Divisions at the lower end of the scale (l through 5) are 
important for their separation since mites on an infested hen can be counted 
individually up to at least 100. 
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ABSTRACT 

A series of field studies were conducted from 1976 to 1978, and in 1987 to establish 
optimum timing of insecticide and fungicide applications for control of the major direct pests 
on staked tomatoes in western North Carolina. Damage inflicted by the tomato fruilworm, 
Heliothis zen (Boddie), ranged from 3.5% in 1977, to 17.0% in a late planting in 1987. The 
application interval necessary for maximum protection was dependent on the time of H. zea 
night activity in relation to crop development. and the insecticide applied. Insecticides 
applied at JO to I5-day intervals provided adequate control on early planted tomatoes; 
however, late planted tomatoes, which mat.ured during intense H. zea night activity, required 
a 5-day int.erval for maximum protect.ion. Black light trnp catches during an II-year period 
from 1976 to 1987 showed that H. zea nights were unpredicatble in both t.ime of occurrence 
and intensity, but were generally most intense during August and September. The highest 
level of early blight (Alternaria solam] control was attnined with a fixed, season-long S-day 
fungicide application intervlll, regardless of disease incidence \..·hich ranged from 5.1% (1978) 
to 46.0% (1977) infected fmit in untreated plots. Fmit dnmnge due to latc blight (pjl)tophthom 
i"festa"s) in untreated plots ranged from 1.4% (1978) to 38.6% (1976); however, late blight 
was easily controlled in nil years with II lO-day fungicide application interval. 

Key Words: Pest mmlagemcnt, tomnto. pest.icides. 

J. Agric. Entomol. 6(3): l59-168 (July 1989) 

Staked tomatoes are n major agricultural commodity in the southern Appalachian 
Mountain region of western North Carolina (\VNC). The crop is grown predominately 
as a fresh market vine·ripe product; hence, fruit damage of any kind is unacceptable. 
In the coastal plain region of North Carolina, where tomatoes are grown for 
processing, He/iothis zea (Boddie) is the primary insect problem, while Colleoln'cJlUm 
and Allernan'a spp. are t.he primary disease agents (Kennedy et at. 1983). He/iot-his 
zea is also the major insect pest of tomatoes in \oVNC, but Alternaria solani (Ell. 
and G. Martin) Sor., Phylophthora infestans (Mont.) de Bary and Bolrylis cinerea 
Fr. are the major pathogens of tomatoes in WNC due to the cooler and more 
humid climatic conditions associated with the higher elevations (Sorensen and 
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Fletcher. NC 28732. 
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Shoemaker 1979). Hence, insect and disease control strategies are centered around 
these pests. 

The use of insect damage threshold levels to dictate pesticide applications on 
processing tomatoes is feasible because processors will accept a small percentage 
of insect damaged fruit (Lange and Kishiyama 1978). However, any damage to fruit 
grown for fresh market represents a direct loss in yield, and in t.he absence of 
effective guidelines for insect control prior to the occul'I'cnce of damage (Zalom et 
al. 1986), preventive control measures mllst be employed. Reported here are the 
results of a series of studies designed to determine the appropriate timing of 
standard insecticides and fungicides for the major direct insect and disease pests 
of tomatoes in westcrn North Carolina. 

MATERIALS AND METHODS 

Experiments were conducted at the Mountain Horticultural Crops Research 
Station in Fletcher, NC. Five-week-old greenhouse-grown transplants were used 
for all tomato plantings. With the exception of insect and disease control, standard 
production practices for trellised tomatoes in westem North Carolina were followed 
(Konsler and Shoemaker 197i). A black light trap « 0.5 km From tomato plots) 
was used to monitor H. zea moth flights from 1976 to 1987. Fixed 5- and to-day 
spray intervals were modified to avoid weekend spraying (i.e. 5·day sprays were 
applied on a Monday, Friday, 'Wednesday. Monday ... schedule and averaged 4.7 
days, and 10-day sprays were made every other 5-day period and averaged 9.3 
days between sprays). 

/976. Transplants (cv. Walter) were set 0.61 m apart in rows 1.52 m apart on 7 
June. Treatments were applied to plots seven rows wide by 7.3 m long, which were 
separated from adjacent plots by 7.6 m of fallow ground. Experimcntal design was 
a randomized complete block design with three replications. Experimental treatments 
consisted of fungicides applied from 16 June to 22 September on a fixed, season
long modified 5-, 7· and lO·day application interval for a total of 22, 16, and 11 
applications. respectively. Two additional fungicide treatments included a 5-day 
early season interval (prior to fruit harvest from 16 June to 2 August) switching to 
a lO·day late season interval (during harvest from 1 August to 22 September), and 
a lO-day early season/5·day late season interval; these treatments received a total 
of 16, and 17 applications. respectively. All fungicide treatments received the same 
fungicides, anilazine (0.60 g a.i./l) + mancozeb (0.96 g a.i./l) pl'ior to harvest and 
chlorothnlonil (1.80 g a.i.!!) during harvest. Insect control was obtained in the 
fungicide treatments by maintaining a season-long modified 5-day spray interval of 
carbaryl alternated with endosulfan. 

Insecticide treatments consisted of a fixed, season-long modified 5 and to-day 
applicat.ion int.el,'al of carbaryl (1.92 g a.i.lIl alternated with endosulfan (1.28 g a.i.II). 
An additional treatment was included where sprays were applied based on an insect 
monitoring program, and included insecticides applied for flea beetles (dimeilioate at 
1.28 g a.i./I) when damage to foliage exeeded 10% (9 June). for potato aphids 
(endosulfan at 1.2 g a.i.ll) when populations reached five colonies/plants (20 August). 
and for H. zea 1 wk after 20 moths/night were caught in the black light trap 
(endosulfan at 1.28 g a.i.1I on 3 August, and carbaryl at 1.92 g a.i.1I on 3 September). 
In addition, anilazine + mancozeb (preh8lvest) and chJorothalonil (during h8lVest) were 
applied to all plots on a season·long modified 5-day schedule to control diseases. 
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All insecticide and fungicide applications were made with a John Blue sprayer 
equipped with nine hollow-cone (D2-23) nozzles/row (Spraying Systems Co., 
Wheaten, IL 60187) utilizing a drop boom (four nozzles spaced 30.5 cm apart on 
each side of the row and a single overhead nozzle) operating at 17.54 kg/cm2 (250 
psi). Tank mix concentrations were kept constant with spray volumes increasing 
from beginning to end of season to maintain uniform coverge on growing plants. 
Therefore, early in the season three nozzles (one on each side and one overhead) 
deliveling 347 Ilba (37 gpa) were directed on small plants (ca. 30 em high). As plants 
grew, pairs of side nozzles were added so that by mid-season nine nozzles deliveling 
1,041 I/ha (111 gpa) were used at full plant height (ca. 100 em). Plots were monitmed 
weekly for insect and disease pressure by counting the number of early and late 
blight lesions, and potato aphids on five plants/treatment. Maturc fruit were 
harvested weekly from 11 August to 27 September by removing nil mature fruit 
from the middle row of each treatment. Fruit were classified into marketable and 
culls, and culls were further distinguished into percent with early blight (EB) and 
(LB) infection and Heliothis damage_ Data were subjected to analysis of variance 
and means were separated using Duncans (1955) multiple range test (P < 0.05). 
Percent damaged fruit data were transfonned using arcsine .;x plioI' to analysis. 

/977. Plot design and pesticide application equil>ment were the same as in 
1976, except plots were five instead of seven rows wide, and there were four 
instead of three replications, and plants were set on 24 May. Treatments wel-e 
similar to those in 1976, except for the insecticide monitoring treatment which 
received five applications of insecticides; cm'bal)'1 for flea beetles on 8 June, 
dimethoate for potato aphids on 7 July, endosulfan for flea beetles on 20 July, and 
methomyl (0.13 g IAJIII) + Bacillus thuringienses (0.02 BIU/!) for H. zea on 3 and 
12 August. Also, the IO-day early season/5-day late season fungicide treatment was 
eliminated. Treatment applications were begun on 30 May and ended 22 August. 
The 5-, 7-, and lO-day lixed treatment schedules had 18, 13, and 9 total applications, 
respectively, and the 5-day early IIO-day late season fungicide treatment had 16 
applications. Mature fruit were harvested weekly from 29 July to 30 August from 
the middle row of each treatment. Percent markelable and damaged fruit were 
recorded and analyzed as in 1976. 

/978. Plot design and application equipment were the same as in 1977, except 
that 0.038 mm thick X 1.2 m wide black plastic mulch was laid on bedded (20 cm 
X 0.9 m) rows prior to setting transplants (cv. Flora-Dade) on 26 May. ]n addition 
to the season-long (2 June to 11 September) 5, 7, and lO-day application intervals 
of anilazine + mancozeb (preharvest) and chlorothalonil (during harvest), chiaro
thalonil was evaluated as full season treatments at 1.8 and 3.68 g a.i.!1 on a 5- and 
LO-day schedule, repectively. 

]nsecticide treatments remained the same as in 1977, except that methomyl 
(0.50 g 0.1./1) + B. thuringienses (0.02 BIU/I) was evaluated on a 10-day schedule, 
and the monitoring treatment received endosuJfan for flea beetles on 2 June, 
dimethoate for potato aphids on 14 July, and methomyl + B. thuringien.ses for H. 
zea on 30 August. Treatment applications began 2 June and ended 8 September, 
with 21, 15 and 11 applications for the modified 5-, 7~, and lO-day fixed schedules, 
and the insecticide treatment based on insect monitOling received three applications. 
Mature fruit were harvested weekly (3 August to 14 September) from the middle 
row of each treatment. Percent marketable and damaged fruit were recorded and 
analyzed as previously described. 
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1987. An early (26 May) and late (26 June) planting of tomatoes (cv Mountain 
Pride) were incorporated into the study. Single row plots (6.1 m long) were 
arranged in a RCBD with four replications; treatment rows were separated by an 
untreated row. \Vithin each planting, b"eatments consisted of esfenvalerate (0.028 
kg R.Uha) applied on modified 10 and i5-day intelval, and alternating applications 
of endosulfan (1.12 kg a.i.lba) and carbaryl (1.79 kg a.i.lba) on a modified 5-, 10-, 
and I5-day interval. Insecticide treatments were applied to the first planting from 
15 June to 7 September (19, 10, and 7 tOUlI applications in the 5-, 10-, and 15-day 
interval treatments, respectively), and in the late planting from 15 July to 30 
September (16, 8. and 5 total applications in the 5-, 10-, and I5-day interval 
treatments, respectively). All insecticides were applied using a C02 pressurized back
pack sprayer operating at 4.2 kg/cm2 pressure and delivering 467-1,169 l/ha (volume 
increased as plants grew) tluough nine hollow cone nozzles (D3-23) per row. Mature 
fruit were harvested weekly from the center of six plants of each row from 29 July to 9 
September (early planting) and from 26 August to 23 September (late planting). Per
cent marketable and damaged fruit were recorded and analyzed as previously described. 

To determine the residual activity of esfenvalerate, endosulfan, and carbaryl 
under field conditions, field-treated leaves (terminal leaflets on last fully expanded 
leaves) were collected at 4, 7, 10 and 14 days after an application of materials on 9 
August, and tested for activity against neonate H. zea larvae. Individual leaves 
were placed on moist filter paper in petri dishes (90 mm X 15 mm), and 10 
neonate larvae were placed on each leaf. Petri dishes were wrapped in parafilm to 
maintain humidity, and dishes were examined for larval mortality 72 h after the 
bioassay was initiated. Twenty leaves from each treatment (five per replicate) were 
tested, and data were expressed as percent mortality. Prior to ANOVA, percent 
mortality values were transformed to acrsin v'X. 

RESULTS AND DISCUSSION 

1976-1978. Diseases generally had a greater innuence on marketable yield than 
did H. zea, with the longer interval treatments producing fewer marketable fruit 
than the shorter interval treatments. Between the diseases, LB was more easily 
controlled than Ell. All fungicide treatments essentially eliminated LB fruit 
damage despite relatively intense pressure in 1976 and 1977, when nonfungicide 
treatments had 38.6% and 19.5% infected fruit, respectively. (Table 1). 

Five-day fungicide applications were the most effective strategy for controlling 
EB. Preventing EB from becoming established early in the season also appeared 
to play an important role in obt.aining season-long control of this disease. This is 
illustrated by the data from 1976 and 1977 when excellent EB control was 
obtained with a 5-day interval followed by a 10-day interval (Table 1). The fact 
that percent EB infected fruits were greater with a 10-day early/5-day late 
schedule and season-long 7- and lO-day schedules, suggests that a minimum 5-day 
schedule is essential early in the season. Efforts to lengthen the application 
interval to 10 days by doubling the rate of chlorothalonil resulted in an increase of 
EB infected fruit, although these differences were not significant (Table 2). 

Heliothis damage was low from 1976 to 1978, with the highest level of damage 
occurring in 1976 with only 7.2% damage. A season-long lO-day application interval 
was just as effective as a season-long ii-day interval under these levels of H. zea 
pressure (Tables 1 and 3). However, altemating applications of carbaryl and 



T_ble 1. Percent marketable fruit (mkt), early blight (EB), I_te blight (LB) and Hellothis (Hel) damaged tomatoes (cv. Walter) 
resulting from various fungicide and insecticide management programs, Fletcher, NC. 

Application Schedule' 1976 t	 1977 ,.
Fungicide Insecticide %Mkt %EB %LB %Hel %Mkt %EB %LB %Hel "" t""' 

5-d_y 5-d_y 79.6_ !.l_ 0.0 1.9_ 60.9_ 3.0_ 0.0_ 0.5_ '" z '" ,.'" 7-d_y 5-d_y 79.0ab 3.4_b 0.0 45.6bc 9.0_ 0.0_	 <:l 
::I: 

1O-d_y 5·day 68.4ab 10.7bc 0.0	 36.0c nOb 0.1_ '" i"
5-early 5-d_y 78.8_b 2.4_ 0.0	 54.4_b 2.0_ 0.0_ S'•

1O-1_te	 0 

'",0
c. 

1O-e_r1y 5-d_y 75.4_b 4.4_b 0.0 ".v
5-I_te	 0

0 

•0 

;:
none 5·day 30.6c 14.6c 38.6b	 22.5d 46.0c 19.5b ,•

•'" 5-d_y 1O-d_y 78.5_b 1.6_ 0.0 1.3_ 57.0_ 2.0_ 0.0_ 0.7_	 0 

3 
0 

~ 
5-d_y monitoring 68.3b 1.3_ 0.0 5.3b 53.1_b 2.0_ 0.1_ 0.3_ 0, 

:;l
5-d_y none 71.0_b 1.0_ 0.0 7.2c 43.4c 2.0_ O.Oa 3.5b 

•3
• See text for description!! of fungicide and insecticide treatments. EO 
t Number!; in the same column followed hy the same letter are not significantly different by Duncan's (1%5) multiple range test (P < 0.05). •0 

0; 
~ 
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T_ble 2. Percent marketable fruit and disease infected tomatoes treated with
 
various fungicide management programs. Fletcher, NC 1978. 

Application % % Damage 

Fungicide schedule marketable t 
fruit 

early blight late blight 

mancozeb + anilazine *. 
chlorothalonil 

5-d_y 82.0_ 0.8_ 0.0_ 

mancozeb + anilazine*, 
chlorothalonil 

7-day 84.6a 1.2a O.Oa 

mancozeb + anilazine*, 
chlorothalonil 

to-day 84.5_ 4Abe O.Oa 

chlorothalonil 
(1.8 gil) 

5-d_y 87.7a 0.7_ 0.0_ 

chlorothalonil 
(3.6 gil) 

10-day 76.3a 2A_b 0.0_ 

none 76.8a 5.le lAb 

•	 All fungicide treatments received fixed 5-day insecticide applications (alternating carbaryl and endo
sol fan). 

t Numbers in the some column followed by same letter lire not significant.ly different by Duncans (1955) 
multiple range test (P<O.05).*Treutment9 consisted of monzatc + unilazine prior to hnrvest, and chlorolholonil during harvest. See 
text for rates used. 

Table 3.	 Percent marketable fruit and Heliothis damaged tomatoes treated with 
various insecticide management pl'ograms. Fletcher, NC 1978. 

Application % marketable t % Heliothis 
Insecticide· schedule fruit 

carbaryl/endosulfan t: 5-d_y 82.0_ 1.4ab 

carbaryl/endosulfan t: lQ-d_y 86.2_ 2.3b 

methomyl + lO-day 90.1a 004_ 
B. thuringienses 

earbaryl/methomyl/§ monitoring 86.1a 1.2_b 
dimethoate 

untreated	 82.0a 7.0e 
•All insecticide treatments received fixed 5-day fungicide applications (mllllcozeb + anilazine prior to 

harvest and chlorothlllonil during harvest). 
t Numbers in the same column followed by the slime leiter llre not significantly different by Duncans 

(1955) multiple runge test. 
~ Treatments con.'\isted of alternating appLications or cnrlmryl wld endosulfan on a 5 or Io-doy schedule. 
§ The monitoring !lchedule con!listed of applications of carbaryl on 2 June. dimethoate on 14 July, and 

melhomyl + 11. tll/J.ringienses on 30 August.. 
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endosulfan were not as effective as tank-mixes of B. thuringienses + methomyl 
when applied at lO-day intervals in 1978. Thus, the choice of insecticide becomes 
more important when application intervals are extended beyond five days. 

Although Heliothis damage was higher in the monitoring treatment than in 
either the 5 or lO-day interval treatments in 1976, the monitoring treatments 
provided excellent control in both 1977 and 1978. Over the three year period, the 
monitoring treatments reduced the number of insecticide applications by an 
average of 16 and six applications/season compared to the season-long 5 and 10
day interval treatments, respectively. Thus, improved timing of insecticide applications 
by monitoring for H. zea could potentially result in a significant savings in 
insecticide cost and environmental contamination. 

1987. Heliothis damage was considerably higher in'the untreated control of the 
late planting (17.0%) compared to the early planting (7.3%) (Table 4). The higher 
level of damage in the late planting coincided with increased H. zea black light 
trap counts (Fig. I). The importance of the frequency and type of insecticide 
applied for Heliothis control was again evident. With alternating applications of 
carbaryl and endosulfan. a significant increase in damage occurred in the early 
planting with application inteIVals were increased from 5 to 10 days (Table 4). This 
is in contrast to the excellent control obtained with both the 10 and I5-day 
intervals of esfenvalerate. However. the 5-day carbarYllendosulfan treatment was 
more effective on the late planting of tomatoes which matured during the most 
intense H. zea flight periods. although these differences were not significant. 

Table 4.	 Percent Heliothis damaged nuit on tomatoes (cv. Mountain Pride) treated with 
insecticides applied on different application schedules. Fletcher, NC 1987. 

esfenvalerate 10-day 1.7a 6.3ab 
esfenvalerate 15-day 2.0a 4.3a 
carbaryl!endosulfan t 5-day 2.3a 1.7a 
carbaryl!endosulfan:l: 10-day 4.1b 8.6ab 
untreated 7.3c l7.0b 
•	 All trelltmcnls receivcd fixcd 5-day fungicidc applications (mollcozeb + anilazinc prior to harvest and 

chlorothalonil during harvest). 
t Numbers in the same column followed by the same letter are not significantly different by Duncans 

(1955) multiple range test (P = 0.05). 
t Treatments consisted of alternating applications of carbaryl and endosulfan on a 5- or H)·day schedule. 

The differential effectiveness of insecticides when applied at 5, 10, or I5-day 
application intervals can be correlated to the residual activity of each chemical 
against H. zea larvae. When neonate laIVae were exposed to leaves sprayed with 
esfenvalerate in the field, larval mortality exceeded 95% up to 7 days after 
application, while the activity of carbaryl and endosulfan decreased more rapidly 
(Fig. 2). Esfenvalerate continued to exhibit activity up to 14 days post application 
(74% mortality). Endosulfan was slightly more persistent than carbaryl. indicated 
by the significant activity of this material at 10 days post application. This 
apparent shorter persistence of carbaryl may explain the increased fruit damage 
associated with the lO·day carbaryllendosulfan treatments obsetved in field studies in 
1978 and 1987. 
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Fig. 1. Weekly black light trap catches of H. zeo at F1etcher. NC. from 1976· 1987. 
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Fig. 2.	 Mean % mortality (..± SEM) of Heliothis zea neonate larvae on leaves 
treated in the field with various insecticides prior to larval exposure. 

Heliothis	 zea Black Light Trap Catches 
Although it is difficult to make inferences about H. zea population dynamics 

based on black light trap catches, our data suggest that H. zea completed two or 
three generations in westcrn North Carolina in 1979, 1980, 1982, 1983 and 1.984 
(Fig. L). This is in contrast to eastern North Carolina, where temperaturcs are 
considerably warmer than in the western region and four to five fairly distinct and 
predictable generations occur, primarily due to the favorable climate for over
wintering pupae and the synchrony of host plant availability (Stinner et aL )977). 
The more harsh winters associated with the higher elevations in western North 
Carolina arc not as conducive to survival of overwintering pupae, and may account 
for the failure to detect adults prior to early June in most years. The single 
extended nights observed in L976, 1977, 1978, and 1985 are more indicative of an 
immigrant population than a resident population. Thus, adult immigration from 
southern states may be more important in initiating H. zea populations in western 
North Carolina than the emergence of a resident ovelwintering population. 

CONCLUSION 

The above studies support the necessity to apply protective fungicide applications 
(either mancozeb/anilazine or chlorothalonil) at fixed 5·day intervals to prevent the 
establishment and progress of tomato early blight in western North Carolina. In 
early or main season crops, fixed lO-day application schedules of B. thuringienses 
+ methomyl, or 15-day esfenvalerate applications, were just as effective as 5·day 
applications for H. .lea. However, for late planted crops, when H. .lea activity is 
more intense, 5-day applications were necessary. Basing insecticide applications on 
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adult H. zea flight activity could significantly reduce insecticide applications. 
However, due to the unpredictability of H. zea flight patterns in western NC t it is 
important that season-long preventive insecticide applications be employed for 
commercial tomato plantings if black light traps are not used to closely monitor 
adult activity. 
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ABSTRACT 

The innuencc of temperature and food on longe.... ity (lnd fecundity of unmated male and 
female Coccophagus lycinmia (Walker), a primary parasiwid of Coccus hespcridum L., was 

investigated in the laboratory. Unmated male and female C. lycinmia ' ....ere maintained at 
three constant temperatures (17, 22, and 2rC) on two food diets (honey + water and water 
alone). Both males and femnles lived longer at 17°C with honey and waler than ..\;th water 
alonc. Females lived longer than males at all lemperntures and diets evaluated. Male and 
female longcvity was lowest lit 2rC and highest at 22 nnd 17° C. respcctivcly. 

Fecundity of mated female C. /ycinmill was also dctennincd at 27° C. r\'latcd femalcs laid 
an average 01" 5.6 (0·22) eggs/day and lived 12.6 days (1-31) at 27° C wilh II diet of honey and 
water. 

Key Words: Insecta, COl:COp}wgus lycimnia, parasiloid, COCCWi hesperidum, scale. 

J. Agric. Enlomol. 6(3): 169- L74 (.July 1989) 

The brown soft scale, Coccus hesperidwn L., is a common pest of ornamentals 
and commercial citrus, especially those grown in greenhouses. Heavy infestations 
by this species cause damage by extl'action of sap und production of honeydew 
that accumulates on the host plant and provides a substrate for development of 
sooty mold. These conditions not only result in commercially unacceptable fruit, 
but if left unt.reated, may eventually kill the host. plant. 

Mated females of Coccophagus lycimnia (Walker) are primary endoparasit.oids 
of the brown soft scale (Gordh 1979), while unmated females are secondary 
ectoparasitoids of I>nmmy parasitoid Imvae. Similar arrhenotokous development com· 
monly occurs in other sl>ecies of Coccophagus (Cendana L937, Flanders 1937, 1967). 

Although C. lycimnia was reported to be a major parasitoid attacking several 
coccid species, including brown soft scale in citrus groves, little of its biology is 
known (Flanders ]937, Reed et al. 1968, Ruben and Beirne L975, Gordh 1979). We 
report herein the longevity and fecundity for the adult C. lycimnia in association 
with the brown soft scalc. 

MATERIALS AND METHODS 

Host and Parasitoid Colony Maintenance: A reservoir colony of the brown soft 
scale was reared on watennelons, Citrullus vulgaris Schrad, in an insectary 
located on the University of Tennessee Plant Science Farm, Knoxville. TN. 
Procedures used were similar to those described by Reed et al. (L968) except for 
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rather than "dusting" the collected first instal'S onto fern plants, Asplenium nidus L., 
they were allowed to crawl onto their host plants. The "dusting method" resulted in 
inadequate attachment and high mortality of the brown soft scale crawlers. 

Adult parasitoids were confined to a separate plexiglas chamber (20.5 cm3) and 
provided honey and water. Honey was streaked across the underside of the petri 
dish lid and placed inside the chamber. A glass vial (35 X 15 mm) containing 
distilled water, plugged with cotton and covered with fine mesh nylon, was also 
placed inside the chamber. Scale and parasitoid colonies were maintained in an 
environmentally controlled insectary room at 27 ± 2° C, and 60 ± 10% RH with a 
photoperiod of 16:8 (L:D). 

Longevity, Ovipositional Behavior, and Fecundity: Longevity of virgin male and 
female C. lycimnia was determined in enviromnental chambers at tlu'ee temperatures 
(17, 22, and 270 C ± 5) ilnd two diets (honey + water and water alone). Each 
ternperatw'e and diet was replicated 10 times. Each adult parasitoid «24-hour
old) was placed into a petri dish (40 X 15 mm) lined with filter paper (40 mm) and 
supplied with the appropriate diet. The petri dish was then placed in the 
respective temperature chamber. 

Host selection and ovipositional activity were recorded from observations on a 
population of parasitoids maintained on brown soft scales established on ferns in 
the greenhouse. Time periods for antennal drumming, oviposition and feeding were 
recorded for 24 specimens. Fecundity of viTgin female C. Jycimnia was determined 
under laboratory conditions by excising frond sections (2.5 cm'l) of infested ferns, 
each infested with ca. 70 scale insects, and placing them in a petri dish (60 X 15 
mm). Four 24-hour-old virgin females and four 24-hour-old virgin males were 
placed into each dish. Each frond section was removed and replaced every 24 
hours with another scale-infested section until the death of all females. Hosts were 
removed from the frond section and dissected in Ringer's saline, and the number 
of parasitoid eggs recorded. The experimental design was a randomized complete 
block consisting of two blocks with three replicates. Data were subjected to 
analysis of variance (ANOVA) using the SAS general lineal' models procedure 
(SAS 1985). 

RESULTS AND DISCUSSION 

Longevity: Longevity of virgin male and female C. lycimnia increased as 
temperature decreased (Fig. la, b). Unmated females lived longer than males at all 
temperatures and diets tested. This difference was most pronounced at 17°C ' .... ith 
a diet of water and honey (Fig. la) where males and females lived 22.9 (15 - 32) 
and 52.2 (36 - 64) days, respectively. The phenomenon of females outliving their 
male counterparts is known to occur in several other Coccophagus spp. (Cendana 
1937, Donaldson et al. 1986). 

The diets evaluated appeared more important to the survival of C. lycimnia 
than temperature. As expected, males and females at all temperatures lived less 
than a week when provided a diet of only water (Fig. 1b). However, when provided 
water and honey, both males and females lived an average of 6 (4 - 8) times longer 
than those provided water alone. Also, the life span of females increased more than 
twice that of their male counterparts when provided honey and water. 

Ovipositional behavior: When a potential host was located, the mated female of 
C. lycimnia paced back and forth on the dorsum of the brown soft scale constantly 
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tapping her antennae on the host's waxy test in an alternating fashion, This 
pattern occurred 1 to 15 times before the parasitoid oviposited or moved to 
another scale insect host. Upon finding an acceptable host, the parasitoid positioned 
her antennae and abdomen downward before inserting her ovipositor into the host. 
The host would often evert its anal plates and eject a droplet of honeydew in 
response to the attack. Once the parasitoid's O\'ipositor was inserted, the probe 
lasted an average of 15 (3 - 93) seconds. After completion of egg deposition, the 
parasitoid began to search for another scale, but occasionally stopped to feed on 
the hemolymph exuding from the wound or honeydew on the anal plates of the 
host. Coccophagus lycimnia deposited her eggs almost exclusively in the filter 
chamber of C. hespen'dum (Fig, 2), Those eggs found in the hemolymph were 
always encapsulated. Although as many as three eggs were found in a single host, 
only one parasitoid successfully developed to maturity in that host. 

Fecundity: Mated female C. lycimnia produced a mean of 5.6 (0 - 22) eggs/day 
and lived a mean of 12.6 (1- 31) days at 27° C (Fig. 3). The highest numbers of 
eggs were deposited during the first two weeks of the parasitoid's life. The number 
of eggs deposited daily varied considerably over the life of the parasitoid. For 
example, one parasitoid laid 22 eggs in one 24 hour period. but deposited only 
three eggs in the following 24 hour period, Erratic egg deposition occurred over 
the entire life of the parasitoid. This behavior was also reported for C. gurneyi 
Compere (Cendana 1937), which was found to oviposit as many as 67 eggs in two 
days, then not oviposit again for three days, 

Several behavorial traits demonstrated by C, lycminia were found to differ 
slightly from those of some related species. Although a similar ovipositional 
behavior has been reported for several aphelinid species, some species are Quite 
selective in the ovipositional site they choose while others select the general region of 
the gut or haemolymph, For example, the females of C. lycminia appear quite 
selective in ovipositing into the filter chamber while C. basalis Compel'e specifically 
oviposit into the subesophageal ganglion (Flanders et aJ. 1961). Conversely, C. 
semicircularis (Foerster) and C, atmtus Compere oviposited into either the midgut 
or the haemolymph with immatures capable of developing successfully in both 
areas (Donaldson et a1. 1986, Jarraya 1975). Eggs deposited in the haemolymph by 
C. Iycminia appear to have been done so by accident as none developed to 
maturity. A similar condition was reported for C. caridei by Flanders (l959). Also, 
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Fig. 2.	 Egg of Coccophagw; lycimnia located in filter chamber of Coccus hesper
idum. 

females will feed on either haemolymph from wounds or honeydew exuded by the 
host providing them with a food source range that may be an important factor for 
an extended longevity in the parasitoids. 

One interesting observation made that may impact on the usefulness of the 
parasite as a biocontrol agent was that superparasitism occurred in 9.7% of the 
scales parasitized. Ironically. a similar parasitism level is known to occur for at 
least two other species in the genus, C. cardi (Brethes) and C. basilis Compere 
(Flanders 1952, Flanders et al. 1961). 
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ABSTRACT 

The spatial microdistribution of immature Culicoides l.lan"ipclInis within the mud of 8 

littoral habitat was examined at 4 hr intervals throughout a 24-hr period. Pupal and early 
instars did not move from designed zones (ca. 10 em above shoreline and shoreline, 
respectively). Luter instars accounted for the majority of die! movement. This movement was 
horizontal in nature, being restricted to the top 2 em of mud. Although much of the lat.e 
instar larval population remained at shoreline throughout the 24·hr period, over 50% moved 
offshore during the daylight hours. At night, 75% of the late instar larvae aggregated at the 
shoreline. ThiR movement did not correlate with diel changes in substrate temperature. 
Examination of larval guts revealed that feeding at the shoreline location occurred mostly 
during the night, with little shoreline feeding occurring during midday. 

Key Words: Cu/icoides van'ipetlflrs, diel microdistribution. 

J. Agric. EntomoJ. 6(3): 175-182 (July 1989) 

Many insects display diel periodicities with respect to their activity patterns. 
The night and feeding activities of most Culicoides adults occur during crepuscular 
or nocturnal periods (Nelson and Bellamy 1971, Kettle 1977, Barnard and Jones 
1980a, Kline and Jones 1982). Quantitative information regarding the diel activity 
patterns of the immature stages is scarce. Barnard and Jones (198Gb) reported 
that during the summer months in northeastem Colorado, USA, most C. uan'ipennis 
larvae inhabited the surface cm of mud at or just below shoreline. Shifts in the 
relative abundance of larvae during the 24 hI' period were horizontal with respect 
to the shoreline and little vertical movement of lalvae into the substrate occurred. 
Larvae displayed greatest dispersion during the daylight hours. Pupae were only 
found at or slightly above the shoreline. In contrast. Linley and Adams (1972) 
noted little horizontal movement within the substrate of Culicoides melleus larvae, 
8 species inhabiting estuarine sand. Larval movement was vertical. Late instar C. 
melleus larvae tended to migrate downward into the sand as the day progressed 
from moming (1030) to afternoon (1530) and vice versa as the aftemoon (1530) 
approached dusk (1900). They attributed this vertical movement within the sand to 
progressive changes in light and temperature. Although microdistribution of C. 
uan'ipennis immatures within our study pond at Saltville, Virginia, USA changed 
throughout the year, during the summer months imrnatures were generally confined to 
the surface mud near shoreline (Vaughan and Tumer 1987). But even during 
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summer, changes in microdistribution occurred as the result of heavy rains 
(unpublished data). Preliminary sampling at, this pond indicated that during 
habitat flooding, bouyant pupae were washed far beyond their original location 
with rising waters, where they remained after the water receded. Larvae occupied 
their original position during habitat inundation but within a few days, moved up 
towards the new shoreline. The objective of the present studies was to determine 
diet microdistJibution during periods of relative habitat stability. Therefore, studies 
were undertaken only after periods of no rain when the pond had drained and 
settled. This report describes fluctuations in the microdistribution of immature C. 
uariipennis over the 24·hr period and analyzes potential factors contributing to the 
lluctuations. 

MATERIALS AND METHODS 

Study Site. Studies were conducted at II single brine pond within the Saltville 
basin (36°52'N, 810 48'W) (Vaughan and Tumer 1987). Prelimary sampling throughout 
the basin indicated that this pond was a major breeding site for C. variipennis in 
the area. Several months before initiating larval sampling, two catwalks extending 
outward ca. 6 m into the water were constructed to aid in sampling. The 
gangplanks were removable and were put. in place only during actual sampling in 
order to avoid habitat shading which could lead to sampling bias (rYIullens and 
Rodriguez 1985). 

Larval Sampling. Sampling was conducted at the littoral edge of the pond at 4 
hr intervals throughout a 24·hr period. Two studies werc undertaken during 
successive years. An intital study conducted 011 26·27 July 1983 (Study 1) examined 
both horizontal and vertical micl'Odistribution of larval and pupal C. variipenflis. 
Three horizontal distances (shoreline, 10 cm above, and 10 cm below) were 
sampled with a val'iable·depth sampler (Vaughan and Tumer 1987) which partitioned 
the mud sample into foul' vertical depths (0-1 cm, 1-2 em, 2-3 em, and 3-5 em). 
Samples were replicated four times and between sampling intervals, samples were 
returned to an on-site laboratory for processing. Insects were extracted from the 
mud samples using the salt·l1otation technique of Boreham (1981). enumerated 
and age-graded according to head capsule width. 

Results from Study 1 indicated that late ins tars accounted for the majority of 
diel movement within the habitat and that most of the movement was horizontal 
rather than vertical. Therefore in a more detailed study conducted the following 
year (Study 2; 17-18 August 1984), we sampled only the lop 2 cm of mud, 
examining only third and fourth instars but increased the horizontal sampling to 
six distances; 40 cm above shoreline. 20 em above shoreline, 20 em below 
shoreline, 40 cm below shoreline, and 60 em below shoreline. Each sample was 
replicated foul' times, making a total of 144 samples (6 horizontal X 6 four-hour 
intervals X 4 replicates). Lmvae were extracted as before. Because we wanted to 
determine diel periodicity in lalval feeding, extracted larvae were narcotized 
immediately in carbonated water to avoid regurgitation and defecation by the 
larvae which often accompanies violent death in ethanol. Larvae were later 
transferred to 70% ethanol to be counted and age-graded. 

Physical and Biological Measurements. For Study 2, data were simultaneously 
gathered concerning factors which may have contributed to diel shifts in larval 
microdistribution. These included; temperature. light, food availability and larval 
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feeding. Temperature of the surface mud was measured with 8 hand-held thelmometer 
at each location and time. Ambient light intensity was measured for each time 
interval with a Li-Cor Photometer (Model L1-185). Prior to larval extraction, a few 
drops of slurry from each sample was withdrawn and examined microscopically. 
Relative abundance of microorganisms observed per field for 15 sec was recorded. 
Four fields were observed per slide and microorganisms were categorized as 
protozoans (including phytonagellates), diatoms, filamentous algae, rotifers and 
others (e.g., spirochetes, blue-green algae, etc,). After sampling was complete a 
subsample of ethanol·preserved larvae (12·125) from each location and time were 
cleared in 10o/r.\ KOH solution and examined for presence of a food bolus (comprised 
primarily of ingested substrate) and larval feeding frequencies were determined. 
The maximum time elapsed between actual sampling and narcotization was 4 hI'. 
Since it is not known how long it takes for food to pass through the alimental)' 
tract of C. uwiipennis lalvae, an experiment was performed to estimate larval gut 
retention times following salt-extraction. Field-collected late instal' lalvae were 
kept in natural substrate in a refrigerator (i.e., darkness) for 1 wk to reduce 
micronoral abundance without hanning the insects. Upon warming, a diatom/algae 
culture was added to the substrate. Larvae were allowed to feed for 24 hr, then 
extracted. Larvae were kept under starvation in tap water (25 0 C) and at half-hour 
intervals were removed, narcotized. cleared in I<OH and examined for food. 

Data A1lalyses. Larval count.s were transformed (log 0+ 1) and analyses of 
variance were performed to test for the effect of time. location and replication on 
larval density. Means were separated using Duncan's Multiple Range Test (p < 0.05). 
[ndices of dispersion for each sampling time were calculated (Andrewartha 1961, p. 
210) assuming that "shoreline" was the focus of dispersion. Larval feeding fre· 
quencies were subjected to Chi-square analysis to det.ermine if the obselved 
fTequences at a particular locat.ion changed signficantly (p = 0.05) over time. 

RESULTS 

Study 1. Pupae were localized above shoreline in t.he top em of mud and did 
not move from this region during the 24-hr period despite widely ranging substrate 
temperatures (I3· 34 0 C). Likewise, 1st and 2nd ins tar Icllvae were localized in the 
top em of mud at 10 em above shoreline, although 2nd instal'S displayed a slight 
tendency to move towards the water during the daylight hours (0730 - 1130). l\'lost 
likely this pattern of microdistribution can be attlibuted to the minute size of the 
younger instal'S (hence limited mobility) and the apparent placement of eggs by 
parent females within this zone. The larger, more mobile 3rd and 4th instal'S 
accounted for most of the diel migration. Movement WIlS ho,·izontal, being confined 
to the top 2 em of mud. Late instal'S aggregated at the shoreline and above during 
the night but moved out under the water during t.he day. Indeed, at lI30 - 1530 
numbers of 4th instal'S were very low, suggesting that many may have ventured 
offshore beyond the sampling area. The detailed data are presented in a symposium 
proceedings (Vaughan and Tumer 1985). 

Study 2. Mean numbers of late instal" larvae for each time and location are 
presented in Table L Throughout the 24-hr pcriod, a large percentagc of the 
population rcmained at the shoreline. Nevertheless, subtle shifts occurred in the 
distribution. Larvae dispersed offshore during the morning and afternoon daylight 
hours (1130 - 1530), but began to return to shore in the evening (1930). They 
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Table 1.	 Mean number (n = 4) of late instar Culicoides uariipennis larvae per cm3 

at various times of day and locations in the littoral habitat. Each mean 
value is followed by 2 letters; the first compares means within a row, the 
second compares means within a column. Means followed by the same 
letter not significantly different (p<0.5). Percentages under means 
pertain only to rows. 17· 18 August 1984, Saltville, Virginia USA. 

TIME OF n..nnn.n.........n......·HORIZONTAL DISTANCE·······n............nnnnn INDEX OF 
DAY +40cm +20cm SL ·20cm -40em ·60em DISPERSION" 

1130 18 clab 10 cln 913 alab 894 ala 121 b/be 209 ab/n 40 
(1%) «1%) (42%) (4270) (6%) (10%) 

1530 2 bib 110 bla 1481 ala 1000 nln 295 n/a 424 nln 48 
«1%) (311) (44';{;) (3 I';{;) (9%) (13%) 

1930 19 clab 373 bela 1360 nlob 422 nb/n 196 nb/ab 114 be/ab 31 
(1%) (15%) (55%) (17%) (8%) (5%) 

2330 17 clab 317 bin 1593 nlob 174 bib 63 bclc 65 bclb 25 
(1%) (14%) (71%) (8%) (3%) (3%) 

0330 5 clab 144 bin 1820 ala 165 bib 260 blab 209 b/. 45 
«1%) (5%) (70%) (6lkl (1011) (8%) 

0730 22 cIa 197 bin 626 alb 657 ala 125 b/abc 183 blah 40 
(1%) (I 1%) (35%) (36%) (7%) (10%) 

•expres~cd as the vnrionce ill cm~ llhout a center of dislributioll (Andre.....nl1hn 1961). In this case, the 
center of Inr\'lll distribution jg Ilssumed to be "shoreline," 

became highly concentrated at the shoreline at midnight (2330). However, as 
indicated by the dispersal index (Table 1), the intense larval aggregation began to 
disperse before dawn (0330) and by sunrise (0730), over half of the population was 
again located below the shoreline. For most locations, overall substrate temperatures 
fiuctutated ca. 14° C thmughout the 24~hr period (Table 2), Diel temperature 
fluctuation was less at the shoreline (ca. 11 0 C) perhaps due to evaporative cooling 
during the day and insulath·c warming by the heated water at night. Substrate 
temperatures were always warmer by several degrees at locations under water than 
at the shoreline and above. Air temperature was wannest in the afternoon (1530). 
Light intensity dropped somewhat during this time because of increasing cloudiness 
and by sunrise (Oi30) a light drizzle had commenced. Dominant micronoral species 
within the microhabitat included Chlamydomonas sp. (Protozoa: Phytomastigophora) 
and several unidentified lentiform diatom species. No discernable trend for 
microOoral abundance was evident and thus neither temporal nor spatial differences 
in larval food availability were distinguishable. Nevertheless, at shoreline where 
larvae were consistently more abundant, feeding activity (as inferred from the 
percentage of larvae gut filling) exhibited diel periodicity (Table 3; Chi~square, 

a = 0,05), Shoreline feeding peaked at midnight (86% at 2330) and was at its 
lowest during mid~afternoon (12% at 1530), In laboratory tests to determine larval 
food retention times following salt·f1otation (Table 4), a minimum of 4 to 5 hI'S 

elapsed before substantial voiding of gut contents occurred. Since the maximum 
time elapsed between larval capture and narcotization was 4 hI'S, we believe that 
the gut analyses for our field data represent reasonable estimates of larval 
feeding, 
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Table 2. Temperature (0 C) and light Oux) measurements throughout 24 hr. sampling 
period. 17 - 18 August 1984. Saltville, Virginia USA. 

TIME OF ------------m----MUD TEMPERATURES m_m ___ AIR LIGHT 
DAY +40 em +20 em SL -20 em -40 em -60 em TEMP Oux) 
1130 27A±1.8 26.8±2.3 26.5±2.1 27.8±1.l 28.7±0.3 29.6±1.3 2904 80,000 
1530 31.8± 1.6 31.5± 1.7 29.0±2A 32.6±2.3 33.9±2.0 35.0±2.1 33.9 55,000 
1930 23.6±0.6 23.6±0.6 24.0± l.l 26A±1.7 28.6± l.l 29A±1.4 2404 5,100 
2330 17.4±0.3 17A±0.3 17.9±0.5 18.9±1.4 21.5±1.0 24.2±1.0 16.7 4 
0330 16.9±0.3 16.9±0.3 17.2±OA 18A±0.7 20.3±1.5 21.5±0.5 16.7 4 
0730 18.3±OA 18.3±OA 18.3±OA 19.7±1.2 21.1±OA 21.3±0.3 15.0 5,000 

Table 3.	 Percentage of late instal' larval Culicoides uariipennis with food in the 
alimentary canal according to time of day and location (n = total number 
of larvae examined). 17 - 18 August 1984. Saltville, Virginia USA. 

TIME OF ----m-h-------------------HORIZONTAL DISTANCE mm_________________ mm 
DAY +40em +20em SL -20cm -40em -60em 

1130 38% 52% 56% 40% 
(n = 0) (n = 0) (n = 120) (n = 96) (n = 81) (n = 125) 

1530 58% 24% 12% 54% 2;% 30% 
(n = 12) (n = 17) (n = 89) (n = 48) (n = 48) (n = 96) 

1930 96% 41% 51% 24% 54% 49% 
(n = 49) (n = 114) (n = 107) (n = 180) (n = 123) (n = 174) 

2330 56% 73% 86% ;6% 67% 60% 
(n = 45) (n = 141) (n = 180) (n = 119) (n = 168) (n = 176) 

0330 94% 81% 70% 60% 10% 30% 
(n = 16) (n = 32) (n = 90) (n = 87) (n = 77) (n = 66) 

0730 73% 74% 81% 52% 61% 84% 
(n = 33) (n = 54) (n = 83) (n = 50) (n = 41) (n = 74) 

Table 4.	 Food retention times of late instar larval Culicoides I.;ariipeflflis in the 
laboratory (25 0 C) following salt-flotation extraction from mud. 

Time Post Total no# No# Larvae With Percentage With 
Extraction (hI's.) Larvae Examined Food in Gut Food in Gut 

0.0 85 83 98 
0.5 16 16 100 
1.0 49 48 98 
1.5 76 70 92 
2.0 20 17 85 
2.5 36 33 92 
3.0 64 61 95 
3.5 21 18 86 
4.0 13 9 69 
4.5 34 31 91 
5.0 37 23 62 
6.0 18 10 55 
7.0 65 38 58 
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DISCUSSION 

In Study 1, pupal and early instar larval C. uariipennis inhabited discrete zones 
within the breeding site and did not (or could not) actively leave this zone despite 
wide temperature nuctuations during the day. Older and larger lolvae did display 
patterns of diel migration. Larval migration was horizontal. being restricted largely 
to the loosely-packed light brown surface mud where food and oxygen requirements 
are probably more favorable than in the thick anaerobic mud beneath. In both 
Studies Land 2, a certain portion of the late instal" larval population moved 
offshore during the day but migrated buck to shoreline and above at night. The 
same trcnd was also reported to occur with C. uariipennis larvae in NE Colorado, 
USA (Barnard and Jones 1980b), indicating that the diurnal behavior is similar 
between widely disparate populations of midge larvae (i.e., t\vo different subspecies) 
growing in markedly different habitats. Thus, con"Oborative evidence indicates that diel 
shifts in late instal' larval distribution are a real phenomenon for this species. 

Considerable difficulty arises in attributing causal factors responsible for 
microdistribution patterns. Surely one reason why 4th instal'S migrate above 
shoreline is to pupate. Some species of metamorphosing Culicoides larvae must 
leave the water in order to inflate thoracic air sacs for bouyancy (\Veerekoon 1953. 
Linley 1966). Weerekoon (1953) reported that late instar Palpomyia sp. (a lake
inhabiting ceratopogonid) left the benthos at night to swim along the water surface 
to the lake's edge to pupate. Our data alsCo suggest that the search for pupational 
sites by 4th instal' C. uariipennis occurs primarily at night. However, behavior by 
pupating 4th instal'S does not provide a complete explanation for the obsclved 
shifts in larval microdistribution because the shifts occurred also with 3rd instal'S 
as well as 4th instars not neming metamorphosis (i.e., lacking prepupal characteristics). 
Neither can these shifts be explained adequately by temperature. Substrate 
temperatures were consistently warmer farther out from shore, (Table 2). Yet, over 
half of the Ialval population (see Table 1) moved towards the hotter temperatures 
offshore during the day then subsequently reversed themselves at night and 
moved towards cooler shoreline temperatures. Therefore, there are probably other 
factors which stimulate diel larval migration. One of these factors may be food. 
Although the exact dietary requirements are not known, larval C. uariipennis are 
considered "collector-gatherers," ingesting mud and obtaining nutrients from the 
organic matter and microtlora contained within the substrate. The degree to which 
larvae selectively feed on micl'Oflora by sieving mud through their epipharyngeal 
combs is not known but observations indicate that a substantial amount of mud is 
found within the alimentary canal of these insects. Microscopic examination of 
surface mud revealed an abundance of phytoflagellates and diatoms but no 
temporal or spatial differences in microtloral abundance were evident. There were 
some noticeable trends in larval gut analysis (Table 3). As lalvae aggregated at the 
shoreline during the night, an increase in feeding occurred as evidenced by the 
large percentage of the population having food boluses at that time. At midnight, 
larvae were observed actively wriggling about upon the surface of the mud, 
perhaps seeking pupational siles or foraging for food. During mid-afternoon, most 
larvae at shoreline were barely visible, buried in the mud with only the head and 
thorax protruding. It was also during mid-afternoon that shoreline feeding was 
lowest, despite the presence of many larvae. Thus, larval feeding appears to be 
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mainly a crepuscular and/or nocturnal event and there may be qualities about the 
shoreline meniscus which facilitate feeding. 

Although we were unable to monitor diel changes in dissolved oxygen (02) 
content of the pond water due to instrument malfunction. it is generally conceded 
that the amount of dissolved 02 in an eutrophic aquatic environment exhibits 
certain diel periodicties whereby there is a higher n~ content during the day 
(photosynthesis > respiration) than at night (Photosynthesis < respiration). It is 
possible that cyclic 02 tension together y,'ith changes in light y,'ithin the microhabitat 
may reinforce (or perhaps motivate) diel migration of C. uariipennis larvae. For 
instance, lower 02 tension at night may induce a dispersed population to aggregate 
at the water· land-air interface. It still remains unclear why some, but not all, of the 
late instar larval population moved offshore during the day. One possible explanation 
may be the combined effects of crowding and competition for food resources. 
Shoreline densities at. night exceeded 20 lantae/ml, not including the younger 
instars. Perhaps such densities cannot be tolerated throughout the 24 hr period, 
resulting in a portion of the larger, more mobile instars dispersing during the day 
and only returning to the shoreline at night to feed. rf such is the case, then 
partitioning of space and food resources would appear to follow diel periodicities. 
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ABSTRACT 

Flight activity of Sitophilu!l zeamais Motschulsky (Coleoptera: Curculionidne) and S. 
oryzae (L.) was monitored during 1987-88 with sticky traps at three sites in South Carolina. 
Weevils were caught from late March to early November. The results indicate that temperature 
is the major factor determining seasonal flight activity of these weevils. More S. zeamais than 
S. oryzae were trapped at all sites. Sitophilus o1)'zae were abundant only at the site at which 
wheat was stored. There was no apparent pattern to flight activity within a storage site. The 
results indicate that there is little night activity around bins in which recommended pest 
control practices are followed. 

Key Words: Insecta. Sitophifus zeamais. Sitophilus oryzae. stored products. seasonal flight 
activity. 

J. Agric. Ent.omoJ. 6(3): 183·192 (July 1989) 

The maize weevil (SZ), Silophilus zeamais Motschulsky (Coleoptera: CUl'culionidae), 
and the rice weevil (SO), S. oryzae (L.), are major pests of stored grains throughout 
most of the world. The bionomics of these species has been intensively studied in 
the laboratory (Longstaff 1981); however, field studies on their bionomics nre rare. 

Knowledge of the seasonal llight activity of both weevil species is un important 
step toward understanding their population dynamics, which is essential for 
making knowledgeable pest control decisions. There are several reports on the 
seasonal flight activity of SZ. Kirk (1965) reported on flight activity of 5Z from 
April through September near a com storage area in South Carolina. The weevils 
in that paper were originally designated as S. oryzae; however, Giles (1969) later 
identified the weevils as S. zeamais. Giles (1969) moved one suction trap to various 
sites in Kenya over a 1-year period and reported on SZ flight activity. \VilIiams 
and Floyd (1970) reported on night activity of SZ throughout the year at a corn 
storage site in Louisiana. There are no comprehensive data on the seasonal night 
activity of SO. Schwitzgebel and Walkden (1944) caught a few rice weevils on 
sticky traps at a wheat storage site in Kansas. No previous reports have been 
published on the comparative seasonal flight activity of the two species. We report 
here on the seasonal flight activity of SO and SZ at three grain storage sites in 
South Carolina. 

I	 Names of products are included for tile benefit of the reader and do not imply endorsement 
or preferential treatment by USDA. 
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MATERIALS AND METHODS 

Weevil flight was monitored weekly, using sticky traps, in three counties in 
southern South Carolina from 18 March 1987 to 6 April 1988. At each site, traps 
were arranged in t\....o approximately concentric rings. At the Hampton Co. and 
Bamberg Co. sites, the inner ring consisted of four traps placed ca. 0.5 m from a 
bin in each of the major compass directions. The outer ring consisted of four 
traps, each of which was placed (if possible) in line (by compass direction) with 
the inner trap at varying distances from a bin (Fig. 1). Traps were placed in the 
northwest, northeast, east, southeast, and southwest compass directions at the 
Barnwell Co. site because of the large size of the storage Brea. 

The site near Scotia (Fig. IA: Hampton Co.) consisted of three cylindrical, 
metal grain storage bins (capacities in bushels: 1 - ca. 12,700; 2 & 3 - ca. 5,900 each) 
arranged in a north-south direction \vith a fourth bin (capacity ca. 17,000 bu) 
located east of the northernmost bin. There was a grove of about 50 pecan trees 
adjacent to the southernmost bin. Corn was grown south of the pecan grove (ca. 50 
m south of the bins). Soybeans were grown west and north of the bins, and there 
were woods ca. 80 m east of the bins. 

The site in Bamberg Co. (Fig. IB) was ca. 17 km southeast of Bamberg, and 
consisted of foul' cylindrical metal bins (ca. 3,300 bu capacity each) arranged in a 
north - south direction. Corn was grown on the east and south sides of the bins, 
and there were woods ca. 40 m south of the bins. There were storage sheds and 2
ca. 50 bu capacity bins containing hog feed sUI>plement and oats west of the bins. 
Peanuts were grown north of the bins, and there was a swine production area ca. 
120 m north of the bins. 

The site in Barnwell Co. (Fig. IC) was ca. 3 km northwest of Blackville, and 
consisted of six cylindrical metal bins (capacities: I & 2 - ca. 6,800 bu each; 3 & 4 - ca. 
3,900 bu each; 5 & 6 - ca. 7,500 bu each) arranged in an east-west direction. There 
was a cow pasture on the east and north sides of the bins and a barn and office on 
the west side of the bins. There was an old wooden barn containing grain residue 
ca. 15 m southeast of the ensternmost bin. There were pesticide and fertilizer 
storage tanks ca. 20 III south of the bins and another cow pasture ca. 50 m south of 
the bins. Corn was grown about 250 m south of the bins. 

Traps were 12 by 12 by II in (30.48 by 30.48 by 0.32 em) clear plexiglass 
supported vertically on a 2 by 2 by 60 in (5.08 by 5.08 by 152.4 em) wooden stake. 
The nut surface of the trap was placed at u tangent to the bin. Twelve inches 
(30.48 em) of the stake was buried in the ground. Therefore, the bottom of the 
plexiglnss trap was 4 ft (121.9 em) above the ground, or at approximately the 
height of ears of corn on a plant. Kirk (1965) rcported that a majority of SZ fly at 
com ear height. Clear plastic film was taped to both sides of the traps and a 23 by 
23 em area on both sides of the trap was coated with a sticky substance (Tangle
Trap~, Tanglefoot Co., Grand Rapids, MIl. 

The traps were changed weekly at each site. Weevils were removed with 
forceps and identified in the laboratory (Halstcad 1964). The plastic film on the 
traps was removed and discorded, and new film and Tangle-Tl'op'.l\ were placed on 
the plexiglass traps. 

The type and approximate quantity of commodity stored in each bin at each of 
the sites was observed and recorded every 4 weeks. Com, soybeans, and sunflower 
seeds were stored at the Hampton Co. site (Fig. 2); corn, soybeans, and mixtures 
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Fig. 2.	 Number of weevils, total precipitation, and maximum temperature per 
week; and quantity and type of commodity stored in 4 bins at Hampton 
Co. Precipitation and temperature data were not reported by NOAA for 
Hampton Co. for November 1987. Hence, the missing data in the 
precipitation Dnd temperature curves. 

of com and wheat and corn and sorghum were stored at the Bamberg Co. site 
(Fig. 3); and corn and wheat were stored at the Barnwell Co. site (Fig. 4). 
Climatological data (daily precipitation and maximum and minimum temperatures) 
were taken from National Oceanic and Atmospheric Administration records for 
Bamberg (Bamberg Co,), Blackville (Barnwell Co,), and Hampton (Hampton Co,), 
SC (NOAA 1987, ]988). 'fl'ap catches were analyzed as a split.plot design with the 
two sides of a trap being the subplots. Tl'Bpping data were analyzed using the 
ANOVA (analysis of variance) and REG (linear regression) procedures of SAS 
(SAS Institute, 1987). Probabilities less than or equal to 0.05 were considered 
statistically significant. 
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RESULTS 

Hampton County 
)linety·one SZ were caught at the Hampton Co. site during the trapping 

period. SZ were caught during most weeks beginning when the traps were placed 
in the field in March through 30 September 1987 (Fig. 2). The first SZ for 1988 
was caught between 30 March and 6 April. 

Weekly trap catch from 18 March through 30 September 1987 was not highly 
correlated with weekly precipitation (Fig. 2; R=0.08, df=25). No SZ were caught 
during weeks that had a maximum temperature less than 23.9° C (Fig. 2). Corn, 
soybeans, and sunflower seeds were stored at this site during the study (FIg. 2). 

The proportion of mulcs caught in the traps (l = 0.69; BE = 0.05; n = 71) was 
significantly greater than 0.5 (95% confidence interval: 0.59 to 0.79). Sixty·one 
males and 30 females were caught. The numbers of SZ caught on the side of the 
t1-aps facing the bins (38) and the side not facing the bins (53) were not significantly 
different (F = 2.4; df = L,381; P> F = 0.(2). Significantly more SZ were caught on 
the 4 inner traps (67) than on the outer traps (24) (F = 18.6; df = 1,162; P> F = 0.00). 
There were significant differences in the number of SZ caught in each of the 4 
compass directions (F = 12.4; df = 3,162; P> F = 0.00). More SZ were caught on 
the east (43) and north (31) traps than on the west (13) and south (4) traps (means 
separated by LSD). The only significant first-order interactions were between 
compass direction and the inner or outer ring of traps (I" = 2.85; df = 3,162; 
P > F' = 0.04) and between t.he inner or outer ring of t.raps and week (I" = 1.6; 
df = 54,162; P> F = 0.01). 

Only one SO was caught at t,his site dwi..ng the study (Fig. 2). rt. was a male and 
was caught on the bin side of the east. inner b-ap dUling the week preceding 8 July 1987. 

Bamberg County 
We caught 173 5Z at the Bamberg Co. site. SZ were caught during most weeks 

beginning in March through 25 November 1987 (Fig. 3). The first SZ for 1988 was 
caught. between 30 March and 6 April. 

'Weekly trap catch from 18 March through 25 November 1987 was not highly 
correlated with weekly precipitation (Fig. 3; R = 0.22, df = 34). No SZ were caught 
during weeks that had a maximum temperature less than 23.3° C (Fig. 3). Corn, 
soybeans, and mixtures of COl'll and wheat and corn and sorghum were stored at 
this site during the study (Fig. 3). 

The proportion of males caught in the traps (x = 0.44; SE = 0.04; n = 131) was 
not significantly different from 0.5 (95% confidence interval: 0.36 t.o 0.52). Seventy
six males and 97 females were caught. The numbers of SZ caught on the side of 
the traps facing the bins (76) and the side not. facing the bins (97) were not 
significantly different (F = 3.09; df ~ 1,381; P> F = 0.08). Significantly more SZ 
were caught on the inner traps (]20) than on the outer traps (53) (I" = 14.6; 
df = 1,162; P> F = 0.00). The numbers of 52 caught in each of the 4 compass 
directions (W - 53; S· 50; N - 42; E - 28) were not significantly different. (F = 1.63; 
df = 3, 162; P > F = 0.19). The significant first-order interactions were between 
compass direction and the inner or out.er ring of traps (1" = 5.0; df = 3, 162; 
P> F = 0.00) and between bin 01' non-bin sides of the t.raps and week (F = 1.42; 
df = 54,381; P > F = 0.03). 

Eight SO were caught between 24 June and 23 September 1987 (Fig. 3). There 
were five males and tlwee females. Three were caught on west traps, three on 
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Fig. 3.	 Number of weevils, total precipitation, and maximum temperature per 
week; and quantity and type of commodity stored in 4 bins at Bamberg Co. 

north traps, and two on south traps. Four were caught on inner t.raps and four on 
outer traps. Six were caught on the bin side of the traps and two on the side of 
the traps not facing the bins. 

Barnwell County 
We caught 282 SZ at the Bamwell Co. site. SZ were caught during most weeks 

beginning 1 April find through 4 November 1987 (Fig. 4). The first SZ for 1988 was 
caught between 16 and 23 March. 

Weekly trap catch from 18 March through 4 November 1987 was not highly 
correlated with weekly precipitation (Fig. 4; R = 0.14, df = 31). No SZ were caught 
during weeks that had a maximum temperature less than 26.1 0 C (Fig. 4). Com 
and wheat were stored at this site dlll'ing the study (Fig. 4). 

The proportion of males caught in the traps eX = 0.37; BE = 0.03; n = 160) was 
significantly less than 0.5 (95% confidence intelval: 0.30 to 0.43). One hundred and 
seven males and 175 females were caught. Significantly more SZ were caught on 
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the side of the traps facing the bins (166) than on the side not facing the bins (116) 
(F = 5.8; df = 1,490; P> F = 0.02). The numbers of SZ caught on the inner (162) 
and outer (120) traps were not significantly different (F = 1.7; df = 1,216; P> F = 
0.20). Differences in the number of weevils caught in each of the different compass 
directions were significantly different (F ~ 9.3; df = 3,216; P> F = 0.00). More SZ 
were caught on the east (112) and northeast traps (93) than on the northwest (43), 
southeast (29), or southwest (5) traps (means separated with LSD). There were 
significant flrst-order interactions between compass direction and inner or outer 
traps (F = 12.6; df = 4,216; P > F = 0.00); between compass direction and bin or 
non·bin side of traps (F ~ 3.3; df = 4,490; P> F = 0.01); and between bin or non
bin side of traps and the inner or outer ring of traps (F ~ 4.1; df = 4,490; P > F = 0.04). 

We caught 150 SO at the Barnwell Co. site. SO were caught during most weeks 
beginning 1 April and through 14 October 1987 (Fig. 4). No SO were caught during 
the trapping period in 1988 (through April 6). although two were caught in March 
in 1987. 

Weekly trap catch from 18 March through 14 October 1987 was not highly 
correlated with weekly precipitation (Fig. 4; R = -0.06, df = 28). No SO were 
caught during weeks that had a maximum temperature less than 26.1 0 C (Fig. 4). 
Corn and wheat were stored at this site during the study (Fig. 4). 

The proportion of males caught in the traps (x = 0.31; SE = 0.04; n = 89) was 
significantly less than 0.5 (95% confidence interval: 0.22 to 0.40). Forty-nine males 
and 101 females were caught. The numbers of SO caught on the side of the traps 
facing the bins (73) and the side of the traps not facing the bins (77) were not 
significantly different (F ~ 0.1; df = 1,490; P> F ~ 0.74). Equal numbers of SO 
were caught on the inner and outer traps (75 each). The numbers of SO caught in 
the different compass directions (NE - 49; NW - 35; SE - 26; E - 24; SW - 16) were 
not significantly different (F ~ 2.0; df ~ 3,216; P> F = 0.09). The significant first
order interactions were bin or non-bin side of traps and week (F = l.44; df = 54,490; 
P> F = 0.03) and compass direction and the inner or outer ring of traps (F = 6.58; 
df = 4,216; P> F ~ 0.01). 

Trap catch was negatively correlated with the distance of the traps from the 
bins for SZ across all three sites (R = -0.42; df ~ 24) and for SO at the Barnwell 
Co. site (R = -0.60; df = 8). That is, fewer weevils were caught on the traps as the 
distance of the traps from the bins increased. There was no apparent trend for 
more weevils to be caught on outer traps which were in the direction of corn fields 
at any of the sites. 

DISCUSSION 

SZ were caught in greater numbers than SO at all sites. SO catches at the 
Hampton Co. and Bamberg Co. sites (1 and 8, respectively) were negligible. The 
species composition is probably related to the commodities stored at the sites. 
The most SO were caught at the site (in Barnwell Co.) that stored wheat 
throughout the trapping period. No wheat was stored at the Hampton Co. site, and only 
a small amount of wheat was stored for a short time at the Bamberg Co. site. In field 
infestations, SO generally infest wheat and SZ infest com (Coombs and Porter 1986). 

Based on the data for Barnwell Co., the two species fly during the same part of 
the year (i.e., late ~'larch to the end of October). SZ generally were flying during 
the same part of the year at all three sites. Kirk (1965) reported that SZ were 
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Fig. 4.	 Number of weevils, total precipitation, and maximum temperature per 
week; and quant.ity and type of commodity stored in 6 bins at Barnwell 
Co. 

flying in South Carolina from April through September. However, there is no 
indication in his paper that he tried to trap weevils from October through Mar·ch. 
SZ ny in March through December in Louisiana ('Williams and Floyd 1970). 

Many species of insects are caught on night traps throughout the year. \Ve 
caught numerous insects (mostly Diptera) on the traps throughout the winter, 
especially when the weather had been clear and sunny. However, SZ and SO did 
not ny when the maximum temperature recorded during a week was less than 
23.3° to 26.1 ° C. These temperatures probably are not the minimum temperatures 
for flight, since some minimum amount of time above a threshold temperature 
probably is required before night occurs. Previous field studies have indicat.ed that 
the minimum temperature at which Silophilus ilight. occurs is between 20° and 
23.30 C (Giles 1969, Williams and Floyd 1970, Taylor 1971). 

SZ flight is not correlated with rainfall when flight is recorded daily (Giles 
1969) or weekly (present study). However, weevils, like most other insects, probably 
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do not fly while it is raining. More frequent monitoring of traps would be required to 
verify this response. Light does not limit weevil flight, although most SZ fly during 
the day (Giles 1969). Taylor (1971) round that weevils flew at night in a warehouse 
when the temperature exceeded 21 0 C. The actual stimulus that induces Sitophilus 
flight (e.g., starvation or crowding) has not been reported. 

Few consistent patterns of weevil catches were evident among the sites. More 
males than females were caught at Hampton Co., similar numbers of males and 
females in Bamberg Co., and more females than males in Barnwell Co. Similar 
numbers of SZ were caught on the bin and non-bin sides of the traps at all sites. 
However, more SO were caught on the bin sides thun on non-bin sides of the traps 
at Barnwell Co. More weevils were caught on the inner traps than on the outer 
traps at Hampton and Bamberg Co. However, similar numbers of both SZ and SO 
were caught on the inner and outer traps at Barnwell Co. More SZ were caught on 
E = N > V\' = S traps in Hampton Co.; V\' = S = N = E in Bamberg Co.; and 
E = NE > NW = SE = SW in Barnwell Co. More SO were caught on NE; = NW = 
SE = E = SW traps in Barnwell Co. Prevailing winds in South Carolina are from 
the southwest in the spring, the south and southwest in the summer, the northeast 
in the autumn, and the northeast and southwest in the fall (Anonymous 1978). 
There is no apparent correlation between trap catch and prevailing winds. 

Numerous studies have indicated that SZ fly from the bins in the spring and 
summer, breed in corn in the field. and then emerging adults fly back to the bins 
in the fall to infest newly stored grain (Kirk 1965, Giles 1969. Williams and Floyd 
1970, Chesnut 1972). Kirk (1965) caught 23,589 flying weevils on traps in the field 
during the summer, including 1,372 weevils during a 2-day period in July. We 
found peaks of flight activity in mid-summer (June - ,July) when grain stocks were 
low and then again in September when newly harvested grain was put into bins, 
indicating a similar seasonal activity pattern. However, we did not catch enormous 
numbers of weevils, as Kirk (1965) did. The fanners we worked with practiced 
good insect control procedures. Bins were thoroughly cleaned before new grain 
was stored. The grain was treated with a protectnnt insecticide when placed in 
storage and was aerated at various times throughout the year for temperature and 
moisture control. Other studies (Arbogast and Throne, unpublished data) have 
indicated that insect populations inside bins at these sites are generally low. \Ve 
have observed that on some farms, bins are heavily infested on the inside and 
have huge numbers of weevils crawling on the outside of t.he bins. This indicates 
that poor insect control within bins, and subsequent overpopulation, will increase 
emigration from bins and possibly increase the level of infestation during the 
following storage season. Ungsunantwiwat and Pedersen (1978) have shown that 
more SZ fly from heavily infested corn than from clean corn. 

The results of this study indicate that temperature is the main factor determining 
seasonal flight activity of SZ and SO. As seen here and in other studies, peak 
flight activity may occur from April through September but generally occurs in 
midsummer when grain stocks are low and peaks again in the fall when newly 
harvested grain is put into storage. SZ were generally caught at sites storing corn 
and SO were caught at sites storing wheat. There was no apparent pattern to 
where at a storage site weevils would be caught. The small number of weevils 
caught in this study indicates that good insect control (and, thus, low population 
levels) in the bins reduced emigration from the bins. 
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ABSTRACT 

Boll weevils, AntJI01l0mus gmndj~ gmndis Soheman, were fed a standard adult diet, a 
modified standard diet containing 10% sucrose plus antibotics. or squares for O. 1. 2, or 3 days 
before treabnent con...isting of a dillubenzuron dip followed by gamma irradiation. By 3 days 
following treatment, weevils fed the modified diet for 2·3 days had significantly less mortality 
than \'...ccviJs fed the other two diets. By 6 days after treatment, males prcfed the modified 
diet for 2-3 days or females prefed the modified diet for 3 days resulted in less mortality 
than weevils fed the standard diet.. Mortality after 10 days wns excessive in all treatments. 

Key Words:	 Boll weevil, Alllhonomus grolldis grot/dis, dinubenzuron, irradiation, sucrose, 
squares. 

J. Agric. Entomol. 6(3): 193-199 (July 1989) 

ill recent years tile search for a suitable O'eatment to sterilize the boll weevil, 
Anthonomus grandis grandis Boheman, has centered around diDubenzuron in 
combination with il'l'Udiation. Haynes et a1. (1979) found that diflubenzuron alone 
would reduce Fl adult emergence to zero for 7 days but recovery occulTed by 14 
days. Wright et 81. (1980) combined a 0.1 % diflubenzuron dip plus 10 krads of 
irradiation and found the weevils virtually sterile with only model'Utc mortality 
(35% at 7 days); however, acetone used in this procedure affected weevil mating 
(Earle et al. 1979) by softening the cuticle. Acetone was also hazardous to the 
health and safety of the worker when used in large amounts such us in mass
sterilization procedues. Haynes et al. (1981a) reduced the acetone problem by 
incorporating 25% to 50% water into the mixture; mortality was less t.han when 
using acetone alone and sterility was ..2: 99%. In a mass-sterilization program, 
acetone-water mixtUl'es should be used only as a last resort. Haynes et al. (19S1b) 
evaluated a 25% or 98% (technical) diflubenzuron dust on the weevil The technical 
fOlmuJation was an effective sterilant but handling problems rendered this approach 
impractical. The 25% diflubenzuron dust formulation was safer but was only 
effective for 7 days; a 22.7% recovery was observed the following week. Haynes 
and Smith (1989) reported a 10 min dip method for the boll weevil employing a 
0.4% diflubenzuron aqueous solution (25% wettable powder) followed by a 10 kIad 
acute dose of gamma irradiation, Sterility was virtually complete with this new 
method; mortality was low after 3-4 days but moderately high after 7 days. By 
providing additional energy, such as sucrose, prior to irradiation it is possible to 
delay the adverse effects of irradiation. Haynes (1985) and (Leopold 1986) found 
that administering 10% or 5% sucrose to the weevil prior to irradiation was 
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beneficial in extending the weevil's life 2·3 days. In a related study, (Moore 1981) 
found that feeding boll weevils more than normal sugar in diets resulted in less 
mortality than when subjected to permethrin. 

The purpose of this study was to find out whether a standard adult diet, a 
modified adult diet (containing 10% sucrose plus antibiotics), or a square diet 
when fed before treatment to mass-reared boll weevils was beneficial in lowering 
mortality for as long as 10 days after a 0.4% diflubenzuron 10 min dip plus 10 krad 
of acute irradiation treatment. 

MATERIALS AND METHODS 

Trays of immature ebony strain (Bartlett 1967) boll weevils were collected from 
the R. T. Gast Rearing Laboratory (USDA, ARS) at Mississippi State, MS, and 
taken to my laboratory for emergence. After 2-3 days the emerged adults were 
separated by sex (within 24 hI') to ensure their virginity and fed one of the three 
pretreatment diets. Control groups which received no diflubenzuron or irradiation 
were also fed each of the pretreatment diets. The standard diet (Lindig et al. 1979) 
contained 2.5% sucrose and no antibiotics. The second diet was modified to 
contain 10% sucrose and 0.03% of each of the antibiotics: kanamycin sulfate, 
penicillin, and chloramphenicol. The third diet consisted of freshly picked and 
debracted cotton squares from the greenhouse. Groups of 25 males and females 
were allowed to feed for 0, 1, 2, 01' 3 days (300 C, continuous light) on each of the 
diets before the treatment was administered. 

A cohort of unfed male and female weevils served as a standard (day 0) of 
comparison with the selected diets. 

The sterilization treatment consisted of dipping the insects for 10 min in a 
0.4% (AI) diflubenzuron aqueous suspension of 25% wettable powder at 300 C. 
Next, they were put into a beaker containing a 50-ml suspension and stirred every 
minute or two to avoid settling. The weevils were then removed and rinsed in tepid 
water for about 1 min to remove the excess chemical. Cohorts were then placed on 
absorbent paper towels and transferred to screen-covered plastic boxes (7.3 X 7.3 
X 2.9 em) for irradiation. An irradiator (Cesium 137, Gmmacell 4(Jll), emitting 87 
rads per min, was used to administer 10 krads of acute gamma irradiation and 
complete the treatment, Standard adult diet pellets were fed to aU groups and eggs 
were collected periodically. A cohmt of male and female weevils were fed squares for 3 
days and dipped in a 0.4% diflubenzW"on suspension but received no irradiation. 

Treated and control weevils (of the same age) were paired with untreated 
weevils of the opposite sex. Eggs were collected from diet pellets 3 and 7 days 
after treatment. Approximately half the eggs collected were held 7 days for hatch 
or 14 days for Fl adult emergence. The percent sterility of each treatment 
determined whether valid mortality data were being obtained from treated weevils. 
Mortality counts were made on days 3, 6, and 10 following treatment. Means were 
analyzed for significant differences by analysis of variance and separated by 
Duncan's (1955) mutliple range test (P = 0.05). 

RESULTS AND DISCUSSION 

Treated females mated with untreated males laid significantly fewer eggs than 
treated males mated with untreated females or control matings regardless of 
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pretreatment diets (Tables 1-3). Virtually all eggs from treated females were laid 
on day 3 before the debilitating effects of irradiation had taken place. There were 
no significant differences in egg laying between treated males mated ",;th untreated 
females and control weevils. \Vhen males and females were treated with difluben
zuron and mated, the females laid comparable numbers of eggs to those of the 
controls (Table 3). 

Table 1.	 Boll weevils fed standa.'d adult pellets (containing 2.5% sucrose; no 
antibiotics) before treatment, for 1 to 3 days followed by a 0.4% diflu
benzuron 10 min dip plus 10 krads of acute irradiation·. 

% % Fl 
No. Sex No. egg adult 
days treated eggs hatch emergence % Mortality after day 

red t laid (avg)t (avg) 3 6 IO 

0	 M 93.2b Oa Oa 17.0b 74.7d 98.7b 
F	 12.8a Oa Oa 16.0b 76.3d 98.7 

I	 M 103.0b Oa Oa 22.2b 73.ld 98.5b 
F	 31.2a Oa Oa 24.8b 80.2d 96.2b 

2	 M 89.5b 0.002a Oa 11.4b 63.5c 97.5b 
F	 26.0a Oa Oa 16.9b 76.5d 99.0b 

3	 M 87.8b Oa Oa 5.1a 54.8b 98.5b 
F	 39.5a Oa Oa 11.7b 64.0c 97.7b 

3	 C 100.Ob 92.0b 45.5b 4.53 6.la 8.23 

•	 Means in column followed by the saml' leller are not. signiJicBllHy different (P"" 0.05; Dunclln's 119551 
multiple range test). 

t M'" treated male mated with untreated female; F ." treated femnle mated with untreated male; 
C ." untreated male mnted with untreated female.*Eggs collected 011 days 3 and 7 after l.relllrncnt. 

Virtually no egg hatch 01' adult emergence were found in any treatment 
regardless of the pretreatment diet or length of feeding time. These results 
indicated all tests were successful and mortality daw collected were valid. Only 
when treated males were prefed standard diet for 2 days (Table 1) and mated with 
untreated females or when treated females were prefed the modified diet (Table 2) 
for 3 days and mated with untreated males was 0.002-8% hatch observed; no Fl 
adult emergence occurred in either mating. \Veevils treated with difiubenzuron 
alone had significantly more hatch and emergence than the diOubenzuron plus 
irradiation treatment and significantly less hatch and emergence than the control 
(P = 0.05) Table 3). 

Mortality When Fed Standard Diet 
Three days after treatment, there were no significant differences in mortality 

between treated male and female groups fed pretreatment diets for 0, 1, or 2 days. 
Prefeeding weevils the standard diet for 3 days significantly lowered mortality by 3 
days after treatment compared with shorter feeding times; in fact, mortality was 
no greater than the control (Table 1). Males prefed for 2 days or females prefed 
for 3 days resulted in less mortalit.y by 6 days after treatment compared with 
shorter feeding times. Prefeeding weevils for 3 days resulted in less male mortality 
compared with females (P = 0.05). A 3·day pretreatment feeding of standard diet 
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resulted in more mortality than the control by 6 days after treatment. By 10 days 
after treatment, the diet was ineffective in lowering mortality regardless of the 
length of pretreatment feeding. All treatments resulted in significantly higher 
weevil mortalities (P = 0.05) compared with the control (Table 1). 

Table 2.	 Boll weevils fed a standard adult diet pellets modified to include 10% 
sucrose and antibiotics· for 1 to 3 days before treatment followed by a 
0.4% diflubenzuron 10 min dip plus 10 krads of acute irradiation t . 

% % F, 
No. Sex No. egg adult 

days treated eggs hatch emergence % Mortality after day 

red laid s (avg) (.vg) 3 6 10 

M
F
M
F
M 

98.6b O. Oa 25.6c 65.2c 97.6b 
28.5a O. O. 17.6b 79.6c lOO.Ob 
97.0b Oa Oa 2.88 42.0b 100.0b 
39.0a Oa Oa 4.88 70.8c lOO.Ob 

105.6b o. Oa 2.4. 42.8b 99.2b 
F 46.6a 0.8. Oa 2.88 40.8b 98.4b 
C 104.4b 91.4b 44.4b 6.88 11.0a 14.0a 

• Antibiotics used include 0.00% each of the folloY..mg: kanamycin sulfate. penicillin. and chloramophenicol 
t Means in column followed by the same letter are not significantly different (P"" 0.05; Duncan's 119551 

multiple range test). 
~ M "" treated mule mated with untreated female; F "" treated female moted with untreated male: 

C "" untreated mule mated with untreated female. 
§ Eggs collected on days 3 and i lifter treatment. 

T.ble 3.	 Boll weevils fed cotton squares before treatment, for 1 to 3 days 
followed by a 0.4% diflubenzuron 10 min dip plus to krads of acute 
irradiation T. 

% % FI 
No. Sex No. egg .dult 

days treated eggs hatch emergence % Mortality after day 

red 

M
F
M
F
M 

t laids (avg) (avg) 3 6 10 

85.0b Oa Oa 22.6c GO.Ob 97.3b 
36.3a Oa Oa 28.0c 69.3b 96.0b 
83.6b 0. o. 13.3b 5O.6c 98.6b 
29.3a o. Oa 16.0b 69.3b lOO.Ob 
83.6b o. Oa 1.3a 54.6c 100.0b 

F 46.7a o. o. 16.0b 77.3b 98.6b 
DM§ 8.0a 8.0a 8.0a 
DF§ 90.3b 63.3b 26.6b 6.6a 8.0a 9.3. 

C 98.0b 92.0c 45.0 4.0. 7.0a 7.0a 
• Means in column followed by the same letter lire /lOt. significantly different (P 0.05; Duncan's Il9551Cl 

multiple range test). 
Mt = treated mate mated with untreated female; F = trealed femnle mnt.ed with untreated mole; 
C = untrellt.ed male mllted with untreated female. 

t	 Eggs collecled on days 3 lind 7 afler treatment. 
§	 Treatment consisted of feeding s(lllUreS for 3 doys followed hy n 0.4% difluuellzlIron dip for 10 min. No 

irradiation WilS used. 

3 

3 

3 
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Leopold (1986) reported an LT50 of 9 days for weevils obtained from a small 
laboratory colony and fed a standard adult diet for 1 or 2 days before treating 
them with 10 krads of irradiation. However, in the present study, it was found that 
feeding the mass-reared colony standard diet for 3 days resulted in 54.8% male 
and 64.0% female mortality 6 days after treatment. Differences in rearing (small
scale vs mass-reared), methods of radiation delivery (CoGO pool-type vs CS l37 

Gammacell 40·), or the rates of delivery of irradiation (3600 rads per minute vs 87 
rads per minute) may have accounted for greater mortality in this study than was 
reported by Leopold (1986). Weevil quality was often better due to less contamination 
when weevils were reared and sterilized (Haynes et al. 1975) in a small laboratory 
setting. During busulfan plus hemps eradication experiments, Earle et a1. 1976 
experienced considerable contamination problems with the mass-reared weevils. 
Haynes and Wright (1981) found that varying the dose rate from 50.9 - 305.6 rads/ 
min (4 - 10 krads of x-irradiation) had no significant effect on weevil mortality it 
appears that a dose administered with 8 pool-type irrdiator at 3600 rads/min 
(Leopold 1986) was less harmful to the \Vevil's midgut than the 87 rads/min dose 
rate possible with the Gammacell 4@' used in these experiments. 

Mortality When Fed Modified Diet Containing 10% Surcrose Plus Antibiotics 
A 2 or 3 day pretreatment feeding of modified diet to the weevil reduced 

mortality to that of the control by 3 days after treatment. Prefeeding a modified 
diet for 2 days represents an improvement over the 3 days required with standard 
diet Lo lower mortality to that of the control (Table 4). Six days after treatment it 
was found that feeding modified diet to males for 2 days or females for 3 days had 
considerably less mortality than other treatments; by 10 days all treated groups 
had much higher mortality than the control (Table 2). Feeding modified diet to 
females for 3 days resulted in significantly lower mortality than when they were 
fed squares foJ' the same period of time (Table 4). Mortality six days following 
treatment was generally lowered where pretreatment feeding had been extended; 
the differences were not always statistically significant (Table 4). Similarly, Moore 
(1981) reported that boll weevils fed adult diets for 4 days on a low sugar diet (4%) 
were more susceptible to permethrin when fed bolls on high sugar diets (8%). 

Mortality When Fed Colton Squares 
Three days after treatment it was found that mortality of weevils prefed 

squares for 2 days was significantly less than when fed for 1 day. Likewise, 
mortality of male weevils fed squares for 3 days was less than when fed for 2 days 
and was comparable to the control (Table 3). Mortality of weevils treated with 
dinubenzuron alone was no greater than the control by 3 days after treatment. Six 
days following treatment, males fed squares for 2 or 3 days had significantly less 
mortality than treated females but significantly more than the control. Ten days 
after treatment, all treated weevils had significantly more mortality than the 
control, except for the diflubenzuron (only) treatment (Table 3). Male weevils 
prefed squares for 3 days resulted in mortality comparable to that of the control 
by 3 days after treatment (Table 4). 

In summary, prefeeding the modified adult diet for 2-3 days was the most 
overall effective diet for boll weevils for at least 6 days after treatmenl. Three 
days after treatment, prefeeding standard diet usually resulted in less mortality 
compared with weevils fed squares (not significant). This was found to be true 
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regardless of the prefeeding time. By 6 days after treatment, weevils prered 
squares usually had less mortality than the standard diet. By 10 days after 
treatment, the ravages of the irradiation treatment had taken its toll on the weevil and 
no significant mortality differences were found regardless of the pretreatment diets. 

Table 4.	 Comparison of boll weevil mortality when prefed different diets before 
treatment with 0.4% dii1ubenzuron 10 min dip plus 10 krads of acute 
irradiation·. 

Diet red No. Sex % Mortality after day: 
before days treated t 
treatment red 3 6 

Standard 
Modified 
Squares 

I M 17.0b 
25.6b 
22.6b 

Test I 
74.7e 
65.2e 
60.0c 

Standard 
Modified 
Squares 

F 24.8b 
17.6b 
28.6b 

Test 2 
80.2e 
79.6e 
69.3e 

Standard 
Modified 
Squares 

2 M llAb 
2.8a 

13.3b 

Test 3 
63.5e 
42.0b 
50.6bc 

Standard 
Modified 
Squares 

F 16.9b 
4.8a 

16.0b 

Test 4 
76.5e 
70.8e 
69.3e 

Standard 
Modified 
Squares 

3 M 5.1a 
2.4a 
1.3a 

Test 5 
54.8e 
42.8e 
54.6e 

Standard 
Modified 
Squares 

F 11.7a 
2.8a 

16.0b 

Test 6 
64.0bc 
40.8b 
77.3c 

Control-Standard 
Control-Modified 
Control·Squares 

3 
3 
3 

C 
C 
C 

4.5a 
6.8a 
4.0. 

6.la 
II.0a 
7.0a 

•	 Means of each test not followed by the same letter differ significantly at. the 5% level (Duncan's 
Multiple Range Test). 

t	 M = treated male mated with untreated female; F = treated female mated with untreated male; 
C = untreated mole mated with untreated female. 
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COMPARISON OF ACCEPTANCE OF LARVAL INSTARS OF THE 
TOBACCO BUDWORM (LEPIDOPTERA: NOCTUIDAE) BY 

MICROPLITIS CROCEIPES, MICROPLITIS DEMOLlTOR,
 
COTESIA f(AZAf( (HYMENOPTERA: BRACONIDAE),
 

AND HYPOSOTER DIDYMATOR (HYMENOPTERA:
 
ICHNEUMONIDAE)
 

P. Glynn Tillman' and Janine E. Powell' 
(Accepted fo .. publication 18 Ap..il 1989) 

ABSTRACT 

The range of host instar-age categories accepted by Microplitis croceipcs (Cresson), 
Microplitis demoliror Wilkinson, Colesia kazak (Tclenga), and Hyposoter didynwlor (Thunberg) 
was invest.igated. Heliothis uirescens (F.) was the host used. To study host instar-age 
acceptance, females of each species were exposed in the laboratory to 1st instal' larvae, 24 
and 48 h old. 2nd instal' larvae, 72 and 9G hold, 3rd instnr Inrvne, 120 and 144 h old, 4th 
instal' larvae. 168 lind 192 h old. and 5th instal' larvae, 216 and 240 h old. A host larva \"'05 

considered to be accepted by a female if she laid an egg in Ihe larva. The full range of host 
instar-age llccepllHlcc was Lsi inslar·24 h old to 5th inslfIr-240 h old for M. croceipes, 1st 
instar·24 h old to 5th instar·2L6 hold I'or M. demolilor, 1st inslar·24 h old to 4th instar-192 h 
old for C. kazah. and 1st instar-24 h old to 4th instar·192 h old for 11. didy"U1lor. Mean 
development. times for male and female progeny and the mean percent mortality were also 
determined fol' each parasitoid specics for each insjar-a~c category. 

!(cy Words: Insecta, tobacco budworm. host acceptancc, Micmplitis croceipes, Microplitis 
demo{itor, COlesia JWUl}?, Hyposoler didY/1l(/(or 

J. Agric. Enlomol. 6(4): 201-209 (Octobcr 1989) 

Microplitis croceipes (Cresson), Microplit.is demolito,. Wilkinson, Cotesia hawk 
(Telenga), and !-!yposof.er didymalor (Thunberg) HI'C solita I)' endoplIl'llsitoids of 
HelioLhis spp. MicropliUs croceipes is indigenous to the southern United States 
(Krombein ct al. 1979). Lewis (1970) reported that this parasitoid species is a 
Heliothis specialist and can develop on all instal'S of the cotton bollworm, Heliothis 
zea (Boddie), up to the 5th instal'. Microplitis demolitor was imported from 
Australia and attacks the lanme of several species of noctuid. Shepard et at. (1983) 
detemlined that only H. zea, t.he tobacco budworm, f1el£othis liirescells (F.). and the 
soybean looper, Pseudoplusia inc/udens (\-\Talker), were suitable hosts for this 
species when 10 lepidopterous larval species, including the heet armyworm, 
Spodoptera exigun. (HObner), and the fall armyworm, Spodoptera {rugiperdu (J. E. 
Smith), were exposed to females. Shepard et al. (1983) used 2nd instal' f1e1iothis 
spp. larvae as hosts and had 80% parasitism. They observed that 3rd or 4th instal' 
larvae were suitable as hosts, but the defense response to the attack of the 
parasitoid often severely damaged or killed some of the wasps. Microplitis demolitor 
preferably attacks 1st through 3rd instal' larvae. Cotesia hazak, imported from New 
Zealand, and H. didymator, imported from [srael, are important parasitoids of 

'Southern Field Crop Insect \-tanagement LnboraIOl')·, USDA·ARS, Sloneville, \-Jiss. 38776. 
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Heliothis armigera Hubner. Heliothis zea and H. uirescens also are suitable hosts 
for these two parasitoid species (Tillman and Powell unpubl. data). The full range 
of host species and host instal' acceptance for these two imported parasitoids has 
not been reported. \Ve conducted research to evaluate the full range of host instar
age categories accepted by these four parasitoid species. [f a female laid an egg 
into a lal"\'a, we considered the larva to be accepted by this female. 

MATERIALS AND METHODS 

Parasitoids used in these studies were reul"ed in the labol'atOl'y at 25 ± 20 C, 
60-70% RH, and a 14:10 (L:D) photoperiod using H. virescens larvae as hosts and 
procedures outlined by Powell and HartJey (1987). Adult parasitoids were maintained 
in the laboratory on a solution of honey and water (1:1). Parasitized host larvae 
were reared on an agar soybean nOUl'-wheat germ diet (King and Hartley 1985). 
The M'. croceipes colony originated from Heliothis spp. larvae collected in cotton in 
the Mississippi Delta. Cotesia kozak, M. demolitor and H. didymator originated 
from H. armigera larvae imported fTom New Zealand, Australia, and Israel, 
respectively. Voucher specimens have been deposited at the United States National 
Museum of Natural History. 

To study host instar-age acceptance, femClles of each parasitoid species were 
exposed to a range of five H virescens !t1lY'al instars at 10 various host age 
intervals of 24 h (see Table I). Host instar-age acceptance was tested by randomly 
placing 10 host larvae of t.he same ins tar-age in a 100 X l5 mm plastic Petri dish. 
One female parasitoid, from three to six days old, was intl'Oduced into the dish 
and then obselY'ed continuollsly as she inserted her ovipositor into each of the 10 
hosts unless she stopped attacking hosts even when constantly corning into contact 
with them for 20 min, at which time the test was terminated. vVhen a female 
inserted her ovipositol' into l:l larva, the host was removed from the Petri dish and 
placed on an artificial diet in a 23-ml cup which was held in an environmental 
chamber under the conditions listed above. Individual host larvae were kept in 
these cups unt.il they pupated 01' a parasitoid larva emerged. Emergence of a 
parasitoid larva from a host indicated that an egg had been laid in the host~ [f the 
host did not pupate and a parasitoid larva did not emerge from this host, the host 
was dissected to determine the presence of a dead immature parasitoid. The 
number of hosts from which a parasitoid emerged plus the number of hosts 
containing dead immature parasitoids was considered the number of hosts accepted by 
a female. \Ve conducted previous behavioml studies which showed that a female 
would sometimes insert hel' ovipositor into II freely moving host in a Peb; dish 
even if she would not do so when the host was offered to her on a small camel's 
hair brush or a cotton swab. Therefore, fenHiles used in the test were llllowed to 
freely search for hosts, The number of replicates (n) for each test is shown in 
Table 1. The number of hosts accepted was recorded for each species and host 
instar-age category. Also, data on developmcnwl times for males and females and 
percent mortality were determined for the progeny of each porasitoid species and 
host instar-age category. These data were subjected to analysis of variance and 
least significant difference tests (LSD, P < 0,05) with the general linear models 
procedure or SAS (SAS Institute 1982). 



Table 1. Mean number of H. uirescens larvae accepted fol' each parasitoid species for each instar-age category (n = number of 
replic,tes). 

Instar-age Mean ± SE Me,n ± SE Mean ± SE Mean ± SE 
of (n) accepted by (n) accepted by (n) accepted by (n) accepted by 

Host M. croceipes M. demolitor C. kazak H. didymator 

1st-24h 5.7 ± 0.5 (6)bx 9.2 ± O.4(ll),y 8.9 ± O.4(ll)'y 8.5 ± 0.4(12)by 
1st-48b 10.0 ± 0.5 (6),x 9.4 ± 0.4(9)ax 10.0 ± 0.5(6),x 10.0 ± 0.5(6),x 
2nd-72h 9.5 ± 0.5 (6),x 9.5 ± 0.5(6),x 9.7 ± 0.5(6),x 9.5 ± 0.5(6),x 
2nd-96h 9.5 ± 0.5 (6)ax 9.8 ± 0.4(9),x 9.5 ± 0.4(8),x 9.1 ± 0.4(9),x 
3rd-120h 10.0 ± 0.5 (6)ax 9.2 ± 0.4(9),x 9.3 ± 0.5(7)ax 9.3 ± 0.5(7),x 
3rd-144h 10.0 ± 0.5 (6)ax 8.9 ± 0.3(l4),bx 9.8 ± 0.5(6).. 9.1 ± 0.5(7)ax 
4th-168h 10.0 ± 0.4 (8)ax 8.3 ± 0.4(1l)by 8.6 ± O.4(lO),y 9.0 ± 0.5(7)'x 
4th-192h 9.0 ± 0.4 (9),x 4.5 ± O.4(lO)cy 2.0 ± 0.4(12)bz 5.2 ± 0.5(6)cy 
5th-216h 9.2 ± 0.5 (6)ax 0.8 ± 0.4(10)dy 0.0 (lO)z 0.0 (lO)z 
5th-240b 4.3 ± 0.5 (6)bx 0.0 (lO)y 0.0 (lO)y 0.0 (lO)y 

Means followed by the swne letter (a-d) in a column or by the same letter (x-z) in a row were not significantly different (P < 0.05; LSD test 
ISAS 19821). 
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RESULTS 

The mean number of hosts in each host instar-age category accepted by each 
species of parasitoid is shown in Table L The full range of host instal'-age 
acceptance was 1st instal'-24 h old to 5th inswr-240 h old for M. croceipes, 1st 
instar-24 h old to 5th inswl'-216 h old for M. demolitor, 1st instar-24 h old to 4th 
inst<u'-192 h old for C. kazah, and 1st instar-24 h old to 4th instar-192 h old for H. 
didymator. The mean number of hosts accepted by females was not significantly 
different (P > 0.05) for each parasitoid species for the host instar-age categories 
1st instar-48 h old through 3l'd instar-144 h old. The number of tst instar-24 hold 
hosts accepted by M. croceipes females was significantly (P < 0.05) lower than that 
of all other instars except the 240 h old 5th instars which also had significantly (P 
< 0.05) less larvae accepted. 'rhe low number in lst instar-24 h old hosts may have 
been primarily due (Q the difficulty that t.hese females had in locating these tiny 
hosts with their ovipositor. The three imported species cOlild easily locate 1st 
instar-24 h old hosts. Even though M. demoLilor females would accept 4th instal'
192 h old hosts and 5th instar·216 h old hosts, they accepted significantly (P < 
0.05) fewer hosts in these two categories than they did in the other categories. 
Acceptance of 4th instal"192 h old hosts was also significantly (P < 0.05) lower for 
C. kaulk and H. didymalor females. 

The mean developmental time in days for males for each species for each host 
instar-age category is listed in Table 2. Developmental time for 1\1. croceipes males 
was significantly (P < 0.05) higher for 4th instar-192 h old hosts and 5th instar 
hosts than for all other host ins tar-age categories. Developmental time for A1. 
demolilor males was significantly (P < 0.05) higher for 4th instal'-1.68 h old through 
5th inst..ar-216 h old hosts than for all other host. instar-age categories. Developmental 
time for C. Juuak males was significantly (P < 0.05) longer for the last three host 
ins tar-age categories than for all other categories. For H. didymalor males, develop
mental time was significantly higher for 4th instar-192 h old hosts than for all other 
host instar-nge categories. The general trend for these four parasitoid species was 
for longer developmental times for older hosts. Generally, there were no significant 
differences (P > 0.05) in male de\'elopmental time between C. kazak and M. 
demolilor except t.here was fl signilicantly (P < 0.05) lower developmental rate for 
C. kazah for 120 and 168 h old instal'S. Developmental time of males was 
significantly (P < 0.05) greater fol' H. didymalor and M. croceipes than for the 
other two species, and it was significantly (P < 0.05) greater for A1. croceipes than 
for H. didymalor. 

The mean developmenk'1l time in days for females of each species for each 
instar-age category is shown in Table 3. Developmental time for M. croceipes 
females was significantly (P < 0.05) higher for 1st instal'S and 4th instar-192 hold 
through 5th instar-240 h old hosts than for all other host instar-age groups. 
Developmental time for M. demo{ilor and C. hazak females was significantly (P < 
0_05) higher for the last three host instar-age categories than for all other host 
categories. Thus for these three species, developmental time was higher for older 
hosts, and with M. croceipes females, developmental time was also higher for the 
youngest hosts. No significant differences (P > 0.05) in developmental times of 
female progeny occurred for fl. didymalor among all categories of hosts. However, 
no female progeny of H. didymalor emerged from 1st instar-24 h old larvae. Female 
developmental time was not significantly different (P > 0.05) for C. kazak and IW. 



Table 2. Mean developmental time in days or males for each parasitoid species for each H. uirescens ins tar-age category 
(n = number of replicates). 

Instar-age Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
of (n) for (n) for (n) for (n) for 

Hosts M croceipe.~ M. demolitor C. kazak H. didymator 

Ist-24h 18.6 ± 0.4 (20)abz 14.1 ± 0.8(20)acx 14.1 ± 0.4(20)abx 15.5 ± 0.3(29)ay 
Ist-48h 18.9 ± 0.3 (39)abz 14.3 ± 0.8(12)acx 13.8 ± 0.4(23)ax 16.3 ± 0.3(51)aby 
2nd-72h 18.6 ± 0.3 (20)abz 13.8 ± 0.3(25)ax 14.2 ± 0.3(31)abx 16.0 ± 0.3(55)aby 
2nd-96h 18.6 ± 0.2 (46)ahz 14.1 ± 0.2(46)acx 13.7 ± 0.2(67)ax 15.6 ± 0.2(97)ay 
3rd-120h 18.5 ± 0.3 (32)az 14.6 ± 0.4(14)acx 13.7 ± 0.3(48)ax 15.6 ± 0.3(50)ay 
3rd-l44h 18.5 ± 0.3 (25)az 14.3 ± 0.3(31)acx 14.6 ± 0.2(42)bx 16.0 ± 0.3(61)aby 
4th-168h 18.4 ± 0.4 (19)az 15.8 ± 0.3(19) by 14.6 ± 0.3(25)bx 15.9 ± 0.8(59)aby 
4th-192h 19.4 ± 0.3 (3:J)bz 15.6 ± 0.7(6)bx 15.0 ± 0.6(4)bx 16.5 ± 0.3(33)by 
5th-216h 19.5 ± 0.3 (22)by 15.8 ± 0.6(4)bcx 
5th-240h 19.5 ± 0.3 (18)b 

Means followed hy the same letter (a-c) in 3 column or by the slime letter (x-z) in a row were not si~ifieantly different (P < O.Oii; LSD test. ISAS 19821). 



Table 3. Mean developmental time in days of females for each parasitoid species for each H. uirescens instar-age category 
(n = number of replicates). 

Instar-age 
of 

Hosts 

Ist-24h 
Ist-48h 
2nd-72h 
2nd-96h 
3rd-120h 
3rd-144h 
4th-168h 
4th-192h 
5th-216h 
5th-240h 

Meon ± SE 
(n) for 

M. croceipes 

20.0 ± 0.4 (14)by 
20.6 ± 0.3 (ll)by 
19.6 ± 0.3 (IO)obz 
19.5 ± 0.3 (31)abz 
18.8 ± 0.4 (20)8Z 
18.9 ± 0.3 (14)87
19.2 ± 0.4 (9).by 
20.5 ± 0.3 (16)by 
20.3 ± 0.3 (13)by 
20.0 ± 0.3 (ll)b 

Mean ± SE 
(n) for 

M. demolitor 

14.3 ± 0.3(27)ox 
14.9 ± 0.3(16)obx 
14.2 ± 0.3(22)ox 
14.3 ± 0.2(39)ox 
14.5 ± 0.3(25)ox 
15.0 ± 0.4(20)abcx 
15.9 ± 0.3(13)cx 
15.9 ± 0.5(4)cx 
16.0 ± 0.9(2)cx 

Meon ± SE 
(n) for 

C. kazak 

14.4 ± 0.4(28)obx 
14.5 ± 0.4(9)obx 
14.1 ± 0.2(29)ox 
14.2 ± 0.2(34)ax 
14.3 ± 0.2(34)8X 
15.6 ± 0.2(23) bxy 
15.2 ± 0.3(13)bx 
17.0 ± 0.5(3)cx 

Meon ± SE 
(n) for 

H. didymator 

none 
16.0 ± 0.5(6)ax 
16.0 ± 0.4(10)oy 
l5.5 ± 0.4(13)ay 
J5.8 ± 0.4(7)8Y ,'"15.8 ± 0.4(10)8Y 8

3
16.0 ± 0.6(5)ox ~ 
15.8 ± 0.4(4)8X 

~ 
5" 
Z 

Means followed by me same letter (a·d) in a column or by the same letter (s:-z) in a row were not significantly different (p < 0.05; LSD test ISAS 19821). ? 
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demolitor. Developmental time for M. crocejpes females was significantly (P < 0.05) 
longer t.han than of all other parasitoid species. A significant difference (P < 0.05) 
in female development rate occurred between C. kazak and H. djdymalor for 1st 
instar-48 h old hosts to 3rd instar-120 h old hosts after which there was no 
significant difference (P > 0.05) in developmental time. Female developmental time 
for H. didymalor was significantly (P < 0.05) longer than that of M. demolitor. 

The mean percent mortality for each species for each instar-age category is 
shown in Table 4. Percent mortality for M. croceipes was significantly (P < 0.05) 
higher for 1st instars and 4th instar-192 h old through 5th instar-240 h old hosts 
than for all other host instar-age groups. Percent mortality for M. demolitor and C. 
hazah females was significantly (P < 0.05) higher for the last three host instar-age 
categories than for all other host categories. Thus for these three species, percent 
mortality was higher for older hosts, and with C. kazak, percent mortality was also 
significantly (P < 0.05) higher for the youngest hosts. No significant differences (P 
> 0.05) in percent mortality occurred for H. didymator among all categories of 
hosts. Percent mortality was significantly (P < 0.05) lower fol' H. didymator than 
for each of the 3 other species for each host instar·age category. Percent mortality 
for M. croceipes and C. kazak was significantly (P < 0.05) lower than that for M. 
demolilor for 2nd instar-72 h old through 3rd instar-120 h old hosts. 

DISCUSSION 

Microplitis croceipes accepted the greatest number (between 9.0 to to.O) of 
hosts in the range from 1st instar-48 h old to 5th instar-216 h old larvae. However, 
within this range of host acceptance, 2nd instar·72 h old through 4th insror-l68 h 
old hosts were more suitable hosts since developmental time of the females was 
lowest within this range of hosts. With M. demoLitor, the greatest number (between 
8.9 to 9.8) of hosts accepted fell within the range of 1st instar~24 h old through 3rd 
instar·144 h old, and the hosts within this range were the most suitable for the 
survival and development of males and females. The greatest number (between 8.6 
to 10.0) of hosts accepted by C. kazak occurred within the range of 1st instar·24 h 
old to 4th instar-168 h old hosts. However, only 2nd instar·72 h old to 3rd instar
L20 h old hosts were the most suitable hosts for both development and survival of 
lhe immatures. For even though development of both males and females was as 
short fol' 1st instal'S as for 2nd through early 3rd ins tars, immature survival was 
lower for the 1st instal'S. Hyposoler didymalor accepted the greatest number 
(between 9.0 to 10.0) of hosts in the range from lst instar-4B h old to 4th instar-16B 
h old larvae, and the hosts within this range were the most suitable for sUlvival and 
development of the immatures. 

Our results on host instar·age acceptance are similar to those of Lewis (1970) 
for M. croceipes parasitizing Heliothis zea. (Boddie). We found no differences in 
host acceptance for 48 h old 1st through 216 h old 5th instars. The percent of first 
through 4th instal'S parasitized by M. croceipes was determined by Lewis (1970) to 
be between 87 - 95%. These females accepted slightly fewer 1st instal'S than 2nd 
through 4th instars. Only 71% of the 5th instal'S were parasitized. Lewis (1970) also 
found, as we did, that as 5th instal'S matured they became less acceptable to M. 
croceipes. Our findings differ somewhat from Hopper and King's (1984). They 
determined that the order of host acceptance from high to low was 3rd ins tars, 2nd 
and 4th instal'S, 5th instars and lastly 1st ins tars. We found differences in 
acceptance only betv.'een both 1st instar-24 h old hosts and 5th instar-240 hold 



Table 4. Mean percent mortality for each parasitoid species for each H uirescens instar-age category (n = number of replicates). 

lnstar-age Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
of (n) for (n) for (n) for (n) for 

Hosts M. croceipes M demolitor C. kawk H. didymator 

1st-24h 34.6 ± 0.3 (52)abxy 29.9 ± 0.4(67)axy 52.9 ± 0.3(102)by 6.5 ± 0.4(31)ax 
Ist-48h 27.5 ± 0.3 (69)ay 46.2 ± 0.3(52)aby 48.4 ± 0.4(62)by 10.9 ± 0.4(64)ax 
2nd-72h 28.6 ± 0.4 (42)ayz 46.0 ± 0.4(87)abz 21.1 ± 0.3(76)ay 7.1 ± 0.4(70)ax 
2nd-96h 20.6 ± 0.3 (97)ay 46.9 ± 0.3(160)abz 25.2 ± 0.2(135)ay 4.3 ± 0.3(1I5)ax 
3rd-120h 27.8 ± 0.3 (72)ay 48.0 ± 0.3(75)abz 21.9 ± 0.2(105)"y 5.0 ± 0.4(60).x 
3rd-144h 27.8 ± 0.4 (54)ay 48.0 ± 0.3(98)abz 45.8 ± 0.3(120)bz 6.6 ± 0.3(76)"x 
4th·168h 26.3 ± 0.3 (38)ax 64.8 ± 0.4(91)by 51.3 ± 0.4(78)by II.! ± 0.3(72)ax 
4th-192h 27.9 ± 0.3 (68)ax 81.8 ± 0.5(33)bcy 81.1 ± 0.5(37)cy 37.3 ± 0.4(59)bx 
5th-216h 52.7 ± 0.4 (74)bx 87.0 ± 0.4(46)cy 
5th-240h 51.7 ± 0.3 (60)b 

Means foUowed by the Sllme letter (a·c) in a column or by the same letter (x·z) in a row were not significantly different (P < 0.05; LSD test ISAS 19821). 
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hosts and all the other host instar-age categories for M. croceipes. 'The differences 
between OUl' results and Hopper and lling's (1984) are probably due to the 
different methods utilized. \Ve chose to allow a female to search freely fol' hosts 
since we had previously observed that a female would sometimes accept a host in 
the Petri dish which it had only seconds earlier rejected when that host had been 
presented to it on a small paint brush. Hopper and King (1984) gently presented 
the host to the wasp on a cotton swab, and the criterion for acceptance was 
whether a wasp stung a host within 20 seconds of the first encounter. 'Ne believe 
that our method is valid particularly since our main objective was to make 
comparisons in host acceptance between the four parasitoid species. 

We were interested in determining if any overlap occurred in host ins tar-age 
acceptance for these four species of parasitoids. If so, then these wasps would 
possibly compete for the same hosts in the field. Although there was overlap in 
host acceptance. it was not carried throughout the full host inslar·age range. Later 
instal'S were more acceptable to M. croceipes than to the three imported species. 
However. since early 2nd to late 3rd instal'S of H. uirescells were equally acceptable 
to each of these parasitoid species, competition for these instal'S could possibly 
occur in the field. 
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ABSTRACT 

Margosan-O, a commercial formulation of uzadimchtin ext.racted from the ncclll tree. 
Azadirachw indica A..Juss., was evaluated for control of the swcctpot.alo whitefly. l3emisia 
whaci (Gennadius), flower thrips, FnmhJiniella spp., cot1on lenfperforator, BuccuJOlrix thurber
iella. Busck, and spider mites, Telranyc1l11s spp., in small field plots of cotton, Go,<;,o;ypium 
hirsuium L.• at Phoenix, AZ. A significant (P < 0.05) 00% reduction was observed in the 
numbers of immature whiteflies on cotton leaves after applications of aqueous sprays 
containing 160 ppm of nzadirachtin (138.7 ml (AI)jha) but lower concentrations. including the 
recommended rate of 20 ppm, were ineffective. No consistent effecLS were observed with the 
other species. :-.Jo phytotoxicity was observed in cotton plants after application of the Lest 
doses. 

Key Words: Sweetpotato whiteny, Bcmisia tabaci, coLlon, 8zadirachtin, ncern oil 

J. Agric. Enlomol. 6(4): 211-215 (October 1989) 

The sweetpotato whiteUy (SPW), Bemisia labaci (Gennadius), is an international 
pest of aglicultural field crops (Butler and Henneberry 1986) and of numerous 
alternate hosts (Mound and Halsey 19(8). Populations of SPW in cotton result in 
economic damage by contaminating the lint with honeydew and by reducing yield 
through transmission of the cotton leaf crumple virus (Butler et a1. 1986). Mobile 
populations of SPW leave cotton in the fall and invade vegetable crops where they 
transmit several economically important viral diseases (Duffus and Flock 1982). 
During the last decade, the SP\V has become a serious pest of cotton and 
vegetable crops in the southwestel'll United States causing losses estimated at 100 
million dollars to growers and consumers in 1981 (prabhaker et al. 1985). Increased 
SP\V populations in Arizona and California may be the result. of various climatic 
factors but the species has also developed broad spectrum resistance to organo
phosphorus and synthetic pyrethroid insecticides (prabhaker et al. 1985). Control 
of the SPW by methods other thtln insecticidal sprays is becoming increasingly 
important. 

A group of biologically active compounds with low mammalian toxicity is found 
in extracts of the neem tree, Azadirachta indica A. Juss. (Warthen 1979). The most 
biologically active of these compounds (found concentrated in seed kernels) is 
8zadil'8chtill, a tritel'penoid struct.urally similar to insect ecdysolles. OUI' objective 
was to test Marosan-O, a commel'cial neem kernel extract containing azadil'tlchtin, 
fol' suppression of t.he nymphs 01' SPW and other lato season pests on cotton. 
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MATERIALS AND METHODS 

Margosan-O concentrate (lot no. 18 June 87-4), was obtained from Vikwood 
Ltd, Sheboygan, WI. Label specifications call for 3000 ppm of 8zadirachtin but 
analysis of samples returned to the producer after our study showed 4300 ppm. 
The later figure was used in computing the amount of active ingredient applied. 
Label directions caU for 150 parts water mixed with 1 part of Margosan-O (20 ppm 
of azadirachtin), and spray mixture applied until leaves are wet. 

Twenty field plots, 10 m by one row wide, were arranged in a 0.25 ha block of 
Deltapille 61 cotton at Phoenix, AZ. The cotton was heavily infested with SPW 
due to season-long applications of insecticides, primarily malathion or synthetic 
pyrethroids, for control of the boll weevil, Anthonomus grandis (Boheman). Appli· 
cations of insecticides to the study area were discontinued 22 August, plior to the 
beginning of our test on 28 August. Four treatments, aqueous spray concentrations 
of 10, 20, and 40 ppm of azadirachtin and control, were arranged in a randomized 
complete block design with five replications. Applications of these concentrations 
were planned for 28 August, 2, 8, 14, and 21 September. However, the 10 and 20 
ppm concentrations were increased to 160 and 80 ppm, respectively, on the fourth 
and fifth applications. Furthermore, the amollnt of spray was increased from 0.3 I 
per plot to 0.6 I per plot for the last three applications (Table 1). These changes 
were made because of the observed lack of efficacy of lower concentrations and 
spray volumes. All applications were made llsing a compressed ait, sprayer set at 
20 psi. 

Table l.	 Treatments of Margosan-O containing azadirachtin sprayed on plots of 
Deltapine 61 cotton, Phoenix, AZ, 1987. 

Rate/ha 

Application Azadirachtin Spray/plot Margosan-O "Vuter Azadirachtin 
dal~(s) (ppm) (liters) (liters) (liters) (ml) 

28 Aug., 2 Sept.	 10 0.3 300 4.3 
20' 0.3 2 300 8.7 
40 0.3 4 300 17.3 

8 Sept.	 10 0.6 2 600 8.7 
20 0.6 4 600 17.3 
40 0.6 8 600 34.7 

14, 21 Sept.	 40 0.6 8 600 34.7 
80 0.6 16 600 69.4 

160 0.6 32 600 138.7 

• Suggested dose in label directions 

Samples of 10 leaves per plot wel'e collected on 28 August (plior to the first 
treatment), 1, 10, 17, and 28 September. Leaves were selected from the 6th main 
stem node from the top of the plant. The samples of leaves were then weighed and 
examined for 3rd instal' Imvae (horseshoe stage) of the cotton leafperforator 
(CLP), l3u.cculalrix lhurberiella Busck. Data were recorded as l8Ivae per g of leaf 
weight. The leaves were then placed on a wood block, and two circular disks, 2.2 
cm in diameter, one on either side of the mid-vein, were imprinted on the lower 
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leaf surface with a grommet punch. These disks were examined at lOx magnification 
for nymphs and pupae of the SP\V, and for spider mites, TetraTlychu.s spp. 
Numbers were recorded per 7.6 em:!, the combined area of the two discs. 

Samples of five plant terminals per plot were collected on each sampling date 
and sealed in polyethylene bags in the field. One liter of ethyl alcohol was poured 
into the bags and they were shaken for 20 seconds to suspend the insects. The 
alcohol was poured into a Buchner funnel containing a 9.0 em disc of Wllatman no. 
4 filter paper under vacuum. The filter paper disc was examined at a lOx 
magnification for adult and immature nower thrips, Fra71kliniella spp. 

Samples of adult whiteflies were collected for 4·h periods on 28 August and 2 
September using yellow sticky card traps placed in the test area and the percent 
of SP\\, determined for captured whiteflies. 

Data were tested for significance using analysis of variance and means were 
separated (P = 0.05) by Duncan's (1955) multiple range test. 

RESULTS 

None of the concentrations sprayed on the field plots during the test resulted 
in phytotoxicity. No consistent reductions were observed in the numbers of any of 
the insect or mite species (Table 2). On 28 September, a significant 60% reduction 
in nymphs of SP\\, on leaves treated on 14 and 21 September with the greatest 
concentration of 160 ppm (138.7 ml azadirachtin per hal was obselved. This 
significant difference was the result. of a treated population that remained at the 
level of the previous sample compared to the control population which increased 
2.7·fold during the same II-day interval. 

Numbers of thrips and CLP generally declined dUl'ing the study. SignifLcantly 
fewer CLP pel' g of leaf were found on some treated leaves on some sample dates, 
but the effect was inconsistent. No consistent effects were observed 1'01' thrips, 
although there was a significant reduction in thrips on treated terminnls on 10 
September (average of 2.4 thrips pel' terminal for treated terminals compared to 
4.2 for the control). Mites were present in low numbers throughout the test and a 
significant reduction in their number was observed on treated leaves on 17 
September (average of 0.2 mites per 7.6 em:! for treated leaves compared to 2.6 for 
the control). However, the difference was not repeated in samples on 28 September. 
Mites were observed to be less common on leaves heavily coated with honeydew. 

Of the whiteflies collected on yellow sticky cards on 28 August and 2 September 
(n = 273, 357) 95.0 and 97.2%, respectively, were SPW. The remainder were the 
bandedwinged whitefly. Trialeurodes abutilonea (Haldeman). 

DISCUSSION 

Knodel et al. (1986) tested Mnrgosan-O in aqueous soil drenches and foliar 
sprays against Liriomyza trifolii (Burgess), a leafminer of ornamentals. Their 
results indicated reductions in numbers of pupae and adults reared on plants 
sprayed with a 1.25% concentration. However, neither method of application 
resulted in effective insect control or damage to the plants. Aqueous solutions 
containing 50 ppm of azadirachtin applied to young bean plants, Phaseolus vulgaris 
L., caused a 90% reduction in reproduction of the Mexican bean beetle, Epilac:hna 
uariuestes Mulsant (Steets and Schmutterer 19(5). 
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Table 2.	 Innuences of selected Margosan-O treatments on densities of selected 
pest species on Deltapine 61 cotton at Phoenix, AZ, 198i (one 10 m row 
of cotton per plot, five replicate plots per concentmtion, average of 10 
leaves per sample)· 

Sample Azadirachtin Thrips! Mites! CLP!gram WhiteOy 
Date (ppm) terminal 7.6 cm 2 of leaf nymphs/7.6 cmZ 

28 Aug 0 7.5 1.2 1.9 a 51 
0 5.7 1.0 1.4 ab 54 
0 7.2 0.2 1.0 ab 54 
0 7.7 0.4 0.8 b 33 

1 Sept 10 2.8 0.1 0.0 76 
20 2.0 0.2 0.0 63 
40 2.6 0.2 0.0 32 

Cont 3.5 0.1 0.0 74 

10 Sept 10 2.2 b 0.2 0.9 a 73 
20 2.1 b 0.7 0.8 a 73 
40 1.9 b 0.3 0.3 b 76 

Cont. 4.2 a 0.2 0.7 a 86 

[7 Sept 40 0.3 0.2 b 0.0 b 33 
80 0.5 0.3 b 0.0 b 43 

160 0.5 0.2 b 0.2 a 44 
Cont. 0.6 2.6 a 0.2 a 52 

28 Sept 40	 1.8 0.0 128 ab _. /0" 

160 0.6 0.0 57 b 
Cont. 1.2 0.1 142 a 

'" Means wilhin u column lind illlllll)lu dHlc followed hy /I common letter urlJ not significant.ly different. 
(p '" 0.05, Dunclln's 11955J multiple range test.s). All dnln were test.ed, only sll-:nificllnt. differences arlJ 
shown. 

80	 0.0 79 ab 

Both Dreyer (1983) and Coudriet el al. (1985) reported favorable results with 
foliar applications of 2% neern seed extracts (active ingredients unknown) against 
the SPW. However, Dreyer (1983) found st.rong adult repellency and little or no 
effect on the immature stages, while Coudriet ct al (1985) found adult repellency 
and growth regulating effects on the immature stages. Neem seed extracts contain 
a mixture of biologically active compounds (Warthen 1979), the quantities of which 
vary \\~th extraction procedures (lVlansour eL 81. 1987). Azadirachtin, the biologically 
active compound in Margosan-O, would seem to be the active ingredient of choice. 
This compound has shown antireedant, 8ntihorlllonaI, or insecticidal properties 
against a diverse spectrum or insects (Amuson et al. 1985, Ladd et 81. 1984). 
However, the commercial product Mal'gosan-O, at label dose rates, did not show 
efficacy rol' the control of SP\V or the other three species observed in our 
test. 
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ABSTRACT 

Defoliation of 'Kennebec' and 'Superior' potaioes by the Colorado potato hectle (CPR), 
Leptillotarsa decemlineato (Say), was simulated by hand defoliation in a 5 year field study. 
Defoliations corresponded to peak population levels of larval and adult CPB. Defoliation was 
done by removing O. 12.5, 25. 50, 75, 100% of the foliage. lind cutting the stem at ground 
level, 8S well as removing the top third of the plant. At the time of peak spring and summer 
adult emergence of CPS, 'Kennebec' and ;Superior' potato plants were able to sustain total 
defoliation without. significant decrease in yield, When the larvae of this pest. had reached 
their population peak, the t\...o culti\'ars sllstained approximately 25 and 12.5% defoliation, 
respectively, without any decrease in yield. 

!(ey Words: Potatoes, artilicial defoliation, yield, 

J. Agric. Entomol. 6(4): 217-226 (October 1989) 

Potatoes are one of the most important agricultural crops in Quebec. and are 
vulnerable to complete defoliation by the Colorado POll:lto beetle (CPS), Leplinotarsa 
decemlineala (SAY). In southern Quebec, the CPB has two complete generations 
pel' year. The adults emerge from the soil in late spring and lay eggs on potato 
leaves (Mailloux et al. 1988). The eggs hatch and the Imvae develop into pupae in 
the soil to emerge as adults by the end of July. These summer adults feed 
intensively for about one week, then some of them enter reproductive diapause, 
whereas others give rise to a second generation. Defoliation is of concern to potato 
growers because CPB populations can defoliate and kill the potato plants before 
tuber initiation. 

When developing a management program fol' potatoes, it is important to 
understand plant responses to different levels of defoliation as related to CPB 
seasonal abundance. Insect-damage simulation studies are often used to establish 
yield·damage relationships without. considering pest abundance or its economic 
injury level. A decision to treat based on the level of defoliation would be easier, 
more direct and rapid, than a decision based on pest abundance. Decreases in 
potato yield caused by hail have been reported by Tokatori et a1. (1952), Sparks et 

"'liniSlcre de l'Agricullure, des Pccheries et de l'Alimentation dll Quebec, Conlribution ;# :174. 
, Agricult.ure Canada. St-Jcnn·sur·RichcliclJ, Contribut.ion ;# 335-8!)'()..1.H. 
, Research Station, A,::riculture Canllda. St-Jcan-sur-Richclicu Quehec. Canada J3B 6Z8 
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al. (1.957), Snyder and Michelson (1959), Murphy and Goven (1962) and Beresford 
(1967). Other studies showing decreases in potato yield caused by both simulated 
and arthropod defoliation have been reported by Cranshaw and Radcliffe (1980), 
Hare (1980), Wellik et al. (1981), Ferro et al. (1983) and Shields and Wyman (1984). 
These st.udies were based on the phenology of the potato plant and indicate that 
this plant has considerable capacity t.o recover fl'om defoliation. Furthermore, 
maximum yield decreases were observed when defoliation was carried out at the 
full bloom stage of vegetative growth. 

This study reports the effects of manual defoliation when it is done at intervals 
that correspond to peak population levels of CPB adults and larvae, in potato 
fields in southern Quebec. 

MATERIALS AND METHODS 

The field plots were at the Agriculture Quebec farm of L'Assomption in 1982, 
1984, 1985, 1986 and 1987. Plots were a single row spaced at 1 m. Seed tubers 
were hand-planted at 0.3 ill intervals. Plots were arranged in a randomized 
complete block design and each treatment (defoliation level) was applied to 8
plant plots l'eplicated 6 times for each cultival'. Blocks were separated by a buffer 
of bare ground 4 m on all sides to provide space for sprayers. 

Potatoes were grown following the recommendations of the Ontario Ministry of 
AgricultUl'e and Food (Anonymous 1982). Fertilizers were broadcast based on 
results of soil analyses. Weeds were controlled by pre-emergence herbicides and 
hand weeding. Azinphosmethyl 2.4 SC (1.5 L of product /ha) and maneb 80% W1' 
(2.25 kg of product./ha) were applied when required, so as to completely exclude 
CPB and diseases from plots. Vines were not killed at maturity. 

In a preliminary study, the seasonal abundance of the different life stages of 
CPB was monitored on 'Kennebec' potatoes in 1981. Monitoring was done 2 or 3 
times a week, by determining the percentage of potato plants infested with 
different CPB life stages. The relative abundance of each stage was plotted and a 
smooth Clll've connecting succeeding observation points was fit by eye. 

The defoliation study was conducted from 1982 to 1987 using Kennebec and 
Superior potato cultivars. There ' ....el'e three defoliations periods. The first corre
sponded with the adult spring CPB peak emergence, the second with the peak of 
the small first generation larvae, and the third with the peak of adult summer 
emergence. The defoliHtion periods (1982·1987) were based on monitoring results 
of previous years, and on actual yearly CPS monitoring data from non-treated 
fields. The time for maximum abundance of the different CPB life stages in a 
particulal' year were based on the average thermal summation obtained from 
previous yearly monitoring data. 

Defoliation was done by removing randomly 0 leaf, lout of 8, ] out of 4, lout 
of 2, 3 out of 4 and all the leaves, from the total number of leaves on each stem. 
This defoliation corresponded approximately to 0, 12.5, 25, 50, 75 and 100 percent 
of the foliage. All apical buds were left intact and there was no injury to the stem 
and branches. We also examined the effect of cutting the stems at ground level 
and t.he removal of the top third of the plant. The phenological stage of potato 
plants at these defoliation periods was determined according to Sparks (1972). 

Potatoes were harvested with a single row mechanical digger and undersized 
tubers were hand picked. Potatoes of each row were stored in burlap bags until 
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graded. Total yield fTom each plot was graded and weighed according to the 
Canadian grading standard (Anonymous 1978) Canada No.1 (tubers 5.7 - 8.9 em in 
diameter), Canada No. I-small (3.8 - 5.7 em), Canada No.2 (4.4 - 11.4 em). The 
weight of malformed and undersize tubers or cull grades (those less than 3.8 em in 
diamcter) were also recorded per IJlot. 

The graded yield data expresscd as g per plant, were statistically analyzed as a 
randomized complete block design. Significant differences between the undefoliated 
check and the defoliated treatment means were det.ermined by a post-hoc lineal' 
contl'3st test (Neter et al. 1985). An F statistic and its probability value was 
calculated for each contrast. These probabilities were considered significant when 
lowcl' than 0.05. The yield of different grades of potatoes, produced from plots 
that received the same level of defoliation, were also expressed as a percentage of 
the total yield for that level of defoliation. 

RESULTS 

Kennebec culLivar 
The seasonal abundance of the different CPS life stages at L'Assomption 

(1981) is shown in Fig. 1. When the CPR population buildup was compared with 
the phenological growth of 'Kennebec' potatoes, it became evident that. this 
cultivar would be attacked first by overwintering spring adults, then by CPB larvae 
when the plants were at 50% full bloom and a third time by summer adults when 
the plants were near maturity, CD. when the vines were changing color. 

At the peak of adult CPB abundance in spring, IJlants of t.his cultivar were 1 to 
5 cm high. Cutting the stems at ground level resulted in significant yield decreases 
in total yield, as well as decreases in grades I and 2, with no effect on grade I
smail (Table I). 

When small CPB larvae were at maximum abundance, 50% of the potato plants 
in this variet.y were in bloom. Nearly significant reductions occurred in total yield 
and grade 2 at the 50% defoliation level, and significant reductions occurred in 
grade I at the 75% defoliation level (Table 2). Stem dest.ruction caused yield loss 
in grade I, but an increase in grade I-small (Table 4). 

At. the peak of adult CPB summer emergence, plants were near maturity, ca. 89 
cm in height with 14 to 17 nodes pel' stem. Significant yield losses were noted in 
1982 and 1987 in total yield and grades 1 and 2, when the stems were cut. at 
ground level (Table 3). In 19871 complete defoliation and stem destruction, caused 
a pronounced increase in t.he yield of grade l-small, and a decrease in grade 1. 

Superior cultivar 
At the IJeak of CPS sp"ing emergence, potato plants were 5 to 10 em high. 

Significant yield decreased in total yield, as well as in gmdcs I, 2 and l-small, 
were not.ed when the stems had been cut at ground level (Table 1). 

\o"hen first generation young larvae reached their peak, potato plants were at 
50% bloom in 1985, 1986 and in rull bloom in 1987. In 1985 and 1986, significant 
yield decreases were noted at nil defoliation levels except 12.5% (Table 2). In 1987, 
such losses were noted only with 100% defoliation and complete stem destruction. 
Furtherlllore, whereas the percentage of grade 1 tu bel'S decreased, the percentage 
of grade I-small tubers increased (Table 4). 

The third defoliation was carried out at the peak of summer adult emergence. 
The plants were near maturity, measuring about 60 cm high with 13 to 16 nodes on 
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the stem. Significant decreases in total yield as well us in the grades 1 and 2 were 
noted only in 1984 and 1987 when the stems were cut at ground level (Table 3). 
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Fig. 1.	 Seasonal population fluctuations of (A) adults and (B) larvae of Colorado 
potato beetle, Leptinotarsa decemlineata (Say), in relation to the pheno
logical development cv Kennebec potato plants at L'Assomption, Quebec, 
1981. Phenological slages: I (plants 0-15 em), IT (15-20 em), III (20-30 em), 
IV (30-45 em), V (50% bloom), VI (full bloom), VII (past full bloom), VII 
(full grown), IX (near maturity) and X (mature plants). 
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Table l.	 Errect of defoliation on the yield of 'Superior' and 'Kennebec' potatoes 
when Colorado potato beetle adults are at peak spring emergence. 

Yield in g/plant ± SE and (P value) of contrast comparisons 
against the undefoliated check (0% defoliation). 

Variety 
Year 

Defoliation 
level (%) 

Grade No. Grade No.2 Grade No. I
smail 

Totals 

SUPERIOR 0 1060± 137 1477± 127 332±40 1505± 127 
1985 Top (\!o) 

25 
50 
75 

100 
Stems 

1415± 166(.12) 
1525± 130(.04) 
1300±220(.29) 
1525±217(.05) 
10OO± 155(.87) 
1031± 152(.90) 

1729± 129(.29) 
1783± 115(.20) 
1705±248(.34) 
1827±286(.14) 
1420± 140(.81) 
I L70± 152(.20) 

262±61(.19) 
226±47(.06) 
342±38(.98) 
232±42(.07) 
303±56(.53) 
139± 19(.00) 

1745± 131(.32) 
1805±1l7(.2l) 
1733±250(.34) 
1852±289(.15) 
1444± 143(.80) 
1I91±158(.20) 

SUPERIOR 
1987 

0 
Top (Y.,) 

12.5 

25 
50 
75 

100 
Stems 

1347± 189 
L231±250(.&I) 
1485±21'H.58) 
1262± L'13(.73) 
1154±222(.43) 
12L3±208(.59) 
850±131(.05) 
474± 127(.00) 

1599±198 
1571±256(.91) 
1727± 198(.60) 
1523± 132(.75) 
1440±211(.52) 
1571±235(.9l) 
1296± 128(.22) 
793± 144(.00) 

234±30 
324±77(.L5) 
2'12±44(.89) 
261±59(.66) 
287±25(AO) 
32S±33(.15) 
447±39(.00) 
313±66(.2L) 

1607± 197 
L582±225(.92) 
1733± 199(.61) 
1532± 129(.76) 
1<l49±209(.52) 
1576±234(.90) 
1316± 129(.24) 
805± 146(.00) 

KENNEBEC 
1982 

0 
Top (V-I) 

25 
50 
75 

100 
Siems 

1210± 121 
1331± 191(.W) 
1283± 153(.51) 
1222± I;J<I(.57) 
1186±204(.20) 
1077± nn(.5I) 
883± 12'1(.26) 

1657± 118 
1723± 184(.79) 
1707± 134(.67) 
1&l0± 118(.53) 
1558±256(.21) 
1458± 12·1(.35) 

1176± 147(.06) 

372±28 
:172±46(.63) 
383±72(.32) 
409±·16(.63) 
364±53(.60) 
390±6L(.43) 
294 ±:19(.19) 

1688± 123 

1739± 186(.78) 
1722±227(.64) 
1671± 120(.50) 
1569±259(.21) 
1469± 110(.33) 
1182±154(.06) 

KE:-INEBEC 
1987 

0 
Top (lh) 

12.5 
25 
50 
75 

100 
Stems 

1238± 84 
1285± 187(.79) 
1250± 122(.95) 
1156± ((i(i (.(i-,)) 
1175± 77(.73) 
991 ± 197(.17) 

lILO± 68(.48) 
899± 167(.06) 

l746± 94 
1740± 189(.97) 
1780±125(.85) 
1709± 142(.84) 
1652± 41(.61) 
1408±249(.07) 
1504± 89(.19) 
1269± 146(.01) 

423±23 
<l18±32(.94) 
477±80(,45) 
492±86(.34) 
,l(j7±M(.55) 
417±63(.93) 
:!75±68(.50) 
3411:40(.26) 

1785± 99 
1769± 188(.93) 
1800± 124(.94) 
1734±143(.78) 
1679± 40(.57) 
1436±248(.06) 
1521± 9O(.L6) 
1291 ± 150(.01) 

..	 Grnd~~ reprCllcnl tuber diameters as rollowll: ~radc no. 1.5.7·8.9 em; gmclc 110. 2. 4..1·11.4 em: grade no. 
I-small. :J.8-5.7 em. 

DISCUSSION AND CO CLUSIONS 

Our data suggest that when the spring and summer CPB adults attain their 
maximum abundance, 'Kennebec' and 'Superior' potato tuber production could 
sustain lip to 100% defoliation, without any losses in yield, as long as the potato 
stems are not destroyed. High populations of overwimering adults result in 
abundant first generation larvae. These larvae are very injurious to the potato 
plant because of their high population density. \Vhen the first generation larvae 
are at their peak abundance, 50 to 100% of potato plants are in bloom. At that 
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Table 2.	 Effect of defoliation on the yield of 'Superior' and 'Kennebec' potatoes 
when 1st generation larvae of Colorado potato beetle are at maximum 
abundance. 

Yield in g/plant ± SE and (P value) of contrast compal;sons 
against the undefoliated check (0% defoliation)· 

Vane!.y Defoliolion Grade No. Gmde No.2 Grade ~o. I Totals 
Year level ('Yo) smail 

SUPERIOR o 1482± 99 IBB7± III 356±20 1909± 113 
1985 Top (%) 1044± 191(.00) 1451±198(.(JO) <107± 8(.12) 1477± 198(.01) 

25 132H 187(.20) 1539± 177(.03) 215± 19(.00) 1558± 178(.03) 

50 1146± 125(.05) 1370± 127(.01) 187±21 (.00) 1391± 123(.01) 
75 68H 99(.00) 902± 96(.00) 218±58(.00) 9J8± 99(.00) 

100 651±227(.00) 904±213(.001 252±23(.01) 926±207(.001 
Slems 5+ 5{.OO) 73± 24(.00) 69±22(.00) 117± 33(.00) 

SUPERIOR o I076± 63 1302± 57 176±27 13OB± 57 
1986 Top (10) 926±104(.19) 1182± 112(.26) 224±27(.30) 1185± 112(.24) 

12.5 930± 79(.21) 1126± 77(.10) 147±37(.53) 1132± 76(.10) 
25 773± 60(.01) 957± 59(.00) 18H27(.75) 968± 57(.00) 
50 758± 117(.01) 936± 118(.00) 140±2<1(.44) 91O± 120(.00) 
75 797± 139(.02) 1016± 9<1(.01) 219±57(.36) 1040± 85(.01) 

100 217± 57(.00) 574± 72(.00) 357 ± 25(.00) 587± 70(.00) 
Slems 39± 36(.00) 197± 68(.00) 158±39(.00) 226± 66(.00) 

SUPERIOR o 983±121 1339± 119 356±30 1350± 118 

1987 Top (1)) 852± 142(.37) 1335± 169(.78) 400±50(A2) 1347± 168(.78) 
12.5 908±323(.51) 1259±270(A3) 326±64(.48) 1311±245(.54) 
25 1046± 165(.74) 1335±1<11(.98) 290±56(.20) 1339± 141(.95) 
50 866±141(.53) 1219± 120(.'19) 35H29(.96) 1236±12·1(.50) 
75 91H 174(.71) 1272± 17'1(.70) 358±24(.98) l280± 176(.68) 

100 438± 91(.01) 868± 107(.01) 430±37(.16) BBI±I06(.OI) 
Sterns 42± 38(.00) 311 ± 77(.00) 269±53(.10) 320± 76(.00) 

KENNEBEC 0 1475± 85 1972± 92 405± 40 2008± 91 
1987 Top (',;) 1353±214(.56) 1682± 193(.20) 279±39(.06) 1705± 194(.19) 

12.5 1478±229(.99) 1993±265(.92) 343±36(.34) 2060±293(.82) 
25 1252± 9<1(.28) 1709± 63(.24) 386±57(.77) 1754± 65(.27) 
50 1197±206(.19) 1550± 168(.06) 325 ± 60(.22) 1578± 161(.07) 
75 1066±250(.05) 1426±288(.02) 299±54(.11) 1445±289(.02) 

100 1049:;: 94(.05) 1396±122(.OI) 347±63{.37) 1419±121(.OI) 
Slems 383+ 138(.00) 711 ± 177(.00) 329+47(.24) 759+ 180(.00) 

• Grades represcnl tuber diameters as follows:	 grade no. L, 5.7-8.9 em; grade no. 2, 4.4·11.4 
cm; grade no. I-small, 3.8-5.7 CIll. 

time, the cv Superior could sustain up to L2.5% defoliation and 'Kennebec' up to 
25% defoliation without qualitative or quantitative decreases in yield. Shields and 
Wyman (1984) reported that a 10% defoliation at full bloom in cvs Superior and 
Russet Burbank could be tolerated without any decrease in yield. 

Differences in vmiety, geographical location, cultural practices, timing of defolia
tion, microclimate, soil type, soil fertility, photoperiod and rain water, are possible 
sources of variation in defoliation studies. Nelson and Hwang (l9i5), as well as 
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Table 3.	 Effect of defoliation on the yield of 'Superior' and 'Kennebec' potatoes 
when Colorado potato beetle adults are ot peak summer density. 

Yield in g/plant ± SE and (P value) of contrast comparisons 
against the undefoliated check (0% defoliation)* 

Variety Defoliation Gl"flde No.1 Grade No. 2 Grade No. I· rlbtals 
Year level (%) small 

SUPERIOR 0 1580± 167 2242±235 222±28 2302±273 
198,\ 25 1793±282(.43) 21 14±304(.66) 221 ±27(.81) 2156 ± 320(.62)
 

50 1'195± 137(.75) 2129±200(.70) 134±25(.06) 2161 ± 198(.64)
 
75 1582±286(.68) 1909±173(.16) 1'17±27(.IO) 1932± 169(.13)
 

100 1473± 171(.69) 1927±257(.29) 199±49(.57) 2000± 221 (.32)
 
Stems 688± 120(.00) 924±147(.00) 145± 9(.10) 940± 152(.00)
 

SUPI>IUOR 0 13,11± 107 1616± 102 2fJ4±30 1632± 103 
1985 Top ('h) 1678± 113(.14) 2031 ± 130(.08) 321±21(.27) 2054± 128(.07)
 

25 1557± 156(.37) 1927± 193(.21) 344±73(.15) 1970± 185(.17)
 
50 1537±208(.38) 1972±204(.13) 395±50(.03) 1998±202(.11)
 
75 1389±223(.82) 181O±251(.39) 382±49(.04) 1860±248(.32)
 

100 1300±251(.86) 1628±245(.95) 297±41(.49} 1651±245(.92)
 
Stems 1115± 145(.32) 1462± 141(.51) 33:1±61(.20) 1484± 140(.52)
 

SUPI>RIOR 0 917± 81 1087± 90 165±20 1092± 90 
1986 Top (II) 87S± 117(.71) 1044± 95(.70) IG6±32(.99) 1047± 96(.69) 

12.5 782± 42(.20) 917± 53(.12) l,j7±39(.65) 919± 53(.12) 
25 782± I 16(.29) 949± I 14(.27) 167±26(.96) 963± 115(.31) 
50 727± I 14(.15) 868± 110(.09) 141 ±37(.55) 875± 108(.10) 
75 775± 156(.26) 917±160(.19) 127±36(.35) 920± 160(.18) 

100 658± 102(.05) 864± 89(.09) 206±38(.31) 872± 68(.101 
Stems 717± 136(.13) 878±132(.11) 161 ±30(.93) 885± 133(.11) 

SUPEI1IOR 0 1328± 136 1685± 142 31:J±31 1695± 142 
1987 Top (If.l) IOG8±273(.25) 1444±268(.27) 328±39(.80) 1·15H268(.26) 

12.5 1252±246(.74) 1518±225(.'I'l) 266±35(.431 1525±224(,43) 
25 1699± 173(.10) 2013± 173(.13) 264±52(AI) 2021± 174(.13) 
50 1281 ±225(.83) 1650±22i(.Si) 355±45(,49) 1660±226(.87) 
75 1458±20'1(.56) 1768± 196(.70) 297 ± .sO(.i9} 1783± 196(.68) 

100 1098±213(.31) 1517± 169(.44) 420±73(.08) 1530± 168(.44) 
Stems 81 I ± 7;)(.03) IJ13± 86(.01) 302±28(.85) II 19± 85(.01) 

KI>t\NEBEC 0 1280± If,4 1754± 187 288+25 1789±230 
1982 Top (II) 960± 181(.21) 1508± 199(.34) 340±28(.351 1539±235(.34)
 

25 1434± 199(.58) 1859±21O(,44) 285±51(.77) 1896±213(.43)
 
50 117S± 177(.65) 1666±200(.72) 265±34(.35) 1700±216(.71}
 
75 1152±211(A5) 1561± 170(.37) 27,1 ±40(.27) 1592± 174(.35}
 

100 1011±129(.34) 1508± 142(.34) 3'2:!:50(.23) 1574 ± 120(.38)
 
Stems "·18± 77(.01) 842±106(.OI) 30S±33(.21) 87i± 108(.01)
 

KENNEBEC 0 10,O± 159 1472± 176 344±22 1497±176 
1987 Top (II) 758± 158(.15) 1244± 187(.33) 426±24(.13) 1272± 189(.331 

12.5 1278± 197(.33) 1701 ± 185(.33) 377±30(.54) 1725± 179(.33) 
25 1168± 153(.64) 1677± 160(.38) 355±72(.85) 1696± 157(.39) 
50 9'19±200(.57) 1396±22·1(.75) 379±37(.52) 1431±218(.77) 
75 829± IG2(.26) 1290± 160(.'14) 411 ±48(.22) 1316± 157(.43) 

100 719± 72(.1l) 1262± 50(.38) 543±45(.OO) 1310± 46(.43) 
Stems 146± 38(.00) 630± 78(.00) 483±53(.01) 675± 71(.00) 

• Grades represent tuber diumcters liS follows: grade no. 1,5.7-8.9 em; grade no. 2,4.4-11.'1 
em; grllde no. I-small, 3.8-5.7 cm. 
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Table 4.	 Effect of a one-time simulated defoliation on tuber size carried out when first generation larvae are at maximum 
abundance. 

Grade distribution expressed as 8 percent of total yield ± SE 
at each defoliation level· 

Variety Defoliation Grade No Grade No 2 Grade No-l Undersize Malfonned Total yield 
Year level (%) small or cull 

SUPERIOR 0 72.3± 5.3 99.0± 8.1 14.8± 1.2 0.9±0.2 O.I±O.I lOO± 8.2 
~ ,. 

1985 Top (Y,,) 75.1± 9.6 98.4± 11.2 13.0± 1.2 1.2±OA 0.4±0.4 lOO± 11.5 ,."
01986 12.5 76.6±10.5 98.0± 9.2 18.2± 3.6 O.9±0.3 1.l±1.l IOO± 8.6 

1987 25 82.5± 9.2 98.4± lOA 12.3± 0.9 1.6±OA 0 ±O 100±10.7 ,'"050 76.1± 9.4 98.3± 11.0 12.7± 1.2 I.7±OA 0 ±O 100±11.2 3 
75 74.7± 9.9 98.6±11.0 14.9± 1.8 1.4±0.3 0 ±O 100±11.2 2

100 65.1±11.4 97.7± 12.2 32.5± 3.1 2.3±0.6 0 ±O 100± 1204 
~ Stems 24.3± 9.1 93.3±16.3 69.0± 11.2 6.7± 1.0 0 ±O l00±16.3 
po 

z 
KE 'EBEC 0 73.5± 4.2 98.2± 4.6 20.2± 2.0 1.4±0.2 0.4±O.3 l00± 4.5 ? 

~1987 Top (Y,,) 79.4± 12.6 98.7±11.3 16.4± 2.3 1.3±0.2 0.4±0 l00±11.4 
12.5 71.8±11.1 96.8±12.9 16.6± 1.6 0.6±0.2 2.6± 1. 7 l00±14.2 ;:; 
25 71.4± 5.4 97.4± 3.6 22.0± 3.2 1.6±0.4 1.0± 1.0 l00± 3.7 

co 
.8 

50 75.9±13.0 98.2±11.0 20.6± 4.0 1.8±0.6 0 ±O l00±10.2 
75 73.8±17.3 98.7±20.0 20.7± 3.7 1.3±0.3 0 ±O 100±20.0 

100 74.0± 6.6 98.4± 8.6 24.4± 4.4 1.6±0.3 0 ±O 100± 8.5 
Stems 50.4±18.1 93.8±23.3 43.3± 6.2 5.3± 1.2 0.9±0.9 l00±23.7 

• Grades represent tuher diameters as follows: grade no. 1. 5.7-8.9 em; grade no. 2, 4.4-11.4 em; grade no. I-small, 3.8-n.7 em; undersize, 
< 3.8 em. 
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Doorenbos and Kassam (l979), reported that for normal growth, potatoes require 
30-35 mm of water pCI' week during bloom and tuber growth periods. In our study 
this quota was met at L' Assomption only in 1987. In 1985 we recorded only 32% 
of this water requirement and in 1986 even less water was available (3.5 mm). It is 
possiblethatiliea~ilabili~of~~rin1~7m~have~u~diliee~ctof 

manual defoliation and ilie water shortage of 1985 and 1986 may have amplified 
the effect. of defoliation. In this respect Hammond and Pedigo (1982), reported 
significant yield decreases of soybeans following manual defoliation in dry years. 
No such yield decreases were noted by them in wet year. Irrigation, however, 
should not be used extensively throughout the season as it may aggravate the CPB 
problem by extending the gl'O\ving season of potatoes (Gauthier et 31. 1981). 

Yield losses from a single manual defoliation could be different from sustained 
repeated injuries caused by an insect population. Simulated insect damage is 
difficult to accomplish. Biased yield results could possibly alise from differences in 
plant competition from one treatment to another. Plants may also compensate 
insect 01" mechanical injUl;es in several ways (Harris 1974), and the compensatory 
processes could even be modified by insect-related factors such as salival)' 
secretions (Capinera and Roltsch 1980). Despite the shortcomings of artificial 
defoliation field experiments, this study suggests that potato plants may tolerate 
extensive defoliation without appreciable yield decreases throughout the season 
except Hi. maximum abundance of first generation CPS larvae. In Quebec these 
larvae nU:(lil1 maximum abundance when potato plant.s are close to full bloom. 
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ABSTRACT 

Two field studies were conducted in Darlington County, South Carolina during 1988 to 
evaluat.e the effectiveness of folinr applications of selected insecticides and insecticide 
combinations against Hcliothis spp. eggs and newly hatched larvae on cotton. Treatments 
(kgIAII/ha) exhibiting o\'o-Iar\'icidnl efficacy comparable to that of a stnndard treatment 
Ichlordimcfonn (0.14)1 WC'"C mcLhomyl (O.l4), cynuthrin (0.003, 0.0:14), tralomcthrin (OJXl2), 
profcnofos (0.28), Lhiorlicarh (0.14), nmitraz (0.28). fenoxycarb (0.1'1. 0.28), cypcnncthrin + 
renoxycarb (0.056 + 0.14, 0.056 + 0.28). and lambda-cyhalothrin + renoxycarb (0.022 + 0.14. 
0.022 + 0.28). Tralomethrin (0.0003) was the only treatment that railed to significantly 
(P ~ 0.05) increase toml (ovicidal + eelosion) mortality compared with the untreated. These 
findings document. the ovo-Iarvicidal efficacy or cynuthrin and trfllomethrin at one-tenth the 
recommended larvicidal rates. 

Key Words: Ovicides, bollworm, tobacco budwonn, pyrethroids. 

J. Agric. Entomo!. 6('1): 227-232 (October 1989) 

INTRODUCTION 

The bollworm, Heliothis zea (Boddie), and tobacco budwonTI, H. uirescells (F.), 
are serious pests or cotton (Gossypium hirsutum L.) in South Carolina. Use of the 
ovicides chlordimeform (Fundalil:, Galecron@) and methomyl (Lannate~, Nudrin@) 
has been an int.egral part of Heliothis spp. management practices for several years, 
but chlordimeforlTI recently has been withdrawn from the market and methomyl 
often causes varying degrees of phytotoxicity (\Volfenbarger and Redfern 1968, 
Canerday 1975, DuRant 1977). These factors, plus recent reports of resistance in 
Heliot.his spp. to the pyrethroid insecticides (Pia})}) and Campanhola 1986, Allen et 
al. 1987, Leonard et al. 1988b, Plapp et al. 1988) and t.o meLhomyl (Martinez
Carillo and Reynolds 1983, Roush and Wolfenbarger 1985, Horowitz et a!. 1987), 
have necessitated a search fm' new ovicides_ The elimination of the boll weevil 
(Anthonomus grandis Bohelllan) as an economic pest in South Carolina has 
reduced the need for season-long pesticide al'l}lications to cotton, creating a 
scenario in which Heliot.his spl" management using selective control agents such as 
ovicides and consetving beneficial arthropods is more feasible. 

LEPIDOPTERA: Noctuidnc.
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Recent evaluations of candidate materials have demonstrated ovicidal activity 
for several, including thiodicarb (Gonzales and Allen 1985, Bradley and Agnello 
1988), amitraz (Hol'owitz et al. 1987), pl'ofenofos (CampbelJ et al. 1979), and 
fenox)'carb (Masncr et 81. 1987, Leonard et al. 1988a). In recent laboratory studies 
(unpublished data) we found that the pyl'cthroids cyl1uthl'in and tralomethrin were 
at least 800 times morc effective than chlordimeform against eggs and first-instal' 
larvae of H. zea. The purpose of these studies was to determine the contact 
ovicidal efficacy of selected treatments against naturally occurring Heliothis spp. 
eggs on cotton foliage and the efficacy of these treatments against newly eclosed 
larvae. 

MATERIALS AND METHODS 

These studies were conducted during the summer of 1988 in a field of 'Coker 
315' cotton in Darlington County, South Carolina. Aldicarb (I'emik® 15%G [granularl, 
Rhone-Poulenc Ag Co., Reseal'ch Tl'iangle Park, N.C_) (0.39 kgIAll/ha) was applied 
in~furrow at planting time (3 May). Fertilization and weed control practices 
recommended by the Clemson University Cooperative Extension Service were 
followed. No foliar insecticide applications were made prior to the test applications. 

Treatments (kgIArI/ha) evaluated were: cyOuthl'in (Baythl'oid~ 2EC lemulsiflable 
concentrate], Mobay Chemical Corp. Kansas City, Mo.) at 0.003, 0.034; tralomethrin 
(Scout® 0.3EC, Hoechst-RousseJ Agri-Vet Co., Somel'ville, N_J.) at 0.002, 0.000:3: 
profenofos (Curacron$ SEC, Ciba~Geigy Corp., Greensboro, N.C.) at 0.28; chlol'di
mel'orrn (Fundal 4EC, NOR-AM Chemical Co., \,\lilmington, Del.) at 0.14; thiodicarb 
(Larvin@ 3.2AF [aqueous Oowablel, Rhone-Poulenc Ag Co.) at 0.14; arnitraz (Ovasyn@ 
L5EC, NOR-AM Chemical Co.) at 0_28; methomyl (Lannate L L8 Iwater soluble!. 
E. L DuPont de Nemoul's & Co., Wilmington, Del.) at 0.14; fenoxycarb 1.67EC, 
1\'1aag Agrochemicals, Vero Beach, Fla., at 0.14, 0.28; cypermethrin (Cymbushl!l 
3EC, ICI Americas, Wilmington, Del.) + fenoxycul'b at 0.056 + 0.14 and 0.056 + 
0.28; and lambda-cyhnlothl'in (Karate'!!: lEe, rel Americas) + fenoxycarb at 0.022 
+ 0.14 and 0.022 + 0.28. 

Fow' replications of each treatment were applied in a randomized complete
block design to lO-row X 15.2-m plots (0.014 ha) all 25 .July and again on 2 August 
using a high-clearance sprayer equipped with TX4 nozzles spaced every 48 em on 
a straight boom and calibrated to deliver 46.8 liters/ha at 4.2 kg/cm2 pressure. 
Treatments were applied during the morning to dry foliage with naturally deposited 
eggs. Ten newly laid (white and early red-ring stage) Heliothis spp. eggs/plot were 
collected from the six center rows of each plot that aft.ernoon. Leaves with eggs were 
removed from the planfs and immediately b'ansported to the laboratol'~Y, where a cork 
borer was used to cut a I-em-diameter disk from the leaf so that the egg was 
centered on the disk. The developmental stage of each egg was recorded using a 
binocular microscope immediately before the leaf disk was placed in a 30-ml cup 
containing ca. 10 ml of Bio-Mix mtificial diet # F9408 (BiD-Serve me., Frenchtown, N. 
J.). The eggs were held at room temperature (23~26°C), and observed every 1-3 d 
for 18 d (Study 1) 01' 13 d (Study 2). Mortality of unhatched eggs was designated 
ovicidal mortnlity; eclosion mortality included eggs in which the larva had chewed 
through the chorion, regardless of whether the larva had emerged from the egg. 
Initiation of feeding on the leaf disk or diet was the criterion used to distinguish 
survival from eclosion mortality. Surviving larvae were allowed to develop to later 
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instars to facilitate identification. Infertile eggs and eggs parasitized by Trichogramma 
spp. were omitted from the tests. Data were subject.cd to analysis of variance 
using the ANOVA-2 procedure of MSTAT (Power 1985) and means were separated 
using Student-Newman·Keuls lest (Sokal and Rohlf 1969). Ovicidal mortality and 
total mortality (ovicidal + eclosion) percentage data were transformed to arcsine 
F and eelosion mortality data were transformed to J x + 0.5 for analysis, but the 
original data arc presented in Table 1. 

RESU\XS AND DlSCUSS\O 

Study I (25 July) 
Egg parasitism by Thchogmmma spp. was relatively low; only 30 of 626 eggs (4_8%) 

were parasitized. Only eggs appearing to be newly laid had been collected; however, 
microscopic examination I-evealed many to be in the early red-ring stage. The time 
intelval between examination of eggs from the first replication and the fourth replication 
was ca. 5 h. The percentages of eggs in the red-ling stage were 46.9, 50.6. 57.5. and 58_I 
for Il~plicalions 1, 2, 3, and 4, I'espcctively, indicating thal development of some eggs 
had progressed from the white to t1le red-ring stage dUI;ng the 5-h examination pel;od. 
However, 23 of 333 red-ling-stage eggs (6.9%) were parasitizcd compared with only 7 of 
293 whit.e eggs (2.4%), indicating that many of the red-I;ng-stage eggs had been laid 
before the "",hile ones. Helio/his zen was the predominate species, comprising 117 of 
164 Iwvae (7L.3%) which ' .....ere idcntified; the remaining 28.7% wcre H. uirescens. 
1wenty-seven of 33 lmvae (81.8%) ('t'ared from the wlt.reuted eggs wel'C H. zea. 

Total 1l100taiity for both rates of cYPClmethrin + fenoxyc<-1l'b and lambda-cyhalotlllin + 
fenoxycarb and for cyOuthrin (0.034 kgIAJI/ha) was significantly (P" 0.05) greater than 
for chlordimeform (0.14 kgIAII/ha), fenoxycarb (both rules), and b·alometlll;n (0.0003 
kgIA\l/ha) (Tllble I). All trelltments except tralomethrin (0.0003 kgIAiI/ha) significantly 
(P ~ 0.05) increased both toral and ovicidal mOltalil)' compared with the untreated. 
With the exception of the lower rat.c of tralomethlin, differcnces in ovicidal mortality 
were nonsi~,"lificant (P> 0.05). Eclosion mortality was significantly (P.,:5: 0.05) greater 
for tralometluin (0.002 kg IAll/ha) than for profenofos, 111e1,homyl, fenoxycmb (0.28 
kgIAn/ha), and tralomethlin (0.0003 kgIAiI/ha). 

Study 2 (2 A(/gust) 
Egg parasitism by Tn"clwgramma spp. again was relatively low; only 41 of 603 eggs 

(6.8%) were pamsitized. Although only eggs appe8l;ng to be newly laid had been 
collected, microscopic examination again revealed many to be in lhe red-I;ng stage. As 
previously repOIted for the 25 July study. eggs collected from the first replication were 
examined cu. 5 h before those collect.ed from the fourth replication. The percentages of 
eggs in the red·ling stage were 11.0, 36.8, 54.5. and 62.6 for replications 1, 2, 3, and 4. 
respectively. This indicated. even more sb-ongly than the 25 July data, that egg 
developmenl progressed from the white to the red-ling stage during the f>..h examin.:'ltion 
period. 1\venty-two of 245 red-ring-stage eggs (9.0lk) were parasitized compared with 
19 of 358 white eggs (5.3%). Heliolhis zea again was the predominant species, 
comprising 143 of 163 larvae (87.7%). 1\venty-tlu·ee of 29 lmvae reared from unb·eated 
eggs (79.3%) were H. zea. 

Again as in Scudy I, all creatrnems except tralomethrin (0.lXXX3 kglAJllha) significc:'1nUy 
(P .5: 0.05) increased total mortality compared with the untreated (Table 1). lbtal 
mortali~ for lambdu-cyhalotluin + fenoxycarb (0.022 + 0.28 kg IAO/ha) was significantly 
(P S 0.05) greater than COl' profenoros, chlomimefolm, and fenoxycarb (0.28 kgIAIl/ha). 
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Table 1. Efficacy of selected treatments against Heliothis spp. eggs on cotton, Darlington County, South Carolina, 1988.' 

Treatment	 25 July test 2 August test 

(kg[A1j/ha) i O. % mortality No. % mortality 

eggs Ovicidal Eclosion Total eggs Ovicidal Eclosion Total 

C)'f1uthrin (0.003) 37 61.6a 25.3ab 86.9ab 38 60.0ab 26.4 86.4abe 
C)'f1uthrin (0.034) 40 77.58 15.0a-d 92.5a 34 76.3ab 20.6 96.9ab ,...
Tralomethrin (0.0003) 34 3.6b 2.5cd 6.1e 34 19.1e 9.1 28.2de 

>-Tralornethrin (0.002) 36 49.la 32.2a 81.2ab 34 58.7ab 11.5 70.2a-d ':l.Pro[eno[os (0.28) 37 7l.3n 2.5ed 73.8ab 37 52.2ab 5.0 57.2bcd e 
Chlordirneforrn (0.14) 37 45.1a 1l.3a-d 56.3b 29 54.9ab 6.7 6l.6bed ,'" Thiodiearh (0.14) 39 66.7a 15.3a-d 82.0ab 38 55.6ab 11.1 76.7a-d	 C 

3Arnitraz (0.28) 37 64.9a 7.8a-d 72.7ab 33 69.1ab 3.6 72.7a-d 2
Methorn)'l (0.14) 34 78.8a O.Od 78.8ab 36 71.1ab 2.8 73.9a-d 
Fenox)'earb (0.14) 36 41.7a 8.3a-d 50.0b 36 49.4ab 16.3 65-6a-d ~ 
Fenox)'earb (0.28) 39 45.6a 5.0bed 50.6b 38 41.3b 5.0 46.3ed p 
Cypermethrin + fenoxycarb 38 61.1a 33.9a 95.08 35 65.4ab 22.7 88.labe L 

(0.056 + 0.14)	 9 
~

C)'permethrin + fenoxycarb 36 71.8a 23.0ab 94.7a 36 60.6ab 25.8 86.4abe 
(0.056 + 0.28) 

Lambda-e),halothrin + 40 80.0a 17.5a-d 97.5a 38 76.7ab 15.6 92.2abc ~ 
fenox)'earb (0.022 + 0.14) 

LClmbda-cyhalothrin + 38 76.4a 20.8abc 97.2a 35 87.9a 12.2 100.0a 
fenox)'earb (0.022 + 0.28) 

Untreated 38 O.Ob O.Od O.Oe 32 8.1e 3.1 11.3e 
'"	 Mcuns within a column followed by the same leHer are not significanlly different (P > 0.0.1; Student-Newman-Ken!!' te:r;t ISokal and Rohlf 1969]). Abi'lence of letters 

denotes nonsignificance. 
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Ovicidal mOltaiity for lambda-cyhalothrin + fenoxycal'b (0.0'22 + 0.28 kg[AIJlha) was 
significantly (P" 0.05) greater than for tntlamethrin (0.0003 kg[AWha) and fenaxycarb 
(0.28 kgIAWha). Eclasian maltality data lacked significance (P > 0.05). 

The contact ovicidal activity of all insecticides evaluated was comparable to that of 
chlordimefonn, a standard J-1e(jothjs spp. ovicide. Horowitz et al. (1987) observed that 
both chlordimefonn and thiodicarb exhibited better ovicidal activity than amib'az 
against H. virescells. In our ~tu(lies amitraz appeared superior to chlordimefOlID, 
although the differences were non~ignificant (P > 0.05). It should be noted that the 
predominant species in our t.ests was H. zC?a. Equal rates of thiodicarb and amitraz 
were not compared in our studies, but the O.14-kg(AO/ha ratc of thiodicarb appeared 
as effect.ive as tJle 0.28-kg(AO/ha rate of amitraz. 

The ovicidal activity of methomyl appeared supeJior to that of profenofos, chlor~ 

dimefonll, thiodicarb, and amibclz, although the differences were nonsignilicant (P > 0.(5). 
Pitts and Pieters (1980) repolted that methomyl was supCl;or to these chemicals 
againsL H. uirescens. Gonzales and Allen (1985) found Lhiodicarb to be as effective an 
ovicidc as methomyl againsL J-1eljothis spp. We found methomyl to have no effect on 
eelosion mortality, while the effect of thiodicarb was noticeable, although nonsignificant 
(P> 0.05). Bmdley and Agnello (l988) stated that lhe differences in acti\1ty between 
thiodicarb and methomyl may be related to differences in solubility. Methomyl, which 
is highly soluble in water and otJler solvents, may peneo'8te the chorion more rapidly 
and cause higher initial mortality while the relatively insoluble tbiodicarb results in 
greater mortality during eelosion. 

The ovicidal efficacy of cyl1utlllin and tralomethlin at. one-t.enth the normal 
larvicidal rates is especially noteworthy. These treatments also were relatively effective 
against newly hatched lmvae. The use of extremely low rHtes of pyrethroid insecticides 
should help conserve beneficial arthropod species. However, recommendations for use 
at these rates must include use pattems which will not enhHnce development of 
resistance to pyretlu'oids by J-1e!iolhis spp. Such patterns may include combinations 
with non-pyretlu'oids and resb'icting lise to mid-season, i.e., July and August. The poor 
perfonnance of tralomethrin at 0.0003 kg (AI}lha indicaLCd thal, although this rate was 
effective ngainst H. zea in labomtol'y tests, higher rat.es are needed under field 
conditions. Although cypennethlin and lambda-cyhalotluin were not evaluated alone, 
when combined \\1th fenoxycarb they produced high tolal mortality. This is not 
sWlJlising, since larvicidal roles of the:::;e pyrethroids were used. Scott and Snodgra~s 

(1988) repotted excellent ovicidal acitivily against H ujrescemj for cypennethrin (0.07 
kgIA1Jlha). The relatively pOOl' perfOlnlanCe of fenoxycal'b alone may have been caused 
by tJle timing of the applications. Masner et al. (1987) reponed that application of 
fenm,:yC1lrb subsequent to o"iposition produced poorer results against tobacco budwolm 
eggs than did application prior to oviposition. 

These studies were designed to evaluate the ellicocy of t.reatments against newly 
laid Heljoan:') spp. eggs present on dry foliage at the time of application. We did not 
attempt. to evaluate additional charact.elistics including persistence, fumigative action, 
inHuencc of moistW'e on efficacy, and synel'gistic action. 
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ABSTRACT 

A closed-canopy sampling apparatus consisting of a galvanized conduit frame and a 
polyethylene tree cover and ground cover was designed to encompass a mature peach tree. A 
pyrethrin-piperonyl butoxide aerosol was used to knock down arthropods for collection. The 
apparatus was relatively easy to use and the technique was erricient in sampling fauna from 
aU surface microhabitats in the tree canopy. A lolal of 583 species representing 14 orders 
was collected. 

Key \Vords: Peach, peach cree, arthropods, insects. whole-tree sampling. 
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The advent of integrated pest management (IPM) strategies has increased 
interest in holistic approaches to the study of arthropod communities in various 
cropping systems. These approaches require intensive sampling techniques and 
improved statistical tools (Morris 1960). This fact is plll'ticularly true for absolute 
sampling in orchard and forest studies. The magnitude of sampling error, sampling 
difficulties when populations are low, and the complexities of factors affecting 
natural populations discourage field studies. The degree of precision necessary in 
sampling is debatable and may depend upon whether u management decision or 
an ecological study is involved. Southwood (1978) and Lord (1968) discussed the 
various problems inherent with intensive sampling of arthropods in plant foliage. 

A number of sampling techniques have been used to sample arthropods in 
orchards and forest trees. These include placing individual branches in various 
types of shaker·tumblers (Lord 1965) to dislodge specimens and by introducing a 
mixture of pyrethrin-piperonyl butoxide-carbon dioxide (lves 1967) to aid in 
removing the insects. The intrinsic v8..Iiability and mechanical difficulties associated 
with quantitative estimates of predator populations on apple trees were discussed 
by Lord (1965). 

Chemical knockdown agents and various types of groundsheets and traps have 
been used to provide estimates of the seasonal abundance of arthropods in the 
tree canopy (Cleveland and Hamilton 1958, Gibbs et 81. 1968, Polles and Payne 
1973. Collyer 1951, Muir and Gambrill 1960). Muir and Gambrill (1960) estimated a 
47% CO 77% recovery rate of released insects with their sampling apparatus. 
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Jarring also has been used to dislodge arthropods, such as lepidopterous 
larvae, plum curculios and spiders from apple trees (Legner and Oatman 1962, 
McCarrrey and Horsburgh 1980, Bastanian and Herne 1980). Putnam (1967) stated 
that jarring, although an effective method, was impractical on fruiting trees since 
jarring sufficient enough to remove arthropods also dislodged fruit.. 

To date no general species study of the arthropod fauna on peach trees has 
been reported. Intensive sampling of arthropods in the peach tree canopy requires 
a technique that allows fol' absolute recovery of species in the entire canopy. 
Comparative studies must allow for replication involving whole tree sampling units 
and eliminate the need for field identification and quantification. The advantages 
and disadvantages of a sampling unit, apparatus, and sampling technique devised 
for this purpose are discussed. 

MATERIALS AND METHODS 

The sampling apparatus consisted of n metal frame, polyethylene tree and 
ground covers and spring clamps. The metal frume was constructed from 3.0 m 
sections of 1.9 em E.M.T. galvanized conduit. Two flattened arches were made 
from three sections of conduit jointed by setscrew-type couplings. The arches were 
joined by crossbars and stabilized at the corners by diagonal connecting bars. This 
structure provided a sturdy frume encompassing n volume of approximately 27 rn3 • 

Polyethylene film (0.1 mm thick) was used for the tree cover (12 X 12 m) and 
ground sheet (6 X 6 m). The ground sheet WllS slit to the center and a circular 
opening cut for the tree trunk. The edge of the opening was reinforced with duct 
tape to facilitate clamping around the tree. 

The ground cover was placed under the tree and clamped around the trunk 
and along the slit. The frame was lifted and plnced around the trce with the legs 
securing the covel' near each corner, where the sheet was reinforced with duct tape 
(Fig. 1). The tree covel', folded toward the middle, was lifted onto the frame and 
unfolded to encompass thc tree. The edges of the tree cover were rolled inside the 
ground cover and clamped. The enclosed trce was then sprayed with Cessco ~ 

aerosol (0.7% pyrethl'in and 3.5% piperonyl bUl.oxide) until a fog permeated the 
canopy. To ensure good coverage, dense foliage and major branches were sprayed 
directly from inside the system, beginning at one corner and exiting from the 
OPI>osite one to eliminate traml>ling of fallen arthropods. 

After about 15 minutes. the tree cover was unclamped, shaken to dislodge any 
specimens, and removed. The tree was also jarred to dislodge any remaining 
arthropods. Spiders hanging from silk strands wcre removed manually. All material 
on the ground cloth was channeled and brushed to a collecting area where excess 
debris was removed. The arthropods were funneled into a solurion of 95% ethanol 
and glycerin for prcserv<.ltion and stored for future counting and idcntification. 

A 13-year old orchard of 'Loring' cv. peaches at the Simpson Agricultural 
Experiment Station in Anderson County, South Carolina, was used to determine 
absolute numbers of art:lll'opods using the closed canopy technique. The orchard 
was divided into two, 2 hll blocks, one of which received a conventional pesticide 
spray program of parathion, captan, and bellomyl and the othel' l'eceiving no 
sprays. Samples were takcn approximately every 2 weeks. Two or three trees, 
distributed uniformly within each block, were sampled each time. The efficiency of 
the technique was determined by calculating the coefficient of variation for two 
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selected arthropod species. Combined data from both blocks are presented in this 
paper. 

Fig. 1.	 Sampling apparatus showing conduit frame and groundsheet. in position 
around tree canopy. 

Voucher specimens are deposited in the Clemson University Insect Museum. 

RESULTS AND DISCUSSION 

Arlhropod Species Composition 
A total of 583 species of arthropods was collected from the peach orchard 

using the whole tree sampling method (Table L). The following is an account of the 
major groups of arthopods and their ecological and economic imporlance to the 
peach tree and fmit. The most abundant species within each group are discussed. 

Order Collemboln· Springtails were incidental in the canopy. Very few were 
collected during the two-year study. 

Order Odonata - These predators were obselved flying around trees in search 
of prey and guarding territorial space. Their abundunce in an orchard would be 
dependent on the proximity of water. Their influence in an orchard situation was 
negligible. 

Orders Ephemeroplera, Plecoptern, Trichoptel'8 - These orders consist of aquatic 
species and were incidental in the peach orchard. 
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Table 1. Arthropod species collected in South Carolina peach orchards. 

Class INSECTA 
Order Collembola 

Family Entomobryidne 
Orchesella ainsliei Folsom 

Family Poduridac 
Genus spp. 

Family Sminthuridae
 
Deuterosmintllttrus Yll1naneflsis Wray
 

Order	 Odonata
 
Family Libellulidac
 

Perithemis tenera Say 
Family Cocnagrionidae
 

Enallagma signa/urn Hagen
 
lschnura posiin Hagen
 

Order Ephemcroptera
 
Family Hexageniidae
 

Hexagenia sp.
 
Family Baetirlae
 

Baetis 51'.
 

Order Plecoptera
 
Family Perlidae
 

Perlesta {risoni Ricker
 

Order lsoptera
 
Family Rhinotcl'mitidae
 

Reticulitermes virginicus (Banks)
 

Order Orthoptera
 
Family Acrididae
 

Melanoplus femurrubrum propiflquus Scudder
 
Family Gryllidae
 

Cyrtoxipha columbiana Caudell
 
Oecanlhus ce!el1niclus Walker
 
Phyllopalplls plllchelius (Uhler)
 

Family l\.'lantidae
 
Srignwmantis carolina (,Johansscn)
 

Family Tettigoniidae
 
ConocepJwllls [asciatus (De Geer)
 
CorlOcepJwllls strictus (Scudder)
 
Neoconoccphnlus triops (L.)
 
Orchelimum vulgare (HulTis)
 
Pyrgocorypha uncinata (Harris)
 
Scudden·o !ilrcatn Brunner
 

Order Thysanoptera
 
Family Aeolothripidae
 

Aeolothrips me!aletlCUs Haliday
 
Family Phillcothripidae
 

Elaphrothrips luberculatus (Hood)
 
Haplolhrips {(Jurei Hood
 
Haplolhrips mali (Fitch)
 
Hoplandrolhrips sp.
 
Hoplothrips japoniws Karny
 
Neurothrips magnafemoralis Hinds
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Family Thripidae
 
Frankliniella {usca (Hinds)
 
Prankliniella occidentalis (pergande)
 
Fmnkliniella tritid (Fitch)
 
Limothnps cerealium (Haliday)
 
Sericothnps van"abilis (Beach)
 

Order	 Psocoptera 
Family Amphipsocidae 

Graphopsocus crucialus (L.)
 
Polypsocus corruptus (Hagen)
 
Teliapsocus conterminus (Walsh)
 

Family Caeciliidae
 
Caecillius /lauidus (Stephens)
 

Family Ectopsocidae
 
Ectopsocops cryptomeriae (Enderlein)
 
Ectopsocus men'dionalis Ribaga
 

Family Lepidopsocidae
 
EcJrmepteryx hageni (Packard)
 

Family Philotarsidae
 
Aaroniella eertmoedi Mockford
 

Family Psocidae
 
Blastopsoeus lilhinus (Chapman)
 
Cerastipsoeus trifasciatus (provanehcr)
 
MetylophoTUs nouaseotiae (\'tlalker)
 
MetylopJIOTUs purus (Aaron)
 

Order	 Hemipteru 
Family Alydidae 

Alydwii pilosulus 
Family Anthocoridae
 

Calliodis temnoslethoides (Reuter)
 
Cardiastethus sp.
 
Lyclocon's sp,
 
On'us insidiosus (Say)
 

Family Coreidae
 
Allusa armigera (Say)
 
Leptoglossus oppoSitWi (Say)
 

Family Corimclaenidae
 
Sehiru,s cinctus cinclwi (Palisot de Beauvois)
 

Family Gerridae
 
1'repobates sp,
 

Family Lygacidae
 
Eremocoris ferus (Say)
 
Geoeoris punetipes (Say)
 
Geocoris uliginosus (Say)
 
Myodocha serripes Oliver
 
Onllolamus scolopax (Say)
 
Pachybracha basalis (Dallus)
 
Pac/rybracha bilobota (Say)
 
Poromius langulus (Dallus)
 

Family Miridae
 
Barhen"ella fonnieoides Poppius
 
Deraeocan's nebulosus (Uhler)
 
Halticus braelatus (Say)
 
Hyaliodes hart; Knight
 
Lopidea heidemanni Knight
 
Lygocoris geneseensis (Knight)
 
Lygus linealaris (Palisot de Beauvois)
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Phytocoris near hU.'iseyi Knight 
Phytocoris perl1lipeclus Knight 
Phytocoris lilJalis Reuter 
Polymerus basalis (Reuter) 
Pseudoxcllctus scutellalus Uhler 
Spanogonicus olbolasciaLus (Reuter) 
Trigollotylus dodd; Distant 

Family Nabidae 
Nobis americoferus Carayon 
Nabis capsi/onnis GennaI' 
Nabis sp. 

Family Pcntatomidoe 
Apetcticus cjTlicus (Say)
 
Acrostenlilm hi/fire (Say)
 
Brochymerw quadripustldata (Fabricius)
 
Ellschistu.~ serous (Say)
 
Euschistus tn'stigmus (Say)
 
Holeoslethus limbo/anus (Stal)
 
t1,.lurgolllio lIistnonico (Hahn)
 
Pociisus maculivelltns (Sa)')
 
Stiretms (IIu;hurgQ (Fabricius)
 
Th)'cmta calCcal(1 (Say)
 

Family Picsmidac
 
Picsma d"em (Say)
 

Fornil)' Reduviidae
 
Ari/us en'statw, (L.)
 
Oiademo )l,pillipes (Fabricius)
 
Empic()ri.~ clllci[omlis (Dc Gcer)
 
Empicods crrablllldus (Say)
 
Zelus cxsolIgui.<; (Sta\)
 

Family RhopllJidnc 
Aehyssus latclTllis (Say) 
Hormostcs re[1exulu)I, (Say) 
Kleidocerys residac (Panzer) 
Nies/hreia lousianicfl Sailer 

Family Suldidnc 
Saldulo (Mic:racantha) hl/milus (Say) 

Family Scutellllddae 
SteOwulax marmomtus (Say) 

Family Tingidac 
COl)thuca associata Osborn nnd Drnkc 
C01)'thuca marmomla (Uhler) 

Order Homoptera 
family Achilidac 

Calonia pumiln Van Duzee 
family Aleyrodidac 

Genus sp. 
family Aphididae 

Acyrlhosiphon pisunJ (Harris) 
Brach)'caucius persicae (Passcrini) 
Ca/aphis sp. 
HysleroTlcllra selariae (Thomas) 
Macrosipll11nJ rosae (L.) 
Myzus persicae (Sulzer) 
Therioaphis lri{olii (Monell) 

Family Cercopidae 
Philaerws spumarius (L.) 
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Family Cicadellidae
 
Aceratogallia sanguirlOlcllla (Provoncher)
 
Agollia conslricta Van Duzee
 
Cameocephala {lauiceps (Riley)
 
Choatlthus frontafis (Van Duzce)
 
Coelidia olilaria (Sa}')
 
Cucma costalis (Fabricius)
 
Dmeculacephala antica (\\'alker)
 
Empoasca {oboe (Harris)
 
Endria inimica (Say)
 
ET)throneum corona Mcatee
 
Er)'throneum dorisae Hepner
 
Erythroneum lowsolliarw Baker
 
Er)'f.hroneum plena Beamer
 
Erythroneuro venerala Fitch
 
E.titictt/us exitiosus (Uhler)
 
Forripata loea Dc Long and Caldwell
 
Gramirurella nignlroll... (Forbes)
 
Gramitwella sonora Ball
 
Gramitlella villico (Cntmb)
 
GmpllOceplwla coccinc(I (Forster)
 
Gmphoeephala versula (Say)
 
Gypotl(wa angula De Long
 
j\l!e1losomo eineta (Osborn and Ball)
 
Not1;c/lina seminuda (Say)
 
O/lcometopia 11igricans (Walker)
 
Oricntus ishidae (f\-Ialsumura)
 
Osbomellus clarus Benmer
 
Osbomellus rotundus Beamer
 
Paraphlepsius irroralu.~ (Say)
 
Paraulocizcs irromta (Fabricius)
 
Plaf1iccphalus {lcwicost(lluS (Van Duzee)
 
Po!yamia weech (Van Duzcc)
 
ScaphytfJpills aculus (Say)
 
BUrel/us bicolor (Vall Duzce)
 
'lylozygus bifida (Say)
 

Family Cixiidae
 
Olnrili.~ pfaeitw; Van Duzce
 
O/wills sablcflsis Caldwell
 

Family Delphacidac
 
DelphcJC()(les puelln (Van Duzce)
 
Delp/uu:odcs sp.
 
Ubumiella ornata (Sial)
 
Socatella ko/ophon (I<il'kaldy)
 

Family Derhidac
 
Anotin bonneti Kirby
 

Family Diaspididae
 
Pscudaulacaspis peniagona (Targioni-'Ibzzeti)
 

Family Flatidoc
 
IJeptormenis rdicta (Fabricius)
 
Melcal!a pruinosa (Say)
 
Omlctwides L'Cnusta (f\'telichar)
 

Family lssidac
 
Bruchomorpha oculata I ewman
 

Family Membrncidae
 
Elltylia si'luaf.a (Fabricius)
 
Micrulalis calva (Say)
 
Platycolis uittata (Fabricius)
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Fumily Psyllidae 
7'rioza diospyri (Ashmead) 
Tn'oza 5p. 
Genus 5p. 

Order Ncuroptera 
Family Chrysopidae 

Chrysoperlo camea (Stephens) 
Chrysopa nigricomis Bunneislcr 
Chrysoperla rofilabris (Bunneislcr) 
Chrysopa Dell/ata Say 

Family Coniopterygidae 
Coniopleryx simplicia,. Meinandcr 
Coniopteryx westwood; (Fitch) 

Family Hemerohiidae 
Hemerobius humilintls L. 
Hemerobius stigma Stephens 
Micromus pastieus (Walker) 
Sympherobius amiculus (FilCh) 

Order	 Coleoptera
 
Family AJlcculidllC
 

HymenonLs (/iscretus Casey 
Hymenorus sp. 
lsomiro serieea (Say) 

Family Anthicidae 
Macrotia. sp. 
Notoxus mOllo(/on (Fabricius) 
Notoxu.'1 mllri/lipenllls LeConte 
Genera 4 sPI>. 

Family Anthribidae 
Araeccms faseielliatus (Dc Gee!') 

Fomily Anobiidnc 
Caenoeara IJicolor GennaI' 
TricoryntlS illdistincttls (Fall) 

Family Bruehidae 
Bruchus brachialis Fahraeus 

Family Buprestidac 
Anthaxia quercata (Fabricius) 

Family Cantharidae 
Canthads sp. 
ChauliognaOlUs morginotus (Fabricius) 
Podabrus sp. probably {rater LeConte 
Trypherus t(ltipennis (Gennar) 
Genera 3 spp. 

Family Carabidae 
Amara sp. 
Apristus Subsllicatlls Dejean 
Brodycellus sp. 
ColaUlUs opacllius LeConte 
Colosoma scrotator Fabricius 
Lebia anaUs Dejean 
ubia divisa LeConte 
Pinacodera platieollis Say 

J<~amily Ceramb)'cidae 
Aney/oeero bieotor (Oliver) 
Eeyrus dosycerus (Sa)') 
Obrium moeu/alum (Oliver) 

I"amily Chrysomelidac 
Aealymma uitratum (Fabricius) 
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Attica {oliaceae LeConte
 
Baliosus ruber (Weber)
 
Bassareus sp"
 
Ceroloma. trifurcatu (Forester)
 
Chaelocnema sp" possibly pulican'a Mclshor
 
Co/aspis bnmnea (Fabricius)
 
Cryptocephalus mulabilis Melsheimer
 
Cryptocephalus quudruplex Newman
 
Diachus ouratus (Fabricius)
 
Dibolia sp. possibly simwta Horn
 
Disonycha triangulan"s (Say)
 
Epitrix fuscula Crotch
 
Epitn"x hirtipennis (Melsheimer)
 
Gluptino sp. possibly spun"a LeConte
 
Glyptosceiis pubescens (Fabricius)
 
Lema sexpuTlctata (Oliver)
 
Mantura /loridana Crotch
 
Metriona bicolor (Fabricius)
 
NodoTlota puncticollis (Say)
 
Ph)'llotrcla sp" probably strolala (Fabricius)
 
Systena comi Schaeffer
 
Systena dongOla (Fabricius)
 
SysteM marginalis (IHiger)
 

Family Cleridue
 
Phyllobae1lus unifasciatus (Say)
 
Phyllobw!1l11S tlerticalis (Say)
 
Plocopterw; subcostal'ls Schaeffer
 

Family Ciidac
 
Cis fuscipes Mellie
 

I~amily Coccinellidae
 
Adalia bipu1lctala (L.)
 
Alll1tis qui"decimpu1lctata (Oliver)
 
Bracllyal'Cllllha sp.
 
Cephalo.~cym1Jus z;mmermarmi Crotch
 
Chitocoris stigma Say
 
Coccirwlla llouemnotala Herbst
 
Coleomegilla maculala lengi Timberlnke
 
Cycloneda mundo (Say)
 
Delphasf,is pusillus (LeConte)
 
Diomw; terminotus (Say)
 
Exochomus marginipermis LeConte
 
Hippodomia convergells Guerin-Mene\'ille
 
Hyperaspis congressis Watson
 
Lindorus lophanthae (Blaisdell)
 
Microweisea miseUa (LeConte)
 
Mulsantia piela (Randell)
 
0110 abdominoUs sobrina Casey
 
Olla abdominallis (Say)
 
PsJUobora uigintimaeulata (Say)
 
Scymnillus aiem"mus Horn
 
Scymnus cervicalis Mulsant
 
SCym,llUS laiwii Mulsant.
 
Scynl1lUS tenebrosus Mulsant
 
Stethoms punctum (LeConte)
 

Family Curculionidae
 
AnlharlOmus rubidus LeConte
 
AntJzonomus sp.
 
Apian delta Buchanan
 
Apion sp.
 
Conotrachelus anagl)'pticus (Say)
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COllotraehclus erilloceus LeCont.e
 
COllot-rachclus Ilenuphar (Herbst)
 
Ceutorhynchw. erysimi (Fabricius)
 
Ceutorhynehus rapae (Gyllcnhal)
 
CrytepistonHls castmleus (Roelofs)
 
Eufechriops minutus (LeConte)
 
Gymnetron pascuorum (Gyllenhal)
 
Luus sp.
 
Pa"tomerus ecrui"us (Hoheman)
 
Sitona sp.
 
Sitopl,ifus oryzae (L.l
 
Simcronyx sculpticoffis Casey
 
Simcronyr g,i.~eus LeConte
 

Family Dermestidae 
Anthrenus ucrbasei (L.) 
Cryptarhopalum haemorrhoidoie LeCont.e 

Family Dyliscidae 
Genus sp. 

Family Erol)'lidae 
7'ritoma pulcher (Say) 

Family Eucnemidae 
&ntonlOpht/lOlus ru{iolus LeConte 

I~nmily Euglenidae 
Zonantes fllsciatus (lVlelshcimerl 
Zonantes subfllscilltus (LeConte) 

Family Elateridae 
Aeolus ambifis (LeConte) 
CorlOderos {ividus (De Geer) 
Conodenls uespertinw; (Fabl'icius) 
G/yphorzyx sp. 
AlelwJOlus decumanus (Erichson) 

Family Helodidae
 
Cyphon sp. I
 
CypholJ sp. 2
 

Fmnily I-listeridac 
Cw"dnops pllmilo Erichson 

Fnmily Lathridiidoc 
Mclanophthfllma distingllcllda (Camolli) 
SlephosteOws /ira/us LeConte 

Family tliialachiidae 
AUalus scincclus (Say) 

Family Mclyridae 
Col/ops qualllirimacu/atus (Fabricius) 
Pseudobaeus apicolis Say 
Pseudoblleus bicolor LeConte 

Pmnily Mordellidae 
Mordellistclla undreae (//Icil/a LeConte 
MordcllislC1la gultula I-Ieilluth 
Mordellistena husseyi Liljeblad 
Mordellistena sp. possibly rufn Li1jcblad 
!\-Iordellistena testllcea Blatchley 
Mordellistena tnlasciata Say 

Family Mycctophagidae 
LitargtlS tetraspilotus LeConte 

Family itiduHdae 
Carpophilus freemani Dodson 
Carpophilus lugabris ~lurrary 

Carpophilus mutilatu.s Erichson 
Cybocephaiu.s nigritulus LeConte 
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Meligelhcs ",creseens Stephens
 
Sie/ido/a geminatn (Say)
 

Family Orthoperidae
 
COf)1ophodes sp.
 
OrtllOperus 5p.
 
Sacium sp.
 
Serieodcrns sp.
 

Family Phalncridae 
Sti/bu... lip. 

Family Ptilodaclylidae
 
Pti/odaclyla scrricoUis (Say)
 

Family RhizOI}hagidae
 
Europs pnlfipemlis LeConte
 

Family Scaphidiidae
 
Eubaoccm sp.
 

Family Scambneidae
 
Aphodius fimetarius (L.l
 
Aphodius liuidus (Olivier)
 
AphodillS slercoroslls Melsheimer
 
COlinis lIilida L.
 
Euphoria spulehra/is (Fabricius)
 
Pelidllol(l lUlc(lpallidipes Casey
 
Popillia japonica Newman
 
OlltllOplUlJjUS penllsylvaflicus Harold
 
Onlhophagus taurus Schreber
 

Family Scraptiidae
 
AllofJod{/ lutea Haldeman
 
SCrclplj(l sp.
 

F'nmily Scolytidae
 
HYPolhenimus sp.
 
Aieudopilyophthorus pruiflosus (Eichorn
 
Seoly/us rogUIOSllS (Hatzeburg)
 

F'nmily StaphyJinidac
 
Slellus sp.
 
Genera 4 spp.
 

Fnmily Tencbl'ionidae
 
Hoploccphala uiridipermis (Fabricius)
 

Order Trichopt.era 
Family Leptoceridae 

Occetis illcollspicua (Walker) 

Order Lepidoptera 
Family Arctiidae 

Ecpantheria scribolli.o (Sloll) 
Family Ctenuchidae 

LycomQrpha spo 
l;amily Gelechiidae 

ChiorlOc/es sp. 
';'amily Geometridae 

Anacamplodes sp. 
Family Lasiocnmpidae 

Malacosoma amencalluni (Fabricius) 
Family Limocodidae 

Profimacodes scapha Harris 
r~amily :"l'ocl,uidae
 

Acronicta il1terropta Guenee
 
Ch(lmyris cenonlha (Treitschke)
 
/..ithophanc anlennala (Walker)
 
Pafthis angulalis Hubner
 



244 J. Agric. EntomoJ. Vol. 6, No.4 (1989) 

Pyrophila pyramidoides Guence 
Family Olethreutidae 

Grapholila molesta (Busck) 
Family Papilionidae 

Patilio glaucus L. 
Family Sesiidac 

S}'nanthedon exitiosa (Say) 
Family Saturniidac 

Eades imperialis (Drury) 

Order Hymenoptera 
Family Aphelinidac
 

Aphytis sp.
 
Prospaltella sp.
 

Family Aphidiidac
 
Aphidius sp.
 

Family Braconidae 
Alio/us sp. 
Apanteles militaris (Walsh) 
Blacus sp. 
Macrocenlnls dc/ieatu..:; Cresson 
Perililus coc:cinelliae Schaeffer 
Phanerotoma sp. 

Family Chalcididae
 
Hocken'a sp.
 

Family Chrysididae
 
Chrysis sp.
 

);'omily Dryinidac
 
Aphelopus bieolor Fenton 
Subfamily Gonatopodinac 

Fmnily EcoHlidllc 
possibly fle:mc:ola sp. 

Family Encyrtidoc 
Cheiloncurus sp. 
bwdronl1ls sp. 
J.,itonwstix Rp. 

Family Eulophidnc
 
ErilopllUs sp.
 
Horismenus sp.
 
'JelrastichllS sp.
 

Family Eupelmidlle
 
Anaslalw; sp.
 
Etlpelmus sp. I
 
Ellpelmus sp. 2
 

F'mnily Fonnicidae 
A.phaenogaster sp. 
Formica sc:lUlu{ussi d%sa Wheeler 
Formica subsericea Say 
Formica sp. 
Lasiwi sp. 
Puratrechina sp. 

Family Hybrizontidl1c
 
Hybrizon 5p.
 

Family Ichneumonidae 
Allophr)'s 11. sp. 
Diplazon laetatorius (Fabricius) 
Eulan)'ocra sp_ 
Pristiceros lasciuus (Cresson) 
Plerocomws ambulalonus (Fabricius) 
Syrphoclonus minimus (Cresson) 
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Venturia sp.
 
Subfamily Orthocentrinae Genus sp.
 

Family Pteromalidae
 
Asaphes sp.
 
Cheriopachus sp.
 
Halticoptera sp.
 
Rhaphitelus sp.
 
Zatropis sp.
 

Family Sphecidae
 
Uris argentata (Palisot de Beauvois)
 
Philanthus sp.
 
Tachytes sp.
 

Family 1brymidae
 
Podagri.on mantis Ashmead
 

Family Trichogrammatidae
 
Parocentrobia sp.
 
Trichogramma sp.
 

Family Vespidae
 
Polistes dorsalis (Fabricius)
 
Polistes {uscatus (Fabricius)
 
Polistes sp.
 
Vespula maculifrons (Buysson)
 

Family Xyelidae
 
Xycla obscuro (Strobl)
 

Order Slrepsiplera 
Family Halictophagidac 

Genus sp., hosts: Emilia inimica (Say), 
Dmculacephala antica (Walker) 

Order Diptera 
Family Calliphoridae 

/..,ucilia illtlstrus (Meigen) 
Family Cecidomyiidae
 

ClillOdiplosis sp.
 
J..estodiplvsis sp. nC(lr gmssotor (Fyles)
 
l.estremia sp.
 
Porricondyla sp.
 
Stomatosema sp.
 

Family Chaoboridac
 
ChaobonJs sp.
 

Family Chironomidae
 
Chironomus sp.
 
Procladius bellus (Loew)
 
Subfamily Orthocladiinae
 

Family Chloropidae
 
Apollates disside'ls (Turcker)
 
Apallates particeps (Becker)
 
Hippelales pal/ipes (Loew)
 
!Halloewia nigripalpus (1\'Ialloch)
 
Oscinella carbonado (Loew)
 
Tricimba melancholia (Becker)
 

Family Drosophilidae
 
Drosophila bushi; Coquillelt
 
Leucophellga maculosa (CoquilleU)
 
l..eucophengcz varia (Walker)
 
ljyciella sp.
 
Scaptomyza pal/ida (Zetterstedt)
 

Family Lauxaniidae
 
Homolleura sp.
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Poecilomincttia ordinaria (Melander) 
Poecilominctlia calida (Walker) 
Xenoc:1wcti/lo musearia (Locw) 

Family Lonchopteridae 
L01lchoptern furcula (Fallen) 

Family Muscidae
 
CoenosltJ sp. I
 
Coenos;a sp. 2
 

Family Mycetophilidae
 
Acenemia sp.
 

Family Phoridae
 
Megase!io sp.
 

Family Pipunculidae
 
7bmosuarycl/rl sp.
 

Family Sarcophagidac 
Bloesoxipllll spatula to (Aldrich) 
Boettcherio cimbicis (Townsend) 
Ox)'sorcodexia cOllclausa (Wlllkcr) 
Ravinia derelicta (Walker) 
Ravinia sp. 
Sarcophaga gp. 

Family Sciariduc 
Bradysia 51). near coprophilill (Lintner) 
Bradysjo sp. 
Dycoriella 81'. 

Family Sepsidac
 
Genus sp.
 

Family Spaeroceridoe
 
Leptocera sp.
 

Fomily Strntiomyidac 
Ptecticus Irivil/.alus (Say) 
Strat,iomys sp. 

Family Tabanidae 
Tabanus atratus Fabricius 

Family Syrphidae 
ChrysotoxtlTll radiosum Shannon 
Melasyrphu8 vine/QlIdi (Curran) 
Platycheirus sp. 
Syrphus vitripennis J\.'leigen 
ToxomenlS marginatus (Say) 

Family Tipulidoe
 
Genus sp.
 

Cia,. ARACHNIDA 
Order Phalangida 

Family Phalangiidae 
Leiobunum ventricosum (Wood) 

Order Pseudoscorpiones
 
Genus sp.
 

Order	 Acari
 
Family Bdellidae
 

Bdella 51). 
Family Cheylctidae 

Cheylelomorpha lepidopterorum (Shaw) 
Family Eremaeidae 

Erameus sp. 
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Family Eryt.hraeidae
 
J.A!plus sp.
 

Family Gnlumnidae
 
Columna sp.
 

Family Mncrochelidae
 
Macrocheles muscadomesticus (ScopoH)
 

Family Pnrasitidae
 
Pamsitus sp. 

Family Phytoseiidae
 
Amblyseius sp_
 

Family Tetranychidae
 
I3ryobia praetiosa Koch
 
Palloychus u/mi (Koch)
 
Tetratlychus urticae Koch
 

Order Araneida 
Family Anaphaenidae
 

Allophaena near {ratema (Banks)
 
Aysha gmcilis (Hentz)
 

FllInily Araneidae
 
Acacesia hamata (Hentz)
 
Acollthepeim stellato (Man)
 
Am1leus biuittatus (Walckenaer)
 
Arcmeus cingu/atus (Wnlckenaer)
 
Aralleus guttulatus (Walckenaer)
 
Arancus jumped (Emerton)
 
AraneL1S near pegnia (Vlalckenaer)
 
Arciope aurofltia Lucas
 
ArCiope tri(al>ciata (Forskal)
 
eye/OMI turbillola (Walckenaer)
 
EUl>wla ollaslera (Vv'nlckenaer)
 
Ceo. heptagon (Hentz)
 
Larina directo (Hentz)
 
Mostophora comigefn (Hentz)
 
nff. MCl'Y/logea lcnmil>cala (\,\Ialckenaer)
 
Metazygia sp.
 
Neol>c(Jno millinw O. P.-Cambridge
 
NCOI>l'WIO sacra (Wlllckenaer)
 

Family Clubionidae
 
Castimwira sp.
 
Cillbiofl(l sp.
 
l'-'ficari(1 sp.
 
Troche/as trarlquilfus (Hentz)
 

Family Gnnphosidae 
Cesoni(1 bi/ineata (Hcnl-z)
 
Zeloles sp.
 

Family I..inyphiidac
 
Florinda cocceinea (Hentz)
 
l:rontinel/a pymmile!a (Walckenaer)
 
Meiolleta mican'o (Emerton)
 
Meiolleia sp.
 
Pit)'ohyphanles near phrygiallils (C. L. I<och)
 

Family Lycosidae
 
Lydoso sp.
 
Pnrdosa saxatilis (Hentz)
 
Po.rdosa sp. 1
 
Pardosa sp. 2
 
llimla sp.
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Family Lyssoffianidne 
Lyssomanes viridis (Walckenacr) 

Family Micryphnnlidae 
Ceraticelus {omlOsus Banks 
Eridante," ncar erigotloides (Emerton) 
Erigone autumrwlis Emerton 
Walchclloera l!lIgulax Blackwell 
Genus sp. 

Family Mimetidac 
Mimetus puritallus Chamberlain 

Family Oxyopidae 
Oryopes sa/ticus Hentz 
Peucetia uin'dans (Hentz) 

J'amily Pisauridae 
Dolomcdes sp. 
PisauriTlo mira (Walckenacr) 

Family Pholcidae 
Spermophorcz meridona/is Hentz 

FomBy Salticidac 
Ballus sp. (not young; G. Ilnd E. Peckham) 
Eris aunllltia (Lucas) 
En's margi,wla (Walchcnaer) 
aIT. Euopllf)'S sp. 
Habrotlottlls borealis (Banks) 
Hentzia palmarum (Hentz) 
Metaphidippus flauipedes (G. and E. Peckham) 
J"telaphidippus go/aillea (Walckenaer) 
Melaphidippus sp. 
Melacyrba tmdata (De Geer) 
MyrmamcJme henlzi Banks 
Myrmecolypus linealus (Emerton) 
Neon near nelli G. and E. Peckham 
Peckhamia picata (Hellt.z) 
Phidippus cwdax (Hentz) 
Phidippus princeps (Peckham) 
Phidippus afr. pufcherrimu,~ Keyserling 
Sardina hentzi (Banks) 
Thiodina syluana (Hentz) 

Family Tetragnathidae 
Glenognatha foxi l\'leCook 
Pachygnatha sp. 
Tetragnatha laboriosa (Hentz) 

Family Theridiidae 
Achaearaf/(!(/ conjullcta (Gertsch and Muliak) 
Achaearanea globosus (Hentz) 
Argyrodes probably trigonum (Hentz) 
Chrysso sp. 
Dipoeno off. dorsam Muma or n. sp. 
Dipoeno nigra (Emerton) 
Euryopsis emertoni Bryant. 
EUTjV)psi.~ limbata (Walckenaer) 
LatrodeCIu... mactans (Fabricius) 
Spinarthus flauidus Hentz 
Steatoda americana (Emerton) 
Steatoda borealis (Hentz) 
Steatoda grosso (C. L, Koch) 
Theridion differens Emerton 
Theridion frondcunl Hentz 
Theridiorl inleroalotum Emerton 
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Then"dian lyn"cut1l Walckenaer
 
Theridon mumarium Emerton
 
Then"dula opulent.a (Walckenaer)
 

Family Tbomiscidne 
Misumenops aspcrolus (Hentz) 
Misumcnops oblongus (Keyserling) 
SYllcma parvula (Hentz) 
Thanatus sp. 
7'maros Q/lgulatus (Walckenaer) 
Xysticus bicuspis Keyserling 
Xysticus {unestus I(eyserling 

Family Philodromidae 
Apollophanes sp" 
Philodromus barrowsi Gertsch 
Philodromus keyser/ingi Marx 
Philodromus rufus (Walckenaer) 
PbUodromus sp. 

Family Uloboridac 
Uloborus glomOl>Us (Vv'alckenear) 

Order Jsoptera - Winged adults were collected in the canopy during dispersal 
flights. Decayed trunks and large branches were infested with termites, but infestations 
probably occurred after the death of the wood from mechanical damage or 
disease. 

Order Orthoptera - Most grasshoppers and crickets were winged adults, collected 
late in the growing season (September and October), indicating that feeding by 
immatures on the peach tree was minimal. One exception was the tree cricket, 
Decant/ills celerinictus Walker, the immatures of which were found during the 
season. 

Order Thysanoptera - This group contains both phytophagous and predaceous 
species. 1\VQ tluipids, Franhliniella tritici (Fitch) and Se11colhdps uariabilis (Beach), 
were the principal phytophagous species, F. tritici being an early season pest and 
S. uariabilis, a mid-summer species. The western nower thrips, Fra.nldiniella 
occidentalis (Pergande), was not collected in Anderson County, but was observed 
in Edgefield County reproducing on ripening fruit. This species may be of 
economic significance. 

Aelothrips melaleucus Haliday (Aeolothripidae), a known spider mite predator, 
was never present in large numbers. The phlaeothripids Haplolhrips {aurei Hood 
and Haplothrips mali (Fitch) were the most common predaceous species. 

Order Psocoptera - The psocids or bark lice are potential economic species in 
the tree canopy. They are known to feed on molds, fungi, and pollen and may act 
as mechanical vectors of fungal diseases such as brown rot. 

Eclop..;ocopsis cryptomeriae (Enderlein) was the most abundant species. Its numbers 
reached an average of 3,3961.0 ± 405.9 per tree on 30 Aug 1978 in the sprayed 
block, but these numbers were exceptional and were not repeated in 1979. Other 
consistently abundant species were Ectopsocus men"diollafis Ribaga and Teliapsocus 
canterminus (Walsh). 

Order Hemiptera - This group is economically important since it contains the 
cat-facing insects, species that pierce the developing fruit, suck juices, and inject 
substances that stunt the growth of the surrounding tissue. The known cat-facing 
species collected during fruit development were Lygus li1leolans (Palisot de Beauvois), 
Acrasternum hi/are (Say), Euschistus serous (Say), Euschi.<;tus trisligmus (Say), and 
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Anasa armigera (Say). Bruchymena quadripustulata (Say) was the most abundant 
pentatomid and the only one that reproduced in the canopy. It has not been 
implicated as a cat-facing hemipteran (Rings 1957). Leptoglossus oppositus (Say), a 
coreid, was observed feeding on ripe fruit but was never collected in the early 
season. 

Many predaceous hemipterans were collected during this study, including the 
spider mite predators (Lee 1981). Mirids in the genus Phytocoris, reduviids in the 
genus Empicoris. and Podisus maculivenlris (Say), were consistently collected in 
10\..' numbers during this st.udy. 

Order Homoptera . Aphids, scales and leal1lOppers were the principal pests in 
this group. Leafhoppers present a special problem as vectors of several diseases of 
peaches. 

A total of 36 species of cicadellids was collected in this study, 7 of which are 
known disease vectors (Neilson 1968). Cuerema cosl.alis (Fabricius). Graphocephala 
versula (Say), and Oncomet.opia nigricans (Walker) are vectors of phony peach 
disease bacterium. Scaphytopius acutus (Say), Norvellina seminuda (Say) and 
Paraphlepsius irroratus (Say) are vectors of east.ern X-disease mycoplasma-like 
organisms of peaches. 

Although many leafhoppers species were prevalent in the peach tree, only 
Erythroneura plena Beamer was observed to reproduce in the canopy where its 
numbers reached an average of 4,917.0 ± 936.1 adults pel' tree in the unsprayed 
block on 13 Sep 1978 and 4,871.0 ± 171.0 per tree on 13 Aug 1979. 

The white peach scale, Pseudaulacaspis pent.agona (Targioni-Tozzeti), was a 
serious pest in the unsprayed block of the Anderson County orchard. Detet'iol'ation 
of branches and foliage from infestations of this insect was evident. Sessile adults 
of the white peach scale were not collected in this study. 

Order Neuroptera - Of the to species collected, only Chrysoperla ru{ilalJris 
(Burmeister), Coniopt.elyx westwoode (Fitch) and A1icromus poslicus (Walker) were 
important predators in the canopy (Lee 1981). Adult chrysopids were present in 
the canopy late in the season, possibly to feed on aphids. 

Order Coleoptera - The beetles are a diverse group and occupy many ecological 
niches in the canopy. Only the economically and ecologically important families 
will be discussed. 

Coccinellidae - Most coccinell ids were general predat.ors, but several species 
prefer certain arthropods. Stethurus punctum (LeConte) was an obligate spider 
mite predator. Coleomegilla macL/lata lengi Timberlake also showed a pl'eference 
for spider mites (Lee 1981). The scale predators, iWicrO/vcisea misella (LeConte) 
and Scynmillus alcrrinws Horn, were important natural control agents of the white 
peach scale, P. penlagolla (Targioni-Tozzeti) in the unsprayed block. The head of 
the A1. misella larva was observed to be flat.tened horizontally, specialized for 
feeding on scale insects. Scymnus loewii Mulsant was an important predator of the 
black peach aphid, Brachycaudus persieae (Passel'ini). Adu1t.s and wax-covered 
larvae were observed feeding on aphid aggregations. Other coccinell ids were either 
incidental or present in low numbers during the two seasons. 

CUl'culionidae . The plum cw-culio, CUllolrachelus nenuphar (Herbst), was present 
in large numbers in the unsprayed block (Lee 1981). The only other weevil 
collected in large numbers was the Fuller rose beetle, Pantomerus ceruillUS 
(Boheman), a leaf-feeding species as an adult. It was collected in the canopy from 
June to November of both years, especially in the sprayed block. Although this 
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weevil was numerous, no significant damage except for cylindrical holcs in leaves 
on lower branches was obsc,·ved. 

Lathridiidae - A minute brown scavenger beetle, A1elanophthalama. distinguenda 
(Comolli), is a fung1\'oluS species. It was present in large numbers during 1978, but 
was less numerous in 1979. 

Nitidulidae - i\:lost nitidulids. 01' sap beetles, appeared late in the growing 
season to feed and reproduce in decaying fruit. These beetles have been implicated 
as mechanical vectors of Monolinia [meticola (Wint..) Horey, the peach brown rot 
fungus. One exception was Meligethes nigrescens Stephens, which was collected in 
eHdy spring in large numbers and was observed to inhabit the floral tube of the 
peach blossom. Although this beetle has never been implicated foJ' damaging 
peach fruit, its activity inside the floral tube may be a source of injury to the 
developing fruit. 

Orthoperidae - The orthoperids are closely relat.ed t.o the coccinellids and are 
predators and fungus feeders. OrtJwperus sp., a minute beetle about. 0.5 mm in 
length, was abundant in the unsprayed block. averaging 548.0 ± 162.0 adults per 
tree on 12 Oct 1978 and 720.5 ± 39.5 per tree on 31 Jul 1979. 

Scarabaeidae - Two scarabs, the Japanese beetle, Popillia japonica Newman, 
and the green June beetle, Cotinis nitida L., were the only species of economic 
impo11ance. Japanese beetles were collected in June and July. The green June 
beetle, collected primarily in July and August, fed on ripe fruit in large numbers 
and caused significant damage. These beetles are also mechanical vectors of I>each 
brown rot fungus. 

Order Lepidoptera - Although many species of Lepidoptera fed on peach 
foliage, sprays and natural enemies kept their numbers below an economic level. 
Malacosoma americanum (Fabricius), the eastern tent caterpillar, was an early 
season pest. but was controlled by scheduled insecticide sprays. Most other 
species increased in numbers lat.e in the season, after t.ermination of spraying, but 
were suppressed by natural enemies, i.e. paper wasps. 

Adults of the Oriental fruit moth, Grapholita molest,a (Husck), were present in 
large numbers during both growing seasons. 1n the unsprayed block, extensive 
damage to twig terminals was obsClved. 

The peachtree borer, Synanthedon exitiosa (Say), and t.he lesser peachtree 
borer, Synanthedol1 pictipes (Grote and Robinson), are serious pests of t.he peach 
tree. These diurnally active moths were seldom collected in t.he tree canopy. Low 
numbers of male peacht.ree borers was collected during the two year study. 

Order Hymenoptera - OnJy the predominant parasitic hymenoptera were identified 
to genus and/or species due to the policies of the U.S.D.A. Systematic Entomology 
Laboratory, Beltsville, MD. The following is a list of pumsitoids with known host 
data: 
Aphelinidae 

Aphytis sp. Host: white peach scale 
Prospaltella sp. Host: white peach scale 

Aphidiidae 
Aphidius sp. Host: aphids 

Braconidae 
Aliolus sp. Host: plum curculio 
Apanteles mililaris (Walsh) Host: armY''Vorms 
Bfacus sp. Host: probably fungus-feeding flies 
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Macrocentrus delicalus Cresson Host: Oriental fruit moth
 
Perilitus coccinelleae (Schrank) Host: Coleomegilla maculata
 
Phanerotoma sp. Host: lepidoptera larvae
 

Dryinidae 
subfamily Gonatopodinae Host: cicadellids 
Aphelopus bieolor Fenton Host: cicadellids 

Encyrtidae 
Cheiloneurus sp. Host: Cluysopa rufilaoris 
Litomastix sp. Host: lepidoptera larvae 

Eulophidae 
Eulophus sp. Host: lepidoptera larvae 
Tetras/.jehus sp. Host: Chrysoperla rufilabris 

Hybrizontidae 
Hybrizon sp. Host: possibly ants 

Ichneumonidae 
Diplazon laetatorius (Fabricius) Host: Syrphidae 

Pteromalidae 
Asaphes sp. Host: aphids 
Cheriopachus sp. Host: wood-boring beetles 
Rhaphitelus sp. Host: wood-boring beetles 

Torymidae 
Podagrion mantis Ashmead Host: Stigmomantis carolina eggs. 

Trichogrammatidae 
l'riclwgramma sp. Host: lepidoptera 

Order Strepsiptera - These parasitic insects were collected in two species of 
leafhoppers and \vere uncommon. 

Order Diptera - Flies wcre abundant throughout thc season in the peach tree 
canopy. The majority were no economic threat and were probably feeding at leaf 
ncct8lies or ripening fruit later in the season each year. l\.'fany fruit flies reproduced in 
rotting fruit on the ground. Ecologically, their large numbel's provided a food 
source for predators such us spiders in the canopy. Five species of syrphid flies, 
aphid predators in the larval stage, were collected. 

Evaluation of the Sampling Apparatus 
The closed·canopy sampling apparatus was sutisfactOlY fol' estimating populations 

of most arthropod groups in the peach tree canopy, although several extrinsic 
hindrances had to be overcome. A clitical assessment of the apparatus components 
and sampling procedure follows. 

The frame is instrumental in preventing significant disturbance of the branches 
while positioning the tree cover. Assembled from lengths of conduit, it can be 
readily disassembled for transportation to and from the sampling location. The 
light weight of the frame pelwits easy movement from tree to tree while assembled, 
thus reducing sampling time. 

The polyethylene ground cover provides a smooth, low-f1iction surface, facilitating 
the recovery of fallen arthl'Opods by allowing them to be channeled to one area. It 
is also impervious to ground moisture, durable and tlexible. The tree cover, while 
efficient in preventing escape of enclosed arthropods, was rather bulky and 
cumbersome to use. Clamping the edges of the polyethylene secures the system 
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and reduces ballooning caused by wind gusts during sampling. \Vind is a problem 
in many types of field sampling, especially when a large volume is enclosed. 
Flexibility in sampling data and time is necessary until calm conditions exisl Late 
afternoon is generally the calmest period of the day and the best time for sampling 
since heat and moisture factors are reduced. 

Condensation inside the tree cover from transpiration and heat collection 
hinders recovery of specimens. Small arthropods adhere to water droplets that fall 
from the tree cover when it is removed, necessitating increased brushing. The 
problem is partially alleviated by reversing the tree cover after each sample 
allowing the damp side to dry. A fine~mesh, lightweight material, such as parachute 
cloth may be more suitable for the tree cover since it would allow the moisture to 
evaporate while still retaining the pyrethrin fog inside. The amount of heat inside 
the enclosure would also be reduced. 

Evaluation 0/ the Sampling Thchnique 
A major advantage to this absolute technique is that the total arthropod 

community within the peach tree canopy, except for sessile and boring forms. are 
sampled. Many relative methods require the identification and quantifications of 
live insects before they escape. Jarring is feasible only for arthropods that tumble 
from vegetation when disturbed. This closed canopy sampling method is not 
resuicted by size, activity. or behavior of mobile canopy-dwelling species. Although 
adult scale insects are not sampled. coccinellid predators and hymenopterous 
parasites of scales are well I·eprescnted. Eggs and pupae also are not collected 
during sampling. This must be taken into consideration in quantification of 
predator-prey relationships. Adult and larval forms that burrow into the fruit or 
other parts of the tree and sessile insects are not well represented and should be 
sampled by more specialized techniques. 

To determine the efficiency of the technique, two phytophagous arthropods 
that were sampled consistenUy during the growing season and were endemic to the 
peach tree canopy, the plum curculio, Conotrachelu.'i neuphar (Herbst), a relatively 
large species, and a small cicadellid. Ef),throneura plena Beamer were selected. 
The coeflicient of variation (CV) of the average number per tree was used to 
ascertain efliciency. \Vhere n = 20, the CV for the plum curculio averaged 2L.02% 
and for E. plena 21.44%. Considering reduced replication and intertree variation, 
this amount of variation was expected and deemed acceptable. 

Evaluation o/the Tree as the Sampling Unit 
In most forest and orchard situations. using the enl;ire tree as the sampling unit 

would not be pmctical or possible. Peach trees arc pruned to a low height and 
uniform shape, making closed-canopy. whole-tree sampling practical. An advantage 
is that the tree is kept intact and undamaged. Low densities of arthropods are 
detected and most microhabitats of the canopy are sampled. 

Morris (l960) stated that in tree sampling, the major source of variation is 
often intertrec rather than intratl'ce. It was evident in this study that even though 
relatively uniform trees were sampled, certain trees had greater overall densities of 
arthropods. This may be due to varying physiological status of the trees affecting 
surface area, nutrient levels, and fruiting capacities. 

An absolute sampling technique is the basis for a relative technique and the 
subsequent development of relative indices. Therefore. this closed canopy technique 
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not only yields information on the temporal nuctuotion and densities of arthropods 
in peach trees, but may be an important tool towards better management practices. 
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Other	 specialist involved were: 
Ephemeroptera - J. \Veaver 
Plecoptera - R. Kelley 
Odonata - T. Whitc 
Thysanopt.era - R. Beshcnl' 
Hemiptera - W. Jones 
Homoptera - L. Hepner 
Trichoprera - S. Hmnilton 
Coleoptera - H. Dozier. Jr. 
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ABSTRACT
 

The species composition of thrips populations in onions was monitored throughout two 
growing seasons. Onion thrips (Thrips labaci Lindeman) comprised over BO'li) of the thrips 
present in cady f\·l11Y. Westel'n flower Lhl'ips (Franhlilliella occidentalis Pergande), however, 
became the dominant species in late May and early ,June. In 1986 T. talmel regained 
dominance by late June. The pyrelhroids cypennethlin, cyflut.hlin, cyhalolhrin and esfenVlllerate 
provided excellent control of both thrips species. OXlllllyl was also effective but less 
persistent. Yields were adversely affected by thrips only when densit.ies WCI'C high. 

Key Words: Inscctfl, onion thril)S, western nower thrips, Allium cepa, pyrcLhroids 

J. Agric. Enlomol. 6«1): 257-263 (October 1989) 

Thrips are one of the major pesls in many onion growing areas of the United 
States, including Texas. Yield reductions of 2-37.: PCI' 10 thrips feeding during 
bulbing have been documented (Kendall & Capinera 1987). Edelson et 81. (1989) 
reported thrips feeding significantly reduced yields as H function of thrips numbers 
in the lower Rio Grande Valley (LRGV) of Texas. They also found insecticidal 
control of thrips was economically advantageous. 

In the LRGV (Edelson et aL 1986) and Wintcr Garden (Richardson 1954) onion 
growing areas of Texas the principal thrips species is onion thrips (01'), Thrips 
tabaci Lindeman. However, Sams (1976) reported the western nower thrips (WIT), 
Frankliniella occiden/,alis Pergande was the primary species injuring onions grown 
in western Texas. He found WIT comprised over 90% of the thrips in an onion 
field in Lubbock Co., Texas, with the remainder being OT and FranklillielLa [usca 
(Hinds). A study of five Lubbock Co. onion fields in April 1986 revealed that while 
WIT was the dominant species in three fields, 01' was the major species present 
in two. There had been no previous reports of OT being a significant pest of 
onions in the area. 

Insecticide applications based on different treatment threshholds have been 
the basis of thrips management programs in onions. Royer et a1. (1986) found most 
currently registered insecticides were ineffective in controlling OT in the LRGV, 

THYSANOPTEIlA: Thripidae. Texas Agricultural Experiment Stilt ion Technical Article 24559. This 
publicaLion report!; research involving pesticides. It does not conUlin recommendations for their use, nor 
docs it imply that, the uses discussed here have been rcgiHercd. All uses of pesticide!! rnusL be 
regisUlred by appropriute Stutc lind Federnl agencies before they cun be recommended. 
Commercial compunies arc mentioned ill this puhlicution solely for the purpose of providing specific 
infol"llllltion. Mention of a company dous nol. constitute n gUflrun1.ctJ or wurfllnly of its pmducts by the 
Agriculluml Experiment SUllioll or an endorsement over produ(;u; of other companies nol mentioncd. 

~ Horticulturist, Texns Agricultural Experiment Stution. 
Extension Entomologist., Texas ~\griculturnl Extension SelVice. 
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although several unregistered pyrethroids did provide control. PYl'ethroids also 
were reported to be effective against OT in New York (Straub 1985), Colorado 
(Epsky & Capinera 1986) and Idaho (Johnson & Bishop 1987). 

This study was initiated to 1) evaluate pyrethroids fol' controlling thrips, 2) 
determine the thrips species present throughout the season and 3) determine the 
effect of thrips on onion size and yield. 

MATERIALS AND METHODS 

Thrips populations were monitored over two growing seasons in research plots 
at the Texas Agricultural Research and Extension Center, Lubbock, Texas. Long
day 'Stuttgarter' onions were produced from dry sets planted 3 April, .1986. 
Transplants of 'Texas Grano 438,' a short-day onion, were set on 17 March, 1987 in 
an experimental design identical t.o 1986. Each plot was 6 m long consisting of 4 
beds on I-m centers with two rows of onions per bed. Treatments were arranged 
in a randomized complet.e block design with 4 replications. Strips of overwintered 
rye fonned windbreaks along the sides of the plots with corn planted as drift 
barriers between plots. Standard cultural practices were followed. 

Insecticides were applied using a two-I'm...· CO~ backpack sprayer equipped with 
2 TX]2 nozzles per row. All applications were made at a rate of ]87 liters/ha at 
345 Kpa. Five applications were made at ca. 12-day intervals in 1986, but only 
three applications were made in 1987 at 16- to 32-day intervals due to lower thrips 
densities. Two formulations of cypermethrin (C'ymbush~ 3E, leI Americas, Inc. 
and Ammo$ 2.5 EC, FMC Corp.) at two rates with and without surfactant were 
compared to a standard rate of oxamyl in 1986. In 1987 cypennethrin, cyhalothrin, 
cyfluthrin and esfenvalerate were compared to oxamyl. 

Thrips numbers were determined by visual inspection of 5 plants from the 
center two beds in each plot 1 day before and 3 days after each insecticide 
application. Visual estimation of thrips numbers has been shown to be highly 
correlated with absolute numbers (Edelson 1985). Thrips densities were determined 
all 12 dates at ca. 2~wk intervals between 5 May and 17 July 1986, and on eight 
dates between 11 May and 25 June 1987. Five adult thrips were collected from 
each plot on each sample date for species identification. 

Onions were harvested from 4 meters of the center two beds in each plot on 11 
August 1986 and 8 August 1987. Bulbs were divided into four commercial size 
classes with a Lockwood chain grader. 'rotal yields were recorded and the 
percentage of bulbs in each size class was calculated. 

Data were analyzed llsing the SAS GLM procedure (SAS Institute 1985). 
Thrips numbers and yield data were subjected to analysis of variance with means 
from significllnt ANOVAs separated using Waller·Dullcan's h·ratio t test. 

RESULTS AND DISCUSSION 

Control 
Thrips densities in 1986 ranged from 40-57 per plant in early May (Table I). The 
decline in numbers in untreated plots following the first application may have been 
due to spray drift Crom adjacent treated plots. No significant effect was determined 
from the addition of surfactant (Triton AG·98) or from increasing the cypermethrin 
rate from 0.08 to 0.1 Ib(AI)/A. Both cypermethrin and oxamyl provided significant 



Table 1. Control of thrips in 'Stuttgarter' onions from dry sets following insecticide treatments, Lubbock, Texas, 1986. 

Insecticide	 Thrips/Plant t '" Z '" (formuilltion)· gIAlI/L 5 May II MIlY 19 MIlY 13 MlIY 30 Mny 12 .Iune lfi .Iune 24 .Iune 2R ,June i .Iul)' II .Iuly	 o 
;0Cypennethrin (~.5EC) 0048 45 a 7e 'lb 5e 43 a 10 b 4 h 2 h 2 h 2 c '" 

Cypennethrin (2.liEC) 0.60 4fi 3 , h 5 c 6 b 14 ab li2 a 11 b 4b 2 b 2 b 1 e 
:s: 
o

Cypenn~thrill (3E) 0048 ;0 
+ Triton AG·98 0.5% v/v:t: 52 a 3 h 8 c 2 h 12 nbc 42 11 16 h 4 h 2 b 2 b 1 e 2 

en 
o

Cypermethrin (:IE) 0,60 z 
+ Triton AG-9S 0.5% \./V 40 a 7 c 2 h 10 be 5211 13 b fi h 4 b 1 b 1 c 

$ 
o 
oOxamyl (2L) 2.99 57 a 5 b 16 b 4 b 11 abc 42 a 6 b 12 b 2 h 13 h 4 c 
0' 
" 

Triton AG-9R 0.5% v/v 46 a 28 a 23 0 11 b 17 0 530 41a 45. 44 0 1290 :JOb 

Untreillcd Check 563 29 a 29 3 26 • 17 3 58. 54 • 176 11 fj(). 

• Treatments liP plied 5 lind :W 1\'1uy, 13 and 25 .June nnd 8 .July.
 
t Means within columns followed by the same letter are not significantly different (P '" 0.05; WlIller·Duncun's k-ru1.io I test).
 
:t: Volume per volume.
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thJips control, except on one occasion when heavy rainfall extended the application 
interval to 24 days. During the ca. 2 week treatment interval, however, thrips 
numbers consistently increased more rapidly following applications of oxamyl than 
of cypermethrin. 

Thrips abundance was lower in 1987 than in 1986 (Table 2). Consequently, 
treatment intervals were extended as populations seldom exceeded 10 thrips/plant 
in treated plots. This, combined with the use of an early-maturing onion cultivar, 
resulted in only three applications being made. Heavy rainfall (73 mm) on 31 May 
appeared to reduce numbers in all plots. Thrips densities decreased to an average 
one per plant in all treatments as onions matured at the end of June. Cypermethrin 
again provided excellent control. The other synthetic pyrethl'Oids also controlled 
thrips, but none exceeded cypermethrin in efficacy or persistence. Oxarnyl again 
produced good control but lacked the persistence of cypermethrin. 

Table 2.	 Control of thrips in 'Texas Grano 438' onions following insecticide 
treatments, Lubbock, Texas, 1987. 

In~eclicide Rate Thrips/plant t 

(formulation) ,IAlI/L. II May 15 May 26 \-i11y 3 ,June 8 June IG .June 21 June 25 June 

Cypennelhrin (3E) 0.60 21 a 3 b 10, 13 1l 4 b ·1 b 3 d I , 

Cyhalothrin (1 E) 0.18 21 II ., b 16 he 12 a 7 b 6 all 9 , I , 
Cyfiuthrin (21~) 

Esf(!l1valemte (I.DI~) 

Oxamyl (21,,) 

0.2·1 

0.60 
2.99 

21; a 

21 a 
22 a 

" b 
6 b 
oJ b 

13 hc 

21 " 
25 a 

15 a 
14 a 
I:J a 

9 b 
9 b 
6 b 

[) b 

G ah 
[) a 

9 , 
7 , 

17 b 

I 

I 
I 

" 

" 

" Untreated Check 2;) a 32 1l 29 1I 15 a 15 a 9 " 28 a I " 

.. Treatments llpplied 12 ;'\:Iay, 6 .June and 22 June with C02 knapsack sprayer. 
t ro,'leans within columns followed by the same leiter nrc not significantly different (P = 0.05; Waller· 

Duncan's k·rotio I test). 

Species composition 
Over 80% of the thrips in t.he 1986 control plots were OT in early May, with 

the I'emainder being WIT (Fig. 1). As the season progressed, the percentage of 
WFT increased, reaching 100% at the end of May. This increase coincided wit.h 
the maturation and drying of winter wheat fields in the area, possibily resulting in 
the migration of large numbers of WIT. OT increased as a percentage in June and 
again became the dominant species in late season in the control and oxamyl plots 
(Fig. 2). WIT remained the dominant. species in cypermethrin plots from late May 
until harvest. 

A similar decrease in the OT percentage was observed in 1987 (Fig. 1) although 
lagging two to three weeks behind 1986. The delayed appearance of significant 
numbers of WIT in the plots was possibly a result of later wheat maturation 
(Anon. 1987). Species composition was similar for all treatments in 1987, perhaps 
due to earlier completion of the trial. Thrips monitoring was terminated in mid
July in 1986, and in late June in 1987, corresponding to the maturation of the long
day and short-day onions, respectively. 

Sams (1976) found no OT in his plots, with 90% of the thrips being WIT. 
Although he did not repOlt his sampling date, it is possible that his collections were 
made during the peak migration of WIT and did not reflect the species distribution 
present at other times of the year. Our results show that sampling throughout the 
growing season would be necessary to char8ctmize shifting species compositions. 



__~L...:::.....::::~:e::::,-----_--.:~,-==oLL_,--__--' 

BE~DER and MORRISON: Species and Control of Thrips in Onions 26J 

100 
0-0 1986
 

6-6 1987
 

80
 o,o~o 
°'" /0;:"° ..c: /0

60 
c: ° 
o~ 
c: 

0 40 
~ 

20 

\./6",° 
0 

10 2a 30 10 20 30 10 

May June July 

Fig. J.	 Onion thrips as a percentage of the totHI thrips complex in onions, 
Lubbock, Texas. The remainder of the thrips were westem flower thrips. 

100
 

.--. Control
 
6-6 Cypermethrln 
O-OOxamyl 

0;: '""75 

£ 
c: 

02 50 
c: 
a 
~ 

ol
5 May
 

Date 

20 Moy 4 June 19 June 4 July 19 July 

Fig. 2.	 Onion thrips us a percentage of total thrips complex in onions in 
response to insecticide treatments, Lubbock, Texas, 1986. The remainder 
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Yield 
Insecticidal control of thrips significantly increased onion yields over those of 

untreated plots in 1986 (Table 3). All insecticide treatments reduced thrips 
pressure sufriciently to prevent detection of yield differences between chemicals 01' 

rates. Reduction in bulb size was the primary source of yield reduction. Insecticide 
applications did not significantly affect yields or bulb size distribution in 1987 
(Table 4). 

Table 3.	 Yield of 'Stuttgarler' onions from dry sets in response to insecticide 
treatments, Lubbock, Texas, 1986. 

""" Yield* Bulb size dislribution (%)* 

Insecticide lfonnulalion) ,IAII/L mg/hll «jJmm 63·75mln 7fi·88mm >88mm 

Cypennethrin (2.5F.C) 0.48 20.5 ab 22 a 34 d 37 a 8, 
Cypennethrin (2.5ECl O.GO 21.0 ab 19 , 38 cd 36 a 7 , 

Cypemwthrin (:IE) 0,48 
+ Triton AG-U8 

Cypermethrin (:lE) 
+ Triton AG-f)8 

Olumy! (2L) 

OJI% v/vt 
n.uo 

0.5% v/v 
2.!)!) 

22.2 n 

21.4 ub 
20.3 nh 

18 1I 

" ,
18 , 

:19 cd 

" bed 
SO nbe 

35 IIh 

3;') ab 

2Bb 

, " 

5 lib 
,I lib 

Triton AG-98 0.5'fr \./", 18,4 be 24 a 5!l n 16 c o b 
Untreated 16.1 c 28 a .')3 tlb I7c 2 3b 

• lI..leans within columns followed by the same leiter nre not significantly different (P > 0.05; \Valler
Duncan's horatio t test). 

t Volume per volume. 

Table 4.	 Yield of 'Texas Grano 438' onions in response to insecticide treatments, 
Lubbock, Texas, 1987. 

IUitc Yield- Bulb size dislrilHltion (%). 

Insecticide (fOnllUllltion) giAll/L mg/ha <G3mm 6:3·75mm 75-88mln >88mm 

Cypermethrin (31':) 0.60 9.' ;". 4S 25 I 
CyhalOl.hrin (IE) 0.18 9.6 25 39 34 2 
Cynuthrin (2E) 0.24 9.' 31 ..t:l 24 2 
Esfenvalernte (I.9E) 0.80 9.0 2B 39 30 3 
Oxamyl (2L) 2.99 9.7 2B 3B 3' 3 
Untreated 8.5 31 42 26 I 

• No difference!! ill yield or size di.etlrihution amonJ: trenhncnts were delecled by analysis of Vm;3IlCe. 

Two factors appear to account for the differential response between years. 
First, thrips pressure was much higher in 1986 than in 1987. Unt.reated plants 
support.ed 30 - 60 thrips throughout most of the 1986 growing season with much 
higher populations during July. Thrips feeding resulted in severe silvering of 
foliage at maturity. In 1987, populations averaged 10-30 thrips/plant and visible 
damage was much less. Harding (1961) and Mayer et al. (1987) reported onion 
yields were not affected unless thrips populations were high. Actual tluips densities 
causing significant yield losses may be determined by interactions with onion 
variety (Edelson, personal communication) and environmental factors (Edelson et 
al. 1989). 

Secondly, the long-day onion cultivar used in 1986 did not mature until late 
July, while the short-day cultivar used in 1987 matured in late June. The longer 
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exposure to thrips feeding, combined with the high thrips populations in July, 
greatly increased the potential for yield loss in 1986. 

Based on these studies. it is important to consider thrips population dynamics. 
species composition, onion development patterns and ecological interactions in 
designing a control program. While high thrips densities can definitely reduce yield 
potential. tolerance to thrips infestlltions and levels of control may vary widely in 
response to production pmctices and other variables. 
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ABSTRACT 

Boll weevils, A"thononltls grandi... gmt/dis Soheman, were collected from St Joseph and 
Alexandria, Louisiana and bioassaycd with bifenthrin. cynulhrin. cypermethrin, esfclwalcrate. 
fCIl\'alerate, lambda-cyhalothrin and trnJomethrin. At 48-h nnd seven days posttreatment... 
bifcmhrin and cynuthrin were consistently more toxic 1.0 bOlh collections than were any of 
the other pyrcthroids tested. Dose/mortality data were obtained for azinphosmethyl and 
methyl parathion on boll weevils from Alexandria. but these LOt" values were not. significantly 
different from those of bifenthrin and cynulhrin at the seven day observation. No significant 
differences were found in boll weevil control among any of the pyrethroids tested in small 
plol. field trials during 1986-1988. All of the pyrethroids, except. lambda-cyhalothrin (0.023 
and 0.034 kg IAII/hu) and tralomel.hrin (0.018 kg IAJllha), sif{nificant.ly reduced the number of 
boll weevil-damaged squares below those in the untreated plots. 

Key Words:	 Cot.ton, Allthonomw, grarulis grandis, organophosphates, insecticide efficacy, 
pYl'ethroids 

J. Agric. Entomol. 6('1): 265·274 (Oct.ober 1989) 

The boll weevil, AnthorlOmu.s grumbs grund/:s Boheman, is a key insect pest of 
cotton in the Sout:henl United States (King et a1. 1987, 1988). Although management 
strategies have been developed t.o minimize the usc of insecticides for control of 
the boll weevil, chemical control is still the most effective stl'ategy for suppressing 
this insect (Lincoln and Graves 1978, Parencia et al. 1983). Thus, the loss of 
insecticides to control the boll weevil would cause cotton yields to decline and 
ultimately would result in unprofitable cotton production over most of the cotton 
belt. 

The organophosphate insecticides (OP's), especially azinphosmethyJ and methyl 
parathion, ha....e been used successfully to control boll weevil infestations for nearly 
three decades. Although boll weevil field control failures with OP's have not been 
reported, laboratory studies have demonstrated a significant decrease in the 
toxicity of azinphosmethyl to field collections from the Rio Grande Valley in Texas 
(Wolfenbarger et al. 1986). 

The pyrethroids were originally introduced in 1978 to manage the Heliolhis 
spp. complex and also suppress boll weevil populations (Parencia et al. 1983, 
Hopkins et a1. 1984). Hopkins et 81. (1984) compared the toxicity of available 

1 Northeast. Research Station, P.O. Box 438, St. Joseph, LA il366. 
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pyrethroids to that of azinphosmethyl and methyl parathion against the boll 
weevil. Subsequently, several new pyrethroids have been developed which will 
probably replace many of the earlier pyrethroids. The purposes of these studies 
were to establish dose/mortality (DM) data in the laboratory for these new 
pyrethroids and to determine their efficacy in season·long field trials against the 
boll weevil. 

MATERIALS AND METHODS 

Laboratory Studies 
Cultures were initiated from boll weevils collected from cotton fields located on 

the Northeast Research Station, St. Joseph, La. during 1987 and from the Dean 
Lee Research Station, Alexandria, La. during 1988. These insects were colJected 
by handpicking from cotton flowers, using Leggett pheromone traps bailed with 
grnndlure (Hercon Division, Herculite Products [nc., New York, N.Y.) and by 
gathering infested squares (nower buds), which were held in 3.7-1 cardboard 
cartons until adult weevils emerged. A tot1lI of 950 and 1350 individuals were 
collected from fields planted with DPL 41 during 1987 and 1988, respectively. Boll 
weevils were collected twice weekly beginning 25 August until 12 October, 1987 at 
the St. Joseph site, but only weekly collections were made at the Alexandria 
location from 28 August until 30 September, 1988. 

All cotton fields utilized as collection sources had been tl'eated throughout the 
growing seaSon with recommended insecticides lit standard rates for control of all 
cotton pests. All collections during ]987 were made after insecticide applications 
hud ceased, but during [988, methyl pal'athion (0.371 kg [AIlfhu) wus upplied on 3 
September, after two collections had been mnde. 

All boll weevils were taken to the laboratory, plnced in 3.7-1 cardboard cartons 
covered with plastic sheeting, and fed cotton squares (DPL 41 during 1987, DPL 
90 dUl'ing 1988). These squares were collected at least once weekly, immediately 
debrncted, washed with soap and water, allowed to dry for ca. 15 min., and then 
refrigerated until needed. 

Technical grade bifenthrin and cypermethrin (FMC Corporation, Middleport, 
N.Y.), cylluthrin and azinphosmethyl (Mobay Chemical Corporation, Kansas City, 
Mo.), lambda.-cyhuJothrin (leI Americus, Wilmington, Del.), esfenvalerute (E. I. 
DuPont de Nemours and Company, Wilmington, Del.), fenvalerate (Shell Develop
ment Company. Modeslo, Cnlif.) and tralomethrin (Chevron Chemical Corporation, 
Richmond, Calif.) were obtained from the manufacturers. Methyl parathion was 
purchased from Chem Service, Westchester, Po. Technical materials were diluted 
with acetone to 1070 stock solutions in 20-011 glass scintillation vials and refrigerated 
until needed. 

All insecticides were topically applied according to the standard ESA method 
of detcrmining insecticide resist.ance in boll wcevil (Anonymous 1968). Insects were 
allowed to feed on cotton squares two to three days prior to treatment. Adult boll 
wecvils weighing ca. 10-18 mg (x = 14 and 15 mg for the Alexandria and St. Joseph 
collections, respectively) were placed in 473·ml Dixie cups (10 weevils/cup) with 
cotton squares. A selected dose of technical grade insecticide dissolved in acetone 
or the control (acetone alone) was administered to the dorsal thorax of each insect 
in a 1 III aliquot. A minimum of four doses of each insecticide, with at least 10 
insects per dose was replicated two or three times. After treatment, the weevils 
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were held at 27 ± 4°C under a 13: 11 (L:D) photopeliod and examined for mortality 
at 48 h and seven days after treatment. Mortality of the treated boll weevils was 
detel1nined by their inability to upright themselves 3Q.60 s after being prodded. 

All data were analyzed and probit regressions were estimated using a micro
computer-based probit analysis (Microprobit 3.0, T. C. Sparks and A. P. SIJarks, 
Louisiana State University, Baton Rouge, La.) based on Finney (197 I). Control 
mortality did not exceed 5%. and all data were corrected for control mortality 
using Abbott's (1925) formula. The 95% confidence limits (C,L.) were used to 
determine statistical differences between insecticides and collections. 

Field Trials 
Agronomic prncl:ices recommended fol' cotton production in Louisiana were 

followed in the field studies conducted at the Northeast Research Station, St. 
Joseph, La. Cotton seed (DPL 41) were planted on 25 April, 12 May and 24 iVlay 
during 1986, 1987 and 1988, respectively. Plots consisted of eight rows (0.96-m row 
spacing) 65 m in length. Insecticides were applied for control of all pests on an as
needed basis. Cotton yields are not reported because Heliothis spp. were also 
present in these plot.s and yields were innuenced by these pests. 

Emulsifiable concentrate (EC) formulations of all chemicals were applied using 
a John Deere high-clearance sprayer equipped with two TeeJet X·3 hollow cone 
nozzles per row calibrated to deliver 23.7 I total spray solutionlha at 60 psi. 
Insecticides were applied two to five days before boll weevil damage ratings were 
made in the treated plots. Treatments were evaluated by examining 50 squares 
from the center two rows of each plot. Treated plots were examined on 7, IS, 22, 
29 July during 1986, on 22, 29 July and 3, ;, L8, 25 August during 198;, and on 15, 
21,28 July and 4, 17,25 August during 1988. Four replicates of all treatments were 
mranged in a randomized complete block design. 

All data were subjected to the analysis of variance procedure according to the 
Statistical Analysis Systems adapted for the microcomputer (SAS Institute 1987). 
Separation of treatment means was accomplished using Duncan's multiple range 
test (P = 0.05, Duncan 1955). Data are presented as mean valueH across all 
samlJling periods within a given year. 

RESULTS 

Laboratory Tests 
The toxicity of all pyrethl'oids tested during both years generally increased 

from the 48-h obselvation to seven days posttreatment (Table 1). A different trend 
was observed for the organophosphates, azinphosmethyl and methyl parathion, 
which were tested against boll weevils collected from Alexandria during 1988. 
There were no significant differences in LDr,o values between methyl parathion and 
azinphosmethyI at the 48·h 01' 7·day observation. The slopes of the log dose·probit 
(ld-p) lines established for the pyrethl'Oids were slightly !latter than those detelmined 
fOl' the organophosphates at the 48-h observation. Slopes after seven days wel'e 
more variable compared to those determined at the 48·h observation. 

Boll weevils collected from St, Joseph were significantly less susceptible 48-h 
after treatment than the Alexandda weevils in a direct comparison of aU pyrethroids 
except cyfluthrin at the same time peliod. However, at seven days after treatment 
only bifenthtin, cynuthrin, and lambda-cyhalothrin were significantly more toxic to 



Table 1. Dose/mortality responses of field-collected boll weevils to selected insecticides tested during 1987 and 1988. 
'" ~ 

"" 

48-Hour Observation 7-Day Observation 

No. 
Insecticide Tested Slope ± SE LDso* (95% C.L.) Slope ± SE LD50· (95% C.L.) 

St. Joseph, 1987 
Bifenthrin 100 3.38 ± 0.53 O.Oi (0.055-0.085) 3_86 ± 0.54 0.05 (0.049-0.0i4) 
Cyfluthrin 
Esfenvalerate 
L-Cybalothrin 

150 
185 
150 

2.04 ± 0.2i 
1.89 ± 0.28 
1.84 ± 0.36 

0.13 
0_30 
0.34 

(0.088-0.156) 
(0.233-0.413) 
(0.236-0.454) 

1.92 ± 0.30 
2.15 ± 0.33 
2.40 ± 0.45 

0.09 
0.15 
0.19 

(0.065-0.123) 
(0.110-0.188) 
(0.125-0.246) 

"">
"",. 

Tralomethrin 160 2.39 ± 0.38 0.39 (0.318-0.457) 3.91 ± 0.39 0.31 (0.077-0.386) r 
Cypermethrin 165 2.32 ± 0.36 0.43 (0.336-0.593) 2.81 ± 0.36 0.26 (0.212-0.330) '" = 
Fenvalerate 195 2.45 ± 0.3i 0.54 (0.395-0.609) 2.43 ± 0.34 0.28 (0.253-0.398) 0" 

3 
~ 

Alexandria, 1988 
Bifenthrin 140 2.li ± 0.36 0.03 (0.018-0.044) 2.10 ± 0.36 0.02 (0.017-0.038) ~ 
Cyfluthrin 
Esfenvalerate 

150 
150 

3.38 ± 0.36 
3.00 ± 0.44 

0_08 
0.14 

(0.065-0.092) 
(0.119-0.177) 

2.45 ± 0.44 
2.56 ± 0.41 

0_05 
0.09 

(0.035-0.057) 
(0_080-0.126) 

9' 
z 

L-Cyhalothrin 160 1.42 ± 0.27 0.13 (0.08i-0.185) 1.19 ± 0.27 0.Q7 (0.029-0.091) ? 

Tralomethrin 150 3.65 ± 0.33 0_14 (0.l1i-0.166) 3.63 ± 0.34 0.13 (0.083-0.158) ~ 

Cypermethrin 150 3.28 ± 0.2i 0.13 (0.054-0_253) 3.10 ± 0.26 0.11 (0.025-0.229) <; 

"" .;s 
Azinphosmethyl 150 3.40 ± 0.44 0_04 (0.035-0.051) 3.13 ± 0.46 0.04 (0.032-0_048) 
Methyl Parathion 150 3.06 ± 0.38 0.05 (0.025-0.267) 3.11 ± 0_39 0.05 (0.036-0_054) 

• LD:.o values are expresJ'led in pg insecticide/adult boll weevil. 
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the Alexandria strain than to the collection from St. Joseph. LDr.o's for all 
pyrethroids except bifenthl;n were significantly higher than LOw values for methyl 
parathion tested against the St. Joseph weevils at 48-h and seven days after 
treatment. 

BifentJuin and cynuthrin were the most toxic pyrethroids tested during 1987 on the 
St. Joseph collection based on L050 values at 48-h after treatment. These compounds 
were significantly more toxic than all other pyrethroids Lo the St. Joseph collection 
at the 48-h observation. At seven days after treatment, the LD~D values of 
bifenthrin and cyflulhrin were significantly lower than the LO~D'S of all pyrethroids 
except lralomethrin and esfenvalerate. There were no significant differences among 
the LDfJ() values of the other pyrethroids at the 48-h observation for this collection. 
At seven days after treatment, esfcnvalerate was significantly more toxic than 
cypennethrin and fenvalerate but was equally as loxic as the other pyrethroids. 

The relative toxicity of the pyrethroids tested against the Alexandria weevils 
was similar to that for the St. Joseph weevils. Bifenthrin was significantly more 
toxic than all other pyrethroids, but was not different from azinphosmethyl or 
methyl parathion at 48·h after treatment. LOfJ() values for cyflutlwin were not 
significantly different from the LDr.o's for methyl parathion but wcre significantly 
lower than those for csfenvalerate and tralomethrin. At the 7-day observation. 
bifenthrin and cytluthrin were significantly more toxic than esfenvslerate and 
tralomcthrin but they did not differ from azinphosmethyl and methyl parathion 
tested against the Alexandria weevils. 

Field Trials 
A three-year (1986·1988) summ3lY of pyl'ethroid efficacy against boll weevil 

infestations in small plot tests is given in 'fable 2. Boll weevil infestations in the 
tests during 1986 and 1987 exceeded the Louisiana economic threshold (15% 
damaged squares) on at least one sample date. A dl'Ought occurred during 1988, 
and boll weevil populations remained at low levels during most of the season. 
There were no signilicant differences in square damage among the pyrethroid 
treatments in any of the tests. Also, increasing the rate of a given pyrethroid did 
not result in significantly better boll weevil control. During 1986, all of the 
pyrethroid treatments significantly reduced square damage below the amount 
observed in the untreated contl'Ol (UTe). All of the pyrethroid-treated plots 
except tambda-cyhalothrin (0.023 and 0.034 kg IAII/ha) and tralomethrin (0.Ql8 kg 
IAIjlha) dwing 1987 and '"lIomethrin (0.018 kg IAnlha) during 1988 had significantly 
less square damage than the UTC plots. In the 1986-1988 field trials, the highest 
infestation of boll weevils was observed during 1987 when all of the treatments 
provided less than 50% control. 

DISCUSSION 

The pyrethroid insecticides have been widely recommended for control of 
Heliothis spp. and the boll weevil. Since their introduction in 1978, several new 
compounds which are considered to be more toxic to these cotton pests than their 
previous counterparts have been added to this class of insecticides. There have 
been no reports of field control failures with pyrethroids recommended for control 
of boll weevils. 
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Table	 2. Erticacy of selected pyrethroids in field trials against boll weevil infestations 
in cotton during 1986, 1987 and 1988 

Mean Seasonal Damagc!Percent Control·. t. t 

Rate 
Insecticide gil kg IAII/h. 1986 1987 1988 

Bifenthrin 240EC 0.068 --/- 6.4/48.8 b 0.9/50.0 b 
Cyfluthrin 240EC 0.034 --/- 8.6/31.2 b 0.8/55.5 b 
Esfenvalerate 228EC § 0.034 1.9/77.9 b 8.8/29.6 b 0.7/61.1 b 
Esfenvalernte 228EC§ 0.041 1.7/80.2 b 7.4/40.8 b 0.6/66.7 b 
L-Cyhalothrin 120EC 0.023 1.0/88.3 b 9.9/20.8ab --/-
L-Cyh.lothrin 120EC 0.028 0.8/90.7 b 7.6/39.2 b 0.5/72.2 b 
L-Cyh.lothrin 120EC 0.034 1.5/82.6 b 9.5/24.0.b 0.4/77.8 b 
Tralomethrin 36EC 0.Ql8 --/- 9.3/25.6ab l.I/38.8ab 
Tralomethrin L08EC 0.020 --/- --/- 0.5/72.2 b 
Cypermeth";n 360EC 0.056 --/- 8.6/31.2 b --/-
Cypermethrin 360EC 0.068 2.0/76.7 b --/- 0.8/55.5 b 
Untreated Control 8.6/--• 12.5/ --8 1.8/--. 
•	 Pift)' sqUllres were sampled for holl weevil dllnlllge on 4, 6 and 6 slImple dlll.es during 1986. 1987 and 

1988. resl)eClively. 
t Mean \'allles were deri\.'ed by a.nalyzing across 1111 sample dates and are reponed as damage/50 

squares. 
t Mean vollies in columns followed by 3 common leuer are not significantly different according to 

Duncnn'R multiple range test (I' > 0.0;'). 
§ Esfen\'ulcrnle 72 EC was used during 1988. 

Several previous bioassay studies (Davis et al. 1977, Harding et a1. 1977, 
Wolfenbarger et al. 1977, Rathinam 1979, Pavloff 1982) compared the toxicity of 
pennethl'in, fenvalerate and cypennethrin to the toxicity of some organophosphates 
against the boll weevil. More recently, Hopkins et al. (1984) compared the toxicity 
of cyfluthrin, cypermethrin, fenvalerate, nucythrinate and permethrin to azinphos
methyl and methyl parathion. In the present study, the 48-h LD50 value for 
fenvalerate is similar to a range of values (0.39-2.39 and 0.27-1300 J..Ig/weevil) for 
field-collected strains detemlined by PavloO' (1982) and Rathinam (1979), respecti'·ely. 
However, the 48·h LDMl vslues (St. Joseph weevils) for fenvalerate as well as those 
for cypenncthrin and cynuthl'in are significantly higher than the LDso values (0.15
0.21, 0.13-0.14 and 0.02 J..Ig/wcevil) for the same compounds, respectively, established 
against a Illboratory strain by Hopkins et al. (1984). The 48-h LD50 for cypermethrin 
against the Alexandria collection is not signi.ficantly different from the value 
determined for cypel'methl'in but Hopkins et al. (1984), but the 48·h LD!io for 
cyfluthrin is significantly higher than the value for cyfluthl'in in the study by 
Hopkins ct al. (1984). However, cyfluthrin was consistently one of the most active 
pyrethroids in the present study as well as in Hopkins et al. (1984). Because there 
are no previously published data: available for bifenthrin, esfenvalerate and lambda
cyhalothl'in, the data in the present study will serve as baseline data on field
collected boll weevils. 
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The 48-h LDso's determined for azinphosmethyl and methyl parathion in the 
present study are similar to those (0.05-0.06 and 0.05-0.06 ~g/weevil), (0.01-0.12 and 
0.03-0.08 ~g/weevil), (O.lJ6-0.08 and 0.05-0.06 ~g/weevil) and (0.02-0.18 and 0.04-0.13 
~g/weevil) presented by Hopkins et al. (1975), RBthinam (1979), Hopkins et al. 
(1984) and Pavloff (1982), respectively. Furthermore, there has been little change in 
the toxicity of methyl parathion during the last 25 years based on LD60 data (0.03
0.06 ~g/weevil) from the early 1960's (Graves and Roussel 1962). 

[n the studies cited above, the data are variable depending on the origin of the 
strain (laboratory or field), collection date during the season, weevil age and 
rearing media used in the laboratory. Boll weevils tested in this study were 
collected at the end of the season to increase the possibility of detecting differences 
among t.he insecticides, as well as to compare to previously published baseline 
data. Rainwater and Gaines (1951) observed a seasonal decline in effectiveness of 
organochlorine insecticides against the boll weevil. In a study to evaluate variation 
in seasonal susceptibility to pel'rnelhrin. Pavloff (l982) observed a similar occurrence. 
Variations in the toxicity of permcthrin have been observed when boll weevils were 
allowed to feed on bolls rather than squares or artificial diet (Moore 1981). Teague 
et al. (1983) demonstrated the toxicity of azinphosmethyl to boll weevils was 
affected by weevil ages and diet (artificial rearing media and cotton squares). 
Therefore, some of the variations in the LDso data reported for the boll weevil may 
be related to several factors other than differences between weevil collections. 

Previously published DM data have generally indicatcd that the organophosphates 
are more toxic than the pyrethroids 48 h after treatment. The LD60 data in the 
present study are no exception. Howevel', at seven days after treatmenl the 
toxicity of all pyrethroids increased while the toxicity of azinphosmethyl and 
methyl parathion remained the same. The LD50'S for bifenthtin, cyfluthrin, cyper
methrin and lambda-cyhalothrin at the 7-day observation ' ...·ere not significantly 
different from t.he DM values for the organophosphat.es tested against the Alexandlia 
collection of weevils. In other studies, fenvalerat.e and pcrmethrin were more toxic 
after seven days than after 48 h (Rathinam 1979, Bariola and Bergman 1982, 
Pavlorf 1982). 

The field trials conducted during 1986-1988 demonstrated equal effectiveness 
among pyrethr-oids, with no significant increases in control occurring by increasing 
the rate of a given compound within the rate ranges evaluated. Similar studies 
(Graham et al. 1985, Graham and Gaylor 1986, 1988, Micinski et al. 1988) have 
reported similar efficacy among pyrethroids tcsted against boll weevils. Hopkins et 
a1. (1984) observed no significant differences between the initial and residual 
effectiveness of pennethrin and fenvalerate (0.113 and 0.l13 kg IAIllha, respectively) 
against boll weevils. Treacy et al. (l988) found no significant differences in 
mortality of boll weevil adults due to cyfluthlin, esfenvalerate or lambda·cyhalotluin 
(0.034, 0.034 and 0.034 kg [AII/ha, !·espectively), but. reported that cyOuthrin 
significantly reduced feeding damage below that of the other two treatments. In 
general, differences in efficacy of pyrethroids against boll weevils can be explained 
by a variation in response to specific rates (All et al. 1985, Graham and Gaylor 
198i). 

The only indication of decreased susceptibility of field· collected boll weevils 
has been reported by 'Wolfenbarger et al. (1986) in which a 9-fold increase in LD:IO 
values for 8zinphosmethyl was obselved when compared to baseline data detelmined 
in 1974. The same study did not detect any change in the susceptibility of boll 
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weevils to methyl parathion. The OM data in the present study indicated significant 
differences between the two locations to all pyrethroids tested except cynutluin at 
48 h and to bifenthrin, cylluthrin and lambda-cyhalothrin at seven days after 
treatment. Although boll weevils from the two sites wcre tested duling different: 
years, this variation in susceptibility is probably the result: of heavier selection 
pressure with pyrethroids at St. Joseph. The differences in toxicity of the same 
pyrethroid to these cultures may indicate that the boll weevil is capable of 
developing resistance to these compounds. Rathinam (1979) observed a wide range 
of LDso values for permethrin and fenvalerate from several Slates prior to 
widespread use of the pyrethroids. These datu suggest the boll weevil strains with 
the capacity to develop resist.ance to the pyrethroids were present ten years ago. 
Although there have been no documented field control failures conceming boll 
weevils, our laboratory data suggest differences in susceptibility between different 
populations. The rather nat slopes of the Id-p lines of the pyrethroids also indicate 
considerablc genetic variation with respect to pyrethroid toxicity. Because the 
organophosphates (methyl parathion and azinphosmethyl) are generally recom
mended (primarily based on cost and speed of action) when boll weevil infestations 
reach damaging levels, and the pyrethroids are primarily used against Heliotllis 
spp., a reduction in pyrethroid efficacy would not generally he observed in field 
situations. 

Unintentional seleclion pressure with pyrethroids has been 1>laced on boll 
weevil populations because of the use of these compounds to manage Heliothis 
spp. Tnsecticide resistance in the boll weevil has not been an important issue in 
recent years because of the efficacy of organophosphates against this pest and the 
apparent inability of the weevil to develop resistance to these compounds. However, 
the pyret.hroids are closely related in mode of action to the organochlorines and 
the baH weevil developed resistance to these insecticides within ca. 25·30 generations 
of exposure (Georghiou and Mellon 1983). 

The boll weevil continues to exist as II major pest across most of the cotton 
producing regions. Pyrethroids used for Heliolhis spp. contl'Ol have aided in the 
suppression of boll weevils, but recently pyrethroid use against the bollworm and 
tobacco budworm has been curtailed in an attempt to delay the development of 
resistance to these insecticides by Heliothis spp. (Graves eL al. 1988). Alternatives 
to the pyrethroids (acephate, I>rofenofos, sulprofos and thiodicarb) for Heliothis 
control have generally exhibited poor efficacy against boll weevils, which requires 
further reliance on azinphosmethyl, methyl parathion and malathion. Therefore, a 
concerted effort should be maintained to extend the life of the pyrethroids to 
manage Heliothis spp. and the boll weevil. 
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ABSTRACT 

PickJewonn moths, Diapllonia "itid(tli... (Stoll), were c(lught in pheromone tr<lps before 
larvae were detected in nine of twelve cucumber fields nenr Charleston, S. C., indicating 
promise for use of pheromone traps in forecasting picklewonn infestations. Densities of 
moths and larvae were low in fields plnoted during l\'lay and June and populations in the 
fields did not build up over time. Densities were high in fields planted during August and 
Selltember with u steady build up in both moth and Ialval populations. 

Key Words: Picklcworm, pheromone, cucumber, pest management. 
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The pickleworm, Diaphania nitidalis (Stoll), is a key insect pest of cucumbers 
and other cucurbits grown in the southeastern United States. This pyralid moth 
overwinters in southern Florida and gradually migrates northward during spring 
and summer (Pena et at. 1986). An important consideration in picklewonn control 
is detecting its presence and initiating control measures before fruit damage 
occurs. Since the pickleworm directly attacks fruit the action threshold is low 
under the best of circumstances. In the case of pickling: cucumbers, fear of product 
contamination precludes acceptance of any infestation. Therefore, insecticide 
treatments for this crop should begin when moths or larvae are first detected. 
However, the use of insecticides when picklewOIms are not present is not wUlTanted 
and may be hannful to beneficial insects or cause secondary pest flareups. Since 
poorly timed treatments, or none at all, may result in loss or condemnation of the 
entire crop (Hughes et al. 1983) a monitoring system that would detect movement 
of moths into a particular cucumber growing area, or even to individual farms 
would be a valuable component of a cucumber pest management program. 
Fortunately, a picklewornl female sex pheromone has been identified and synl.hesized 
and has been found to be as effective in trapping male moths as virgin females 
([Gun et al. 1986). [n this study we monitored both moth and larval members in 12 
plantings of cucumbers in the area of Charleston, South Carolina during the 1988 
growing season to determine whether moth trapping would be a practical method 
of predicting larval infestations. 

U. S. Depanment or Agriculture, Agricultuml Research Se",·ice. U. S. Vegetable l..aOOmtory. 2815 
Savannah Highway. Charleston. SC zg,l H. 

t	 U. S. Department or Agriculture. Agricullural Research Service. Insecl Chemical ~cology Lnboralory, 
BeIt.'J\·jlle, MO 20705 
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MATERIALS AND METHODS 

For monitoring moth populations we used a "box trap." This trap was a cubical 
wood·framed (1m/side) screened (6X16 mesh) cage that was open at the bottom. 
The cage opening was horizontally supported 30 cm from the ground by legs at 
each cornel' of the cage bottom. A synthetic blend of the five active components of 
the female piekeworm sex pheromone (Klun et 01. 1986) was supplied by the Insect 
Chemical Ecology Laboratory, USDA, ARS, Beltsville, MD. Rubber septum 
dispensers were treated with 10 III of a heptane solution containing 818 J-1g of the 
active blend (KJun et al. 1986). A rubber septum containing the attractant 
chemicals was pinned at the top of a wooden stake in the plane of and at the 
center of the trap opening. Lures were replaced weekly because the pheromone 
efficacy declined sharply after 7 days (Elsey, unpublished). Traps were checked 
for moths daily shortly after sunrise, except for weekends, holidays, or periods of 
inclement weather. 

Each of the study fields was divided into 4 blocks and each block was divided 
into 2 strata for total of 8 strata per field. Moth traps were randomly assigned to 
blocks, while 10 larval sample units (SD) of 0.25 linear meter row were randomly 
selected from each stratum for a total of 80 SU's per field. To aid in sampling, a 
a.25-m long section of a wooden stick was painted red. When the sampling point 
was reached, the "sampling stick" was dropped alongside the row and cucumber 
plants were sampled that fell within the boundary of the painted area on the stick. 
In a previous study on cucumbers, (Elsey 1980) CD.. 85% of pickleworm larvae were 
found in the stem tips, flowers, or fruit. Therefore, only these plant parts were 
examined. While some larvae were missed by not examining leaf blades, the 
number of units we were able to sample was greatly increased. For each SU the 
following information was recorded: presence or absence of flowers, number of 
fruit, number of pickleworm damaged fruit, and number of pickleworm larvae. 
Plantings were sampled once or twice per week from onset of the true leaf stage 
until plant senescence. Larval counts were conducted under a stratified random 
sampling scheme, so that variation among strata means did not contribute to the 
sampling errol' of the estimate. 

Four cucumber plantings (on 2-rn row width) were located at the U. S. 
Vegetable Laboratory and eight at the Davis farm (on 1.5-m row width) on 
Wadmalaw Island, 6 miles west and 20 miles southwest of Charleston, respectively. 
Fields were fertilized with 10-10-10 at a rate of 1120 kglha. Ethalnuralin was 
applied as a preemel'gence herbicide at the rate of 1 kg [AII/ha, and maneb was 
applied at 1 kg IAlilha for late season control of fungus diseases. Cucumber seed 
(cv. 'National Pickle') was planted at the rate of 4.5 kglha and seedlings were 
thinned to 20 em apart. Table 1 provides informntion on planting dates, field sizes, 
and number of SU's per field. 

RESULTS 

In 9 of the 12 study fields, pickleworm moths were trapped before larvae were 
detected (Table 1). In all but one field, pickleworm moths were tl'8pped before 
infested fruit were found (Table 1). The three instances of lalvae detected before 
moths were trapped occurred early in the season, Le., fields that were planted in 
May and June. Densities of moths and larvae were very low and scattered in the 



Table 1. Cultural, sampling parameters, and key dates for picklewonn study fields. 

Date first· 

Total infested 
'" sampling Planting Total moth larva fruit r"' rn 

Field H•. units date traps catch found found '" -< 
VLt 1 0.85 16560 5/12 4 box, ~ 

4 Heliothi. 7/8 7/15 - t:-
VL 2 .53 10272 5/12 4 box, ." 

D* 
D 

1 
2 

.52 

.50 
11712 
11232 

5/19 
6/3 

4 Universal 
2 box 
2 box 

6/30 
6/27 
7/20 

7/12 
7/5 
7/12" 

-
7/5 
7/12" 

~. 

~.. 
~ , 
" D 3 .40 9260 6/3 2 box 7/27 7/19' 8/2 ." 

D 
D 

4 
5 

.32 

.37 
7182 
8784 

8/11 
8/11 

2 box 
2 box 

7/11 
R/17 

7/8 • 
8/29 

8/5 
9/20 

'"•a s 
D 
VL 

6 
3 

.33 

.85 
7808 

17280 
8/11 
8/26 

2 box 
4 box, 

8/17 8/29 9/20 0,
• 
s· 

VL 4 .53 10272 8/26 
4 Heliothis 

4 box, 
9/6 9/13 10/6 ."•

'" 
D 
D 

7 
8 

.49 
1.36 

11412 
26158 

9/1 
9/1 

4 Universal 
3 box 
4 box 

9/2 
9/14 
9/14 

9/13 
9/22 
9/22 

10/6 
10/13 
10/5 

s:•"•'"•S 
• '" Dates with astericks indicnte IllfVll! infestation or Ilumllgcd fruit recorded before moth catch. 0 

t VL '" Vegetable laboratory *D '" Davis Fann 
'" 

'"...,-, 
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four fields that were planted in May (Fig. 1), with no indication of a steady build 
up. In the two fields (D3 and 4) that were planted during June pickJeworm 
densities were also low, but there was an increase in numbers during August. (Fig. 
1). 

In contrast, densities of moths and larvae were high in the six late season fields 
that were planted in August and September (Fig. 2), In these fields, there was 
usually a steady increase in larval densities as the fields developed flowers and 
fruit and then a decrease as the crop became senescent. Moth catch in the late
season fields also rose during the sampling period, but expet;enced an abrupt 
decline in October, probably as a result of unseasonably low night temperatures 
(Elsey 1982). Not surprisingly, the amount of fruit damage over all fields was 
linearly correlated with larval density (R=.98), Fruit injury was particularly severe 
and fast developing in the late-season fields with percent fruit damage ranging 
from highs of 15 to 70% (Fig. 3). 

Statistical differences (using analysis of variance at 5% probability level) 
between strata within fields occun'ed 11 times (out of 141 total sample oppor· 
tunities) and were usually associated with differences in plant stand from one part 
of the field to another. 

DISCUSSION 

Pheromone trapping provided a very promising method of forecasting infestation 
of picklewonn in cucumber fields. Even early in the season, when moth populations 
were low, moths were caught at both farms before IUlvne were found. From the 
standpoint of individual fields, lalvae were found before moths were caught in 3 of 
the 6 early-season fields, However, in two of these, the warning was adequate to 
begin control measures and prevent fruit damage. Only in the field where fruit 
damage was recorded before moth catch, could moth trappings be considered a 
failUl'c. Forecasting with pheromone traps should be most effective in state- or 
county-wiele pest management programs. By pooling trap catch results from 
individual farms and areas, pickleworm migration and potential infestation could 
be determined and control procedures iml)lemented. 

While promising, furthc" work is needed before pheromone trapping can be 
integntted into a cucumber pest management program with reliability. Specifically, 
trapping and lar....al counts need to be compared in more fields, particularly early 
in the season, so that probabilities can be calculated for the ratio of successful 
forecasts in individual fields. Also, a trap needs to be designed that is not as bulky 
as the box trap and will retain the moths. The rapid loss of attractancy by the 
pheromone from the rubber septa (Elsey, unpublished) indicates that an improved 
dispenser is needed. The role of lemperature and wind in night of pickJeworm 
needs to be investigated further. Elsey (1982) found that moth activity in field 
cages ceased at temperatures under 15.5°C, therefore, monitoring nighttime tem
peratures in spring and early summer may provide additional information on the 
likelihood of pickleworm moth migration and oviposition. Finally, the use of 
pheromone trapping should be invaluable in research on pickleworm migration into 
agricultural areas long the eastern seaboard. For eXHmple, a scatter diagram of the 
moth catch for all fields over the season (Fig, 4) showed that most of the moths 
potentially available for migration further north were produced in August and 
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September. Annual information on pickleworm movement from key locutions could 
provide northern regions with advanced warning of the magnitude and timing of 
impending infestations. 
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Theodore Roosevelt Adkins, Jr.. 
Professor Emeritus of Entomology at 
Clemson University, died of a heart 
attack on August 28, 1989. He was 
born in San Antonio, Texas, December 
26. 1930. He grew up in south Georgia 
finishing West Crisp High School in 
1948. He received an Associate Degree 
in Agricultw'e from Abraham Baldwin 
Aglicultural CoUege and then transfelTed 
to Auhwn University where he received 
a B.S. degree in Agriculture in 1952. 
He earned the M.S. and Ph.D. degrees 
in entomology from Auburn University 
in 1954 and 1958, respectively. 

Ted's career spanned 30 plus years, 
28 at Clemson University. Dr. Adkins 
was an authority on medical and veterinary entomology. He had a career-long 
interest in forensic entomology, which he turned to immediately upon his 
retirement. As was his custom, he "jumped" into this work with his usual 
enthusiasm and drive. Within a few months he had built a considerable 
consulting business with law enforcement and litigation consulting. 

At the university he was a dedicated teacher and researcher, but he often 
cited his students as his greatest accomplishment. 

He had a passion and intensity for work that was unsurpassed. He often 
averaged no more than four to five hours sleep per night. He often remarked 
that sleeping was a waste of his time. 

In 198i. he was presented with the Hatch Act Centennial, Outstanding 
Research Award, one of two awards presented to an entomologist covering the 
first 100 years of the South Carolina Agricultural Experiment Station. 

He was Executive SecretaIy of the South Carolina Pest Control Association, 
Editor of the Jom·nal of Agricultural Entomology, a member of ARPE, ESA, 
Georgia, Florida and South Carolina Entomological Societies and the American 
Academy of Forensic Sciences. 

Dr. Adkins is survived by his wife, Joyce Hartley Adkins; three sons, 
Randall and Dale of Clemson, SC and Gary of Louisville. KY; his mother. 
Irma Easom Adkins; and four grandchildren, Wayne, James Randal1, Brian 
and Bobby of Clemson. SC. 

S. B. Hays 
Clemson. S.C. 
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KEEPING THE TRADITION: OUR NEW EDITOR 

Catherine A. Walgenbach 

The untimely death of Or. Ted Adkins, editor of the Journal of Agri
cultural Entomology since its inception in 1984, left us with a void that can 
never be filled, but it is a void created by the irreplaceable character of the 
man himself, not his position. The impact of our loss is met only in our good 
fortune in locating Dr. Catherine A. Walgenbach, who will serve as our new 
editor. From her office in the mountains of North Carolina, Cathy has picked 
up the editorial ball and is tending to business with a fervor matched only by 
her predecessor. 

Cathy received her Ph.D. in entomology in 1985 from the University of 
\Visconsin, Madison, where she conducted research on the aggregation pheromone 
of the maize weevil. She was the recipient of numerous scholarly honors 
throughout her educational journey. The valedictorian of Clinton Central 
School, Clinton, NY, Cathy launched her collegiate studies at Mount Holyoke 
College, So. Hadley, MA, from which she graduated, cum laude, with a B.S. in 
Biology in 1978. \¥hile pursuing graduate work at the University of \Visconsin, 
she earned frrst place in the Master's Research Category at the North Central 
Branch, Entomological Society of America, Student Competit:ion. 

The holder of a U.S. patent for a synthesized pheromone of the maize 
weevil, Cathy has been active in the publication of related research in several 
professional journals. She has also served as adjunct instructor for the 
Department of Biology of !i"urman University, Greenville, SC, and as adjunct 
assistant professor for the Department. or Biology of the University of North 
Carolina, Asheville, NC. 

Cathy is an energetic wife and mother who volunteers a portion of her time 
as a guide at the Carl Sandburg home in Hendersonville, NC, where, appro
priately, she engenders in the visitors a strong appreciation for the significant 
role of Mrs. Sandburg as a scientist-geneticist·business leader in her own 
righL We welcome Cathy with equal appreciation. I'm sure you will find 
working with her a genuine pleasure. Contributors, please notice the new 
address on the inside cover for submission of manuscripts. 

David R. Alverson, President 
South Carolina Entomological Society 
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buils, sa r;uryc()/is [1oridarw. 37 
BASIC, 23 
beetle, cil{orctle, 43 fecundily, 101, 169 
bectle, Colorodo potato. 217 feedthrough, 77 

beetlc, cucumber, 1 fenvalernte, 65 
beetles, ground. 71 flight activity, sensonal, 183 
Bemi,o;ia tabaci, 211 fly, (oce, 77 

bollworm. 227 fly, Hessioll, 137 
borer, sugnfcllne. 113 ny, hom, 65 
BmcollidllC. 127, 201 fly, hou!>C, 53, 77 
budwoml, lohucco, 201, 227 fly, SO)" nodule, 83 

food IlOUrCtlS, adult, 8:\ 
Corllbidac, 71 Fonnicidac, 31 

ctltbon dioxide. 43 fumil::lllion, 43 
cnlue, 77 fumil::Jll.ion, single-mound, 31 
Cecidomyiidoc. 137 fumigmion. l.henllo-. ..11 
Ceratopogonidne. 175 
chemosterilant. 147 genetic. 147 
chlorpyrifos. 65 Glycille max (L.) Merrill, 12i 
Chrysomelidnc, I, 119 growth regulnlor, insecl. 147 
Coccidac, 169 
Coecop/U1gus Iycimnia, 169 l-/uef1latobin irnt(lns. 65 
Coccus Ilesperi(Jum. 169 He!iothi.~ !II)". 2'17 
cockroach, 37 Heliotlli... zell, 15!) 
COLEolyrEHA, 1,43,71, 1l9, 147, 183, 193.265 hen, white rock, 153 
cont.rol, biological, 127 Hornopter'n, 169, 211 
control, hom fly. G,; host ncceplnnce, 20) 
com, 119 hydrlllnct.hyinon, 37 
Cote.~ia kazak 201 HVr.,H;;r\OPTERA, 31, 127, 169, 201 

Cotesia ",argitliucfll,ri.~ (Cresson), 127 Hypos-oter didymalar. 201 
cotton, 211, 227. 265 
cucumber, 275 Ichncumonidae, 20t 
Cucumis mela L., 5 immunity, hos~ 153 
Cucurbitn fOClidissima HBK, 5 infestntion, artificial, 119 
Cllcurbita moschata Duchesne., 5 in!'tecl, colton, 147 
Cucurbila Pr>/JO (L.), 5 INSECTA, 37, 53, 169, 183, 201, 233, 257 
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inseclicideJ'l, 53
 
insecticides, efficacy, 265
 
insects, adult. 9
 
insects, alfalfa. 71
 
insects, sainroin. 7 J
 
irradinlion. 193
 
hodidlle. 91
 

juvenile honnone mimic, 77
 

key, 23
 

trMiot/ernUl st'rri£orne, 4.1 
LEPJD01YI'ERA, 101, 113, 127, 159,201,227
 
l.cptifl(jtar~·11 decem/if/cultl, 217
 
longevity, 169
 

~'1ocron)'ssidae. 153
 
"'fayeliolt, destructor, 137
 
microdislribution, diel, 175
 
j\ficropfiti... croccipe.'1. 201
 
MjcroplitL~ demolitor, 20 I
 
mile, northern fowl, 153
 
moth, pickleworm. 275
 
Musca nutumnalis DeGeer. 77
 
Musca (Iamestiea L., 77
 
j\·luscidoc, 53, 65. 77
 

ncern oil, 211
 
Noctuidltc, 101, 159, 201
 

orgono]lhosphntc, 53, 265
 
ovicides. 227
 
oviposition, 10 I
 
oviposilionnl preferences. 5
 

pamsitoid, 127, 169
 
peach. 2:1.1
 
A!riplafldn fuliginosa, 37
 
pest management, 159, 275
 
pesticides, 159
 
petroleum oil vapor, 31
 
pheromone, 275
 
PhidippllS, 23
 
PhytophtJlfJTlI infestans, 159
 
picklewonn, 275
 
plant fiber, 113
 
planting dales, 127
 
Platystomutidlle, 8.1
 
population density, 153
 
potatoes, 217
 
poult I)', 77
 
produclil, lllltural,
 
progmlll, 23
 
Pyralidne, 113
 
pyrethroids, 31, 53, 227, 257, 265
 

resistance, 53, 65
 
resmethrin, 31
 
Rhipicepludus, 91
 
Riv(>lIio quodrifasciota, 83
 
rootwonn, southern com, 119
 

S-3118a, 77
 
sninfoin, 71
 
Salt.icidne, 23
 
sampling, 9
 

sampling, whole-tree, 233
 
scale, !GO
 
Situphilus vryzae, 183
 
SituphiltM zeamais, 183
 
Solellopsi,~ inuic/a, 31
 
Sorghum hic%r, 113
 
sorghum, sweet, 113
 
soybelllls, 127
 

spidcr, jumping, 23
 
SJX1(loptem fmgiperda, 10 I
 
squnres, 193
 
sterility. inherited, 147
 
sterilizlltion, 193
 
stored Ilroducts, 183
 
stored-groin, 9
 
sucrose. 193
 
swine, 77
 

lhrips, onion, 257
 
thrips, weslem flower, 257
 
tick. American dog, 91
 
tick, browll dog, 91
 
tick, lone slflr, 91
 
tobucco, ,]a
 

tornalo, liiD
 
trill' 1lL00lificution, 9
 
Imp I>rocessing time, 9
 
(railS, 8:1
 
tmllS, Ilitfal!. 7t
 
trol>S, probe, 9
 
tree, pcnch, 283
 

warehouse, 43
 
weevil. hall, 147, 193
 
weevil, mllize, 183
 
wee\'il. rice. 183
 
whelll, 1:l7
 
whileny, llweelpoLato, 211
 

yielt!, powto, 217
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