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Editorial Policy 

The Journal of Agricultural Entomology is devoted to the publication of 
original research concerning insects and related arthropods of agricultural 
importance, including those affecting humans, livestock, poultry, and wildlife. 
The Journal is particularly dedicated to the timely publication of articles and 
notes pertaining to applied entomology. although it will accept suitable 
contributions of a fundamental nature related to agricultural entomology. 

Authors should submit manuscripts documenting original research that has 
not previously been published and is not being considered for publication 
elsewhere. The source of any data included in a manuscript which were not 
collected as part of the current study must be clearly cited in the legend of the 
table or illustration reporting such data. 

The Journal of Agricultural Entomolog)' is published under the auspices of 
the South Carolina Entomology Society. Inc. A subscription to JAR accompanies 
membership in the SeES, and prospective authors are encouraged to join. 
Inquiries may be sent to the Secretary/Treasurer, SCES, P.O. Box 582, 
Clemson, SC 29633-0582. 

Manuscript Preparation and Submission 

In general, the Journal conforms to the standards of the Entomological 
Society of America in Publication Policies and Guidelines {or Manuscript 
Preparation, and authors are encouraged to consult this booklet, available 
through the ESA, 9301 Annapolis Road, Lanham, MD 29706. Authors also are 
urged to consult the latest issue of the Council of Biology Editors (CBE) Style 
Manual, a Guide /'or Authors, Editors, and Publishers in the Biological Sciences, 
available through the CBE, 9659 Rockville Pike, Bethesda, MD 20814. 

Authors should submit an original and three copies of a manuscript to be 
considered for publication to the Editor, Journ.al oj' Agricultura.l Entomology, 
Dept. of Entomology, Iowa State University, Ames, Iowa 50011-3222. Authors 
will be notified of receipt of their manuscripts, Failure to format a manuscript 
in JAE style will result in it being returned to the author for reworking before 
initiating the review process. Refer to the most recent issue of JAE for style 
guidelines. The Editor will select a Subject Editor from the editorial staff, and 
this person will forward the manuscript to at least two peer reviewers. If 
acceptance of the work is recommended, the Subject Editor will return reviews 
and editorial comments to the author and ask for revisions and incorporation of 
any style changes. Authors must then return two hard copies of the revised 
manuscript and a 3.5" HDIDD diskette in I BM MS-DOS, Windows, or 
Macintosh format, to the Subject Editor. On the diskette, specify what computer 
(IBM compatible PC or Apple Macintosh) and software, including version, was 
used (preferably WordPerfect® 4.2 or later for IBM and WordPerfect® 1 or later 
for Macintosh but consult the Subject Editor for other microcomputer 
wordprocessor software that is acceptable) and provide file names. Include the 
text file and separate table and illustration files on the diskette. High-quality 
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hard copies of figures also are acceptible for scanning. The contents of the hard
copy final version of a manuscript and the diskette IVruST match or all material 
will be returned for reworking. Authors should retain a back-up diskette. The 
Editor will make the final acceptance decision for each revised manuscript, 
based on reviewer and Subject Editor comments. The Editor will copyedit an 
accepted manuscript and forward it to the printer. Authors will receive 
instructions on handling galley proofs from the Editor in a Cormal acceptance 
letter. Corrections other than printer's OJ' Editor's errors "'lill be billed to 
authors at a rate of $2.00 per line. Adherence to the above procedures will 
accelerate the turnover time from receipt of a manuscript to print and reduce 
the number of mistakes that appear in the final paper. 

Reasons for rejection. A manuscript will be rejected if it is a preliminary 
report, a progress report, or the result of undue splitting of a large manuscript. 
A manuscript will be rejected if the data are inappropriately or incompletely 
analyzed to the extent that re-review of the manuscript is necessary. Other 
factors contributing to rejection are the presentation of little or no new 
information, duplicated research, inconclusive results, poor writing, 
inappropriate subject matter, or excessive speculation. 

If the author disagrees with the Editor's decision to reject a manuscript, 
the author may request an appeal of the rejection. To initiate an appeal, the 
author must submit nine copies of the following to the Editor, JAE, Dept. of 
Entomology, Iowa State University, Ames, Iowa 50011-3222. 

1) A letter justifying the author's reason for the appeal 
2) The letter of rejection from the Editor 
3) Comments of the reviewers 
4) An unmarked copy of the original, unreviscd manuscript 
5) Other relevant colTespondence between the author and Editor or Subject Editor. 
The Editor will then forward the materials to the cUlTent chair of the 

Appeals Committee, who will distribute the materials among members of the 
committee. The author, Editor, and members of the Editorial Committee will be 
notified in writing of the decision of the Appeals Committee. The decision of the 
committee is final. 

Page charges. A charge of $45.00 per page will be made; photos, figures, 
tables, etc., are charged at an additional $20.00 each. Excessive or complicated 
tables, sideways tables, oversized figures or photos may be subject to an 
additional charge of $5.00·$20.00 per page depending on number, length, 
complexity, etc. Page charges are subject to change without notice. 

General Guidelines 

Format. Type all material (including the title page, text, all parts of tables, 
footnotes, references cited, etc.) double spaced on one side only of standard 
sized 22 X 28 cm (8.5 X 11 in.) nonerasable, high-quality paper. All margins 
should be 3.2 cm (1.25 in.). Manuscripts should be preparcd with a legible 
typeface. Sections of the manuscript should bc arranged in this order: 
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3 EDITORS: Instructions For Authors 

title page 
abstract (including 3-10 key words, listed beneath the abstract) 
text pages 
acknowledgment 
references cited 
footnotes 
tables 
figure legends 
running heads 
original figures 

Each section should begin on a new page. Each page should be numbered 
consecutively, starting with the title page and ending with the running head 
page. Refer to a recent copy of the JAE for format. 

All measurements should be given in metric units, or in metric with English 
units in parentheses. 

Title page. The upper right hand corner of the title page should include the 
complete name, address, telephone and FAX nwnbers, and e-mail address (if available) 
of the person to whom galley proofs and othel' correspondence should be sent. 

Abstract page. The abstract should be a concise but informative description 
of the significant contents and the main conclusions of the research. The 
abstract should not exceed 250 words. 

Key words. Three to 10 key words should be included on the abstract page. 
Please pay careful attention to the selection of these key words, as they are the 
only words used for journal indexing. Please include the order, family, genus 
and species of the research organisms. Each key word may actually be 
comprised of more than one word; for example, "Spodoptera rrugiperda" would 
be considered a single key word, as would "pest management." 

Tables, All segments of the table, including the title, headings, body, and 
footnotes, should be double spaced. A table can be typed on more than one sheet 
of paper. Authors will be asked to revise tables not conforming to this standard 
before the review process is initiated. A notation should be made in the left or 
right margin adjacent to the text line where the table is first mentioned. 

Running head. Authors should include a running head consisting of no 
more than 60 characters (including authors names). 

Figures. Authors should refer to the CBE Style ll1anua.1 tor excellent guidelines 
for preparing illustrative matet'ial. Figures not confonning to acceptable standards 
will be returned for revision. Authors should designate an approximate page size 
for all figures (e.g., half or whole page) at the time a manUSCJ1pt is submitted, and 
should indicate the orientation of the figure with an alTO\v. Figures should be 
clearly labelled (on the back if necessary) with figure number, manuSCI1pt number 
(when designated), author names, and title swnmal'y. 

Photographs are acceptable in either black and white or color, but authors should 
note that reproduction of color photographs is a costly process (up to f-ive times the 
cost of black and white). Please consult the Editor for a quotation of current rates. 

The quality of the plinted figure directly reflects the quality of the subm.itted 
figure. Always submit original figures or high-quality reproductions. All figures 
should be clearly labelled. A notation should be made in the left or right margin 
adjacent to the text line where the figure is first mentioned. 
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Insect names. Unless justified in writing, JAE will only allow the use of 
common names of insects that have been approved by the ESA Committee on 
Common Names of Insects. Authors should refcr to the most recent issue of 
Com.mon Na.mes ofbIsects & Related Organisms (ESA, Lanham, Maryland) for 
a listing of currently accepted names. Provide the scientific name and authority 
the first time a species is mentioned in both the abstract and in the body of the 
text. It is also helpful to include the common name, if one has been designated. 

H an organism is first mentioned in a table 01' figure, the authority name 
would appear in the table or figure, rather than in the text. 

Voucher specimens. Voucher specimens are preserved organisms (01' parts 
thereof) that serve as future reference for a name used in a scientific 
publication. Voucher specimens ensure the credibility and endurance of 
research results because they document the identity of studied organisms. 
Therefore, although not required for publication in JAE, the preservation of 
voucher specimens is recognized by the Editorial Board as one of the most 
important responsibilities when publishing research. Accordingly, the Board 
has adopted the following policy statement: 

'Authors are encouraged to designate, properly prepare, label, and 
deposit high-quality voucher specimens and cultures documenting 
their research in an established permanent collection and to cite the 
repository in publication.' 

For the recommended procedure for designating a voucher specimen, please 
refer to J. Agric. Enlomo!. 5(4): 296, 1988. 

Reference citations within the text. Use chronological, then alphabetical 
order. 

(Smith 1973) 
(Smith & Jones 1978) 
(Smith 1973, Smith & Jones 1978, Ward 1978) 
(Smith et al. 1973a,b, Jones 1987, Roberts 1987, 1988) 
(Jones 1987, 16-25) for specific pages 
(Jones 1987; L. J. Smith, Bigtime Univ., personal communication) 
(L. J. S., unpublished data) for the paper's author - use instead of personal 

communication. This applies to either unpublished or submitted works. 
(Smith & Jones in press). This applies to works accepted, but not yet 

published. 
(PROC GLM, SAS Institute 1985, 139 - 199) for software 
Reference citations in tables. When a series of citations are provided as a 

footnote in a table, references should be listed alphabetically. 
References cited section. Abbreviations should only be used for serials; 

Experiment Station bulletins and technical reports should be spelled out. JAE 
uses Serial Sources (or the BlOSlS Data Base (Bios is, 2100 Arch Street, 
Philadelphia, Pennsylvania 19103) for serial abbreviations. 

All references should be double- or triple-spaced. [f the references cited 
section does not conform to this format, authors will be asked to correct it 
before the review process is initiated. 
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Journal Articles 
One or two authors are listed alphabetically; three or more authors should 

be listed chronologically: 
Elsey, K. C. & J. A. Klun. 1989. Pickleworm sex pheromone: potential for use in 

cucumber pest management. J. Agric. Entomol. 6: 275-282. 
Jones, M. A. 1986. Article title - lowercase after colon or dash unless it is a 

proper noun. Abbr. J. 00: 00-00.
 
1988a. Title. Abbr. J. 00: 00-00.
 
1988b. Title. Abbr. J. 00: 00-00.
 

Jones, M. A. & R. Burns. 1975. Title. Abbr. J. 00: 00-00_ 
Jones, M_ A. & R. Burns. In press. Title. Abbr. J. 00: 00-00. 
Jones, M_ A. & A. B. Skyler. 1973. Title. Abbr. J. 00: 00-00. 
Jones, M. A_, A. B. Skyler & I-1. H. Monroe. 1973. Title. Abbr. J. 00: 00-00. 
Jones, M. A., R. Burns & L. O. Curtin. 1979. Title. Abbr. J. 00: 00-00. 

1980. Title. Abbr. J. 00: 00-00. (for another Jones, Burns and Curtin citation)_ 

Books 
Burns, D. A. 1957. Title: same rules for subtitles - don't forget lowercase. 

Publisher, city, state or province (spell out), 346 pp. 
Borror, D. J., D. M. DeLong & C. A. Triplehorn. 1981. An introduction to the 

study of insects, 5th ed. Saunders, Philadelphia, Pennsylvania, 827 pp. 
Mitchell, E. R. [Ed. I. 1981. Management of insect pests with semiochemicals: 

concepts and practice. Plenum, New York, 514 pp. 

Article or Chapter in a Book 
Myler, A. 1985. Article or chapter title, pp. 00-00. In I. S. Burke, Jr. and L. B. 

Armstrong rEds. I, Book title. Publislier, city, state, 233 pp. 
Reynolds, H. T., P. L. Adkisson & R. F. Smitli. 1975. Cotton insect pest 

management, pp. 379-443. In R. L. Metcalf and W. H. Luckmann [eds.], 
Introduction to insect pest management. Wiley, New York, 587 pp. 

Royer, T. A., J. V. Edelson & B. Cartwright. 1988. Onion thrips control, 1987, p. 
129. In Insecticide and acaracide tests, vol. 13. Entomological Society of 
America, College Park, Maryland, 459 pp. 

Proceedings 
Reynolds, H. T. 1985. Pesticides: a dependable component of IPM, pp_ 21-24_ In 

Proceedings, Regional workshop on pesticide management, Nairobi, Kenya, 
128 pp. 

Rossignol, P. A. 1988. Parasite modification of mosquito probing behavior, pp. 
25-28. In T. W. Scott and J. Grumstrup-Scott [Eds.l, Proceedings of a 
symposium: The role of vector-host interactions in disease transmission. 
Miscellaneous Publication 68, Entomological Society of America, College 
Park, Maryland, 50 pp. 
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Reports 
Baker, \V. H. 1972. Eastern forest insects. United States Department of 

Agriculture Forest Service Miscellaneous Publication 1175, 'Washington, 
D.C., 672 pp. 

Colorado Agricultural Experiment Statton. 1989. Annual report. Colorado State 
University, Ft. Collins, 62 pp. 

Webster, J. A. & D. H. Smith, Jr. 1983. Developing small grains resistant to the 
cereal leaf beetle. United States Department of Agriculture Technical 
Bulletin 1673, Washington, D.C., 12 pp. 

Young, D. A. 1986. Taxonomic study of the Cicadellinae (Homoptera: 
Cicadellidae). PaJ·t 3: Old World Cicadellinae. North Carolina Agricultural 
Experiment Station Technical BuLletin 281, Raleigh, 639 pp. 

In Press 
Rogers, L. E. & J. F. Grant. In press. Infestation levels of dogwood borer 

(Lepidoptera: Sesiidae) larvae on dogwood trees in selected habitats in 
Tennessee. J. Entomol. Sci. 
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ABSTRACT The effects of sorghum hybrids and imidacloprid seed 
treatment on infestations by corn leaf aphids (CLA), Rhopalosiphum nwidis 
Fitch, and greenbugs (GB), Schiza,phis graminum (Rhondani), and on the 
spread of sugarcane mosaic virus strain MDMV-B (SCMV) were evaluated in 
tests at I-lays, Kansas, in 1993 and 1994. In both years, imidaclopl'id 
controlled CLA for 3 to" but not for 7 wk after planting. Imidacloprid 
reduced the spread of SCMV in a OS-susceptible hybrid (Northrup King 
89750) in 1993 bUl not in 1994. Differences among hybl;ds in the incidence 
of SCrvlV did not appear to be related to the hybrids' reaction to GB. 
However, one GB-resistant hybrid (Dekalb DK-39Y) appeared to be highly 
resistant to natural infection by SCMV, even though it was susceptible when 
inoculated mechanically. 

KEY WORDS Homoptcm, Aphididae, greenbug, corn leaf aphid, sugarcane 
mosaic virus MDMV-B, imidacloprid, sorghum, vector, resistance 

Sugarcane mosaic vilUS strain IVIDMV-B (SCMV), fonnerly maize dwarf mosaic 
virus strain B (McKern et 31. 1991), is recognized as one of a complex of important 
viral pathogens of sorghum worldwide (Toler et al. 1968). It is vectored by at least 13 
aphid species (Toler & Frederiksen 1971), including the corn leaf aphid (eLA), 
Rhopalosiphum maidis Fitch, and the greenbug (GB), Schizaphis graminus 
(Rondani) (Stoner et al. 1964, Nault & Bradley 1969, Daniels & Toler 1969), which 
are the most common aphids infesting sorghum in Kansas. Sorghum hybrids have 
not been classified for resistance to CLA, but over one third of all commercially 
available sorghum hybrids were resistant to biotype E GB in 1990 (Kofoid et al. 
1992). However, the effect of resistance to GB on the control of viral diseases of 
sorghum is unknown (Harvey et a1. 1994). Mechanical inoculation of 152 
commercially available sorghum hybrids ""rith SCMV resulted in a wide range of 
symptom expression from mild to severe, but none of the hybrids was immune 
(Seifers & Kofoid 1992). 

I Accepted for publication 18 July 1995. 
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Imidacloprid, 1-[(6-ch loro-3-pyridinyl) methy1]-4,5-dihydro-N-nitro-1-H
imidazol-2-amine, when applied as a seed treatment, is effective in reducing 
the incidence of barley yellow dwarf virus and virus yellows of sugar beets, 
which are vectored by aphids (Schmeer et al. 1990, Leclercq-Ie Quillec & 
Dedryver 1992, Knaust & Poehling 1992, Dewar 1992, Bluett & Birch 1992, 
Heatherington & Meredith 1992, Gourmet et al. 1994). The effect of 
imidacloprid on the incidence of SCMV in sorghum has not been reported. 

The objectives of this study were to determine imidacloprid's effectiveness 
when applied as a seed treatment to reduce the spread of SCMV in sorghum 
and to determine the effect of GB resistance in selected sorghum hybrids on 
infection rates of SCMV. 

Materials and Methods 

In 1993, two sorghum hybrids, Dekalb 'DK-39Y' (GB resistant) and 
Northrup King '80750' (OB susceptible), were compared with and without 
imidicloprid seed treatment for percentages of plants infested with CLA and 
infected with SCMV. 

The imidicloprid (Gaucho) seed treatments were applied at a rate of 2.5 g 
AI/kg (4 oz AIICWT) by Gustafson Inc., Dallas, Texas. The hybrids were 
selected for their known resistance or susceptibility to GB injury and their 
comparable susceptibility to SCMV. When mechanically inoculated with 
SCMV, both hybrids respond with severe necrotic red-leaf reactions and 
continuous necrosis covering 80%-100% of infected leaves (Seifers & Kofoid 
1992). 

The sorghum hybrids were planted in randomized complete blocks with 
eight replications on 16 June 1993. The plots were single rows 6.1 m long 
and spaced 0.8 m apart. 'When emergence was complete, plants were thinned 
to about 32 per row. The soil type was McCook silt loam, and standard 
practices of fertilization, weed control, and irrigation were followed. 

To ensure an abundant source of virus 1 on 24 June every other plant in all 
32 plots was inoculated mechanically with SCMV using previously described 
procedures (Seifers 1984). 

Uninoculated plants expressing symptoms of SCMV were recorded on 27 
July and 27 August. The presence of SCMV in tissue of plants bearing 
symptoms not typical of SCMV was verified by indirect ELISA against 
antisera to maize dwarf mosaic virus, SCMV-MDMV-B, and johnsongrass 
mosaic virus. Leaf tissue was ground in 0.05 M carbonate buffer 1 pH 9.6 
(Clark & Adams 1977). Samples were absorbed to ELISA plates (Dynatech 
Laboratories 1 Inc., Chantilly, Virginia) for 1 h at 37°C. Plates were rinsed 
and then incubated with a 5 Ilg/m1 dilution of antivirus antibody in blocking 
buffer (Clark & Adams 1977) for 1 h at 37°C. Plates were rinsed and blocked 
with a solution containing 5% (w/v) nonfat dry milk and 0.01% (v/v) anti foam 
A made in phosphate buffered saline, pH 7.0 1 for 1 h at 37°C. FoIlO\ving 
rinsing, antirabbit antibody:alkaline phosphatase conjugate in blocking 
buffer (Sigma Chemical Co., St. Louis, Missoul"i) was added 0:1000, v/v 
dilution) and the mixture was incubated for 1 h at 37°C. Following rinsing, 
substrate (p-nitrophenyl phosphate) in substrate buffer (Clark & Adams 
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1977) was added at 0.714 mg/ml, and the mixture was incubated for 30 min 
at 25°C to 28°C. Absorbance (405 nm) values were considered positive if they 
were twice those of the healthy control. 

Uninoculated plants that were infested naturally with CLA were recorded 
by visual examination of the whorls of each plant on 8 July and 4 August. 
Plants were inspected at weekly intervals for the presence of other insects, 
especially GB, during June, July, and August. 

In 1994, the test was expanded to include six GB-resistant and six GB
susceptible hybrids, which were planted on 10 June. All hybrids were 
compared with and without imidacloprid seed treatment, which was applied 
at the same rate as in the 1993 test. All hybrids were susceptible to 8CMV 
when inoculated mechanically, as previously described. The location of the 
test and the experimental design were the same as for 1993, except that 24 
treatments were used in three completely randomized blocks in 1994. Every 
other plant in each plot was inoculated mechanically with SCMV as 
previously described on 21 June when the plants were in the 2- to 3-leaf 
stage. Uninoculated plants that expressed symptoms of SCl\:IV were recorded 
on 19 July and 16 August. The presence of 8CMV in the tissues of some 
symptom-bearing plants was determined by EL1SA as previously described. 

Plants infested with CLA were recorded on 11 July and 1 August by 
inspection of the whorls of all uninoculated plants. The number of GB per 
plant was estimated by visual examination of five plants that were randomly 
selected from each of the 72 plots on 1 August and 8 August. 

Percentages of plants infested with CLA and infected with 8CMV and 
numbers of GB per plant were analyzed with ANOVA, and mean differences 
among treatments were compared with the '"Valier-Duncan multiple range 
test (SAS Institute 1985). 

Results and Discussion 

In both 1993 and 1994, imidacioprid seed treatment controlled CLA for 3 
to 4 wk after planting but not fOl" 7 wk (Table 1). Differences between the two 
hybrids in CLA infestation were not statistically significant. The sorghum 
hybrid DK·39Y had a lower percentage of plants infected with scrvrv than 
89750 in both 1993 and 1994. The rate of spread of SCMV in m(-39Y was so 
low (none in 1994) that the possible effect of imidacloprid on the incidence of 
8CMV in this hybrid could not be measured. Imidacloprid-treated 89750 had 
a significantly lower rate of spread of BCNlV infection than untreated S9750 
in 1993 but not in 1994 (Table 1). A possible explanation for this difference is 
that the CLA inrestations were much higher in 1994 than in 1993. The larger 
numbers of CLA in 1994 may have overwhelmed the early effect of 
imidacloprid control of CLA on transmission of SCM\'. 

Only traces of GB were observed in the test during 1993, and GB are 
known to be inefficient vectors of SCMV (Seifers & Harvey 1989), so it is 
questionable as to whether the OB resistance of DK-39Y could account for its 
resistance to the spread of SCMV infection. However, to test this possibility, 
six hybrids with GB resistance were compared with six susceptible hybrids 
in 1994 (Table 2). 



Table 1. Effect of imidacloprid seed treatment and sorghum hybrid on infestation of corn leaf aphid (CLA) and 
spread of sugar cane mosaic virus strian MDMV-B (SCMV) at Hays, Kansas, in 1993 and 1994. 

% Plants Infested CLAe % Plants Infested SCMVc 

HybridG , Treatmentb 
1993d 

8 July 4 Aug. 

1994d 

11 July 1 Aug. 

1993d 

27 July 27 Aug, 

1994d 

19 July 16 Aug. 

DeKaJb 
DK39Y 
DK39Y 

T 

U 
0.0 a 

12.0 b 
6.6 a 

11.0 a 
0.0 a 

80.7 b 
100.0 a 
100.0 a 

2. a 
2.4 a 

3.4 a 
4.0 a 

0.0 a 
0.0 a 

0.0 a 
0.0 a 

orthrup-King 

89750 
89750 

T 
U 

0.0 a 
7.9 b 

10.6 a 
14.1 a 

0.0 a 
76.4 b 

100.0 a 
100.0 a 

10.0 a 
19.2 b 

14.5 b 
37.2.c 

9.9 a 
6.3 a 

23.9 b 
25.2 b 

a OK 39Y resistant and 89750 susceptible to E biotype grcenbug, Schizaphi.~ graminum (Rondnni), planted 16 June 1993 and 10 June 1994. 
b T = Seed treated with imidac10prid (Gaucho) 2·5 g AIlkg (4 OZ AlIC\VT). U = Untreated seed. 
c Means within each column foUowed by the arne letter are not signilicanLly djlTerent at the 0.05 level of probability. WaJler-Duncan multiple range test (SAS 

Institute 1985). 
d Dates =3·4 wk and 7 wk after planting. 
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Table 2.	 Effect of imidacloprid seed treatment and sorghum hybrid on 
infestation of greenbug and incidence of plants infected with 
sugar cane mosaic virus strain MDMV-B (SCMV). Hays, 
Kansas 1994. 

% Plnntsb 

No. Greenbugsb Infected 
per Plant SCMV 

Hybrid and 
TrcatmcnlU 1 AugY 8 Aug.c 19 JulY" 16 Aug" 

Resistant·Treated 
Oro Ultra 10.0 a 43.3. 12.7 a 25.2 a 
DeKalb DK·39Y 15.0 a 8.3 a 0.0 a 0.0 e 
Oeltapine 1506 21.3 a 28.3 a 9.4 abe 26.5 a 
Casterline SR 31'1 13.3 a 13.3 a 2.0 ed 3.8 de 
Northrup King KS 7] 0 13.3 a 48.3 a 8.4 abc 2\.9 ab 
Golden Acres T-E 77£ 20.0 a 23.3 a 3.8 bed 15.9 abed 

Mean 15.5 a 27.5 a 6.1 a 15.5 a 

Susceptible-Treated 
Golden Acres Dinero 3\.7a 37.3 a 0.0 d 17.8 abed 
IC15511 76.7 a 97.0 a 6.0 abed 16.5 abed 
Triumph Two 800 21.7 a 103.7 a 6.1 abed 19.1 abe 
Asgrow Topaz 26.3 a 105.0 a 9.2 abc 18.7 abed 
Northrup King 89750 64.0 a 82.0 a 9.9 ab 24.0 ab 
Delange DBA 131 68.3 a 108.0 a 1.7 ed 15.0 abede 

Mean 48.1 b 88.1 b 5.5 a 18.5 a 

Resistant-Untreated 
Oro Ultra 23.3 " 18.3 a 4.7 bed 25.0 ab 
DeKalb DK·39Y 14.0 a 56.7 a 0.0 d 0.0 e 
Del tapi ne 1506 31.3 a 32.3 a 4.2 bed 10.0 bede 
Casterline SR 3 VI·EC 49.3 " 26.3 a 0.0 d 4.5 cdc 
Northrup King KS 710 24.0 a 26.7 a 4.9 bed 2\.7 ab 
Golden Acres T-E 77E 66.7 a 7\.3 a 3.9 bed 11.7 abede 

Mean 34.8ab 38.6 a 3.0 a 12.2 a 

Susceptible·Uotreated 
Golden Acres Oinero 2\.6 a 83.0. 2.6 bed 14.8 abede 
IC15511 5\.7 a 92.0a 13.2 a 26.4 a 
Triump Two 800 57.30 118.3 a 7.4 abed 13.3 abcde 
Asgrow Topaz 41.7 a 48.0 a 6.1 abed 26.5 a 
Northrup King 59750 50.0 a 207.7 a 6.3 abed 25.2 a 
Delange D5A 131 43.3 a 86.7 a 3.9 bed 2\.3 ab 

Mean 44.3b 105.9 b 6.6 a 21.3 a 

11	 Resistant - Hybrids resistant to biotype E greenbug. Treated:: Seed of hybrids treated with 
imidncloprid <Gaucho). All hybrids planted 10 June. 

b fl.'Ieans between individual h}'brids or groups of hybrids within u column followed by the same letter 
are not significantly different at the 0.05 Ic"cl of probability. Waller-Duncan multiple range test 
(SAS Institute 1985). 

t Dates = 3-4 wk and 7 wk after planting. 
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The GB populations were higher in 1994 than in 1993, but the numbers 
were still so low and variable that it was not possible to detect significant 
differences among individual hybrids. When the hybrids were grouped into 
resistant and susceptible or treated and untreated classes, group differences 
in GB numbers were generally significant between J'esistant and susceptible 
hybrids but not between treated and untreated hybrids (Table 2). 
Imidacloprid did not seem to have an effect on the small numbers of GB 
present 7 wk after planting. Resistant hybrids as a group had fewer GB than 
susceptible hybrids. 

Several significant differences occurred among hybrids in percentages of 
plants naturally infected with SCMV on both 19 July and 16 August. These 
differences did not appear to be related to GB resistance because the 
resistant and susceptible classes did not differ significantly in degree of 
SClvIV infection (Table 2). 

All of the plants evaluated by ELISA tested positive for SCMV only. None 
of the DK-39Y plants was infected with SCMV in 1994, and no more than 4% 
was infected in 1993, indicating that DK-39Y is highly resistant to infection 
by vectors, even though it is susceptible when mechanically inoculated. 
Nault et al. (1971) also found that inbred lines of corn varied in 
susceptibility according to whether they were inoculated mechanically or by 
aphids. Some of the other sorghum hybrids did not differ significantly from 
DK-39Y in percentage of plants infected with SCMV, and 'Castedine SR 314' 
appeared to be the second most resistant of the 12 hybrids tested. 

Our results indicate that field tests involving mechanical inoculation of 
sorghum hybrids to evaluate their resistance to SCMV may not accurately 
predict their vulnerability to field infections. Further work is needed to 
determine why DK-39Y, and probably other hybrids, are resistant to vector
induced SCMV infections but not to mechanical inoculation. 
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ABSTRACT During this 2-yr study, approximately 130 above-ground 
"'arthropod taxa were found on musk thistle, Carduus lIulalls leioph)'lllls 
(Perr.) Stoj. and SteL, in Tennessee. Sixty·thrce families of insects, 
representing 13 orders, as well as seven families of arachnids and one 
species of chilopod, were collected from musk Lhisllc. Arthropods were found 
on musk thisUe throughout the growing scason, with t.he gTCaLCSl arthl"Opod 
diversity found during the nowering stage. Although many established 
arthropod species utilized lhe resources of musk thistle, few of these 
31·thropods impacted grcmly upon the reproduction or survivability of the 
plant. 

KEY WORDS Musk thistle, Carduus, species composition, seasonality, 
insect/plant intera{,'tions 

Musk thistle ICardus nll/ans leiophyllus (Pefr.) Stoj. and Stef.l is native to Europe 
and was introduced into North AmClica in the late 1800s along the eastem seaboard 
of Canada and the United States, and also into Alabama (Batra et al. 1981). By 1976, 
musk thistle had been recorded from 687 counties in 40 U.S. states and was 
considered to be economically important in many of these areas (Dunn 1976). Musk 
thistle has since spread to many other counties, especially in Tennessee, where this 
weed infests roadsides and pastures. 

This introduced plant species provides food, shelter, and habitat for many 
established arthropod species (Batra et al. 1981). For example, 61 species of insects 
were reported to be associated with musk thistle in South Dakota (Morihara & 
Balsbaugh 1976), and the sunflower moth. Homoeo.'wlna electellwn (Hulst), was found 
to commonly inhabit immature seed heads of musk thistle in Louisiana (Goyer 1978). 

Several species of introduced herbivorous insects, Rhinocyllns conicus Froelich 
and Trichosirocalus horridus (Panzer), have been released and established in many 
musk thistle-infested areas in the United States, such as Virginia. These introduced 
biological control agents impact on lhe growth, reproduction, and survival of musk 
thistle. However, little information is available on the seasonal incidence and 

1 Accepted for publication 27 July 1995. 
2 Prescnt Dddrcss: Division of Plant Industries, Tennes5CC DcpnrlmcnL of Ab'Ticulturc. Nnshvillc, 

TcnncS!lCc 37204. 
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ecological relationships among established arthropods and introduced musk 
thistle, as well as on the extent of its utilization and consumption by 
arthropod species, particularly in the southern United States. Therefore, a 2
yT study was initiated in Tennessee to determine the above-ground 
arthropod fauna associated with musk thistle and to monitor the seasonality 
of selected arthropod species. 

Materials and Methods 

Several sampling and survey methods were utilized to ascertain the 
arthropods associated with musk thistle and their relationship to the plant. 
Above-ground arthropods \,,'ere observed on, and collected from. musk th.istle 
at 15 thistle-infested sites in eastern and middle Tennessee, from May to 
August 1989 and from April to October 1990. Specimens also were 
occasionally collected from several additional sites in 1990. 

Species composition. Arthropod species associated with musk thistle 
were collected during each stage (i.e., rosette, bud, nOWel', and seed) of plant 
growth. Collections were made biweekly at each site from 22 May to 25 
August 1989 and biweekly from 27 April to 5 June 1990. Additional 
collections were made fOllf to five times each week from 6 June to 18 July 
1990 at each site as well as at several othel" sites where musk thistle was 
abundant. Arthropods were collected biweekly from 18 July to 27 August 
1990 at sites in eastern Tennessee only and from 27 August to 12 October 
1990 at two additional sites in eastern Tennessee. 

Methods of sampling included hand collecting, enclosing selected areas of 
the plant (usually the nower or areas where arthropods were observed or 
suspected) with kill jars, and the clipping of nowers and seed heads, which 
then were placed in Ziploc® freezer bags and taken to the laboratory for 
further examination. Collected arthropods were placed in vials containing 
ethyl alcohol (ca. 70%) or returned to the laboratory and pinned for later 
identification. In the laboratory, collected specimens were sorted and 
identified to order, family, genus, and species, when possible. Voucher 
specimens were placed in the University of Tennessee Insect "Museum 
located on the Agriculture Campus, The University of Tennessee, Knoxville. 
The relative frequency of taxa i.n collections and observations was rated as 
rarely encountered rfound at one or two sites on one or two sampling datesl, 
occasionally encountered I.found at ~ 50% of the sites on three to six 
sampling datesl, and commonly encountered [found at most (~ 70%) sites on 
more than six sampling dates!. 

Species seasonality and location on plant. 1'0 determine the 
seasonality and diversity of arthropod fauna associated with musk thistle, 30 
plants were randomJy selected every 2 wk at three thistle~infested sites (one 
site in Wilson County in middle Tennessee; one site each in Knox and Greene 
Counties in eastern Tennessee). At each sit.e, one plot (3 m X 30 m) was 
delineated and then subdivided into 10 subplots (3 m X 3 m). During each 
sampling visit, three plants in each subplot were randomly selected, and 
each plant was examined for selected arthropod species. The numbers of 
these arthropods and their location on the plant (e.g., stem, leaf, bud, nower, 
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and seed head; top, middle, and bottom), as well as the number of branches, 
buds or flowers per plant, seed heads per plant, plant height, general 
weather conditions, and time of day, were recorded on each sampling date. 

Plant-feeding insects that were believed to cause damage to musk thistle, 
particularly its ability to produce and release seeds, were noted, Marc 
detailed field examinations of these species and their damage were then 
conducted to assess their impact on the plant. 

Results and Discussion 

Species composition. Approximately 130 above-ground taxa were found 
on musk thistle in Tennessee during this 2-yr study, and their relative levels 
of occurrence and associated plant parts are presented in Table 1. These 
included 63 families of insects, representing 13 orders, as well as seven 
families from two orders of arachnids and one species of chilopod. Of all 
insects encountered, most taxa (and highest percentage of total composition 
of insect taxa) were in the orders Coleoptera (32.5%), Hymenoptera (17.9%), 
Hemiptera (15.4%), and Lepidoptera (10.3%). As may be expected with an 
introduced plant species, mosl arthropod species were only rare or occasional 
visitors to musk thistle (Table 1). Most of these species were incidental or 
visited the plant for pollen or nectar. Some species, however, were commonly 
encountered and utilized the nutritional resources of the plant or preyed 
upon other plant-inhabiting arthropods. 

Seventy-seven species of insects were identified from collections from 
musk thistle in Tennessee. ]n a similar study in South Dakota, 61 arthropod 
species were collected from musk thistle (Morihara & Balsbaugh 1976). Of 
these species, only nine species with wide geographical and host ranges were 
common to South Dakota and Tennessee: three orthopterans Ithe differential 
grasshopper, Melanoplus differentialis (Thomas) (Acrididael, the redlegged 
grasshopper, M. femllrrubnun (De Geer) (Acrididae), and the blackhorned 
tree cricket, Oecanthus Iligricornis \Valker (GryllidaeH; three heteropterans 
(the tarnished plant bug, LygllS lineolaris (PaJisot de Beauvois) (Miridael, 
fourlined plant bug, Poecilocapsu.s lineatu.s (F.) (Miridae), and Cosmopepla. 
bimaculata (Thomas) (Pentatomidae)]; one homopteran [Acanalonia biuiltata 
(Say) (Acanaloniidae)]; one lepidopteran [the painted lady, Vanessa cardu; 
(L.) (NymphalidaelJ; and one hymenopteran (the honey bee, Apis mellifera L. 
(Apidae)]. Researchers in New South Wales identified 20 species of plant
feeding insects on musk thistle (Briese 1989); however, none of those species 
was found on musk thistle in Tennessee. 

In Tennessee, 14 families of Coleoptera were collected, usually in 
association with the flower. Commonly encountered coleopterans included a 
soldier beetle, Chauliogn.athuH pennsylvanicus (DeGeer) (Cantharidae), the 
spotted cucumber beetle, Diabrotica undecimpunctata howardi Barber 
(Chrysomelidae), two cocci nell ids [sevens potted lady beetle, Coccin.ella 
septempunct.ata (L.), and Coleomegilla maculata (Mulsant):J. a mordellid, 
Mordella sp., a nitidulid, Conotelus obscurus (Erichson), and the Japanese 
beetle, Popillia japonica (Newman). Two introduced curculionid species, R. 
conicus and T. horridus, also were collected from musk thistle. R. conicus, 
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Table 1. Arthropods collected from musk tbistle in Tennessee,1989·1990.
 

Order Relative Levels Associated 
and ~~nmil)' Species of Occurrcncefl Plant Partb 

COLEOIY['ERA 
Canlhnridac ChauliugllCi/hl/li pellll.~ylvanicus (DeGenr) C St,L,B,F 
Cllrabidnc R St 
Ccrambycidac BatyleoT!lo slliliralf~ (Say) R P 

l'ypocerus velulillllS (Olivier) R F 
Typoccrus zd)/n (Olivier) R I' 

R F 
Chrysomclidac Allomoca laticlavia (Forst.) 0 St,B,F 

Cryptocephalus I/olalus 
(/lIadrimacIILalus (Say) 0 St,B,F 

Diabrotica ulldecimpUllctata 

hlll/}ordi Barber C St,F 
Labidoderma divicolis (Kirby) 0 St,L 
Leptilwtar.mjullcta (Cermar) R St,L 
Nuda/LOla r:lypcalis (Horn) 0 St,B,F 
Nodvllota sp. prab. margaretae Schult;,; 0 St,B,F 
Zygogramma slIturalis (F.l R F,Sh 

Clcridnc 0 St,L 
Coccinellidac ErlOclerus ro.~marlls (Say) R St 

Brachiacalliha IIrsim! (F.) R St,L 
Coccinellfl scptcmpullclata (L.) C St,L,B,F 
Coleomegil/a maculala (Mulsant) C St,L,B,F 
Hippodamlfl colwcrgcns (Guerin-Mencvillu) 0 St,L,B,F 

R St,L 
R St,L 

Curculi(Jnidllc Gcraclts pCfliccllus (Herbst) 0 F,Sh 
Geraeu.~ sp. nr. picummus (Herbst) 0 F 
Gemell.~ piCltlllflllS (Herbst) 0 I' 
Odolltopm calccatus (Say) 0 I' 
RhillOCylllls COI/iclls Froelich 0 St,L,B,F 
7'ridwsirocalus harridus (Panzer) R St,L,B 

0 F 
ElatcridllC 0 St,B,F 

R St,L 
Lampyridac Photilll/s Sp. 0 St.B,F 
Languriidac Acroptcrox)'s gracilis (Newman) 0 F 

Laflguria mozardi (Latreille) 0 F 
Meloidtw 0 St,B.F 
Mordcllidae Morddla Sil. C P 
Nitidulidnc Corwtclu.<; obscllrus (Erichsonl C F 
Scurablleidae Euphoria sepulchralis (P.) 0 P 

Papillia japoJlica (Newman) C St,L,B,F 
7'richiolilllJs piger <F.) 0 P 

COLLEMBOLA 
Entomobr.yiduc R F 

D1PTERA 
BombyJiidnc R F 
Calliphoridae Pollellia sp. I R F 

Pollcllia sp. 2 R F 
Pollcllia sp. 3 n F 

OUidliC Acrostic/a sp. R P 
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Table 1. Continued 

Ordcr Iklnlive Lc\'cls AS!iOcinted 
and Family Species orOccurrenceO Plant. Partb 

D1PTERA 
S.yrphidae Baccha dongola (F'.) 0 F 

.~'1icrodan sp. 0 F 
7'oxomerlls sp. 0 F 

Tipulidac 0 S~L 

HETEROPTEIlA 
Al)·didac Alydlls cllrinus <Sayi R Sl,L 
Anthocoridllc Orills ;nsidiosu.~ (Say) C F 
Coreidac Acanthocephala terrflinalis mallas) Il Sl,L 

Euthochlha galeotor <FJ R Sl,L 
Leptogiosslis phyUopw; (L.) C Sl,L,F 

Lygacidnc Goocoris pfmcli/Je.o; (Say) Il F 
l"YCaclIs Imlmi,: (Stal) 0 St.,L 

Miridac Lopmea sp. C St.,L 
LygllS linealnris (Beauvais) C St.,L,B,F 
Pooci/ocoPSllS lincnilis (FJ C St.,L 

Pcntntomidllc Cosmopepla bimnClllafa (Thomas) 0 st..n,r 
Ellschistus Sl?rlJlIS (Say) C St,B.F 
SI.iretrlls al/charago (F.) R St,n.F 
'J'hyanta sp. R St,B,F 

Phymntidnc Phymata pCflI/.'I)'lvlIflica Hnndlirsch 0 St,D,F 
Rcduviidllc Apiomerus CT(t.~·s;pes (F.) R St,D,F 

Sillea sp. C St,L,B.F 
Thyrcocoridnc 0 F 

HOMOPTEllA 
Acannloniidnc AcanalOllia biviUata (Say) R St.B 

AconolOllia conica (Say) R St.B 
Aphididuc 0 St.L 
Ccrcopidac l..epyro/lia f/undrrlllgularis (Say) 0 Sl,L,B,F 

Philaenus spum(lrills (L.) C St,L 
Cicadellidllc Oflcomelapia orhmUl (F,) 0 St,L,B 

Parall/ncizes irrorata (F.) 0 St,L,B 
Flatidac ATlormenis chloris (Melichar) R Sl,B 
l\'1embrBcidne Stictocep1Jula IlIlca (Walker) C Sl,B 

HYMENOPTERA 
Anlhophoridnc 
Apidae 

Ceratilla sp. clIlcarata Robt. or dupla 5.'ly 
Apis mellifenJ L. 
Bombus sp. 

C 
C 
C 

.'.'F 
Brnconiduc Colesia sp. R F 
Chalcididlle Metadollin amocnu <Say) R F 

R F 
Eulophidot! Paraolillx typica A<;hmead 0 Sh 
Fonnicidae Cremawgaster clara Mayr R S, 

Cremalogasler pilosa (Emery) R S, 
Formica subsericcu Soy 0 Sl.L 
Formica sp. 2 0 Sl,L 
Formica sp. 3 0 St.,L 
Monomorium millimllm (Buckley) C St..B,F 

C SI.L.B.F,Sh 



22 J. Agric. Entomol. Vol. 13, No.1 (1996) 

Table 1. Continued 

Order Relative Levels Associated 
and Family Species of Occurrcnccf' I'lant Parth 

,'YMENOPTERA 
Halictidac Dialicllls sp. I 0 F 

Dialictlfs sp. 2 0 F 
No/ictus ligfltus Say C F 

Ichncumonidac I! F 
R F 

VC!;pidnc Poli...tcs sp. I! I' 
Xylocopidoc XyllH:oprl sp. 0 I' 

LEPIDOPTERA 
Dnnaidac DOl/ailS plcxippus (L.l 0 F 
Hcspcriidac AtalopccJcs campestris (Boisdu\'aJ) C F 

Eporg)'rt!us clams (Cramer) C F 
Noctuidac Trichopfusia ni (HObner) H St,Le 
Nymphalidac A,grolllis I:anillae (LJ 0 F 

Vanessa carriui (L.) 0 St.,L.F 
Papilionidac Pterourus (roilus (L.l 0 F 
Pieridac Colias cur)'thcme Boisdu\'al C F 
Pyrnlidac Dicymolomiajuliollolis (Walker) C Sl,Sh 
TOrlricidoc Plalynota sp. 0 Sh 
Yponomcutidac Alleva pUfletclla (Cramer) 0 I' 
Z)'gacnidnc flarr;sillo (ltllcr;cUflU (Guerin) R 

" 
MA.l'l'I'ODAE 

Mnntidac 0 Sl.L,B.Sh 

NIWROP'I'ERA 
Cbl'y!lOpidllc 1\ J~,Sh 

ODONATA 
Libcllulidae Ubell/lln IlIe/llosn (Burmeister'! 1\ F 

ORTHOP'TERA 
Acrididne Mclalwplus differelltialis {Thomasi C SL,L,B,F.Sh 

Meial/op/lts {emurrubrum (DcGecrl 0 SL.L 
Gryllidac Oeccltlt!lus nigricornis Walker 0 F 
TClLigoniidac 0 St,L 

PSOCOPTERA 
Ectop;;ocidac Ec/opsocopsis cryptomer;oc (Endcrlcinl 0 Sh 

'fHYSANOPTERA 
Thripidnc Fra"kli"iclla sp. C BY 

ACARI 
lxodidnc Amblyomma all/CriCanll1ll (L,) 1\ L 

AHANEAE 
/\I'uncidllc A/YlllilliS Sp. 0 1~,Sh 

Alogia})c auralltia Lucas C r,Sh 
0 !',Sh 
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Table 1. Continued 

Order Relative Levels Associated 
nnd Family Species orOccurrencc" Plant Partb 

ARANEAE 
Clubionidae o F 
Linyphiidae R F 
Ox)'opidae Pellcetia viridans (Hentz) C St,F.Sh 
Salticidae C F,Sh 
Thomisidac MisumeJlojJs celera (Hentz) C St.F.Sh 

,\.fisumellojJs sp. 2 C St..F.Sh 

OPILIONES o S' 
(Class Chilopoda) o Sl 

OR:: rarely encountered: 0 :: occasionally encountered; C :: commonly encountered.
 
h St:: stem; L :: Leaf; n= bud; F = nower; Sh = seed head.
 
COnly Inrvae were collected.
 

found in low numbers at most locations in eastern Tennessee, was commonly 
collected while T. horridus was rarely collected. These populations of 
introduced natural enemies resulted partially from established populations 
that moved rrom Virginia to Tennessee and from introductions of natural 
enemies made at selected locations in Tennessee (Grant et al. 1990). 

Commonly encountered heteropterans included the tarnished plant bug, 
the rourlincd plant bug. the brown stink bug, Eusch£slllS seruus (Say) 
(Pentatomidae), the leaffooted bug, Leptoglossus phyllopus (L.) (Coreidae), 
scarlet plant bugs. Lopidea sp. (Miridae), Sinea sp. (Reduviidae), and the 
insidious flower bug, Orius insidiosus (Say) (Anthocol'idae). When present, 
the ambush bug, Phymata sp. (Phymatidae), was usually found on the 
flower, where it often searched ror prey. Two homopterans, the meadow 
spittlebug, Philaenus spumarius (L.) (Cercopidae), and St/:ctocephaLa Lutea 
(Walker) (Membracidae), also were commonly encountered. \Vhcn present in 
large numbers, nymphs and adults of P. spwnarius and the diamondbacked 
spittlebug, Lepyronia qlladrallgularis (Say) (Cercopidae), appeared to stunt 
plant growth. Philaenus spurnarius was the most commonly encountered of 
these two cercopid species and accounted for approximately 90% of the two 
species of froghoppers. The differential grasshopper was the only 
orthopteran commonly encountered on musk thistle. 

Spiders in the families Salticidae and Thomisidae made up more than 
60% of the total spiders collected. One species of tick (the lone star tick, 
Am-bylomma americanum L.) and one species of Chilopoda also were 
recorded. 

Species seasonality and location on plant. Seasonality varied among 
selected taxa (Fig. 1). For example, nymphs and adults of P. spllmarius were 
commonly encountered early in the growing season, but many other 
arthropods were observed during nowering. Flowers, first present in early 



Month 
Species or Group April I May IJune I July \August 

Mordellidae
 

Diabrotica undecimpunctata howardi (Barber)
 , 

Chauliognathus pennsylvanicus (DeGeer) 

Grasshoppers 

Orius insidiosus (Say) 

Pentatomidae 

Lygus lineolaris (Palisot de Beauvois) 
<Philaenus spumarius (L) (Adult) £. 

Philaenus spumarius (L) (Nymph) .r:.> 

Z 
PAphids ...., 

Ants . 
Thrips
 

Spiders
 
_u _________ .~ __ • __ ..................................................................
......................·..·P·lan"i"<3·rowth.Slag'e' .................................. ..... -.................., .. -. ,
 

, 
,Budding 

; 
,Flowering 

Seed Dispersal , i I 

Fig. 1. Seasonality of selected arthl'opod taxa observed on musk thistle in eastern and middle Tennessee, 1989 and 1990. 
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IvIay, were common through early July. Flowers were observed as late as 12 
October on several plants outside our study area in eastern Tennessee. After seed 
dispersal, few arthropods (primarily spiders and ants) were found on the plants. 

During the early stages (rosette to bud) of t.he growing season, the most 
commonly encountered taxa were cercopids. Adults of P. sfJum.arius were 
usually found from mid April to mid July, and nymphs were observed from 
mid April to late June. Other observations suggest that nymphs are present 
as early as late March (J. F. G., unpublished datal. In 1990, more than two 
froghopper nymphs per plant were found at two sites in east.ern Tennessee 
during late April (J. F. G., unpublished datal. Although the extent of damage 
by froghoppers was not quantified, thistle may serve as a reservoir food 
source for populations of froghoppers to increase and move to other areas 
where more preferable plants (e.g., alfalfa) may be used as a food source. 

Diversity of arthropod fauna increased as musk thistle began to bud. 
Early in the bud stage, scarlet plant bugs occasionally fed throughout the 
stem and leaves; however, they did not appear to cause significant damage. 
The brown stink bug and the tarnished plant bug were commonly 
encountered from late May to mid July. The differential grasshopper also 
was found dUJ·ing this period and throughout the remainder of the growing 
season, particularly after the plant had attained a height. of over 60 em. The 
fourlined plant bug caused noticeable foliar damagc when pl·csent, usually 
from late May to late June. 

Most organisms (e.g., mOl'dellid beetIes, spotted cucumber beetlc, minute 
pirate bug, and thrips) were associated with the nower, as it served as the 
primary site of food, protection, 01' searching for prey (Table 2). Thrips, 
Fra1t/~liniella spp. (Thysanoptera: Thripidae), were commonly encountered 
and often observed in large numbers within the flower. The insidious flower 
bug also was found in the flower, especially when large numbers of thrips 
wel'e present. Many coleopterans, including canthat'ids, ccrambycids, 
chrysomelids, coccinellids, curculionids, languriids, meloids, mordellids, 
nitidulids, and scarabs, also were found on or within the flower. Adult 
lepidopterans commonly encountered on nowers were the silverspotted 
skipper, Epargyreus clarus (Cramer) (HesperiidaeJ l Atalapedes campestris 
(Boisduval) (Hesperiidae), and the alfalfa cat.erpillar, Galias eurytheme 
Boisduval (Piel"idae). In this study, painted lady adults and immatures were 
occasionally encountered, but in outbreak years, they have been reported to 
be common on musk thistle (J. F. G., unpublished datal. Numerous 
hymenopterans, including Bombus sp. (Apidae), Xylocopa sp. (XylocopidaeJ, 
the honey bec, and several halictid spp., also were found on the nower. 
Syrphids were the most common dipterans to visit flowers. 

Few organisms were associated with the seed head. The larvae of the 
pyralid, Dicymolomi.a julianolis (Walkerl, fed within the seed head, and 
adults emerged from fully mature seed heads (Powell et al. 1992). The 
psocid, Ectopsocopsis cryptomeriae (Enderlein) (Ectopsocidae), was found on 
the seed head after the seeds had been released, possibly feeding on 
fragments of dead insects. Spiders were most commonly encountered inside 
the flower, inside the seed head after flowering, or inside the seed head after 
seed dispersal. 
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Table	 2. Plant structural stratification of selected arthropod taxa 
found on musk thistle in Tennessee, 1989 and 1990 combined. 

Percent found on: 

Arthropod Seed 
Taxli n Stem Leaf Bud Flower head 

Mordcllidae	 13 15.4° 0.0 0.0 84.6 0.0 

Dinbrotica undecimpuflctorn 

howard,: Barber 10 20.0 0.0 0.0 80.0 0.0 

Chollligollothus pe/lnsyluQ/lh:us (DcGccr) 27 7.4 22.2 3.7 66.6 0.0 

Grasshoppers 41 39.0 29.3 4.9 9.8 17.1 

DrillS insidiosus (Say) 36 0.0 0.0 0.0 100.0 0.0 

Pcntatomidac 19 21.l 0.0 10.5 21.l 47.4 

Lygus lilleolaris (Beau\'ois) 14 14.3 7.1 28.6 50.0 0.0 

PIti/aenus spumarius fL.} (Adult) 237 44.7 42.6 9.3 2.9 0.4 

Philaenus spumarius (L.) (N}'mph) 206 69.9 26.2 3.4 0.5 0.0 

Aphids 20 60.0 0.0 0.0 30.0 10.0 

Ants 213 35.2 16.9 12.2 30.0 5.6 

Thrips 1260 0.0 0.0 1.6 98.4 0.0 

Spiders 49 24.5 8.2 0.0 49.0 18.4 

II PercenL of all individuals collected from musk thistle. 

Within-plant stratification of arthropods varied among selected taxa 
(Table 3). Spatially, more organisms were found in the top one-third of the 
plant than in the bottom one-third. This spatial difference was primaJ"ily due 
to the location of nowers, which are usually found near the top of the plant. 
Other organisms (e.g., grasshoppers and froghoppers, especially P. 
,o;pwnarills) were located near the middle one-third of the plant and fed on 
stems and leaves (Tables 2 and 3). 

Above-ground arthropods were found on musk thistle throughout its 
growing season. Stem and leaf feeders (e.g., froghoppers) were found in large 
numbers before plant nowering. Their density on the plant decreased as the 
growing season progressed. The greatest variety of arthropods was found 
during plant flowering, when organisms may have been foraging for pollen or 
nectar. Many insect species, including coleopterans, lepidopterans, and 
hymenopterans, fed on or within the flower. Numerous other arthropods, 
such as assassin bugs, minute pirate bugs, ambush bugs, and spiders, were 
predaceous upon organisms found on or within the flower. 

As with most introduced plant species, musk thistle had few major 
phytophagous insects associated with it. Although many established 
arthropods utilized the resources of musk thistle, few of these arthropods 
caused sufficient injul'y to greatly reduce reproductive abilities or survival of 
the plant. Because of the low numbers of established phytophagous insects 
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Table 3. Within-plant stratification of selected arthropod taxa found on 
musk thistle in Tennessee, 1989 and 1990 combined. 

Percent found on: 

..o\rthropod Top Middle Botlom 
Tnxo n of plant of Idant of plant 

Mordellidae 13 100.0" 0.0 0.0 

Diabrotica Itndecimputlclata 

howardi Barber 10 90.0 0.0 10.0 

Chall.ligorlalhus pen/l.sj'luanicus (DeGcer) 27 74.1 22.2 3.7 

Gl'asshoppers '1 34.1 '8.8 17.1 

DrillS illsidiosus (Say) 36 77.8 22.2 0.0 

Pentatomidae 19 89.5 10.5 0.0 

Lygll!> litleolaris (Beauvois) I" 92.9 7.1 0.0 

Philaenus spumarius (L.) (Adult) 237 52.3 40.5 7.2 

Philaenus spumarius fL.) (Nymph) 206 30.1 51.9 18.0 

Aphids 20 85.0 15.0 0.0 

Ants 213 60.1 23.5 16.4 

Thrips 1260 98.7 1.3 0.0 

Spiders 49 77.6 20.4 2.0 

a Percent of all individuals COIlCClcd from musk thistle. 

that impact musk thistle, the introduction of' selective, lhistle-feeding 
biological control agents (such as R. conicli.s and T. horridus) becomes 
important.Once they become widely established in Tennessee, these two 
herbivorous insects may help to reduce the densities of musk thistle below 
pest status. Efforts are unden...·ay to distribute these biological control agents 
into thistle-infested areas throughout Tennessee. 
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ABSTRACT In a series of studies with ivermeclin in cattle, we deter
mined the drug concentrations in serum ovcr time resulting from daily oral 
dosages at 50, 100, and 200 pg/kg and from daily subcutaneous injections at 
5, 20, and 80 pg/kg. We also determined the profile of ivermect.in in serum 
resulting from oral treatment at 75 J-lglkg at 3~d intervals. For" cattle treated 
orally at the same dosage, a significant difTercnce in the level of drug in 
sorum was found between animals held on pasture and those held in indoor 
stanchions. In contrast, no difference in serum ivermectin was found in 
cattle held on pasture and those held in stanchion if they were treated by 
injection. A subsequent trial showed that the quantity of foodstuff consumed 
by the animal can account for some of the differences observed in cattle 
treated orally. A simple spreadsheet model was developed for estimating the 
level of ivermectin in serum over time. The results of these trials provide a 
useful database for the development of a variety of delivery systems for 
ivermectin in cattle. 

KEY WORDS Ivermectin, cattle, levels in serum, delivery systems 

The discovery and development of ivermeetin (Campbell 1989) introduced an 
important new class of endecticides for use in the animal health industry. The 
impact of this new drug on livestock pest management has been significant. In 
addition to its broad spectrum of activity (Drummond 1985, Lasota & Dybas 1991), 
its effectiveness at extremely low dosages is an important characteristic (Drummond 
et al. 1981). Because ivermectin is efficacious at treatment levels on the order of 
pgikg body weight and serum levels in the ng/ml (ppb) range, the potential exists for 
the development of unique delivery systems heretofore not possible for drugs 
requiring larger dosages (Miller et al. 1983, Pope et al. 1985). 

Drug/chemical delivery systems that are capable of improving the efficacy, 
increasing the efficiency, reducing the quantity, reducing the frequency of 
application, and improving the safety of treatments have been used in human 
medicine, veterinary medicine, agricultural systems, and consumer products for 
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nor warrants the standard of the product, ond thc use of the n/llne by USDA implies no approvlll of 
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many years. Only in recent years has attention been given to the potential of 
this technology in livestock arthropod pest controL The insecticidal ear tag 
for cattle and the sustained release bolus for delivery of insect growth 
regulators ([GRs) are two examples of such technology (Ahrens 1977, Miller 
et a!. 1979, Miller et al. 1983). 

Ritschel (1988) discusses the basic pharmacokinetics and bin
pharmaceutical aspects of development of drug delivery systems. Basic to the 
development of improved delivery systems is an understanding of the 
kinetics of the drug with respect to treatment regime, treatment level, and 
time in the animal. In the case of controlled-release delivery systems, it is 
not only necessary that they release the drug over the prescribed time but 
also that they provide and maintain an efficacious concentration in or on the 
animal. We have over several years conducted a series of studies using 
iverrnectin to obtain basic information needed for developing improved 
delivery systems. The objectives of these studies were to determine the 
serum ivermectin concentrations resulting from various treatments and to 
develop a practical means of estimating the drug serum profile in cattle. 

Materials and Methods 

In the general procedure for this series of studies, we treated cattle with 
ivermectin either orally or by subcutaneous injection. The capsules used in 
the oral treatments \vere prepared by metering the appropriate amount of 
Ivomec® Injectable from a syringe onto whole wheat flour in a 30 cc gelatin 
capsule. Each capsule was labeled by animal number, placed in a small 
paper bag, and held in a refrigerator until needed. The capsules were 
administered using a conventional balling gun. The injections were made in 
the prescapular area of the neck. Duplicate blood samples (13 ml 
Vacutainers®) were collected from each animal prior to treatment and at 
selected intervals posttreatment for subsequent HPLC analysis of the drug 
concentration in the serum. The HPLC technique was capable of quantifying 
as little as 2 ppb ivermectin in a 5-ml serum sample <Oehler & Miller 1989). 

Daily injection or oral treatments. Experiments were conducted in which 
Hereford steers were treated daily for 28 consecutive days with ivermectin 
either by subcutaneous injection or oral capsule. They were held outdoors in 
paddocks and malntained on a diet of ground bTJ'ain mix and hygeria hay with 
water ad li.bitum. Each morning the steers were gathered and run through a 
chute where they were treated. In addition, at 3-4 d intervals, blood samples 
were taken from each animal. The collection of blood samples continued for 24 d 
after the treatments were terminated (total of 52 d), 

[n the trial with the subcutaneous injection, nine animals were treated 
with the ]vomec Injectable. The animals were randomly allotted to three 
groups of three animals each and were treated at 5, 20, and 80 pglkg body 
weight, l'espectively. A tenth steer served as an untreated control. The 10 
steers ranged in weight from 163-209 kg at the beginning of the trial. 

Upon completion of the injection trial, the animals were given a 2-mo rest 
period on pasture before being used again in the oral treatment trial. As in 
the previous trial, three groups were randomly established, and the steers in 
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each group were treated at either 50, 100, or 200 I'glkg body weight. The 
tenth animal was the same untreated control as in the previous test. The 
animals weighed from 180-223 kg at the beginning of the trial. 

Cyclic oral treatment. Four previously untreated Hereford heifers 
weighing from 200-232 kg were placed in stanchions and maintained on a 
ground gl'ain and hay ration. Three of the animals were treated by oral 
capsule at a dose of 75 pglkg at 3·d intervals over a period of 21 d. The fourth 
animal was an untreated control. Blood samples were collected as previously 
described from each animal on day 0, 3, 6, 9, 12, and daily thereafter through 
day 24. 

Stanchioned VB. outdoor treatments. Because of concern that the 
levels of ivermectin in the serum of treated cattle could be influenced by 
whether the cattle were held in stanchions or allowed to graze on pasture, 
we conduced two additional trials. In the first trial, the animals were treated 
orally by capsule, and in the second trial they were treated by subcutaneous 
injection. In both trials, two groups of three Hereford steers (236-281 kg) 
were randomly established. One group was held on pasture and the other 
was placed in stanchions in a barn. Those in stanchions were fed ground 
grain and hay twice daily, while those on pasture were provided the same 
feed as a supplement to the available grass. The cattle were treated and bled 
t",~ce weekly at 3-4 d intervals. At the end of 14 d of treatment, the three 
animals that were on pasture were moved into the stanchions, and those in 
stanchions were moved onto pasture. In the trial using the oral treatment. 
the cattle were treated at 200 I'g/kg for 30 d; whereas, the cattle were 
treated at 40 I'glkg for 28 d in the trial using the injection. 

Feed intake vs. drug serum levels. A trial was conducted to test the 
hypothesis that, for cattle treated orally, differences observed in drug serum 
levels for cattle held on pasture and those held in stanchions might, in part, 
be due to the quantity of feed intake and, therefore, to the flow of foodstuff 
through the digestive tract. Six Hereford steers (236-318 kg) were randomly 
assigned to two equal groups and placed in stanchions. Both groups were fed 
alfalfa cubes in two portions, morning and afternoon, and provided with 
water ad libitum. One group was fed at a rate of 1.5% of body weight per day 
and the other group was fed at 3% body weight. All animals were treated by 
oral capsule at 200 I'g/kg twice a week at 3-4 d intervals for 17 d. Blood 
samples were collected just prior to each treatment. 

Results and Discussion 

Daily injection or oral treatments. The mean levels of ivermectin 
found in the serum of cattle given daily subcutaneous injections of 5, 20, and 
80 I'g/kg for 28 consecutive days are shown in Fig. lA, 1B, and le, 
respectively. When considering daily treatments, the plateau or equilibrium 
level, the level at which the amounts of drug being absorbed into and 
eliminated from the bloodstream are equal, is of great interest. We used the 
mean serum ivermectin levels for the last three samples, days 21, 24, and 28 
of the treatment period, as an indicator of the plateau. Those cattle treated 
at 5 I'g/kg daily appeared to reach a plateau of 5 ppb. The plateaus for those 
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injected at 20 I1g/kg and 80 I1g/kg were 25 ppb and 122 ppb, respectively. 
These equilibrium levels are not accurately estimated as a constant multiple 
of the dose. With increasing dose, larger proportions are seen in the serum. 

The mean serum ivermectin levels for the cattle given daily oral capsules 
of 50, 100, and 200 I1gikg for 28 consecutive days are shown in Fig. 2A, 28, 
and 2C, respectively. The equilibrium levels for the 50, 100, and 200 I1gikg 
oral treatments were 18, 39, and 72 ppb, respectively. These plateaus can be 
reasonably estimated as 0.37 X dose in pglkg body weight. 

With the exception of the 80 ~g/kg daily injections, the level of ivermectin 
in serum declined to undetectable levels within 21 d of terminating the 
treatments. 

The mathematics of the pharmacokinetics of a drug are complex but fairly 
well developed (Ritschel 1988). The compartment model (usually 1-3 
compartments) is used to express the concentration-time relationship and is 
expressed as the sum of exponentials (Lo et al. 1985, Wilkinson et al. 1985). 
These experiments established a biological half-life of ivermectin of 2.7-2.8 d. 
Schnitzerling & Nolan (1985) found the biological half-life in cattle to be 3 d. 

To determine if a l'easonable estimate of the concentration~time profile of 
ivermectin in serum of these treated cattle could be described, we developed 
a simple spreadsheet model. The assumption was made that a fixed portion 
of the daily dose was absorbed into the bloodstream of cattle and, thereafter, 
this quantity of drug decreased according to the biological half-life of the 
drug, For example, for cattle treated orally beginning on Day a with 100 
I1g/kg, for each treatment, some quantity, say 100 X .072 or 7.2 ppb, would 
be detected in the bloodstream the following day (Day 1). The quantity in the 
bloodstream for Day 2 would be 7.2 ppb plus the residual from Day 1. Using 
a biological half-life of 3 d, 79.37% of the Day 1 level would remain or 0.7937 
X 7.2 ppb, Thus, the expected drug concentration in the blood for Day 2 
would be 7.2 ppb plus 7.2 ppb X 0.7937 or 12.9 ppb. Therefore, the expected 
concentration in the blood for any day would be the contribution of previous 
day's treatment plus the sum of the residuals from each of the preceding 
days of treatment. 

The mathematical expression for the concentration (ppb) on any day tis: 

where:
 
C/ = ppb in the bloodstream on day t
 
D = dose in I1g/kg 
F:::: portion of dose contributing to blood level 
t = day of treatment 

The described relationships were easily established in a spreadsheet 
model for both the oral and the subcutaneous injections. The value for the 
biological half-llfe for ivermectin was fixed at 3 d on the basis of the 
literature reported above. The model results for each treatment level were 
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then compared to the mean serum lvermectin levels observed in our study. 
The value for the factor F giving the best fit of the model to the observed 
data was obtained by minimizing the sum of squares of deviations (model 
value - observed value) divided by the observed value. This procedure is 
similar to the use of the Chi-square goodness of fit test. 

Using the described procedure, we showed that the values of F that gave 
the best fit for the oral treatments and for the injections were 0.072 and 
0.26, respectively. Figure 1 shows the comparison of the model to the 
observed data for the injection treatments. Figure 2 shows the same 
comparison for the oral treatments. It appears that the simple spreadsheet 
model can provide reasonable estimates of serum ivermectin levels resulting 
from either oral or injection treatments within the ranges tested in our 
study. The model was least effective in predicting the serum levels resulting 
from 80 J,lg/kg per day injections, and for this treatment it was least effective 
in predicting the decay phase of the curve. One possibility may be that rates 
of absorption and elimination in an animal are somewhat different at the 80 
llglkg dose. 

Cyclic oral treatment. The serum ivermectin concentrations resulting 
from the treatment of cattle orally at 75 Jlg/kg at 3-d intervals are shown in 
Fig. 3. Prior to conducting the study, the spreadsheet model was used to 
predict the concentration profile that would be expected from such a 
treatment. As shown in Fig. 3, there is good concurrence between the cyclic 
sawtooth pattern predicted by the model and that actually observed in 
treated animals. The lack of the sawtooth pattern from day 0 to day 12 
suggest that sampling during this period (at 3-d intervals) was unable to 
detect the peaks and valleys. 

Stanchioned vs. outdoor treatments. Fig. 4A shows the levels of 
ivermectin in the serum in cattle that were treated orally at 200 Jlg/kg twice 
weekly and allowed to graze on pasture as compared to animals held in 
stanchions in a barn. When the animals were in stanchions, the level of 
ivermectin in serum reached ca. 15-16 ppb; however, when they were moved 
to pasture, the concentration declined to 5-8 ppb. Animals moved from 
pasture to the indoor stanchions showed an increase in serum ivermectin 
levels. A paired t-test of the means for indoor vs outdoor conditions showed 
significant difTerences at the 5% level. 

In contrast, when the animals were treat.ed with the subcutaneous 
injections at a rate of 40 Jlglkg twice weekly, the effect of moving the animals 
from indoor stanchions to outdoor pasture and vice versa was not. obvious (Fig. 
4B). The paired t-test of means indicated no significant difference (P > 0.05) 
for indoor and outdoor holding. 

Feed intake V5. drug serum levels. Figure 5 shows a comparison of the 
levels of ivermectin in the serum of stanchioned cattle treated at 200 llg/kg 
twice weekly and fed either 1.5% or 3% of body weight. Those animals fed 
the alfalfa cubes at 3% of body weight had lower levels of ivermectin in their 
serum. A paired l-test of means indicated a significant difference (P ::;; 0.05) 
due to the level of feeding. Therefore, it appears that the quant.ity of feed can 
significantly influence the uptake of invermeclin in oral treatments and 
impact serum ivermectin levels. The results of this trial pl'ovide an 
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Fig. 3. Observed and modeled concentrations of ivermectin in serum of cattle 
treated by oral capsule at 75 pglkg at 3-d intervals. 

explanation for the observations concerning animals held under pasture 
conditions and those held in stanchions. Those animals held under pasture 
conditions in our study not only had supplemental feed but also had free
choice grazing and, therefOl'e, likely greater intake of foodstuff than those in 
stanchions. 

The results of these trial provide a useful database for the development 
of improved delivery systems for ivermectin in cattle. Serum levels resulting 
(rom daily injections can provide an indication of expectations for sustained
release implants (Miller et a1. 1983). Daily oral treatments should mimic the 
results from sustained-release boluses (Miller et a1. 1979) and osmotic 
pumps (Pope et a1. 1985). The results also provide an indication of possible 
serum lev I resulting from daily or cyclic consumption of medicated feeds or 
mineral mixes (Miller et aL 1989). Moreover, the use of the spreadsheet 
model can enable estimates of serum levels resulting from various treatment 
levels and trategies. 
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Fig. 5.	 Concentrations of ivermectin in the serum of cattle treated by oral 
capsules at 200 pglkg twice weekly. One group was fed alfalfa cubes at 
1.5% body weight daily, and the other group was fed the cubes at 3.0% 
body weight daily. 
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ABSTRACT A 3-yr study was conducted from 1990 through 1992 to 
determine the phenology of the alfalfa weevil, Hypera postica (Gyllenhal), in 
relation to alfalfa growth at four Iowa field locations along a latitudinal 
gradient. Strong phenological diflcrences were observed between central and 
southern Iowa alfalfa fields. At the northernmost sites, the majority of eggs 
was deposited in the spring, whereas there was greater fall oviposition and 
survival of over'wintering eggs at the b.vo southernmost sites. These 
phenological diO'crenccs led to greater densities of larvae present earlier in 
the growing season, when plants were smaller, at the southernmost sites 
relative to the northernmost sites. Therefore, alfalfa fields located in the 
southern part of Iowa have a greater potential for incurl"ing economically 
damal:,Ting densities of alfalfa weevil. New management recommendations 
are proposed fOl' Iowa using our current understanding of alfalfa weevil 
phenolob"Y· 

KEY WORDS Coleoptera, Curculionidae, Hypera postica, phenology, alfalfa 
management, alfalfa insects 

The alfalfa weevil, Hypera pOf:"tica (Gyllenhal), is one of the must destructive insect 
pests on alfalfa in Iowa. The larval stage injures alfalfa plants by skeletonizing 
leaflets before the first cutting. Additional injury may occur on regrowth of the 
second cutting by persistent larvae and newly emerged adults (Buntin & Pedigo 
1986). 

The plant's ability to withstand Im"val feeding injury is related to the growth stage 
of alfalfa at the time of larval infestation (egg hatch) (Shade & Hintz 1983). The 
earlier alfalfa is attacked in the spring, the greater the potential for damage from 
larval feeding (Hsieh & ArmblUst 1974, Hintz et al. 1976). Extensive alfalfa weevil 
injlll)' can cause direct yield reduction and loss of photosynthetic capability of the 
alfalfa plant (App & Manglitz 1972). 
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The alfalfa weevil occurs throughout the contiguous United States and the 
bordering provinces of Canada. Its seasonal life history varies greatly 
throughout the North American geographical range. It usually has one 
complete life cycle per year. Climatic conditions for oviposition in the fall and 
winter, along with egg survival during the winter months (December 
through March), determine the timing of larval populations. Northern 
populations of alfalfa weevil, found in eastern Ontario (Harcourt et al. 1977), 
Michigan (Casagrande & Stehr 1973), and Wisconsin (Litsinger & Apple 
1973), oviposit in the spring and rarely in the fall and winter. Southern 
populations of alfalfa weevil, including Oklahoma (Berberet et a!. 1980) and 
southern California (Summers et a!. 1981), may deposit eggs from late 
November to mid March, exhibiting more variability in timing of oviposition 
in the fall and winter months. In the intermediate region between these 
northern and southern locations, e.g., Illinois and Ohio, the number of weevil 
eggs laid in the fall and winter varies, depending on prevailing weather 
conditions (Niemczyk & Flessel 1970, Hsieh & Armbrust 1974). Alfalfa 
weevil populations located in this intermediate or transitional region show 
patterns of increasing fall oviposition and winter survival with declining 
latitude (Niemczyk & Flessel 1970). 

Although phenology and oviposition studies have been conducted in 
neighboring states (Illinois, Hsieh & Armbrust 1974 and Wisconsin, 
Litsinger & Apple 1973), information concerning weevil phenology is lacking 
for Iowa. Alfalfa weevil populations are most damaging in the southern and 
northeastern parts of Iowa, but their seasonal life histories are considerably 
different between these two regions (Foster 1986). Geograph.ically, Iowa lies 
in a transitional region between areas with northern and southern 
populations. Inadequate information on alfalfa weevil phenology has made it 
difficult to effectively manage the pest in this transitional region. 

The objective of this study was to determine whether alfalfa weevil 
populations at different latitudes within Iowa exhibit different phenologies. 
By determining the relationship between the phenology of the alfalfa 
weevil and the alfalfa plant, decisions can be made on the potential for 
alfalfa damage within this transitional region. The phenological 
information can then be incorporated into an alfalfa weevil management 
program for Iowa. 

Materials and Methods 

Description of field locations. Alfalfa weevil sampling was conducted 
in four Iowa alfalfa fields, including Ames (Story County), Ankeny (Polk 
County), Knoxville (Marion County), and Chariton (Lucas County). Ames was 
chosen as the northernmost field site because it was located far enough north 
that the winter climate was noticeably different from that in the two southern 
locations (Knoxville and Chariton). All fields were located:::: 40 km apart on a 
north-south transect. Samples were collected twice a week from 1 April through 
the first alfalfa harvest within each field from 1990 through 1992 (Ankeny was 
sampled only in 1991 and 1992). Fields were divided into sections by the 
following scheme: (1) each field site was = 50 m X 50 m or 25 m X 100 m, 



43 DEGOOYER et aL: Alfalfa Weevil Phenology in Iowa 

depending on the space available~ and (2) these sites were divided further 
into eight equal-sized plots, 12.5 m X 25 m. 

All sampling locations were managed according to conventional practice. 
However, in 1990 and 1991, heavy rains near first cutting prevented the 
normal harvest of the alfalfa in the Knoxville field. A similar situation 
occurred at Ames in 1990. 

Ames. This field was located in Story County at the Jowa State University 
Johnson Research Farm (930 37'W 41 0 59'N). The sampling site was part ofa 
3.6 ha field of 'Vernal' alfalfa seeded in 1987. The average alfalfa-stand 
density was 101 ± 6 (mean ± SEM) and 65 ± 5 stems/0.1 m2 for 1990 and 
1991, respectively. 

[n 1992, the Ames sampling site was changed to the ISU Horticulture 
Research Farm north of Ames in Story County (930 36'W 420 OO'N). This 
sample site was part of a 3 ha field of 'Apollo II' alfalfa seeded in 1988. The 
average alfalfa-stand density was 57 ± 3 stems/O.I m2 for 1992. 

Ankeny. This field was located in Polk County at the USDAIARS Corn 
Insects Research Facility (930 37'W 41 0 43'N). The sampling site was part of 
a 2 ha field of 'Apollo II' alfalfa seeded in 1988. Average alfalfa-stand density 
was 41 ± 5 and 32 ± 3 stems/0.1 m2 for 1991 and 1992, respectively. 

Knoxville. This field was located in Marion County on a private farm (93 0 

08'W 41 0 19'N). This sample site was part of a 5.3 ha field of 'Pioneer PA80: 
a winterhardy variety of alfalfa with 80% alfalfa and 20% assorted grass 
mixture (pasture mix) seeded in 1988. The average alfalfa-stand density was 
78 ± 8, 74 ± 7, and 56 ± 4 stems/0.1 m 2 for 1990, 1991, and 1992, 
respectively. 

Chariton. This field was located in Lucas County at the ISU McNay 
Agricultural Field Station (93 0 26'W 40 0 58'N). The sample site was part of 
an 8 ha field of 'Assure' alfalfa seeded in 1987. The average alfalfa-stand 
density was 64 ± 7, 40 ± 5, and 40 ± 4 stems/0.1 m2 for 1990, 1991, and 1992, 
respectively. 

Larval sampling method. Larval sample sites were determined by 
throwing a 0.1 m2 sampling frame four times within each 12.5 m X 25 m 
plot. A 6-stem sampling unit was picked from within each sampling frame, 
giving 32 6-stem sampling units (Guppy et al. 1975) from each field site on 
each sampling date. The palm-tip stem-removal method (Higgins et al. 1991) 
was used for collecting alfalfa stems. After third instal's were found at a 
sampling site, sampling was modified by moving the sampling frame 0.1 m to 
the right of where it had landed. 1'his method was used to minimize the 
dislodging of the larger larvae by the force of the thrown sampling frame. 
Larvae were extracted manually by hitting the stems against the side of a 
deep tray and then searching the plant terminal for additional larvae. Mter 
manual extraction, the remaining larvae were extracted mechanically by 
using 32 modified Berlese funnels (Eastman 1980). Four 6-stem alfalfa 
samples were placed in each funnel, and the remaining larvae were collected 
in 2-dram, screw-top vials containing 70% alcohol. Collected larvae were 
separated into period-one, or first and second instal'S (establishment-phase 
larvae), and period-two, or third and fourth instal'S (feeding-phase larvae) 
(Harcourt et aI. 1977), for each site on each date. Densities of period-one and 
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period~two larvae per 0.1 m2 were determined by multiplying the average 
number oflarvae obtained per stem by the alfalfa-stand density at each site. 

Alfalfa sampling methods. Alfalfa stem height and developmental stages 
were monitored over time until the first cutting of alfalfa. Thirty-two 2-stem 
sampling units were picked (cut at the cTO\vn) from within each 0.1 m 2 

sampling frame (two stems from each plot). Each stem was measured from 
the top of the growing point down to the end of each stem. The presence, 
location, and number of buds, nowcrs, and seeds, also were determined for 
plant staging CFick & Mueller 1989). 

Debrree-day accumulation. Temperature information (daily highs and 
lows) was obtained from National Oceanic and Atmospheric Administration 
(NOAA) weather stations located proximal to each sampling site (Iowa 
Climate Review 1990, 1991, 1992). By using this temperature information 
and a developmental threshold of 9°C. Celsius degree-days (CDD) were 
calculated (beginning 1 January) on each sampling date for each sampling 
site using the rectangle method (Higley et al. 1986). 

Alfalfa weevil management program. The Iowa alfalfa weevil 
management program (Foster 1986)-a slight modification of the Illinois 
program (Wedberg et a1. 1980)-along with management programs from the 
neighboring states of ,Minnesota and Wisconsin (Undersander et a1. 1991) 
were evaluated using our phenological data. In our evaluation, we assumed 
that the sampling program needed to begin before or near peak period-one 
larval density to prevent future economic losses by larger period-two larvae, 
the latter of which cause the majority of the injury (Harcourt et al. 1977). 
Another reason for initiating sampling at this time is that period-one larvae 
are less likely to be dislodged from the alfalfa plant during the collection 
than are the larger, period-two larvae, making sampling for period-one 
larvae more accurate. These values were compared with recommendations 
from the alfalfa weevil management programs used in illinois (\Vedberg et 
01. 1980). 

Results and Discussion 

Larval density. For 10 of the 11 field-years (field-year = one field per 
location per year), the alfalfa weevil larval populations were determined 
to be noneconomic based on current thresholds used in Iowa, which are 
the same thresholds used in the Illinois management program (Wedberg 
et al. 1980). The peak densities of the noneconomic populations ranged 
from 24 to 82 total larvae/0.1 m2 during the 3 yr or the study. These low 
population densities were caused in part by the onset of a fungal 
pathogen of the weevil, Zoophthora phytonomi Arthur (Zygomycetes: 
Entomophthorales), in 1990 and 1991 (Giles et 01. 1994). This pathogen 
reduced populations to levels at which few larvae could be collected in 
1991 and may have been the reason for low population densities in 1992. 
The only population that reached economic status was at the 
southernmost site (Chariton) during the first week of May 1990. This 
population had a peak density of 481 total larvae/0.1 m2 (7.8 larvae per 
stem when alfalfa height averaged 18 em), which necessitated the use of 
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insecticide (carbaryl) in areas adjacent to the sampling site to suppress 
the weevil population and prevent economic Joss before the first alfalfa 
cutting. 

Larval phenology. There were strong phenological differences in 
alfalfa weevil populations at the four latitudinal locations. Differences 
were observed in the occurrence of the first alfalfa weevil larvae, the 
peak density of period-one larvae, and the peak density of total larvae. 

Table 1 shows the CDO accumulated at the time the first larvae were 
collected at each location. By using the established developmental 
requirement of ~ 156 CDD for egg hatch (Roberts et al. 1970) and 
extrapolating backwards from the time the first larvae were collected, an 
estimate of the timing of alfalfa weevil oviposition was calculated for 
each location. It was determined that there was some fall oviposition and 
subsequent egg survival at all four of the locations. This was determined 
becau~e substantially less than 155 CDD had accumulated when the first 
larvae were collected. At the Ames site in 1990, however, the first larvae 
were not collected until after 155 CDD had accumulated, suggesting the 
occurrence of either low winter survival 01' exclusive spring oviposition. 
Furthermore, in all 3 yr' of the study, the populations at Ames tended to 
require the most CDD accumulations before the first larvae were found. 
In 1991 and 1992, there were no differences in the occurrence of the first 
larvae because there was fall oviposition (and subsequent egg survival) 
at all of the locations. 

Table 1. Occurrence of first collected alfalfa weevil larvae at four Iowa 
field sites. 

Location 

Ames Ankeny Knoxville Chariton 
Year 

Date Date COD Date COO Date COO 

1990 28 Apr 155 12 Apr 12 Apr 

1991 25 Apr 109 21 Apr 101 07 Apr 97 07 Apr 107 

1992 30 Apr 121 30 Apr 94 23 Apr 107 23 Apr 103 

a Nurnb~r of degree-days (base ~)"C) llccumulat.ed "ince 1 January at. each site. 
h Larvae were present. in the field before the lin;t sampJingdHw in 1990. 
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Table 2 shows the CDD accumulated at the time of the peak density of 
period-one larvae. Among the four locations, the most con accumulated 
at Ames when this larval peak occurred. Progressively fewer con had 
accumulated at the field sites with declining latitude in 1990 and 1991. 
The occurrence of peak period-one larval density at Ames (292 ± 5 enD) 
and Chariton (165 ± 8 CDD) was notably different for the 3-yr study. On 
the average, period·one larval populations at the two southern locations 
(Knoxville and Chariton) peaked earlier in the spring than populations 
at the two northern locations (Ames and Ankeny). 

The number of accumulated CDD at each of the locations before the 
OCCUlTcnce of peak period-one larval density suggests considerably more 
fall oviposition	 at Knoxville and Chariton (Table 2). Fall-laid eggs 
usually hatch earlier in the spring than spring-laid eggs because partial 
egg development occurs when eggs are deposited in the fall. Thus, fall
laid eggs require fewer CDD in the spring to hatch (Casagrande & Stehl" 
1973). However, the majority of oviposition seems to occur in the spring 
at Ames and Ankeny. In a related study in northeastern Iowa (Bremer 

Table 2. Occurrence of the peak density of period·one alfalfa weevil 
larvae pel" 0.1 m2, Iowa 1990-1992. 

Degree
Day- DaysG No. larvae! 

Field sites Year Month °C 0.1 m2 

Ames	 1990 29 May 316 38 
1991 20 May 285 51 
1992 20 May 275 60 

x= 292 ± 12 (mean ± SEM) 

Ankeny 1991 20 May 273 20 
1992 14 May 188 41 

x= 231 ± 43 

Knoxville	 1990 18 Apr 76 32 
1991 11 May 181 21 
1992 16 May 266 24 

x= 174 ± 55 

Chariton	 1990 28 Apr 152 218 
1991 25 ApI" 109 18 
1992 16 May 234 36 

x= 165 ± 37 

lJ Number or degree-days (bnsc 9"C) accumulated since 1 .1nnuary at each sileo 
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County, 92" 20'W 42° 4TN), an average of 231 CDD had accumulated at 
peak period-one larval density (G. J. Eiben, personal communication). 
This also suggests that the majority of eggs was deposited in the spring 
in northeastern Iowa. 

Similar results were obtained when estimating the total peak larval 
density (period-one and period-two larvae combined) at the four sites 
(Table 3). Once again, weevil populations at Ames required substantially 
more CnD in the spring to reach peak larval numbers than did 
populations at Chariton. Likewise, there was a trend for the peak larval 
density to occur when fewer CDD had accumulated in the spring with 
declining latitude. However, there was no notable difference between the 
two central locations (Ankeny and Knoxville). 

These findings support the phenology work conducted by Niemcyzk & 
Flesse! (1970) in Ohio and Roberts et al. (1970) in Illinois. Both groups 
of researchers found that more eggs were deposited in the southern 
locations in the fall and winter than in the northern locations in their 
respective states. Additionally, these results show there are phenological 

Table 3. Occurrence of peak alfalfa weevil larval density per 0.1 m2, 
Iowa 1990-1992. 

Degree-
Day· Daysa No. larvae! 

Field sites Year Month °C 0.1 m2 

Ames 1990 29 May 316 77 
1991 20 May 285 82 
1992 27 May 341 91 

x= 314 ± 16 ( SEM) 

Ankeny 1991 20 May 273 32 
1992 14 May 188 50 

x=231±43 

Knoxville 1990 28 Apr 163 69 
1991 16 May 298 55 
1992 16 May 266 54 

x= 244 ± 39 

Chariton 1990 07 May 170 481 
1991 02 May 164 24 
1992 16 May 234 60 

x= 189 ± 22 

a Number or dCf:,'Tcc-days (base goC) accumu[alcd since 1 January at each silc. 
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differences in Iowa. This is demonstrated by the notable differences in 
the timing of larval development throughout the study range, 

When Tables 2 and 3 al'e compared. two observations are noteworthy. 
For five of the 11 field-years, peak period-one density and peak larval 
density occurred on the same date. These observations suggest that 
sampling should begin before or ncar peak period-one density. which 
occurs, on the average, after 165 CDD have accumulated since 1 January 
in Iowa. If alfalfa weevil larvae are present in the field, the peak larval 
density should occur around this time, These observations support the 
present Iowa management program, which recommends that sampling be 
initiated when 149 CDD have accumulated (Foster 1986). 

Relationship of alfalfa weevil and alfalfa plant phenology. In 
comparing the occurrence of the peak larval density (represented by 
accumulated enD) at each location with the average alfalfa-stem height, 
several trends were noted. The avet'age alfalfa-stem height at peak 
larval density ranged from 50 cm (Ames) to 36 cm (Chariton) (Fig. 1). 

Additionally, the average alfalfa-stem height was progressively shorter 
at peak larval density wiih declining latitude. This phenomenon has 
important management implications because larger alfalfa plants can 
tolerate greater larval intensity (weevil density per habitat area) than 
shorter and less developed alfalfa (Hintz et al. 1976). Thus, at southern 
field locations, ,... here alfalfa plants are smaller (shorter) than at 
northern locations at the time of peak larval density, greater potential 
for being subjected to economically damaging weevil populations exists. 

Utility of the Iowa alfalfa weevil management program. 
Although eDn accumulation averages from each location support the 
present Iowa management program, individual-year enn data for each 
location suggested that the present program may not be suitable for use 
in determining when to initiate sampling in the southern part of Iowa 
(Table 2). Two examples, both of which occurred in 1990, demonstrate 
this point. At Knoxville, the peak density of period-one larvae occurred 
after the accumulation of only 76 CDD. Additionally, at Chariton, less 
than 73 eon had accumulated when curative management tactics 
should have been implemented to suppress the alfalfa weevil population. 
The present Iowa management program, however, does not recommend 
sampling until t.he accumulation of 149 enD. which was too late for 
making a timely management. decision at these southern locations. These 
two examples suggest that there may be a need for a revised alfalfa 
weevil management program for alfalfa producers in southern Iowa. 

The first step to revise the Iowa management program was to determine 
when sampling should be initiated in the central and southern regions of the 
state. Two graphs were plotted, using period-one larval data, to determine 
different strategies for initiating weevil management programs at different 
latitudes in central and southern Iowa. One strategy would be to use the 
earliest occurrence (in terms of enD) of peak period·one larvae or the presence 
of an economic population (when treatment is recommended) at each location. 
For example, at Chariton and Knoxville, sampling of weevil populations 
would be started before the accumulation of 75 CDD (Table 2). By this 
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Fig. 1.	 Average alfalfa stem height and Celsius degree days (CDD) at peak 
larval density of alfalfa weevil at foUl" Iowa locations. The vertical bars 
represent means ± SEM (black vertical line). 

time, '" 20% of the total period-one larvae would have been present at 
these locations (Fig. 2). In contrast, sampling when 20% of the total 
period-one larvae had occurred at Ankeny and Ames would have been 
initiated after'" 125 CDD or more had accumulated. By using this "risk 
averse" approach, more effort (money and time) would be required for 
more frequent scouting of the alfalfa fields, but the savings benefit could 
be potentially greater if an alfalfa weevil outbreak occulTed early in the 
growing eason (75 COD or less). 

A second strategy would be to use the mean values (average of 3 yr) of 
the occurrence of total period-one larvae and CDO at each location for 
determining when sampling would be initiated (Fig. 3). By using the 
mean value strategy, ampling when 20% of the total period-one larvae 
at Knoxville and Chariton has occurred would begin after the 
accumulation of 100 CDD. If this strategy was u ed for determining 
when to initiate sampling, it would have been too late at these locations 
in 1990 to prevent economic losses. At Ames, using similar criteria, 
sampling would not have been initiated until over 150 CDD had 
accumulated. Clearly, this approach would require some risk-taking, 
because the grower would be using mean values for determining when to 
initiate sampling instead of the earliest recorded presence of peak 
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Fig. 2. Phenological development of period-one alfalfa weevil larvae by using the 
earliest developing population, based on accumulated Celsius degree 
days (CDD), from each of four Iowa locations. The horizontal line shows 
when ca. 20% of the total period-one larvae have occurred. In this graph, 
first-cutting was considered 100% for period-one presence. 

period-one larval density or an economic population at each location. Our 
recommendation is that the former of these two strategies be 
implemented to prevent the chance ofyieJd loss to larval population growth. 

Iowa's present alfalfa weevil management program recommends initiating 
sampling after the accumulation of 149 CnD for all of Iowa and then using the 
lllinois alfalfa weevil management program (Wedberg et aI. 1980). Based on the 
earliest occurrence strategy described above, alfalfa weevil sampling should be 
initiated earlier in both the central and southern regions of Iowa. The proposed 
management program would recommend initiating sampling after the 
accumulation of 65 CDD south of a dividing line (410 30'N or Interstate 80) and 
after 121 CDD north of a decision line. 

After the initial sampling has been conducted, we then propose using the 
Kansas alfalfa weevil stem count method for making management decisions 
(Danielson 1992). The Kansas program is simple to use and incorporates the 
alfalfa values into management decisions. This program uses nominal 
thresholds that only require a grower to calculate the number of larvae per 
stem and measure the alfalfa stem height. These values then can be plotted to 
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Fig. 3. Phenological development of period-one alfalfa weevil larvae using the 
mean number of accumulated Celsius degree days (CDD) for developing 
populations from 1990 through 1992 at each of four Iowa locations. The 
horizontal line shows when ca. 20% of the total period-one larvae have 
occurred. In this graph, first-cutting was considered 100% for period
one presence. 

determine the management action based on three different prices of 
alfalfa-$35/ton Higgins et al. 1988), $70/ton, and $105/ton (Danielson 
1992), 

This study showed that there are important phenological differences 
in alfalfa weevil populations in Iowa that suggest a possible refinement 
of the insect pest management protocol within the state. With this better 
understanding of the larval occurrence at different latitudes, more 
effective management decisions can be made throughout central and 
southern Iowa. 
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ABSTRACT A gregarious strain of Muscidi{urax raptorellus Kogan and 
Legner (Hymenoptera: PtcromaJidae) colonized from house fly (Musca 
domestica L.) puparia collected in eastern Nebraska was mass reared nnd 
released. The study was undertaken to determine dispersal rates, 
persistence of released parasites, and optimal intervals for releasing this 
promising biological control agent for filth nics. A single release of 200,000 
parasitized house fly pupae resulted in 96% parasitism of sentinel house fly 
pupae 2 wk after release. Parasite activity declined to background levels over 
the subsequent 3 wk. When two releases of 100,000 parasitized hosts each 
were made 6 wk apart, parasitism avcmged 70% and 55%, respectively, 2 wk 
after releases. When three releases of 67,000 pnrasitized hosts were made at 
4 wk intCl'vals, peak parasitism averaged 44%, 58%, and 80%, respectively, 
following the three releases. Parasite emergence from naturally occurring 
stable ny, Stomoxys c;alcitran.c; (L.), and house ny puparia (Diptera: 
Muscidae) averaged 15.5% and 37.2%, respectively, collected during the 3-wk 
period after each release, and little recycling was evident. Muscidu.furax 
raptorellfis is gregar'ious and ag!,'Tcssivc and cnn be reared at considerably 
less cost than solitary ptcromalid species. However, more study is needed to 
determine its potential as a biological control agent of filth nics. 

KEY WORDS Hymenoptera, Pteromalidae, Muscidi{urax raptorellus. biol0l"rica] 
control, house fly, stable fly 

Several species of pteromaJid wasps are commercially sold for house fly and stable 
ny control at dairies and beef cattle feedlots. The most effective of these species 
include Spalangia nigroaenea Curtis (Greene & Cilek 1993), S. endius Walker 
(Morgan et aI. 1981), Muscidifurox raptor Girault and Sanders (Miller et aI. 1993), M. 
zaroptor Kogan and Legner (Petersen et al. 1992a), and Pachycrepoideus uindemiae 
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(Rondani) (Petersen et a1. 1992b); all of these species are solitary pupal 
parasites. During mass rearing, therefore, every 100,000 host pupae exposed 
to parasitism will yield up to 40,000 female progeny. Thus, if an equally 
effective gregarious parasite species could be found, rearing costs and labor 
could be reduced substantially. 

In the past five years we have collected two gregarious species of 
pteromalids from house fly and stable Oy puparia at beef cattle feedlots in 
eastern Nebraska. A Trichomalopsis species near americana was colonized 
in 1989. Subsequent laboratory studies suggested that this Trichomalopsis 
sp. would not be an effective biological control agent for filth flies because it 
concentrated ovipositional activity only 011 one or two hosts even when other 
hosts were readily available (Dobesh et al. 1994). 1n 1990, a gregarious 
MlLScidifurax species (determined to be closely related to M. raptorellus by E. 
E. Grissell, Systematic Entomology Laboratory, USDA, and confirmed to be 
M. raptorellus by molecular marker studies (Guertin et al. in press) was 
colonized at the Midwest Livestock Insects Research Laboratory. This 
species appears to have considerable promise for biological control of house 
nies and stable flies. Laboratory studies have shown that this species is 
easily reared and has a high reproductive rate (Petersen & Currey, in press) 
producing as many as 200,000 female progeny per 100,000 host pupae (J. J. 
Petersen, unpublished data). This yield is nearly five times that for solitary 
pupal parasites for about the same amount of time and effort. Field releases 
of M. raptorellus in 1992 resulted in high levels of parasitism in sentinel 
house fly pupae (Petersen & Cawthra 1995). As a result of these findings, 
this parasite has attracted considerable attention by scientists and 
commercial producers as a strong candidate for the biological control of filth 
flies associated with livestock and poultry. 

This study was conducted to determine the optimal intervals for releasing 
M. ra.ptorellus, and to determine dispersal rates and the length of time 
released parasites remain effective. 

Materials and Methods 

The strain of 1"\1.. raplorellus for this study was reared in our laboratory in 
colonies established from parasites collected from house fly pupal'ia during 
July 1990 from eastern Nebraska beef cattle feedlots. Exposures were made 
so that parasite emergence began on the day parasitized pupae were to be 
placed in the field. Exposures consisted of placing 25,000 freeze-killed house 
fly pupae in a series of parasite cages (30 cm3) each containing about 2,500 
female M. raptorellns for 48 h at ambient temperature (27'-28'C) and light 
conditions. Exposed pupae were removed and incubated at the desired 
temperature. Because of space limitations, half of the exposures was made 
16 d before a scheduled release and matured at 25°C, and the second half 
was exposed 2 d later and held at 30°C. This procedure resulted in the 
emergence of parasites from each group of exposed hosts at approximately 
the same time. One day before parasites were to be placed in the field, 
parasitized pupae from the 25°C and 30°C temperature regimes were mixed. 
Up to 50 1000 parasitized pupae were placed in emergence cages consisting of 
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7.5-em polyvinylehloride (PVC) pipe 30 em in length with female couplings 
attached at both ends. One end of the pipe was covered with 16-mesh window 
screen and held in place by the coupling so that the screen was recessed 
within the coupling about 4 ern. The desired number of puparia was placed in 
the emergence cages from the opposite end and a standard PVC cap screwed 
into the coupling. Before puparia were placed in the emergence cages, two 
samples of 100 puparia were removed and placed in standard Petri dishes to 
ascertain emergence rates and sex ratios. 

Cattle pens at six beef cattle feedlots (Rl-l, R2-1, RI-2, R2-2, RI-3, and 
R2-3) in Cass and Seward Counties, Nebraska, were selected for releases. All 
release locations except Rl-2 (a single pen facility) were individual pens of 
multiple pen feedlots. Pens ranged in size from 3,900 to 9,180 m2. Two 
additional facilities, more than 2 km from the closest release facility, were 
selected as controls to measure naturally occurring pteromalid parasite 
activity. 

Two pens (R1-1. R2-l) were selected at random to receive a single release 
of 200,000 parasitized house fly pupae, two pens received two releases of 
100,000 parasitized pupae (at a 6-wk interval), and two pens received three 
releases of 67,000 parasitized pupae (at 4-wk intervals) so that each facility 
received a total of 200,000 parasitized pupae during the study. Parasites 
were released at 2-4 sites at each release location depending on the numbers 
of parasites to be released. Releases were made within the pen when 
protection from damage by cattle was available (i.e., under a feedbunk or 
tree stump). If release containers could not be placed within the pens, they 
were spaced evenly around the perimeter fence. 

For the last three releases, no more than 30,000 parasitized pupae were 
placed in the containers, 25-30 3-mm holes were drilled randomly along the 
containers to increase ventilation, and if possible, containers were placed so 
as to protect them from direct rainfall (i.e., under feedhunks and other 
structures). 

To monitor the extent and rate of emergence of released parasites, 
samples of fly puparia were removed weekly from the release cages until 
parasite emergence was complete (usually 1-2 wk). These puparia were 
returned to the laboratory where 100 were examined for parasite emergence 
holes. Intact puparia were held in standard Petri dishes at room 
temperature until any additional parasite emergence was complete. 

Parasite activity at the feedlots was measured as the percentage mortality 
of sentinel house fly pupae resulting from stinging and oviposition by 
parasites (Petersen et al. 1992b). Sentinel house fly pupae consisted of 10 
bags (sentinel bags) of 50 hosts (0-24 h post-pupariation) in 18-mesh 
Fiberglas screen bags (1.5 em X 9 em) per feedlot pen, Individual sentinel 
hags were placed in 0.6-cm wire cages (6 em X 10 ern X 2.5 cm) containing a 
small amount of hay. This procedure prevented sentinel pupae from 
becoming compacted in the habitat during rain and greatly reduced losses 
from predation. Sentinel bags were placed around the perimeter of the 
feedlot pen and within the test area whenever conditions permitted. All 
sentinel bags were covered carefully with partially dried dung pats to 
simulate conditions within the feedlot pen and to protect the pupae from 
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direct exposure to the sun. Sentinel bags were replaced weekly at the six 
release and two control locations. Sentinel bags were returned to the 
laboratory after 1 wk in the field, where fly eclosion, parasite emergence, 
and parasite-induced mortality rates were determined. Percentage host 
mortality (parasite emergence + parasite·induced mortality) was determined 
following the procedures described by Petersen et a!. (1992b). 

Results and Discussion 

Production of female il1. rapt.orellu8 was much higher than for solitary 
MllScidifurax spp. (Petersen et a!. 1992a,b, Geden et a!. 1992). With the 
exception of the first release, all mass rearings produced in excess of 1,000 
female parasites per 1,000 host pupae exposed to parasitism (Table I), 
However, percentage emergence in the field averaged 12% lower than 
samples held in the laboratory. Furthermore, substantial mortality of 
emerged parasites was observed in the PVC pipe release stations, a 
phenomenon attributed to accumulated moisture. The moisture problem was 
worsened by continuous rains, too many parasitized pupae. and a lack of 
adequate ventilation in the release containers. 

Parasite recovery was similar at the two facilities where single 
placements of 200,000 parasitized pupae were sct out on 17 and 18 June 
(sampling dates for wk 3) (Fig. 1a). Mean host martality attributed to 
pteromalid parasitism in sentinel hosts reached 37% 1 wk after parasitized 
pupae were placed in the field; host mortality increased to 96% the following 
week. Parasite activity. as measured by sentinel host mortality, declined to 
background levels measured at control lots over the next 3 wk. Little 
evidence of recycling was observed as the small increase in parasite activity 
observed during weeks 10-12 (Fig. la) was attributed to M. zaraptor. 

At the Rl·2 location where two parasite releases were made (wks 2 and 8), 
mortality in sentinel hosts was similar to the single releases, reaching 99% 
and 81%, respectively, 2 wk after parasites were placed in the field (Fig. 1b), 
However, the pattern was not repeated at the second location (R2·2), which 
received two releases. Conditions at R2-2 were less favorable than at the 
other locations because of manure accumulations and poor drainage. Also, it 
was difficult to place sentinels where they would not become submerged in 
wet manure. Parasite activity was low (15%-38%) but persistent throughout 
much of the study period. Such persistence of activity was not observed 
following any of the other releases. 

At the two locations where three releases of 67,000 parasitized pupae 
were made, no parasite activity was observed 1 wk after the first release on 1 
June (wk 1) (Fig. Ie). Lack of activity here was attributed to law 
temperatures and cloudy conditions (l7°-19°C). This assumption was 
supported when samples of parasitized pupae placed out the previous week 
showed that no parasite emergence had occurred during the first week. Two 
and three weeks after releases were made, mean host mortality increased to 
31% and 44%, respectively. The patterns after the next two releases were 
similar to most other releases; host mortality increased for the 2-wk period 
following parasite releases and then declined. Mortality after the third 
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Table 1.	 Emergence rates, numbers of parasites per host, percentage 
females, and number of female M. raptorellus mass reared in 
the laboratory and subsequently released in the field. 

Laboratory"	 Field 

% Number No. females Estimated 
emergence exposed % per 1,000 % females 

Release holes per host females hosts Emergence released 

1 60 1.9 44.2 840 49 46,300 

2 78 2.5 45.4 1144 68 99,700 

3 79 2.7 41.1 1110 54 152,800 

4 82 4.1 36.9 1498 79 96,600 

5 75 3.0 39.5 1189 58 91,100 

6 74 3.4 41.0 1390 71 89,100 

a Determined from subsllmples rCUlined in "he laboratory. 

release averaged 80% compared with peaks of 44% and 58% for the first and 
second releases, respectively. Higher host mortality in the latter releases 
was attributed to drier weather, improved release procedures, and sentinel 
placement conditions. 

Musciclifurax raptorellus accounted for 90% of the parasites recovered in 
sentinel hosts over the entire study period following the first parasite 
releases (Table 2). Furthermore, M. raploreUus accounted for essentially all 
of the parasitism in sentinel hosts recorded for the 2-wk period following 
each release. Muscidi.furax raptorellus accounted for 41% of the parasitism 
in sentinel hosts from the control feedlots (Table 2). Although the numbers of 
M. raptorellus were low in the control feedlots, these numbers were higher 
than are normally encountered. We suspect that contamination in some of 
the control sentinels may have occurred. 

Sampling of indigenous house ny and stable fly pupae was difficult 
because of unusually wet field conditions throughout most of the study 
period. Pupae were difficult to find and often those collected ...vere dead, 
apparently from drowning. Parasite emergence from sampled puparia 
averaged 15.5% and 37.2% for stable flies and house flies, respectively, 
collected during the 3-wk period after each release (Table 3). Similar values 
for stable Oy and house fly puparia at control feedlots averaged 5.0% and 
16.6%, respectively. Muscidifurax raptorellus made up 68%-76% of the 
parasites recovered from naturally occurring hosts at release facilities 
compared with 6% for control facilities. 
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Table 2. Percentage parasite emergence and host mortality in sentinel 
pupae attributed to M. raptorellus only and to M. raptorellus 
plus naturally occurring pterornalids. 

M. raplorellus + 
M. raplorellus only other pteromalids 

% parasite % host % parasite % host 
Location emergence mortallty emergence mortality 

RI-3 20.6 31.6 23.0 33.4 

R2-3 23.1 32.6 26.3 35.9 

RI-2 10.3 19.0 11.0 19.7 

R2-2 23.0 31.4 23.7 32.5 

Rl-l 6.7 13.7 9.1 17.2 

R2-1 15.3 24.6 16.0 25.7 

Controls 2.0 2.9 4.9 7.0 

Both the sentinel and naturally occurring pupal methods used to evaluate 
the effectiveness of parasite releases are subject to error (Petersen & \Vatson 
1992). In this study, data for sentinel pupae were more sensitive than from 
indigenous pupae for measuring parasite dispersal and duration in the study 
site. This greater sensitivity may have resulted, in part, from the improved 
accessibility of sentinel hosts during abnormally wet weather, or because the 
parasites were conditioned to seek out hosts that had been reared in the 
laboratory. Our results are similar to those of a previous study in which M. 
raptorellus dispersed quickly and encountered most of the sentinel hosts 
within 1 wk after release when temperatures were optimum (weekly means 
of 20°_26°C) (Petersen & Cawthra 1995). Parasite activity peaked the second 
week after release and generally declined thereafter. Lit.tle recyHng was 
evident with sentinel hosts. The lack of recycling may have been influenced 
by the low fly populations resulting from the persistent inclement weather. 

A single release of higher numbers of parasites may be appropriate, 
especially during the period of peak fly production in early summer in areas 
where subsequent drying and high temperatm'cs generally result in lower fly 
populations during mid summer. However, our data indicate that several 
releases of fewer parasites may result in better overall fly control where 
continuous ny development occurs (Table 2). Finally, our results indicated 
that releases at 2-3-wk intervals resulted in a morc uniform population of 
parasites over a given period. 

MU!J'cidifurax raploreUus is gregarious and can be reared at considerably 
less cost than solitary species and is an aggressive species in searching out 
potent.ial hosts. These characteristics make M. raplorellus highly attractive 
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Table 3. Parasitism and relative abundance of naturally occurring 
stable fly and house fly pupae at parasite release and control 
facilities. 

Relative abundance by speciesb 

Host No. % 

Facility speciesa collected parasitism MR MZ SN Other 

Treatment SF 1841 15.5 68 20 10 3 

HF 1043 37.2 76 18 5 1 

Control SF 1098 5.0 4 33 35 28 

HF 1000 16.6 6 65 8 22 

II SF-stable flies, HF-house flies 
b MR-Mllscidifurnx raptorellm, M2-:\1. zaraptor, SN-Spalungia nigroaellea. Other-M. rap/or, S. nigra, 

Umlepis rufipes, S. cameroni find TricllOlIlalop.~is spp. 

to commercial producers. However, additional studies are needed to 
ascertain more clearly the impact of parasite releases on naturally occurring 
host fly populations and to determine application rates and release methods 
most likely to achieve optimum results. 
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ABSTRACT Thirty-six soybean varieties and breeding lines in Maturity 
Groups VII and VIII were rated for infestations of whiteflies, primarily the 
silverlcaf whitefly, Benll:sia argenti(olii Bellows and Perring, but also for low 
populations of bandedwinged whitefly, Triaieurodes al>Utilonea (Haldeman), 
All entries were visually examined for the presence of whiteflies twice during 
the season and given an infestation rating score of 0-10. Each numerical 
score was derived from a t.ransformed scale of estimated percent. leaf arca 
infested, with each succeeding number increasing by an increment of 10% of 
the leaf area covered with whiten)' immat.ures and sooty mold. Mean 
infestation scores ranged from 1.0 to 7.3 in t.he Group VII entries and from 
2.6 to 7.5 in the Group VIn entries. Leaves from each entry also were 
observed under a dissecting microscope to compare the immature whiteny 
densities to the infestation rating scores. The damage rating score was 
highly correlated to the whiteny immature density. The visual rating system 
provided an effective and feasible method of comparing whiteny infestation 
levels between numerous soybean entries. Over 90% of the adult whitenies 
captured on yellow sticky traps placed in each entry was B. argerlti{olii. 

KEY WORDS Soybean, whiteflies, Bemisia argcTlti{olii, 13. tabaci, l'rialeurodes 
abutiionea, host plant resistnnce 

The silverleaf whitefly (SLWF), Bemisia argenti{olii Bellows and Pening, 
previously reported as the sweetpotato wh.itefly, B. tabaci (Gennadius) (Perring 
et at. 1993), has become a major economic pest of many row crops and 
ornamentals throughout the United States (Faust 1992), causing plants to 
become wilted, stunted, and less vigorous (Smith et aJ. 1970). This pest is 
becoming more abundant in Georgia soybeans (McPherson & Lambert 1995). 
High populations of SLWF result in heavy honeydew secretions on which sooty 
mold develops (Vaishampayan & Kogan 1980). The bandedwinged whitefly 
(BWWF), Trialeurodes abutilonea (Haldeman), also is present on soybeans at 
low population levels (McPherson & Lambert 1995). Although whiteflies are 
considered a minor pest on soybean, they have become more abundant and 
persistent in recent years and have caused serious injury to the crop in isolated 
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areas (Johnson & Nuessly 1995). Soybeans appear to be a highly preferred 
host for SLWF, and crop injury is more pronounced in hot, dry weather 
(Johnson & Nuessly 1995). Similar plant injury responses also are reported 
on cotton (Flint et a!' 1994). 

Currently, there is little information available for the management of 
whitenies on soybeans (Johnson & Nuessly 1995). There appears to be some 
whitefly-resistant soybean germplasm, at least under greenhouse conditions 
(Lambert et a!. 1995), but these data have not been validated under field 
conditions. A southern regional effort (Southern Regional Information 
Exchange Group 32) is underway in six states to evaluate numerous soybean 
breeding lines and cultivars for resistance to insect defoliation (Burton 
1995). This uniform field test was utilized in 1992 to develop an infestation 
rating system for evaluating whitefly infestations on different soybean 
germplasm. 

Materials and Methods 

Thirty-six soybean cultivars and breeding lines, primarily in Maturity 
Groups VII and VIIl, were planted in Tift County, Georgia, Coastal Plain 
Experiment Station, on 23 June 1992. The entries were planted in a 
randomized block design with three replications in plots measuring two rows 
wide (0.9 m row spacing) by 6.1-m long with 1.8 m alleys between blocks. The 
entries were separated by maturity group, with the Maturity Groups VII 
entries included in one test and the Maturity Group VIII entries in a second 
group to minimize any maturity effects between entries. 'Lamar' and 
'Centennial' (Group VI), 'GATIR81-296' (Group VII), and 'Cobb' and 
'PI229,358' (Group VIII) were included as standard soybean entries in both 
tests. The test site was conventionally plowed and a pre-plant tank mix of 
Prowl (2.4 Llha, American Cyanamid Company, Wayne, New Jersey 07470) 
and Vernam (2.7 Llha, Drexel Chemical Company, Memphis, Tennessee 
38109) was incorporated into the soil for grass and broadleaf weed control. 
Insecticides were not applied on the test site throughout the growing season. 

On 21 September all plots were rated for whiteny infestations, when the 
plants were in the late R5 (pods filling with seeds) or R6 (pods with full-sized 
seeds) growth stage. The fou.r uppermost trifoliates were visually examined 
on all plants on each two-row plot and assigned an average infestation score 
of 0 to 10, using percent area infested guidelines established by James 
(1971). Each numerical score was derived from a transformed scale of 
estimated percent leaf area infested, with each succeeding number 
representing an increase in the infested area by an increment of 10%. For 
example, a "0" score represented no whitefly immatures or sooty mold 
present, a liS" score represented an average of SO% leaf arca covered with 
whitefly immatures and sooty mold. a "5" score represented an average of 
50% of the leaf area covered, and a "10" score represented total coverage of 
the leaf area. All plots were reevaluated for whiteny infestations on 1 
October, just prior to plant senescence. Following the first ratings on 21 
September, a 7.6-cm X 12.6-cm yellow sticky card (Olson Products, Medina, 
Ohio) was attached to a 91.4-cm cane stake and placed in the center of each 
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plot just above the plant canopy, to sample whitefly species composition. All 
traps were collected 24 h later and the numbers of adult SLWF and BWWF 
were recorded. Just prior to placing the trap in the plot, three upper leaflets 
were randomly collected from each of three plants in each plot, labeled, 
bagged, and returned to the laboratory for counting whitefly immatures. The 
lower surface of the midvein region of each leaflet was observed under a 
dissecting microscope (\Vild-Heerbrugg) set at l2x. The total number of 
immatures was recorded for the 2.54-cm2 viewing area (about the size of a 
dime) under the microscope. 'Whitefly infestation ratings and immature 
numbers per 2.54 cm2 leaf area were analyzed for each maturity group using 
an ANOVA (P = 0.05) and means \\'ere separated using Duncan's multiple 
range test (SAS Institute 1985). The GLM procedure of SAS was used on the 
raw data to run a second-degree polynomial regression model (P = 0.05) to 
determine whitefly ratings as a linear or quadratic function of immature 
densities on the leaf (SAS Institute 1985). 

Results and Discussion 

There were significant differences in whitefly infestation ratings among 
the 18 entries in the Maturity Group VII test examined on both 21 
September and 1 October ranging f"om 1.0 to 7.3 (Table 1). On both sampling 
dates, N88-91 had very low natural whiteny infestations while N89-1, G89
5066, G89-5172, and F90-1054 had moderate infestation levels. All other 
entries in the Group VII test had relatively high whiteny infestations, 
especially the cultivars Lamar and Cobb, and the breeding lines G88-51l1, 
G89-5037, D89-9121, GaTIR81-296, and PI229,358. 

Significant differences also were observed among the 18 entries in the 
Maturity Group VIIl (Table 2), Infestation ratings were the lowest (2.6) on 
F90-724 and F90-988, and nine entries had ratings of 6.0 or higher on 1 
October, 

The population densities of whiteflies per 2.54 cm2 were significantly 
different between entries and ranged from six to 181.3 immatures in the 
Maturity Group VII test (Table 1). The linear correlation between whitefly 
rating and leaf density for the Group VII entries was significant (P = 0.01) 
and the correlation coefficient (r2 ) was 0.81. The population densities of 
whitenies per 2.54 cm2 leaf area also were significantly different between 
the entries in the Maturity Group VIII test and ranged from 15.3 to 73. The 
linear correlation between rating and density also was significant (P = 0.02) 
for the Group VIn entries with an r2 of 0.58. 

Over 90% of the whiteflies captured on 21 September on yellow sticky 
cards was SLWF with only a few BWWF present. The traps were only used 
for a single 24-h period during the peak whiteny activity in soybeans. B\VWF 
may have been more numerous during the early season when overall 
population densities were low. However, when the peak whitefly population 
and resultant plant injury occurred, SL\VF was the predominant species on 
soybeans. 

[t is interesting to note that the overall infestation ratings in the 
Maturity Group VII and VIII tests were similar on 21 September, 4.9 and 



a	 InfcstoLion ruting scores from 0-10; 0 = no whitcOies or sooLy mold, 10 = entirc foliage covered. 
Column means followed by the same Icttcr are not significanLly different, Duncan's multiple range 
LeSt <P = 0.05). 
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Table 2. Differential infestation ratings and population densities 
(immaturesl 2.54 cm2 upper lean of whiteflies on soybean 
germplasm in Maturity Group VIll field test, Georgia, 1992. 

Infestation ratingsa 

Whiteflies 
Soybean Maturity per 2.54 cm2 
Entries Group 21 Sept. 1 Oct. 21 Sept. 

G88-5234 VIII 6.0 abc 6.0 abc 60.7 ab 

G89-5247 VIII 3.0 e 4.3 cder 15.7 d 

G89-5180 VIII 5.3 abc 5.6 abed 33.0 bed 

G89-146 VII! 4.0 cde 4.0 der 24.7 cd 

SC89-1117 VIII 6.6 ab 7.0 ab 54.3 abc 

SC89-2076 VIII 5.6 abc 5.6 abed 33.7 bed 

F90-648 VIII 5.0 cde 5.3 bcde 39.3 abed 

F90-700 VITI 3.3 de 3.6 er 19.0 cd 

F90-716 VlU 4.0 cde 4.3 cder 20.0 cd 

F90-724 VIII 2.6 e 3.0 r 24.7 cd 

F90-988 VIIl 2.6 e 2.6 r 15.3 d 

Braxton VII 5.6 abc 6.0 abc 42.7 abed 

Crockett VIII 6.0 abc 7.0 ab 66.0 ab 

Lamar VI 7.3 a 7.6 a 73.0a 

Centennial VI 6.6 ab 6.6 ab 53.0 abc 

Cobb VUI 6.0 abc 6.3 ab 53.0 abc 

GATIR8I-296 VII 6.3 ab 6.6 ab 42.7 abed 

P1229,358 VIII 6.6ab 7.0 ab 62.7 ab 

II	 Infestation rat.ing scores from 0·10; 0 = no whit.eOies or sooty mold, 10 =entire folillge covered. 
Column menns li)lIowed by the 8UI110 letter arc nUl, signiliCll.ntly dilfcrcnt, Dunclln's multiple rallgc 
test. (P = 0.05). 
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5.1, respectively. However, the actual whitefly densities were nearly twice as 
high in the Group VII test compared to the Group VIII test, 75.5 and 40.8 
immatures/2.54 cm2 leaf area, respectively. The Group VIII entries were 
probably overrated on 21 September due to morc honeydew/sooty mold on 
the foliage of these entries because of an increase in adult SLWF. Lambert 
(1995) reported that later· maturing soybean varieties (Maturity Group VIII) 
have more adults and eggs on the foliage in mid September than earlier
maturing varieties (Maturity Group VII) that are beginning to senesee. Our 
finding that the overall infestation ratings for the "Maturity Group VIII 
entries increased from 5.1 to 5.5 from 21 September to 1 October, while the 
Group VII infestation ratings only increased from 4.9 to 5.1, would support 
that assumption. If this rating scale does overrate the leaf area infested 
when high populations of adults are present, then it is occurring uniformly 
across all entries within the Maturity Group, and it would balance out 
within a couple of weeks with the increased number of immatures resulting 
from the ovipositing adults. 

In conclusion, the visual whitefly infestation rating scale of O~10 can be 
effectively used to measure differences in infestation levels among soybean 
entries. Counting whitefly densities on individual leaves is very time 
consuming. In this study, it took 3-5 min to count just one leaf sample when 
populations densities were high, whereas an entire plot could be rated for 
estimated whitefly density in less time. Sticky traps can be used to observe 
adult whitefly activity in the soybean field and for species identification. 
They also have been shown to be useful for monitoring whiteflies in the 
greenhouse (Gillespie & Quiring 1987). Several of the Maturity Group VII 
and VIII soybean entries examined in this study demonstrated a moderate to 
high level of host plant resistance to SLWF. These entries would be good 
candidates for breeding programs to develop resistant soybean varieties. 
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ABSTRACT We describe a computerized system that combines the 
capabilities of three commercially available computer programs to speed 
quantification and analysis of waveform data from electronic insect fceding 
monitors. OUf system enables users La acquire voltage data in a digital 
format, then display wavcfonns and measure their durations using computer 
programs for the IBM-compatible personal computer. Cost of the analog-to
digital board plus sofLwarc is approximately $ t,Ooa. For many experimental 
or teaching situations, our system can provide most of the features of much 
more expensive commercial programs that accomplish similar tasks. 

KEY WORDS Insecta, Homoptera, feeding. probing, stylet penetration, 
w8vefonn 

Electronic monitoring systems (EMS) for insect feeding have been used 
successfully since 1964 to characterize the otherwise invisible probing behavior of 
homopterans on host plants (Backus 1994). Quantification of probing (i.e., stylet 
insertion and penetration) provides a unique assessment of insect-host plant 
interactions, and is especially useful for studying plant resistance to homopteran 
pests and the acquisition and inoculation of pathogens by vectors (reviewed in 
Ellsbury et al. 1994). Typically, specific probing behaviors are represented by 
waveforms. These waveforms are generated by a variable voltage signal over time 
that is output from the EMS. TI,e signal changes with the electrical resistance of the 
insect during feeding, and the resulting waveforms are displayed on a recording 
device, such as a strip-ehart recorder, or after analog-to-digital (Nn) conversion, on a 
computer screen. Until very recently researchers could only quantify waveforms by 
hand-measwing printed replicas (usually strip chlllts) ,vith a ruler, and laboriously 
enteti.ng their data manually into a computer for statistical analysis. Computer-aided 
data collection and measurement of WaVefOlnlS can greatly speed this process and 
eliminate transcription errors. However, few computer programs are available for 
analysis of waveforms, and those available present problems for some researchers. In 
this paper, we present an inexpensive AID system for the collection, display, and 
measurement ofEMS wavefonns. 
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Materials and Methods 

System requirements. Analysis of information from electronic monitors 
can be divided into three major phases: data acquisition, waveform 
measurement, and statistical analysis. We use Streame:r® version 3.3 ($300; 
Keithley-Metrabyte, Inc., Taunton, Massachusetts) to collect data and 
Reflex® version 2.0 ($250; Borland International, Inc., Scotts Valley, 
California) to display and measure waveforms on an IBM-compatible 
personal computer. A third program, Superkey® version 1.1 ($100; Borland) 
performs macros and is used with Reflex.®, reducing repetitive keystrokes. 
'rVe recommend a math coprocessor to speed computations. Additional 
requirements are: a VGA color monitor, minimum 640K RAM, minimum 40 
MB hard drive (drive size will depend upon your experimental needs), an 
AID converter board (we use a DAS161ND board [$800; Keithley-Metrabyte, 
Inc.], but newer, less expensive boards [$400] also will work), with an 
adaptor box, a Microsoft® mouse, and MS-DOS version 4.0 or higher. 
Datasets are analyzed on a mainframe IBM computer using SAS (Statistical 
Analysis System) (SAS 1985). 

System usage. The electronic monitor is connected to an adaptor box 
that is connected to the computer's AID board where signals are digitized. 
Analog signals (voltage output) from each channel of the electronic monitor 
are sampled with the aid of the data collection software, Streamer®. Prior to 
data collection, the user specifies the size of the acquisition file, the sample 
rate, the channels to be sampled, and the destination for output with 
routines within Streamer®. The first three preceding parameters together 
predetermine the duration of the recording because each record requires a 
specific number of bytes to record. One can terminate a recording by 
interrupting the data collection. But in essence, the user determines the 
duration of a recording at the outset by entering values for the three 
parameters identified above. Digital output from the AID board is written by 
Streamer® in compressed format to the destination, generally the hard drive 
of a personal computer. 

Streamer® does not provide real-time display of waveforms during data 
acquisition. This is only a concern at the start of recording, when one must 
adjust the monitor's signal amplification to set each insect's baseline and 
maximum peak amplitude. If the user wishes to observe real-time waveform 
display, the strip-chart recorder should be used for the duration of the 
monitoring session. This is accomplished by splitting the signal from the 
monitor output between the computer and the strip-chart recorder. 

After data are acquired, the compressed raw data file is converted to 
ASCII format using routines in Streamer®. Next, the user invokes a 
Superkey® macro, which uploads the ASCII data file into a Reflex® database 
file, using Reflex® routines. At this point, the Reflex® database file has 
records only for voltages. For the simplest situation in which recordings 
come from only one channel, this voltage data corresponds to one field (or 
column in the LIST view, see below). Within Reflex®, the user invokes 
commands to create a second field called "time." This field contains the 
number of seconds elapsed since the beginning of sample collection for each 
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sample point (Le., record). Reflex® is used to generate time data for each 
voltage record, based upon t.he rate at which samples were collected. For 
example, if the user assigns a sample rate per channel of 10 samples per 
second, then each voltage record is 0.1 sec apart and t.he associated time 
variable from the beginning of the recording specifies a series of numbers 0.1 
units apart (e.g., 0.0. 0.1, 0.2. 0.3 .... etc.). Typically. the user adds other 
fields (column headings) to the dataset. These can be used to characterize 
identifiable patterns in waveforms. such as probe number and waveform 
type (descriptive). Other parameters of interest, and for which fields can be 
created, might include treatment. 

Reflex® can simultaneously display screen information within fields (e.g., 
variables) in two ditTerent views, including a "spreadsheet-like" view ("LIST" 
in Fig. 1) and a graphical view ("GRAPH" in Fig. lJ. A line graph of voltage 
over time is generated within Reflex®. A specific voltage record in the 
spreadsheet LIST vicw corresponds with a specific point in the line graph. 
The record is identified by a triangle in the LIST view, and simultaneously 
by a small rectangle in GRAPH view (Fig. 1). With these capabilities. the 
user can view the waveforms, and by using a mouse, rapidly scroll from point 
to point along the waveform. Beginning points of waveforms or probes can be 
marked by moving the cursor between the LIST and GRAPH views and 
entering values for fields (variables) such as probe number or waveform type 
into the LIST view at appropriate points (times). 

Once beginning points of each new probe, with its waveform type, have 
been marked, the user invokes a second Superkey® macro with Reflex®. This 
macro fills empty cells with redundant data values. A third macro is then 
invoked to convert data from database format back to ASCII format. Finally, 
the user can transfer this ASCII file to a maillft·arne computer where 
statistical analysis of this dataset is completed using SAS. Alternatively, 
analysis of ASCII datasets can be accomplished on many of the more 
powerful personal computers available today (e,g., using an IBM-compatible 
486 or Pentium computer using PC-SAS). 

Results and Discussion 

Analog-to-digital signal conversion has revolut.ionized the use of EMS. 
Previously, researchers interested in using EMS were often dissuaded by the 
labor required for analysis of printed waveforms. Experiments can now be 
performed with greater case because waveforms can be measured directly on 
the computer. To date, however, there are still a limited number of AID 
programs successfully adapted for electronic monitoring. Some researchers 
have designed their own sortware (e.g.• Noyes et al. [1990 I or the Stylet or 
MacStylet shareware programs written in the Asyst® AID language 
[Keithley-Metrabyte. Inc.] by W. F. Tjallingii, Ag.-icultural University, 
Wageningen, The Netherlands and Y. Rahbe, fNRA, France, respectively, 
personal communication). Others use commercially available software, which 
they adapt for electronic monitoring (e.g.• AT-CODAS® or Windaq® from 
Dataq Instruments. Inc.• Akron. Ohio). 
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Fig. 1. Computer monitor view visible during post-acquisition measurement of 
a waveform by using Reflex®. 1'op box shows the spreadsheet LIST 
view, with columns labeled (left to right): spp: species, trt: treatment, 
time: time since recording began, iL insect number, 11: location type 
(e.g., interveinal, veinal, stem, etc.), pI: probe number, and wI: 
wavefol'm type (numeral 1 indicates all are for channel 1). The bottom 
box shows the graphical display (GRAPH view) or the waverorm, with a 
small rectangle marking the sample point whose data is indicated in 
the LIST view (lop box) by a small lriangle_ The user can scroll through 
the waverorm, with either the mouse or arrow keys, while the LIST 
view changes datapoints accordingly. The user then clicks on the 
appropriate cell in the LIST view to enter data_ For example, ror lhe 
fi.rst point at the beginning or a probe, one would enter the appropriate 
probe number on the indicated line, under 'pI' (e.g., '7' on second line; 
'0' above that line indicates non-probing before that probe). 
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Each of these AID programs has disadvantages for some users of AC 
electronic monitors. Individually tailored programs such as that by Noyes et 
al. (1990) have proven to be hardware-limited and incompatible with other 
researchers' computers (J. C. Reese, Kansas State University, personal 
communication). Commercial software is designed to be used with diverse 
hardware but can have other limitations. AT-CODAS® or Windaq® provide 
exemplary real-time and post-acquisition displays of waveforms, but by 
themselves they do not provide for measurement of waveform durations. 
Unless another program, such as a spreadsheet with macros (e.g., Microsoft 
Excel® with macro by W. A. van Giessen, personal communication) is coupled 
with these programs, the researcher is forced to print out waveform views 
and, as with strip charts, measure them manually with a ruler. The Asyst® 
shareware programs provide excellent real-time and post-acquisition 
displays and can perform waveform measurements. However, the basic 
Asyst® system necessary to operate the custom-written shareware programs 
is expensive (ca. $3,000 for AID board and software) as are the other 
programs cited (with hardware, AT-CODAS® is $2,900, Windaq® is $2,200). 
Additionally, the Stylet (Tjallingii) and MacStylet (Rahbe) shareware 
programs were developed for DC electronic monitors and have not yet been 
adapted for use with AC monitor waveform descriptions. 

Some electronic monitoring researchers, especially those working with 
sternorrhynchans, may not need computer-assisted measurement. They 
typically experience little difficulty with manual measurements because 
most sternorrhynchans produce long durations of probes consisting of only a 
few waveform types. Thus, datasets for analysis of waveforms are relatively 
small because there are fewer changes among waveforms within probes. 
Others, however, especially those working with typhlocybine leafhoppers, 
must measure numerous vcry brief (1-3 minutes) probes with distinctly 
different waveform events, each only seconds in duration. Datasets for an 
average experiment can comprise many thousands of individual datapoints 
(e.g., ca. 10,000 observations were manually entered into a spreadsheet for 
Calderon & Backus 119921). For such research, AID measurement of 
waveform durations is highly desirable. 

Sy combining the three commercial programs discussed above, we have 
achieved an inexpensive AID system (ca. 51,000 for ND board and software). 
In particular, our system offers computerized measurement of waveform 
durations, a feature found with no other comparably priced ND system. The 
drawbacks of our system are the lack of a real-time display, necessitating 
continued use of a strip-chat·t recorder, and the limited size of a Renex® file 
(maximum 32,000 records). This is approximately equal to a 1-h file 
containing data from fOUT insects monitored simultaneously at a sample rate 
of 4 Hz (same response time as most strip-chart recorders used with AC 
monitors). This problem can be alleviated by saving long-duration recordings 
to multiple datafiles. To date, our ND system has been used to display, 
measure, and analyze waveforms from a large experiment with 56 potato 
leafhoppers, Em,poasca {abae (Harris), each recorded for 2 h. A sum of 1,644 
probes lasting 58 h total was measured and analyzed in only 2 wk, much 
more rapidly than would be possible by hand (Ni 1993). 
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In summary, our inexpensive AiD system can provide high-quality 
displays of post-acquisition waveforms, mouse-driven scrolling and marking 
of \vaveforms by a user identifying waveform type, measurement of 
waveform event durations, compilation of measurement data, and output of 
data in a format suitable for statistical analysis. Researchers interested in 
acquiring the macro programs and rnQJ"e information on the software can 
contact the junior author. 
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Beet Armyworm (Spodoptera exigua) as a Host for the
 
Ectoparasitic Nematode, Noctuidonema guyanense1
 

c. E. Rogers and O. G. Marti, Jr. 

Insect Biology and Population Management Research Laboratory 
USDA, ARS, P. O. Box 748 

Tilton, Georgia 31793 USA 

J. Agric. Entomol. 13(2); 81-86 (Apri11996) 
ABSTRACT The beet armyworm, Spodoptera exiguu (Hubner) 
(Lepidoptera: Noctuidae), is an economically important pest in the 
southeastern United States. An ectoparasitic nematode, Nocluidonema 
guyanense Remillet and Silvain (Nematoda: Acugutturidae). naturally 
attacks the adult stage of several Spodoptera species, but not the beet 
armyworm.. We assessed t.he suitability of the beet armyworm as a host for 
N. guyanense in the laboratory. Nematodes of variable developmental stages 
were transferred from feral fall armyworm, S. {rugiperda (J. E. Smith), 
moths to beet armyworm moths in the laboratory to test whether the latter 
species is a suitable host for N. gu)'anensc. Nematodes transferred to moths 
of the beet armyworm became established, multiplied, and transferred to 
new hosts on which they reproduced as infested hosts mated. Our results 
confirm that the beet armyworm is a suitable experimental host for N. 
gllyanense, and that it should be pursued as a candidate for inoculative and 
augmentative biological control studies in the field. 

KEY WORDS Spodoptera exigua, Noctuidae, Lepidoptera, Nematoda, 
Acugutturidae 

The fall armyworm, Spodoptera {rugiperda (J. E. Smith) (Lepidoptera: 
Noctuidae), is a primary host for the ectoparasitic nematode, Noctuidonema 
guyanense Remillet and Silvain (Nematoda: AcuguttuJidae), in both French Guiana 
and the southeastern United States (Rogers et al. 1990a, b). Noctaidonemu 
gllyanense is an obligate ectoparasite that undergoes development and spends its 
entire life on the adult stage of its host (Rogers & Marti 1992). It transfers from one 
host to another as infested moths mate with other potential hosts (Rogers & Marti 
1994). Hence, N. guyanense is autodispersed within a population of breeding moths. 
Although N. guyanense parasitizes several New World species of Spodoptero, it has 
not been found on feral moths of the beet armyworm, S. exigua (Hiibner) (Rogers et 
al. 1993). Because N. guyunense is viewed as a potential biological control agent to be 
augmented against the faU almyworm (Simmons & Rogers 1994), we evaluated its 
ability to establish and repmduce in the laboratory on adults of the beet annywonn. 

I Accepted for publication 22 December 1995. 
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Materials and Methods 

Infesting beet armyworm females. A few « 10) nematodes of variable 
developmental stages (egg, juvenile, ~dult) were transferred on the tip of a 
dissecting pin from feral S. {rugiperda males to the dorsum of the 8th-10th 
abdominal segments of virgin, laboratory-reared females of S. exigua. Each 
infested female was placed in a 0.5-L cardboard cage and held for 3 d until 
males were introduced for mating. Two or three virgin males of S. exigua were 
placed in a cage with each infested female. Mating pairs were maintained at 26 
± 2°e and 70% RH under a 14:10 h L:D photoperiod. Paired moths were 
provided a 10% honey solution for nourishment until they were killed to 
evaluate moth mating status and success of nematode transfer, establishment, 
and population growth. This procedure was replicated with 31 S. exigua 
females and 70 of their respective mates. Female moths were killed 5 dafter 
they were infested by lightly crushing their thorax. Moth abdomens were 
excised and stored in 10% formalin until they were examined for nematodes. 
The number of nematodes that moth abdomens harbored was counted under a 
dissecting microscope. Male moths were killed and examined as described 
above 5 d after pairing with infested female moths (8 d after female moths were 
manually infested). 

Beet armyworm as a host. The comparative suitability of the fan 
armyworm and beet armyworm as hosts for N. guyanense was detennined by 
manually transferring a single female nematode to both sexes of each species of 
moth. In a few instances, from one to 10 nematode eggs adhered to a female as 
it was transferred from feral fall armyworm males to virgin. laboratory-reared 
beet armyworm moths. Infested moths were maintained in 0.5-L cardboard 
cartons at 300 e and 80% RH under a 14:10 h L:D photoperiod. From 5 to 7 d 
after moths were infested, they were killed and the number of nematodes they 
harbored was counted under a dissecting microscope. A subsample of eight fall 
armyworm moths was dissected into segments from 137-304 h (x = 181 h; x = 
7.5 d) after they were infested and stored in 10% formalin until nematodes were 
counted. Each segment of the dissected moths was examined through a 
dissecting microscope, and the number of nematodes by stage on each segment 
was counted and recorded. 

Population and developmental data for N. guyanense were subjected to an 
analysis of variance by the General Linear Model Procedure, and significantly 
different means were separated by the least significant difference (LSD) test 
(SAS Institute 1989). 

Results and Discussion 

Infesting beet armyworm females. Manual transmission ofN. guyanense 
from S. {rugiperda males to S. e\"igua females succeeded on 24 of the 31 female 
moths. In 20 of the 24 successful transfers, N. guyanense populations increased 
on their new S. exigua hosts. Populations of fewer than 10 nematodes of 
variable stages increased up to 433 nematodes within 15 d after infestation of 
S. exigua females. Newly infested S. exigua females successfully mated with at 
least one male in 21 of the 31 pairings, based on spermatophores harbored in 
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their bursa copulatrix at the time of their death. Male S. exigua mating with 
infested females developed nematode populations of from 11 to 405 specimens 
within 5 d after mating in the laboratory. Eighteen S. exigua females 
harboring a single spermatophore resulted in the infestation of 13 of their 
mates. In one instance in which a female moth harbored two spermatophores, 
a single male became infested with N. guyanense during mating. In three 
instances in which a female moth harbored a single spermatophore, two males 
became infested; these females either mated morc than once or they rested in 
contact with males long enough for nematodes to transfer from onc host to 
another. No male moths became infested when their respective mates failed to 
receive a spermatophore, even though eight of the nine apparently unmated 
females harbored a nematode population. Fourteen of 47 male moths became 
infested when females received at least one spermatophore from their mates. 
Nematodes apparently failed to become established on five mated and one 
unmated S. exigua female moths. Infested, unmated female moths harbored an 
average of 145 nematodes 5 d after their infestation, while mated females 
harbored an average of 94 nematodes. Infested, mated male moths harbored an 
average of 73 nematodes 5 d after their pairing with infested females. 

The number of nematodes that may transfer to new hosts as moths mate 
appears to be determined largely by the duration of host coupling and by the 
location of nematodes on a host's abdomen (Rogers & Marti 1992). Although 
this study involved a relatively small number of S. exigua moths, the 
percentage of matings resulting in the transfer of S. guyanense (53%), and the 
percentage of nematodes transferred during host copulation compare favorably 
with these parameters in S. frugiperda, where 40% of the successful matings 
resulted in the transfer of up to 10.3% (19.4% in locked pairs) of the nematode 
populations (Rogers & Marti 1994). 

Beet armyworm as a host. Transfer success for N. guyanense females 
occurred on five of 15 beet armyworm females, four of nine beet annyworm 
males, 20 of 37 fall armyv,orm females, and five of seven fall armyworm males 
(Table 1). Percentage estnbLishment of manually transferred nematodes was 
not significantly (P > 0.05) different between host sex or across host species. 
Population growth for nematodes developing on the beet armyworm did not 
differ by host sex. However, the population [mostly neonates (J2 stage) and 
older juvenilesl developing on the fall armyworm was significantly greater 
(P < 0.05) on female moths than on male moths. Across host species, 
nematode populations became empirically more dense (P = 0.08) on fall 
armyworm female moths than on beet armyworm female moths. Populations 
of nematodes on male moths did not vary by host species (P = 0.39). One 
explanation for why N. guyanense became more numerous on S. frugiperda 
females is that the mean duration of host life prior to their being killed for 
examination was from 17-40 h longer than it was for other hosts. 

In a related study, variable numbers and stages of N. gu),anense were placed 
on egg masses of the fall armyworm and held at 25°C and 30% RH under a 
14:10 h L:D photoperiod. None of the nematodes survived on fall armywonn 
eggs. Also, 44 adult nematodes manually transferred from Mocis la,tipes 
(Guenee) to 10 fall armyworm moths resulted in establishment and/or 
development of one female and 10 juveniles on one moth, and 14 females, five 



Table 1. Noctuidonema guyanense populations resulting from a single female nematode developing on moths of the 
beet armyworm and fall armyworm in the laboratory. 

x±SE Mean ± SE number of nematodes per stagea 

Host Duration % 
species N (hours) positive Egg Neonate Juvenile Male Female Total 

Beet Armyworm 

Female 15 149.5 ± 14.1 a 33.3 ± 12.6 a O.l±O.la 5.4 ± 4.7 a 13.5 ± 8.9 a 2.6 ± 1.8 a 3.3 ± 2.4 a 24.9:t 17.1 a 

Male 9 129.3 ± 18.1 a 44.4 ± 17.6 a 3.0 ± 3.0 a 7.7 ± 6.9 a 11.2 ± 9.7 a 1.0 ± 0.8 a 3.4 ± 2.7 a 26.3:!: 23.1 a 

Fall Annyworm 

Female 37 168.8 ± 9.3 a 54.1 ± 50.5 a 3.0 ± 1.3 b 14.7 ± 1.3 b 46.4 ± 16.5 b 12.0 ± 6.3 a 20.3 ± 9.7 a 96.5 ± 37.0 b 

Male 7 135.0 ± 16.5 a 71.4:!: 48.8 a 0.3 ± 0.3 a 0.6 :!: 0.3 a 2.3:!: 2.1 a 0.6 ± 0.4 a 1.6 ± 1.4 a 5.3 ± 4.3 a 

a Means in a column within a species followed by a different letter are significantly different (P < 0.05) (SAS 1989). 
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males, 37 juveniles, eight neonates, and 25 eggs on another moth. The 
nematode from M. latipes has since been described as a new species of 
Noctuidonema (Marti & Rogers 1995). 

A single female nematode transferred to virgin female fall armyworm moths 
in the laboratory resulted in populations averaging 10 ± 9 eggs, 49 ± 31 
neonates, 137 ± 65 juveniles, 20 ± 14 males, and 33 ± 18 females per host. 
Total populations increased from a single female to an average of 249 ± 134 
nematodes per host before respective hosts were killed and dissected after an 
average of 7.5-d post-infestation. The nematodes dispersed readily on new 
hosts and became distributed as characteristic of populations on feral hosts 
(Rogers & Marti 1992) (Fig. 1). Juveniles were significantly more numerous 
(P < 0.05) than other developmental stages of the nematode. Also, significantly 
more nematodes (P < 0.05) became established on the 7th abdominal segment 
than on other segments of the host. The rapid population growth resulting 
from transferred nematodes indicates that the females had mated by the time 
of their transfer. Laboratory observations indicate that N. guyanense females 
lay an average of one egg per hour, and that development from a freshly laid 
egg to an adult requires fewer than 3 d. Much remains to be learned about the 
biology and bionomics of this novel parasitic nematode of Spodoptera spp. 

120-r----------------------1 

Body Segment 

Fig. 1. Mean population structure and distribution ofN. guyanense on eight fall 
armyworm females resulting from manual transfer of a single female 
nematode per host. (Thx =thorax; A =abdominal segments). 

Ul 
Q) 

U 100 
o 

-+-J 
o 

'+- 60 
o 

o 40 
Z 
C 
o 20 
Q) 

:2 

~ Neonates 

~ Juveniles 

B8S Females 

l1li Males 



86 J. Agric. Entomol. Vol. 13, No.2 (1996) 

Although feral beet armywonn moths are Dot known to host N. guyanense, 
our results show that they are capable of sustaining the establishment, growth, 
and dispersal of the nematode among members of the opposite sex during host 
mating. The reason that S. exigua appears to be refractory to natural infestation 
is not clear. However, the known Spodoplera hosts are all neotropical or 
subtropical species, whereas the beet armyworm is an Asiatic species of 
relatively recent introduction into the United States (Mitchell 1979). Adults of 
S. exigua currently aTe not economically managed by biological control 
strategies nor are S. frugiperda adults. Evidence indicates that N. guyanense 
causes insidious pathological effects on its hosts (Marti et a!. 1990), e.g., 
reduced longevity, fecundity, and fertility (Simmons & Rogers 1994). Although 
S. frugiperda appears to be a good candidate for augmentative biological control 
by N. guyanense, S. exigua should be pursued as a candidate for detailed, 
inoculative biological control studies using this novel parasitic nematode. 
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Mole crickets (Scopteriscus spp.) are the most damaging insect pests to turf grass 
in Florida and in much of the coastal plains of the southeastern United States 
(Walker 1985). More than $40 million are spent annually in Florida to combat these 
pests (Hudson & Short 1988), with most control targeted against the tawny mole 
cricket, S. uicinus Scudder, and the shortwinged mole cricket, S. abbreuiatus 
Scudder. Most chemical insecticides used for mole cricket control are 
organophosphates. Concerns about contamination of groundwater and effects on 
nontarget species have prompted research on more environmentally benign methods 
of control such as the use of entomopathogenic nematodes and fungi (Hudson et a1. 
1989). Also worthy of consideration is the class of compounds known as juvenile 
hormone (JH) analogs because of their specificity to arthropods and low mammalian 
toxicity. 

Fenoxycarb is an ethyl carbamate that exhibits JH analog activity despite being 
structurally dissimilar to insect JH (Dorn et al. 1981). Fenoxycarb has shown JH 
analog activity against insects in several orders (see Grenier & Grenier 1993 for a 
review). Immediate mortality, prolonged development, morphological deformities, 
and reduced reproduction are the most frequent effects noted for treated species 
(Grenier & Grenier 1993). This study examines the effects of soil-applied aqueous 
and bait formulations of fenoxycarb on the reproduction of adult S. obbreuiatus after 
treatment as nymphs. 

Mole crickets were obtained from a laboratory colony ofS. abbreuiatus maintained 
at C3_ 26°C, a photoperiod of14:10 (L:D) h, and ambient relative humidity. They were 
reared individually in 74-ml transparent plastic vials containing approximately 50 mI 

1 Accepted for publication 6 January 1996.
 
2 PrescnL address: 419 Manor View Drive, Knoxville. Tennessee 37923.
 
3 To whom reprint requests should be sent.
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of moist, autoclaved sand. Two groups of life stages, small (approximately second 
instal') and large (approximately fifth instal') nymphs. were exposed to fenoxycarb 
treatments. Nymphs were held and treated in groups of 10 in 30.5-cm long X 23
em wide X 10 em-deep transparent plastic boxes filled to a depth of 
approximately 5 em with moist, autoclaved sand. Five fifth instar nymphs of 
each sex were placed in each box. Sex of second instaTs could not be detennined. 

.Aqueous formulations of 1. 10. 100, and 1000 ppm were made by dissolving 
Insegar® 25WP [25% fenoxycarb (Maag Agrochemicals, now part of CIBA
GEIGY, Greensboro, North Carolina)] in deionized water. A control treatment 
of deionized water alone also was used. An airbrush was used to apply the 
formulations as a spray to the sand within the boxes containing the crickets. 
Five milliliters of solution was required to treat each box adequately. Baits 
were prepared by dissolving 45 g of technical grade (96% pure) fenoxycarb in 
reagent grade ethanol. Various amounts of this solution were added to 13.25 ml 
of cottonseed oil, 17.6 ml of deionized water, and 25.4 g of refined (table) sugar 
to produce 0.5%, 1%, 2.5%, and 5% fenoxycarb formulations. Each formulation 
was then poured into a separate plastic bag, each containing 211.4 g of chicken 
laying mash (Purina Layena®, Purina Mills, Inc., St. Louis, Missouri). Contents 
of the bags were kneaded, then bags were held closed for 24 h to allow 
absorption of the liquid by the mash. They were then held open under a fume 
hood for 24 h to allow evaporation of the alcohol. 

Bait (0.8 g) was placed on the sand surface of each box containing second 
instal' nymphs, along with an equal amount of Purina Cricket Chow® (Purina 
Mills, Inc., St. Louis, Missouri), the standard laboratory food for the mole 
cricket colony. For firth instal'S, 1.6 g of bait was supplied with an equal amount 
of chow. The bait was ofTered only once but was maintained in the box until 
consumed. 

Nymphs receiving the aqueous treatments were fed twice weekly with 
cricket chow and dried, ground liver. Second instal'S were given 1.25 g chow and 
0.35 g liver powder initially; this was increased as they developed such that 
they were being fed 2.5 g chow and 0.7 g liver as fifth instal'S. Nymphs receiving 
the bait treatments were maintained in the same manner. 

There were four replications (boxes) for each concentration of aqueous or bait 
treatment and four concentrations (and a control) for each treatment, making a 
total of 40 boxes used per instal'. 

Nymphs were examined every 2 wk alter treatment to note deformities and 
mortality. Surviving adult males and females from each box were paired and 
each pair was placed into a cylindrical mating/oviposition chamber constructed 
of a lO-cm length of 7.6·cm diameter polyvinylchloride pipe capped with a 
plastic Petri dish lid, the upper one ventilated, at each end. A chamber, held 
together with a rubber band, was filled to a depth of 7.6 em with moist, 
autoclaved sand. A male was held with a female for 7 d. ]f there were more 
surviving females than males within a box, a male would be paired with more 
than one female. After removal of the male, a female was held for 7 wk for 
oviposition or until two egg clutches were laid. Chambers were checked once 
per week for eggs. Number of clutches produced per n~male, number of eggs per 
clutch, and number of nymphs hatching per clutch were noted. Eggs were held 
for 6 wk after oviposition to observe hatch. 
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Percentage data of mortality were generated as the mean of four replicates 
(boxes). Means of progeny production (number of egg clutches produced per 
female, total number of eggs produced per female, percentage of clutches 
hatching, and total number of nymphs produced per female) were generated 
using results from individual surviving females across all replicates. Data were 
subjected to analysis of variance by the GLM procedure; means were separated 
using least significant difTerence (LSD) procedure (SAS Institute 1989). 

Substantial mortality of control individuals occurred within all treatment 
groups except for second instars treated with bait, and no significant 
differences in mortality among concentrations were found for any of the 
treatment groups. Cannibalism took place in many boxes and dead nymphs 
often were found with missing body parts. Only adults surviving bait 
treatments as fifth instars developed deformities. All deformities were twisted 
or curly wings. 

Aqueous treatments to second and fifth instal's and bait treatments to 
second instars did not affect reproduction of' surviving adults. Baits of 1%, 2.5%, 
and 5% fenoxycarb to fifth instars, however, significantly reduced the number 
of clutches produced per female, total number of eggs produced per female, and 
total number oC nymphs produced per Cemale (Table 1). The 0.5% Cormulation 
also significantly reduced nymph production. The 2.5% bait provided the best 
control, reducing total number of eggs and nymphs produced by 90% and 93%, 
respectively. The 5% bait did not result in greater reductions perhaps because 
oC repellency ofthis concentration. Williams & Vail (1993) found Pharaoh ants, 
Monomorium pharaonis (L.), were repelled by and fed less upon solut.ions of 
2.5% and 5% fenoxycarb as compared to lower concentrations. 

Capinera et al. (1991) found 1% and 5% fenoxycarb baits offered to late 
instar nymphs of the migratory grasshopper, Melanoplus sanguinipes (F.), 
reduced egg pod production oC resulting adults by 78% and 94%, respectively. 
Because egg production rather than egg hatch was affected, they concluded 
Cenoxycarb blocked \~tellogenin synthesis. Although Cenoxycarb also may have 
affected vitellogenin synthesis of S. abbreuiatus, morphological deformities 
probably resulted in an inability to mate successfully. Morphological 
abnonnalities of specific mating pairs were not noted so egg production could 
not be associated with presence or absence of deformities. However, there was a 
strong and significant association between percentage of surviving females 
deCormed (0%, 5%, 30%, 35%, and 10% deCormed in the 0%, 0.5%, 1%, 2.5%, and 
5% AI treatments, respectively) and egg production for females offered baits as 
fifth instars (Table 1) (F =87.45; df =1, 3; P =0.0026, r2 =0.97). 

Egg hatch was significantly J"educed by the 0.5%, 1%, and 2.5% baits (Table I), 
indicating fenoxycarb may have affected embryonic development. Egg hatch of 
female American cockroaches, Periplaneta americana (L.), treated as mated 
adults was significantly reduced Cor 4 wk after topical applications of 100 Ilg 
Cenoxycarb (Ratna et al. 1993). Fenoxycarb was thought to reduce the rate of 
JH biosynthesis by the corpora allata, preventing normal embryogenesis. 
Langley et a1. (1990) discovered that a low dosage application of pyriproxyfen, a 
JH analog, applied to previtellogenic stages of the reduviid Rhodnius prolixus 
StAl appeared to disrupt embryogenesis and thus egg viability. 



Table 1. Effects of fenoxycarb bait treatments to fifth instar S. abbreviatus nymphs on the reproduction of surviving o '" 
adults.a 

Cone. No. clutches Total no. eggs % hatch per Total no. nymphs 
(ppm AI) per '? ± BE (n) per '? ± BE (n) clutch ± BE (n) per '? ± BE (n) 

0 1.9 ± O.la (15) 80 ± 9a (15) 78 ± Sa (29) 64 ± 7a (15) 

0.5 1.5 ± 0.2ab (18) 62 ± 12ab(18) 56 ± 8b (27) 40 ± 11b (18) 
~ 

1 0.7 ± 0.2cd (16) 22 ± 9cd (16) 44 ± 14b (7) 9± 5c (16) >
'1 
r2.5 0.5 ± 0.2d (15) 8± 6d (15) 38 ± 16b (7) 5± 4c (15) 
t'l 

5 1.2 ± 0.2bc (14) 48 ± 14bc (14) 58± lOab(17) 26 :!: 9bc(14) "S 
3 

F 8.88 8.21 2.79 8.91 2

df 4, 73 4, 74 4, 86 4, 73 ~ 
~ 

P 0.0001 0.0001 0.0311 0.0001 .'" 
Z 
? 

a Means within a column followed by the same letter arc not significantly different (P > 0.05; LSD test), "" ;::: 
'" 
~ '"
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A fenoxycarb bait may offer a less toxic alternative to most chemicals 
currently used for mole cricket control; however, its effects would not be 
realized until the subsequent generation when progeny production of the 
treated population is reduced. Therefore, acceptance of this novel control 
strategy by turf managers, accustomed to reducing pest populations with fast
acting insecticides, may not be accompJished easily. But if proven in the field, a 
bait containing a JH analog such as fenoxycarb to reduce future nymphal 
damage may provide an attractive pest management tool to those requiring a 
more environmentally sound form of pest control. 
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ABSTRACT Two trials were conducted under field conditions for control 
of the lesser mealworm, Alphitobius diaperinus (Panzer), in a broiler grow
out house. Larvae were controlled with treatments applied after litter 
cJcanout and eiLher before the addition of new litter or to the surface of new 
litter. Three benzoylurea insect growth regulators (lGRs) nnd two 
pyrcthroids provided 95%-100% control of larvae through n 42 d grow·out 
period. The IGRs hexafluron, triClumuron. and UC84572 were equally as 
effective in cont.rolling larvae as the two pyrethroids, cyCluthrin and 
permethrin. The pyrethroids greatly reduced the adult beetle population 
within 7 d posttreatment and held the population at low levels through the 
42 d study; control of adults with the IGRs was not comparable. Numbers of 
adults were lower in most IGR treatments but in general not significantly 
different than untreated controls. AdulL migration from untreated areas 
could have innuenced these results. 

KEY WORDS Coleoptera, Tenebrionidac, AlphUobilUi dia.perinu.'i, lesser 
menlworm, poultry, insect gTowth regulator, lJenzoylurcu, pyl'cthroid 

The lesser mealworm or darkling beetle, Alphitobius diaperinus (Panzer) 
(Coleoptera: Tenebrionidael, is reported to be the most abundant beetle inhabiting 
poultry litter and manure (MacCreary & Catts 1954, PfeifTer & Axtell 1980, 
Stafford et al. 1988). The mealworm can cause structural damage when last instar 
larvae tunnel into insulation and structural materials (Vaughan et at. 1984, 
Despins et al. 1987) and is capable of harboring several types of poultry pathogens 
(Elowni & Elbihari 1979, Euginio et al. 1970, De las Casa et al. 1968, Harein et al. 
1970). Adult beetles also may become a nuisance pest in residential areas and a 
source of infestation of nearby poultry operations at manure c1eanout time when 
they migrate from nearby fields or manure storage areas. Although the meaJworm 
can be a major pest in broiler grow-out houses and caged-layer houses, the 

I Acrepted for publication 10 Febru31'}' 1996

2 Published with the approval of the Director of the West Virginia Agriculturnl and Forestry 
Experiment StaLion as Scientific Article No. 2501. This research was supported with funds 
appropriated under the Hatch Act.. 
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development of large populations can be prevented by frequent cleanout of 
manure and litter. However, in broiler-breeder houses where birds are 
maintained for nearly a year before cleanout, very large populations of the 
lesser rnealworm can develop, especially near the cnd of the production cycle. 

In laboratory studies, certain benzoylurea insect growth regulators (!GRs) 
and some juvenile honnone analogues have been reported to be active against 
the lesser mealwonn (Weaver & Kondo 1987, Edwards & Abraham 1985, Miller 
& Redfern 1988). This study was conducted to evaluate IGRs for control of the 
mealworm under field conditions and to compare them to the efficacy provided 
by pyrethroids. 

Materials and Methods 

Field trials were conducted in a broiler grow-out house used for research and 
located at West Virginia University. The house is 9.1 m X 30.5 m with two bird 
holding areas separated by a 9.1 m X 6.1 m feed mixing and storage corridor. 
Each side of the house has three rows of individual pens with eight pens per 
row. Each pen is 1.5 m X 2.4 m and is stocked with 54 chicks at the start of a 
growing cycle. For the experimental design, four pens 0/2 of each row) were 
designated as a treatment area 04.9 m2). Treatments were replicated twice 
with each side of the house having a replicate of each treatment assigned at 
random. At the end of a cycle (about 42 d), accumulated hard crust on the floor 
was removed and about 5 em of new wood chip litter was added for the next 
cycle. Treatments were evaluated through only one growing cycle (42 d). The 
following compounds were evaluated: cyfluthrin lOW (Bayer AG, Bayerwerk, 
Germany) and permethrin 3.2E (FMC Corp., Middleport, New York) (both 
pyrethroidsl, and the IGRs hexafluron 2.5F (DowElanco, Indianapolis, Indianal, 
triflumuron 0.5E and 4F (Bayer Ag, Bayerwerk, Germany), and UC84572 2F 
(Union Carbide, Kalamazoo, Michigan) (a bicylooxphenyl benzoylurea). 

In one trial, treatments were applied 30 August 1988 after crust removal 
and prior to addition of new chips; there was no mixing of treated loose 
material with addition of chips. Treatment sprays were applied with a 7.56 L 
hand sprayer at the rate of 3.78 L per 56.3 m2. New chicks were placed in the 
house 4 d after treatment. 

In a second trial (about 1 yr later), treatments were applied 9 September 
1989 with a hand sprayer to new wood chip littel' after placement in pens and 
before new chicks were added. The amount of spray used per treatment was 
3.78 L per 23.2 m2. Litter was not mixed after tTeatment, and when dry, new 
chicks were placed in the pens on the same day. 

For sampling larvae and adult beetles, we used a tube trap (Arends trap) in a 
method similar to that of Safrit & Axtell (1984). The traps consisted of a 30 cm 
X 10 em piece of corrugated cardboard (brooder guard) rolled inside of a 10 em 
X 4.4 em diameter piece of polyvinylchloride pipe. Four traps were used to 
sample each treatment area; traps were located within the confines of the two 
center pens of treated areas to allow for a buffer zone bet..veen treatments. 
Traps were placed along the walls of pens and partially covered with litter; the 
same trap locations were used each sampling period. Safrit & Axtell (1984) 
determined that populations ofA diaperinus vary among subhabitats of poultry 
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houses, but by using the same sample locations consistently, any subhabitat 
should be acceptable for evaluating population levels. Traps were left in place for 
3 d then collected and bagged separately and frozen until examined for beetle 
stages (usually within 1-2 d). When the tube samples were processed, larvae 
were separated into three age groups according to an approximate range in body 
length as follows: (1) 1.5 mm-4.0 mm, (2) 4.1 mm-7.0 mm, and (3) > 7.0 mm; 
these lengths are ahout equivalent to instars: l st-3rd, 4th-6th, and 7th_last, 
respectively. Mean number oflarvae and adults per trap per day were analyzed 
by ANOVA and treatment differences determined by Duncan's New Multiple 
Range Test (DNMRT) (P = 0.05) (Duncan 1955). 

Results and Discussion 

The effects of treatments in larval and adult beetle populations are given in 
Table 1. Good control of larvae was provided by all compounds at 7 d 
posttreatment in both trials. There was a significant reduction in the larval 
populations in all treatments whether the treatment was applied before new 
litter was added or to the surface of new litter. This degree of control at 7 d 
with the IGRs was not anticipated since IGRs usually do not show an 
immediate effect on larval populations because mortality normally does not 
occur until larvae undergo a molt. In the first trial, the pyrethroid cyfluthrin 
reduced the larval population by nearly 97% at 3 d after treatment and by 
nearly 100% thereafter through 42 d; in the second trial no attempt was made 
to assess control with the pyrethroids until 7 d posttreatment and both 
cyfluthrin and permethrin provided 95%-100% control through 42 d. In all 
treatments, early, mid, and late instar larvae were equally affected. 

Adult beetle populations were significantly reduced by the pyrethroid 
treatments in both trials from 7 d through 42 d; percent control (Trial 2) (both 
compounds) at the end of the cycle was 96%; effects on population size with 
laRs were more variable. Although reductions were noted in nearly all 
treatments on all dates, in many cases the treatments were not significantly 
different from controls. However, because of the mobility of the adults, 
migration from the untreated control areas may have caused some of the 
variability noted. Adult populations differed greatly between the two trials. 
Over the 42 d period of each trial, the number of adults averaged 80% fewer in 
Trial 2 vs. Trial!. In general, greater control of adults was achieved in the 
lower population size of Trial 2. 

The IGRs evaluated in this study show great promise for control of the lesser 
mealwonn. Others will likely be as effective in keeping larval populations in check. 
Either treating houses before new litter was added to houses or treating litter after 
it was added to houses was shown to be an effective treatment method for larval 
control. The results of this study imply that bulk treatment of litter before 
placement in poultry houses may be a feasible approach to control the lesser 
mealwonn. Using IGRs in such a manner would be especially appealing because of 
their low mammalian toxicity that would provide minimal risk to workers. 
Additionally, IGRs provide a safe alternative to conventional insecticides and offer 
another approach toward our efforts to achieve a total integrated pest management 
program for controlling the lesser mealwonn in poultry production facilities. 
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Table	 1. Effectiveness of insect growth regulators and pyrethroids 
against the lesser mealworm. 

Mean number/trap/day at days postLrcatmentP 

MaLenal and Rut.. 
formulation (% Al)h 3 7 l4 2l 28 35 

SPRAYS APPLIED BEFORE NEW L1ITER ADDED (Trial 1) 

LARVAE 
cyfluthrin lOW 0.5 1.0 0.1 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 
UC84572 2F 1.0 3.2 a <0.1 a 0.0 a 0.0 a a.On 0.1 a 
UC84572 lE 1.0 2.9 a 0.0 a 0.0 a 0.1 a <0.1 a 0.0 a 

lriflumuron·IF l.0 12.8 a 2.9 a 3.5 a 0.3 a 0.0 a 0.5 a 

trinumuron D.5E 1.0 5.1 a 1.2 a 0.8 a 0.2 a <0.1 a 1.3 a 
untreated 32.6 89.7 b 77Ab l5l.2 b 220.8 b 157.0 b 121.4 b 

ADULT BEETLES 

cyfluthrin lOW 0.5 2.2 LA a 0.1 a 0.2 a 0.0 n 0.2 n <0.1 a 
UC64572 2F l.0 7.2 a 16.5 be 19.7 cd 7.9 b 4.5 ab 13.5 b 
UC84572 lE 1.0 20.5 b l.B ab 3.3 be 0.6 ab 1.0 a 0.8 a 
trinumuron 4F 1.0 30.6 ab ] 1.0 abc 8.6 abc 3.1 ab 8.2 b 3.0 a 
trinumuron D.5E l.0 22.5b 11.5 abc 16.5 bed 2.8 ab 0.8 c 11.5 b 
untreated 19.0 36.0 b 22.5 b 27.0d 20.1 c 16.5 c 11.5 b 

SPRAYS APPLIED TO SURFACE OF NEW LIITER (TrioI2) 

LARVAE 
cyfluthrin lOW 0.5 0.0 a 0.0 a 0.0 a 0.0 a 0.6 n 0.0 a 

pcnnethrin 3.2E 0.6 O.Oa <0.1 a 0.0 B 0.0 a 4.88 0.5 a 

UC845722F l.0 <0.1 a 0.0 a 0.0 a 0.0 a 0.0 n 0.0 a 

hexafluron 2.5F 2.0 0.1 a 0.0 a 0.0 a 0.0 a 0.7 a <0.1 n 
hcxanuron 2.5F 0.6 1.1 0 0.0 a 0.0 a 0.0 a <0.1 a 0.0 a 
unLrcated 25.9 b 73.2 b 95.4 b 70.3 b 39.3 b 10.7 b 

ADULl' BEETLES 

cynuthrin lOW 0.5 0.0 II 0.0 a 0.0 a 0.0 a <0.1 a <0.10 
pcnnethrin 3.2E 0.6 0.1 n 0.2 a 0.3 a 0.1 a 0.4 n 0.1 a 

UC8457221' l.0 1.8 ab 2.2 a 1.2 a 0.1 u 0.2 a 0.6 ab 
hexanuron 2.5F 2.0 8.3 b 7.3 b 0.9 a 0.3 n 0.5 a 1.5 be 
hexanuron 2.5F 0.6 2.2 ab 0.8 a 0.8 a 0.2 n 0.1 u 1.2 nb 
untreated 6.3 nb 9.8 b 4.1 b 3.1 b 1.2 b 2.5 e 

.. ~1eans followed by the same letter nrc not significantly different (P "'" 0.05; DNMRT). 
,. AI "'" active ingredient. 



97 WEAYER: Lesser Mealworm Control with IGRs 

References Cited 

Edwardst J.P. & L. Abraham. 1985. Laboratory evaluation of two insect juvenile 
hormone analogues against Alphitobius diaperiflus (Panzer) (Coleoptera: 
Tenebrionidae). J. Stored Prod. Res. 21: 189-194. 

Elowni, E.E. & S. Elbihari. 1979. Natural and experimental infection of the beetle 
Alphitobius diaperinus (Coleoptera: Tenebrionidae) with Choanotaenia infundibulum 
and other tapeworms. Vet. Sci. Comm. 3: 171·173. 

Eugeniot C., E. De las Casas, P.K. Harem & C.J. Mirocha. 1970. Detection of the 
mycotoxin F·2 in the confused flour beetle and the lesser mcalworm. J. Econ. 
Entomol. 63: 412-415. 

De las Casas, E., B.S. Pomeroy & P.K. Harein. 1968. Infection and quantitative 
recovery of Salmonella typhimurium and Eschericihia coli from within the lesser 
mealworm, Alphitobius diaperinus (Panzer). Poult. Sci. 47: 187]·)875. 

Despins, J.L. t E.C. Turner, Jr. & P.L. Ruszler. 1987. Construction profiles of high 
rise caged layer houses in association with insulation damage caused by the lesser 
mealworm, Alphitobius diaperinus (Panzer) in Virginia. Paull. Sci. 66: 243-250. 

Duncan, D.B. 1955. Multiple range and multiple F tests. Biomet.rics 11: 1-42. 
Hareint P.K., E. De las Casas, B.S. Pomeroy & M.D. York. 1970. Salmonella spp. 

and seroytpes of Escherichia coli isolated from the lesser meal worm collected in 
poultry brooder houses. J. Econ. Entemol. 63: 80·81. 

MacCreary, D. & E.P. Catts. 1954. Ectoparosites of Delaware poultry including a 
study oflitt.er fauna. Univ. Del. Agric. Exp. 8tn. Bull. No. 307. 

Miller, R.W. & R.E. Redfern. 1988. Feed additive for control of lesser mealworm 
(Coleoptera: Tenebrionidae) in poultry broiler houses. J. Econ. EnLomol. 81: 1137-1139. 

Pfeiffer, D.G. & R.C. Axtell. 1980. Coleoptera of poultry manure in caged-layer houses 
in North Carolina. Environ. Entomol. 9: 21-28. 

Safrit, R.D. & R.C. Axtell. 1984. Evaluations of sampling methods for darkling beetles 
(Alphitobius diaperinu.s) in litter of turkey and hl'oiler houses. Poult. Sci. 63: 2368
2375. 

Stafford, K.C. nl, C.H. Collison, J.G. Burg & J.A. Cloud. 1988. Distribution and 
monitoring lesser mealworms, hide beetles, and other fauna in high~J'ise, caged-layer 
poultry houses. J. Agric. Entomol. 5: 89-101. 

Vaughan, J.A.• E.C. Turner, Jr. & P.R. Ruszlcr. 1984. Infestation and damage of 
poultry house insulation by the lesser meal worm, Alphitobius diaperinu.s (Panzer). 
Poult. Sci. 63: l09~·llOO. 

Weaver, J.E. & V.A Kondo. 1987. Laboratory c\'uluation of insect growth regulators 
in producing lesser mealworm mortality and egg infertility. J. Agric. Entomol. 4: 233
245. 



Reproduction and Development of Muscidifurax
 
raptorellus (Hymenoptera: Pteromalidae),
 

a Parasite of Filth Flies'
 

J. J. Petersen and D. M. Currey 

Midwest Livestock Insects Research Laboratory
 
Agricultural Research Service
 

U. S. Department of Agriculture
 
Department of Entomology, University of Nebraska
 

Lincoln, Nebraska 68583-0938 USA
 

J. Agric. Entoroo!. 13(2); 99-107(April 1996) 
ABSTRACT A gregarious strain of Muscidifurax raptorellus Kogan and 
Legner was colonized from eastern Nebraska and evaluated for its potential 
as a biological control agent against house nics. Maturation within the host 
puparium required 13 d at 30°C, 15-16 d at 25°C, and 31-35 d at 20°C. 
Although M. raptorellus is gregarious, it partitions its eggs over the host 
patch by laying 2-3 eggs per host when there is an abundance of hosts but. by 
concentrating oviposition when hosts are scarce. Females are capable of 
producing 16-20 eggs per day during their peak ovipositional period and a 
total of ca. 150 eggs over their lifetime. A carbohydrate source extended the 
life of female parasites but did not increase their fecundity appreciably. This 
species is considered to have high potential as a biological control agent 
because it is economically mass reared, haa a high fecundity rate, and 
partitions its eggs over the available host population. 

KEY WORDS Hymenoptera, Pt.eromalidae, parasitic wasp, Muscidi(urax 
raptorellus, biological control, Diptera, Muscidae, house fly 

Emphasis on reducing reliance on insecticides for the control of filth flies 
associated with livestock production has led to the development of alternative 
control procedures, including the use of biological control agents. At present, the 
only commercially available biological control agents for filth flies are 
pteromalid wasps. These insects have been studied for more than 25 yr for their 
potential in controlling flies under various conditions. However, questions 
remain as to their effectiveness in fly control in beef and dairy cattle facilities 
(Rutz & Axtell 1979, Greene 1990, Petersen et aJ. 1992). 

A research objective at the Midwest Livestock Insects Research Laboratory 
has been to search for new and possibly more effective species of pteromalids. In 
1989, an undetermined gregarious species of Trichoma/apsis was isolated and 
studied. This species though easily and economically reared, was not considered a 
good prospect because it concentrated ovipositional activity to only a few hosts 
(Dobesh et oJ. 1994). 

I Accepted for publication 12 February 1996. 
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In 1990. a grega.rious Muscidi{urax species was colonized from eastern 
Nebraska. This species was later determined to be M. raptorellus Kogan and 
Legner (Antolin et al. 1996), and it has been shown to have potential as a 
biological control agent against house flies (Musca domestica L.) and stable flies 
(Stomoxys calcitrans [L.]) (Petersen & Cawthra 1995, Petersen & Currey 1996). 
Muscidifurax raptorellus was not observed in eastern Nebraska before its 
isolation in 1990, even though surveys have been made yearly since 1980. 
Following its discovery, M. raptorellus has been recovered in low numbers from 
several locations in eastern Nebraska each year. Previously, M. raptorellus was 
known only from South America (Kogan & Legner 1970). 

Because of encouraging field studies and preliminary laboratory studies that 
showed this species to be easily reared and to have a high reproductive capacity 
(Petersen & Currey 1996, unpubl. data), the present study was designed to 
determine developmental rates. fecundity, and effects of temperature and 
parasite-to-host ratios on progeny production for M. raptorellus. 

Materials and Methods 

Developmental rates were measured by placing 25 house fly pupae, 24--48 h 
after pupariation, and 10 female M. raptorellus, 24--48 h after emergence. in 
9-cm diam X 5-cm deep clear plastic containers with snap-on lids. Nine such 
containers were held in an environmental chamber at 25°C for 24 h. The 
parasites were then removed and three treatment replicates were placed in 
environmental chambers at 20°, 25°, and 30°C, respectively, under a 24 h dark 
period and 50%-70% RH. Three control treatments consisting of 25 house fly 
pupae and no parasites were placed at each of the three temperatures. 
Treatments were observed daily for up to 10 d for host eelasian and up to 35 d 
for parasite emergence. Eclosed flies were removed from the containers upon 
death and counted. Intact puparia remaining after 10 d were placed in 
individual gelatin capsules. The containers were returned to the appropriate 
temperatures and held for parasite emergence. Emerged parasites were 
counted and sex was determined each day, and intact puparia were dissected to 
determine the number of parasites that died before emergence. The study was 
replicated three times. 

Fecundity studies were conducted by placing fifty 24 ± 2-h-old, host-fed 
female M. raptorellus individually in specimen cups (18 ml) containing ten 
24- to 48-h-old house fly pupae. Paper toweling (2.5 em X 2.5 em) moistened 
with three drops of water was added to each of 25 cups. Toweling moistened 
with two drops of water and one drop of a 50% honey-water mixture was added 

o 
to the other 25 cups. After a 24-h exposure period at 25 C, the 25 parasites 
with the water-only toweling were transferred to new cups containing fresh 
hosts and moistened toweling, and the 25 females with honey-water toweling 
were transferred to new cups containing fresh hosts and honey-water toweling. 
Three water-only and three honey-wate}' cups with fresh hosts and no parasites 
were set up for each 24-h period to determine natural pupal mortality. This 
procedure was repeated daily until the parasites died or until oviposition 
ceased. Adult flies were removed from the cups and counted 1-2 wk after 
exposure, and parasites were counted and sex was determined after emergence 
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was complete. Intact puparia were dissected and examined for aborted parasite 
progeny. 

The effects of parasite·to-host ratios on progeny production were determined 
by establishing three sets of five treatments consisting of 5, 10, 20, 40, or 80 
house fly pupae (24- to 48-h-old) in 9-cm diam X 5-em deep containers. Five 24- to 
48-h-old, host-fed female parasites were added to each container. After a 24-h 
exposure period at 25°C, parasites were removed and developing parasite progeny 
were handled as in the developmental study. The progeny production study was 
replicated five times. 

For all studies, parasite emergence is defined as the number of progeny that 
successfully emerged from host puparia. Parasite·induced mortality of hosts 
(PIM) is defined as host mortality resulting from exposure to parasites, 
excluding parasite emergence (i.e., stinging of host without oviposition or 
parasites failing to complete development or emergence from the host 
puparium). Voucher specimens of M. raptorellus were deposited in the 
University of Nebraska State Museum. 

Normality of data was tested using normal probability plots. 
Transformations were not necessary for analysis. Data were analyzed by one
way analysis of variance and least squares means, and paired Student's t tests 
(Minitab 1985). 

Results and Discussion 

At 30"C M. rap/orelllls began emcrging 13 d after exposure te hosts, with 
peak emergence on day 13; emergence 'was essentially complete within 3 d. 
Emergence began 15 d after exposure, with peak emergence on day 16 at 2SoC; 
emergence was essentially complete within 4 d. Emergence began 30 dafter 
exposure and continued for 8 d at 20°C (Fig. 1). The exposure conditions 
imposed resulted in means of 1% host eelosion, 4.9 total progeny, 2.1 (43%) 
female progeny, and 83% of exposed hosts producing parasites for all three 
temperature treatments (Table 1). Differences were not significant for any of 
the parameters (ANOVA, P < 0.05). These data contrast with results ebtained 
in similar studies with a Trichomalopsis sp. in which arrested development 
occurred when parasites were held at 20"C (Dobesh et al. 1994). 

When increasing numbers of hosts were subjected to constant numbers ofM. 
raptorellus, the numbers of parasite progeny per parasitized host increased 
from 2.6 at a parasite·to-host ratio of 1:16 to 8.3 at a parasite-to-host ratio of 
1:1, respectively (Table 2). This suggests that M. raptorellllS partitions its 
ovipositional activity over the available host patch rather than concentrating 
ovipositional activity to two or three hosts as is the case wilh a Trichomalopsis 
sp. (Dobesh et al. 1994). The number of host puparia with emergence holes was 
similar at the two lowest parasite-to-host ratios suggesting that parasite-to
host ralios of 1:8 or lower provided sufficient hosts for maximum partitioning of 
the eggs being laid. Also, the progeny per parasitized host at the two lowest 
parasit.e·to-hosl ratios were similar (2.6-2.8) indicating that ;\1. raptorellus lays 
2-3 eggs per host even when numerous hosts are available (Table 2). The 
proportion of female/male progeny was not affected by the parasite-to-host 
ratios employed in this study. Little or no host eclosion occurred when 



Fig. 1. Developmental rates of M. raptorellus at three temperatures. 
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Table 1. Effects of three temperatures on maturation and emergence of 
M. raptorellusoa 

Temperature % host Progeny per parasitized host % puparia 
(OC) eclosion Total Females producing parasites 

20 0.7 4.92 (0.65) 2.21 (0.69) 83 (8.7) 

25 0.7 4.96 (0.61) 2.03 (0.45) 85 (9.1) 

30 1.3 4.90 (0.71) 2.11 (0.49) 79 (11.2) 

a Values bused on three experimental units of 25 exposed hosts (At. domestica pupae) reared at each 
temperature per treatment and three treatment replicat.ions (S.E.I. 

parasite-to·host ratios exceeded 1:4. These values are similar to those for 
solitary Muscidi{urax species (Petersen et al. 1991). 

Generally, pteromalids feed on exudate escaping from wounds made by 
ovipositing parasites (Dobesh et a1. 1994). However, carbohydrate sources such 
as honey can increase longevity and fecundity in some pteromalid species 
(Edwards 1954, Dobesh et al. 1994). Survival time for female parasites 
supplemented with honey was similar to that for females that were permitted 
to host feed only for 14 consecutive days after emergence (Fig. 2a), Thereafter, 
survival was extended significantly in parasites supplied with honey. Although 
progeny production was significantly higher (df = 25, t = 2.65, P < 0.05) in 
honey-supplemented parasites (166 per female) compared with host-fed only 
parasites (149 per female), differences were not considered important for 
rearing purposes (Fig. 2b). These results differ from those obtained for a 
Trichomalapsis sp. When females of this Trichomalopsis sp. were 
supplemented with honey as a food source, they produced almost twice as many 
progeny as those that were allowed to host feed only (Dobesh et al. 1994). 
Average survival time was 14.8 d and 12.5 d for honey and host-fed only M. 
raptorellus, respectively (Table 3). An average of 5.5-5.75 hosts was 
parasitized per day per female during the period of peak oviposition (days 2-7), 
and a total of 50 and 56 hosts was parasitized per parasite for the host· fed only 
and host/honey-fed parasites, respectively. 

Muscidi{urax raptoreLlus adapts easily to colony rearing and readily uses 
freeze-killed hosts (Petersen & Currey 1996). Field studies have shown that 
this species is effective at finding and parasitizing sentinel house fly pupae 
(Petersen & Cawthra 1995). It disperses rapidly with peak oviposition 1-2 wk 
after release. Also, this species' gregarious behavior permits it to be reared at 
considerably less cost than solitary species. These characteristics make M. 
raptorellus highly attractive to commercial parasite producers. However, 
additional studies are needed to ascertain more clearly the impact of parasite 
releases on naturally occurring host fly populations and to determine 
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~Table 2. Effect of five parasite-to-host ratios on progeny production for M. raptorellus.a 
.... 

Percentage 

Parasite: hostb No. Progeny! Puparia wi th PIM' Host Female 
Progeny! 

parasitized 
ratio hosts parent emergence holes ec1osion progeny host 

1:1 5 6.5 (1.47) 80 (5.24) 21 (5.24) 0 47 (17.51) 8.3 (2.39) 
;... 

1:2 

1:4 

10 

20 

9.5 (l.30) 

12.3 (2.21) 

85 (7.79) 

79 (8.18) 

14 (7.46) 

14 (2.87) 

1 (1.47) 

6 (5.78) 

49 ( 8.38) 

47 ( 6.78) 

5.6 (0.78) 

3.9 (0.56) 

>..,. 
~ 

'"1:8 40 13.2 (1.65) 62 (5.51) 11 (2.48) 28 (5.03) 52 (12.93) 2.8 (O.42) ~ 

S 

1:16 80 13.6 (l.85) 33 (7.07) 9 (2.23) 57 (7.63) 52 ( 7.86) 2.6 (O.30) 
3 
~ 
< 
~ 

II Values are means from five replicates (5. E.) 
~ 

" Hosts are M. domestica pupae. ;0 

e Parasite-induced mortality excluding emerged parasites. Z 
~ 

'" ~ 

~ 

'" '""J 
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Fig. 2.	 Longevity of females (a) and progeny production (b) for M. raptoreLLus 
allowed to host feed only or to host feed with a honey supplement. 
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application rates and release methods most likely to achieve control of pest 
flies. 

Table 3. Fecundity rates and life span of M. raptorellus when permitted 
to host feed only or when supplemented with honey.o 

Host·fed only Host fed + honey 

Progeny/female 

Life span (days) 

Hosts parasitized! 
day (days 2-7) 

Total hosts parasitized! 
female 

149 (58.7) 

12.5 ( 3.55) 

5.5 ( 1.67) 

50 (20.7) 

166 (70.9) 

14.8 ( 7.70) 

5.8 ( 1.53) 

56 (26.8) 

a Values based on means for 25 females for each treatment (S.E.l. 
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ABSTRACT Glucosinolate components were extracted from defatted 
cTambe (Crambe abyssinica Hochst ex. R. E. Fries) seed meal by using four 
different extraction solvents. These extracts containing naturally occurring 
glucosinolnt.es were tested in bioassays against some selected agricultural 
and public health insect pests. The results showed that continuous aqueous 
exposure to dilutions of the extracts caused acute mortality to mosquito 
(Aedes aegypti (L.ll larvae. Cram be seed meal (containing intact 
glucosinolates) showed toxicity against house fly larvae (Musca domestica L.) 
when incorporated into the regular fly diet. Neither extracts nor seed meal 
were acutely toxic to the red flour beetle [Tribolium castaneum (Herbst» or 
the sawtoothed grain beetle [Oryzeaphilus surinamensis (L.U within 24 h; 
however, longer observation demonstrated a high mortality and antifeedanl 
effect toward these insects. The two species of grain beetles began dying 10 d 
after exposure. The glucosjnolate extracts also were effective on western corn 
rootworm [Diabrotica uirgi{era uirgi{cra (LeConte)1 larvae. No observable 
behavioral changes were found on German cockroaches IBlattella germanica 
(L.)]. The results showed that crambe glucosinolatcs have potential as a 
possible control agent for certain agricultural and public health insect pests. 

KEY WORDS Natural product, glucosinolatc8, crambe, insecticidal activity, 
pest control 

Glucosinolates are an important and unique class of secondary plant 
metabolites that occur in only 11 families of dicotyledonous plants, mostly in 
the family Cruciferae. These naturaHy occurring products are considered to 
serve as chemical defenses against insect pests (Dawson et al. 1993, Duncan 
1991, Fenwick et a!. 1983, Hedin 1986), and it was reported that the volatile 
aglucone is the actual active compound rather than the nonvolatile 
glucosinolate (Borek et a!. 1994). The volatiles were considered to be a result of 
myrosinaselsubstrate interaction in vivo (Fenwick et at. 1993). 
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Although glucosinolates and their breakdown products have been regularly 
included in discussions on naturally occurring toxicants (Tookey et a1. 1980, 
VanEtten & WolfT 1973), until recently there has been little definitive evidence 
to support this contention. Most of the studies on the physiological properties 
of glucosinolates and their breakdown products have been concluded in 
conjunction with mammalian and avian feeding experiments using rapeseed 
(Fenwick & Curtis 1980, Ben et aJ. 1972) and crambe (Crambe abyssinica 
Hochst ex. R. E. Fries) (VanEtten et al. 1969). These studies showed 
considerable enlargement of thyroid, adrenal gland, kidney, and liver in 
animals, especially livestock, and liver hemorrhage in poultry (VanEtten et a1. 
1969). The toxicological efTects of glucosinolates and their breakdown products 
on insects have been of much less conccrn and have scarcely been investigated 
(Fenwick et al. 1983) compared to the intensive studies on livestock. 

Furthermore, effects of glucosinolates on insect pests have been emphasized 
mainly on chemical ecological functions rather than acute toxicity. 
Glucosinolates have been found to play important roles in aiding certain insect 
species to identify their proper host plants. Experiments have shown that 
while too Iowa concentration of glucosinolates leads to ineffective larval 
attraction, too great a concentration may actually exert a repellent effect to the 
cabbage root fly (Delia brassica. L.) (Finch 1978). Nayar & Thornsteinson 
(1963) and David & Gardiner (1966) have demonstrated that several 
glucosinolates have a feeding stimulation effect on the diamond-back moth 
(Plutella maculipennis Curtis) and the larvae of Pieris brassicae L. Blau et a1. 
(1978) indicated that allylglucosinolate was acutely toxic to larvae of the black 
swallowtail butterfly (Papilio polyxenes Stoll), which do not normally attack 
crucifers. In contrast, larval growth of the imported cabbageworm [Pieris rapae 
(L.)], a crucifer specialist, is not affected even by artificially high concentrations 
of allylglucosinolate. Larval growth of southern armyworm [Spodoptera 
eridania (Cramer)], a generalist feeder, is inhibited by high but not low 
concentrations of the compound. Bodnaryk (1991) reported that p
hydroxybenzyl glucosinolate plays a significant role in the insect-feeding
resistance mechanism of mustard seedlings. There are several reports on the 
oviposition-stimulating effect of the glucosinolates and their breakdown 
products, especially by the volatile breakdown products (Nair & McEwen 1976, 
Nair et al. 1976, Traynier 1965). Wolfson (1982) found that developmental 
responses of some insects to Brassica nigra L. were due to glucosinolate 
compounds. Wadleigh & Yu (1988) demonstrated that glutathione transferase 
is associated with the detoxification of glucosinolate breakdown products in 
three lepidopterous species, and that this enzyme played an important role in 
food-plant adaptation in phytophagous insects. More recently, Lazzeri et a1. 
(1993) reported that some glucosinolates and their breakdown products were 
toxic toward a population of nematodes. 

Crambe is a crucifel'ous plant that is a potentialJy important crop in the 
Midwest of the United States. The seed oil of crambe can be used as an 
industrial oil or for human nutrition. The remaining defatted seed meal can be 
used as a protein source in livestock diets. However, because the high 
concentration of glucosinolates and their breakdown products in the meal is 
toxic to the livestock, the glucosinolates must be removed or extracted from the 
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meal before use. Thus any use of these extracts would be of great advantage in 
tenns of efficient use ofour natural resources. 

This study was conducted to detennine the utility of this particular resource 
against selected pest insects. This practice would foster a highly effective use of 
a natural resource, i.e., exploiting this plant toxin against harmful insects, and 
at the same time, would minimize environmental hazards by using the more 
biodegradable natural products. We have evaluated the insecticidal spectrum 
of activity of glucosinolate-containing extracts of crambe seed meal by using 
different insect pest species of agricultural and public health concern and 
different routes of exposure in the bioassays. We also have compared the 
potency of extracts that have been obtained by using different extraction 
techniques. 

Materials and Methods 

Extraction of glucosinolates. Polar solvents were selected for the 
extraction of glucosinolates because of the water solubility of these compounds. 
In our study, 100 g of defatted crambe seed meal (National Sun, Inc., 
Enderland, North Dakotol was soaked io 500 ml of the extraction solvent at 4°C 
for 2 d. Four different solvents were used for extraction: pure distilled water, 
50% methanol (HPLC gradel, 50% ethanol (HPLC gradel, and 50% acetone 
(Optima grade). All organic solvents were purchased from Fisher Chemical 
Company (Fair Lawn, New Jerseyl and diluted to 50% with distilled water. 
The slurry was filtered through a glass fritted funnel (pyreX®, pore size 10-15 
).un) and rinsed twice with 20 ml of the corresponding solvent. The filtrates 
then were evaporated to approximately 100 ml with a rotary evaporator at 
temperature lower than 40°C. At this point, the organic solvents were 
considered completely evaporated. The aqueous residues then were made up to 
500 ml with distilled water and stored at 4°C as a stock solution of the crude 
extract. These solutions were analyzed for total glucosinolate and used in 
various bioassays with or without further dilution. Samples for total 
glucosinolate analysis were sent to and analyzed by POS Pilot Plant Corp., 
Canada. 

Bioassays. Defatted crambe seed meal and the four extracts were tested 
on adult Gennan cockroaches [Blatlella germanica (L.l], lab-reared feral straio; 
house ny [Musca domestiea (L.ll larvae, lab-reared Orlando Regular strain; 
yellow fever mosquito (Aedes aegypti L.) larvae, Bangkok strain; red nour 
beetle [Tribolium castaneum (Herhstl] adults, field collected, Minnesota; 
sawtoothed grain beetle rOryzeaphilus surinamensis (L.)] adults, USDA, 
Savannah, Georgia; and the western corn rootworm [Diabrotica uirgi{era 
uirgifera (LeConte)] larvae, from non-diapausing eggs purchased from French 
Agricultural Research, Inc., Lamberton, Minnesota. All insects except the 
mosquito and the western corn rootworm were reared in a room with 
temperature at 25 ± 2"C, relative humidity 45 ± 5%, and a photoperiod of 10:14 
(L:DI h. 

Bioassays of mosquito larvae. Ten mosquito larvae (early 2nd instar) were 
exposed to 20 ml of differently diluted extracts (with distilled waterl in a 50-ml 
jar. The larvae were transferred to the jar carefully with an eye·dropper. The 
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treated jars were kept in an incubator at 25 ± 1°C in the dark and with 
relative humidity of 45 ± 5%. The larvae were given a small amount 
(approximately 0.1 g) of food (ground Wardley, Tropical Flakes fish food, 
Wardley Laboratories, Inc., Secaucus, New Jersey). The test was done in three 
replicates. Mortality was recorded 24 h posttreatment. Larvae that were not 
able to swim were regarded as dead. 

Bioassays of house fly la,rua. A water solution of each extract (11 rol) was 
mixed with 9 g regular house Oy media (Purina®, Labchow, Ralston Purina 
Company, St. Louis, Missouri plus 1% of Red Star active dry yeast, Universal 
Food Co. t Milwaukee, Wisconsin) in a 50-ml jar. Ten house Oy larvae (2nd 
instar) were then placed in each jar. In addition to the extract, crambe seed 
mea] also was used directly, being mixed with different percentages of the 
regular media. Every treatment had three replicates. The numbers of each 
stage (larval, pupal, and adult) were recorded on day 15. 

Bioassays of adult German cockroaches. The aqueous solutions of each of 
the crude extracts (0.5 rol, 10%, 20%, 50%, and 100%) were mixed with 1 g of 
ground cat food (Purina® cat chow, Ralston Purina Company, St. Louis, 
Missouri) and fed with water to 10 roaches in a Petri dish (lO-cm diam). The 
males and females were tested separately, and mixed-sex trials were conducted 
as well. Water was supplied with a moistened cotton wick and added ad 
libitu.m. Data were collected 1-, 2-, and 14-d posttreatment for any acute and 
relatively long-term toxicities. Every treatment had two replicates, and a 
control with food only was conducted. 

Bioassays of the western corn rootworm. Fifty grams of autoclaved soil 
(sandy clay loam soil, collected in a pesticide-free field, Ames, Iowa, with 50% 
sand, 26% silt, 22% clay, 2.3% organic matter, pH 5.3) was placed in a Petri 
dish (IO-em diam) and moistened with 12 rol of water for control and aqueous 
solutions of crambe extracts for the treatments. Five corn seedlings (3-4 em 
long) were arranged in a circle on top of the soil, followed by the introduction of 
10 western corn rootwonn larvae (3rd instal', aged 10-13 d) in the center of the 
dish. The treated Petri dishes then were put in an incubator at 25 ± 1DC, 
relative humidity 45 ± 5%, and a photoperiod of 12:12 (L:D) h. The experiment 
was carried out in duplicate. Mortalities were recorded after 24 hand 48 h. 
Larvae that were not able to move were regarded as dead. 

Bioassays ofred {lOltr beetle. Each crude extract (20 ml) was mixed with 50 g 
of the regular media (whole wheat nour + 5% dry yeast) in a Petri dish. The 
media was allowed to d.ry in a dark fume hood overnight. Each treated medium 
then was transferred to a 200·ml mason jar. Two hundred adult beetles were 
introduced into each jar. The crambe seed meal also was tested directly against 
the beetles. Every test was duplicated. Data were collected on days 2, 5, 10, 
13, and 15. 

Bioassays of sawtoothed grain beetle. The assays on the sawtoothed grain 
beetle followed the same procedures as that for the red nour beetles, except that 
cracked corn was used as the medium. Fifty grams of com kernels was cracked 
roughly and mixed with 20 ml of each extract. Afl:er drying in a dark fume 
hood overnight, the treated corn was transferred into a 200-ml jar into which 
200 adult sawtoothed grain beetles were introduced. The same observations 
were taken to record the mortalities. 
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Data analysis. Probit analysis was used to detennine LCso, 95% FL, and 
slopes according to methods outlined in Finney (971). Means were separated 
using least significant differences (LSD) (P'; 0.05) (SAS Institute 1991). 

Results and Discussion 

Crude extracts from crambe seed meal demonstrated some interesting 
biological activity against certain insect pests. Relatively high insecticidal 
activities were found to several different insect species, although effects of these 
natural toxins on insects were generally slow and mild. There was no quick 
knockdown effect observed on any of tbe insects tested. 

Total glucosinolate contents in crambe seed extracts are shown in Table 1. 
There were only slight differences in total glucosinolates among the extracts. 
AU extracts had the same major glucosinolate component, 2-hydroxy-3
butenylglucosinolate. However, different degrees of activities shown by 
different extracts against the same insect have been obsented in the present 
study. This may be attributed to some unknown factors in the extracts that can 
influence their toxicity. 

Mosquito larvae were very susceptible to crambe extracts. The continuous 
exposure of 2nd instar mosquitoes to aqueous solutions of glucosinolate
containing extracts resulted in high toxicity. The mosquito larvae were 
intoxicated within 2-3 h after treatment with the ethanol extract, which was 
the most toxic extract. The LCsos of the various extracts to the mosquito larvae 
are shown in Table 2. 

The fresh extracts (kept at 4°C and used within 1 wk) are compared with 
long-stored and heated samples. The duration of storage and the processing 
and storage temperature seemed to play very important roles in the exertion of 
the bioactivities of glucosinolates (Table 2). Reduction of toxicity in a heated 
sample "acetone/heat" was observed and was considered to be caused by 
overheating when evaporating the solvents. This heating process may 
decompose the glucosinolate components (Fenwick et al. 1983). The extract 
"waterllong" was stored at lower temperature (4°C) but for a relatively long 
time (> 45 d). It also showed lower toxicity against the mosquitoes compared to 
fresh extracts (Table 2). This reduced insecticidal activity is attributed to 
possible hydrolysis and further degradation of glucosinolate during the storage 
period or heating during the extraction. 

Rearing of house Oy larvae in extract-treated regular house Oy diet failed 
due to a mold problem. However, the use of seed meal (containing intact 
glucosinolates) itself showed relatively strong toxicity (Table 3). The larvae 
were tested in 100% seed meal or a mixture with 50% regular house fly diet. 
The total mortality was 87 :!: 3% and 77 :!: 3%, respectively, whereas only 7 :!: 3% 
of the flies died in the control. Most of the deaths in treated media occurred at 
the larval and pupal stages. Those flies that successfully emerged were still 
alive at day 15. 

However, feeding German cockroaches with extract-treated diets did not 
cause any acute toxicity. A longer period of exposure (15 d) also did not cause 
any significant insecticidal effects. All males, females, or their mixtures 
treated with either water extract or ethanol extract showed a mortality range 
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Table 1. Total glucosinolate concentrations in different extracts.
 

Sample (p.moVg) a 

Glucosinolatc H2O 50% EtOH 50% MeOH 50% Acetone 

Allyl 

3·Butenyl 

4-Pentenyl 

2-Hydroxy·3-butcnyl 

4-Hydroxybenzyl 

0.06 ± O.OOb 

0.06 ± O.Olb 

0.06 ± 0.02b 

5.34 ± 0.02. 

0.06 ± O.OOb 

0.06 ± O.OOb 

0.05 ± O.OOb 

0.06 ± O.OOb 

5.24:!: O.Ola 

0.06 ± O.Olb 

0.05 ± O.OObc 

0.05 ± O.OObc 

0.08 ± O.Olb 

5.03 ± 0.02. 

0.04 ± a.ooc 

0.06 ± O.OOb 

0.05 ± O.OOb 

0.08 ± O.Olb 

5.54 j: 0.128 

0.05 ± O.Olb 

Totalb 5.57 :!: O.03AB 5.46 ± 0.06Be 5.24 ± 0.02C 5.78 ± 0.14A 

n Mean :i: SEM of two replicates. MC![lns within 11 column followed by the some letter arc not 
significantly different (LSD, 0. '" 0.05 [SAS Institute 1991 D, 

b Means within n row followed by the same cnpitnllcUcr UTC not significantly dilT(!rent (LSD, a = 0.05 
[SAS lnstitulc 1991 I), 

Table 2. Toxicities of different extracts from crambe seed meal against 
larvae ofAedes aegypti 24 h posttreatment. 

Extracta n Slope ± SE LC50 ( J.lrnoVrnl)b 95%FL 

Acetonea 120 3.21 ± 0.16 0.76 0.45-1.08 
EthanolO 120 2.24 ± 0.68 0.64 0.38-0.89 

Methanol" 120 3.47 ± 0.85 2.17 1.59-2.77 

Water 120 2.46 ± 0.71 1.20 0.85-1.56 

Acetonelheat"'c 120 4.69 ± 1.19 5.84 3.88-7.80 

Water/lonc",<1 120 1.64 ± 0.25 3.60 3.16-4.03 

n All solvents used in extraction were 50% in dist.illed water.
 
b IJmol or total glucosi.nolatcs per ml of water.
 

~ Heated nt. about 70°C and kept at mom temperature for 3 mo.
 
d Stored at. 4"C for more than 45 d.
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Table 3. Effect of crambe seed meal on bouse fly larvae (15-d
 
observation).o 

% meal in diet Emergence 
(%) 

Dead pupae 
(%) 

Dead larvae 
(%) 

Total mortality 
(%) 

100 

50 

0 

13 ± 3b 

23 ± 3b 

93 ± 3a 

43 ±3a 

20 ±Ob 

o± Oc 

43 ± 7a 

57 ±3a 

7 ± 3b 

87 ± 3a 

77 ± 3a 

7 ± 3b 

• Mean	 :t SEM of three replicates. Means within a column followed by the 1l8.me letter are not 
trignifx:anLly different (LSD, a = O.OS [SAS Institute 1991)). 

from 0% ± 0% to 20% ± 10%, while control mortality fell into the same range. 
There was no significant relationship observed between dose and mortality. It 
is believed that death of the treated roaches was from natural causes rather 
than toxic components in the diets. 

The toxicities of different extracts on western corn rootworm larvae were 
significantly dissimilar from each other. Among the fouT extracts, the ethanol 
and methanol extracts were more toxic. These crude extracts killed 100% of the 
larvae, and even a 50% dilution of these two crude extracts showed relatively 
high insecticidal activity with 24-h mortality of 27 ± 2% and 80 ± 10%, 
respectively (Table 4). Rearing adult red nour beetles and sawtoothed grain 
beetles with the extract·treated regular media did not show any acute toxicity 
within 24 h; however, these beetles died gradually as the trials continued. One 
hundred percent of the sawtoothed grain beetles reared in the crambe seed 
meal died 10 d after exposure whereas only 11.8 ± 3.3% of the beetles died in a 
50% mixture of the meal and regular medium on day 10. Although it is difficult 
to compare the extracts with the meal because of their possible different levels 
of glucosinolate, mortalities caused by the extracts were still significantly 
higher than the control after day 10 (Table 5). In the case of the red nour 
beetles, the mortalities on days 10, 13, and 15 were counted as 33 ± 3.0%, 74 ± 
5.0%, and 98 ± 2.0%. respectively, while no substantial mortality occurred in 
the control. A 50% mixture of crambe meal and medium caused significantly 
lower mortalities as did the medium treated with the extracts (Table 6). The 
antifeedant tests on the above two storage insects also revealed that either the 
extracts or intact glucosinolates in the crambe seed meal have high antifeedant 
or repellent activity on the two grain beetles. The beetles tended to move from 
the extract-treated medium or the crambe seed meal to the regular medium 
through Tygon tubing connecting the two boxes (Tsao et al. 1993). 

Glucosinolate components must be removed before the seed meal of crambe 
is used in feeding livestock. Our results show that the crude extracts of crambe 
seed meal have potential as natural insect control agents. Glucosinolates can 
be easily hydrolyzed to smaller breakdm.\'TI products in the environment or in 
vivo, and these more volatile breakdown products are generally considered to be 
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Table 4. Toxicities of different extracts from crambe seed meal against 
western corn rootworm larvae. 

Mortality (%) 

24 h 48 h 

Extractll 100%b 50% 100% 50% 

Control 

H20 extract 

MeOH extract 

EtOH extract 

Acetone extract 

O± Ob 

5± 5b 

100 ± Oa 

100 ± Oa 

10 ± lOb 

O± Oc 

27 ± 2b 

80 ± lOa 

15 ± 5d 

35 ± 5c 

100 ± Oa 

100 ± Oa 

65 ± 5b 

15 ± 5c 

47 ±4b 

85 ± 5a 

D Mean :t SEM of two replicates, Menns within n column followed by the same letter are Dol 
sil,tnificantly different (LSD, a. =- 0.05 [SAS Institute 1991]). 

b percent concentration of the crude extract. 

the toxic components (Brown et a1. 1994). Activities such as toxicity against 
mosquito and house Oy larvae imply that these crude extracts or their more 
purified forms could be useful for controlling insects in such places as livestock 
barns or small ponds as an economical and biodegradable control agent. 
Studies on the environmental effects and fate would be required to determine 
the safety or hazards of using glucosinolates as insecticides. The crude extracts 
or the meal itself can generate the toxic breakdown products in situ in the 
environment, such as in the soil (Brown et a1. 1994). Although the modes of 
action of acute toxicity of glucosinolates are unknown, the pungent smell and 
taste of glucosinolate compounds are probably the key factors being associated 
with the antifeedant activity of the extracts against grain beetles. These smells 
and tastes are considered to be caused by volatile breakdown products, which 
showed similar and higher bioactivities against mosquito and house ny larvae 
(Tsao et a1. 1993). The specific characteristic of volatilization probably also 
helped the expression of toxicity of crambe seed extracts against the western 
corn rootworm, one of the most damaging agricultural insects in corn fields 
(Tsao et a1. 1993). 

The overall goal of this research is to explore possible ways to utilize the 
glucosinolate-containing extracts of crambe in the control of agricultural and 
public health insect pests and to init-iate studies on the mode of action of the 
glucosinolates. A wider i.nsecticidal spectrum of activity of the crambe seed 
meal extracts is also being examined using other pest arthropods. 



Table 5. Toxicities of crambe seed meal and its extracts against the sawtoothed grain beetle. 

Mortality (%) 
Sampleo 

Day2 Day 5 Day 10 Day 13 Day 15 

Control (medium) 0.5 ± 0.5b 0.5 ± 0.5b 0.5 ± 0.5e 0.8 ± 0.3e 0.8 ± 0.3e 

H20 extract + medium 3.0 ± O.Ob 6,5 ± 2.5b 12,3 ± 3.3b 16,0 ± 3.0b 19.3 ± 2.3b 

MeOH extract + medium 4.0 ± 1.Dab 8.3 ± 3.3b 14.8 ± 5.8b 19.0 ± 5.0b 23.5 ± 6.0b 

EtOH extract + medium 4.0 ± 3.0ab 7.0 ± 2.0b 12.3 ± 3.3b 16.0 ± 5.0b 23.0 ± 6.0b 

Acetone extract + medium 1.5 ± 1.5b 5.0 ± 2.0b 11.0 ± 2.0b 15.3 ± l.3b 20.5 ± l.Ob 

Seed meal only 8.3 ± O,8a 23,3 ± 8,3a 100.0 :t O.Oa 

Medium + mealb 5.0:t 2.0ab 7.5 ± 3.5b 11.8:t 3.3b 15,0 :t 6.0b 16.8 ± 5.8b 

" Mean ± SEM of two replicates, Means within a column followed by the same letter are not significantly different (LSD, a = 0,05 [SAS Institute 1991J), 
b 50% seed meal and 50% regular medium, 



....
Table 6. Toxicities of crambe seed meal and its extracts against the red flour beetle. .... 

0> 

Mortality (%) 
SampleQ 

Day 2 Day 5 Day 10 Day 13 Day 15 

Control (medium) 0.0 :t O.Od 0.0 ± O.Oe 0.0 ± O.Oc 0.0 ± O.Od 1.3:1: 0.8d 

H20 extract + medium 0.3 :t 0.3ed 3.5 ± l.5bc 7.8 ± 2.8b 14.3 ± 4.8bc 20.3:1: 2.3e 

MeOH extract + medium 2.8 ± 0.8bed 7.0:t 2.0b 12.0:t LOb 24.3:1: 2.8b 34.0 ± 3.0b 

EtOH extraet + medium 3.0 ± O.Obed 8.0 ± 1.5b 12.8:t 3.8b 19.8:1: 4.3bc 38.8 ± 2.8b 

Acetone extract + medium 3.5:t 1.5be 7.5:t 1.5b 11.5 ± 0.5b 22.8:t 2.3b 36.3:t 4.8b 

Seed meal only 11.0:t LOa 20.5:!: 0.5a 33.0:!: 3.0a 74.0:!: 5.0a 98.0 ± 2.0a 

Medium + meal b 3.8 ± l.8b 5.5 ± 2.5b 7.8 ± 2.3b 11.3 ± l.3cd 16.8 ± 1.8e 

a Mean:!: SEM of two replicates. Means within a column followed by the same letter are not significantly different (LSD, a = 0.05 rSAS Institute 1991». 
/, ';0% seed meal and 50% regular medium. 
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ABSTRACT Although Oberea myops Haldeman has been reported as
 
damaging blueberry plants since the 1920s, no studies have reported on
 
oviposition preference for commonly planted cultivaTs. The number of
 
O. myops oviposition stem.girdlings in seven rabbiteye blueberry, 
Vaccinium ashei Reade, cultivars was recorded in two pick·your·owD 
blueberry orchards. The total number of potential oviposition sites for each 
cultivar in each orchard was estimated (TPOS). A strong positive correlation 
was found between the number of oviposition girdles (OG) per cultivar and 
the TPOS per cultivar at both study sites. Data from an intensively managed 
orchard (1992) indicated that 'Climax' had significantly fewer OG than 
expected (high TPOS; high OG), while 'Centurion' had significantly more OG 
than expected (low TPOS; high OG). These data suggest that of the seven 
cultivars examined, O. myops exhibited a degree of non-preference for 
oviposition in 'Climax' and a preference for oviposition in ·Centurion'. 
'Centurion' was the only cultivar examined that does not have 'Ethel' in its 
lineage. Data gathered from a less intensively managed orchard (l993) did 
not indicate a non·preference for oviposition girdling by 0. myops in 'Climax'. 
Data on TPOS from both orchards suggest that the number of POS within a 
given cultivar will be greater if intensive management practices are followed. 
This increased number of POS influences the number of OG that occur. 

KEY WOIU>S Cerambycidac, Oberea m:yops, rabbiteye blueberries, Vaccinium 
ashei, cu1tivar preference, blueberry stem borer, rhododendron stem borer, azalea 
stem borer 

Oberea myops Haldeman (Coleoptera: Cerambycidae) oviposit in a variety of 
Ericaceae. including Rhododendron spp. [rhododendrons and decidious azaleas]. 
Kalmia latifolia (L.) [mountain laurel], V=inium ashR.i Reade [rabbiteye blueberry], 
V. corymbosum L. [highbush blueberry1, V. arboreum Marshall [sparkleberry], 
Oxydendron arboreum (L.) de Candolle [sourwood], and Leucothoe sp. (Driggers 
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2 Current address: Department of Entomology, 402 Lire Sciences Building, Louisiana State University, 

Baton Rouge, Louisiana 70803-L 710. 
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1929, Baker 1972, Lehman 1984, Culin et al. 1993, Woolwine 1994). Native 
hosts of O. myops are Ericaceae occurring along the Appalacian range (Baker 
1972, Culin et a1. 1993). In the western Carolinas, O. myops oviposition occurs 
from early June through mid-July. Eclosion occurs about 10 d after oviposition 
(Culin et al. 1993). Larvae bore a short distance into healthy plant tissue 
during their first season before overwintering. Larval development is 
completed during the following spring after which the larva exits the plant and 
pupates in the litter (Driggers 1929, Lehman 1984). 

Dberea myops was first reported as a pest of blueberries in the 1920s <Driggers 
1929). However, the only published report of oviposition preference was by Lehman 
(1984) who stated that 'Mollis' and 'Exbury' were susceptible azalea hybrids. 

The only previous study of O. myops in blueberry was conducted by Driggers 
(1929) who reported on the life cycle, natural mortality rates, and control 
tactics in commercial highbush blueberries in New Jersey. Culin et al. (1993) 
reported differences in O. myops developmental rates when larvae fed in 
rhododendron versus deciduous azalea hosts. 

Oberea myops oviposition sites are distinguished by a double-girdle chewed 
in succulent new-growth stems by the female prior to oviposition (Driggers 
1929, Lehman 1984, Culin et. al 1993, Woolwine 1994). Pre-oviposition girdling 
is a common trait in the Cerambycidae (Stride & Warwick 1962). 

The objective of this study was to determine if O. myops oviposition 
preference varied among rabbiteye blueberry cultivars commonly used in the 
southeast United States. Although the extent of economic damage caused by 
these borers is unknown, this study provides host preference information 
valuable for future studies of D. myops biology. 

Materials and Methods 

From June io mid-August 1992 research was conducted at the Happy Berry, 
a pick-your-own blueberry farm located near Six Mile, Pickens County, South 
Carolina. Cu1tivars examined on this farm were ITifbluc', IClimax', IDelite" 
IPremier', 'Centurion', and 'Powderblue'. Plant spacing was 2.44 m between 
plants and 3.66 m between rows, and most plants had been in place for at least 
5 yr. This farm was surrounded by deciduous forest, with an understory 
containing large stands of mountain laurel. All oviposition girdles (OG) located 
on each of the 3,099 blueberry plants on this farm were nagged and given an 
identification number. 

The same methodology was used from June through July 1993 at the Sandy 
Flat Berry Patch, a pick-your-own blueberry farm located near Sandy Flat, 
Greenville County, South Carolina. Cultivars examined on this farm were 
'Tifbluc', 'Climax', 'Delitc', and 131uebellc'. Plant spacing was 1.83 m between 
plants and 3.66 m between rows. Data on OG were recorded from 1,500 plants 
in one section of this farm. These plants had been in place for at least 5 yr and 
were adjacent to a wooded area consisting of pines (Pinus uirginiana Miller) 
and scattered oaks (Quercus spp.) with a sparse dogwood (Comus /lorida L.) 
understory. No K. latifolia was observed in this wooded area. 

Potential oviposition sites (POS) were defined as new growth shoots (length 
= 7-60 cm; diameter = 0.6-1.0 cm) with a vertical (± 300) growth habit. The 
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number of POS on 20 randomly located plants per cultivar was counted at each 
farm. Data were taken at the Happy Berry on 19 February and at the Sandy 
Flat Berry Patch on 20 February 1994. Data were gathered at this time so that 
counting POS, as first-year growth, would be facilitated by leaf senescence. 

The POS data from the Happy Berry were not normally distributed and so 
required square-root transformation prior to conducting analysis of variance. 
The POS data from the Sandy Flat Berry Patch did not require transformation. 
A least significant difference test was used to separate means. Transformed 
means (Happy Berry) or raw means (Sandy Flat Berry Patch) were used to 
generate both an estimated total POS (TPOS) and 90% confidence intervals 
(extrapolated from the SE of the means; Zar 1984) for each cultivar at each farm. 
Pearson product-moment correlation analyses (Zar 1984) were performed to 
determine the relationship between the TPOS and the number of OG at u = 
0.05. This analysis was used because both the TPOS and OG were discrete data. 

Results and Discussion 

At the Happy Berry, the mean number of POS per plant fen into two broad 
groupings with 'Tifblue', 'Delite', and 'Climax' having significantly more POS 
per plant than either 'Centurion', 'Premier', or 'Powderblue' (F = 11.14; df = 5, 
19; P < 0.0001) (Table 1). Within the high POS group, 'Tifblue' had 
significantly more POS than 'Climax'. At the Sandy Flat Berry Patch, 'Tifblue' 
had a significantly greater number of POS per plant than 'Delite', 'Climax', or 
'Bluebelle' (F = 10.44; df = 3, 76; P < 0.0001) (Table 1). Due to these POS 
differences and the total number of plants in the orchards, all six cultivars at 
the Happy Berry were found to have significantly different numbers of TPOS. 
At the Sandy Flat Berry Patch the TPOS of 'Delite' and 'Climax' were similar. 
creating three TPOS levels among the four cultivars (Table 1). 

Pearson product-moment correlation analyses indicated a strong positive 
correlation between the TPOS and the number of OG at both the Happy Berry 
(r =0.94865; P =0.0039) (Fig. lA) and the Sandy Flat Berry Patch (r =0.9920; 
P =0.0071) (Fig. IB). This indicates that among the cultivars examined, O. 
myops ovipositions generally occurred in proportion to the TPOS available. At 
the Happy Berry, 'Climax' and 'Centurion' exhibited the greatest deviation from 
this direct relationship, with 'Climax' having fewer OG than expected (above a 
'best fit' line), while 'Centurion' had more OG than expected (below a 'best fit' 
line) based on their TPOS (Fig. lA). At the Sandy Flat Berry Patch, 'Climax' 
did not have fewer OG than expected (Fig. IB). This appears to be due, in part, 
to the less intensive management of this orchard. 

Meyer & Ballington (1990) suggested that resistance to Scaphytopius 
magdalensis (Provancher) (Homoptera: Cicadellidae) in blueberries (Vaccinium 
spp.) appeared to be a biochemical characteristic traceable to the occurrence of 
'Ethel' in the lineage. Our data suggest that having 'Ethel' in the lineage may 
also be a factor determining whether a cultivar is selected for oviposition by O. 
myops. All cultivars that exhibited average (on or near the 'best fit' line in Fig. 1) 
or low (above the 'best fit' line in Fig 1.) susceptibility to oviposition girdling 
have 'Ethel' in their ancestry, 'Ethel' is not in the ancestry of 'Centurion,' 
which was most susceptible to oviposition girdling (Fig. 2). 



Table 1. Comparison of mean number of POS and TPOS among seven rabbiteye blueberry cultivars.o 

Happy Berry (1992) Sandy Flat Berry Patch (1993) 

Cultivar 
o.of 

plants 
Meanb POS 

per plant (SE) 
TPOSb per 

cultivar (90% CI) 
No. of 
plants 

MeancpOS 
per plant (SE) 

TPOSC per 
cultivar (90% cn 

'Tifblue' 

'Delite' 

'Climax' 

'Centurion' 

'Premier' 

'Powderblue' 

'Bluebelle' 

1,097 

401 

794 

480 

197 

85 

4.44 (0.54)a 

3.64 (0.53)ab 

3.19 (0.41)b 

1.69 (0.29)c 

1.41 (0.19)c 

1.36 (0.27)c 

4,871 (1024.6)a 

1,460 ( 367.4)b 

2,533 ( 563.0)c 

811 ( 240.5)d 

278 ( 64.8)e 

116 ( 39.7)f 

419 

363 

632 

86 

12.10 (1.19)a 

5.10 (O.71)b 

3.70 (0.71)b 

4.40 (O.71)b 

5,070 (1383.7)a 

1,851 ( 665.3)b 

2,338 ( 775.8)b 

378 ( 105.6)c 

• Values within columns followed by the same letter were not significantly different at a =0.05 (LSD).
 
b Based on square-root transformed data (n = 20).
 
< Ba ed on raw data (n = 20).
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Fig. 2. Pedigree of rabbiteye blueberry cultivars modified from Meyer & Ballington (1990). 
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Oberea myops oviposition in rabbiteye blueberries was primarily influenced by 
the TPOS per cultivar. Although this is partially determined by the genetics of 
the cultivar, it also is infiuenced by plant size, which is dependent on both plant 
age and management practices. At the Happy Berry, the highest mean numbers 
of POS per plant occurred on 'Tifblue', 'Climax', and 'Delite', which were the 
largest plants, and also the oldest. Management practices such as pruning, 
fertilization, and irrigation also were more intensive at the Happy Berry and 
resulted in more POS per cultivar for those cultivars occurring in both orchards 
(Happy Berry data in Table 1 are ~- transformed). In addition, the management 
at the Happy Berry actively promotes the removal of O. myops eggs and larvae 
from the orchard. This intensive removal of eggs and larvae resulted in our 
discovery of very few second-year larvae on this farm. Annual re-infestations at 
this farm are apparently due to O. myops adults that have developed in mountain 
laurel in the adjacent wooded areas. At the Sandy Flat Berry Patch the 
management makes no effort to remove eggs and larvae from the orchard, and we 
commonly located second-year larvae. The O. myops population in this orchard 
appears to be endemic to the farm as there are no alternate hosts in the 
immediate area. In this situation, it would seem that intensive egg and larval 
removal over several seasons could possibly eliminate the infestation. 
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ABSTRACT Pink bollworm (PBW) (Pccti.nophora gossypiella Saunders) 
diet processed with a scraped surface heat exchanger (SSHE) was compUI"cd 
to the standard balch-making system currenLly used in the Pink Bollworm 
Rearing Facility (PBWRF) in Phoenix, Arizona. Diet processed by standard 
methods and by lhe SSJ-JE method produced similar yields of pupae per 
rearing container in two of the three tests conducted. However, larger pupae 
were produced with the SSHE-processed diet than with the standard diet. 
Pupal celosion raLes were similar, but wing deformities in adults reared on 
SSHE diet were higher than those reared on thc standard diet. Production 
and the advantages of using the SSHE method of PBW dict processing are 
discussed. 

KEY WORDS Lepidoplera, Gelichiidae, PeclinopllOragossypiella, pink bollworm 
mass rearing, scraped surface heal exchanger 

The San Joaquin Valley in California is the only major cotton~grO\\'ingarca in the 
southwcst that is not gcnerally infested with pink bollwonn (PBW) (Pectinophora 
gossypiella SaW1ders). The release of sterile pink bollwonn moths in the valley from 
1968 to present is one of' several methods that have successfully prevented PBW 
from establishing damaging endemic populations (Miller et al. 1983, Flint et a1. 
1974, Stewalt 1984). Sterile PBW moths released in the San Joaquin Valley are 
supplied by the U. S. Department of Agriculture, Animal and Plant Health 
Inspection Service's Pink Bollwonn Rearing Facility (PBWRF) located in Phoenix, 
Alizona. 

Numerous modifications in rearing technologies in recent years have increased the 
yields per container and also the quality of laboratOly·reared PBW (Stewart 1984). 
Despite substantial improvements in rearing PB\-V, the method of rearing has 
remained cssentially a hand labor operation with piecemeal automation. Modified 
automated processing systems used by the food industly could rcplace the diet-making 

1Accepted for' publication 25 Fcbruary 1996. 
2 Presont uddrcss: USDA, API'IIS, PPQ, Pink Bollworm Hcaring Facility, 3645 E. Chipman Rd., 

Phocnix. Arizona 85040 USA. 
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system used by the PBWRF. The current method entails making 21 individual 
batches (558 liters each) per week (Stewart 1984). Each batch is processed in 
approximately 1.5 h. Implementation of 8 continuous diet-processing system 
would significantly reduce labor costs, one of the most costly components in 
rearing PBW. It would also increase speed of the operation, improve product 
consistency, and better utilize rearing space. We report here on a continuous 
processing system for preparing PBW diet, a first step in a totally automated 
system for rearing PBW moths. 

Materials and Methods 

Test 1. Diets used as controls were prepared by personnel in the PBWRF by 
using ingredients listed in Table 1. The methods used in preparing the diet, 
filling the rearing containers, and implanting the eggs are the same as those 
described by Stewart (1984), unless otherwise noted. Test diets were prepared 
in 30-liter batches and were formulated as usual, except that formaldehyde was 
omitted. Agar, methyl paraben, and potassium sorbate were added to 22 liters 
of water in a 189 liter stainless steel kettle. A 0.33 HP variable-speed 
Lightning blender (Mixing Equipment Co., Rochester, New York) was operated 
at 10 rpm to mix the above ingredients as they were added to the water. After 
adequate mixing, 950 ml of the slurry was removed and poured into a Waring 
Blender® with 100 mI of corn oil and 4.5 g of Caleo red No. 1700 dye (American 
Cyanamid Corp., Princeton, New Jersey). The dye was used to internally mark 
sterile moths. After thorough blending with the oil and dye, the slurry was 
poured back into the kettle. 'I'he remaining ingredients were added separately 
in the order given in Table 1 and blended at 350 rpm for 5 min to ensure 
thorough mixing. 

The slurry was pumped into a closed, steam-heated scraped surface heat 
exchanger (SSHE) (model 3 X 12 Cherry-Burrell, Louisville, Kentucky), where 
the mixture was exposed to a temperature of 132°C fol' ca. 48 sec. The SSHE 
works on the concept of continuously removing and renewing a thin mm of the 
product against a large surface area that is either heated or cooled. Inside the 
heat exchanger, a direct drive shaft fitted with scraper blades rotates within a 
tube. The product passes through an annulus formed by the shaft and the tube; 
the surface serves as the contact area for heating or cooling the product. The 
tube is jacketed, and steam 01' cold water flows through the jacket to heat or 
cool the product. The unit is insulated to minimize energy loss and a stainless 
steel cover protects the insulation. The temperature and exposure time 
selected to cook and sterilize the diet were derived from a table of sterilization 
values (M. Burnoski, EngineeJ", Cherry Burrell, personal communication). The 
sterilization value of 10 was chosen because this value is used in processing 
aseptic puddings for human consumption, a product similar in consistency to 
PBW diet. 

The diet was pumped from the first heat exchanger into a second, water
cooled SSHE, which cooled lhe diet to 79.5°C. The diet was then pumped into 
stacking fiberglass trays (76 cm X 26 em) to the depth of 1.2 em per tray. Trays 
in regular production are filled to a depth of 4 cm. The tr"ays were then placed 
under a clean air bench at a temperature of 32°C. The thin layer of diet in each 
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Table 1. Quantities of ingredients for a 30-Iiter bateh of artificial PBW 
diet listed in the order tbey are added to the diet. 

Ingredient Quantity Unit 

Water 22.0 liters 
Agar 726.0 g 
Methyl paraben 57.0 g 
Potassium sorbate 75.0 g 
Dye 4.5 g 
Corn oil 100.0 g 
Locust bean gum 36.6 g 
Sugar 528.0 g 
Wesson salts mixture 348.0 g 
Alphacel™ 90.0 g 

Toasted soy flour 2400.0 g 

Wheat germ flour 1044.0 g 

Potassium hydroxide 174.0 ml 
(22% solution in water) 

Choline chloride 348.0 ml 
(10% solution in water) 

FormaldehydeO 144.0 ml 

(10% solution in water) 
Aureomycin'l'M 1.61 g 
Fumidil B (Fumagillin)T>' 6.0 g 
Potassium pantothenate 2.7290 g 
Nicotinic acid 1.3989 g 
Ribonavin 0.6968 g 
Folic acid 0.6968 g 
Thiamin hydrochloride 0.3484 g 
Pyridoxine hydrochloride 0.3484 g 

Biotin 0.0279 g 

Vitamin B12 0.0014 g 
Acetic acid 492.0 ml 

(25% solution in water) 

• Not. used in t.e.!lt diela. 
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tray and the high volume of circulating air accelerated the drying of the diet. 
The test diet was allowed to solidify and dry for 2 h or 16 h. Control diet was 
held for 5 d in a drying tunnel maintained at 32--43°C with continuous air 
movement maintained by circulating fans. This is standard protocol in the 
rearing facility and facilitates the removal of formaldehyde fumes over the first 
24 h. The diet is then dried in the same tunnel over the next 4 d to reduce the 
moisture content of the diet from 82% to ca. 75%. 

The SSHE diet preparation method delivers an end product that is similar to 
our batch-made diet in form and texture. The diet must be shredded before it 
can he fed to PBW larvae. Attempts to feed PBW larvae solid hlocks of diet 
with the surface area scarred with a knife to induce neonate larval feeding 
reduced yields by 50% (E. Miller, unpuhlished data). 

Therefore, the test diets were shredded using a speed cutter 8-500 (Valrnont 
Corp., Grass Valley, California) light-duty vegetable and meat chopper. The 
shredded diet was manually placed into rearing containers at 350 g per rearing 
container. PBW eggs were implanted on the diet surface of each container with 
a 5-ml glass pipette at a rate of 3,200 ± 20 eggs suspended in 4 ml of a 0.1% 
agar solution (Richmond & Martin 1966). 

The rearing containers for each treatment were isolated on a rearing cart 
and placed in a darkened larval incubation room for 8 d at 28.9°C, 40 ± 5% RH. 
On day eight, the carts were moved to an incubation room for pupae, 
maintained at the same environmental conditions except for the addition of 
constant, subdued overhead lighting. To pupate, mature PBVl larvae exit the 
rearing containers and drop onto two pieces of 58 cm X 38 em X 6.5 em honey 
comh cell (Foster et al. 1978) placed in galvanized trays beneath each set of 
rearing containers. Twenty grams of pupae was taken from each treatment, 
and individual pupal weights were determined. Thirty pupae of mixed sex 
pel' treatment from these samples were placed individually in culture tubes 
(10 mm X 75 mm) and held 7 d to dete"mine percent eelosion and presence of 
deformities. Treatments were replicated six times, with 15 rearing containers 
in each replicate. 

Tests 2 and 3. The 5-d holding period for the batch-made diet (our current 
standard diet) in the PHWRF requires a 30 square meter drying tunnel and one 
person about 14 h a week to move daily diet production trays through the diet 
drying system. In the course of a production year, the drying system produces a 
considerable amount of val'iabihty in the moisture content of the diet due to 
influences of the ambient humidity. In a given year the moisture content of the 
diet has ranged from 58% to 80% (E. MillcT', unpublished data). Diet with high 
moisture content (78%-80%) invariably produces lower yields (F. D. Stewart, 
personal communication). Optimal diet moisture content is approximately 75%. 

Therefore, tests 2 and 3 were designed to determine if reducing the amount 
of water during diet processing with the SSHE system 'would produce a diet 
comparable in moisture content to our current standard diet without a 
significant hold.ing period to dry the diet. Reducing water content in the batch
making system (current diet-making method) is not a viable option because the 
pumping system cannot move a product with a higher viscosity than diet with a 
moisture content or 80%. 
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[n test 1. it WllS noted that diet ingredient mixing efficiency of the SSHE was 
much improved over the batch making system. Therefore, reduced amounts of 
agar-the gelling agent in our diet-and the fat soluble dye Calco red were tested. 

Diet preparations used in these tests were the same as those described in 
test I, except in test 2, water was reduced by 25% 06.5 liters vs. 22 liters) and 
red Calco dye by 24.4% (3.4 g vs. 4.5 g). In test 3, water was reduced by 32% 
05 liters vs. 22 liters), Calco red dye by 60% (l.8 g vs. 4.5 g), and agar by 25% 
(545 g vs. 726 g). Diet shredding, rearing-container filling, and egg 
implantation followed the methods described in test l. 

Data were analyzed either by t-test or analysis of variance (ANOVA). In 
ANOVA tests with significant differences, means were separated by a least 
significant dilTerences (LSD) test at P = 0.05. All data were transformed by 
using a rank transformation as described by Conover & Iman (1981). 

Results and Discussion 

Test 1. Mean pupal yields per rearing container in the standard diet were 
significantly higher than those of the 2-h·old and the 16·h·old SSHE-processed 
diets (Table 2). Furthermore, SSHE-processed diet held 16 h had significantly 
bigher yields than SSHE diet held 2 h. However, the 2·h-old SSHE diet 
produced pupae with a mean weight of 18.89 mg/pupae, which was significantly 
larger than pupae produced on the standard diet or 16·h-old SSHE diet (Table 
2). In previous tests Miller et al. (1994) found pupal size La be larger in rearing 
containers when yields were less than 1,000 pupae per rearing container. At 
higher yields, pupae tend to be smaller, suggesting that size is density 
dependent. Historically, the PBWRF produces pupae with a mean weight of 
15.5 mg. Pupal weights become a concern in the facility when they fall belm\' 
14 mg. 

Pupal eclosion did not differ significantly among any of the diets tested 
(Table 2). However, PBW moths reared in the 2·h-old SSHE diet had wing or 
leg deformities in 4.8(Yr) of the individuals. This rate was significantly higher 
than in moths reared on standard diet or 16-h-old SSHE diet, which did not 
differ significanlly from each other (Table 2). Although wing and leg 
deformities of moths reared on I6-h-old SSHE diet were not statistically 
different from those reared on the standard diet, deformit.ies were numerically 
higher (2.29-fold). 

Tests 2 and 3. The standard diet in test 2 produced 1,194 pupae per 
container with a mean weight of 15.05 mg per pupa. These data were not 
significantly difTerent from those of the SSHE diet (Table 3). DifTerences in 
pupal celosion rates were also not statistically different among the diels, 
respectively (Table 3). 

In test 3, mean pupal yields per rearing container were 684 for the standard 
diet and 716 for the test diet. However, pupae weighed significantly more when 
reared on the test diet with a mean pupal weight. of 17.3 mg compared to 15.7 
mg for the standard diet (Table 3). 

In tests 2 and 3, adult deformities of PBW reared on the test diets were 
again significantly higher than PBW reared on the standard diet. For example, 
in test 2 and tesL 3 of the SSHE-manufactured diet, 3.3% and 2.4% of the 
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Table 2. Comparison of mean pupal weights (mg), yields per rearing 
container, and ec1osion rates of PBW reared on artificial diet 
processed by two different methods. 

Method 
diet 
processed 

Diet 
ngd1 

Meon no. 
pupae/container:!: 
SEM 

MellO pupal 
weight (mg) ± 

SEM 

% EciosionlJ % Deronnity 

SSHE 

SSHE 

Standard 

2h 

16 h 

5d 

1,003.0 :!; 52.15c 

1,405.0 ± 150.29b 

1,899.2 :t 98.980 

18.89 :!; 0.51a 

17.68 ± O.70b 

17A6:!; a.3Gb 

96.7:!: 0.0040 

90.6:t 2.140 

95.3:!: 2.640 

4.8 ± l.34a 

3.2:t: a.89b 

1.4 :!: a.6ab 

Diet age defined as period from processing to time diet is implanted with PDW eggs. Means in 
columns followed by the same letl.cr nrc not significantly different at the 0.05 level (LSD). 

h Percent e<:lo6ion from examination of 180 pupae per lrClltment. 

Table 3.	 Comparison of mean pupal weights (mg), yield per container, 
and eclosion rate from rearing containers filled with modified 
diets processed in a SSHE or by standard methods. 

Processing 

method 

Diet age Mean no. 

pupae/container 

:!:SEM 

Mean 

pupal weight 

:!:SEM 

% 

Eclosion 

% 

Deronnily 

Test til 

SSHE 

Standard 

2h 

5d 

1.222:t: 79 

1,195: 150 

15.56 j: 0.36 

15.05:t 0,4 I 

96.7 

93.3 

3.3:t U 

0.0 :0 

C 

Tesl3" 

SSHE 

Standard 

2h 

5d 

716:t: liS 

648:!: 168 

17.3: 0.25" 

15.7:t: 0.52 

96.7 

96.7 

2.4:!: 0.73 C 

0.0.0 

t> Tcst2-wal.cr reduced by 25%, dye by 24.4%. 
II Tesl3-wliler reduced by 32%, IIgor by 25%. and dye by 60%. 
~ l\'!enns in clIch Lest are significantly different rrom cnch other at the .05 level (i·test). 
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adults, respectively, had deform.ities of the wings or legs while none of the 
adults reared on the standard diet batches had deformities. 

At this time, it is unclear what caused the increased rate of defonnities. The 
high temperature 032·C) used in the SSHE process may have caused a partial 
inactivation of onc or more of the vitamins. In normal batch processing, 
vitamins are added In PBW diet at a temperature of 79.5·C. Additional testing 
will be necessary In identify the cause of this problem. 

Yield differences that were evident between the test and control diet in test 
1 were not present in tests 2 and 3. These differences in results can be 
attributed In the moisture content of the diet. In test I, both control and test 
diets were prepared with the same amount of water (82%). However, test diets 
were dried for 2 h or 16 h while the control was held 5 d before use. The 2 hold 
test diet appeared wet (78%-80% moisture content) with a softer texture than 
the control or the 16 h old test diet, which in two of the six replications was 
similar in texture and moisture content (73~75% moisture content), In the 
other fouT replications. the control diet was much drier (65%-68% moisture 
content) than diet normally used in the PBWRF but within the range of 
moisture content produced by the facility over the course of a season. When 
diet this dry prevails in the rearing facility, yields per rearing containers can 
exceed the standard yield of ca. 1,250 pupae/container by as much as 60% (F. D. 
Stewart, personal communication). 

In tests 2 and 3, the amount of water was reduced 25% and 32%, 
respectively, in the test diets. This resulted in diets that were prepared with 
moisture contents of 77.6% and 75.9%, respectively. The 2-h solidifying and 
drying period resulted in another 20/0-4% loss in moisture content. Thus, the 
test diets were similar in moisture content or slightly drier than control diet 
normally produced in PBWRF. 

Yields from test diets in tests 2 and 3 dried just 2-h were nat different from 
those of the standard (Table 3). Thererore, implementation of the SSHE system 
of diet preparation in the PBWRF would eliminate the need of a drying tunnel 
that accommodates five production days worth of d.iet. It would also eliminate 
the labor required to handle the movement of diet trays over the course of 5 d, 
which is ca. 14 labor h per week or 320 labor h for a 160 d production season. 
Furthermore, it appears from observations made from our test diet that the 
moisture content of the diet is more consistent using the SSHE system than our 
current system due to the reduction in the amount of moisture that has to be 
evaporated from the diet and the time frame to accomplish this task. 

Thirty adults reared on test diets in tests 2 and 3 were examined for dye 
retention at death (2(}-30 d old) by crushing the moths on white filter paper. 
The results showed that moths reared on dieLs containing 24.4% and 60% less 
dye than used in the standard diet were 100% tagged. Dye retention could be 
distinguished by the naked eye in all cases. 

The main objective in reducing the amount of Calco red dye in the diet 
fonnula was to reduce the overall cost of the diet while maintaining moths for 
release that would be readily identifiable in field survey traps. The savings per 
year in dye costs would be ca. $880. 

In test 3 we also reduced the amount of agar by 25% in the SSHE-processed 
d.iet. This reduction was directed at reducing the overall costs of the diet.. In 
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the case of agar this represents a significant savings to the program, since agar 
represents 52% of our total ingredient costs. Reducing the amount of agar by 
25% provides the facility a savings of $56,148 per year. 

The deletion of formaldehyde as a diet component eliminated the 24-h
holding time necessary to evaporate and/or allow formaldehyde to react with 
the diet ingredients, rendering the diet nontoxic to PBW larvae (Stewart 1984). 
Deletion of formaldehyde from the SSHE-processcd diet did not increase 
susceptibility to microbial contamination. Comparative microbiological tests 
(agar plate and Broth tests), with the control diet as a standard. revealed no 
microbial contamination of either diet type through the aging, shredding, and 
rearing container filling processes. Similar results were obtained by David et 
a1. (1972) in comparing a semisynthetic diet with or without formaldehyde. 
Furthermore, the deletion of formaldehyde reduces diet ingredient. costs by 
$1,715 per year and eliminates the exposure of employees to a known 
carcinogen (Ulsamer 1984). 

The SSHE also significantly reduces the time required to process the 11,718 
liters of diet used each week in the PBWRF from 31.5 h to 8 h per week. Over the 
course of the 160-d production season this equates to a savings of537 labor h. 

The cost of implementing the SSHE system into the PBWRF would be 
approximately $295,000. If yield per rearing container remain the same as our 
data indicated in tests 2 and 3, the equipment would pay for itself in 4.53 yr. 
This is based on a savings in diet ingredients of $58,743 per year and a labor 
savings of $6,427.50 per year. The labor savings is based on 857 labor h saved 
per year at an average cost of $7.50 per haul'. 

The SSHE system is the rirst of three changes that would be necessary to 
automate two operations in the PB\VRF. The second would be to automate the 
placement of diet in each rearing container. Once this task was completed the 
third change would be to develop an automated diet-conveying system that 
would link the SSHE system to the diet sht'edder and then to the container 
mling station. The conveying system between the SSHE and diet shredder 
would be equipped with hoods to dry and cool the diet before shredding. 

One disadvantage of the SSHE system is the higher deformity rates we 
encountered in all test diets when compared to the control diet. If future work 
identifies the cause as reduced vitamin potency due to heat damage, the 
problem could be resolved by moving vitamin injection to a downstream zone in 
the process whel'e temperature of the diet has cooled to ~ 79.5°C. However, the 
results of our t.ests indicate that the SSHE system of' PRW diet preparation 
offers a practical alternative to the cun-cnt batch-making method of diet 
preparation in the PBWRF. 
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ABSTRACT Decision making on control of the red sunflower Bced weevil, 
Smicronyx fulvus LeConte, requires a reliable and efficient method for 
classifying the pest population. The objective of this study was to develop 
sequential sampling plans for red sunflower seed weevil control in oilseed 
sunflower. Sequential classification sampling plans were developed from 
Wald's sequential probability ratio test (SPRT) by using a negative binomial 
distribution. Operating characteristic and average sample number functions 
were computed for a range of k values. Two sampling plans were developed 
for the economic thresholds of six and eight weevils per sunflower head, 
based on a k value of 0.525. Compared to the fixed-sample-size plan that 
growers usc, the sequential sampling plans reduce the average size by 20% 
to 35% when the weevil population is low or high. The sequential sampling 
plans require significantly more samples as the weevil population densities 
approach the thresholds, suggesting that the fixed-sample-size plan does not 
provide the adequate precision in the densities near the thresholds. 

KEY WORDS Coleoptera, Curculionidae. Smicronyx fuluus, Helianthus, 
sampling 

The red sunflower seed weevil (Smicronyx fuluus LeConte) is a major pest of 
cultivated sunflower, ReIianthus annuus L., in the northern Great Plains (Oseto & 
Braness 1979, Oseto & Konnan 1986, Lamey et aI. 1993). Adult weevils oviposit in 
the developing achenes, and larvae feed on the developing kernels (Oseto & Braness 
1979). Damage caused by larval feeding includes weight loss and oil content loss of 
the achenes (Oseto & Braness 1980, Peng & Brewer 1995a). Control of the weevils is 
directed at adults before oviposition because eggs and larvae are protected within the 
achene. The density of adult weevils at which economic losses may occur depends 
upon many factors (i.e., market price, plant population density, and control cost) and 
can vary from four to nine weevils per sunflower head (Peng & Brewer 1995a). 
Insecticides are used to control the weevil COseto & Burr 1990) despite 
recommendations for early planting (Oseto et at. 1987) or tillage (Gednalske & 
Walgenbach 1982) to reduce weevil damage. 

1 Accepted for publication 4 March 1996. 
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Reliable and effective sampling plans are essential for accurate decisions for 
the management of the weevil since economic thresholds have been established. 
Sequential sampling plans based on Wald's sequential probability ratio test 
(SPRT) (Wald 1947) have been used in forest (Tostowaryk & McLeod 1972, 
Carter et al. 1994) and agricultural cropping systems (Lye & Story 1989). In 
general. Wald's SPRT plans require an average of 40% to 60% as many 
observations as equally reliable fixed-sample-size methods (Fowler & Lynch 
1987). To develop such plans, the distribution of sample observations must be 
described by a probability model (i.e., binomial, normal, Poisson, and negative 
binomial) (Nyrop & Binns 1991). The weevil counts per sunflower head follow a 
negative binomial distribution (Peng & Brewer 1994). This paper reports 
sequential sampling plans for the red sunflower seed weevil for making control 
decisions in oilseed sunflower. 

Materials and Methods 

Source of field data. A total of 17 data sets consisting of weevil counts per 
sunflower head was obtained from five fields in North Dakota during 1992 and 
1993. The field sizes ranged from 0.4 ha to 4.0 ha. Each field was planted with 
the sunflower hybrid "DO 855", or "Interstate 894", or "Northrup King 265". Of 
those 17 data sets, 13 data sets each contained a sample size of 108 sunflower 
heads from nine quadrats with 12 heads from each quadrat. The other four 
data sets each contained a sample size of 240 sunflower heads from 20 quadrats 
with 12 heads from each quadrat. Details of this sampling procedure have been 
reported by Peng & Brewer (1994). 

Development of sequential sampling plans. Sequential sampling plans 
were developed by using Wald's SPRT (Wald 1947). A single Wald's SPRT tests 
the null hypothesis (Ho: '" = "'0) against the alternative hypothesis (HI' '" = 
1nl) (1no < mt < 1n}), where mt is the economic threshold, and mo and m t are 
parameters that are used to define an acceptable SPRT (Binns & Nyrop 1992). 
If the null hypothesis is accepted, then it is interpreted that", < "'t. The 
converse is accepted if the null hypothesis is rejected. When the distribution of 
sampling observations is described by a probability model, stop lines for 
sequential sampling plans can be computed by using predetermined lower and 
upper limits of economic thresholds (rna and ml) and risk levels for making type 
I (a) and type IT (~) errors. The a is the probability of accepting the alternative 
hypothesis when the null hypothesis is correct, and fj is the probability of 
accepting the null hypothesis when the alternative hypothesis is correct. 

These probabilities (0. and 13) are not considered as error rates but as 
parameters that are used to determine an acceptable SPRT, as defined by its 
operating characteristic (OC) and average sample numher (ASN) functions 
(Binns & Nyrop 1992). The OC and ASN functions describe the performance of 
the sampling plans. The OC function is the probability of accepting the null 
hypothesis, given any true mean. The ASN function is the average number of 
observations needed to make a classification, given any true mean (Nyrop & 
Binns 1991). 

The dispersion parameter k of the negative binomial distribution (NBD) for 
weevil counts per sunflower head ranged from 0.1267 to 1.1331 for 12 of the 17 
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data sets in which the weevil populations were high enough to determine the 
dispersion accurately, and a common k was 0.5255 calculated by using Elliot's 
(1977) method. One of the limitations of the SPRT based on NBD is the 
requirement that the only parameter aHowed to change from one sample 
location or time to another is the mean density. This means that the dispersion 
parameter k must remain constant. However, variations in k may not discount 
the use of the SPRT in a sequential sampling program as long as the OC and 
ASN functions are not sensitive to changes in k (Nyrop & Binns 1991). A 
sensitivity analysis was conducted to determine the effect of changes in the 
value of k on the OC and ASN functions. The k values chosen for sensitivity 
comparison were 0.130, 0.260. 1.133. and 0.525. which approximate the lowest. 
third lowest. highest. and common k value. respectively. The OC and ASN 
functions were computed from 1,000 Monte Carlo simulations. 

The economic injury levels fOT the weevils in oilseed sunflower vary with the 
market price, plant population density, and cost of control (Peng & Brewer 
1995a). The market price is the major factor in determining the economic 
injury levels because changes in plant population density and cost of control are 
small. An increase in the market price decreases the economic injury levels. 
From 1981 to 1992. the market price of oilseed sunnower ranged from $0.15 to 
$0.30 per kg (North Dakota Agricultural Statistics Service 1991, 1993). During 
those 12 yr. the price was between $0.15 to $0.20 per kg 6 yr. between $0.20 to 
$0.25 per kg 5 yr. and above $0.25 per kg 1 yr. The economic injury levels for 
the ranges of market price between $0.15 to $0.20 pel" kg and $0.20 to $0.25 per 
kg approximated 8 (± 1) and 6 (± 1) weevils per sunflower head, respectively 
(Peng & Brewer 1995a). We set the economic thresholds equal to the economic 
injury levels for development of sampling plans. Type 1 and type II errors were 
set at 0.15. The formulae for the calculation of the lower intercepts, higher 
intercepts, and slope of the stop lines were from equations reported by Fowler & 
Lynch (1987). 

We used the analysis of variance to determine any added variance 
component among quadrats (SAS Institute 1987). If the variation is not 
significant among quadrats, this means that the location and number of 
sampling sites are not important factors to influence the precision of sampling 
plans. 

Results and Discussion 

A sensitivity analysis indicated that a decrease in h (Le., the population is 
more aggregated) resulted in natter OC and ASN functions (Fig. 1). A natter 
DC function means less robustness and precision of the sampling plans. A 
flatter ASN function means that fewer samples are required to classify pest 
population density. Among four k values used for sensitivity comparison, a k 
value of 0.130 spread the DC function over a relatively wider range of densities, 
but it reduced the average number of samples. The other three k values gave 
similar DC functions that spread over a narrow density range near the 
economic thresholds, but the average number of samples increased. There is a 
tradeoff between increased precision and increased sample size. When k = 
1.133, the average number of samples may become excessive as the population 
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Fig. 1. Influence of changes in k on the operating characteristic (OC) and 
average sample number (ASN) functions for two sequential sampling 
plans based on the economic thresholds (ET) of six and eight red 
sunflower weevils per sunflower head. 

means approach the economic thresholds, although the OC function is more 
robust. We selected a k value of 0.525 for development of sampling plans 
because most k values are likely to be around 0.5251n the actual field sampling 
(Peng & Brewer 1994), and a k value of 0.525 gives a robust OC without an 
excessive ASN near the thresholds (Fig. 1). 

Two sampling plans were developed (Fig. 2) to correspond to the economic 
thresholds of six and eight weevils per head. If the total number of weevils is 
less than the lower critical value, sampling is discontinued and no action is 
recommended. If the total number of weevils is greater than the upper critical 
value, sampling also is discontinued and insecticide treatment is recommended. 
However, stop boundaries do not guarantee a decision will be reached within 
any given sample size (heads). Based on the ASN function when k = 0.525, we 
set an upper limit of 55 samples (heads) for the sampling plan based on the 
threshold of six weevils per head, and 75 samples for the sampling plan based 
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Fig. 2. Decision boundaries for the sequential sampling plans for classifying 
populations of the red sunflower seed weevil based on the economic 
thresholds of six weevils per head (solid lines, intercepts = ± 63,02, 
slope = 5.89) and eight weevils per head (dashed lines, intercepts = ± 
11.01, slope = 7.92). 

on the threshold of eight weevils per head. If 55 or 75 samples are taken 
without making a classification, the estimated weevil density is compared with 
the corresponding thresholds and density classified accordingly. 

The currently recommended fixed-sample-size method samples a total of 25 
sunflower heads to estimate the weevil density. The estimated weevil density 
was compared with t.he thresholds. and a control decision was made (McBride 
et al. 1992). Compared with the fixed-sample-size plan, the sequential 
sampling plan for the threshold of six weevils per head, on the average, reduced 
sample size by about 35% when the weevil density was less than two or higher 
than 11 weevils per head. The sequential sampling plan for the threshold of 
eight weevils per head, on the average, reduced sample size by about 20% when 
the weevil density was less than two or higher than 14 weevils per head. When 
the weevil densities approach the thresholds, the sequential sampling plans 
require significantly more samples for a classification of population density 
than the fixed-sample-size plan, suggesting that the fixed-sample-size plan does 
not provide adequate precis,ion in the densities near the thresholds. 

To apply the sampling plans to field sampling, the first questions arc when 
and where samples should be taken. The economic thresholds used in the 
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development of the sampling plans are based on the weevil counts taken when 
most of the sunflower plants in the field are at stages R5.1 to R5.3 [10% to 30% 
completion of anthesis (Schneiter & Miller 1981, Peng & Brewer 1995a)], and 
field sampling should he initiated then. In regard to where in a field to sample, 
analysis of variance indicated that there was no significant (P < 0.01) added 
variance component among quadrats in 15 of 17 data sets (Table 1), suggesting 
an even distribution of adult weevils within fields. Thus, the selection and 
number of sampling sites within a field were not critical for classifying the 
population density. 

Charlet & Oseto (1982) reported that weevil damage decreased from the 
margin of the field inward, suggesting possible higher weevil density at the 
edges of fields. We did not detect a significant (P < 0.01) difference in mean 
number of weevils per head among quadrats in 15 of 17 data sets (Table 1) or 
mcan number of damaged seeds per head among quadrats (Peng & Brewer 
1995b). The difference between our data and those of Charlet & Oseto (1982) is 
due to differences in the way samples were collected. They sampled a I5-m-wide 
strip of the field margin (at the margin, 7 m and 15 m from the margin). Our 
samples were taken throughout the fields, and samples taken in the quadrats 
near the edges of fields were at least 10 m from the field margin. Samples in 
the central quadrats were at least 20 m away from the field margin. Therefore, 
we recommend that samples should be taken at least 10 m away from the field 
margin. 

Unlike selection and number of sampling sites, selection of sampling units 
(sunflower heads) is important. Adult weevils have a strong preference for 
particular plant stages (Brewer 1991, Peng & Brewer 1994). More weevils are 
present on plants at anthesis stages than on plants at bud stages. Plants in 
later anthesis stages (> R5.4) arc more attractive to adult weevils than plants 
in earlier anthesis stages « R5.4). SunOower heads for weevil counts must be 
randomly selected and represent sunflower plant population in a field. Any 
bias selection of sunflower heads could result in a severe under- or overe
stimation of the population density, thus misclassifying the population density. 

The economic thresholds used in the development of the sampling plans are 
based on the number of weevils counted in the laboratory (absolute counts). In 
field sampling, weevil counts will probably be lower than absolute weevil counts 
because weevils tend to hide between florets on the sunflower heads. Field 
counts must be converted to absolute counts befol'e the sampling plans can be 
applied. The relationship between field counts and absolute counts varies with 
the sampling methods that bring the weevils to the surface of the sunflower 
heads. McBride et al. (1992) recommended two methods: brush the face of the 
heads vigorously or spray a commercial preparation of mosquito repellent 
containing diethyl toluamide on the head. Both methods will cause the weevils 
to move out of hiding spots. Weiss & Brewer (1988) determined the 
relationship between field counts and absolute counts if the mosquito repellent 
method is used for sampling, which can be used to estimate absolute weevil 
counts from field counts. In field sampling, the total estimated absolute weevil 
counts are compared with lower and upper critical values of corresponding 
sampli.ng plans after each sunnower head is sampled, and decisions are made 
accordingly. The sequential sampling plans are more efficient at low or high 
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Table 1.	 Analysis of variance on the Dumber of red sunflower seed 
weevils per head, showing the variations among quadrats and 
within quadrats. 

Sampling date Source of variation df MS F P 

Field 1 
4 August Among quadrats 8 13.37 0.61 0.7666 

Within quadrats (among heads) 99 21.88 
10 August Among quadrats 8 364.42 2.12 0.0403 

Within quadrats (among heads) 99 171.57 
13 August Among quadrats 8 94.76 0.94 0.4863 

Within quadrats (among heads) 99 100.64 

Field 2 
13 August Among quadrats 

Within quadrats (among heads) 
19 

220 
4.27 
4.18 

1.02 0.4390 

17 August Among quadrats 
Within quadrats (among heads> 

19 
220 

40.82 
38.65 

1.06 0.3984 

20 August Among quadrats 19 8.36 0.94 0.5314 
Within Quadrats (among heads> 220 8.88 

24 August Among quadrats 
Within Quadrats (among heads> 

19 
220 

9.33 
4.01 

2.33 0.0019 

Field 3 
13 August Among quadrats 

Within quadrats (among heads) 
8 

99 
323.13 
350.43 

0.92 0.5018 

19 August Among quadrats 
Within quadrats (among heads) 

8 
99 

436.86 
579.72 

0.75 0.6442 

22 August Among quadrats 8 56.19 0.54 0.8218 
Within quadrats (among heads) 99 103.59 

Field 4 
13 August Among quadrats 

Within quadrats (among heads) 
8 

99 
0.23 
0.13 

1.77 0.0924 

17 August Among quadrats 
Within quadrats (among heads) 

8 
99 

5.47 
10.81 

0.51 0.8489 

20 August Among quadrats 
Within quadrats (among heads) 

8 
99 

3.61 
3.52 

1.03 0.4219 

24 August Among quad,oats 8 1.13 0.87 0.7192 
Within quadrats (among heads) 99 1.70 

Field 5 
10 August Among Quadrats 

Within quadrats (among heads> 
8 

99 
0.38 
0.46 

0.83 0.5795 

16 August Among quadrats 
Within quadrats (among heads) 

8 
99 

1.94 
0.80 

2.42 0.0200 

19 August Among quadrats 
Within quadrats (among heads) 

8 
99 

16.52 
3.40 

4.86 0.0001 
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weevil densities than the fixed-size sampling plan and more reliable at the 
densities near the thresholds. 
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ABSTRACT A controlled release system for dispensing insect 
pheromones and other semiochemicals at a specified release rate ovcr long 
periods of lime was developed and tested. Large quantities of pheromone 
were stored in pressurized canisters of metered semiochemicnl timed release 
system (MSTRS) devices kept in rooms with little thermal insulation at 
ambient field temperatures for more than 90 d during the summer. The 
devices were tested in experimental storage rooms for their efficacy as 
mating disruptants by releasing pheromone only or pheromone-plus
pyrethroid. Pheromone required for mat.ing disruption experiments was 
released upon demand from canisters for the desired duration, wit.h no 
detectable decrease in effectiveness in promoting suppression of mating as 
the canist.ers aged. MSTRS devices placed in 3 m X 3 m X 3 m rooms 
disrupted up to 100% of t.he mating attempts of the almond moth, Cadra 
cautella (Walker) (Lepidoptera: Pyralidae), in populations consisting of freely 
flying virgin males and females at a 2:J ratio, respectively, for 24 h, and 
disrupted up to 92% of the mating attcmpts for 72 h. Disruption of mating 
was measured directly by recapture of moths and examination of t.he 
females' bunm copulatriccs for the presence of spcrmatophores, which were 
used as indicators of successful mating encounters. MSTRS devices emitting 
different doses of pheromone were tested for mating disruption. Strong 
sources, dosed with 50 pg of pheromone per spray at 15 min intervals, werc 
the most efficacious, promoting more than 90% mating disruption, and their 
effect was independent of cither moth population density or number of 
MSTRS devices used per room. Sources receiving 5 JIg of pheromone per 
spray at J5 min intervals disrupted 60%-70% of mating, which st.ill 
represented a significant level of disruption. Mating disruption was 
enhanced (to >80%) by the addition of 1% natural pyrethrin extract to the 5 
JIg pheromone sprays; 96.1% of the male population was dead after 24 h. 

KEY WORDS Lepidoptera, Pyralidae, almond moth, sex pheromone, 
mating disruption, control release, attraction, pyrethroids 

Males of most moth species must follow a plume of sex pheromone upwind to a 
calling female to mate (Baker et al. 1989). The chemically mediated orientation of 

I Accepted for publication 15 Mnrch 1996. 
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males can be disrupted, and mating prevented, by the introduction of synthetic 
pheromone into the environment. Two methods are used to prevent mating 
...vith synthetic pheromones: "mating disruption," in which pheromone sources 
(usually at high doses) are dispensed to impair male orientation, and "attraet
and-kill," in which pheromone sources (usually at low doses) are laced with 
small amounts of insecticides that poison the males attracted by the 
pheromone. 

The sex phcromone of the almond moth, Cadra cautella (Walker) 
(Lepidoptera: Pyralidae), is comprised of two components (Z.E)-9.12
tetradecadienyl acetate (Z9,E12-14:Ac) (Brady ct al. 1971, Kuwahara et al. 
1971a, b) and (Z)-9-tetradeccnyl acetate (Z9-14:Ac) (Brady 1973) in a 10:1 ratio, 
respectively (Coffelt & Vick 1987). Mating disruption of stored products 
phycitine pests with the major component of their pheromone and associated 
minor components (Brady 1973) has been attempted since the early 19705; 
however, thus far only partial control has been achieved. Early mating 
disruption involved laboratory experiments conducted in small boxes or cages 
(Wakamura et aJ. 1975, Brady et al. 1971, Brady & Daley 1975, Barrer et aJ. 
1987), and the pJ'esence of pheromone successfully disrupted mating of several 
species of phycitine moths, including C. c:autella (Wakamura et al. 1975, Brady 
et a1. 1971, B...dy & Daley 1975, Barrer et al. 1987). The transition f,·om the 
laboratory to simulated commercial use conditions, however, proved to be more 
difficult than expected (Brady & Daley 1975). Although mating of phycitine 
moths could be reduced subst.antially with pheromone when moths were 
present at low population densities in the field, mating could not be suppressed 
when moths were present at high population densities (Hagstrum & Davis 
1982). It was concluded that control or C. ca.l/.tella populations by using 
pheromone foJ' mating disruption was neither practical nor economical 
(Hagstrum & Davis 1982, Vick et al. 1981). 

Both the formulation and the matrix used to deliver pheromone are of 
paramount importance in determining the mode of action and the success of 
mating disruption programs (Carde & Minks 1995, Leonardt et aJ. 1990, 
'Weatherston 1990). Pheromone molecules are highly volatile and usually 
chemicaHy unstable. To maintain attractancy for the necessary field lifetime, 
pheromones have been formulated in polymeric matrices designed to slow the 
rate of pheromone release and to confer protection to pheromone molecules 
fi'om ultraviolet light, extremes in pH, and free oxygen (Leonardt et al. 1990, 
Weatherston 1990). There are five major polymeric matrices commercially 
available: micro-capsules, trilaminates, capillaries. ropes, and liquid flo\\'ables 
(Weatherston 1990). Each releases pheromone passivcly and continuously. 
Thesc polymeric matrices also expose the pheromone pool to the environment 
continuously, which leads to uncontrolled temporal changes in the rate of 
pheromone emission and in the blend of pheromone components emitted 
(Leonardt et al. 1990, Weatherston 1990). Temporal changes in rates of 
emission can be caused by depletion of the reservoir contents by accumulation 
of debris, which may impede or enhance evaporation, or simply by variation in 
temperature or wind speeds. Depletion of the marc volatile components of the 
blend and enrichment of the semiochemicaJ siol'age pool with the less volatile 
components occurs as the source ages and results in the emission becoming less 
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behaviorally active. Furthermore, desired 'controlled release' has not been fully 
achieved with the development of polymeric matrices; release of pheromone 
from such systems is continuous and passive and cannot be actively controlled. 
Once polymeric matrices are deployed in the field, pheromone emission cannot 
be altered to address changes in population levels. 

Here we describe a metered semiochemical timed release system {?YlSTRS} 
developed to release pheromone or other chemicals upon demand. This actively 
controlled release device to dispense pheromone was used to suppress mating in 
populations of the stored products pest C. cauleLLa i.n experimental rooms. In 
contrast. to the inability of previous efforts to achieve C. caulella mating 
disruption at high population deosities (Ganyard & Brady 1971, Hagstrom & 
Davis 1982, Haines 1976, Hodges et al. 1984, Minks & Carde 1988, Vick et al. 
19B1), our experiment resulted in nearly total suppression of mating by these 
moths, even when they were present at high density similar la, or even higher 
than, that used in previous studies that failed. 

Materials and Methods 

Insects. Cadra caulella larvae were reared from eggs in a stored-products
moth diet (Mafra-Neto & Carde 1995). They were separated by sex at their last 
larval stage and reared to pupae. Pupae were transferred to 25 cm X 25 em X 
25 cm screen cages, and the males were transferred to nn environmental 
chamber (25°C, 75o/o-BOrfc RH) located in a pheromone-free room isolated from 
the main colony and from the females. Female pupae were transferred to an 
environmental chamber (25<lC, 75o/c-80% RH) located in the same room as the 
main colony. Adults were transferred daily Lo clean cages. The experimental 
adults were 1-3 d old. 

Chemicals. The two acetates that make up tho C. cautella. female sex 
pheromone, Z9,E12-14:Ac (Brady et al. 1971, Kuwahara at al. 1971a, b) and 
Z9-14:Ac (Brady 1973), were obtained from Bedoukian Research, Inc. 
(Danbury, Connecticut), and were 93% and 95% pure, respectively. The acetates 
were forlllulated gravimetrically to a ratio of 10:0.9 (Z9,E12-14:Ac: Z9-14:AcJ as 
neat material. The ratio of the neat material blend was determined by gas 
chromatographic analysis of serial dilutions in HPLC g)'ade hexane. The 
pheromone was serially diluted in tenfold steps by using two solvents to 
formulate the canisters-LPA-210 petroleum distillate (petroleum distillate) or 
HPLC grade ethanol (ethanol). 

Pheromone release devices. The Metered Semiochemical Timed Release 
System (MSTRS) device (\Vaterbury Co., Inc.• Connecticut) consisted of a spray 
canister. a spray dispenser unit, and a spray pad (Fig. l). The pressurized spray 
canister contained a solution with the desired concentration of pheromone in 
inert materials (isobutane, ethanol, petroleum distiHale, and paraffin). A valve 
on top of Lhe canister delivered 52 mg of the complete mixture per spray_ The 
canister was housed in the spray dispenser unit with the valve positioned under 
a lever controlled by a batt.ery-powered timer mechanism. The timer 
mechanism was set to press the valve to deliver a new spray every 15 min. The 
spray was intercepted by a pad formed by a 1-cm-thick sheet of acrylic padding 
(No. 300 Mountain Mist® Fiberloft®, The Stearns Technical Textiles Co., Ohio) 
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Fig. 1.	 The Metered Semiochemical Timed Release System (MSTRS) device 
consisted of a spray canister, a spray dispenser unit, and a spray pad. 
The spray canister contained the desired concentration of pheromone in 
a solution with inert materials under pressure. A valve on top of the 
canister delivered 52 mg of material per spray. The canister was 
housed in the spray dispenser unit with the valve positioned under a 
lever cont.rolled by a battery-powered timer mechanism. The 
mechanism lowered the lever, delivering a new spray every 15 min. 
The spray was intercepted by a pad held 20 em from the canister's 
nozzle, by an adjustable aluminum platform, where pheromone was 
deposited. A MSTRS device produced more than 3,000 recharging 
sprays of similar strength, sufficient to recharge a source pad every 15 
min for 30 d without replacement of canister or batteries. 

stretched on a needle-point frame (15 em inner diam) and held in place 20 em 
from the canister's nozzle by an adjustable aluminum platform. The acrylic 
paddinij intercepted and retained most of the aerosol particles of the spray jet. 
It also allowed the jet's airstream to pass through it, minimizing backdraft of 
pheromone onto the spray canister unit. The MSTRS device was set up to 
produce more than 3,000 recharging sprays of similar strength, sufficient to 
recharge a source pad every 15 min for up to 30 d without replacement of 
canister or batteries. 

Canister formulations. For disruption experiments, the pheromone used 
to fill the spray canisters wa diluted in either petroleum distillate or ethanol. 
Petroleum distillate dilutions were prepared so that aerosol canisters 
containing 31.8 g of pheromone solution in petroleum distillate and 127 g of 
propellant isobutane emitted 50 llg, 5 llg, 500 ng, 50 ng, or 5 ng of pheromone 
per spray. Ethanol dilutions were prepared so that aerosol canisters containing 
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31.8 g of pheromone solution in ethanol and 127 g of propellant emitted 50 JIg,S 
JIg, 500 ng, 50 ng, or 5 ng of pheromone per spray. 

For pheromone-plus-pyrethroid experiments, dilutions were prepared so that 
aerosol canisters containing 22.4 g of pheromone solution in ethanol, 9.3 g of 
20% natural pyrethrin extract (1% pyrethroid), and 127 g of propellant emitted 
50 ng, 5 ng, or 0.5 ng of pheromone per spray. A second dilution series for 
canisters with pheromone and pyrethroid was prepared to emit the same doses 
of pheromone but now with only one-tenth the dosage of the pyrethroid. Thus, 
only 0.93 g of the natural pyrethrin extract was added to the canisters. 

Experimental rooms. Five rooms that each measured 3 m X 3 m X 3 m 
were used for the experiment. The rooms were adjacent rental storage units 
located in an aluminum siding building with little thermal insulation. The 
walls of the rooms were lined with white housewrap paper (3 m wide, Tyvek®, 
DuPont) that was secured with staples and duct tape to the walls and floor of 
the room. A 2.2-m-high faux ceiling of housewrap paper was built to create an 
air buffer space of 0.8 m between the faux ceiling and a room's ceiling. The 
result of the lining was an internal, white tent of 3 m X 3 m X 2.2 m, which 
provided increased room isolation, reduced room contamination, and ease of 
observing moths. Released moths were present at 1.27 moths per m2 (0.42 
females and 0.87 males per m2) when at low density, and at 4.27 moths per m2 

(1.42 females and 2.82 males per m2 ) when at high density. Population 
densities of phycitines are reported in terms of insect. per m2 of \\'all and ceiUng 
because calling and mating behavior occurs on those surfaces (Sower & 
Whitmer 1977, Hodges et a!. 1984). The experiment was conducted during the 
summer of 1995 in Nevada, Iowa. 

Preparation of the rooms. The experimental rooms 'were thoroughly 
cleaned before each experiment. The Tyvek lining was inspected for leaks and 
mended with duct tape if needed. Because some of the moths tended to get 
caught on the sticky surface of exposed tape, the old duct tape was reinforced 
with a new layer of tape. The two MSTRS devices per room were placed 
diagonally from onc another. The first was positioned 1.3 m above the floor, 20 
em from the far right corner of the room, and the second was placed at the same 
height on the near left corner. Treatments requiring one MSTRS per room had 
the device placed on the near left corner of the room, 1.3 m in height and 20 em 
from the corner. Spray pads were replaced with clean ones. 

Determining mating disruption. During mating, male Lepidoptera 
deposit a durable spermatophore in the bursa of the female. In many species, 
including C. cautella, a chitinous, articulated portion of spermatophore remains 
intact in the bursa for the entire life of the female. By counting the number of 
spermatophores or their remains in the bursa of recaptured females, one can 
deduce how often the females mated (Eb.,·hard 1985). In the following 
experimental-room study, the C. callteLla moths released were recaptured, 
separated in the room into groups of alive 01' dead, transferred to vials with 70% 
alcohol, and segregated by sex. A moth was considered "alive" if it moved its 
appendages when touched. Both dead and live moths were segregated by sex. 
Females were dissected under the microscope at 20x, and their bursa 
copulatrices isolated and examined to determine presence and number of 
spermatophores. 
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Sequence of experiments. The effect of MSTRS devices on the mating 
success of C. cautella was determined by a sequence of seven experiments, with 
the first five experiments being conducted in experimental storage rooms, and 
the last two experiments being performed in the laboratory (one in a wind 
tunnel, the other in small screened cages). The expel;ments conducted in the 
experimental rooms first tested the efficiency of the MSTRS devices in 
promoting mating disruption, then tested the trade-ofrs involved in cost 
reduction (reduction in the number of devices per room and in the dose of 
pheromone used) against the effectiveness of disruption. 

The first experiment, disruption VB. pheromone·plus-pyrethroid in the 
experimental rooms, tested the mating reduction effects over 24 h that two 
MSTRS per room have when they emit either a high dose of pheromone alone or 
a low dose of pheromone plus 1% pyrethroid. The second experiment, disruption 
with two different pheromone concentrations and formulations, tested the 
mating disruption effect of two MSTRS per room emitting pheromone at two 
doses (either high or low), formulated by using two solvents (either petroleum 
distillate or ethanol), over 72 h at high population densities. The third 
experiment, number of MSTRS devices per room, was designed to reduce the 
number of MSTRS needed per room. The effect on mating disruption with a low 
density of moths and a single MSTRS device per room emitting a high dose of 
pheromone formulated with petroleum distillate was compared with that of two 
MSTRS devices per room emitting a high dose of pheromone formulated with 
ethanol over 24 h with the assumption that the actual pheromone volatilization 
rate from the MSTRS formulated with petroleum distillate was lower than that 
of the MSTRS formulated with ethanol. Thus, if mating disruption could be 
achieved in a room by using a single MSTRS formulated with petroleum 
distillate as compared to disruption levels achieved with two ethanol MSTRS 
per room, then it could certainly be achieved with a single strong MSTRS pel' 
room formulated with ethanol, which would be tested in a later expe,"iment. 
The fourth experiment tested the mating disruption effect of one MSTRS device 
formulated with ethanol per room at 1\...·0 doses, on moths at low population 
density over 24 h. The fifth experiment tested the mating disruption effect of a 
single MSTRS device per room formulated with ethanol and emitting low 
pheromone dosages on a high-density population of moths over 24 h. 

Experiments six and seven were performed in the laboratory and were 
designed to determine the mode of action of the pheromone-plus-insecticide 
MSTRS system. The sixth experiment determined the effect of the addition of 
1% pyrethroid on the Olientation behavior of individual virgin males to spray 
pads with pheromone, and their subsequent mortality, in a wind tunnel. The 
seventh tested the effect of adding 1% pyrethroid to pheromone on the response, 
and on the subsequent mortality, of groups of virgin male moths in small screen 
cages. 

Disruption vs. pheromone-plus-pyrethroid. The effect of two MSTRS 
devices per experimental room on mating disruption was tested by using a 
population density of 30 males and 15 females per room. The spray pad was 
renewed every 15 min either with 50 J.lg of pheromone or 5 J.lg of pheromone plus 
1% pyrethroid. New spray pads were 'primed' with two sprays from the 
appropriate canister and the MSTRS devices set to discharge on a timed basis. 
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Jars containing males or females were transferred to an experimental room, and 
the door was closed. Males were released immediately in the center of the room's 
floor; 1 h later. females were released at the same location. The room was closed 
for 24 h. At the end of 24 h the moths were recaptured hy using an aspirator. 

Disruption with two different pheromone concentrations and 
formulations. Two MSTRS devices per experiment.al room were tested by 
using population densities of 100 males and 50 females per room. Success of 
mating was assessed under four pheromone treatments and a control: a room 
with two MSTRS devices spraying 50 lJg pheromone in petroleum distillate; a 
room with two MSTRS devices spraying 50 llg pheromone in ethanol; a room 
with two MSTRS devices spraying 5 llg pheromone in petroleum distillate; a 
room with two MSTRS devices spraying 5 llg pheromone in ethanol; and a room 
without pheromone serving as untreated control. Two minutes before the males 
were released, the new spray pads were primed with 10 sprays, and the MSTRS 
devices activated for timed release. Jars containing either virgin males or 
females were transferred to the room and t.he door closed. Males were 
immediately released onto the floor in the rear left comer of the room, and 
females were released 4 h later on the Ooor at the near right corner. The door of 
each room was closed and sealed with duct tape for 72 h. At the end of 72 h 
following female release, moths were recaptured by using an aspirator. 

Number of MSTRS devices per room. The mating disruption efTect of a 
single MSTRS device per room spraying 50 llg pheromone was compared to the 
efTect of two MSTRS devices per room, each spraying 50 llg pheromone, and to a 
control room with no synthetic pheromone. The pheromone treatment with one 
device per room was set with the MSTRS spraying 50 lJg pheromone in 
petroleum distillate, which would release less pheromone at a slower rate than 
ethanol, whereas the room with two devices was set with the MSTRS spraying 
50 llg pheromone in ethanol. As usual, the MSTRS devices produced a new 
spray onto their pads every 15 min. Two minutes prior to the release of the 
males, the new spray pads were primed with two sprays. Each room received 
100 virgin males and 50 virgin females with the males being released onto the 
floor at the far left corner, and the females being released 1 h later at the near 
right comer. After 24 h the moths were recaptured with an aspirator. 

One MSTRS device per room at two doses. The mating disruption effect 
of a single MSTRS device per room spraying 50 lJg pheromone fonnulated in 
ethanol was compared to the effect of a single MSTRS device per room spraying 
5 Ilg pheromone, and to a control room with no synthetic pheromone. New spray 
pads were primed with two sprays 2 min prior to the release of the males, and 
they were activated for I5-min-interval timed release of sprays. Each room 
received 30 virgin males and 15 virgin females with males being released at the 
far left corner on the floor, and the females being released 1 h later in the near 
dght corner. After 24 h the moths were recaptured with an aspirator. 

One MSTRS device per ..oom at a low dose, high moth density. The 
mating disruption effect of a single MSTRS device per room spraying 5 ~g 

pheromone every 15 min on a spray pad was compared to a control room with 
no synthetic pheromone. ew spray pads were primed with two sprays 2 min 
prior to the release of the males, and thereafter received emitted sprays at 15 
min intervals. Each room received 100 virgin males, released on the Ooor of the 
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far left corner, and 50 virgin females, released 1 h later on the near right 
corner. Twenty-four hours later, the moths were recaptured with an aspirator. 

Pheromone-plus-pyrethroid experiments in the laboratory. The effect 
on male behavior of the addition of 1% pyrethrin to the pheromone sprayed onto 
the MSTHS pads was investigated in two laboratory experiments, either in a 
wind tunnel or in cages. The effect of the addition of pyrethroid to the 
pheromone source on the males' long distance orientation and subsequent 
mortality was determined in wind tunnel bioassays. The effect of addition of 
pyrethroid to the pheromone source on the males' behavior and subsequent 
mortality was examined in small cages. 

The upwind flight orientation of males responding to 9-cm-diam MSTRS 
spray pads that received either a spray of 500 ng of pheromone or a spray of 
500 ng of pheromone and 1% natural pyrethrin was examined in a wind tunnel. 
The low-turbulence pulling wind tunnel used was a 2.5 m long X 0.9 m warn 
semicylinder of transparent Plcxiglas® floor and VivaC® walls, similar to Mafra
Neto & Carde's (1995). Wind speed was maintained at 50 em/s, light level was 
5.5 lux, temperature was 25 ± 2°C, and relative humidity ranged between 
650/<-85%. The MSTRS spray pad was located in the center of the wind tunnel, 
20 em downwind from the upwind screen. One-day-old males were tested during 
the initial 30 to 120 min of their first scotophase. A randomly selected moth was 
removed with an aspi.rator from a holding cage and transfclTcd to an aluminum 
screen release cage located 150 em downwind from the pheromone source, Each 
male was tested individually and only once. A record of the male's behavior was 
started as soon as the male was introduced into the pheromone plume and 
terminated at 2 min, or as soon as the male landed on the source or on the 
upwind screen of the wind tunnel. The following mutually exclusive behaviors at 
the release platform and during upwind progression were recorded for each 
maJe: quiescent-no perceptible movement; wing fanning/walking-either wing 
fanning, walking on the release platform, or walking while wing fanning; flight 
initiation-first flight from the release cage; oriented night-upwind flight 
(zigzag or straight> along the pheromone plume, including casting; in-night 
arrestment-flight in the plume in a 'contained' crosswind zigzag without 
making upwind progress, which usually resulted in the male abandoning the 
plume; and locating the source-landing or touching the pheromone source. 

Males that did not take off were tested for their ability to fly. They were 
removed from the release cage with an aspirator and released in the air, about 
30 em above the floor. l\'Iales that did not fly were discarded; those that flew 
were scored as non-responders. 

After the test, males were recaptured with an aspirator and tJ'ansfelTcd to a 
labeled 20 ml vial. ViaJs containing one male each were closed with Parafilm® 
with ail' holes and held in an environmental chamber for 24 h. After 24 h the 
males wem scored alive 01' dead. 

The effects of addition of pyrethroid to the pheromone pad on the behavior of 
males and their rate of mortality were studied in 25 em X 25 ern X 25 cm screen 
cages with populations of 30 one-day-old males, The experiments were 
conducted in fTont of a fume hood, which provided unidirectional now of clean 
air through two screen cages. A 9-cm-diam MSTHS pad treated with one spray 
of either 50 ng pheromone or 50 ng pheromone with 1% natural pyrethrin 
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extract was placed inside the cage, 3 em from the upwind screen, with the 
sprayed side facing downwind. The number of males performing the following 
mutually exclusive behaviors was annotated every 2.5 min for 20 min, and then 
once at 60 min and again at 90 min: quiescent-no perceptible movement; wing 
fanninglwalking-either wing fanning. walking, or walking while wi.ng fanning 
on the cage; flying-flight in the cage; landing on the pad-landing or touching 
the pheromone source; knocked down-either quiescent on its back or side, i.e., 
not in a usual resting position, or performing uncoordinated wing fanning, 
walking, or walking while wing fanning. 

Statistical analyses. The data were analyzed for differences by using 
ANOVA (GLM Procedures, 8A8 1989) to test for the effect of treatment, block 
(eadl replicale was con::;idered a block), and their interaction. The effect of block 
was not statistically significant. The data wcre tested for homoscedastkity; 
when the criterion was not met, the inverse of the variance was added as 
weight to the contrast model (8AS 1989). Probabilities of mean separation were 
obtained by using the least squares method (LSD, GLM Procedures, 8AS 1989). 

Results 

Disruption vs. phcl"omone-plus-pyrethroid. At low density (30 males 
and 15 females per room), the pheromone-plus·pyrethroid treatment reduced 
mating by over 80% (n :: 4 replicates), and the disruption treatment prevented 
mating entirely (Fig. 2). On average 12.0 ± 1.6 (8D) females and 16.3 ± 2.6 
males were recaptu,·cd from the pheromone-plus·pyl'cthroid room, 12.0 :t 1.7 
females and 18.3 ± 3.3 males were recaptured from the disruption room, and 
10.3 ± 1.5 females and 21.3 ± 2.3 males were recaptured from the contl'Dl room. 
All female C, caut.ella. recaptured in the control room had mated at least once 
during the 24 h of the experiment, as indicated by successful spermatophore 
transfer. None of the females recaptured in the disruption room had mated, and 
more than 80% of the live females were still calling when recaptured in all 
three replicates of the disruption treatment, indicating their unmated status. 
All mated females in the pheromone-plus-pyrethroid room had only one 
spermatophore in their bursa copulatrix, whereas some of the mated females in 
the control room (7.4%) had two spermatophores in their bursa copulatrix. 

Most of the moths recaptured alive in the pheromone-plus-pyrethroid room 
were females (86%, x = 5.25 ± 1.5). Fewer (3.9%, x= 0.9 ± 0.8, P < 0.01) males 
were recaptured alive in the pheromone-plus·pyrethroid room, as compared to 
81.3lk (.l;":: 17.0 :t 3.5) recaptured alive in the disruption room and 80.9% (.~:: 

18.5 ± 2.5) in the contTol room. Although the pyrethroid in the room also caused 
female mortality, 41% of the released femalcs were recaptured alive in this 
room (compared with 97.5% in the disruption room and 83.8% in the control 
room), a 14-fold higher proportion than for males. 

l\'lales were obsen-ed visiting the phel'omonc·plus-pyrethroid pad soon after 
they were released into the room. In wind tunnel experiments, MSTRS pads 
elicited walking and wing fanning, night initiation, and oriented upwind flight 
in all males tested, independent of the presence of pyrethroid (Fig. 3A). The 
exposure of C. caulella to pheromone-plus·pyrethroid in the wind tunnel 
experiment resulted in high mortality of males. The majority (84.3 ± 11.7%) of 
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Fig. 2. Percentage of mated females under three treatments: pheromone-plus
pyrethroid room, where two MSTRS devices sprayed 5 pg pheromone in 
petroleum distillate and IlJl natural pyrethroid extract on a spray pad 
every 15 min; disruption room, the two MSTRS devices sprayed 50 pg 
pheromone in petroleum distillate on a spray pad every 15 min; and a 
control room, where no synthetic pheromone was present. Virgin C. 
caulella males (30) and females (15) were released into the rooms and 
left for 24 h before they were recaptured and mating was assessed on 
females by dissection to determine the presence of spermatophores. 
Columns with no letters in common are significantly different at a. = 
0.05 level (n =4 replicates) (ANOVA, LSD SAS 1989). 

the males that landed on the pheromone-plus-pyrethroid pad died within 24 h, 
whereas only a few «5%) of the males that landed on the pheromone pads with 
no insecticide died during the same period (Fig. 3B). The pyrethroid even caused 
significant mortality (16.2 ± 5.2%) in the group of males that only oriented 
upwind, even though they did not contact the pheromone-plus-pyrethroid pad 
but did contact the plume (Fig. 3B). The pyrethroid was fast acting, killing most 
moths in less than 20 min (Fig. 3C). Addition of pyrethroid to the pheromone 
pad evoked an increased level of activity of males for sustained periods of time, 
resulting in more numerous and frequent visits to the pheromone-plus
pyrethroid pad than to the pheromone pad without the insecticide. 

Disruption with two pheromone formulations at two concentrations. 
At high density (100 males and 50 females per room), mating was significantly 
red uced by two MSTRS devices per room emi tting ei ther 50 J.lg or 5 J.lg 
pheromone per spray, in solutions of either petroleum distillate or ethanol (n = 
3 replicates) (Fig. 4). On average 32.3 ± 2.5 females and 63.7 ± 2.5 males were 
recaptured from the control room, 39.0 ± 1.9 females and 63.7 :t 2.7 males were 
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Fig. 3.	 Effects of the addition of 1% pyrethroid to pheromone sources on C. 
cautella males. (A) Percentage of males performing pheromone related
behaviors in response to a pad sprayed with 500 ng of pheromone and a 
pad sprayed with 500 ng pheromone and 1% pyrethroid (n = 30, 3 
replicates). (B) Mortality of males that only flew upwind, and of males 
that landed on the sources of pheromone, or pheromone and 1% 
pyrethroid, after 24 h. (C) Survivorship of males exposed to pheromone 
pads, and to pheromone and 1% pyrethroid. The mortality effect of the 
pyrethroid is fully expressed at 17.5 min. Males were tested in groups 
of 30 (n =5 replicates). Columns within each histogram with no letters 
in common are significantly different at a = 0.05 level (ANOVA, LSD, 
SAS 1989). 
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recaptured from the 50 J.lg petroleum distillate room, 40.8 ± 1.4 females and 
69.0 ± 0.8 males were recaptured from the 50 J.lg ethanol room, 31.8 ± 2.8 
females and 66.0 ± 1.6 males were recaptured from the 50 J.lg petroleum 
distillate room, and 30.0 ± 3.2 females and 51.7 ± 3.3 males were recaptured 
from the 5 pg ethanol room. All females recaptured in the control room, dead or 
alive, had mated, with at least one, and as many as three spermatophores 
contained in their bursa copulatrices (8% had two, 1% had three). Thirty 
percent of the recaptured females had mated by the end of the 72 h in the 
rooms with the two MSTRS devices spraying only 5 J.lg pheromone per spray
burst. The solvent used to formulate the canisters had little effect on mating 
disruption. The pheromone in petroleum distillate solution prevented the 
mating of 66.1% of the females, and the pheromone in ethanol solution 
prevented the mating of 70.7% of the females. A lO~fold increase in the dose of 
pheromone to a 50 J.lg per spray-burst resulted in a higher degree of mating 
disruption. The majority of the females recaptured in the rooms with MSTRS 
devices emitting high-dose sprays of 50 J.lg pheromone per shot spray~burst 

were virgins (50 pg petroleum distillate 90.5%, 50 J.lg ethanol 92.0%) after the 
72 h of close contact with males (Fig. 4). 

Number of MSTRS devices per room. At high population densities, one 
MSTRS device emitting 50 J.lg pheromone per spray every 15 min was sufficient 
to reduce mating of C. caulella females by 95.5%, a mere 2.6% reduction in 
efficiency compared to 98.1% mating reduction for two MSTRS devices also 
emitting 50 Jlg pheromone every 15 min (Fig. 5). On average 39.5 ::!: 2.1 females 
and 70.0 ± 1.7 males were recaptured from the room with one MSTRS device, 
46.5 ::!: 1.9 females and 75.5 .:!: 1.2 males were recaptured from the room with 
two MSTRS devices, and 44.5 ± 1.9 females and 69.8 ± 1.9 males were 
recaptured from the control room (n = 3 replicates). 

At low population densities, one MSTRS device emitting 50 )lg pheromone 
every 15 min reduced mating by 100%. A MSTRS device emitting only 5 J.lg 
pheromone per spray every 15 min reduced female mating by 97.5% (Fig. 6). On 
average IO.I.:!: 1.0 females and 24.5 ± 2.1 males were recaptured from the room 
with the 5 J.lg MSTRS device, 9.5 ± 0.7 females and 31.0 ± 2.4 males were 
recaptured from the room with the 50 J.lg MSTRS device, and 14.0 ± 0.25 
females and 22.5 ± 1.2 males were recaptured from the control room (n = 4 
replicates). 

At high population densities, one MSTRS device emitting 5 Jlg pheromone 
every 15 min reduced mating by 99.1% (Fig. 7). On average 49.5 ± 1.0 females 
and 73.0 ± 1.0 males were recaptured from the room with one 5 J.lg MSTRS 
device, and 37.0 ± 1.0 females and 69.5 ± 1.9 males were recaptured from the 
control room (n = 3 replicates). All mated females contained a single 
spermatophore in their bursa copulatrix. 

Discussion 

MSTRS for disruption and mating reduction with pheromone-plus
pyrethroid. These experiments demonstrated that it was possible to reduce 
mating of females by more than 90% in a h~h~density population of a stored
products moth species (>4 moths per m ) in a closed room. It must be 
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Fig. 4.	 Percentage of mated females under five treatments: disruption room; 
the two MSTRS sprayed 50 pg pheromone in petroleum distillate on a 
spray pad every 15 min; the two MSTRS devices sprayed 50 pg 
pheromone in ethanol on a spray pad every 15 min; the two MSTRS 
devices sprayed 5 pg pheromone in petroleum distillate on a spray pad 
every 15 min; the two MSTRS devices sprayed 5 llg pheromone in 
ethanol on a spray pad every 15 min; and a control room, where no 
synthetic pheromone was present. Virgin C. cautella males (100) and 
females (50) were released into the rooms and left for 72 h before 
recapture. Mating status of recaptured females was assessed by 
dissection of their bursa copulatrices to determine the presence of 
spermatophores. The effect of pheromone dose was more important 
than solvent (ethanol or petroleum distillate) in promoting mating 
disruption of moths. Columns with no letters in common are 
significantly different at ex =0.05 level (ANOVA, LSD, SAS 1989) (n =4 
replicates). 

emphasized that the mating activity was measured and assessed by the 
dissection of recaptured free-flying females that had been in the same room 
with males for periods of either 24 h or 72 h, rather than assessed according to 
the reduction of male trap capture in traps containing either synthetic 
pheromone sources (e.g., Doane & Brooks 1981) or caged live females as baits 
(e.g., Shorey et al. 1994), or from the dissection of tethered or restrained virgin 
females (e.g., Miller et a1. 1990). All these techniques can be valid ways to 
assess pheromone disruption, but the use of freely flying and behaving males 
and females is the most direct measurement and the most relevant to 
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Fig. 5. Percentage of mated females under three treatments: disruption room 
with only one MSTRS device, which sprayed 50 JIg pheromone in 
petroleum distillate on a spray pad every 15 min; a disruption room 
with two MSTRS devices that sprayed 50 JIg pheromone in ethanol on a 
spray pad every 15 min; and a control room, where no synthetic 
pheromone was present. Virgin C. cautella males (100) and females 
(50) were released into the rooms and left for 24 h before recapture. 
Mating status of recaptured females was assessed by dissection of their 
bursa copulatrices to determine the presence of spermatophores. 
Columns with no letters in common are significantly different at a = 
0.05 level (ANOVA, LSD, SAS 1989) (n =4 replicates). 

population control. It is also the most powerful way to evaluate the efficacy of a 
disruptant. 

At high pest densities, mate finding may be facilitated simply due to the 
overall diminished distance between potential mates, which may require only 
close-range orientation and not long-distance pheromone-mediated orientation. 
At close range, males may switch to an orientation based on visual and tactile 
cues, which may override chemical communication in mate location (Charlton & 
Carde 1990). Although long-distance orientation of C. cautella males to females 
is chemically mediated (e.g., Phelan & Baker 1990), close-range approach seems 
to be visually guided (Levinson & Hoppe 1983). There is evidence that C. 
cautella males under 'air permeation' rely predominantly on visual cues to 
locate their mates (Hagstrom & Davis 1982, Hagstrom et a1. 1978). Thus, C. 
cauteZla mating in disruptant-treated rooms at high densities in previous 
studies, e.g., >0.1 moth per m2 (Sower & Whitmer 1977) or >0.3 moth per m2 

(Hodges et al. 1984), probably was facilitated because the rooms were lighted, 
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Fig. 6.	 Percentage of mated females under three treatments: disruption room 
with only one MSTRS device, which sprayed 50 JIg pheromone on a 
spray pad every 15 min; only one MSTRS device, which sprayed 5 JIg 
pheromone on a spray pad every 15 min; and a control room, where no 
synthetic pheromone was present. Virgin C. cautella males (30) and 
females (15) were released into the rooms and left for 24 h before 
recapture. Mating status of recaptured females was assessed by 
dissection of their bursa copulatrices to determine the presence of 
spermatophores. Columns with no letters in common are significantly 
different at a =0.05 level (n =4 replicates) (ANOVA, LSD, SAS 1989). 

mates were in close proximity, and there was a switch to visually mediated 
target orientation (Sower & Whitmer 1977, Hagstrum & Davis 1982). In 
addition, C. cautella moths tend to aggregate in crevices and corners of storage 
rooms, which facilitates mate finding. Our rooms, with either low or high 
population densities, were not lighted, although during daylight hours, when 
females were observed calling, significant amounts of light entered the room 
through the space under and around the door. 

The addition of pyrethroid to the pheromone enhanced the pheromone's 
ability to reduce mating. The enhanced level of activity of the males exposed to 
pheromone-plus-pyrethroid probably increased the chances of males contacting 
lethal doses of the pyrethroid in comparison to the more quiescent females. It is 
possible that the higher level of activity of males observed in the laboratory 
cages also occurred in the pheromone-plus-pyrethroid field room, which may 
also have contributed to the somewhat surprising level of mating (17.9% of 

Control 
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Fig. 7.	 Percentage of mated females under two treatments: disruption room 
with only one MSTRS device, which sprayed 5 J.lg pheromone on a spray 
pad every 15 min, and a control room, where no synthetic pheromone 
was present. Virgin C. cautella males (100) and females (50) were 
released into the rooms and left for 24 h before recapture. Mating 
status of recaptured females was assessed by dissection of their bursa 
copulatrices to determine the presence of spermatophores. Columns 
with no letters in common are significantly different at ex = 0.05 level 
(ANOVA, LSD, SAS 1989) (n = 3 replicates). 

females mated), in light of the fact that nearly all (96.1%) males were dead at 
the time ofrecapture. 

MSTRS as a strong source. One of the main thrusts of the development of 
commercial formulations for release of pheromone has been to make them 
sprayable through conventional farm equipment. This approach followed the 
early notion that pheromone had to be omnipresent in the area to be protected, 
thus the term pheromone air 'permeation,' which has been and still is widely 
erroneously used to describe an ideal pheromone emission scheme for a 
disruption program. However, stronger and more widely deployed dispensers 
can also be effective mating disruptants. Shorey and colleagues (Shorey 1977, 
Shorey et al. 1972) early on demonstrated that disruption could be just as 
effective with widely spaced but powerful emitters (up to 400 m apart) as with 
closely spaced, weak emitters. They concluded that the overall amount of 
pheromone emitted per field was critical for successful disruption and not the 
uniform permeation of the area. More recently, new formulations of very high 
pheromone per unit emitter-source, such as Shin-Etsu ropes, deployed widely 
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spaced in the field have proved to protect crops and to be a commercial success 
against several species of moths (Baker et al. 1990). The MSTRS devices 
issuing 50 pg per spray were shown here to promote disruption of mating of C. 
cautella: these devlces fall into the category of strong, widely spaced pheromone 
dispensers. Here it has been demonstrated that even a single MSTRS device 
emitting high doses of pheromone could promote more than 95% mating 
disruption at high moth population densities. MSTRS devices might effectively 
protect spaces much larger and with much more complex topography than the 
simple interior of the rooms used for this experiment, which should have 
facilitated mate location by the habituated males. 

During the writing of this paper, we became aware of the testing of a 
metered aerosol device by Thomas et al. (1975) for attracting southern pine 
beetles. They tested the advantages of such a controlled-release system for 
bark beetle pheromone but focused on attraction alone. Our efforts at 
employing such a system for moths with the aim of disrupting mating is to our 
knowledge the first of this type. It is interesting that moth pheromone 
researchers have not explored the use of metered aerosols for disruption of 
moth mating in the years since the Thomas et al. (1975) report, especially as 
these authors pointed out, they do offer so many advantages. 

The inability of previous efforts to achieve C. cardella mating disruption at 
high population densities (Ganyard & Brady 1971, Hagstrum & Davis 1982, 
Haines 1976, Hodges et al. 1984, Minks & Carde 1988, Vick et a1. 1981) may 
have been caused by loss of activity of the pheromone sources used due to the 
hardening of the liquid phase of the Z9,EI2-14:Ac reservoir, which occurs in ca. 6 
d in the field (Shorey et a1. 1994). Our experiment resulted in nearly total 
suppression of mating by C. cautella moths, independent of the age of the 
canister, even at population densities similar to those of previous studies that 
failed. The frequent renewal of the MSTRS pad with new pheromone sprays 
seemed to have circumvented the deterioration of the quality of the major 
pheromone component (Z9,EI2-14:Ac) emitted, thus maintaining the high 
levels of mating disruption of the MSTRS devices. 

Mechanism behind MSTRS disruption. As soon as lhe C. cautella males 
were released into the rooms containing MSTRS devices, they new in the 
direction of the MSTRS devices, landed, and performed courtship. At the time 
we reentered the rooms to release the females, either 1 h or 4 h after male 
release, depending on the experiment, the majority of the previously released 
males were quiescent, sitting on the walls and floor of the pheromone-treated 
rooms. Also, at the end of the experimental period, 24 h or 72 h after the 
release, the majority (>90%) of the males in the pheromone-treated rooms were 
observed to be quiescent even though most of the females were still calling. 
However, we observed that after the MSTRS devices emitted a new spray. 
many of the quiescent males soon took ofT and flew. A few of these males landed 
on the pheromone pad, but most became arrested in-night while still 
approaching the pad. Mating disl'Uption of C. caulella by the MSTRS devices 
was, therefore, at least partially achieved by the mechanisms of false trail 
following and competition among synthetic (MSTRS) and natural (calling 
females) pheromone sources, in conjunction with (partial) habituation or 
sensory adaptation (Baker et a1. 1989, Carde 1990, Carde & Minks 1995). 
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It is interesting that C. cautella males could orient at all to the high 
pheromone dose sources such as the ones receiving 50 llg of pheromone at 15 
min intervals. Previous investigation on the pheromone dose-response in the 
wind tunnel has shown that C. cautella males fail to fly upwind to high doses of 
pheromone. The optimal pheromone dose to elicit oriented upwind flight and 
source location of C. caulella males in the wind tunnel was 4.5 ng of pheromone 
on filter paper (Mafra-Neto 1993). Increasing the pheromone dose one or two 
log steps significantly reduced orientation and landing (45 ng) or even 
eliminated flight orientation (450 ng). The few C. cautella males that engaged 
in oriented upwind flight to 45 ng and 450 ng sources in the wind tunnel 
became arrested in flight and abandoned the plume before they located the 
source (Mafra-Neto 1993). That C. cautella males in the field oriented to, and 
landed on, high-dose sources of at least 5 pg or 50 pg of pheromone may be due 
to partial habituation caused by the pre-exposure to high doses of airborne 
pheromone either due to false trail following or to the high ambient average 
pheromone concentration in the room. Mafra-Neto & Baker (unpubl. data) have 
found that once male C. cautella have been pre-exposed to pheromone, their 
response threshold shifts and they start responding optimally to higher-dose 
pheromone sources and fail to respond to the previously optimal low-dose 
pheromone sources. Thus, the pre-exposure effect may explain why C. cautella 
males in the field responded to high-dose pheromone sources but not to calling 
females. 
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Introduction to the Symposium Proceedings 

F. Maxwell 

'Ve have had modest success in the United States in implementing integrated 
pest management (JPM). and we can be proud or QlII' a<.:t:omplishmcnts to date even 
though we still have a long way to go to reach the level of implementation that will 
be necessary in the futw"C. Although the need for JPM in developing countries has 
always been equally important, the success rate has been limited. However, the need 
for IPM has continued to grow in t.hese countl;es with tile increasing pressures fa!' 
food production, mounting health and environmental concerns, increasing pest.icide 
resistance, and the need for agricultural sustainability. Constraints to 
implementation of IPM in developing countries arc numerous and far ranging. 

Two significant studies have been conducted that relate strongly to our 
symposium topic. One study was published in ]992 by the Natural Resources 
Institute ({PM Task Force), Overseas Development Administration, entitled 
"'Integrated Pest Management in Developing Countl;cs, ExpCI-ience and Prospects.... 
I\'lembers of the [PM Task Force were the Australian Centre for International 
Agricultural Research, Commonwealth AgJicullure Bureaux (CAB) international, 
Food and Agriculture Organization (FAO) of the United Nations, International 
Development Research Centre, Overseas Development Administration, and the 
United States Agency fol' International Development (USAID). This 1'ask Force 
concluded that despite significant investment over the past 20 yr by national 
governments and international development agencies in programs designed to 
promote the application ofIPM in the tropics, the resull,;,; wer'c disappointing. They 
cited the following reasons for failure: (1) inadequate pl'Oblem definition leading to 
POCll" project design; (2) inappropriate research, which failed to design technologies 
suited to small-scale fanners; (3) fi-agmentation of efTort. wilhin a country where 
research, extension, and plant protection are often the responsibilities of different 
departments within governments; and (4) inappropliate government policies such 
as chemic'::ll price subsidies, which favor pesticide use. 

17] 
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In examining a few more successful IPM programs, notably the rice program 
in southeast Asia, soybean in Brazil, and cotton in Zirnbab\ve, some common 
features have been identified: CD clearly defined target(s) and well·locused 
programs of implementation; (2) pest control strategies suitable fol' use by 
srnall·scale farmers; (3) good links bet\~'een research and extension; (4) 
adequate infrastl'UcLm'C; (5) availability of trained personnel at all levels of 
project management; (6) suitable training programs; and (7) sustained funding. 

The second study \,ras conducted by the National Research Council, 
Subcommittee on IPIVI. This study was an addendum to a larger report on 
sustainable agriculture and natural resource management in developing 
countries commissioned in 1990 and completed in ]991. The larger study served 
as a primary resource to USAID in developing the Sustainable Agricultw'e and 
Natural Resource Management Collaborative Research Support Program 
(SANREM CRSP). The subcommittee on rPM completed its work in 1992 and 
the recommendations werc published in a booklet by the National Academy 
Press, entitled "Toward Sustainability. An Addendum on [ntegrated Pest 
Management as a Component of Sustainability Research." The report 
highlighted the findings of the panel in identifying a number of' major 
constraints to implementation of rPM in developing countries. In addition, the 
committee recommended to USAID that [PM be an integral part of the 
SANREM CRSP rather than an independent CRSP. USAlD did not accept the 
latter recommendation but utilized the identified constraints in the 
development of the IP!vl CRSP project. Major constraints to implementation of 
IPM in developing countries identified by the committee included: (1) technical 
- principal area was the lack of scientific understanding of' the natural factors 
that influenced the abundance of pests and their natural control agents; (2) 
institutional - greater support needed to be given to interdisciplinary 
collaborative research on IPM; (3) socioeconomic - the rate at which rPM was 
adopted was determined largely by social and economic conditions; (4) 
educational - there was a lack of trained personnel to handle the specific 
problems and perceptions of farmers and to provide feedback bel\.,'cen farmers 
and the research community; and (5) policy - regional and national policies 
frequently were inadequate for, and even counterproductive to, the 
implementation of IPM. 

The papers making up this symposium will touch on a number of the 
constraints and problems mentioned above and will hopefully enable us to 
better understand some of the challenges confronting us in implementing IPM 
in developing countries. 
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ABSTRACT IPM technology for tropical irrigaLcd rice in Asia was 
dC\'cloped almost 20 yr ago, but its extension has only recently made a 
significant impact. Initially, national extension systems were unable to 
deliver tmining of adequate quality by using convenlionaltraining methods. 
Recently, Indonesia's National [PM Training and Development Programme. 
with technical support. from the FAO Inter-country Programme for lPI\'I in 
Rice in South and Southeast Asia, developed a more cfreclivc training 
approach by using farmer-participatory nonfonnal education methods. This 
training paradigm is revolutionary in that it lransfonns the roles of trainer 
and farmer, and thereby transforms the training process. I"armer
participatory training has the pot.entiallo facilitate the large-scale extension 
of IPM and other elements of integrated crop management. However, wide 
application of this new approach probably would require rndicnl change in 
nb'Ticulturnl development policy and institutions. 

KEY WORDS Hice, crop protection, plant protection, integrated pest 
mlllla~ement, IPM, fanner participatioll, multidisciplinary research, extension 
tmining, 8brricultural policy, Parmer First 

The word l'rcvolution" is disquieting, but it is an accurate description of the new 
movement tawilI'd fanner participation in agJ°icult.ural research and development. 
This paper explains this view in the context of a case study of farmer-participatory 
extension; namely, integrated pest management (IPM) implementation in 
Indonesian nee. This case study is complementary to Dr. Bottrell's paper on fanner
palticipatory rice research, published as prut of this proceedings. 

Rice IPM: An Extension Challenge 

The value of rPM is well proven for tropical inigat.cd rice in Asia. Rice can be 
grown virtually without pest.icides by using pest-resistant. cultivars and preventative 
pest control methods. Untrained farmers customarily spray their crop with 

1 Accepted ror publication 15 March 1995. 
': Current addreu: Plant Protection Department. Pan American Agriculture School (Zamorano', 

Apartado POliln193. Tegucigalpa. HondunlS. 
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insecticides several times each season, usually with no economic benefit 
(Marciano et a1. 1981, Litsinger 1984, MaLteson 1986, Kenmore 1987, Smith et 
al. 1989, Escalada 1992, Medrano et al. 1993, Rola & Pingali 1993). Moreover, 
insecticide overuse is known to trigger outbreaks of the key insect. pest, the 
brown planthopper Nilaparuata Lugens Stal, by killing the natural enem.ics that 
usually keep it under control (Kenmore et al. 1984,Ooi 1984). 

The lnternational Rice Research Institute ORR!) and Asian national 
research programs have been developing IPM technology since 1972 (Reissig et 
al. 1985, Hansen 1987). Nevertheless, "ice IPM extension has only recently 
made a significant impact (Useem et a1. 1992, Matteson et al. 1994). The 
problem is the difficulty of' delivering training of' adequate quality on a Im·ge 
scalc. rPM is an educational challenge because it is relatively complex and 
management·inlensive. Farmers must learn principles plus the knowledge and 
skills necessary to apply them. Training must leave farmers confident enough 
to make independent decisions based on their specific farm conditions. 

Intenlisciplinal")' teams tested seven,1 rice IPM extension training approaches 
in Philippine villages between 1978 and 1980. Philippine rural sociologists, 
community organizers, and extension officers collaborated with an IRRI 
anthropologist and entomologists to determine the following requirements for 
effective training (Goodell eL al. 1981,1982, Goodell 1984, Litsinger et al. 1984): 

1. Group training so that farmers can lea1'n from each other, with frequent 
discussions and group reinforcement of decisions; 

2. A curriculum par'cd down to essentials, simplified and with the most 
important points repeated often; 

3. Twenty to 40 hr of good quality instruction in the rice paddy, distributed 
so that farmers can practice skills and crop protection decision making each 
week during an entire growing season; 

4. Class experiments and demonstrations that engage farmers' curiosity and 
encourage imaginative inquiry and self-reliance; and 

5. Periodic follow-up for one or two seasons while farmers gain confidence in 
their independent decision making. 

These training guidelines worked well on a pilot scale when used by highly 
motivated, intensely supervised field officers. Even 3 to 5 yr after training, 
trained farmers' insecticide use aver·aged one-thi,·d less than that of untrained 
farmel's, while their' dee yields were equal or higher (Kenmore 1987, Kenmore 
et al. 1987). Howeve,", when extension responsibilit), was handed over to 
national agricultural extension systems in the Philippines, Sri Lanka, and 
Indonesia, the quality and intensity of training dropped too far to change 
farmers' practices substantially. 

Extension Systems, Motivation, and Training Quality 

National agricultural extension systems in developing countries generally 
operate according to the "technology transfer" paradigm, under which 
agricultural resea"eh and development is carried out stepwise by a large, 
lllultipul'pose hierarchy (Fig. 1) (Roling & van de li'liert 1991). Recommendations 
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Fig. 1.	 The "technology transfer" paradigm of agricultural research and 
development.. 

for farmers are defined after several stages of research. Next, instructional 
messages about technical packages are passed through a chain of extension 
officers to a subset of fanners, who are supposed to communicate them to others. 
In theory. messages pass in the opposite direction as well; in practice this is a 
"top·down" approach with exper'ts in charge and little feedback from farmers. 

The style of extension training at all levels is conditioned by this hierarchical 
system. Trainer and trainee assume a traditional teacher/student relationship. 
The trainer, as "expert," dominates, defining the curriculum and tending to 
lecture. Trainees are expected to be interested, deferential, and unquestioning 
(Table 1). This type of instruction often fails to motivate trainees because of 
their lack of involvement, the absence of dialogue, and the resulting 
unresponsiveness of the training to their actual needs and ideas. 

Where training content is concerned, rank and Science are allowed to 
overshadow farmers' needs. The lower the rank of an extension officer (i.e., the 
closer the officer is to famlers), the less training and rewards extension officers 
receive. They are customarily trained between cropping seasons, mostly with 
classroom lectures on technical subjects. There is little opportunity for hands·on 
field practice. The curriculum is oriented toward transmitting recommendations; 
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Table	 1. Assumed trainer and trainee roles, conventional vs. parti
cipatory nonformal extension training. 

Conventional Training 

Trainer Trainee 

Teacher Student 

Expert I~rnorant 

Active Passive 

LectUl'e Listen 

Direct	 Obey 

Participatory Nonformal Training 

Trainer Trainee 

Collaborator Researcher 

Facilitator Observer 

Partial Partial 

knowledge knowledge 

Active Active 

Dialogue Dialogue 

Consult Make decisions 

teaching skills are largely ignored. Extension agents emerge ill-prepared for 
their job of helping farmers (Goodell 1983, Byerlee 1987, Axinn 1988, Swanson 
1990, UNDP 1991). 

The average extension agent working under these conditions does not deliver 
the quantity or quality of training that rice rPM requires. Indifference, 
incompetence, and many connieting responsibilities result in too few IPM 
training classes being offered. Classes that are convened often meet in 
c1assl"Ooms rather than in the field, with trainers falling back into the accustomed 
lecture mode. Fanners, unmotivated for the same reasons their trainers are, stop 
attending classes, and there is no foHow-up (l'vlatleson et al. 1994). 

The uRevolution" of Farmer Participation 

The paradigm described above embodies elitism and authoritarianism" 
resulting in comm.unication through direc/.ives and la.ck of accountability. 
These are the things that spark revolutions. In 1789 they allowed Marie 
Antoinette to tell the starving French people that they should eat cake. They 
were behind "taxation without representation" in England's American colonies 
before 1776. More recently, they have inspired countless occupations of 
university administration buildings by students protesting against the Ivory 
Towel'. 

In the case of' IPM extension, "revolution" reICH"S to the demand lor change in 
the current assumptions and procedures of agricultural development 
institutions and their staff. Democracy and equality must replace 
authoritarianism and elitism; communicalion should be through dialogue, not 
directives; and agricultural development programs have to be answerable to 
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farmers. This can only be achieved by changing roles and process. Farmers, 
extension agents, and researchcr·s should work together as equal part-neTS. 
Each has specialized skills and knowledge to contribute: researchers and 
extension agents arc a source of new technologies and information, and 
farmers' knowledge, experience, and ideas are invaluable for the development 
and extension of locally appropl-iale pest management methods. 

Field scientists who belong to \\-'hat is sometimes called the "Farmer First" 
chool of agricultural development see this new paradigm as a technological 

necessity (Chambers et al. 1989, Scoones 1994). They argue that conventional 
top-do\\'n agricultural research and development usually fails to produce 
appropriate innovat.ions. Best results are achieved when farmers participate in 
every step of the process, applying their intimate understanding of local 
conditions and constraints, their innovativeness, and their skill at making the 
best possible living with limited resources. 

Conventional top-down ext.ension training is replaced by a more robust 
training process thaI.. centers on farmer participation. Paulo Freire, a Brazilian 
educator, is a chief proponent of this approach to non formal education (NFE). 
He pointed out lhat. adults are most motivated to leal'n things that relate 
directly to their life experience. Interest and exhilaration in learning is 
connected with understanding why things happen as they do and the 
presentation of knowledge as a tool for action, 50 that people can change their 
lives for the belter. Freire stresses the need for scientists and extension officers 
to become collaborators, facilitators, and consultants, empowering farmers to 
analyze their own situation, to experiment, and to make constructive choices 
(Table 1). Learning should be dynamic and liberating, Sl}urring people who 
were passive to become seurchers and innovators (Freire 1981, Roling 1992). 

Participatory Nonformal Education 
for Rice IPM Extension 

Involving farmers in the technology development process is wholly consistent 
with t.he IPM goal of making them confident managers and decision makers, 
eager for new ideas and infor·mation but free from del>endence on a constant 
stream of pest control directives from outside. In that spirit, Asian trainers 
have contributed to the new paradigm. Indonesia's National IPM Training and 
Development Programme, with technical support from the FAO Inter-country 
Programme for' rPM in Rice in South and Southeast Asia, custom-designed a 
participatory NFE approach for rice [PM (Useem ct al. 1992, Matteson el a1. 
1994). Dr. Petcr Kenmore, Coordinator of the FAD Programme, catalyzed the 
key collaboration between an IPl\·1 scientist, Dr. ({cvin Gallagher, and a 
training specialist, Dr. Russ Dilts. 

"Apa ini.n The same IPM training guidelines (described above) are 
followed, but the training process and the relationship between extension agent 
and farmer are changed (Table 1). Apa illi means "\Vhat is this?'" in Bahasa, 
the official Indonesian language. It is a catchword for the dialogue that ensues 
because trainers are taught to answer questions with furtheJ' lead-ing questions 
instead of acting as the "expert." They give trainees missing information when 
it is needed, but only to enable farmers to observe and think for themselves. 
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Dialogue and discussion guide a discovery learning process in the field. 
Farmers make their own observations and draw their own conclusions. 

Agroecosystem analysis. Eve,'y week the apa ini learning process is 
combined with agroecosystem analysis for class decison making about pest 
control. For agroecosystem analysis, a training class of about 25 people divides 
into five small groups. In sprayed and unsprayed plots, each group notes the 
stage of the crop and observes field conditions. Then each farmer group 
analyzes the field situation by making a diagram 0(' that rice ecosystem. Two 
rice plants, one sprayed and one unsprayed, dominate the diagram. Tiller 
number, diseased leaves, water level, weather, rat damage, '''''ced density, pests, 
and natural enemies are all drawn, by using live specimens brought from the 
field. 

\Vith the diagram as the locus of their discussion, group members decide 
whether any pest control action is necessary and what the general needs of the 
crop are in the coming \veek. Then each group presents and defends its 
summary to the class. Discussion follows. The trainer facilitates by asking 
questions or adding technical information if necessary_ In this way. farmers 
practice and integrate their skills and trainers evaluate their progress. 

Experimentation, Farmers' own experiments support this active learning. 
They keep "insect zoos" to observe life cycles, predation, and parasitism. By 
removing different proportions or leaves from small marked sections of' the 
paddy, farmers see for themselves how much defoliation the young crop can 
compensate for. Spraying dyed watcr (surrogate "pesticide") while wearing 
white clothes and face mask demonstrates the amount of pesticide to which 
various body parts are exposcd. Plant cuttings absorbing dye in a jar of colored 
water shO\.... how systemic pesticides work and why they can't be washed off of' 
food before consumption. 

Group dynamics. Games, skits, and songs are a part of the cUlTiculum, as 
well as the fun side of training classes. They ar'e designed to stress the 
importance of unity, good communication, and group action. A strong espirit de 
corps is developed among trainees. The group dynamics skills imparted by 
example during training and exercised in the games prepare farmers to train 
other fatmers in tUI'll. 

Farmers and trainers enjoy this participatory training process. Hands-on 
exploration in the rice paddy is a welcome replacement for the boring lecture 
mode of most extension training. Both farmers and trainers are motivated by 
the excitement of new discoveries and the reinforcement of sharing them 
publicly with others. 

The results of this lPM training are the best achieved La date in Asia, in 
terms of fanners' changed behavior (Useem et al. 1992, l\'1mteson et a1. 1994). 
Experimental data indicate that, on average, insecticide application is 
economically justified in Asian tropical irrigated rice only once every two 
seasons, at most (Marciano et a!. 1981, Litsingel' 1984, Matteson 1986, Kenmore 
1987, Smith et al. 1989, Escalada 1992, Medrano el. al. 1993, Rola and Pingali 
1993). Nevertheless, farmerlj who ha ve received even the highest-quality IPM 
training by using conventional teaching methods, while reducing their pesticide 
use, still typically spray their crop once or twice a season (I{enmore 1987, 
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Kenmore et aJ. 1987, Adalia 1990, Matteson & Senerath, unpublished data). In 
contrast, the first 50,000 farmel's trained in rndoncsia reduced their insecticide 
applications from an average of 2.8 sprays/fmmer/season to less than one, with 
the majority of trained farmers not using insecticide at all. rrhis was 
accomplished \\o;thout any loss in rice yield (Pincus 1991). 

The training described above was carried out on a medium scale (according 
to Asian standards) by Pest Observers of the Indonesian Crop Protection 
Directorate, assisted by Extension field agents in an on-the·job training 
arrangement. The future impact of this [PM training approach as implemented 
by national extension services and through farmer-to-farmer training has still 
to be tested. Because of its enhancement of trainer and trainee motivation and 
the quality of training, this methodology has the potential to boost the 
effectiveness of large-scale rice IP:M training. However, impact on farmers' 
practices will depend on the quality of the nonfonnal education process that is 
fielded. 

Policy and Institutional Changes Required 

Higher-quality training is needed in response to more complex problems. 
The participatory NFE approach described above is applicable to all 
agricultural extension subjects because IP1\.1 typifies the integrated crop 
management that is now required to increase agricultural productivity (Byerlee 
1987, Roling & van de Fliert 1991, Pimbert 1991). However, policy and 
institutional change will be necessary before this type of training can be 
implemented widely and well (Roling 1992, Barfield & Swisher 1994), 

Fal"mer participation. A genuine capability for, and commitment to, 
farmer-participatory work is required of both individual scientists and 
inst.itutions. There is far to go in this regard, the idea having reached only the 
lip-service stage in most cases. Leaders of agricultural research and 
development institutions should state this policy often and clearly, incorporate 
it into progmm evaluations, and guide by example. 

A multidisciplinary approach. Scientists onen "cut corners" by trying to 
meet all program needs themselves, particularly when (as often happens) 
agricultural development programs are running behind schedule and over 
budget. An elitist tendency of scientists to underestimate the value of non
science professions and t.o overestimate the scope of their expertise may playa 
role. Regardless of how capable scientists are, theil' best results are unlikely to 
equal what they would achieve with the help or trained p"oressionals in 
complementary fields (Badield & Swisher 1994). 

It is not necessary for collaborating specialists to have previous experience 
with crop protection, as long as they can 'Nork closely with a recept.ive rPM 
scientist. For example, the social scientists who were instrumental in 
developing the basic guidelines for effective rice [PM training did so while 
working with entomologists for the first time (Goodell et al. 1982). Similarly, 
the Indonesian rice IPr\!l training curriculum and methodology was the fruit of 
collaboration with a training specialist who had never worked in crop protection 
before. Scientists simply must be willing to invest time and energy in 
interdisciplina,·y dialogue and experimentation. Depending on the specific 
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needs of an agricultural development program, valuable contributions can be 
made by speciallsts in areas as diverse as the social sciences, non formal 
education, communications/mass media, women in development, agricultw'al 
economics and marketing, environmental ecology, pesticide chemistry, 
toxicology, medicine, and monitoring and evaluation. 

Human resources development. The allocation of political support and 
money for high-quality training is a corollary of commitment to both farmer 
participation and multidisciplinary "lVork. Appropriate attitudinal and skills 
training are needed for all levels of staff and ('or farmm·s. In extension training, 
the extension/farmer interface should be briven the highest priority. "People 
skills" such as teaching methodology, communication, and group dynamics are 
as important as technology. This requires broader instruction and orientation 
than is presently the norm, and diverse areas of expertise must be melded 
constructively. 

Decentralization. Local involvement and accountability reinforce farmer 
participation (Honadle & VanSant 1985). Decision making about program 
activities and the way money is spent should be decentralized to facilitate 
increased responsiveness to local needs. Local government, existing community 
organizations, and specially formed farmers' groups should be involved. 
Likewise, partnership "",ith regional or local agricultural development projects 
run by non-governmental organizations can be very productive (1vlatteson et al. 
1994). 

New reward systems. Reward systems will have to be altered to bring 
about these broad changes. For instance, research funding and topics of study 
might best be determined by farmer and extension requests from the field. 
rather than by grants awarded through scientific bureaucracies. Similarly, it 
might be wise La judge agricultural development scientists by the number of 
beneficial, farmer-adopted innovations they help develop. rather than by the 
number of their publications in scientific journals (Barfield & Swisher 1994), 
Perhaps farmers should play the lead role in the l'ecruitment and evaluation of 
extension officers. 

\Ve are so far from realizing the scenario described in the preceding 
paragraphs that if those things happen it will constitute a revolution. Except 
for a few noteworthy examples, some of which have been described in this 
symposium, agricultural institutions and agricultural scientists still have a 
long road to travel. That is not surprising, since as in any other revolutionary 
situation, the people who are presently in control of agricultural development 
stand to lose most. For this revolution to suceed, we scientists and 
extensionists must be willing to relinquish much of the power, status, and 
relative lack of accountability we no\,,,' enjoy. 
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ABSTRACT This paper identifies some of the pdorily research that is 
needed to accelerate integrated pest management (IPM) toward morc 
sustainable crop protection in developing COllntries. Perhaps the most 
important need is fOl' "cscarch that measures how difTcrcnt IPj\'1 tactics 
contribute to long-term crop stability. Another is for research that critically 
examines the inleracl.ions of diITerent pest control tactics. Researchers 
especially need to rccvalunte the widely accepted view that. host plant 
resistance and biological control arc naturally complementary. 
Experimental data and population genetics models have chnllenged this 
view. Researchers also need to reevaluate the view that bownicnl pesticides, 
which many developing countries arc promoting, are hllrmless to nontarget 
organisms. Examples show that some formulations of neem pesticides may 
negatively affcct natu1"31 enemies and aquatic organisms. Crops engineered 
for pest resistance offer new opportunities in future (PM I)rograms in 
developing countries, but their use opens questions about ecological and 
human health effects. IPrvl "esean:hers should team up with ecologists, 
health specialists, economists, and others and critically eVl.lluate eflacts of 
the engineered plants bcfol'c funnel'S stOlt planting thcm widely. Although 
basic rcselll'eh is essential to answer questions concerning exploitation of 
IPM tactics for hest long·Leml results, research that builds on farmer 
practice also is an important need in developing countries. 

KEY WORDS Research, integrated pest management, developing countries, 
ecological stability, host plant resistance, biological control, engineered crops. 
botanical pesticides 

Since the 1960s agriculture in many areas of the developing world has 
transcended to a more modem, higher-yielding stale. The Consultative Group on 
lnternational Agricultural Research (CGIAR) has been a major' catalyst behind the 
conversion. With voluntary pledges from more than 40 donors, CGIAR supports 
research and training at 18 centers aimed at improving I>roduction of specific crops 
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and cropping systems (Plucknett 1993). The first two centers, the International 
Rice Research Institute ClRRl) in the Philippines and Centro Intcrnacional de 
Mejol'3miento de Maiz y Trigo in Mexico, focused on increasing yields of rice, 
O,yza, saliva L., and wheat. Triticum. aestiulim. L. 1'heil' main strategy was to 
breed new cultivars that produced high yields when irrigat.ed and grown in 
dense plantings with high fertilizer input. By planting the new cultivars and 
lIsing irrigation and rcrtllizers, farmers could increase crop yields by twofold or 
more (Jennings 1976). The resulting "G,'cen Revolution" dramatically inCl'cased 
harvest of rice and wheat in Asia and Latin America and was a powerful 
incentive to increase yields of other primary Ibod crops (Plucknett 1993). 

CGIAR and othel' organizations similarly committed to developing countries 
have contributed significantly to the goal of' achieving agricultural self
sufficiency. An example is the effort to increase rice production in Vietnam 
where 10 million farmers plant rice on 6.3 million ha, or 82% of the arable land 
ORR] 1993b). Before the 1960s, Vietnam, like other countries of tropical Asia, 
produced only unimproved rice by traditional methods and yields were low. 
Since 1968, modern rice cultivars, new pl'oduction technologies, improved 
irrigation systems, reforms in land tenure, and marketing have drastically 
changed this situation. Modern cultival's now cover SO%> of Vietnam's liceland, 
and production of rice has increased from 120 kg PCI' capita in 1980 to 185 kg 
per capita in 1990 (fiR! 1993b, 1994). Since the mid·1970s, the average small· 
farm household's share of income from rice han'ests has increased fTom 20% to 
about 60%. Vietnam not only achievcd self-sufficiency in rice production but 
also became a leading rice cxporter. A rice importer until 1988, Vietnam 
became the world's fourth largest exporter of that commodity in 1991. 

Routine use of insecticides became a fealurc of farms planting high-yielding 
ricc and other crops. Banks often required a full-season preventive insect 
control schedule as a condition to a crop loan. 'fa meet this requirement. 
government pesticide subsidy programs gave farmers access to insecticides at 
very low costs (Repetto 1.985). The developing countries imported most of the 
insecticides from developed countries, ",'here many had been prohibited or 
heavily I"estricted. For example, nearly 40% of the insecticides used on 
Vietnamese rice arc in the \Vorld Health Organization's most hazardous 
Category I (l\,lai ct al. 1993). Although developing countl"ies may have pesticide 
laws, they usually lack resources necessary to enforce the procedures and to 
train fat"mel's on concct. pcsticide usc. I'hcrcfol"e. pest.icide-I"elated problems 
have increased with expansion of the high-yielding cropping systems. In 
irrigaled rice in Malaysia, insccticide use has dcvastated fish populations 
cultured in the paddies fbI' human food (Lim & Dng 1987). Few studies have 
quantified the impact of pcsticides on human health in farming regions of 
developing countries. The study of Rola & Pingali (1993) suggests that use of 
Calegol'Y I insecticides in lhe Philippines Illay increase human health problems 
and reduce farm productivity because of impaired farmer health. Furthermore, 
rice gl'owel's in southeast Asia that have been using insecticides have 
experienced serious problems wiLh resurgence and secondary outbrcaks of thc 
brown planLhoppel', Nilaparuala lugens SUil. BI'own planthoppcr eggs, in 
protected habitats inside lhe dce plants, are not killed by the insecticides, but 
their natural encmies are. Also, some insecticides stimulate t.he pest's 
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fecundity (Chelliah & Heinrichs 1980, Chelliah et al. 1980). As l'ice farmers 
used large volumes of insecticides, crop damage from the planthoppers 
increased, resulting in heavy losses in many areas (Heinrichs & Mochida 1984, 
Kenmore et al. 1984). 

Although chemical control strategies still ,·eign in high-yielding cropping 
systems in developing countries, they are being increasingly challenged on 
economic, environmental, and health grounds. National and international 
organizations and farmer groups are 1"easse~sing the need for chemical control. 
Simultaneously, they are seeking sustainable systems of integrated pest 
management (rPM) that combine plant resistance with less expensive and 
nonchemical tactics, as several papers in this issue discuss. This paper 
identifies some of the priority research needed to accelerate IPM toward more 
sustainable crop protection in developing countries. 

Pest control tactics and ecological stability. Although ecologists 
disagree among themselves about what ecological stability means and hov..• to 
measure it, they generally perceive it as the ability of a community of 
organisms to withstand or recover from environmental perturbations (Pimm 
1991). Ecosystems with higher stabilit.y show relatively low levels of 
nuctuations and recover ,'clatively quickly From disruptions (May 1976). 

MacArthur (1955) and Elton (1958) used empirical models and observations 
to show that incl·eased complexity, characterized by more species and more 
ecological interaction, favored stability. The notion that complexity begets 
stability became an ecological paradigm (May 1976), and contributed to the 
argument that the relative simplicity ofagricultuJ'al mOl1ocultures adds to their 
inherent instability. Empirical information suggesting that insect pests, 
pathogens, and nematodes tend to be more abundant in crop monocultures than 
in polycultures also helped to fuel the argument (Vandermeer 1990). 

Consistently high ecological stability is rare even in the most stable 
ecosystems. However, high stability is not a prerequisite for achieving effective 
long-term crop protection if the pest population fluctuations do not exceed 
unacceptable levels (Risch et a!. 1983). In modern rice production systems, 
chemical insecticides, which reduce natural enemy populations and also may 
stimulate the pest's fecundity, contribute more than other factors to extreme 
fluctuations in the brown planthopper (Kenmore et al. 1984, Heinrichs & 
Mochida 1984). Furthel"more, Heinrichs (1992) and Gallagher et al. (1994) 
presented evidence that insecticides-by enlarging the pest population through 
resurgence and outbreaks-may accelerate brown planthopper adaptation to 
resistant cultivars. Therefore, "instability" in agroecosystems may relate to the 
way artificial inputs are used and the perturbations they cause more than it 
docs to the inherent stability of the cropping system. 

The assumption that rice and other high-yielding napping systems are 
inherently unstable and therefore must be chemically protected against pests has 
stimulated prophylactic insecticide use. Mounting evidence shows that 
insecticide usc is rarely necessa,'y to protect yields of high-yielding rice in tropical 
Asia (e.g., Rola & Pingali 1993). However, policy makers and development 
agencies of developing countries will continue to promote insecticides on l;CC and 
other high-yielding crops until convinced lhal alternative conlrol methods will 
ensure long-term crop productivity and stability. 
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Therefore, research that. measures how different IP1\1 tactics affect the 
relative stability of agroecosystems and what tactics may contribute most to 
long-term crop stability has more than academic relevance. Quantitative field 
studies of the short- and long-term ecological effects (e.g., perturbations by the 
tactics, recovery time following perturbations) of dillcrent tactics (alone and in 
combination) are needed to guide the selection of tactics that contribute most to 
long-term crop stability. 

Combining tactics to achieve durability. IPM devotees commonly argue 
that [PM, by virtue of combining different control tactics, is less Joisky than crop 
protection, which uses a single tactic. By spreading the burden of crop 
protection across several tactics rather than just one tactic, IPM is supposed to 
reduce the risk of' crop failure if one tactic fails. If unfavorable weather reduces 
the effectiveness of natural enemies, for example, the f~lJ'mer would still benefit 
from those IP1vl methods (e,g., host plant resistance 01' crop rotation) not 
afTected by weather. Further, evolutionary models predict that the less a given 
control method challenges a pest, the longer it will take the pest to adapt to the 
method (Gould 1988a, 1991). The idea of minimizing pest exposure to a control 
method is in fael a basic precept of IFNI (Smith & van c1en Bosch 1967). By 
drawing from a \vide range of pest controls and minimizing exposure to any 
one, IPM theoretically helps to reduce the rate at which pests adapt to and 
overcome the methods. However, few long-term field studies have been 
conducted to determine if a particular combination of IPM tactics introduces 
less (or more) risk to crop production or if the tactics are compatible (or 
antagonistic). Studies of the combined effects of host plant l'csistance and 
biological control are especially needed considering the attention that these 
tactics are receiving in developing countries, International research centers 
such as IRRI (1993a) and the International Institute of Tropical Agriculture in 
Nigeria (Yaninek & Schulthess 1993) have major programs in host plant 
resistance and biological control. 

A widely accepted view has been that host. plant resistance and biological 
control are naturally complementary. However, Hare (1992), summarizing 
data from studies on a range of natural enemy species, refuted the argument 
that the two tactics are always compatible. In some cases, resistant plants 
favored natural enemies, but in others they had a negative impact. Even if 
natural enemies are protected from pesticides and cropping practices are 
favorable for their increase, they will not do satisfactorily on inhospitable 
plants. 

Clearly, efforts to exploit plant resistance and biological control should 
evolve together, The ideal form of plant resistance may be when resistant 
cultivars suppress the pests and simultaneously benefit natural enemies, A 
high level of pest resistance may not be necessary because the partial 
resistance would be potentiated by actions of natural enemies. Furthermore, 
partial resistance would put less selection pressure on the pests and 
theoretically would be useful in slowing the rate at which pests adapted to and 
overwhelmed the resistance. However, population genetics models of Gould et 
al. (1991) and Johnson & Gould (1992) suggest that some natural enemies may 
accelerate the rate at which insect pests adapt to resistant plants. lVluch more 
ecological field research is needed to test these models and to map out. optimal 
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st.rategies for combining plant. resistance, biological control, and other tactics 
so as La achieve maximum durability. 

Botanical pesticides. Many developing countries aI'e promoting botanical 
pesticides as alternatives to synthetic organic insecticides. Long used by fanners 
of these countries, botanicals are naturally occurring and renewable and, to 
some, the ideal pest control agents. However, information is showing that 
botanical pesticides may not be as harmless to nontarget organisms as generally 
thought. In their review of the effects of ncern, Azodirachlo indica A. Juss. 
products on nontarget organisms, Lim & Bott.rell (1994) documented effects 
ranging from harmless to adverse. Adverse effects included reduced emergence of 
adult pal'asitoids fl"Om neem-treated parasitized cocoons, e.g., braconid wasp 
Colesia pllliellae Kurdj. (Loke et al. 1990); dired mortality, e.g., green mirid bug 
Cyrtorhinlls lividipennis Reuter (Saxena et al. 1984); repellency, e.g., coccinellid 
beetle Delphasills pusillus Le Conte (Boelmer et al. 1990); and reduced fecundity, 
e.g., bethylid wasp GOllioZIlS triallgllli[er KieITer (Lamb & Saxena 1988). The 
coccinel1id predator D. pusillus avoided the eggs of its treated prey, whitefly 
Bemisia tabaci (Gennadius) for 1 d, then resumed feeding the next day (}Ioelmer 
et at. 1990). Neem had a longer-lasting impact on other nat.ural enemies. For 
example, the emergence and fecundity of adults of the parasitoid G. triollguLifer 
were lowered when its pupae were treated with neem (Lamb & Saxena 1988). 

Neem also is toxic to various aquatic organisms. Because of the toxicity to 
aquatic invertebrates, the label of the neern product Margosan-O, sold in the 
United States, specifies "'Do not apply directly to water or wetlands" (Larson 
1987). Yet many developing countries in Asia are promoting neem products in 
irrigated rice. 

The rapid disappearance of naturally forested land and the abandonment of 
traditional pest control practices in the tropics add to the importance of 
examining the potential of plants for pest control agents. However, efforts to 
exploit plants in pest control should put as much emphasis on studying possible 
side efTecls as on studying potential benefits. Just because farmers in 
developing countries have long used botanical pesticides does not guarantee 
that they are more safe than synthetic pesticides-some of the most toxic 
substances occur in plants. 

Engineered Cl·OpS. Genetically engineered crop plants have been 
developed for some 30 plant species (!(hush & Toenniessen 1992). Genetic 
engineers have inserted genes for a variety of desir'able agronomic traits into 
these crops. and crop engineering is presently in the global limelight of 
agricultural science. 

Sharing this light is a dispute between those pl'omoting crop engineering 
technology and tho e concerned about the risks it. creates (Kareiva 1993). On 
one side are those who slough oIT concerns about risks. On the other side are 
those concerned that transgenic crop plants may become '"exotic-like" weeds of 
agriculture; invade and cause ecological disruptions in natural habitats like 
exotic natural species do; hybridize with wild relat.ives and therefore modify the 
wild relatives' natural gene pool; or cause human health problems. Also, some 
are concerned that transgenic crops developed far pest resistance will remain 
useful fol' only a short period because high select.ion pressure wi11 force pests to 
adapt quickly and therefore overcome the resistance (Gould 1988b). 
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As Kareiva (l993) pointed out, horror stories about exotic species are 
probably not a fair analogy for single-gene modifications in crops domesticated 
for long pel'iods. However, the classical plant breeding record itself is not 
completely frce of undesirable effects. For example, to solve the problem of 
weedy wild rice (uncultivated species of O'yza.) that resembles and competes 
with cultivated rice O. sativa, breeders in India bred rice plants with reddish
purple coloration. This technique allowed the \Veedel's to pullout the green 
Oryza weeds (Dave 1943). The approach worked well until the \vild rice plants 
also developed a reddish~puJ'ple color, presumably by exchanging the color
enhancing gene with cultivated rice through hybridization (Gould 1991). 

There is no evidence that engineered crop plants with resistance om~r any 
greater durabillty than crop plants with resistance derived by traditional 
breeding. Gould et al. (992) have already shown that laboratory populations of 
the tobacco bud worm, l1eliolhis virescens (FJ, can develop cross resistance to 
different toxins of Bacillus tlw.ringiensis Berliner, similal'1y to the way they 
have developed cross resistance to chemical insecticides. Many public research 
organizations and companies arc now engineering crop plants with genes of B. 
thuringiensis that encode insecticidal toxins (Tabaschnik 1994). Some of these 
crops are llkely to be planted widely in developing countries. 

The United States and other developed countries have regulatory agencies, 
environmental groups, and sophisticated research programs to guard against 
ill-fated use of engineered organisms. Developing countries usually lack such 
safeguards. A \Vorld Bank (1993) publication appraised developing countries of 
potential problems with engineered rice with guidelines on how to reduce the 
risks. Some developing countries have independently developed their own 
guidelines for engineered crops. However, it is questionable if resources will 
become avallable to allow these countries to follow the guidelines. Few 
developing countries have had resources to follow even the least complicated 
guidelines for ensuring pesticide safety. 

Crops engineered for pest resistance offer many opportunities in future rPM 
programs in developing countries. However, researchers should critically weigh 
their benefits against their potential undesirable side effects. The goal should 
not be to see how little time is required to develop new transgenic plants with 
pest resistance, but to prolong the plants' usefulness in durable deployment 
systems without provoking undesirable side effects. rPM researchers should 
team up with ecologists, health specialists, economists, and others and critically 
evaluate effects of engineered plants before farmers start planting them widely. 

Farmer participatory research. Although basic research is essenbal to 
answer questions concerning exploitation of pest control for best long-term 
results, research that builds on farmer practice (Fujisaka 1991) is equally 
important. Some researchers may view farmers' indigenous systems in 
developing countries as irrelevant; others have discovered that success in 
adoption of new technologies requires an understanding of farmer knowledge 
and practice (Bramel" 1980). 

Escalada & Heong (993) provided a good example 0[' how ['armel's' 
perceptions affect pest control operations and how they can be changed by 
simple farmel' participatory research (FPR) methods. By participating in an 
experiment on their fields, farmers discover the significance of a concept related 
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to IPM. For example, a large portion of Philippine rice farmers use insecticides 
on young rice 0-40 d old) to contml various leaf-feeding insects. They perceive 
that they will suffer heavy losses without the insecticides. However, 
considerable field research shows that insecticides are not necessary to protect 
yields and may trigger outbreaks of brown planthoppC:r. Escalada & Heong 
(l993) therefore organized a FPR experiment in which each participating 
farmer withheld insecticides on a portion of the rice field for t.he first 30-40 d 
but treated the rest. of the field normally. At harvcst, farmers obtained yields 
from both portions and then discussed results wit.h other farmers in a 
workshop. This method was qujte effective in gelling farmers to stop early
season treatments. 

Concluding remarks. Research is obviously needed to develop and 
evaluate IPM concepts and practices in developing count.ries, but it is useless 
without companion etTorts in extension and training. Experience with [PM in 
rice in southeast Asia shows the imparlance of training. Even farmers with 
low levels of formHI education have responded favorably to the training, quickly 
adopted (PM, eliminated unncees&'lry insecticide usc, and in turn tr'ained other 
farmers to do the same (~'Iatt.cson et ai. 1994). Future efforts in IPM research 
should evolve in parallel with the training efforts. The FPR approach 
especially appears to complement the training programs and should reduce 
costs ofint.roducing IPl\'l in developing countries. 
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ABSTRACT Implementing integrated pest management (lPM) pmgrams 
at the village level in developing countries is an ongoing process that 
requires Lime, motivation, and commitlllent. Five key IPM prOb'Tam sl.agcs 
arc recommended, including diagnosis fI( farmers' needs, development of 
working groups and IPM philosophy, promotion and education, project 
implementation, and on-going program evalualion. A collaborative ".;sion is 
defined for the establishment. of a systems management philosophy based on 
recommended principles of prevention, exclusion, suppression, and 
thoughtfulness (PEST). IPM programs focus on D holistic appl'oach to pesL 
management that is emphasized by identifying imbal1:lllces in farming 
systems that cause crop reduction. Requirements of an IPM progrmn stress 
the importance of forming functional working groups to provide an ongoing 
f01"U1ll for communication and feedback, and of developing partnerships that 
furnish social, technical, and political SUPPOl-t. Education programs arc 
highlighted that describe promotional training campaigns, examples of 
farmer inlerviews to assess needs, hands-on analyses of existing farming 
practices, and illustrate types of demonstration plots and on-nll'm projects 
t.hat encourage active farmer involvement. through direct observat.ion and 
experience of IPM practices. 

KEY WORDS InLcgrated pest management, agricultural pests. plant protection, 
developing countries, fanns. extension and education 

As chemical pesticides carne into wide use in developing countties, many sound 
traditional practices \..... ere abandoned and pesticides became the sole pest 
management tool (Dover 1985). Little education about the shortcomings of 
pesticides was offered when pesticides wcn~ introduced into developing countries, 
including non·compaLibility with nontarget organisms, pest resistance, secondary 
pest outbreaks, and human and environmental hazards (Dover 1985, Matteson et al. 
1994, Smith & Reynolds 1966). Fanners frequently mix pesticides with theil' bare 
hands, reuse empty pesticide containers for food and water storage, apply pesticides 
too late relative to crop damage, and often do not. know if the pesticide the)' are 
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using is actually appropriate for the target pest. Pesticides and other pest 
control procedures ofLcn target symptoms of pest attack, where the pest itself 
may be a symptom of a gr"cater ecolo.6rical imbalance. In conjwlcLion, root causes 
of I>est problems arc not well undel'stood or addressed. For this reason, 
pesticides can perpetuate existing pest problems with little impact on 
sustainable pest managemenl. 

The integrated pest management (lPl'vl) approach stresses the development 
of a broad base of management practices and control tools over a single pest 
control and seeks to maintain ecological and other resources over time (Altieri 
1993, NRI 1991, Smith & Reynolds 1966, Taylor 1989). Given this lack of a 
single technical 01' social strategy for solving complex problems in agricultural 
pest management, lPM programs are based on a holistic, adaptive, systems 
nwnagement approach (Delucchi 1989). 

Key features making up systems management are knowledge of ecosystem 
components, assessment of causes of why pest populations increase, and 
selection of farming methods to modify the environment so it is less favorable 
for pest invasion. Appropriate land management practices include land 
preparation, choice of seed, planting schemes, and managing of land after crop 
harvest. The use of reactive management tactics that are limited to control 
procedw'es are not compatible with this systems management approach. 

The objective of this paper is to present. a rational process by which rPM 
programs may be implemented. Critical prob'1'am elements are defined, including: 
(l) adequate communication between fanners, extension, and scientists; (2) 
technology adapted to a farmer's site and crop·specific situation; (3) active 
involvement of f~lI'mers at. all levels of' the process; and (4) adequate time allm·vance 
for each stage of a program. To support this oQjective, personal case examples are 
provided for village-level programs in developing countties. In addition, constraints 
that may <..'Orne between the awareness of [PM and usc of IPM are identified, and five 
stages that build lasting !PM programs are outlined. These five prObTfam stages 
comprise the bulk of this paper and include: (1) diagnosis of farming problems and 
nceds; (2) development of working groups to est<1blish IPM philosophy based on key 
pl'inciples; (3) promotion of rPM through extended efforts in training workshops, 
hands-on part.icipatory field exploration, and public awareness programs; (4) project 
implementation emphasizing demonstration plots and small~scale pilot projects; and 
(5) program evaluation to assess the effectiveness of each stage and adjust program 
priOl;ties to requirements of farmers. 

IPM Programs: Case Examples 

Reported IPM programs provide useful, well-documented information for 
building current IPM programs (Altieri 1993, GoodelJ 1984, Kenmore 1991, 
Matteson et al. 1994, Teng 1990). For example, the FAO lnter-Country IPM 
Rice program in south and southeast Asian countl'ies (i.e., Philippines, Sri 
Lanka, and Tndonesia) has contributed substantially over the last 15 Yl' toward 
IPM goals, including adoption of a holistic approach to addressing crop 
protection issues, }'ecognilion of the importance of participatol'y nonfol'mal 
training sessions, encouragement of a favorable policy environment, and most 
importantly, active fanner parlicipation. 
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Four personal case studies utilized in this paper include: (1) Pest 
Management Intervention Project in Mali, West Africa in 1992; (2) Millet Crop 
Loss Assessment Project in Mali, West AfTica from 1990 to 1991; (3) U.S. Peace 
Corps Plant Protection Unit in St. Vincent and the Grenadines, West Indies 
from 1984 to 1986; and (4) Fruit Fly Detection and Survey Program in St. 
Vincent, West Indies Ii'om 1986 to 1987. 

A pest management intervention project initiated by Development of the 
Haute Valley Program (D1iV) in Mali, West Africa, sought to introduce IPM 
strategies and define IPM philosophy. The project was implemented through 
the Omce de la Haute Vallee du Niger (OI-IVNl, Crop Protection Extension 
Division, with support from United States Agency fol' International 
Development (USAID), and Development Alternatives, Inc. (DAIl in 
Washington, D.C. The Malian pest management project supported a range of 
activities, which included research of farmers' needs, IPl\iI training and hands
on participation programs, and establishment of infrastructure to create 
awareness of the benefits of rPM. Because this project did not receive adequate 
management and funding support, the pmgram was short-lived and its long· 
term impact could not be assessed. 

A millet cmp loss assessment project funded by USAID and contracted by 
Oregon State University (OSU), in cooperation with Service National de 
Protection des Vegetaux (SNPV), in northern Mali demonstrated the 
importance of looking at a combination of extension and farmer interviews, 
examining pest status and crop growth throughout a millet season, and 
evaluating scientific crop loss assessment methods to estimate factors causing 
stand reduction and yield loss (Coop et al. 1993, Jago 1993). 

A plant protection unit supported by the U.S. Peace Corps assigned to the 
Department of Agriculture and the Caribbean Agriculture Research 
Development Institut~ (CAROl) in St. Vincent and the Grenadines was 
developed out of an empty storeroom in the village of Georgetown. Farmers 
were invited to participate with hands-on studies that involved rearing and 
releasing natural enemies of pests, identifying pests and imbalances of major 
crops, and promoting pesticide safety through training sessions. The office was 
decorated with educational displays to increase public awareness and contact 
with farmers. 

A fruit fly detection and survey pilot program was initiated by the 
government agency of Trade, lndustry, and Agriculture of St. Vincent and the 
Grenadines, 'West indies (Dreves 1988). The program was joint-funded with 
USAJD, United St.:'1tes Department of Agriculture (USDA), Animal and Plant 
Hea.lth Inspection Service (APHIS), and Plant Protection Quarantine (PPQ), 
and 81. Vincent l\1inistry of Agriculture, customs and plant quarantine office. 
This ambitious program received heavy support and commitment on a local, 
regional, and national level. The program built a strong foundation to prevent 
deterioration after initial motivators left the country. Local counterparts were 
provided with extensive, supervised training, and intensive field practice; 
reinforced, critiqued, and encouraged on a daily basis; and involved with public 
and media campaigns, all of which established a common goal and 
understanding of the importance of the project and its benefits to the people of 
the country. 
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Overcoming Constraints of IPM 

Factors affecting the adoption of IPM programs have been reviewed, 
analyzed, and documented by many organizations (NRI 1991, Regev 1989, 
Rothschild 1990, Sorensen 1993, Taylor 1989, Wearing 1988). Reported 
constraints included: (1) lack or clear formulation of philosophy and delivery by 
which rPM programs arc extended; (2) insufficient recognition of societal needs 
and resource constraints; and (3) [armel's' personal attitudes and 
misperceptions. 

Constt'aint 1. Without a shared lPM philosophy, based on the concept of 
systems management, a range of individual objectives develops that lack 
common goals to direct an [PM program. In addition, sllstainability is 
important in long-term planning of IPM, as \....ell as appreciation of the 
connections between the economy, environment, and social well-being of a 
village. 

At the heal't of every IPM program is the delivery system. How IPM 
philosophy and new farming pradices are delivered to a farmer determines how 
well a farmer will respond. Researchers and extension personnel possess 
knowledge critical to the success orIPM programs. 1l is not su1TicicntJ howevel', 
for an ext.ension agent t.o t.ell a fal"mer what. procedure should be done and 
expect the farmer to go out. and do it., rather onc must work alongside the 
farmer. There should be farmer input and involvement throughout the entiTe 
[PM process, not just at the beginning and end of a project. A co-learning 
participatory action approach promoted in current TPM workshops (Acker 1992) 
increases exchange between scientists, extension personnel, and falmer. This 
approach also utilizes farmers as facilitators of knowledge by promoting 
farmer-to-fEu'mer information exchange (Ackm' 1992, Lionberger & Gwin 1991), 
Most farmers will not adopt a new strategy until someone in a similar position 
has tried it, and many technologies and management. strategies actually began 
with innovative farmers. 

Constraint 2. Researchers and extension personnel must consider the 
broader perspective of societal needs and resource constraints, A particularly 
problematic attitude of fanners in developing countries is a lack of desire to 
"sacrifice today for the benefit of tomorrow," based on the very "eal day-to-day 
existence of people in many regions. This short-term perspective and the major 
thl'ust or IPM are inherently incompatible, Given this incompatibility, 
education is required for the farmcr to acknowledge the long-term consequences 
of choosing short·term pesticide control strategies, Therc is a general lack of 
accounting for the hidden costs of pesticide applications to human health, 
nontm'get organisms, and the environment (Dover 1985, Regev 1989). 

IPl'vl technology must emphasize the use of local resources and minimize 
external inputs that are costly or show variable availability (Altieri 1993, Rege" 
1989). Local technology reduces the use of unt'eliable external inputs, 
including inol'ganic fertilizers, chemical pesticides, specialized irrigation 
systems, purchased seeds, and olher production-oriented control agents, Local 
technology favors inputs produced or generated on the farm, such as soap or 
pepper sprays, enrichment of soil by composting and mulching, addition of 
animal manure, rotational crop planting, mechanical control methods, and 
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indigenous traditional kno\... ledge, including cultivation lechniques based on 
timing and method of planting. 

In Mali, existing local farming practices in millet were examined by the crop 
loss assessment project at farmer interviews. They found that pulling the 
parasitic weed, Striga sp., in millet fields soon afl.er the first rains decreased its 
impact and lowered the next year's weed population. In addition, the crop is 
weeded twice dUJ'ing the growing season and rotated the following year to 
discourage the weed. 

Another low resource practice used in Mali, discovered when working with a 
farmer in the field, is the use of neem, derived from a tropical ornamental 
shade tree, Azadirachl.a indica A. Juss. \V"omen farmers prepared a layer of 
neem powder from dried and pulverized seeds and layered neem leaves in 
storage bins of drying millet seed. Neem wns used as an insect growth 
regulator, repellent, anli-feedant, and insecticide that repels ants and pests of 
stored products. 

Constraint 3. A third major constraint is the risk and uncertainty 
associated with the adoption of new farming practices (Regev 1989). When 
farmers observe the first sign of pests, they often avoid the perceived risks of 
alternatives to chemical pesticides and ignore the real, long-term risk
increasing effects of pesticides. Farmer perception of the risk of losing a crop by 
not spraying becomes an addiction to pesticides. A philosophical change in how 
pest management is perceived by the farmer involves education, simple 
interdisciplinary studies, Carmer participation, and ecologically sound on-Carm 
research. With increased knowledge and experience or rPM, and t.he test of 
time, farmers can override uncertainties and lessen both perceived and rcal 
risks. 

Step-by-Step Approach to [PM Development 

Recommended stages of rPM program development based on personal 
experience and literaLure must have clear objectives. Each stage is a stepping 
stone in producing a strong foundation of IPM. These stages are: (1) 
diagnosing needs; (2) developing working groups and [PM philosophy; (3) 
promoting IPM education; (4) implementing projects; and (5) evaluating 
programs. 

Stage 1. Crop loss assessment and diagnosis of farmers' concerns should be 
addressed in the first stage of IPM development through Carmer interviews 
(Goodell et al. 1990, Kremer 1993) and on-site farm exploration (l\'Iattcson el a1. 
1994, Matteson 1991a , !(enmore 1991). 

Farmer interviews. The interview process begins with nonexclusive 
village gatherings. The crop loss assessment pmject (Mourdiah, north-west 
Mali) adopted weekly, hour-long village meetings to explain the IPM team's 
intentions and to get t.o know the farmers' priorities. We paid 500 mille francs 
(ca. US $5) requested by the village elders, who encouraged representative 
farrners-old and new-to gather undcr the village baobab trce. Questions 
were interspersed with conversation and fanners were invited to speak freely 
about their personal farming expel;ences. The far'mers were initially shy, but 
cw·iosity and participation increased as they became comfort.able with the group. 
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We documented what the farmers saw as cropping problems (e.g., environmental 
factors, insect attack, weeds, disease) and personal ljmitations (e.g., money, 
pliorities, lack of access to new information, and labor). Older farmers contributed 
information on indigenous traditional knowledge about agricultural practices used 
before chemical pesticides came into \vide use. Thjs fanning history often provides 
a greater ecological framework that is otherwise unavailable. 

Use of pictures of pests and plant symptoms can greatly enhance 
communication between farmer and IPM developer. Farmer interviews used in 
the pest management intervention project utilized illustrative posters depicting 
major crops and potential problems. A spinning wheel was designed ',vith an 
arrow that pointed to factors diagrammed around the edge of the wheel, 
including major and minor pests, beneficial insects, common weeds, plant 
symptoms from disease, and nutrient-related symptoms (Fig. 1). The wheel 
was also used to match a pest or symptom that a farmel' described to a specific 
picture. This helped everyone distinguish specific organisms under discussion, 
where multiple names were often used for a single organism. Some farmers did 
not recognize diseases, weeds, or nutrient-related symptoms as factors that 
affect yield in addition to insects. It is important to not misinterpret 
information that a farmer gives (Goodell et al. 1990). The more time spent with 
the farmer, the more the information becomes understood. 

~ /t',:':,
I " , 

Fig, L	 A spinning wheel used as an educational tool aids in recognition of 
pests, natural enemies, disease, weeds, and weather affecting farming 
systems. 
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Hands·on farm exploration. On-farm exploralion is used to obtain 
information on crop loss. The combination of a farmer's est.imate of what and 
how much direct crop loss has been suffered, and an intensive technical 
estimate La confirm a farmer's estimates is optimum. Problem identification 
with actual plants and pests should involve both the fanner and the scientist, 
who together are co-learners in the process of identifying pests that exert 
significant. damage and negative impact on crop yields. 

Under the plant protection project (Georgetown, St. Vincent), an on-farm 
field day was adopted that. involved up t.o 10 enthusiastic farmers per session. 
We met in a crop pmduction field that provided visual, tangible mechanisms for 
discussing the relationship of the sun, available surface water, soil type, 
nutrients, water-holding capacity, and information on how the surroundings 
playa role in crop development. Furthermore, we evaluated primary and 
secondary pest problems, beneficial insects, and examined their biology and 
behavior. Lepidopteran larvae found inside sugarcane stalks, Im"vae feeding on 
broccoli heads, aphids on cabbage plants, and various insect eggs attached to 
leaves were collected. These collections were labeled and put inside containers 
of empty film canisters, or whatever we had available, and brought. back to the 
office for observation. Several natural enemies. including parasitic wasps and 
flies hatched out, which became powerful tools in teaching about natural 
enemies. We showed the hatched-oul parasitic wasps and mes to the fat'mers, 
complimented with a simple drawing of the parasites' life cycles. These hands
on demonstrations engaged fanners curiosity and maximized pet'sonal contact 
between farmer and researcher. 

Stage 2. The second stage of IPA'I program organization is to form working 
groups that provide infrastructure for the farming community and that make 
group decisions in view of social, political, and technical considerations 
affecting pest management (Dover 1985, Taylor 1989). Forming these 
partncrships with a group of people of common interest strengthens a program 
and crcates trust and respect for each others' roles in the IP1-1 program, The 
ability of [PM to perform at the village level depends heavily on the enthusiasm 
and motivation of the working group. The pest management intervention 
project in Mali fornlulated a working group by personally inviting individuals 
via telcphone, in addition to a memo. The working group included OHVN crop 
protection extension. SNPV plant protection personnel, members of the 
Ministry of Agriculture, Service National Agronomy (SNAG). Division de la 
Recherche Agronomique, Groupe de Resherches et d'Applications Techniques 
(GRAT, a non·government organization), Africarc, U.S. Peace COl'pS volunteers, 
USAIDIDAI specialists, and collaborative farmers fTom a targeted village. 

Once a group is formed, it has the capabilit.y to network, motivate, and 
encourage a country at the local, regional, and national levels to support and 
declare !P;VI as a plant protection policy (Taylor 1989). In opposition to 1PM, many 
pest management decisions are implicit in govcmment actions via their decisions 
on regulation, import., and distribution of pesticides. Farmers are offered pest 
control tactics such as pesticides rather than pest management strat.egies such as 
soil amendments and 1"Oultional crop combinations. If a country supports pesticide 
subsidy in a variety of ways with vested interests that sun-ound t.he pesticide 
industry, the merits of the IPM approach are likely to be ignored. 
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A second political consideration of the working group is to gain support of a 
country to help guarantee that lPM initiatives continue after the donor 
country's support ends. The fruit fly detection and survey program in St. 
Vincent, "Vest Indies, was a success due to the commitment displayed by the 
government, trained agricultural personnel, fruit growers, and the public. The 
government's high prioritization of the project was shown by its invested time 
and support. Initially, five local agricultural personnel were trained one·on
one, daily, for a full year. Intensive training "vas b,;vcn in the areas of airport 
quarantine operation, pest inspection of' soil and plant material, fruit fly 
trapping procedures and identif'ication, and training in record-keeping. 
Accuracy and precision were reinforced, and patience and persistence were 
essential qualities of the trainers and trainees. Personnel were confident in 
their project roles when the host country's assistance ended. St. Vincent was 
declared "Fruit Fly Free" in 1989, \.... hich was a victory for the country who 
desired to export fruit and vegetables to United States and Europe. 

In addition to political considerations, TPM decisions for farm improvement 
should consider both management strategies and control components (Altieri 
1993, Dover 1985). Management strategies manipulate crops and cropping 
systems, with an understanding of physical, biotic, and environmental 
elements. Control components include a systematic approach with identified 
steps to making rational pest control decisions. 

The design of the decisionwmaking process for structuring agroecosystems to 
minimize pest damage is recommended in five steps. These include 
identilication of factors affecting yield, research of life cycles and vulnerable 
stages of pests, monitoring and sampling, options and decisions, and critel'ia 
for judging each activities effectiveness and sustainability. 

1. Identification. Look closely at signs and symptoms of damage, 
distinguish between damage incuITed by various pests, and single it out from 
other environmental and ecological factors that might allect the yield. Failure 
to properly identi(y problems results in wasted effort of unnecessary practices. 

2. Research. Detennine how biological, physical, and environmental fadors 
afl-ect pest organisms. Decide at what level a pest may be present on a plant 
before unacceptable damage occurs and at what point costs of control measures 
outweigh bene[jts. 

3. Sampling and :rvlonitoring. Detect problems before they become 
damaging. A key component is a monitOl'ing program designed to trigger pest 
control action only when pest numbers appear likely to cause unacceptable 
injury to crops. Pest monitoring techniques must be made easier for the farmer 
to use and adapted to farmers' situations. A millet crop loss assessment 
method was developed called 'the adjusted length method,' which included 
visual estimates of various types of pest damage expressed as an accumulation 
01' lengths of damaged heads adjusted to a standard head diameter for each 
millet pocket (Coop et al. 1993). A farmer Illay find this method too Lime
consuming and complicated. 

4. Management. Choose man3gement strategies and control measures that are 
least dangerous to naLul'al enemies of the pest, the environment, and the fanner. 
Consider not only costs, difficulty, and time requirements but also the ownership of 
the technology. Let the rarmer make the final decisions in managing the farm. 
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5. Evaluation. Evaluate the effectiveness of strategies and controls chosen 
by developing a system of measuring its efficacy. 

The IPM working group must also instill rPM philosophy based on four key 
principles of sustainability: prevention, exclusion, suppression, and 
thoughtfulness (PEST; Fig. 2). Through the use of these integrated principles 
and decision-making steps, the farmer is provided with a holistic, 
methodological framework that supports proactive pe t management over 
reactive respon es to pests. 

IPM - Systems management
 

PREVENTION 
-""'--~~ 

EXCLUSION ~~ 

Fig. 2.	 IPM should emphasize and establish a "sy terns management" 
philosophy based on a set of sustainable principles, which include 
prevention, exclusion, suppression, and thoughtfulness (PEST). 
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1. Prevention. Pest problems can be prevented by choosing vlgorous plant 
varieties that can withstand drought and disconrage pests, and by encouraging 
improved soil fertility and use of water retention or drainage methods. Crop 
diversity, timing of planting, and use of crop rotations also help in preventing pest 
outbreaks (Altieri 1993). 1n Mali, West Africa, farmers selected a bristled variety 
of millet seed, resistant against blister beetles feeding on the seed head, disease
free of smut, ergot, and mildew. Seed was canceted from the previous seasons' 
harvest. The farmer timed millet seed planting just prior to the lirst rainfall. If 
seeds \\lere planted too soon, seeds were blown away in the wind or lost to foraging 
ants, rodents, and birds. 11' seeds were planted too late, the farmer risked not 
seeing another rain until late in the season ',.vhen more pests were present. 

Another prevention technique is the use of polyculiure plantings. Malian 
farmers i.ntercropped millet with cowpeas or beans to encourage crop diversity 
(Goodell et al. 1990, Matteson et al. 1984). In addition, a beehive was included 
next to the field, increasing pollination of the plants. Animal manure was 
collected from cows, goats, and chickens, along with wood ash and compost 
material, and transported by cart into the field soon after harvest and before 
the rainy season to enrich the soil for the next seasons' crop. 

2. Exclusion. Pest problems can be excluded from a crop by using barriers 
or ditches, and by growing non-crop plants or other host crops on field borders 
to provide alternative food sources for pests or provide refuge for natural 
enemies or pests. [n Mali, farmers dug 30-60 em (1-2 ft) ditches around millet 
fields to capture newly emerged grasshopper nymphs traveling to the millet. 
Also, millet was protected from bird predation by sending village children in the 
middle of a millet field to stand on top of a wooden stage to scare off and 
exclude birds rrom enter'ing the field by using homemade drums, whips, rattling 
cans, and umvound cassette tape or colored plastic streamers sailing in the 
wind. These children operated during the last 5 wk of millet development, 
which delayed school opening, when the crop was susceptible to bird attack. In 
addition, farmers make fires on the side of millet fields, and collect and bum 
blister beetles (PsalydolyUa spp., Coleoptera: Meloidae), anotber means of pest 
exclusion. The burnt beetles are said to release a compound that acts as a 
repellent to other beetles \\'anting to enter the f-ield. 

3. Suppression. Pest numbers can be suppressed below levels at which 
they are economically damaging to a plant. In 1992, women vegetable growers 
in the villages of Samako and 'l'ouba in Mali experimented with natural 
materials such as green pepper, ash, soap sprays, and neem powders to kilt and 
repel insects f-i·om vegetable gardens. In St. Vincent, \Vest Indies, white ashes 
from kitchen coal ovens were used on and around plants to inhibit insects 
through a mechanism of abrasion. The ash treatment also has the potential to 
increase photosynthesis due to reDected solar radiation and to decrease water 
flow and evaporation from soil. Also in St. Vincent, parasitic wasps and flies 
were reared li'om the bodies of parasitized sugarcane borers and lepidopteran 
larvae (e.g., the diamondback moth and semi-loopers) round on crucifer plants. 
Parasite populations \"ere increased by mass rearing them on larger larvae of 
Galleria sp. found in local pods of Casia sp. trees. The parasitic wasps and nies 
were released back into the fields to demonstrate biological control to suppress 
pest populations. 
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4. Thoughtfulness. Pest management practices or control measures must 
be chosen based on thoughtfulness of the wider ecosystem or imbalances will 
arise. Farms must be more carefully managed. 

Education and Pt'omotion 

No IPM program can remain viable for long without programs for educating 
and training the users. Once the extension agents and agricultural plant 
protection officers begin to understand their subject, and with guidance from 
the £PM working group, they should assist in future program development by 
extending their knowledge. A full spectrum of extension services include field
level monitor·jng, short-term forecasting, and eslablishment of injury levels. In 
addition to basic [PM technical skills, training may include teaching skills for 
effective delivery of training materials (Lionberger and Gwin 1991). The 
farmers will gain more confidence and respect for their local agent when he/she 
is primarily responsible for working with them. 

A particularly effective extension tool is a traveling, three-sided d.isplay case 
containing visual aids, a bulletin board, and a flip chart used for t.he pest 
intervention project in Mali in 1992 (Fig. 3). The display case provides for 
ongoing organization of educational material and is easy to store and carry to 
villages. A series of enlarged pictures with single messages is recommended. 
lnfonnation should focus on simplicity. clarity, and cultural sensitivity. Too 
much information can confuse the extension agent or farmer. Poster design 
should involve local extension agents and farmers, with whom all materials 
should be pre-tested at the design stage to ensure correct cultural style, clear 
symbols, and language. A nip chart. offers a lIseful way to illustrate ideas on the 
spot or respond to questions inquired by the viewer. 

Additional dissemination tools for rPM education include specialized 
training sessions, hands-on workshops, and village meetings. Training sessions 
emphasize safety, use and disposal of pesticides, qualities and principles of 
IPM, and successful faT'm practices in t.he village. Worhshops include 
identification of pests and natural enemies, examples of feeding patterns and 
symptoms on crop parts, components of composting. preparation of soap sprays 
to decrease spider mites and aphids, and drying neem seeds as a way to 
suppress pests. Pest identification games, innovative experiments, and act.ive 
part.icipation of farmers adds excitement to the rPM learning process (Matteson 
et al. 1994). Village meetings discuss potential pilot projects, review the 
progress of t.he educational programs, and critique effective use of tools. 

IPM education should be introduced to the public as well as primary-, 
secondary-, and universit.y-Ievel students to build bridges for tomorrow's 
agriculture. Students are good volunteer recruits to help create and design 
IP!vI training sessions and workshops, often possessing the necessary 
enthusiasm. and they gain practical experience in the agricultural field. Class 
projects can be de igned for a student to help compile information on farming 
practices, monitor pests, revise sampling methods to suit. a farmer, and prepare 
skits for villagers on pesticide dangers. 

Mass media channels, including radio announcements. featured news 
articles, informational factsheet.s, agricultural field days, and \Vorld Food Day 
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POSTERS 

Fig. 3.	 A 3-sided carrying display ca e complete with poster and flip chart 
assists in organization ofIPM educational material to carry to farming 
villages. 

are a few ways Lo disseminate information. In St. Vincent, West Indies, 
trainees of the fruit ny detection and survey program made contact with 
hundreds of owners of fruit trees explaining the project's objective and handed 
out illustrative educational flyers. Colorful posters announcing the program 
were placed at the airport, local village shops, and other public hangouts on the 
island. Radio announcements and newspaper articles infm'med the public of the 
importance of the project, discouraged people from tampering with fruit fly 
trap, and invited orchard growers to be involved in the program by making 
contact with the Ministry of Agriculture. All these multi-channels of 
educational information add to the success and promotion of IPM with the 
required degree of commitment and effort. 

Project Implementation 

Project implementation, the fourth IPM program stage, should follow the 
pathway of (1) designing village-level demonst"ation plots, (2) arranging small
scale farmer projects (Matteson 1991a), and finally (3), advancing to large-scale, 
long-term implementation (Kenmore 1991). 
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A demonstration plot should be initiated by Lhe working group close to the 
farming village for observation and participation purposes. The team should 
assist. in the set-up, aid in the record-keeping, coordinate reviews of progress, 
and work in coordination with the farmer throughout the project. A farmer 
should be actively involved in managing hislher own experimental IPM 
technology. Farmers 'learn and do' by seeing and trying pot.ential IPM 
techniques in pract.ice. Adaptation to change in farming practices is gained 
from knowledge, support, and hands-on experience. Farmet·s must be 
convinced that IPM has somethi.ng to ofTer before they will practice [PM on a 
large scale on t.heir farm. It is important for the demonstration plot to have 
objectives, good communication between participants, and defined roles. 
Without continual communication, support, and encouragement, on-farm 
experiments will fail (Matteson 1991b). 

Components of a well-designed project might include a compost pile. a water 
drainage system or waleI' collection system, wind blocks, monitoring traps such 
as pitfall traps for crawling insccts, attractive colored, sticky card traps for 
nying insects, and watcr traps for aphid collection. Trapping systems should bc 
efficient and not. interfere wit.h regular farm practices. Local volunteers and 
students can participate in the demonstration plot and take on various 
responsibilities assigned. The crop loss assessment project arranged for 
\'olunteers to record rainfall from assembled rain gauges in villages. Each 
volunteer was supplied with a worksheet and pencil. 'With many observers 
looking closely at a crop, and its growth and pest complex, knowledge and 
awareness will increase and the program will grow. 

A simple and c1eady defined pilot project may involve pesticide vs. no 
pesticide plots, a monocultul'e vs. polyculture planting, and rel'tilizel' vs. no 
fertilizer treatments (Matteson 1991a). Simple recording systems arc adequate 
to monitor pest and beneficial insects. 1;'01' example, a peg board constructed for 
the plant protection prQject (St, Vincent) was placed on a post in the field. The 
board was equipped with moveable colored pegs representing levels of various 
pests, where pegs were moved up and down to indicate counts of insect 
population levels. Representative colored nags were placed on the pegboard to 
designate caution. warning. and danger levels of pest numbers and to alert 
farmers of potential injury levels. For example, a yellow flag (caution) 
represented minimal numbel's of blister beetles (O-I beetles per mi1let head) 
and a red-colored nag (danger) depicted larger numbers of beetles (3-4 beetles 
per millet head) likely to cause economic loss if not. controlled. A simple map 
was drawn of the field maT'king areas of high pest numbers. These practices 
increase obsen'ational sklHs and promote critical thinking. 

Pilot projects can be 31'1'anged for potential adopters of IPl\'l by selecting a 
few villages with two or three devoted and representative farmers. During a 
pilot project in Mali, farmers joined together and dug 11 tons of grasshopper 
egg pods and exposed them to desiccation, reducing the spring population of 
nymphs. 

Participants of the demonstration plots and pilot projects should receive 
acknowledgment for their efTOIis. The fruit Oy detection and survey program 
(St. Vincent) and the crop loss assessment project (Mali) both presented 
certificates of recognition with signatures of each working group member to 
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participants of the program. Participators greatly appreciated the awards with 
a sense of accomplishment. [n addition, symbolic "IPM Participation Fat"m" 
signs can be posted at experimental plots and in farmer fields to contribute to 
IP.l\tl awareness in the village. 

Program Evaluation 

Each stage of IP.l\tI program development should include ongoing evaluation 
phases. Sustainability assessment and adaptive management is essential. It is 
necessary to choose between options before project implementation, at the time 
of mid-course corrections, and during evaluation and fo11O\\'-up. Measures 
should be taken to identify objectives and make the necessary changes in a 
program to suit the practicality of' the farmer's situation. 

Program evaluation may include open-ended questions, presented verbally or 
in Wl'itten form, to assess how well matet'ial was understood, and determine if the 
delivery was effective (Lionberger and Gwin 1991). Sometimes direct evaluations 
may not portray the truth because of discomfort, lack of understanding, or 
confidence in what is being learned. Evaluations involving non·formal, non
confrontational interactions and skills, encoumge farmer's feedback to improve 
process effectiveness ofIPlvl development. Observational data should be recorded 
shov.ing lack of active participation, lack of knowledge retention or mastering of 
skills, or lack of interest in doing projects. These observations may demonstrate 
that a training program was non-motivational and unpmductive. 

Educational tools used in programs must be evaluated. Receivers of 
information may assign unanticipated meanings to ".fords and symbols. For 
example, when educating the farmer about pesticide safety. a poster of the 
skull and cross bones-a poison symbol-was used for discussion purposes. 
This symbol was not recognized by many farmers in Mali. Also, a green cartoon 
caricature with six legs and glasses was used to illustrate decision-making 
components (Fig. 4). The audience spent more energy trying to figure out who 
the character was than understanding the message. 

Conclusions 

rPM programs include keeping realistic goals and allowing enough time for 
each stage to take hold and gain strength before implementing the next one. 
Developing relationships and bridging the link between the practical knowledge 
of the farmer and the technical knowledge of extension and research personnel 
is crucial in this process. It is important for farmers to participate in every 
step. A team approach has proven itself to be the most effective method of 
organizing IPM research. By formulating \vorking groups, they can prioritize 
farmers needs, address constraints, gather and evaluate forgotten and existing 
practices, stress local technologies to sait the small farmer, gain support from 
the government, and instill IPM philosophy based on a systems management 
approach (PEST). Educational programs with effective delivery systems and 
tools, in combination with on-farm projects, offer farmers practical experience, 
knowledge, and incentive. It's through all these efTorts that the farmer will 
achieve a new and improved farming system. 
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DIAGNOSE 
fJ PROBLEMS 

Fig. 4.	 Receivers of information may spend more energy assigning a meaning 
to a cartoon caricature illustrated on a poster than to understanding 
the mes age trying to be portrayed. 
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ABSTRACT Current emphasis in intcbrrnlcd pest management (lPM) is 
shifting to morc biointcnsive tactics (biological control, host resistance, 
cultural management.). I'clegating the use of peslicides to a last-effort lactic. 
This logical and appropriate shift away from a pesticide emphasis docs not 
exclude pesticides from the multiple-techniques strategy necessary for a 
sustainable crop protection system. Intensified agriculture in many 
developing countries demands such a system. A solution to the recognized 
pesticide problems of expense, resurgence, and environmental hazards will 
involve multiple approaches that include the combined usc of alternative 
tactics leading to the avoidance or reduction of pesticide usc as well as a 
direct, frontal attack on the many problems associated with such usc. The 
frontal attack will involve three broad, but essential areas: research. 
information transfer and training in pesticide safety, and pesticide 
legislation and regulations leading to an enlightened and enforceable 
pesticide policy at both national and internlltional levels. This paper 
discusses existing national policies in developing countries as well as 
int.crnaLional regulations and policies impacting on national pl'Obrrums. Such 
policy is an essential component. in pesticide management and should be 
dcvelnpcd in both a biologically I'ational mnnncl' as wcll 8S in a 
socioeconomically sound manner. Thcre must bc bettcr coordination of the 
mllny organizations involved in pesticide regislmlion, and indeed all aspects of 
pesticide management, for specific regions of the third wadel. 

KEY WORDS Pesticides, regulations, policy, developing countries. third world. 
international, pesticide management, crop protection 

Development or integrated pest control strategies was cal.a1yzed by the problems 
associated with pesticides when used 3S 3 single pest control tactic (Smith & 
Reynolds 1966, Frisbie & Smith 1989), As defined by Smith & Reynolds (1966), 
integrated pest control (management) is a pest population management system that 
utilizes all suitable techniques in a compatible manner to reduce pest. population. 
Although the integrated approach emphasized biological and chemical controls, 
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Smith & Reynolds (1966) stressed the importance of integrating all control 
procedures and agricultural production practices into a single coordinated 
pattern. In spite of the original intent of Integrated Pest Nlanagement (lPM) 
and the availability of effective alternative IPM tactics in many cases, 
chemically dependent IPM has persisted in the United States (Frisbie & Smith 
1989). They proposed the development of new, "bio-intensive" [PM systems 
that. rely on biological control, host resistance, and cultural management, 
without complete reliance upon agricultm'al chemicals. Morc recently, the 
National Research Council (1995) noted the urgent need for an alternative 
approach to pest management that can complement and partially replace 
current chemically based pest management practices. The proposed system, 
identified as Ecologically Based Pest Management (EBPM), relies primarily on 
inputs of biological knO\vled'ge and secondarily on physical, chemical, and 
biological supplements. It is evident that continued reduction in reliance on 
the pesticide tactic is a major goal in the evolution of pest management 
strategy. It is important to realize, however, that this logical and appropriate 
shift away from the pesticide emphasis does not exclude pesticides from the 
multiple-techniques strategy necessary for a sustainable crop protection 
system. As offered by Smith & Reynolds (19661, "The positive values that can 
accrue from the use of chemicals must be a stimulus to the utilization of 
techniques that can overcome their disadvantages." The present paper 
discusses the problems with pesticide use in developing countries and their 
alleviation. Although not presented as a comprehensive treatise, the paper 
emphasizes the very complex role of' pesticide regulation and policy in the 
alleviation of constraints on pesticide use in less developed regions. 

Role of Pesticides in Developing Countries 

In many third world countries, population pressures, land shortages, and 
weather adversities demand a greatly increased and sustainable production of 
food. Furthermore, an increase in agricultural production, either for local 
consumption or for export, is an accepted "'essential" for economic development 
as well as f'or social and political stability (\"'1. J, Knausenberger, personal 
communication). 

An essential component in overcoming food deficits is reduction of pest
induced food losses. Agricultural intensification via monoculture and increased 
inputs, such as fel·tilizers, irrigation, and new varieties, often intensify pest 
problems, Increased pest problems will require a broadly based, sustainable 
crop pJ'otectlon strategy, involving all available tactics. [ncreased human 
population pl'essures and the demand for a rapid increase in food production, 
hO\,,"ever, may dictate more intensive short-term crop protection measures while 
awaiting the development of alternative tactics, including innovative 
technologies and more sustainable IPNI systems. Finally, agricultural 
production, particularly of staple food crops, in much of the third world is less 
risk tolerant than that of' the developed world and pesticides are viewed, in 
many regions, as a more reliable tactic for stable food production. 
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Status of Pesticide Use iu Developing Countries 

According lo recent estimates (EPA ]993), annual world production of 
chemical pesticides is about 1.82 billion kg (4 billion Ib) of active ingredient of 
which 3 billion are for agricultural use. In 1986, about 209(- of global pesticide 
production went to developing countries. The percentage of pesticide use in 
developing countries increased to about 24% in 1990, of which 12% went to 
Asia, 8% to Latin America, and 4% to Africa (Anonymous 1990). Because these 
countries represent 55% of the world's agricultural land and 75% of the world's 
population, it is evident that theil' level of pesticide use is well below the world 
average. Africa has the lowest level of pesticide use, but use is increasing 
rapidly, particularly on high·value export and industrial crops that produce 
foreign exchange. Asia is expected to contain about 60% of the world 
population by the year 2000, and '~lith the demand fo,' food and fibe,', the use of 
pesticides is forecast to increase in that region as well (Farah 1993). In fact, a 
major expansion is currently underway, primarily in the use of herbicides. Pest 
control in Latin America and the Caribbean has been heavily dependent on 
pesticides for some time. Pesticide sales more than doubled in the region 
between 1976 and 1980 (Bellotti et al. 1990), but growth has been slow since 
1989. In general, pesticide use is expected to increase as agriculture develops, 
particularly for export, with herbicides increasing marc rapidly than other 
types of pesticides. 

Many countries in Africa, Asia, and Latin America do not have adequate 
foreign exchange to meet the food deficits they are currently or imminently 
facing and must rely on their own self-sulliciency in reaching food production 
goals. In the poorest countries, foreign exchange problems may prevent the 
importation of chemical pesticides, but in other countries it may be less costly 
over the short~term to purchase pesticides than to make up food deficits 
through importation. Jntensified food production with increased inputs often is 
essential if limited land continues to be devoted to the production of export 
crops. 

Even with increased emphasis on rPM, the recognized risks associated with 
pesticide use, and the influence of public perception on pesticide use policies, 
there will be continued use, if not increased use of pesticides-particularly 
herbicides-in many third world countries. 

Constl'aints to Pesticide Use 

Appropriately used pesticides, along with other agrochemicals, have the 
potential to increase farmer profits, lower product prices, enhance product 
appearance, and stabilize consumer supplies, even though they pose real and 
potential risks to workers and consumers as well as the environment (Archibald 
1990). It must be noted that risks in developing countries cannol be readily 
equated to risks in the developed countries. Problems associated with pesticide 
use in developing countries are largely associated with misuse, which is 
attributable to a plethora of causes: lack of education and training in pesticide 
use; pesticide subsidies (discussed later); information on associated hazards is 
often lacking OJ' inadequate; difficulty in conducting needed research due to 
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f-iscal constraints; the paucity of expertise; problems with communication and 
extension; unwillingness of farmel's to accept risk of crop loss; the effect of 
tropical climates on the use of protective clothing; the absence of host· free 
periods; use of toxic materials in a more hazardous manner; and inadequate 
regulation and enforcement (Brader 1982, Schaefers 1990). Furthermore, it is 
argued (Murray 1991) that current development strategies relying heavily on 
pesticides are biased against the small farmer because they are generating 
problems for the reasons just discussed and heavily favor transnational and 
large-scale organ.izations. 

The well-known constraints to pesticide use include cost, nontarget toxicity 
used in the broadest sense, and resistance, the former two of which are more 
critical in developing than in developed countries. The major constraint 
governing pesticide use in many third world countries is a lack of availability, 
largely because of escalating costs and the lack of available Foreign exchange. 

Solutions 

Recognizing that pesticide use is a risk-associated tactic, the challenge is to 
manage use to J'educe risks to an acceptable level, consistent with the 
socioeconomic standards of the region. Solutions to the pesticide problems of 
expense, resurgence, and environmental hazards will involve multiple 
approaches. Solutions will require both the combined use of alternative tactics, 
including innovative technologies that will lead to the avoidance 0)' reduction of 
pesticide use, and a direct, fmntal attack on the many problems associated with 
pesticide use. A solution to the problem of resistance may not exist and, as 
pointed out by others, the solution may well be simply one of delay. 

The frontal attack will implicate three broad but essential areas: research; 
information transfer, i.e., extension, education, and training; and pesticide 
legislation and regulations leading to an enlightened and enforceable pesticide 
policy at both the national and international levels. 

In addition to alternative practices, research should continue on chemical
based pest control technologies that can be used \vith more selective biological 
activity at lower rates of application. More research on user-friendly 
formulations for both new and existing products is needed. The introduction of 
safer, more efficacious and selective synthetic chemicals, along with safer and 
more efficient. delivery systems, should significantly reduce the amount of 
chemical being introduced into the environment (l\/[ent1 & Christy 1992). 
Assistance in the design and conduct of such research in developing countries 
should be provided by developed countries. 

Clearly, research by itself is useless unless transfened in usable form to 
potential beneficiaries, particularly to small farmers. Information on the 
optimal use of current materials as well as newer, more selective biorational 
products should be made available to developing countries. Education and 
training programs on safe use and disposal of pesticides is critical to the 
solution of' the pesticide dilemma. A recent Food and Agriculture Organization 
(FAO) l'eport (Fal'ah 1993) showed that only 20% of the countl'ies sUl'veyed have 
adequate pesticide use training programs, Unfortunately, as the role of the 
private sector in crop protection expands, agricultural research and extension 
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in the public sector is contracting. This reduction in research and extension 
impacts national capacities to develop efforts in various LPM efforts, including 
pesticides. 

Pesticide Policy in Developing Countries 

The development and enforcement of realistic pesticide policy and 
regulations represent the third, and equally important, component of the 
frontal attack on pesticide problems. Because pesticide users do not always 
consider the impacts of this practice on human health and the environment, it 
is necessary to implement policy and regulations to help manage these 
adversities (Farah 1993). It is important to point out that regulations alone 
cannot accomplish this objective unless they are enforceable, a challenge in 
many regions of the world. In their excellent review, Higley et al. (1992) 
suggested criteria for evaluating pesticide policies, which included availability 
of curative interventions to permit a stable food supply, minimization of true as 
well as perceived risks of pesticide use, encouragement of nonchemical tactics, 
and minimization of the costs of pesticide policy. 

'fhe 1993 FAO survey (Farah 1993) indicated that about 25% of developing 
countries lack any kind of a legislation to govern the distribution and use of 
pesticides, and 80% lack the resources to implement and enforce the 
legislation. About 60% do not have the analytical facilities to vedfy and control 
the quality of pesticides, and most do not have systems in place to adequately 
handle the importation of banned or reslricted compounds. The picture 
emerging from the 1993 FAO survey (Farah 1993) is that in many developing 
countries, there is inadequate capacity to set, implement, and enforce a 
regulatory system for pesticide use. 

As many as 76% percent of the countries in Africa lack pesticide control 
statutes. Among the 10 countries of the South African Development 
Cooperation Committee (SADCC), only three-Zimbabwe, Tanzania, and 
Mozambique-have pesticide registration schemes, with enforcement being 
somewhat obstructed in Mozambique (Schaefers 1992). In West Africa, except 
for Burkina Faso, Cape Verde, Cote d'Ivoire, Gambia, and Senegal, there is no 
legislation or comprehensive registration and control schemes. 

The status of legislation in East Africa is in a rudimentary stage of 
development with the possible exception of Kenya. In Kenya, The Pest Control 
Products Act, which became operational in 1982, represents one of the more 
advanced pieces of pesticide legislation in East. Africa. This act requires 
registrat.ion of all imported products and spells out standards of packaging, 
labeling, and data needed for registration. To date, however, about 150 
products have been fully registered out of about 400 presently sold in Kenya. 
Many functions are covered, or will be covered, in a series of subsidiary 
regulations such as licensing of premises, registration regulations, import and 
export regulations, and labeling. This information is controlled by technical 
subcommittees, but these badly need to be reinforced with expertise. The 
number-one priority most often stated is the lack of technical equipment for 
monitoring pesticide levels. 
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Legislation is in VaI;OUS stages of enactment and enforcement throughout 
the Asian-Pacific countries. Existing legislation is supposedly modeled on FAD 
guidelines; Le., J'cgistl'ation data, label requirements. fonnation of a technical 
advisory committee, appointmenl of insl>cctors to monitor and enforce the 
regulations, control of imports, and restrictions on availability of pesticides. 
Before 1987, Nepal, Papua New Guinea, and Easte)'" Samoa did not have any 
fonn of legislation. Laos did not have any legislation in place until 1990 and 
Burma and China until 1992 (Farah 1993). 

As with Africa and Asia, the status of regulations among various Latin 
American countries is varied, ranging from well-established, clear-cut 
legislation, to those that lack legislation totally or the resources to enforce 
them. Attempts to transfer regulations from developed countries met with 
little success because of inadequate or nonexistent support in tenns of scientific 
research and technological strategies. Thus, the rapidly expanding use of 
pesticides is not being accompanied by necessary regulatory arrangements 
(Farah 1993). 

Pesticide Subsidy Policies 

Subsidized pesticide use is a common practice in many developing countries. 
Subsidies are used to increase food production to overcome deficits, and in the 
process, preserve foreign exchange that would normally be spent on food 
imports. They also allow the production of foreign exchange via exports. 
Repetto (1985) found that such subsidies ranged from 15%-90% in the 
countries studied. In some countl"ies not only are the chemicals 100% 
subsidized but also application is free of charge. The unfortunate result of 
these practices is that they encourage farmers to use more chemicals than they 
would if paying full cost, thus undermining the more sustainable, multitactic 
TPM approach. In some countries, subsidies more often benefited the larger 
commercial growers that produced cash crops, and small farmers-the 
backbone of food production---Qften had to pay full price. Pesticide subsidies 
can run into the millions of dollars annually and may represent the largest 
government expenditure on crop protection. 

A solution to the subsidy issue is not necessarily in their cessation. The use 
of subsidies should be based on needs of the small fanner, only to the extent 
necessary, and never to the extent of 100%, i.e., there must be a threshold level 
that will force economic decisions onto the farmer. Some '"Vest African 
countries have removed subsidies and replaced them with new incentives in the 
form of higher producer prices, but pesticide use continues to increase. 

Although most subsidies are nationally based, there are problems developing 
with subsidies from international "donors." For example Japan is a major 
pesticide producer, and it has donated pesticides to many countries of East 
Africa and elsewhere. Pesticide contributions from Japan and other sources 
were commonly observed by the author dm"ing the late 1980s locust outbreak in 
North Africa. Two problems develop: misuse and creation of a pesticide 
treadmill, and the disposal of large (Iuantities of unused materials. Clearly, 
restraint is needed in the donation of free pesticides and plans for their safe use 
and disposal must. be incorporated in the contribution. 
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International Regulations and Policy Impacting Developing Countries 

A number of international actions involving pesticide policy and legislation 
have been undertaken to improve pesticide management, a practice that can 
help reduce pesticide misuse and maintain the utility of pesticides in the third 
world. 

In 1990, FAD published an amended version of the "International Code of 
Conduct on the Distribution and Use of Pesticides." Basically, the "Code," 
which is voluntary in nature, is meant to serve as a point of reference, 
particularly until such time as countries have established their O\vn adequate 
regulatory infrastructures for pesticides. It was amended to include Prior 
Informed Consent (PIC) for the shipment of materials that have been banned or 
severely restricted by any country participating in PIC. The Code also requires 
exchange of information when there is a change in registration status of a 
pesticide. Other articles in the Code deal with recommendations on pesticide 
management, testing of pesticides, reducing health hazards, regulatory and 
technical requirements, availabihty and use, distribution and trade, labeling, 
packaging, storage, disposal, and advertising. The Code is proving useful and 
has been adopted, at least in principle, by many third world countries. 

FAD/World Health Organization (WHO) created the Codex Alimentarius 
Commission in 1963. The Commission establishes legislation that impacts 
international shipments of food items. It attempts to harmonize international 
pesticide residue standards by estabhshing acceptable minimum residue limits 
for food coming into international trade. These are then offered to participating 
countries for acceptance. The limits are being accepted but very slowly. 

The guidelines of 'WHO for a recommended classification of pesticides by 
hazard, based on acute risk hazards, provide a means of common reference for 
use by member states, international agencies, and regional bodies. Such 
information is useful to developing countries, which use it as a basis for final 
classification of formulated materials; the information also enables 
standardization of warning labels. The U.S. Environmental Protection Agency 
(US EPA) is currently considering whether to require \V,HO hazard 
classification on the label of pesticides for export. 

The U.S. Agency for International Development's (USAlD) Environmental 
Procedures (Section 216 of Chapter 22 of the Code of Federal Regulations) "Reg. 
16" requires the agency to assess the impact of pesticides on public health and 
the environment before approving project funding for the provision and use of 
pesticides. Changes resulting ti·om the successful implementation of this policy 
include a reduction in the amount of pesticides provided through USAID 
projects when compared to past practices, restrictions on their use to protect 
health and the environment, revisions by some countries or agencies of their 
pesticide use policies, and initiation of projects that directly address 
environmental concerns. 

Increasing attention has been given to the problem of exporting hazardous 
non~registered pesticides to developing countries. Some pesticides originating 
in developed countries have been prohibited, severely restricted, or never 
registered fo!' use, but under current la'N it is perfectly legal for manufacturers 
to export these products to developing countries. There is major concern in the 
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United States that non-registered pesticides are being applied to crops that are 
exported to the United States. Recent reports (GAO 1993) estimate that the 
United States imports from 10%-20% of its supply of fruits and vegetables, 
mostly from Mexjco. Export problems result when manufacturers turn to the 
expanding market for pesticides in developing countries and export 
inappropriate materials. 

In support of FAGs prc Amendment, USEPA published their Final Pesticide 
Export Policy Statement in Februm'y 1993 (EPA 1993). Ellective 19 April 1995 
was the requirement for a purchaser-acknowledgment·statement to be in the 
possession of exporters of non-registered compounds, which include those under 
consideration, those never registered, and banned materials. The legislation 
does not ban the export of non-registered compounds but leaves their 
acceptance voluntary on the part of the purchaser. Banning the export of non
registered compounds is not presently favored by the USEPA because the 
United States is only one of many exporters and actually exports only 10% of 
the world's pesticide consumption. It may be more effective to concentrate on 
the management and use of all pesticide products. Regulatory decisions are 
based on risklbenetit evaluations specific to the United States, and these may 
differ fl'om those in other countries; thus, manufacturers may not seek to 
register a product in the United States simply because there is no need for it. 
For these reasons, USEPA stl'ongly supports upgrading information and 
technical assistance to other countries to help them make sound decisions on 
pesticide use and regulation. The Policy Statement requires USEPA to 
immediately noti~y countries about all regulatory actions taken on the basis of 
health or environmental concerns and to also provide countries with an annual 
summary of all pesticide regulatory actions. 

Certainly, U.S. pesticide legislation is the most complex of any country's 
legislation, and the history of this legislation is long and varied. A proliferation 
of increasingly stringent legislation has occlilTed for the registration and 
reregistration of pest control products, each with significant impacts on world· 
wide availability and the selection and lise of crop pmtectants. This legislation 
creates economic incentives for farmers to use nonchemical pest control 
methods. Although policy and legislation are aimed at improved pesticide 
management, they may have negative impacts that constrain the role of 
pesticides in rPM programs. FUl'thennore, the lack of registration and removal 
of products can lead to accelerated resistance development when limited choices 
are available. 

Stated major goals of US EPA are to ensure the safety of U.S. food supplies 
and to enhance the protection of public health and the environment from 
unreasonable adverse effects of pesticides both in the United States and 
throughout the world by promoting the sound management and regulation of 
pesticides. Such goals require illforming countries that intend to export food 
products to the United States of regulations regarding pesticide use, 
encouraging international standards, assisting other governments in the 
development of' their own regulatory programs, and promoting internationally 
consistent regulations. 



SCHAEFERS: I>~<;licidc !)olky in J)cvcluping Countries 221 

Conclusions 

It is evident that pest.icide use in the third world is a matter of public 
controversy and debate, which can only be alleviated through the promotion of 
suitable IPl\'1 programs and the incorporation of intensified pesticide 
management. Problems associated with pesticide use, other than that of 
resistance, can be managed through proper pesticide use training. research, 
and appropriate and enforced legislation. Regulatory policy is an essential 
component in pesticide management and should be developed not only in a 
biologically rational manner but also in a socioeconomically sound manner, and 
not on a zero-risk basis attempting to avoid all of the negative aspects of 
pesticide use (Hutchins & Geh"ing 1993). In agl'eement with FAD strategies, it 
is recommended that a regional approach to regulation be encouraged. The 
idea of regional collaboration for harmonization of pesticide registration is a 
practical and attractive one. Agreement. can be reached on common factors. 
These could be extended to include a common source of toxicological 
information and analytical services. Clearly, efforts to force a frontal attack 
with USEPA or European Economic Communit.y (EEC) registration models 
would be futile. Although in principle, an internationalized harmonization of 
registration methodology is ideal. in practice, such methodology can only serve 
as generalized guidelines. Not only must there be better coordination of the 
many organizations involved in pesticide registration but also there must be a 
system to fine-tune registration, and indeed, all aspects of I>esticide 
management for specific regions of the third world. f\!lultidisciplinaryadvisory 
bodies for international regulatory development should be established on a 
regional bases to facilitate the enactment of such legislation as well as to review 
and update existing stat.utes. Finally, nongovernmental, regional pesticide 
information J·esource centers should be established to provide information flow 
on the ever-changing registration status of pesticides to concerned governments 
of developing countries. 
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SJXllangia nigroaenc.~ CUJtis (Hymenoptera: Pterornalidac) is a common native 
parasite of stable fly, Stomoxys calcilrolls (L.), and house ny, J\lfu.sca dom.eslicxl L., 
puparia in westenl Kansas and often is l"eCOvcred when fly pupm;a arc sampled 
from c"ttle feedlots. This parasite has the potential to be a good biolol,';caJ control 
organism, if it can be reared in large numbers. When rearing this parasite in the 
laboratory with natuml light and day length, we observed that CHges kept in the 
light pl'oduced few progeny. and that the surviving individuals were predominately 
males. Handschin (1932) reported that fem"les were attracted to light but males 
wm-e not. That J-eport and our observations suggested that females were hroing to the 
light rather than repl'Oducing. This study was conducted to determine the effed of 
light on the survival and reproduction of S. nigroaenca under laboratory conditions. 

Parasites were obtained from a colony that had been maintained in the laboratory 
for about 1 yr. The original parasites were collected from house Oy and stable Oy 
puparia from cattle feedlots in western Kansas. Parasit.cs were kept in 30-cm3 clear 
Plexiglas cages in a room at 3J"C and 50~70'k RH. Each cage received 10 newly 
emerged females and 6 males at the start of each test. Parasiles were chilled and 
sexed under the microscope within 8 h after emerging in individual size 0 gelatin 
capsules. Test CHges received one hundred 0- to 8-h-old house Oy pupOJ;a each day 
until all parasites were dead. One cage was held in constant light provided by four 
80 watt fluorescent bulbs in a 2.5-m3 room (10 Hectolux measured \vith a General 
Electric type 213 light meler) and a second cage in constant darkness, except for the 
time required to change ny pUI>3l"ia and count. surviving parasites « 1 h each day). 

I Accepted for publication 10 r\'lllrch 1996. 
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Dead parasites were removed and sexed each day. Exposed puparia were 
placed in 7 dram vials with screen lids. Emerged nies were removed from the 
vials and recorded 6 d after exposure to parasites. Each day, a control set of ny 
puparia (not exposed to the parasites) was held in the same environment and 
checked for viability. Each treatment was replicated three times. Data were 
analyzcd with three-factor analysis of variance without selection by using the 
FACTOR subprogram of MSTAT 4.0 (MSTAT Development Team 1985). The 
time to 50% mortality (L'l';jo) was calculated by log-probit analysis, and 95% 
confidence limits were calculated by Fiellcr's theorem (Finney 1978) using an 
unpubbshed MS-DOS microcomputer program by G. A. Milliken. Department 
of Statistics Kansas State University, Manhattan, Kansas. 

Parasite survival was significantly higher (F =20.60; df = 1, 2; P < 0.045) in 
the dark (6.9 d) than in the bght (1.9 d) for females. Survival of both males 
and females decreased rapidly under lighted conditions, with no parasites alive 
after 6 d. In comp3l'ison, a majolity of the parasites was alive in dark cages 
after 5 d, and one female lived 17 d. ]\'1ale survival averaged 6.6 d in the dark 
and 2.8 d in the light, one day longer than that of females. This indicates that 
OUi' earlier observations or more males than females in cages held in the light 
were the result of t.he shol·t survival time for females under lighted conditions. 
Siafacas (1980) reported a mean female longevity of 9.57 d and a 3-d 
preoviposition period when using a 14:10 h light-dark cycle and 26.7°C. The 
longer adult life may have been innuenced by the different light regimes, lower 
temperature, 01' reeding honey to the adults. \Ve did not provide honey during 
OUI' tests. The pl'eoviposition period during this study was 1 d or less because 
hall' as many progeny was produced on the day of adult emergence as was 
produced on the next day. Azizov (1972) and Kochetova & Azizov (1972) 
reported an average adult life of 15-19 d for female S. nigroaenea held at 25°C. 

The time to 50% mortality (LT50) with 95% confidence intervals. the slope (b) 
with standard error, and the sample size ".:ere as follows: 

Males (light) 2.15 < 2.63 > 3.12 b =0.62 ± 0.79 n =18 
Females (light) 2.00 < 2.28 > 2.54 b =1.06 ± 1.03 n =30 
Males (dark) 5.96 < 6.65 > 7.34 b =0.45 ± 0.67 ,,= 18 
Females (dark) 6.24 < 6.81 > 7.44 b =0.25 ± 0.50 /l =30 

The 95% confidence limits (low and high) show that no ovcdap occurred 
between light. and dark and no difference occulTcd bet.ween male and female 
sUl"vival under light. or dark cond.itions. 

The production of progeny per female was significantly higher under dark 
conditions (11.0) than under light conditions (0.3) (F = 41.51; df = 1, 2; P < 
0.023). Progeny produced under continuous light would result in negative 
population growth and would prevent colony maintenance. Kochetova & AzizQV 
0972} stated that. "one female is capable to infect not more t.han 3 puparia 
during the day." Jf that is multiplied by their ,·eported 15 d of adult life, a total 
of 45 parasites would be produced per female. That is about 4 times the 
production per female in our tests. 

The number of progeny produced per female per day was low on the day of 
female emergence but increased to 1.97 by day 4 after emergence. The average 
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progeny per day was 0.19 in the lighted cages and L60 in the darkened cages. 
That production is below the 2.6 progeny pel' day for S. endius Walker reported 
by Morgan et aJ. (1976) but is close to the 1.58 progeny produced per S. 
n;groaenea female per day reported by 8iafacHs (1980). 

The number of flies killed pcr female was 0.93 (0.49/femaleJdl in the lighted 
cages and 23.83 (3.45/female/d) in the darkened cages. Eclosion of contra] 
(nonstung) pupae averaged 92.2% ± 1.8 SE, so 7.8% was subtraclcd from 
the noncmerged puparia to calculate the nies killed per parasite femalc_ 
Results in the darkened cage werc similar to the 3.8 dead I>upae per female per 
day reported by Siafacas (1980). 

Cult.uring S. nigrQClCUea in the dark greatly improved reproduction and 
provided for colony increase compared to rem·jog in constant light. Additional 
environmental factors are being tested to further improve laboratory rearing 
efficiency. 
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Oberea f1lyops Haldeman (Coleoptera: Cerambycidae) is native to the Appalachian 
region, occun;ng in a wide range of clicaceous hosts (Culin et al. 1993, Baker 1972), 
Prior to oviposition, females chew a char'acteristic double girdle in new-growth 
stems. Larvae arc borers that can cause considerable damage in bluebcl'ries 
(Woolwine et al. 1996, Dliggers 1929), rhododendrons, and azaleas (Culin et aJ. 1993, 
Lehman 1984) from New England to the western Carolinas and nOlthel'l1 Georgia. 
Developmental information has been presented by Culin et al. (1993) and Lehman 
(1984). Although several previous report.s suggest that natural mortality is high 
during the larval stage, this is the first study reporting parasitoid ident.ifications. 

Driggers (1929) reported finding 0. myops larvae infesting highbush blueberry 
(Va.cc:inium c01ymbosum L.) in New Jersey that had been killed by hymenopteran 
parasitoids. Although he did not report the identity of iliose parasitoids, collection 
data (date and locality) on specimens deposited (by B. F. D,iggers) in The Rutgers 
University Insect Collection IRUIC] (New Brunswick, New Jersey) suggest that the 
parasitoids were Temelucha (as Cremaslus) {orbesi ('''cedi and 1'. (as Cremastus) 
grapholithae (Cushman) (Hymenoptera: Ichneumonidae). J. D. Culin and C. S. 
Gorsuch (unpublished data) collected Neocatolaccl1s sp. near moneilemae Gahan 
(Hymenoptera: Pteromalidae) as a parasitoid of O. 111)'OPS larvae in rabbiteye 
blueberries (Vacciniw1I. as/wi Reade) in northwestern South Carolina. Here, we 
report on parasitoids collected from O. m)'ops larvae occurring in rabbiteye 
blueberries. mount..ain laurel (Kalmia In.tifolia L.). and sOUJ'woocl IOxydendroll 
arboreum {L.)l in the Foothills Region of South Carolina. 
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During August and September 1992, 1,123 rabbiteye blueberry stems 
containing oviposition girdles were removed from 3,054 plants at a farm near 
Six Mile, Pickens County, South Carolina (\Voolwil1e 1994). This farm was 
surrounded by mixed deciduous forest having an understory consisting 
primarily of mountain laurel. Culin et a1. (1993) have suggested that this is the 
primary native host of O. myops in the western Carolinas. Stems were 
returned to the laboratory and held in plastic crispers containing moistened 
paper toweling until they were dissected to locate larvae or parasitoids. Stem 
dissections were completed by January 1993. The same procedures were 
followed in 1993 at another farm located near Sandy Flat, Greenville County, 
South Carolina. At this farm, 135 stems containing oviposition girdles were 
collected from 1,500 plants in one section of the farm. This farm was bordered 
by a wooded area containing pines (PinuH uirginianaMiller) with a sparse 
understory of dogwood (Corrws florida L,). No mountain laurel was present in 
the wooded areas surrounding this farm. Stems having oviposition girdles were 
collected and returned to the laboratory on 28 August 1993. Stems were 
handled as described above, with dissections completed by late September 1993. 

Parasitoids recovered as either larvae or pupae were removed from stems 
and placed individually into 30-ml transparent plastic medicine cups with 
cardboard lids and a piece of moistened synthetic sponge until adult emergence. 
Adult pal'asitoids and larval O. In)'OpS were preserved in 80% EtOH. 
Parasitiods were identified at the Systematic Entomology Laboratory 
(Beltsville, Maryland), and voucher specimens of both D. "'yaps larvae and 
parasitoids were placed in the Clemson University Arthropod Collection 
[CUAC). 

Based on initiation of boring, 0. myops eclosion rates were 72.9% (n = 819) in 
1992 and 60.7% (n = 82) in 1993. However, mortality rates were high with live 
larvae recovered ill only 15.9% (11. = 178) of stems collected in 1992 and 16.3% 
(n = 22) in 1993. 

At the farm studied in 1992, 103 stems contained evidence of parasitism in 
the larval galleries. Of these, 89 were Helerospilus sp. (Hymenoptera: 
Braconidae) [60 adult parasitoids; 29 empty parasitoid cocoons], nine were 
Neocalola.cc/J.s sp. near moneUemae Gahan (Hymenoptera: Pteromalidae) 
[adults], and five were Euderu.s sp. probably lividus (Ashmead) (Hymenoptera: 
Eulophidae) [adultsJ. No evidence of parasitism was found in blueberry stems 
collected in 1993. This may be due to the lack of native host plants for O. 
myops in the su.rrounding area. 

During 1993, stems containing O. myops oviposition girdles were collected 
from sourwood and mountain laurel at various locations in Greenville, Oconee, 
and Pickens counties, South Carolina. Stems were handled as described above 
and dissected within 1 wk of collection. All three parasitoid species were 
collected from O. myops larvae found in both sourwood and mountain laurel. 

No evidence of parasitism was found before O. myops larvae had begun 
tunneling, indicating that the parasitoids collected are larval parusitoids. 
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ABSTRACT Silks of commercial t"orn hybrids (ranging in maturity from 
60-65 d to mid-silk) were evaluated against feeding response of the corn 
carworm, Helicoverp(l U(J (Boddie), larvue. Flavone (maysin, chlorogenic 
acid. and apimaysin plus 3'mcthoxymaysin) conLent waS detcmlincd for each 
hybrid from 2-<1-01£1 pollinated silks. Significant (P S 0.05) differences among 
hybrids were found in the weight of larvae fed silk diets of the commercial 
hybrids. In 50 ouL of 74 comparisons, larvae that fed on silk diclS with 
formalin weighed significantly (P :s: 0.05) more than those that fed on silk 
diets without formalin. Varying concentrations of formalin uSt.'CI in the diet 
up to LOX did not appear to react with maysin: maysin and maysin content 
were identical ancr the formalin was added to maysin, indicating no reaction 
had occurred. Consistent, significant (P $ 0.05) negative correlations were 
found between weight of larvae feeding on silk diets with and without 
formalin and maysin and chlorogcnic acid among the four maturity groups 
tested but nOl for apimaysin plus 3'mcthoxymnysin. Several hybrids 
(Hyperformcr I-IS9843, Stanford S88B, N C + X6485, Zimmerman Z63W, 
Pioneer 3140, Ag America 6714, and leI Garsl. H8285) possessed silks OUlI. 
exhibited high antibiosis against larvae of I.he com earwonn. Silks of somc 
hybrids did not contnin sufficient amounts or muysin Or othcl' navoncs to 
account for the observed rcduction in growt.h of larvae, e.g., N C + X6485 and 
Zimmerman Z63W in the short-season hybrids nnd SSI UTN 318 in the 
preliminary-season hybrids. Silks of Zimmerman Z63'''' produced small 
larvae and had less maysin and apimaysin + 3'meihoxymaysin than silks or 
the susceptible standard Stowell's Evergreen. 

KEY WORDS Lepidoptera, Noctuidac, flclicoverpn zen, antibiosis, plant 
resistance, maysin. chlorogenic acid 

The corn earworm, Helicoverpa zea. (Boddie) (Lepidoptera: Noctuidae), 
traditionally is the most. important insect. pest. of com (\Viseman & Davis 1990). The 
inb-oduction of early-maturing hybrids with loose, open husks that dry down quickly 
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contributed to an increase in damage to corn caused by the corn earWOl'lTI 
(\\riseman & Isenhour 1992). Plant resistance is a viable option for limiting 
damage to corn by larvae of the corn ean.vorm in field corn. The use of resistant 
hybrids with a high level of antibiosis can be an effective deterrent against crop 
losses due to corn caTworm larvae (Wiseman & Davis 1990). The chemical 
basis of the antibiotic resistance in corn silks is maysin, a luteolin-C-glycoside 
(Wiseman et al. 1992). 

A laboratory silk-bioassay developed by Wiseman et al. (1983), Wilson et al. 
(1984), and Wiseman & Isenhour (1991) has proven to be a reliable tool for 
separating resistant from susceptible genotypes. Wiseman et al. (1996) showed 
a -0.979 correlation between weight of larvae fed on oven-dried silk 
incorporated in diets when all flavones were combined in the analysis. Such a 
bioassay was used in the present study to screen numerous commeI'cia} hybrids 
for potential resistance to corn eal'worm larvae. Wiseman & Isenhour (1993) 
reported that corn earworm larvae feeding on silk diets without formalin 
weighed less than larvae feeding on diets with fOI'malin. This interaction of 
formalin and no-formalin diet bioassays could possibly produce spurious results 
when weight of larvae are compared among batches of diets, e.g., some diets 
without formalin would produce small larvae that could erroneously be 
classified as resistant. For this reason, silks of numerous commercial hybrids 
of corn were evaluated in diets both with and without formalin for effects on 
corn earworm growth. The silks were also assayed for maysin, chlorogenic acid, 
and apimaysin plus 3'methoxymaysin (Snook et al. 1989, 1993; \Viseman et al. 
1992). 

Materials and Methods 

Corn earworm larvae from a heterozygous culture maintained by using a 
series of carefully controlled crosses were used in this study (Young et a1. 1976). 
The corn earworm colony is maintained at the Insect Biology Population 
Management Research Laboratory, Tifton, Georgia (Burton & Perkins 1989). 

Corn hybrids (18 short season, 60 d to mid-silk; 16 mid-season, 62 d to rnid~ 

silk; 11 full season, ~65 d to mid·silk; and 14 preliminary season, undetermined 
days to mid-silk) plus a resistant ['Zapalote Chico 2451# (P) C3'] and a 
susceptible ['Stowell's Evergreen' (SEG)] sweet corn were planted in three-row 
plots 3.1 m long and 0.76 ill apart in 1992 on the University of Georgia 
Research Farm, Tifton, Georgia. Fertilization, irrigation, and herbicide 
practices common to corn production in the area were llsed. 1\\'0 days after 
silks had emerged, they were excised at the ear tip, taken to the laboratory, and 
removed from the silk channel. Thirty grams of siJks was placed in methanol 
(MeOH) and stored at ~10°C until chemical determinations were made, The 
remaining silks were immediately placed in an oven at 41°C for ca. 10 d. The 
dried silks fmID each hybrid within each set were ground with a Cyc10tec 1093 
sample mill (l mm screen) and stored at -10°C until diets were formulated. 

Separate diet experiments were conducted with the short, mid, full, and 
preliminary matw'ity groups. A regular pinto bean diet check (Reg. bean) and a 
dilute pinto bean diet check (DPBD) with 50 mg celufillg dilute diet (diluted 3 ml 
diet:2 ml water) were included in each experiment. Silk diets contained 50 mg 
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oven-dl'ied silklg d.ilute pinto bean d.iet. Each experiment was arranged as a 
split-plot design with 15 replications and two diet cups per replicate. \-\'hole 
plots were diets containing silks of the various hybl'ids plus the regular bean 
and dilute bean diet checks; subplots were silk diets and checks with or without 
fOlmalin (Wiseman & Isenhour 1993). Ten milliliters of the silk-diet mixtures 
and control diets was dispensed into 30 ml plastic cups. The diets were allowed 
to cool at room temperature for ca. 2 h. Subsequently, one neonate corn 
eanvorm was placed into each cup and the cup was capped. Each experiment 
was held for lan'al development at 26.7 ± 2°C, 75 ± 5% RH, and a photoperiod 
of 14:10 (L:D) h. The weight of larvae was recorded 8 d after diets were 
infested. 

Chemical analyses for maysin, chlorogenic acid, and apimaysin plus 
3'methoxymaysin were made from MeOR extracts of fresh 2-d pollinated silk by 
using reversed-phase, high performance liquid chromatography (HPLC) (Snook 
et al. 1989, 1993). Concentrations of navone data are presented as percent 
fresh weight of silk. Varying concentrations of formalin up to lOX that 
occurred in the pinto bean diet were added to maysin to determine if formalin 
\'I!ould react with maysin. 

Data for weight of larvae from each of the tests were analyzed by analyses of 
variance (PROC GLM) (SAS Institute 1989). Data for weight of la"vae were 
combined over experiments to test for differences (i-test) in weight of larvae 
that fed on diets containing formalin vs. those that lacked formalin (SAS 
Institute 1989). Correlations between weight of larvae and concentration of 
maysin, chlorogenic acid, and apimaysin plus 3'methoxymaysin in silks from 
hybrids were determined by Pearson Correlation Coefficient (SAS Institute 
1989). 

Results and Discussion 

A significant (P ~ 0.05) hybrid by formalin treatment intel"action occul"red for 
each of the four !.'roups of hybrids tested (sho,·t season: F =6.29, df = 20, 277; 
mid-season: F = 31.19, df = 19,254; full-season: F = 22.17, df = 14,203; and 
preliminary season: F = 33.50, df = 17, 237). In each of the four tests, 
significant (P " 0.05) differences were noted among weights of larvae that fed 
on the silks from the various hybrids regardless of the presence or absence of 
formalin (Tables 1-4). \Vhen data from all hybrids were combined over 
experiments, larvae that fed on silk djel.s with formalin weighed significantly (P 
S 0.01) morc than larvae that were fed on silk diets without rOI'malin (l = 16.24, 
df = 1735.7, " = 2,154). Interestingly, II of the 21 short-season hybrid 
comparisons of weight of larvae that were fed silk diets with formalin and silk 
diets without formalin were significantly (P ~ 0.05) different (Table 1). V-Ie also 
determined that 19 of 20 mid-season, 8 of 15 full season, and 12 of 18 
preliminary-season hybrid comparisons of larval weights were significanLly (P ~ 

0.05) different. In 50 of the 74 comparisons over all four experiments, larvae 
t.hat fed on silk diets with formalin weighed significantly (P ~ 0.05) more than 
larvae that fed on silk djets without formalin. These data are in agreement 
with those reported earlier ('Wiseman & Isenhour 1993). However, one-third of 
the compa"isons of larval weights (formalin vs. no fonnalin) were not different. 
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Unlike the earlier findings of Wiseman & Isenhour (993), the lack of 
dilTerences between weight of larvae for formalin VS. no formalin diets occurred 
at intermediate and high levels of resistance tested. Wiseman & Isenhour 
(1993) found no differences in weight of larvae fed formalin vs. no fonnalin 
diets at only the highest level of resistance tested. 

Chemical tests with formalin and maysin showed that even a lOX 
concentration of formalin used in l.he diet did not react with rnaysin (test by 
HPLC analysis) (datu not shown). 1\'Iaysin content was identical after the 
formalin was added to maysin, indicating no reaction had occurred. Therefore, 
the differences in the weight of larvae for the formalin and no-formalin diets is 
not due to degradation of maysin reacting with formalin in the diet. The 
diffcrences between weight of' larvae fed the formalin and no-formalin bean diet 
and dilute bean diet checks would not exist if the differences 1'01' formalin and 
no-formalin diets was due to maysin or other navones in thc silks. The larval 
weight differences between formalin and no formalin bean diet and dilute bean 
diet checks occurred in all four tests. 

Significant (P 5. 0.05) differences in weight of larvae were detected among 
the hybrids within each maturity grouP. whether the larvae fed on silk diets 
with or without formalin (Tables 1-4). Several hyb,·ids possessed silks that 
exhibited high antibiosis against larvae of the corn earworm (Hyperformer 
I-1S9843, Stanford S88B, N C + X6485, Zimmerman Z63W, Pioneer 3140, Ag 
America 6714, and ICI Garst I-18285). Silks of some hybrids did not contain 
sufficient amounts of maysin or other navones to account for the observed 
reduction in growth of larvae, i.e.• N C + X6485 and Zimmerman Z63Vy' in the 
short-season hybrids, and S8I UTN 318 in the preliminary season hybrids. 
Silks of Zimmerman Z63W produced small larvae and had less maysin and 
apimaysin + 3'methoxymaysin than silks of' the susceptible standard Stowell's 
Evergreen. 

The concentrations ofnavones (maysin, chlorogenic acid, and apimaysin plus 
3'mcthoxymaysin) found in the silks fol' the various commercial hybrids are 
shown in Tables 1-4. Wiseman et al. (1992) t"eported that a maysin 
concentration of ;;::0.2% is required to "educe larval growth by ~50% of that of 
the control (reg. bean diet) and higher amounts, such as ;;::0.4% are required to 
reduce the weight of larvae by ;;::70% of the control. It appears that silks from 
some of the hybrids do not have sufficient maysin or the other navones to 
account [01' the observed reduction in growth of 1m'vae feeding on them, e.g.• 
N C + X6485, Zimmcnnan Z63\V in the short-scason hybrids, Pioneer 3140 in 
the mid-season hybrids. and SST UTN 318 in the p"eliminary-season hybrids. 
Also, it is apparent t.hat there is insuOicient navone content in the silks from 
some hybrids to account for larvae of <50 mg in weight (ca. 10% of control) 
found among the various tests for silk diets without formalin (\Viseman et ai. 
1992). Data for weight of larvae from silk diets without formalin renect an 
unexplained, greater rcduction in the weight of larvae than data from silk diets 
with formalin. 

A significant (P 5. 0.05) negative correlation was found within each of the 
foul' commercial hybrid maturity groups between weight of larvae that fed on 
the silk diets with and without formalin and maysin, chlorogenic acid, and 
apimaysin plus 3'methoxymaysin (Table 5). The exceptions were apimaysin 
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Table 1. Weight of 8-d-old corn earworm lm-vae feeding on silk diets 
with and without formalin and percent flavone content of 
ft'esh silks of short-season corn hybrids. 

Mean Larval Wt. (mg)" % Flavone ContentO 

Hybrida Formalin	 Without Maysin ChlOl·o. Apimaysin + 
formalin acid 3'methoxym, 

Ag America 7350 39gh 21e 0.147 0.044 0.012 

Ag America 7177 33gh 17e 0.222 0.053 0.016 
~,Agra Tech 825 97elg 36e 0.135 0.038 0.016 

Cargill 7997 183c :I: 103d 0.136 0.049 0.013 

Del(alb DK677 187c • 102d 0.060 0.043 0.015 

Deltapine G4666 177cd • 36e 

Hyperformer HS9704 59fgh 38e 0.124 0.050 0.009 

Hyperformer HS9843 9h 12e 0.349 0.088 0.021 

Stanford S88B 26h ge 0.284 0.049 0.019 

NC+ X6485 14h ge 0.168 0.053 0.014 

Northrup King S8645 39gh 18e 0.147 0.052 0.010 

Pioneer 3394 128cde :I: 26e 0.064 0024 0.009 

Pioneer 3245 50gh 27e 0.145 0.036 0.013 

Pioneer 3215 130cde <;: 43de 0.110 0.010 0.015 

UAP Dyna-Gro 5510 70e-h • 11e 0.123 0.035 0.012 

Zimmerman Z27 38gh 12e 0.236 0.059 0.021 

Zimmerman Z63W 8h 7e 0.062 0.026 0.020 

Z.C.2451#(P1C3 116def • 43de 0.256 0.016 0.039 

SEG 528b • 213c 0.121 0.018 0.028 

DPBD Check 474b • 408b 0.000 0.000 0.000 

Reg. Bean Check 709a • 528a 0.000 0.000 0.000 

SEM 21 21 

aShorL-season hybl;ds arc those having 60 d to mid-silk. Menn weight of larvae followed by the same 
letter lire not significantly different (in fl column) (Wllller-Duncan Ii ratio t t.cst, Ii = 100) lind paired 
means Ilepllrilted by >to arc sig-Ilificantly different (in II row) I(LSDl, P.:So 0.05 (PROC GLM), SAS 
Institute 19891. SEM = standnrd 0\"'01' of the lllean is bllsed on pooled error mean. SEM for formalin 
vs. 110 formalin is 57. SEG '" Stowell's Evergreen sweol corn lind DPBD = DiluLc pinto bean diet. 
Chlol'O, acid = Chlorogcnic odd and Api + 3'mcthoxym. '" ApimnYHin plus 3'methoxymaYHin. 
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Table 2. 'Veight of 8-d-old corn earworm larvae feeding on silk diets 
with and without formalin and percent flavone content of 
fresh silks of mid-season hybrids. 

Mean Larval Wt. (mg)U % Flavone Contenta 

Hybridu, Formalin	 Without ~1aysin Chloro. Apimaysin + 
formalin acid 3'methoxym. 

Agra Tech 888 1040 :1: 54e 0.144 0.048 0.009 

Asgrow RX947 632c =I: 125c 0.014 0.011 0.013 
~:Asgrow RX986 699b 241b 0.011 0.021 0.012 

Cargill 8177 1251mn :!: 12ij 0.106 0.072 0.011 

Cargill 9027 112no :I: 351' 0.128 0.071 0.011 

DeKalb DK715 118mno * 32rgh 0.083 0.028 0.009 
~:DeKa!b DK743 138kl 23rghi 0.272 0.060 0.018 

DeKalb DK689 256e '" 60e 0.112 0.052 0.015 
=1=Deltapine DP5750 144jk 27fghi 0.143 0.069 0.009 

Hypedormer H89905 87p * 17hij 0.127 0.040 0.015 

I-lyperrorrner 1-189911 129m! * 199hij 0.191 0.062 0.012 

Hyperrormer H89977 218g * 29fgh 0.051 0.017 0.008 

ICI Garst 8105 191h :1: 74d 0.066 0.025 0.001 

Northrup King N8727 175i * 54e 0.066 0.021 0.013 

Northrup King N8811 236r * 125c 0.062 0.024 0.009 

Pioneer 3140 29q 5j 0.309 0.022 0.017 

Z.C.2451#(P)C3 158j :+: 34rg 0.112 0.012 0.040 

8EG 450d * 115c 0.028 0.007 0.012 

DPBD Check 628c :f: 236b 0.000 0.000 0.000 

Reg. Bean Check 738a =I: 532a 0_000 0.000 0.000 

SEM 16 16 

aMid-sonson hybrids arc those having 62 d to mid-silk. MClun weight or larvae followed by the same 
letter IIrc not significantly different (in n culumn) (Waller-Duncan II ratio t test, h = 100) [md paired 
means scparal.cd by * lire significantly different (in a row) [(LSD), P ~ 0.05 (PROC GLM), SAS 
(nstitute 1989]. SEM = standard error of the menn is based on pooled error menn. Least significant 
difference for formalin vs. no fOl'rnalin is 46. SEG = Slowelt'8 Evcrgreen sweet corn and DPBO = 
Dilute pinto belln diet. ChIaro. acid = Chlol'Ogcllic ncid and Api + 3'mcthoxym. '" ApilTlllysin plus 
3'methoxymaysin. 
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Table 3.	 Weight of 8-d-old corn earworm larvae fceding on silk diets 
with and without formalin and percent flavone content of 
fresh silks of full·season hybrids. 

Mean Larval Wt. (mg)a % Flavone Contenta 

Hybrida Formalin \Vithout Maysin Chlol'O. Apimaysin + 
formalin acid 3'methoxym. 

Agra Tech 990 191e 156cd 0.052 0.010 0.011 

Agra Tech 1177 180e • 26g 0.101 0.020 0.014 

Cargill C701 130e 78efg 0.124 0.031 0.014 

DeKalb DK789 188e 139cde 0.083 0.011 0.019 

Deltapine G4868 193e * 109def 0.107 0.043 0.013 

ICI Seeds 

Sunbelt 1876 140e 130c-f 0.226 0.044 0.022 

Jacques 9810 58f 32g 0.083 0.042 0.013 

Stanford S922 172e 118def 0.131 0.021 0.021 

NorthlUp King 

Coker 77B 152e " 63fg 0.134 0.031 0.018 

Pioneer 3055 281d '" 189c 0.164 0.014 0.023 

Pioneer 3085 578b * 150cd 0.008 0.011 0.008 

Z.C. 2451#(P)C3 146e 115def 0.212 0.015 0.045 

SEG 559bc * 159cd 0.013 0.009 0.004 

DPBDCheck 513c • 252b 0.000 0.000 0.000 

Reg. Bean Check 755a * 406a 0.000 0.000 0.000 

SEM 21 21 

a	 Jo~ull-season hybrids are those having 65 d 1.0 mid-silk. Mean weighl of Illrvae followed by the same 
leLl.cr arc not. significantly differenl (in a column) (Waller-Duncan k rnlio t Lest. 11 = 100) nod poi red 
means scpnrulcd by • are significantly different. {in a row) I(LSD), P.s; 0.05 (PROC GLM), SAS 
Institute 1989']. SEM = stnndunl error or the mean is based on pooled crror mean. SEM ror 
rormulin \'9. 11\1 rOr'll1alin is 60. SEG '" Stowell's E\'crgrcen B\\'eet corn and DPBD:: Dilulc pinto bean 
diet. Chiaro. acid =Chlorogcnic ucid and Api + ::l'melhoxym. =Apimoysin plus 3'mcthoxymll}'sin. 
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Table 4.	 Weight of g·d·old corn earworm larvae feeding on silk diets 
with and without formalin and percent flavone content of 
fresh silks of preliminary-season hybrids. 

Mean Larval Wt. (mg)" % Flavone contenta 

Hybrida Formalin	 \Vithout Maysin Chloro. Apimaysin + 
formalin acid 3'methoxym. 

,~Ag America 7443 105g 15fg 0.143 0.032 0.014 

Ag America 6714 10h 7g 0.315 0.087 0.019 

Agra Tech X2756 53h 23efg 0.113 0.080 0.009 

Agra Tech X2790 312c • 138c 0.276 0.078 0.014 

Deltapine 8620 233d * 66de 0.163 0.035 0.023 

Deltapine 8695 1l0fg • 53defg 0.124 0.051 0.011 

Deltapine 4742 157ef • 75d 0.075 0.018 0.011 

Deltapine 7077X 168e • 63def 0.097 0.016 0.015 

ICI Seeds 

Garst H8285 12h 109 0.287 0.081 0.014 

NC+ X7304 34h 18elg 0.162 0.043 0.015 

Pioneer X7702RP 14gefg * 33defg 0.141 0.041 0.014 

S81 UTN 318 34h 17efg 0.134 0.037 0.013 
~,Terra TR 700E 126efg 54cde 0.089 0.061 0.009 

Terra TR 621E 32h 18efg 0.220 0.081 0.014 

Z.C.2451#(P)C3 125efg * 26efg 0.178 0.011 0.031 

SEC 627a 155c 0.033 0.010 0.009* 
DPBD Check 562b * 226b 0.000 0.000 0.000 

Reg. Bean Check 627a • 417a 0.000 0.000 0.000 

SEM 15 15 

n Preliminary-season hybrids are those of undetermined days to mid-silk. Menn weight of lan-nc 
followed by the same letter arc nol significllnlly dilTcrcnt (in a column) (Waller-Duncan It ratio 1 

test, k = 100) and separated by· nrc significnntly difTerent. (in a row) L(LSm, P s 0.05 (PHOe GLM), 
SAS Institute 19891. SEM = stanrlnrd error of the mean is based on pooled error mean. Least 
significant diffcrcnce for formalin vs. no formalin ill 41. SEC = Stowell's I~\'ergrecn !lwcct com and 
DPBD = Dilute pinto bean diot. Chloro. acid = Chlorof,'t:!l1ic acid and Api + 3'rncthoxyrn. = 
Apinmysin plug 3'methoxyrnnysin. 
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Table 5.	 Peal'son correlation coefficients (r) and significance levels for 
weights of 8-rl-old corn carworm larvae and percent maysin, 
chlol'ogenic acid, and apimaysin plus 3'methoxymaysin in 
ft'csh silks of short., mid-, full- and prcliminary·scason hybrids 
ofcarn. 

Correlation Coefficients and Significance
 
Formalin diets No-formalin diets
 

Shon-season hybridso 

Maysin -0.5851 -0.5984 
0.0067 0.0053 

Chlorogenic acid -0.6827 -0.6421 
0.0009 0.0023 

Apirnaysin plus 
3'mcthoxymaysin -0.3107 -0.4715 

0.1825 0.0358 

Mid-season hybridsa 

Maysin -0.7302 -0.5997 
0.0003 0.0052 

Chlorogenic acid -0.6206 -0.5669 
0.0035 0.0091 

Apimaysin plus 
3'methoxymaysin -0.3502 -0.4569 

0.1301 0.0428 

Full-season hybrids(l. 
Maysin -0.5030 -0.5324 

0.0396 0.0278 

Chlorogenic acid -0.5437 -0.7315 
0.0241 0.0008 

Apimaysin plus 
3'methoxymaysin -0.5231 -0.3744 

0.0312 0.1387 

Preliminary-season hybridsa 

Maysin -0.6519 -0.6113 
0.0034 0.0070 

Chlorogenic acid -0.6443 -0.5594 
0.0039 0.0158 

Apimaysin plus 
3'methoxymaysin -0.5509 -0.6625 

0.0178 0.0027 

a	 ShorL-scason hybrids. n = 20; mid-season hybrids. " = 20; full-season hybrids. n = 17 and 
preliminuf}'-scnson hybrids, '1 = 18. MaturiL)' of corn hybrids: short.-season. 60 d to mid-silk: mid
season. 62 d 10 mid·silk; full-i>Cuson. ~6;) d to mid-silk; and preliminary-season. undetcnnined da)'s 
to mid-silk. 
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plus 3'methoxymaysin fbI' larvae that fed on silk diets of the short- and mid
season hybrids with formalin, and larvae that fed on silk diets of full-season 
hybrid silk diets without formaUn. Although the weight of larvae was much 
lower than expected for larvae that fed on silk diets without formalin, the 
significant cOlTelations were quite similar. 

til summary. significant differences were found in weight of larvae that fed 
on silk diets of commercial hybrids of varying maturities (60-65 d to mid-silk). 
Significant differences were detected in 50 of 74 comparisons in weight of 
larvae that fed on diets with and without formalin. Formalin did not react with 
maysin, even at lOX concentrations. Significant negative correlations were 
found between weight of larvae and maysin content and weight of larvae and 
chI orogenic acid content among all foul' commercial hybrid maturity groups, but 
only in two of four comparisons with formalin and three of four without 
formalin for apimaysin plus 3'methoxymaysin. Larger larvae were produced on 
the regular bean diets and susceptible hybrid silk diets with formalin than 
those same diets without formalin. Therefore, rearing and testing procedures 
will continue to incorporate formalin in bioassay diets until the weight 
differences between larvae feeding on diets with and without formalin are 
explained. 

Several hybrids (Hyperfol'mel' HS9843, Stanford S88B, N C + X6485, 
Zimmerman Z63W, Pioneer 3140, Ag America 6714, and ICI Garst H8285) 
possessed silks that exhibited high antibiosis against larvae of the corn 
earworm. Silks of some hybrids did not contain sufficient amounts of maysin or 
other flavones to account for the observed reduction in growth of larvae, e.g.• N 
C + X6485 and Zimmermao Z63W in the short-season hybrids, and SSI UTN 
318 in the preliminary season hybrids. Silks of Zimmerman Z63W produced 
small larvae and had less maysin and apimaysin + 3'methoxymaysin than silks 
of the susceptible standard Stowell's Evergreen. 
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ABSTRACT The incidence of egg and adult parasitism of the most 
common phytoph3goUS Pentatomidae in soybean was deter"mined in separate 
surveys between 1975 and 1978 in South Carolina. Parasitism or egg masses 
of Nezara uiridula (L.) by Trissol£:us basalis (Wollaslon) at Blackville 
(central Coastal Plain, ranged from 0%-50% (II = 9 masses). Parasitism of 
egg masses of A.crosternum hilare (Say) by TrissoiclIs edessaf! FoulS ranged 
from 13%--80% (II = 9 masses). Eggs ofEuschisills spp. and Thyanta clls/alor 
u(:cera '\'[cAlee were attacked by T. basalis. T. cuschisti (Ashmead) and 
Tclellomus podisi Ashmead at Blackville and only by T. cusclJisti at 
Pendleton (Piedmont). Parasitism of adult N. uiridula by TriclJopoda 
pellllipes (P.) in 1975 ranged from 37',;t-65% at Blackville, 3-13% at 
Barnwell, 0%-25% at Williams (upper Coustal Plain). and 431')1.~2% at Dale 
(lower Coastal Plain) during 4-6 wk sampling per·iods. Ovcrall parusitism of 
adult A. hilare by 7'. pen.nipes ranged from 0%-54%. EflcIyfia {lava 
(Townscnd) and Euthera lenla.trix Lowe cmer'ged from adult T. c. a,cccrra. 
Prior Lo enLering overwintering sites, adult N. uiridl.lla with aunched T. 
pellnipe,'1 eggs dUl'ing October and November avel'aged 53% on Cas8ia 
oeci.der/talis L., 38% on Vigna unguiculata (L.l Walpers, and 57% on 
Gratalaria -"peciC/hilis Roth (n = 1,030). An average of 22.3% (n = 1I2) of 
overwintering adult N. uiridula had at least one 'J'. pellnipes egg attached to 
the cuticle. Species composition of parasitoids was compared ..... ith results 
from related surveys in other southern stutes. Surveys from Florida, 
Kentucky, Louisiana, North Carolina. and South Carolina yielded 16 species 
of parasitoids recorded from 14 species of adult pcntatomids; 14 species of 
pllrasitoids emerged from eggs of 12 penLutomid species. TrissolcllS basalis 
apparently does not occur ouiside the range of N. uiridula. 7'richopooa 
perwipes is more important on the exotic host N. viridula than its prima!")' 
nat.ive host A. hilan. 

I Acrept.ed for publicat ion 7 April 1996. 
2 Present address: Biological Control of Pests Rcscurch. SubLmpicnl Al,FficuILUrol Hescarch 

Laboratory, ARS, USDA, 2,1 L3 E. Hwy. 83. Weslaco, Texas 78596. 
:l Collstal Hcsearch and Educntion Center. Clemson Univcrsity. 2865 S;:l"'nnnah Hwy.. Chnrlcston. SC 

2941'1. 
4 Edisto Hcsearcl\ and EdllClllion Ccnter, Clcmson Uni\'crl:lity, P. O. Box 247, B1l1chillc, SC 29817. 
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KEY WORDS Pentatomidae, Nezara uiridula, Acroslernum hi/are, 
Ellschislus, SceJionidae, Tclenomus, 'l'rissolcus, Tachinidae, 'l'richopoda, 
biological contml, egg pal'3sitoid 

Several species of pentatomids form a complex of major and minor pests of 
soybean [Glycine max (L.) Merrill] from Virginia and Florida west through the 
Gulf Coast states to Texas (Todd & Herzog 1980, McPherson et al. 1993). Major 
outbreaks occur periodically in South CarolLna and elsewhere in the southern 
states, causing severe economic losses i.n soybean. Annual losses due to these 
insects fluctuate dramatically in South Carolina in relation to changes in 
abundance of the southern green stink bug, Nezara uiridula (L.). [n Louisiana, 
where stink bugs annually are the most important soybean pests, losses 
approached $60 million during 1978 (Milam 1980), and losses exceeded $13 
million in Georgia in 1989 (Adams et aJ. 1991). Losses such as these have 
stimulated the initiation of studies reported here, as well as related studies in 
other affected states. 

General population levels of N. uiridula along its northern distribution are 
mediated by the severity of winter temperatures (Kif;tani et al. 1966, Jones & 
Sullivan 1981). Unusually low winter temperatures kill overwintering 
southern green stink bug adults across the northern edge of their range, 
resulting in large fluctuations in the importance of N. viridula from year to 
year. The normal distribution of N. viri.dula. in the United States is ITom South 
Carolina to Florida and west to Texas, although it has been found in California 
damaging tomatoes (Hoffmann et aJ. 1987). Other important species that 
contribute to damage in South Carolina are, in order of importance, the green 
stink bug, Acroslenwm hilare (Say), the bmwn stink bug, EuschistliS serUliS 
(Say), and 1'hyanta custato" accerra 1\tlcAtee (Nettles et al. 1970, Kissam & 
McCaskill 1974, Jones & Sullivan 1983). 

The impact of natural enemies on annual populations of N. viridula and other 
native pest pentatomids in South Carolina is largely unknown. Egg parasitism 
of N. uiridula is the most significant mortality factor in most affected regions of 
the wor/d. In Japan (Kiritani & Hokyo 1962) and Malawi (Croix & Thindwa 
1986), different indigenous parasitoid complexes are responsible, whereas in the 
Mediterranean area (Colazza et al. 1986) and South America (La Porta & 
Crouze] 1984., Correa-FelTeira 1986, Moreira & Becker 1986), Trissolcus ba.salis 
(Wollaston) is the dominant egg parasitoid !see reviews by Hokkanen (1986) and 
Jones (1988)J. Trissolcu.s ba.sa.lis also is the dominant egg parasitoid in 
Australia (Clarke & Walter 1993), Hawaii (Davis 1967), and other Pacific 
islands (Waterhouse & Morris 1987) after being imported and established. 
Studies in the United States indicate that parasitoids can contribute significant 
stage-specific mortality of pest pentatomids (Thomas 1972, Todd & Lewis 1976, 
Yeargan 1979, Buschman & WhItcomb 1980, McPherson et al. 1982, Temerak & 
Whitcomb 1984, Orr et al. 1986, Hoffmann et al. 1991, Shepard et al. 1994). 

Nezara viridula. overwinters in the adult stage, preferring aboveground sites 
(Kiritani et al. 1966, Jones & Sullivan 1981). The feather/egged ny, Trichopoda 
pennipes (F.) (Diptera: Tachinidae), a parasitoid of the adult stage, overwinters as a 
larva inside its adult host (Worthley 1924). Therefore, levels of parasitism of adults 
during late fall may be an indication of parasitism of the ovenvintering population. 
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The information reported here is of increasing interest because of recent 
resurgence in stink bug damage to several crops. The reduction of pesticide use 
in crops such as cotton may enable stink bug populations to return to major 
pest status as recorded before the regular use of wide-spectrum insecticides 
(Ashmead 1895, Morrill 1910, McGregor 1961). Evidence for such resurgence 
has already begun (Barbour et al. 1990, Head 1993). Increased plantings of 
certain crops such as corn in the southern United States has been accompanied 
by problems with pentatomids (Coulon 1990). Recent field evaluation of 
transgenic cotton in North Carolina suggests that secondary pests such as stink 
bugs will pose problems (Mahaffey et al. 1994). Finally, the planned 
establishment of exotic parasitoids will benefit. from prerelease knowledge of 
existing specjes. 

The species composition, distribution, and host associations of parasitoids of 
pentatomid pests of soybean in South Carolina have not previously been 
documented. Due to recent interest in ecological approaches to managing 
pentatomid pests, we report here the results of studies on the natural incidence 
of egg and adult parasitism in soybean and other hosts in several areas of the 
state between 1975 and 1978. Also reported are the incidence parasitism in 
adult N. vir':dula on alternate hosts plants, and the possible role of parasitism 
in overwintered adults. Reports of parasitism of stink bug pests of soybean 
across the southern United States ',.\,ere examined, summarized, and compared 
with the results of this study. 

Materials and Methods 

Heports of parasitoids emerging from nymphal stages of stink bugs are rare 
(Jones 1988); thus, sampling for parasitoids was confined to the egg and adult 
stages. The use of "percent parasitism" in the present paper is not intended to 
be interpreted in terms of impact on hosts across generations (Van Driesche 
1983). Voucher specimens of collected parasitoids and their host stages are in 
the senior author's collection. 

Egg parasitism. Stink bug egg masses were sampled in South Carolina 
during 1975 in the central Coastal Plain and during 1978 from both Coastal 
Plain and Piedmont sites. \Veekly samples in 1975 were made from a 2-ha 
experimental field planted in 'Clark 63,' 'Dare,' and 'Bragg' soybean at Edisto 
Research and Education Center (EREC) near Blackville, South Carolina 
(Barnwell County) beginning on 23 July when the Dare was in the R5 (seed 
enlargement) stage (Fehr et al. 1971l. Clark 63, Dare, and Bragg are in 
}\'laturity Groups IV, V. and VlJ, respectively. 

In 1978, two soybean fields each were sampled weekly at EREC, and near 
Pendleton in Pickens County (Piedmont) in northwestern South Carolina for 3 
wk beginning 3 September, when the soybeans were in !"ull bloom (H2). All four 
fields were planted with approximately 0.5 ha of Bmgg soybean and thus were 
not typical of commercial-sized fields. No pesticides were applied. 

Egg masses were sampled by using a previously um·cported melhod. A 
sweep net handle was placed parallel to the ground, undernealh the lower 
stems of a I-m section or row. The handle was pushed toward the plants, thus 
bending them into the adjacent row. Exposed leaf surfaces and pods were 
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visually scanned for penlatomid egg masses. No attempt was made to 
completely search all leaves in each section of plants. One hundred and fifty 
meters of row were sampled within each field on each date. All egg masses 
found were J'emoved with the leaf or pod on which they were attached and 
placed in 473 ml (l pt) cardboard cartons. Egg masses were identified by using 
a key developed from scanning electl'on photomicrographs (G. R. Carner, 
unpublished data). Eggs could be readily separated to genus. Each egg in each 
mass was classified as uncmcrged 01' emerged host nymphs, emerged or 
unemerged parasitoids, 01' undetermined. Partially or completely predated eggs 
were not cou.nted. Unemerged egg masses were held separately in 3 dram glass 
shell vials with cotton plugs at 26 ± SoC with a 15:9 (L:D) h photoperiod. 
Cotton plugs were lightly moistened daily with tap water. Emerging nymphs 
and parasitoids 'Nere counted and identified. After 3 wk, individual uneclosed 
eggs were dissected by using a binocular microscope to determine if they had 
been parasitized. An egg mass was considered parasitized (discovered) if one or 
more parasitoids emerged or was dissected fl"Om any egg in the mass. 

Adult parasitism. Two studies of adult parasitism were conducted: (a) in 
early-maturing soybean plots at EREC during 1975, and (b) in commercial 
soybean fields in three different regions of South Carolina during 1976. 
Parasitism was investigated in experimental soybean fields at EREC beginning 
on 25 June, 1975 by usi.ng 50 sweep net (38 cm diam) samples (Kogan & Pitre 
1980) taken weekly for fOUl" consecutive ' ....eeks during the pod filling stages in 
Clark 63 and Dare soybeans. These varieties were interplanted in two rows 
each to attract early populations of stink bugs for screening adjacent latcr
maturing varieties for resistance to stink bug damage (Jones & SulLivan 1978). 
All adult stink bugs sampled were visually scanned for parasitoid eggs. 
Parasitism in N. uiridula and A. hi/.are was determined by counting host adults 
having one or more eggs of T. pennipes attached to the cuticle. Harris & Todd 
(1981) have demonstrated that although a portion of insects having a T. 
pennipcs egg attached does not yield parasitoids. a similar portion with no 
visible parasitoid eggs yields parasitoids. Puparia of emerged parasitoids were 
counted and monitored for adult emergence. A subsample of about 50 stink bug 
adults having T. pennipes eggs attached was held on soybean pods 01' green 
beans, Plwseolus vulgaris (L.), at 27 ± ZOC and 50 ± 10% RB, for parasitoid 
emergence. All adults of other species were similarly held. 

The incidence of parasitism of' N. uiridula and A hilarc by T. pcnn.ipes was 
recorded from soybean t-ields at three physiographically distinct areas in South 
Carolina. Three commercial soybean fields each were located in the Sandhi lis 
region, the central Coastal Plain, and in the lower Coastal Plain. The Sandhills 
fields 'were located in Newberry County near the communities of Pomaria (6.1 
hal, Little Mountain (4.1 hal, and Jalapa (8.1 hal. The upper Coastal Plain 
fields were aU in Barnwell County neal' Barnwell (2.0 ha), Williston (2.2 hal, 
and Kline (4.1 ha). In the lower Coastal Plain, the fields were ncar \Villiams 
and Jacksonboro (16 ha each) in Colleton County, and near Dale (8.9 ha) in 
Beaufort County. The terrain in the Sandhills (Newberry County) is 
characterized by forested, low rolling hills with many small dairy farms and 
small semi-isolated soybean and small grain fields. The central Coastal Plain 
sites were located in Barnwell County, with larger fields of corn, soybean, and 
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cotton on sandy loam soil. [n the lower Coastal Plain, soybean is grown on 
sandy loam, near tidal marshes and maritime forests. 

Twenty 1.2-m shake clot.h samples (Boyer & Dumas 1969) we,'e made once 
weekly in each soybean field beginning at or before full bloom and continuing 
1'01' 4 to 6 wk. Due to low slink bug population sizes in some fields, the "leekly 
shake samples were supplemented with 250 single-row sweeps in each field by 
using a 38-cm-diam insect net beginning in mid-August. All six fields in the 
Coastal Plain areas required at least two insecticide treatments for 
lepidoptcrous pests prior to the time of maximum stink bug populations. 
Sampling was discontinued in three fields following multiple applications of 
insecticides, which effectively eliminated stink bug populations. No insecticides 
were used in the Sandhills fields. 

Parasitism of overwintering adult N. viridula.. Jones & Sullivan (1982) 
previously reported cowpea, Vigna un.gu.iculala (L.) Walpers; coffee senna, 
Cassia occidentalis L.; and showy crotalaria, Grot.alaria speclabilis Roth, as 
preferred hosts upon which adult N. viridula. frequently congregate prior to 
entering overwintering sites in the fall. [t is possible that the proportion of 
parasitized N. viridula entering their· ovcnvintering hibernacula can be 
det.ermined by estimating the rate of parasitism of adults aggregated on these 
plants. Congregations of preoverwintering adult N. v£ridula were sampled at 
EREC from two populations each of'showy crotalaria on 16 October 1975, and 
on 19 October fTom a late-planted garden of cowpea. CorTee senna was sampled 
2-3 times each at two sites at EREC between 23 October and 12 November 
1976. Fifty sweep net samples were made at each site on each sampling date. 
All plant populations sampled contained fully enlarged seed pods. V'le assume 
that a significant proportion of the adult insects sampled aggregated there from 
other sites. 

Overwintering adults of N. viridula were sampled by examining 
aboveground accumulations of pine straw (dead leaves) in a stand of young pine 
trees during December, as described by Jones & Sullivan (1981). Insects were 
examined for the presence ofT. pennipes eggs on the chorion. 

Additional records of parasitism. Adult pentatomids and egg masses 
were collected occasionally from various plants to determine the natural host 
range of the more common local parasitoids. The latter records were compiled 
from opportunistic collections made in Barnwell County between 1975·1978. 
Holding methods were similar to those described above for adults and eggs, 
except that different host plants were sometimes used to hold adults not known 
to feed on legumes. A largel' detailed list of collections of' parasitoids associated 
with South Carolina Pentatomoidea is being prepared, which will include 
detailed host plant and habitat information. 

Review of other studies. Other surveys have been conducted elsewhere 
with the purpose of identifying parasitoids of pent.atomids associated with 
soybean. These studies have varied ,...·idely, from simple lists of emergence 
records without specified host plant associations, to detailed studies of seasonal 
rates and impact attributed to parasitoids within the soybean crop. The 
published reports of such studies in the United States are summarized belo,..·. 
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Results and Discussion 

Egg parasitism. Egg masses were difficult to locate and thus total 
numbers of egg masses per sampling date were smaJl, especially for individual 
species. A total of 164 egg masses was collected among four genera of 
pentatomids. Forty-eight and 51 egg masses of N. uiridula and A. hilare, 
respectively, were collected fTom soybean near Blackville (EREC, upper Coastal 
Plain) during 1975 (Table 1). Some egg masses or Euschistus spp. (/I. = 25) and 
T. c, accerra. (n = 6) also were collected. The eggs of Euschistus spp. were 
probably E. seruus because adult Euschi..,'lns t.ristigntus (Say), the only othel' 
locally common pentatomid, \vere only rarely seen. 

Parasitism of egg masses (11. = 36) of N, uiridula ranged from 0%-50% dUl;ng 
1975 at EREC (Table 1). All emerged parasitoids were the scelionid 'P. basalis. 
Nezara u,:,.idula was not present in the study areas during 1978 due to the 
previous severe "'tinter (Jones & Sullivan 1981). Egg masses (n = 51 in 1975; n = 
34 in 1978) of A hilare were parasitized only by TrissolcllS edessae Fouts, and 
parasitism ranged from 110/0-25% in 1975 and from 21%-80% in 1978. Trissolclls 
basalis successfully parasitized eggs of both Euschistus spp. and T. c. accerra 
during 1975. During 1978, only Telel10mus podisi Ashmead and 'Prissolcu.s 
euschisti (Ashmead) were recovered from eggs ofEuschistus spp. and T. c. accerra 
in soybean. Telenomus podisi and T. euschisti also were reared from eggs of 
Euschislus spp. and T. c. accerra collected from severa) other soybean fields and 
host plants in othcr habitats, but T basali... was never recovered from these hosts. 

At Pendleton (Piedmont region), annual stink bug populations in soybean 
are low and rarely reach pest status; only 12 intact egg masses were collected in 
1978. Seven egg masses of T. c. accerra were collected; two masses werc 
parasitized by T, euschisti. None of live egg masses of A. hUare egg masses 
collected were pal·asitized. 

Percent successful parasitoid emergence pel' mass was similar among three 
of the host species collected in 1975, varying between 52.2% pel' mass for N. 
uiridula and 64.1% for 7'. c. accerra (Table 2). Data were not pooled across 
species because different parasitoid species attacked different host egg masses. 
Parasitoids failed to emerge from 19%-25% of all parasitized eggs ofN. uiridula 
and A. hi.lare (11 = 36 masses). 

Trissolcus basalis is closely associated with N. ui,-idula in the southeastern 
United States and in other parts of the wodd (Jones 198B). It has previously 
been recorded from the eggs of other pentatomids in Louisiana (On' et. al. 19B6) 
and Florida (Buschman & Whitcomb 1980), and Shepard et al. (1994) recently 
reported T. basalis to be the dominant egg parasitoid of N. viridula. on several 
host plants in southern South Carolina. There is evidence that T. basalis does 
not occur in the absence of N. uiddu.la. In 1978. when N. uiridula was not 
present, T. basalis was not found parasitizing the eggs of other species. Orr et. 
al (986) noted that parasitism of pentatomid eggs by T. bw;alis in soybean in 
Louisiana declined sharply when populations of N. uiridula were low, and 
Correa-Ferreira & r\!loscardi (995) concluded that T. basa.lis is preferentially 
associated with N. viridula in Brazilian soybean, The recent discovery of a 
long-range kairomone pl"Oduced by N. uiridula that attracts T. basalis may help 
explain the close association (Mattiacci et al. 1993). 
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Table 1. Parasitism of stink bug eggs in soybea,n (Blackville, South
 
Carolina). 

No. egg No. Percent 
Host species masses I>arasitizcd pal'3sitizeda 

23 July 1975 
Nezara uiriduLa 16 7 43.8 
A. hilare 12 3 25.0 
Euschistus spp. 2 1 50.0 
Thyallta c. accerra 3 2 66.7 

31 July 1975 
N. uiridula 2 0 0.0 
A. hilare 9 1 11.1 

5 Aug. 1975 
N. uiridula 18 2 11.1 
A. hilare 30 4 13.3 
Euschistus spp. 11 5 45.5 
T. c. accerra 3 0 0.0 

22 Aug. 1976 
N. uiridula 12 6 50.0 

3 Sept. 1978 
A. hilare 10 6 60.0 

10 Sept.l978 
A. hilare 10 8 80.0 
Euschistus spp. 3 1 33.3 

17 Sept. 1978 
A. hilare 14 3 21.4 
Euschistus spp. 9 3 33.3 

(IN. viridula and 7'. c. accerra pnraHilizcd onl:r by TrissuiclIs l)(Iso/is; EIIschis/lIN spp. parasit.izcd by T. 
bflsaliN in 1976: Eusdlistlls lipp. parasitized by TrissolcllS c/lsr/u"sli nnd 'J'dCIUIIIIIIS prxlisi in 1978; A 
hilore parasitizcd onl)· by Tris."o/CIIS edessac. 



Table 2. Fate of parasitized pentatomid egg masses collected from soybean (Blackville, South Carolina). '" '"0 

No. % of eggs % para. %000· % viable X eggs per x eggs per 
parasitj zed parasitized emergence emergence eggs parasitiz;ed unparasitized 

Host Species masses per mass per mass per mass per mass mass mass 

1975a 

Nezara uiridula 70.5 52.2 18.3 22.2 87.7 91.69 '-

>Acruslernum hilare 9 80.9 61.6 19.3 33.3 27.1 25.3 
~ 
r;"

Euschi.stus spp. 1 100.0 19.0 81.0 0.0 21.0 15.8 
"' Thyml,ta c. acce.rra 3 100.0 64.1 35.9 0.0 34.3 37.0 S 
3 
"

1978b "-
< 

~ 

A. hilare 18 89.7 65.2 24.5 16.7 20.7 31.1 .""z 
c

Euschistus spp. 6 95.9 95.9 0.0 16.7 24.5 18.6 
;::"" 

U Egg musses sampled 3 times between 2:~ July-22 August 1975. 2? '"'" 
bSumplcs taken between 3-17 September 1978. 
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Acrosternum hilare eggs were parasitized only by T. edessae. In Kentucky, 
Yeargan (1979) reported that eggs of A. hilare in soybean and alfalfa were 
parasitized primarily by T. podisi and never by T. edessae. Orr et al. (1986) 
found that eggs of A. hilare in soybean in Louisiana were attacked by T. 
edessae, T. euschisti, and 7'. podisi. The latter two parasitoid species are 
common in South Carolina, but we recorded only T. edessae from eggs of A. 
hilare during this study and fl'Om many egg masses sampled from various hosts 
in a variety of habitats (W. A.•r., unpublished data). The South Carolina form 
of T. podisi could not successfully attack A. hilare in the laboratory (W. A. J., 
unpublished data). TrissolcfJ.s ba.salis is the most important egg parasitoid of 
Acroslenwm. sp. in soybean in Brazil (Moreira & Becker 1986, Corn~a-Ferreira 

& Moscardi 1995), but this parasitoid does not attack A. hila.re in the United 
States, 

Adult parasitism. Pentatomid infestation levels and thus sample sizes 
were generally low, but the pl'Oportion of N. uiridu.la parasitized by T. pel/.nipes 
was high. Relatively few adult pentatomids were found during the weekly 
sampling across South Carolina in 1976. 

In the early-maturing soybean samples taken in 1975 at EREC near 
Blackville, eggs of T. pennipes eggs were found attached to 55 of 106 (52%) 
adult N. uiridula during the 4*wk sampling period. Ten of 49 (20%) A. hilare 
collected had at least one T. pennipes egg, and 17 T. c. cuslalor yielded five 
Euthera tentalrix Lowe and two Euclylia fiaua (Townsend). 

Sampling during 1976 in different physiographic areas of South Carolina 
resulted in 55 of 138 (40%) N. viridula parasitized by T. pennipes at Barnwell 
over a 6-'Nk sampling period between August and October. At Williams, only 
six of 49 adults collected were parasitized. Near Dale along the coast, 43 of 73 
(59%) N. viridula were parasitized from late August to mid*October. Overall, 
male and female parasitism was 42.2% and 68.9%, respectively. Nezara 
uiri.du.la was absent from the three Sandhills sites sampled during 1976 (Jones 
& SuJlivan 1983), and total numbers of other pentatomids collected were low, 
reflecting the history of limited importance of stink bugs in this region of South 
Carolina. Fifteen of 133 01.3('!0) adult A. hilare were parasitized. Several 
adults of Hexacladia hilari!:>' Burks (Hymenoptera: Encyrtidae) emerged from 
one female A. hilare collected near Blackville. These small wasps emerged 
through holes chewed along the ventral margins of the abdomen in the area of 
the spiracular openings. Buschman & ·Whitcomb (.1980) reported this 
uncommon species from N. virhlula in Florida. 

Parasitism of overwintering adults. As much as half of the 
overwintering population of adult N. uiridula at EREC may have been 
parasitized during 1975 and 1976, A total of 1,030 adult N, viridltla, were 
collected fl'Om cowpea, showy crotalaria, and com~e senna duri.ng October and 
November, 1975-1976; 526 (51.1%) had at least onc 1'. pennipes egg attached 
(Table 3). A total of 26 A. hilare also were collected; nine had at least one T. 
pennipes egg attached. "Ve do not know whether the bugs were parasitized 
before congregating on these plants, or if the recorded level of parasitism was a 
consequence of this large concentration. During December 1975, 112 
overwintering adult N. viridula 'were examined for attached parasitoid eggs; 
29% of the males and 21% of' the females had at least one egg of 1'. pennipes 



Overwintering sites (1976) 

Dec. 45 (13) 57 (12) 102 

Q1\vo collections on the same date denote two different plant populations. 

22.3 



253 JONES CI ~ll.: Pamsilislll of PculalOlllids Associated wilh Soybean 

attached. Notably, several of the stink bugs without eggs attached were kept to 
enhance a laboratory culture and they later yielded T. pennipes. It is probable 
that a proportion of the macrotype parasitoid eggs glued to the cuticle 
eventually are rubbed off while burrowing through leaflitter. 

Perhaps the greatest impact T. penn..ipes can have on host populations is 
against the overwintering generation. Worthley (1924) and Beard (1940), 
studying overwintering T. pennipes in the squash bug Anasa tristis (DeGeer). 
found that the parasitoid completes its development in spring and emerges 
before its hosts reach sexual maturity. Thus, if the parasitoid's biology is 
similar in pentatomid hosts, the overwintering generation of A. hila.l'e and N. 
viridu,la may be attacked twice by T. pennipes. Hosts are first parasitized prior 
to entering overwintering sites in the fall. Parasitized, overwintered hosts are 
killed at the time of parasitoid emergence in spring. The emerging 1'. pennipes 
then search for and parasitize emerged N. viridula and A. hilare that escaped 
parasitism the previous fall. 

Additional records of parasitism. A list of isolated records of egg and 
adult parasitism from opportunistic colJections from various cultivated and 
uncultivated plants is shown in Table 4. Nearly all such records attributed to 
the present study were from collections made between 1975-1978 in Barnwell 
County. Seven different species of egg parasitoids were recovered from several 
species of pentatomids. Noteworthy were paratypes of a new species Tris!>olcus 
radix (Johnson 1985) from overwintering eggs of EUlhyrhynchus floridanus (L.) 
collected behind bark of pecan trees near Blackville. This observation 
represents the first report of a rrissolcus species overwintering in host eggs. 

Nine species of Tachinidae emerged from adults of 25 different species of 
Pentatomidae; 13 are previously unreported associations. Six different species 
were reared from both Euschistus servus (Say) and T. c. a.ccerra. Euthera 
lenlatrix Lowe was reared from six host species. These records serve as the 
basis for establishing information on host. ranges among parasitoid species. 

Review of other studies. Surveys of parasitism of pentatomids associated 
with soybean in the United States have been conducted in Florida, Louisiana, 
North Carolina, and Kentucky. Twenty-nine species of parasitoids from 18 
pentatomid species were reported (Table 4). 

In north central Florida, Temerak & Whitcomb (1984) recovered two 
dipterous parasitoids from aduli N. uiridula. and six scelionid wasp species from 
the eggs of eight. peniatomid species associated with soybean. However, levels 
of egg parasitism were not noted and only three egg parasitoid species were 
associated with specific host species. 

A more detailed survey of parasitism of pentatomids was conducted in a 
variety of central Florida weeds and crops, including soybean (Buschman & 
Whitcomb 1980). Ten species of egg parasitoids and eight species of adult 
parasitoids were recorded fmm seven species of pentatomids, including three 
predaceous species that occur in soybean. 

]n Louisiana, seven tachinid species were reared from 11 adult host species 
collected in soybean (McPherson et al. 1982). A separate study of parasitism of 
eggs in Louisiana soybean yielded six species of scelionids from egg masses of 
five pentatomid species (Orl" et al. 1986). 
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Table 4. Parasitoids loecorded emerging from Pentatomidae in soybean
growing areas in the southeastern United States. 

Parasitoid species Host. species Slate References 

TACHTNIDAE 

Cylilldmm)'ia /)illo[alll 

Wigol) 

Cy/illdromyia cuclJerwr 

(Walker) 

Cylindrol7lyi.a (umipcllflis 

(Bigot) 

Euclytia {lava 

(Townsend) 

Eltclytia sp. 

Elilhern lel/lalrix 

Lowe 

Euschisllls senJIIs FL 
(Say) SC 

NC 
'l'h.yonla Clisla.lor SC 

nccerra l\'lcAtec 

E. crasslis Dallas SC 
E. iclericu.~ (L.l LA 
E.obscllrlls LA 

(Pnlisot lie Beauvais) 

E. quadralor Rolston LA 
E. serous FL 

LA 

NC 
SC 

E. Iristigmus LA 

(Soy) 
Po</islis maclilive"tris LA 

ISoy) 

E. servtts I'L 
EuthyrhYllchus	 FL 

{loridu/Jlts (L.) 

P. maculivclltris FL 
Slirelrus anchamgo SC 

1'.) 
Thya1lla ca/reala	 SC 

(Soy) 

E. scruus SC 
T. c. cllstalar {F.J FL 
T. c. occerra SC 

T. c. cuslolor FL 

Edl!ssa bifida (Say) LA 
E. obscurils LA 
E. qlladral,fJr LA 
E. trisJiglllus LA 

SC 

Buschman & Whitcomb J980 

presenl study 

Deitz ct aJ. HJ76 

present study 

present study 

l\'1cPherson cL 01. Hl82 

McPherson el al. 1982 

McPherson eL al. 1982 

Buschman & Whitcomb 1980 

McPherson el 01. 1982 

Deitz et al. 1976 

presenL study 

McPherson et al. 1982 

McPherson ct al. 1982 

Buschman & Whitcomb 1980 

Buschman & Whitcomb 1980 

Buschman & Whikomb Ul80 

Eger & Ables 1981 

presenL study 

present study 

Buschman & Whitcomb 1980 

present. st.udy 

Buschman & Whitcomb 1980 

McPherson cl 01. 1982 
McPherson ct. al. 1982 
l\'lcPherson ct nl. 1982 
McPherson ot al. ]982 
present study 
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Table 4. Continued. 

Parnsitoid species Host species St.ut.e References 

/<::, scrlJus 

HYfllcnare)','I nCrlIosc/ 

(Say) 

Oebalus jJugnax (1",) 

'1'. cal.c.1?ata 
'1'. c. (JccerrQ 

T. c. clIstator 

Piezodorus guilclillii 
(Westwood) 

PI. 
LA 
NC 
SC 
LA 

1'1. 
SC 
SC 
SC 
FL 
SC 

Buschman & Whitcomb 1.980 

McPherson et. al. 1982 
Deitz cL al. 1976 

pl·cscnt. st.udy 

McPherson et. al. 1982 
prcBcnt. Btudy 

Buschman & Whitcomh 1980 

present study 

prescnt. study 

present. study 

Buschman & Whitcomb 1980 

present study 

G}'nllioclylia fuliginosum 

Robineau-Des\o'oidy 

E, scrvus SC present study 

GymrlOclylia immaculata 

(Mncquart) 

E. quadralor LA McPherson e1. al. 1982 

GymllOclytia ul/icolor 
(Burks) 

E. scrVllS 

'I: c, accerra 

'l'. calceata 

PI. 
SC 
SC 

Buschman & WhiLeomb 1980 

present study 

present study 

Gym/loclylia Decidua. 

(Walker) 

I,. servlls 

E. tristigmfls 

T. c. accerra 

LA 
SC 
LA 
SC 

McPherson el al. 1982 

present study 

McPherson et. al. 1982 
present study 

G)'lnflOSOma (uliginosllm 

Robincau·Oes\'oidy 

GYl1l1losoma par (Walker) 

Acrostcrllllm hilare 

(Say) 

E. serOlls 

1~ c. aceerro 

SC 

LA 
SC 
SC 

present study 

McPherson et al. 1982 
present study 

present study 

flr:myda aurnla 

(Robineau-Desvoidy) 

A. hi/lire 

P. macltlilJcllf-ris 
LA 
FL 
LA 
NC 
SC 

r..·lcPhcrson et Ill. 1982 
Buschman & Whitcomb 1980 

McPherson eL al. 1982 

Deitz et a1. 1976 

Eger & Ables 1981 

Trichopoda pellllipes (F.) A hilare PI. 
GA 
LA 
NC 

Buschman & Whitcomb 1980 

Todd & Lewis 197G 

McPherson et a1. 1982 
Dietz et al. 1976 
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Table 4. Continued. 

Parllsitoid species Host species Strite References 

SC present. stud)' 

A. margi"utum FL Buschman & Whitcomb 1980 

(Beauvois) 

&. serous LA McPherson ct al. 1982 

N. viridula FL Buschman & \\'hitcomb 1980 

Tcmcrnk & Whitcomb 1984 

GA Todd & Lewis 1976 

LA McPherson 01. al. 1982 

SC Jones & Sulli\'an 1981, 
present. st.udy 

P. gui/dilli; FL Buschman & Whitcomb 1980 

T. c. accerra SC presenl. study 

T. c. cllslator FL Buschman & Whitcomb 1980 

SARCOPHAGrDAE 

Sarcodexia iJiflota N. uiridula FL Tcmcrak & Whitcomb 1984 
(Wnlker) 

EUPELMIDAE 

Anos!alus sp. A. hilare KY Yeargan 1979 

P. macu!iucnt,.£s ICY Yem'gan 1979 

FL Buschman & Whitcomb 1980 

ENCYRTrDAE 

Hexacludia hi/aris Burks A. hilare SC present study 
N. viridula FL Buschman & Whitcomb 1980 

Docnc)'r!ll!> 

submetallicus (Howard) tV. uiridula FL Buschman & Whitcomb 1980 

SC Shep<trd et al. 1994 

Oocllc)'rtus sp. N. viridula FL Buschman & Whitcomb 1980 
P. maculivl!nlris KY Yeargan 1979 

SCELJONIDAE 

Gr)'on OIJeSIWI Masner 1\. marginotu11l FL Buschman & Whitcomb 1980 
E. sen;us SC present study 

P. guildillii FL Buschman & Whitcomb ]980 

Tcmero.k & Whitcomb 1984 
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Table 4. Continued. 

Par8sitoid species Host species StnLe References 

TelenOlllls CO/VIIS P. maw/iuelltris n Buschman & \\'hitcomb 1980 

Johnson LA Orr eL nl. 1986 

Telcnomu.'l poou;i A. hil(ll'e KY Yeargan 1979 

Ashmcnd LA Ol'r et nl. 1986 
E. {l~rj(lcllllls SC present study 

E. serUIIS KY Yeargan 1979 
E. voriolar;.us KY Yeargan 1979 

Euschislus spp. KY Yeargan 1979 

LA Orrcl.tl1.1986 

SC present study 

N. uiridula FL Buschman & Whitcomb 1980 

LA Orr el al. 1986 

SC present study 

O.pugnar SC present study 

P. guildillii FL Buschml.ln & Whitcomb 1980 
P. macaliuenfri... FL Buschman & Whitcomb 1980 

KY Yeargan 1979 

LA Orr et al. ]986 

SC present study 

T. c, accerra SC present study 

Teleflonws sp. P. marginiuentris FL Buschman & Whitcomb 1980 

Tel(!1I0mllS sp. A. marginatum FL Buschman & Whitcomb 1980 

TrissolClls basalis A marginatum FL Buschman & Whitcomb 1980 

(Wollaston) 
E. seruus FL Buschman & Whitcomb 1980 

LA Orr et al. 1986 

Euschistus spp. LA Ol'l" el nl. 1986 

SC present study 

N. lJiridllla FL Buschman & Whitcomb 1980 

LA Orr et oJ. 1986 
SC present scudy, 

Shepard et al. 1994 

T. c. acccrra SC present study 

Trissolcus crislalus A hilare LA Orr et at. 1986 

Johnson 
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Table 4. Continued. 

Pamsiloid species Host species St..1tC Rcrercnccs 

TrissolclIS cc!cssoc 

(Fouts) 

Tri.'isolcw; cw;c!lisli 

(Ashmead) 

7'rissolcflS mdix .lohn80n 

TrissoLcu!>' 8OIoei.'i 
Johnson 

Trissolcus lIrya/lf.(U! 

Ashmead 

Buschman & Whitcomb 1980 

On ct nl. 1986 

present study 
Tcmerak & Whitcomb 1984 

Ol'r et al. 1986 

0.·" ct al. 1986 
Orr at al. 1986 

Yetlrgan 1979 

Orr elal. 1986 

present study 

Velll'gull 1979 

Orr et 81. 1986 

pl"asent study 
Yenrgan 1979 

present study 

present study 

Johnson Wa5 

BllHchmun & Whitcomb 1980 

Buschman & Whitcomb 1980 

l3uschmon & Whitcomb 1980 

BUi;chlllun & Whitcomb 1980 

prescnt study 

present study 

Tcmerak & Whitcomb 198,1 

A liilnre 

.4.. lIIorgirwtum 

E. bifida 

EIIschisfu.'J spp. 

P. macllliucnlr;s 

A. hilare 

Euschistus sp. 

P. moculicClltris 

1', c. accerra 

E. Ilorida/tw; 

/\.lI/n/gillot.IUII 

AlcaeorhYllclw.<; grandi... FL 

FL 

LA 

SC 
FL 

LA 

LA 
LA 

KY 

LA 

SC 

ICY 

LA 

SC 
KY 

SC 

SC 

FL 

(Dnllasi 

N. uiridulli. 

P. maculiuelllris 

E. seruw; 

T. c. acce'Ta 

PL
 
PL
 

se 
se 
PL 
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Egg parasitism of pentatomids in soybean and aUl-llfa was assessed in Kentucky, 
'-.\'here N. viriduta does not OCCUI' (Yeargan 1979). Primarily 1'. podisi was 
recovered from the eggs of four host species, including A. hilare. Trissolcl/.s 
euschisti also is common in Kentucky, and it was shown that this species probably 
prefers arboreal habitats (Okuda & YeaJ'gan 1988), Five species of tachinids from 
three species 0(' pentatomids were collected during a survey in soybean in North 
Carolina; levels of parasitism were not reported (Deitz et a1. 1976). 

Among its pentatomid hosts, 1'. pennipes prefers A. hi.lare and N. uiridula 
and has been reported occasionally from other species. Triclwpoda pennipes 
composes a complex of cryptic species or host-associated genotypes that attack 
several families within the Heteroptera (Arnaud 1978). No othel' tachinid 
successfully attacks N. viridula in the United States (Jones 1988). Elsewhere, 
the adult stage is significantly attacked only in South America (La Porta & 
Crouzel 1984, Liljesthrom & Bernstein 1990). Ellthera tentatrix is recorded 
from 11 different hosts in South Carolina, Florida, and Louisiana. 

or the 13 species of egg parasiLoids summarized in Table 4, T. podisi is the 
most widespread across North America and possesses the widest host range 
(Johnson 1984). From these and other records, T. podisi does not appear to be 
well adapted to N. viridula, an insect of probable Old vVorld origin (Hokkanen 
1986, Jones 1988). Tristmlcll& basalis is associated with the eggs of several 
species or pentatomids only when they are in association with its preferred 
host, N. viriduta. Neither T. basalis nor T. podisi were recorded from eggs ofA. 
hi/are in South Carolina, and neither species would successfully attack this 
host in the laboratory (vV.A.J., unpublished data). However, T. basalis readily 
attacks A. hilare in Louisiana and is the most important egg parasitoid of 
Acrosternutn sp. in soybean in Parana state, Brazil (Correa-Ferreira 1986). The 
encyrtids and eupelmids are apparently not as important natural enemies of 
stink bug eggs as are the scelionids. 

Bin & Johnson (1982), Jones & Powell (1982), Orr et al. (1986), Orr (1988), 
and Jones (1988) have suggested that management of stink bug pests could 
benefit from augmentation and importation of natural enemies. At least two 
exotic egg parasitoids have been released for establishment in the southeastern 
United States, each with N. uiriclula as the target pest and soybean as the 
affected crop (Lee 1979, Jones et a1. 1983, 1985, Orr et al. 1985). One 
parasitoid, Telenomus chloropus Thomson, did not become established (Orr et 
a1. 1985), and the other, OoencYl'tlis submetallicus (Howard), is ineffective (Lee 
1979). Jones (1988) listed 57 species that attack N. viridula worldwide, and 
some of these may have potential for establishment in other regions. Clarke 
(1990) rcviC\ved examples of classical biological control of N. viridula in 
Australia. He suggested that post·release evaluations of T. basalis largely have 
been circumstantial and have overestimated the beneficial impact. Slight 
biological differences have been detected among geographic strains 01'1'. basalis 
(I-landle)' 1975, Powell & Shepard 1982, Awan et al. 1990). A Mediterranean 
strain of 1'. basalis \....as successfully established in California following a recent 
invasion by N. viridula. (HofTmann et al. 1991, Jones et al. 1995). The most 
likely sources of new parasitoids for possible establishment in the southern 
United States are the scelionicl egg parasitoids from Africa and Asia and 
tachinid flies from South America. 
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ABSTRACT Two potential ways that northern fowl mites, OmilhollYssus 
sylviarum (Cancstrini and Fanzago). initiate infestations in poultT), flocks 
were investigat.ed: beLween·fann collection of eggs and transfer of egg flats. 
and the transfer of miles via eggs from breeder flocks to pullet growing 
operations. Under laboratory conditions designed to simulate the inlct;or of 
an egg collection tmck, 2% of the miLes (11 = 5 trials. 150 to 300 miles pe,
trial) placed on full egg CHrts successfully transferred to adjacent empty 
carts. This lransfer occurred in 1 Lo 2 h. Observlltions at commercilll 
facilit.ies confi"med cross-<:ontamination of clean, empty egg carts from full 
egg carts. Northern fowl miles (II = 179) did not survive the 23 d required to 
hatch chicken eggs in a commercial setter and hatcher. In simulated 
conditions required to hnl-ch chicken eggs (3T'C, 55% RH), 50% of the mites 
(n = 140) were dead within 24 hand 100% mortality occurred by 96 h. 
Therefore, vertical transmission of miles on the eggs from breeder nocks to 
the subsequent pullet. growing opel"alions appears to be unlikely. 

KEY WORDS Acari, J\!tcsostigmatidae, Omilhonysslts 8J'[uiomllt, cctopm-asite, 
chickcn, egg handling, infcstation sources. prevention 

Infestation of northern fm\'l mites, Onzitlwnys,'w.s syluianun (Canestrini and 
Fanzago), is a continuing problem in chicken nocks producing eggs in Ontario. 
Despite control measures, including flock isolation, facility cleaning, and acaricide 
treatment, mites continue to reinfest new nocks. In a surve.y of egg producers, 
Hunton & Keunen (1991) found that 66% of j,roducers experienced one to three 
infestations in the past 3 yr, and if a nock had been infested there was a 77% chance 
that the next flock also would be infested. The Oligin of the infestation is thought to 
be from several sources, including equipment, people, pullets, and wild birds (Axtell 
& Arends 1990, Lemke & Kissam 1986). Foulk (1964) also found mites present at a 
hatchery where new birds ''''ere hatched from eggs, indicating possible vertical 
transmission on t.he eggs frol11 a breeder flock to the subsequent layer flock_ 
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Information on tl'3nsmission of mites is largely anecdotal. Often researchers 
found mites on equipment or reported complaints from egg producers (Axtell & 
Arends 1990, Hunton & Keunen 1991). However, the frequency or ability of 
mites to cross certain barriers and transfer to new flocks has not been 
examined. In the egg collecting sector, such barriers include the usc of clean 
cal'ls and nats to move eggs from the farm to the packing plant. In hatcheries, 
the main barrier is the time and environmental conditions of egg incubation. 
Examination of the success of' mites in crossing these barriers will provide 
information for better prevention of mite transfer. Preventing mites from 
infesting new nacks will reduce the amount of acaricide used to control 
infestations ofnorthero fowl mites, 

Materials and Methods 

Infestation of equipment. The crossover of mites between commercial egg 
carts was investigated by using two steel carts (1.70 m X 0.96 m X 0.61 m with 
five shelves). that were borrowed from a local packing plant. The potential 
capacity of each cart was 450 dozen eggs (180 egg nats). White Grade A 
!v(edium eggs were purchased f-rom the supplier for this \vork. These eggs were 
stored on clean plastic nats at. SoC until needed. 

Northern fowl mites were obtained from a culture grown on Leghorn hens 
(Heisdorf & Nelson (H&N) International, distributed by Neuhauser and Master 
Feeds, Stratford. Ontario, Canada), These hens were maintained in the 
isolation facility at the Ontario Veterinary College (University of Guelph, 
Guelph, Ontario, Canada) and were pl'ovided ad libitu.m access to a standard 
hen layer ration and water. Mites were aspil'ated from three of seven hens and 
refrigerated for 1 h at 5°C to reduce their activity, The mites were then placed 
in a \vhite porcelain pan (36 cm X 24 em X 5 cm) from which 15 to 20 mites 
(deuteronymphs and adults) were moved with a small piece of cotton (0.5 cm of 
loosely intertwined fiber) to plastic egg flats. The number of' mites used for 
each trial varied from 150 to 300 with the total in each trial determined by 
counting the mites on each piece of cotton after removing them from the 
porcelain pan. The cotton and mites were placed along one edge of an egg flat 
designated as the line of infestation. Mites readily moved onto the eggs from 
the cotton fibers. 

Three egg flats were infested and immediately placed on an egg cart 
designated as the infested cart. Egg flats were placed side by side at. the back 
of the fourth shelf such that the line of infestation on the egg flats was adjacent 
to the second (non·infcsted) cart. The non-infested C31t contained three stacks 
of empty egg nats (160 flats/stack) on the fourth shelf, a standard method for 
shipping clean C31tS and flats. Before the release of mites, the egg carts were 
clamped together to prevent shifting during the experiment and to simulate the 
close contact of the carts that occurred during egg transportation, The clamp 
positioned at the top of the cart on the fifth shelf had a 1.5 cm barrier of Silva 
brand sticky paper (A.P.A. Inc., Cambridge Ontario, Canada) to prevent mite 
crossover at this point. These pal·ticular carts usually touched each other at 
the extreme top or bottom of the cart. However, the points of contact between 
carts depend on variations in the floor surface, the cart construction, and the 
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cart age. General wear and lear of older equipment p,oevcnted the carts from 
lining up perfectly with consistent clearances. The minimum gap between carts 
on tohe fourth shelf where the mites were located was 2 to 3 mm. Once the egg 
flats infested with mites were placed on the carL, the lights in the room were 
turned off. The experiment proceeded in the dark at 22°C, and with the initial 
temperature of the eggs at 50 C. 

Recovering mites after the trial involved separating the carts and vacuum 
sampling (120 V, 12 A. wetldry, 5.7 m3/min). Mites were collected in vials 
attached to the end of the vacuum hose. A sample vial consisted of a 72 ml (40 
dram) snap cap vial with a 2.5-cm diam hole in the bottom, \-\,hich was covered 
with a liIt.er of 78 J.lITI plankton netting. 

The order of sampling for mites was empt)' egg flats, clean egg cart, infested 
egg carl, and the Ooor, respectively. Vacuum samples were washed out of the 
vials with 70% ethanol and inspected (immediately) in a Petri dish with a 
dissecting microscope at a magnification of 12.8X. The egg nats and eggs where 
the infestation originated were visuaJJy inspected to record Lhe number of mites 
that had not moved from the origin. 'With threc flats of eggs as the source of 
infestation, visual inspection allm"'ed for accurate enumeration of the mites 
without the risk of damage to the eggs caused by vacuuming. However, 
vacuuming the other surfaces was necessary because the large surface areas 
made visual inspection impossible. Following each trial, the carts were moved 
to a wash bay and thoroughly washed with water, the egg flats were soaked in 
hot soapy water for 0.5 h, and eggs were washed by hand. Before the next run, 
all of the dry equipment was vacuumed to presample for any mites that may 
have survived the cleaning procedures. 

The whole experiment was run at two dinerent times of exposure, 1 and 2 h. 
The number of trials run at each time of exposure was determined by a 
binomial sampling model. Using the binomial model, n (the number of trials 
requircd) was selected based on the formula pn > 0.05, where p is the 
probability of no mites occurring in any single Lrial and 0.05 is the probability 
of this event occulTing (Snedecor & Cochran 1991). In our casc, the best 
estimator of p was a presampling session in four facilities containing flocks 
inrested with mites (Kells 1993). Vacuum sampling of dust and debris (n = 36, 
P = 91.7) demonstrated at least 33 trials wer'e required. From this model, carts 
infested with mites were detennined not La be a source of infestation if mites 
failed to cross to the clean cart in all 33 trials (a = 0.05). However, the presence 
of aL least one mite on a clean, empty egg cart in anyone trial indicated mite 
transference and furthcr t.rials were not. necessary. The potential existed for 
mites to transfe'o to different poultry facilities via t.rucking systems if at least 
one trial during an exposure time demonsLrat.ed mite movement. to the non
inrested (clean) cart. 

Egg transportation system. Clean, empty egg carts were sampled at four fanns 
by using the vacuum sampling technique mentioned previously. The four facilities 
included a large scale operalion (3 barns, 30,000 birdslbarn, and automatic egg 
collection), and three smaller scale operations ench with a single baJn l 7,()(X) to 10,000 
birds, and manual egg collection. Each facility was on a separate delivery route 
representing four different. egg packing companies operating in Ontario, Canada. 
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Carts were sampled as soon as possible after arrival at the poultry house. 
Sampling took place in the egg cooler or utility room that was separate from the 
flock. Before the carts and flats were vacuumed, a work space on the 0.001' 

where the vacuuming '''''ould take place also was sampled. Sampling the egg 
flats consisted of removing the stack of empty flats (approximately 160 flats) 
from the cart and vacuuming the outer sUI'faces. Four flats were then 
randomly removed from each of the six stacks and the upper and lower surfaces 
were vacuumed. The egg ealot was then vacuumed, first on the edges, and then 
separately on the shelves. All carts from the delivery were sampled. The wall 
adjacent to a cart also was sampled if the cart and wall were i.n contact. The 
numbers of live and dead northern fowl mites were then determined 
immediately after washing the vacuum debris from the vials with 70()!c ethanol 
into a Petri dish. The duration of inspection typically was 2 min during which 
live mites survived immersion in ethanol. writes were determined to be alive if 
they ' ....ere moving in the ethanol 01' they did not appear to be desiccated. Debris 
was inspected in a Petri dish with a dissecting microscope at a magnification of 
12.8X. The vials were placed in a refrigerator at 3°C if short-term storage of 
the vacuum vials was required. 

Similar to the lab studies, the sampling trials utilized a binomial sampling 
model (parameters mentioned previously) for inspecting egg carts delivered to 
the facilities (each facility treated as a trial). Within 33 trials, the presence of 
at least one mite on a clean, empty cart would confirm the potential of the 
transportation system to convey northern fowl mites from other facilities. 

Breeder flocks to pullet operations. Mites used in hatchery trials wel'e 
obtained from a culture grown on H&N Leghorn hens described previously. A 
total of 15 to 20 mites in a mixed population (protonymphs, deuteronymphs, 
and adults) were moved to glass vials with a dry No.1 paint brush. The vials 
were screw top glass (60 mm X 28 mm) with a 12 mm diam hole cut in the 
plastic cap. A fine 78 ~m mesh plankton net was clamped over the opening 
with the cap and sealed to the glass with the cap's gasket. Initially, lm'vae and 
eggs were not included, but larvae were counted if they emerged from eggs laid 
in the vial and survived longer than other life stages, extending the initial 
infestation period. 

Northern fowl mites were exposed to incubation conditions (37°C, 55% RI-l) 
fol' chicken eggs in both actual and simulated environments. The field site 
consisted of two commercial egg setters and hatchers at Martindale Hatchery 
(Caledonia, Ontario, Canada). Conditions were 37°C, 55% RH for the setters 
and 37°C, 73% RH [or the hatchers. Simulated conditions were achieved in the 
laboratory by using a low temperature oven and a 23-cm (i.d.) glass desiccator 
containing ammonium nitrate (NH4N03) saturated in distilled water (\ViIliams 
& Bates 1960). This simulated environment produced conditions similar to that 
of the egg setter. 

In the field study, the experiment consisted of 10 vials of mites placed in one 
of two mite cages. Cages consisted of a 18.5 em X 10.5 em X 13 em clear plastic 
box with a total of'six holes (3.4 cm diam) in the box sides and lid. Holes were 
covered with 78-p.m plankton netting to allow for ventilation and prevent mites 
from escaping. These vials were placed on Silva fly paper 08.5 cm X 13 em), 
which lined the bottom of the cage. The cage lid was sealed with a gasket made 
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from Paratilm (Fisher Scientific, Unionville, Ontario, Canada). The two cages 
were placed in two commercial setters for the duration of the incubation period 
and then moved to two hatchers for a total exposure of 23 d. Following the 
exposure of23 d, the numbers of live and dead mites were counted. Dead mites 
were distinguished by their failure to respond to light., failure to move 
appendages. presence ofcuded legs, and desiccated appearance of the body. 

The simulated conditions used eight vials of mites placed in the desiccator. 
Vials were randomly selected from a pool of vials prepared for use in concW'rent 
orr·host survival experiments. Vials were removed daily from the desiccators. 
inspect.ed under a dissecting microscope, and the number of dead mites 
counted. Vials removed from the desiccator were replaced into the chamber 
within less than 5 min. \-Vhen all the mites in a vial were dead, t.he vial was 
permanently removed from the desiccator. For each 24 h period, the numbers 
of live and dead mites were totalled and a percentage survival curve 
constructed. 

Results 

lnfestat'ion of equipment. Mites successfully crossed from the infested 
egg cart to the clean egg cart in 1 and 2 h (Table 1). The overall percentage 
recovery of mites from carts was 53.1% using the vacuum method. Despite the 
low recovery, up to 76 mites were found on the carl that held clean egg flats. 
Thorough cleaning of the infested and clean egg carts ensured no mites 
remained on the equipment prior to the next trial, and vacuum samples before 
the trial confirmed that no mites were present. 

Egg transportation system. The number of' mites recovered from egg 
delivery equipment at four poultry facilities is summarized in Table 2. In all 
four facilities, live northern fowl mites werc recovered from the outer edges of 
the egg nats by vacuum sampling. Live mites also were picked up from the 
outer edge of one of the carts in Facility 1. Mites were not collected from the 
floors or 'walls in any of the facilities, which suggests a low probability of mites 
transferring from these surfaces to the egg carts prior to sampling. 

Sampling of egg carts occurred at different times of arrival because of the 
uncertain time schedules of the trucks. Carts at Facility 1 were in the egg 
cooler for 3 h before sampling, but cart.s at. Facility 3 arrived 15 min prior to 
sampling. Carts in Facilities 2 and 4 were sampled as soon as they were ofT
loaded from the tluck. Trucks delivering carts to Facilities 1, 2, and 3 visited 
other falms before arriving at the sampled facility, but the number of barns 
previously visited was not known. The truck delivering carts to Facility 4 had 
not visited other farms prior to sampling and did not contain any carts carrying 
eggs. Hens in Facility 1 were infested with northern fowl mites, hut flocks at 
Facilities 2, 3, and 4 had no detectable mite infestations. 

Breeder flocks to pullet operations. The ambient conditions in an egg 
setter presented a harsh environment for the survival of mites that entered the 
system on hatching eggs from an infested parent flock. The conditions in the 
commercial hatchery prevented all mites (179 mites in 10 vials) from surviving 
the 23-d incubation period. Under simulated conditions (140 mites in 8 vials), 
50% of the mites originally placed in tbe ,';als died in 24 hand 100% mortality 
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Table 1. Transfer of mites from an egg cart infested with Ornitlwn)'ssus 
sylvianun to a clean (non-infested) egg cart. Mites were 
placed along the edge of three egg nats that contained eggs. 
These nats were then placed on the fOUl'th shelf of the cart at 
the same height as the empty flats on the clean cart. 

Time 
post.-application 

(h) 

Lnitial numbCl' 
ofmitcs 

Number of mites 
on infested cart 

and eggso 

Number of mites 
on non-infested 

carL and empty 
flatsb 

Percent 
recoveredc 

(N) 

150 80 2 54.7 (82) 

2 l50 60 2 41.3 (62) 

2 240 67 76 3004 (73) 

2 300 156 II 55.7 (167) 

a Totnl number of miles found by \"isuol (:ounls of mitcil on the eggs lind the \,flCUUtn samples from the 
can. 

h Number of mites recovered from vucuum samples. 
c Pcrccntngc of initio I number released. 

occurred within 72 h (Figure 1). Larvae that emerged from eggs oviposited 
during the experiment survived beyond 72 h, but none survived past 96 h. 
There was no evidence that mites would infest the pullets directly from a 
parent breeder flock infested with mites. 

Discussion 

Mites successfully crossed from an infested egg caft to an adjacent clean egg 
cart within 1 h at 22oC. Although there was a 2-3 mm gap between the carts 
at the site or infestation, it is evident the mites found areas on the cart that 
permitted crossover. There are three possible methods that mites were using to 
cross the gap. First, they were able to find areas where the gap was narrow 
enough to allow crossover, but this width was not detected because 
measurements of the gap were resb-icted to the area immediately adjacent to 
the line of infestation. Second, during their dispersion from the sites of 
infestation, the act of piling on top of each other (along an edge) allowed them 
to cross the gap. Finally, static electricity may have played a role. Personal 
observat.ions [Tom other studies suggest these three methods as ways far mites 
to transverse small voids. fn this study, absCivotians of mite movement were 
not performed because the presence of humans (sources of heat and CO2) would 
have altered the behavior of the mites. 

Considering the way eggs are transported, with clean and full egg carts 
present on the same vehicle, dispersion of northern fowl mites via egg 
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Table 2. Total numbm' of Ornithonyss/l.S s)tluinrll.tn recovered from 
sampling clean egg carts by using a vacuum extraction 
technique. 

Area sampled State or Facility 
recovered 

miles 1 2 3 4 

Floor Live 0 0 0 0 

Dead 0 0 0 0 

Wall Live 0 NT" 0 NT"
 
Dead 1 'T" 0 NT"
 

Outer cart Live 2 0 0 NT"
 
Dead 2 3 0 NT" 

lnner cart Live 0 0 0 NT" 
Dead 0 2 0 NT" 

Outer flat Live 24 1 1 2 

Dead 20 0 6 0 

lnner flat Live 0 0 0 0 

Dead 2 0 0 0 

a Samplc!l wonJ not !..lIken bcCIIUSC they were not nccessflry in the cl\se uf the wnll samples tn Fucilities 
2 find 1. Time CCllll:ltrnints with the produce)' prcvenWd snrnpling ur curb:! in J;'acility 1. However, 
samples from the cllrtt:l wem not necessary becflusc or twO live mites 1'Ocovcted frOIll the egg nats" 

transportation systems becomes a likely method by which mites can 
successfully move from one facility to another. This probability of dispersion is 
increased because vehicles used to transport eggs travel to several barns within 
1 d, usually remain at a facility for up to 2 h, and operate every business day of 
the year. Sampling egg carts at four facilities confirmed that live mites will 
disperse to other egg production facilities via equipment infested during egg 
tTansporLation. 

Once the miles are in the egg packing area of the facility, they can easily 
move into the flock via workers, conveyors. or egg nats and become established 
in the flock within I mo <DeVaney et al. 1980). In larger operations that are 
automated, transport on workers is probably the most common route for mite 
transference from the egg equipment to the nock. For example, personnel at 
Facility 1 were often observed moving egg carts between the cooler and the 
loading area, as well as handling birds during nock management protocols. In 
smaller operations using manual collection of the eggs, the potential for 
infeslation is increased gt°eaUy because the egg nats are transported directly 
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Fig. 1. Survival of northel"n fowl mites, Ornilhonyssus sylviarum, over time in 
simulated conditions of a chicken egg setter (37°C, 55% RID. A total of 
140 mites in eight vials were placed into a desiccator, which was then 
placed in a low-temperature oven. The points represent the 
cumulative survival from It = 140 mites with the standard error bars 
calculated from the standard deviation of a binomial distribution 
(Snedecor & Cochran 1991). 
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into the nock area. In our study sites, three of the four facilities wel'c small, 
manual operations and egg collection occurred in the area where biJ'ds were 
housed. ]n large or small operations, it is necessary that personnel maintain a 
"barrier" between infested carts and the flock. This barrier may include timing 
flock management protocols with handling ol'egg equipment. 

Vertical transmission from a breeding flock infested with mites to their 
progeny (pullet nock) is unlikely to occur because mites do not survive the 
incubation process for poultry eggs. In an egg setter, temperatures of 37°C 
with 55% RH are used for effective development of the embryo (Nor·th & BeU 
1990). These conditions produce a large vapor pressure deficit of 28.2 mbars, 
and coupled with the high temperature, reduced the survival of mites to less 
than 4 d. Therefore, unless there is cross-contamination of mites from the eggs 
to the chicks via equipment and personnel, mites wlll not infest the chicks via 
vertical transmission. Presently, commercial hatcheries are constructed in 
such a way as to permit one-way movement of eggs, chicks, and equipment 
through the hatching process. This one~wa'y movement reduces chances of 
cross-contamination between flocks. 

The between-farm collection of eggs is a potential source of mite movement 
from one poultry facility to another. Mites can sliccessfully cross to a non
infested clean cart from a cart that held eggs infested with mites. Preventing 
this pathway of infestation by the use of acaricides or isolation of equipment 
should be a pJ'iority for producers and egg handlers to reduce the probability of 
mite reinfestation in poultry flocks. 
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In the late 19805, the silverleaf whitefly, Bemisia argentifolii Bellows & Pening, 
began to cause tremendous losses to Florida tomato pl"Oduction (Schuster et al. 
1990). A similar outbreak of the whitefly on numerous crops accun-ed in 1990 in 
California (Perring et aJ. 1991). These outbreaks were at first attributed to the 
appearance of a new strain of the sweetpotato whitefly, B. tabaci (Gennadius). but 
crossing and mating studies and analyses of allozymic fi-equencies, genomic DNA, 
and morphological differences suggest that the sb'ains are different species (PelTIng 
et aJ. 1993, Bellows et aI. 1994). 

Feeding by the silverleaf whitefly can induce iJTeguJar ripening of tomato fruit 
(Schuster et al. 1990), thus causing direct yield loss. This insect also is responsible 
lor transmitting a new geminivirus that causes tomato mottle of tomatoes in Florida 
(Kring et al. 1991). Combined direct and indirect agricultural losses in the United 
States were estimated at a $0.5 billion for 1991 (PelTIng et a1. 1993). 

Very little is known about the noctumal behavior of the silverleaf whitefly. The 
present study examines the noctulllal feeding behavior of this whitefly species by 
using a water-sensitive paper technique to colJect the honeydew excreted by adults. 

Two double-clip, 2-cm diam insect cages were placed on opposite leaflets of the 
third leaf from the top of four 5-leaf plants of cultivated tomato, Lycopersicon 
escul.entum Mill. Two cages were clipped onto parafilm instead of onto leaflets as 
controls. A 2.5-cm wide strip of water-sensitive paper (Spraying Systems Co., 
"'heaton, Jllinois) was placed on the bottom of each cage to measw'c the amount of 
honeydew excretion (J\ielamed-Madjar et aJ. 1984). This yellow paper tums blue 
when it comes into contact with moisture such as that from honeydew. Four pairs of 

I Acccpt.ed for publication II MIJY 1996.
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whitefly adults raised on tomato were gently aspirated into the side of each 
cage enclosing the abaxial leaf surface. Thus, 64 whitefly adults were present 
at. the initiation of each experiment. The insects were allowed to settle before 
putting the plants under a 12:12 h light:dark regime. Every 6 h for 24 h the 
strip ofwater-scnsitive paper was shifted for another 6 h of honeydew collection 
by loosening the bottom clip enough to slide the paper through the cage without 
smearing the collected honeydew droplets and without d.isturbing the leaflet
cage-whiteny setup. A nash light equipped with a red filter was used for 
illumination during the manipulations of the paper and cages in the dark. 
Total red illumination time during the two 6M h dark periods was no more than 5 
min. Insects were allowed to feed for two 6-h light periods and for two 6-h dark 
periods. These periods were selected to represent the normallightM dark periods 
during 24 h, i.e., one dark period from 0000 h to 0600 h, two light periods from 
0600 h to 1800 h, and a dark period from 1800 h to 2400 h; however, these 
periods did not necessarily occur at these hours, but did occur in that sequence. 
For each cage for each 6-h period and for the controls as well as the treatments, 
the number of blue dots was counted by using a stereo dissecting scope. The 
number of dots was assumed to be an indirect measure of the amount of feed.ing 
that accuned in each cage for each period. 

The experiment was repeated three times. Tomato cv. "Pelo" was used for 
the first repetition and the experiment was carried out at 27oC/270 C day/night 
temperature in a laboratory rearing room. Tomato cv. "Lanai" was used for the 
second repetition and the experiment was carried out at 27oC/27oC day/night 
temperature in a laboratory. Tomato cv. 'ISunny" was used for the third 
I'epetition and the experiment was carried out at 32oC/27 0 C day/night 
temperature in an environmental chamber. Each repetition was started at a 
different light/dark pm'iod so that mortality of adults that occurred during each 
24 M h experiment would not bias the results (two to six adults survived per 
cage). 'When no adults survived the 24 h, the data were not included. 

Analyses of variance were completed by using the GLM procedure of the 
Statistical Analysis System (SAS Institute 1988) with periods as treatments 
and plants as replications in randomized complete block designs. Analyses 
were completed for each experiment first when data were kept separate for 
each period and then when data were combined for dark and light periods. 

In the control cages, only 10 ± 9 (mean ± SE) honeydew droplets were 
deposited per cage, which was probably the result of previous fced.ing before the 
start of the experiments. Therefore, it was assumed that the more numerous 
droplets observed in the cages on plants were from honeydew produced through 
feeding dUl;ng the course of the experiment and not from previous feeding. For 
this reason, the control cages were not included in the data analyses. 

Adults fed during all periods studied, as indicated by the presence of 
honeydew droplets (Table 1). There was no consistent or significant trend 
toward declining feeding over the course of the experiments regardless of the 
photoperiod sequence (F =: 2.08; df =: 3,25; P =: 0.13 fo!' the first experiment; F =: 

0.19; df = 3,21; P = 0.90 lor the second experiment; and F = 0.16; df = 3,21; P = 
0.97 for the third experiment). Differences in feeding between the light and 
dark periods were not significant (F = 1.56; df = 1,27; P = 0.22 for the first 
experiment; F =0.37; df = 1,23; P =0.55 for the second experiment; and F =0.53; 



Table 1. Feeding of silverleaf whitefly adults, as estimated by honeydew droplets, on the abaxial surfaces of 
tomato leaflets during a 24·h period. 

Mean no. honeydew droplets (± SE) 
TO. 

Photoperiod By photoperiod surviving 
Experiment sequencea By photoperiod sequence Dark Light adultsb 

1 LD,DL 436 ± no 419 ± 103 420 ± 103 179 ± 54 419 ± 63 308 ± 68 

2 D,L,L,D 174 ± 76 217 ± 106 243 ± 106 210 ± 75 192 ± 52 230 ± 72 25/56 

3 D,D,L,L 379 ± 60 378 ± 70 340 ± 62 331 ± 89 379 ± 44 335 ± 52 30/64 

aSequence of two 6 h light(L) nnd two 6 h dnrk(D) periods during which whitefly adults were allowed to feed for 24 h.
 
bThe number of survi,,;ng udults over the number of initial udults. The number of surviving adults wus not observed in the first experiment.
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df ~ 1,23; P ~ 0.47 for the third experiment). Because adults feed at night, 
other activities such as transmission of plant viruses might also occur at night 
if conditions such as temperature are favorable. 
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Effects of Growth Stage of Resistant and Susceptible Bal.'ley 
on the Russian Wheat Aphid, Diuraphis noxia 

(Homoptera: Aphididae) I 

J. A. Webster, D. R. Porter, J. D. Burd and D. W. Mornhinweg 

Plant Science and Water Conservation Research Laboratory 
USDA-ARS 

]301 North Western Se 
Stillwater, Oklahoma 74075 USA 

J. Agric. Entomol. 13(1): 283-291 (Oct.ober 1996) 
ABSTRACT The Russian wheat aphid, Diuraphis noxia (Mordvilkol, is a 
serious pest of barley in western North America. To help manage this pest, a 
Russian wheal aphid-resistant germplasm line STARS-9301B was recenUS 
released to barley breeders for incorporation inlo their cultivars. [nformation 
about the antixenosis and antibiosis mechanisms of resistance in the 1st-leaf 
stage was previously reported, but information about these mechanisms of 
resistance in later plant growth stages has not been available. This study 
reports on antixenosis and antibiosis tests conduct.ed under controlled 
conditions on three growth stages of STARS·930lB and ~lorex', a Russian 
wheat aphid-susceptible malting barley cultivar. In general, aphid reactions 
in the laler growth stages were similar to those on lst~leaf stage plants 
except that antixcnosis was demonstrated in STARS-930lB when data from 
all growth stages were combined. Antibiosis continues to contribute to 
resistance in more mature plants of STARS·9301B. Previous work showed 
that tolerance is the most important resistance mechanism or STARS-9301B 
seedlings. Tolerance data for comparing barley entries beyond the seedling 
stage are not available because a practical, uniform test to determine 
tolerance levels at these older plant growth stages has not been developed. 
The results or this study show that spring barley entries can be reliably 
tested in early growth stages for antixenosis and antibiosis to the Russian 
wheat aphid. 

KEY WORDS Homoptera, Aphididae, Diuraphis noxia, Russian wheat aphid, 
plant resistance, barley 

The Russian wheat aphid, Diuraphis Iloxia. {Mordvilko), continues to be a serious 
threat ro the North Amelican barley industry. First detected in Texas in 1986, this 
pest now is found in all states west of the lOOth meridian and in three western 
Canadian provinces (Pike & Allison 1991). 

I Accepted for publication 25 May 1996. 
2This article reports the results of l't!!:iearch only. Mention of II pJ'Oprictm'y pruducL docs nOL constitute 

un cndorsement or a recommendation for its lise hy USDA. 
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This aphid is a pest of wheat, but it also causes sel;ous damage to barley 
(Robinson 1994). The use of insect-resistant cultivars could be an important 
management tool in small-grain production and is especially important with 
the Russian wheat aphid. Effective control of this pest by spraying requires the 
use of systemic insecticides that may contaminate barley end products. The 
search for Russian wheat aphid resistance in barley was initiated soon after the 
detection of the pest in the United States. Webster et al. (1991, 1993) found 
and studied resistance in a group of barley lines from Mghanistan. A selection 
from one of these lines, P1 366450, was recently released as STARS-9301B, a 
Russian wheat aphid-resistant germ plasm line (Mornhinweg et a!. 1995). 

Antixenosis and antibiosis effects of STARS-9301B on the Russian wheat 
aphid have been determined by using seedlings (Webster et al. 1991), but such 
information for older plants has not been available. It is desirable to determine 
whether plant resistance data obtained from seedling~stage studies are 
applicable to older growth stages because information from seedling tests can 
be obtained much more efficiently. Hein's (1992) review of the literature shows 
that the influence of plant growth stage on cereal aphid reproduction is quite 
variable. Girma et al. (1990) tested post-vernalization growth stages of 
'Newton' winter wheat and found that Russian wheat aphid reproduction and 
development were greatest in the jointing stage. Gray et a1. (1990) reported 
that average Russian wheat aphid counts were similar regardless of whether 
aphids were introduced onto 'Roughl'ider' winter wheat before or after 
vernalization. Nkongolo et al. (1990) found that seedling vernalization 
significantly reduced Russian wheat aphid damage on selected wheats and 
barleys, but vernalization did not appreciably change the cultivar ranking for 
Russian wheat aphid resistance. The research most comparable to ours is that 
of Hein (1992) who tested four growth stages of 'Hazen' spring barley and found 
no significant differences in Russian wheat aphid production between plant 
growth stages. 

The purpose of our study was to compare antixenosis and antibiosis levels of 
resistance to the Russian wheat aphid in different growth stages of STARS
9301B and the susceptible spring malting barley cultivar 'Morex'. 

Materials and Methods 

Plants. Seeds of STARS-9301B and 'Morex' barley were planted in a potting 
soil mixture containing equal parts of soil, sand, and peat in 15.2-cm diam pots 
and covered 'with sand. 'Morex' (Rasmusson & Wilcoxon 1979) is the current 
six-row barley malting standard and is susceptible to the Russian wheat aphid. 
Seeds of both barley lines were planted in separate pots, 'with three seeds per 
pot. Weekly plantings were made for 3 wk to obtain plants of different growth 
stages. Plantings of STARS-9301B were begun 1 wk earlier because it is a 
later-maturing barley than 'Morex' (D.W.M., unpubl. data). The thl'ee growth 
stages tested were: Stage 1, 2-leaf to tilleling (1.1-2.1, Zadoks scale); Stage 2, 
tillering to 1st node (2.1-2.3, Zadoks scalel; and Stage 3, 1st node to boot 
(3.1-4.0, Zadoks scale) (Zadoks et al. 1974). Plants were grown in an 
environmental chamber at 21°_19°C with a photoperiod of 14:10 (L:D) h. 
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Aphids. Test aphids were maintained on "Morex' barley seedings in 7.6-cm 
diam caged pots in an environmental chamber under the same conditions as 
described for the test plants. Approximately 50 voucher specimens of adults 
and nymphs are preserved in alcohol at the Oklahoma State University 
Entomology Department Museum, Stillwater, Oklahoma (Voucher Specimen 
No.021l. 

Antixenosis test. Leaf samples (10 cm long) were excised from the tip of 
the leaf immediately below the most fully expanded leaf and individually placed 
in 10-ml Erlenmeyer flasks of distilled water. Foam stoppers were placed in 
the top of each flask so that the leaf was secured with the cut end of the leaf 
submerged in water and with approximately 5 em of the leaf tip protruding 
from the flask. Each flask contained a leaf from one of the six test treatments 
(three growth stages and two barley entries). The nasks were randomly 
arranged in a circle. A Petri dish lid (9.2 em diam X 0.9 em high) was placed on 
the top of the inner edge of the flasks with the top side up. The flasks were 
turned so that each leaf blade touched the edge of the Petri dish at 
approximately 3 cm from the leaf tip. A similar technique using vials instead of 
flasks was illustrated in Webster et aJ. (1994). 

'We used similar-aged aph.ids to reduce experimental variation. To obtain 
such aphids, single-leaf seedlings were infested with 25 adult aphids for 1 d. 
The adults were removed after 24 h, leaving similar-aged nymphs. Plants were 
examined again on the third day for adults, which were removed if found. 
Aphids were used in the tests when they were 7-8 d old. Sixty aphids were 
placed at the center of the dish and allowed to walk to the edge and select a leaf 
of their choice. The number of aphids on each leaf was recorded at 24 and 48 h 
without disturbing them. There were 15 replicates in the test with one 
replicate conducted daily. The laboratory was air-conditioned at 25°C, and with 
300/0-40% RH. A 24-h photoperiod was provided with standard IJuorescent 
ceiling lamps. 

Antibiosis test. Two clip cages (Puterka & Peters 1988), each containing 
three adult Russian wheat aphids of undetermined age, were placed on the 
uppermost fully expanded leaf of plants in the growth chamber under 
conditions that were previously described for the test plants. The progeny from 
adults in one cage were used in the aphid reproduction phase of the antibiosis 
test, and five of the progeny from the other cage were indiviually weighed after 
7 d using a Mettler UM 3 micro-balance (Hightstown, New Jersey). Five aphids 
from each treatment were then mounted on microscope slides in euparaJ slide
mounting medium (Bioquip Products, Gardena, California). Using an optical 
micrometer on a compound microscope (40X), we measured aphids for length 
from the tip of the head to the tip of the cauda, and the width at the outer 
diameter of the compound eyes. There were 15 replicates of the weight, eye 
width, and body length measurements. 

To test for aphid reproduction, the number of adults in the cage was reduced 
from three to one reproductive aphid as soon as reproduction was observed. 
The cage and aphid were moved inward on the leaf at each nymphal count until 
the next leaf was fully expanded. The cage and t.he aphid were then moved to 
the new leaf. Counts were made at 48-h intervals until the aphid died or 
reproduction ceased. The number of days until reproduction was recorded. and 
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the intrinsic rate of increase was calculated after Wyatt & White (1977). There 
were 15 replicates of this phase of the antibiosis test. 

Statistical analyses. The antixenosis data were analyzed by using an 
analysis of variance (PROC ANOVA, SAS Institute 1985), and antibiosis data 
were analyzed by using a general linear models test (PROC GLM, SAS Institute 
1985). Means were compared at the 0.05 level using the Ryan-Einot-Gabriel
Welsch Q test (Day & Quinn 1989). 

Results and Discussion 

Antixenosis test. Aphid counts 24 and 48 h after release revealed no 
significant differences in aphid numbers between the three growth stages 
within each test entry (Table 1.) The combined analysis for test entry X growth 
stage showed no interaction for the 24-h (F= 0.26; df= 2, 89; P= 0.77) or the 48-h 
test (F= 0.35; df= 2, 89; P= 0.70). Analysis of the combined growth-stage data 
showed that STARS-9301B was significantly less preferred than 'Morex' for 
each release time (Table 2). This is in contrast to the report of Webster et al. 
(1991) who found no differences in antixenosis between resistant and 
susceptible barlcy lines. Possible explanations for these differences are that the 
earlier test consisted of fewer replicates and used seedlings only, and that each 
study had a different experimental design. 

Antibiosis test. There were no significant differences among the weight, 
eye width, or body length of aphids tested on the different growth stages within 
each barley entry (Table 3). There were also no significant differences in the 
number of nymphs produced per adult or in the intrinsic rate of increase on the 
dinerent growth stages within each entry (Table 4). Aphids confllled on Stage 1 
leaves of STARS-9301B took significantly more time to begin reproduction than 
those on Stage 3 leaves (10.6 d Ys. 9.7 d), but there were no significant 
differences in this parameter between Stages 1 and 2, nor were there 
significant differences between growth stages of'Morcx'. 

Analyses of all six antibiosis measurements for growth stages revealed no test 
entry X growth stage interactions (aphid weight, F= 0.62; df= 2, 89; P= 0.54; 
between-eye width, F= 0.63; df= 2, 89; P= 0.54; body length, F= 0.56; df= 2, 89; 
P= 0.57; days until reproduction, F= 2.43; df= 2, 89; P= 0.10; reproduction, F= 
0.09; df= 2, 72; P= 0.92; intrinsic .-ate of increase, F= 1.16; df= 2, 72; P= 0.32). 
Antibiosis measurements fOI' 'Morex' and STARS-9301B, after combining data 
from all gl'O\.vth stages within an entry, are pl"csented in Table 5. STARS
9301B showed signif-icantly greater levels of antibiosis fol' all of the parameters 
measured when compared with 'Morex'. Webster et al. (1991, 1993) also found 
antibiosis in seedling tests of resistant barley as measured by aphid 
reproduction, aphid weight, and body length. 

Tolerance seems to be the most important mechanism of Russian wheat 
aphid resistance of seedlings of STARS-9301B <Webster et al. 1991), and 
similat· observations have been made for later stages of growth. However, a 
practical, uniform test to quantify and compare tolerance levels of older small
grain plants has not been developed. 

Gray et at. (1990) reported that Russian wheat aphid counts were similar 1 
wk after infestation regardless of whether aphids were introduced onto winter 
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Table 1.	 Preference of Russian wheat aphids for three growth stages of 
STARS-9301B (resistant) and 'MOl'ex' (susceptible) barley 24 
and 48 h after release in a free-choice test. 

No. aphids, Mean ± SEMb 

Entry and 
growth stage(l I/. 24 h 48 h 

STARS-930lB 
I 15 8.0 ± 1.50a 9.9 ± 1.41a 
2 15 6.2 ± 1.18a 6.8 ± 0.99a 
3 15 7.3 ± 1.47a 6.0 ± 1.02a 

'Morex' 
1 15 13.3 ± 2.47a 13.1 ± 1.74a 
2 15 9.4 ± 1.62a 8.1 ± 1.71a 
3 15 10.2 ± 1.55a 9.7 ± 1.46a 

aUrowth slages: 1"" 2-lcaf tAl tillcring (Zadoks SCllle Ll~2.1), 2"" \.illering to 1st node (Zadoks scale 

2.1-3.1), :b 1st nodc to bool (Zadoks sUllIe 3.1-4.0l (Zadoks e\. al. 1974). 

bi\loans wilhin a column within an entry followed by the same letter are no\. signilicantly diO'crent IP> 

0.05; Ryan-Einot.-Gllbriel-Welsch-multiple range Q lest ISAS 1.985)), (2'1 h, STARS-930lB, F'"" 0.;:18; 

df"" 2. <H, 1I<1orex', F'"" 0.86; df= 2. H) 148 h, STAHS-930IB, F= 2.73: df= 2. 44, 'Morex·. F= 1.85; df= 2, 

44). 

wheat plants before or after vernalization. Gil'ma et al. (1990) reported that 
plant grmvth stage of winter wheat had a significant effect on reproductive rate 
and intrinsic rate of increase of the Russian wheat aphid, which is contrary to 
our results with barley. There are several differences between our research and 
that of Girma et al. (1990). We tested three growth stages of spring barley that 
do not require vernalization, whereas Girma et al. (1990) tested five growth 
stages of winter \vheat after vernalization at three temperatures_ Three of the 
stages they tested w'ere heading, grain filling, and stiff dough, all later stages 
that were not included in our tests. Diflerences in aphid parameters might be 
expected when comparing the wide range of growth stages from tillering to stiff 
dough. 

Hein's (1992) research with four growth stages of spl-jng barley, ranging 
from two- to three-leaf seedlings to early heading, revealed no differences in 
Russian \...-heat aphid production between plant growth stages. This is similar 
to our results, although Rein (1992) counted total aphids per plant and we used 
nymphs produced per adult as a measure of reproduction. Hein (1992) found 
that reproduction dim~red on different growth stages of wheat. How·ever, this 
test was conducted on \-vinter wheat following verna}jzation. 

From a cursory study of previous reports, it would appear that the Russian 
wheat aphid shows difTerential responses to plant growth stages in wheat but 
noi in barley. However, none of the studies have compared vernalized winter 
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Table 2.	 Preference of Russian wheat aphids fi'om combined data of 
three growth stages of STARS-9301B (resistant) and 'Morex' 
(susceptible) barley 24 and 48 h after release in a free-choice 
test. 

Hours after 
aphid release 

No. aphids, Mean (± SEM) 

STARS-9301B 'Morex' df F-value P>F 

24 

48 

7.16 
(0.79) 

7.58 
(0.69) 

10.98 
(1.11) 
10.29 
(0.97) 

1,89 

1,89 

6.4 

4.69 

0.012 

0.034 

Table 3.	 Weight, between-eye width, and body-length measurements of 
7-d-old Russian wheat aphids reared on three growth stages 
ofSTARS-9301B (resistant) and 'Morex' (susceptible) barley. 

Weight Eye width Body length 
Entry and 
growth stagefl n 

(mg) 
Mean ± SEMb 

(~m) 

Mean ±SEM 
(pm) 

Mean ± SEM 

STARS-930lB 
1 15 0.108 ± 0.008a 307.31 ± 9.36a 1270.96 ± 64.08a 
2 15' 0.106 ± 0.0080 301.67 ± 8.100 1264.53 ± 53.76a 
3 15 0.118 ± 0.010a 311.33 ± 6.09a 1314.80 ± 42.16a 

'Morex' 
1 15 0.146 ± 0.0100 333.67 ± 7.020 1470.53 ± 44.950 
2 15 0.160 ± 0.010a 342.33 ± 4.790 1547.20 ± 43.410 
3 15 0.162 ± 0.008a 340.93 ± 7.17a 1528.80 ± 50.180 

flOrowth stages: l;:: 2-lcaf to lillcring (Zadok!> scale 1.l-2.1), 2 = tillering to 1st node (Zadoks scale 2.1
3.1),3;:: 1st node to boot (Zadoks scale 3.1-4.0) (Zadok!; et HI. 1974). 

bMcans within a column within II cultivnr/gorrnpl111,m line rollowed by the same leUer are not 
significantly different (P> 0.05; Ryan.Einot..Cabricl-Wclsch-multiple range Q t.est [SAS 19851). 
(weight., STARS-9301B, F= 0.71; df= 2, 44, 'Morex', F'= 1.67; df", 2, 44) (bet.ween-eye widt.h, STARS
93018, F= 0..11; df= 2, 43, 'Morex', F= 1.19; df= 2, 44) (body length, STARS-9301B, F= 0.39; df= 2, 44, 
'Morex', F= 1.60; df= 2, 44). 

en = 14 for between-eye width. 
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Table 4. Days until reproduction, reproduction, and intrinsic rates of 
increase of Russian wheat aphids on three growth stages of 
STARS-9301B (resistant) and 'Morex' (susceptible) barley_ 

Days until Reproduction Intrinsic rate 
Entry and reproduct..ion nymphs/adult of increase 

growth stageO " Mean ± SEIVt' " Mean±SEM Mean±SEM 

STARS-930IB 
I 15 9.7 ± 0.21a 12 22.2 ± 2.5a 0.226 ± 0.008a 
2 14 10.3 ± 0.30ab 11 24.0 ± 2.2a 0.229 ± 0.008a 
3 14 10.6±0.36b 13 25.0±3.3a 0.224 ± O.Ol1a 

'Morex' 
I IS 9.6 ± 0.21a 11 31.5 ± 3.1a 0.262 ± O.OIOa 
2 15 9.5±O.22a 13 31.9 ± 1.7a 0.273 ± 0.008a 
3 15 9.7 ± 0.27a 13 33.6± 2.8a 0.261 ± 0.008a 

°Growth stages: 1= 2-lcaf to til1ering (Zadoks scale 1.1-2.ll. 2= tillering to 1st node (Zadoks scale 2_1
3_1),3= 1st node to boot lZadoks scnlc 3.1-4.0) (Zadoks et nl. 1974). 

bMcnns within n column within a cultivar followed by the Sllmc Ictler are not significantly different 
CP> 0.05; R}'nn·Einot·Gabriel·Wclsch·mulliple range Q test (SAS 1985)). {da}'s until reproduction, 
STARS-930m, F= 3.11; df". 2, 42, 'Morex', p= 0.48: df= 2, 44} (reproduction, STARS-930lB, F= 0.57; 
df= 2, 35, 'Morcx', F= 0.39; df= 2, 36) (intrinsic rate of increase. STAR8-9301B, F= 0.10; df= 2, 35, 
'Morex', F= 1.53; df= 2, 36). 

wheat with vernalized winter barley and spring wheat with spring barley by 
using similar experimental methods. Uniform studies need to be conducted 
before valid comparisons between wheat and barley can be made. The results 
of our study and that of [-[ein (992) show that reliable information on 
antixenosis and antibiosis to the Russian wheat aphid can be obtained for 
spring barley entries when they are tested in early growth stages. 
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Table 5.	 Measurements of Russian wheat aphid damage caused by 
plant antibiosis, including aphid weight, between·eye width, 
body length, days until t"eproduction, reproduction, and 
intrinsic rate of increase from combined data of thl"ee growth 
stages of STARS-930IB (resistant) and 'Morex' (susceptible) 
barley_ 

Antibiosis 
Entry 

STARS-930lB 
Entry 
Morex 

measurements Mean (±SEM) Mean (± SEM) df F-value P>F 

Aphid weight 
(mg) 

0.110 
(0.005) 

0.156 
(0.005) 

1,89 54.99 ,*" 

Between-eye 15.3 17.0 1,89 40.65 " 
width (11m) (0.22) (0.18) 

Body length 64.2 75.8 1,89 46.12 ** 
(11m) (1.5) (1.3) 

Days until 10.2 9.6 1,87 13.42 '* 
reprod uction (0.17) (0.13) 

Reproduction 23.8 32.4 1, 72 30.79 " 
(nymphs/adult) (1.5) (1.4) 

Intrinsic rate 0.22 0.27 1, 72 52.99 ** 
of increase (0.005) (0.005) 

aup>F<O.OO L 

References Cited 

Day, R. W. & G. P. Quinn. 1989. Comparisons of treatments ancr an analysis of 
variance in ecology. Eca!. Monogr. 59: 433-463. 

Ginnll. M., G. Wilde & J. C. Reese. 1990. Innuence of temperatun:l and plant growth 
stage on development, "eproduclion, life span, and intrinsic rate of increase of the 
Russian wheat aphid (Homoplera: Aphididae), Environ. Entomol. 19: 1<138-1442. 

Gray, M. E., G. L. Hein, D. D. Walgenbnch & N. C. Elliott. 1990. Effects of Russian 
wheat aphid (Homoptera: Aphididae) on wintcl' and spring wheat infested during 
different plant growth st.ages under greenhouse conditions. J. Econ. Entomol. 83: 
2434-2442. 

Hein, G. L. 1992. Innuence of plant growth stage on Russian wheat aphid, Diuraphis 
Iloxia (Homoptera: Aphididlle), reproduction and damage symptom expression. J. 
Kans. Entomol. Soc. 65: 369-376. 



291 WEBSTER et al.: Harley Growth Stage ,lIld Russi;1O Wheat Aphid 

Mornhinweg, D. W., D. R. Porter & J. A. Webster. 1995. Registration of STARS
93018 barley germplasm resistant to Russian wheat aphid. Crop Sci. 35: 602. 

Nkongolo, K. K., J. S. Quick, W. L. Meyer & F. B. Pea irs. 1990. Effect of 
vernalizalion on Russian wheat aphid resistance of wheat and triticale in greenhouse 
screening tests. Cereal Res. Commun. 18: 131-134. 

Pike, K. S. & D. Allison. 1991. Russian wheal aphid biology, damage, and 
managemcnl.. Pacific Northwest Coop. Ext. Bull. PNW37t. 

Puterka, G. J. & D. C. Peters. 1988. Rapid technique for determining greenbug 
(Homoptcra: Aphididae) biolypes B, C, E and F. J. Econ. Entomol. 81: 396-399. 

Rasmusson, D. C. & R. W. Wilcoxon. 1979. Registration of Morcx barley. Crop Sci. 
19; 293. 

Robinson, J. 1994. Identification and characterization of resistance to the Russian 
wheal aphid in small·grnin cereals: Investigations at CfMMYT, 1990-92. CIMMYT 
Res. Rep. 3., Mexico, D.F.; CIMMYT. 

SAS Institute. 1985. SASlSTAT guide for personal computers, 6th cd. SAS Instit.ute, 
Cary. NorLh Carolina. 

Webster, J. A., C. A. Baker & D. R. Porter. 1991. Detection and mechanisms of 
Russian wheat. aphid (Homoptera: Aphididae) resistance in barley. J. Econ. Entomol. 
84; 669-673. 

Webster, J. ~ D. R. Porter, C. A. Baker & D. W. Mornhinweg. 1993. Resistance to 
Russian wheaL aphid (Homoptera: Aphididne) in barley: Effects on aphid feeding. 
J. Econ. Enlomol. 85: 1603-1608. 

Webster, J. A., C. InayatuUah. M. Hamissou & K. A.l\lirkes. 1994. Lcafpubescence 
effects in wheat on yellow sugarcane aphid and greenbugs (Homoptera: Aphididae). 
J. Econ. Entomol. 87; 231-240. 

Wyatt, I. J. & P. F. White. 1977. Simple estimation of instrinsic rules for aphids and 
tetranychid miLes. J. App!. Eco!. 14: 757-766. 

Zadoks, J. C., T. T. Chang & C. F. Konzak. t974. A decimal code for the growth 
stages of cereal. Weed Res. 14: 414-421. 



Relationship Between Crop Rotation Distance From
 
Previous Potatoes and Colonization and Population
 

Density of Colorado Potato Beetle' 

J. A. Hough-Goldstein and J. M. Whalen 

Delaware Agricultural Experiment StaLion
 
Department. of Entomology & Applied Ecology
 

College ofAgricultumJ Sciences
 
University of Delaware
 

Newark, Delaware 19717·1303 USA
 

J. Agric. Entollloi. 13(4): 293-.')00 (Odober 1996) 

ABSTRACT Populations of adult Colorado potato beetle, Leptinolarsa 
decemlineata (Say), were significantly lower in fields located 0.4 to 0.7 km or 
> 1.25 k.m away from Lhe previous year's nearest potato planting compared 
with fields adjacent to the previous year's potaloes. However, site-specific 
factors other than distance allowed high populations of Colorado potato 
beetle to develop at three of the farthest siles. Regression analyses inferred 
no significant linear correlation between distance to the previous year's 
potato field and early-season immigration or field populations: fields 
separated by 0.4-0.7 km benefited as much by distance rotation as fields 
separated by 1.3-3.1 km from the previous year's potatoes. A significant 
linear correlation was observed between numbers of adult beetles caught in 
pitfall traps placed at the edges of fields and in-field adult beetle populations 
early in the season, and between adult populations and egg mass densities at 
the different sites. In areas where potato production is concentrated in a 
small geographic region, crop roLation helps to reduce populations of Colorado 
palata beetle but seldom eliminates the need for other methods of control. 

KEY WORDS Coleoptera, Chrysomelidac, Leptill.olarsa decemlineata, crop 
rotation, potatoes, traps 

The Colorado potato beetle, Leptinotarsa decemlineata (Say). is a serious pest of 
potato. Solanum tuberosum (L.), in Delaware and elsewhere in the eastern United 
States and in parts of Europe. Many different types of insecticides have been used to 
control this pest. Chemical control usually produces early success but ofl:en leads to 
development of resistanoe in the beetles Worgash 1985}. Therefore, alternatives to 
insecticides, such as cultural or biological control methods, are necessary to suppress 
this pest. 
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One cultural practice known to affect Colorado potato beetle populations is 
crop rotation, which often reduces 01' delays colonization of fields in the spring by 
overwintered beetles. Adult beetles overwinter either in the potato field in which 
they developed or in leaf litter in nearby woods (Voss & Ferro 1990a, Weber & 
Ferro 1993). In early to mid-spring, beetles emerge from these sites and move to 
new potato hosts, either by walking or by flying. At least a portion of the 
overwintered adult population can sunrive for up to 4 wk and ny more than 0.2 
km before finding food (Fen·o et aJ. 1991). Lashomb & Ng (1984) reported that 
oviposition and flrst appearance of larvae were substantially delayed in a rotated 
potato field adjacent to a wheat field that had been in potatoes the previous year, 
compared with a nearby nonrotated potato field. Wright (1984) found that 
densities of adult Colorado potato beetles were reduced by 70%-90% early in the 
season in fields rotated from rye the previous year compared with nonrotated 
fields. In general, crop rotation results in lower potato beetle populations than in 
nonrotated fields (Roush et aJ. 1990, French et aJ. 1993, Weisz et aJ. 1994). 

In Delaware, most potato growers have accepted the concept of crop rotation. 
and few if any nonrotated potato fields are in production today. However, as 
noted by French et al. (1993), lolCurrently practiced rotation schemes which were 
designed for managing weeds, nematodes, and plant pathogens and do not 
consider d.istances between rotated fields involved in a rotation scheme are 
decidedly inappropriate for managing Colorado potato beetle. To be effective, a 
Colorado potato beetle management rotation must involve considerable 
distance among fields so that the CW'rent year crop is isolated fTom the source 
of overwintered beetles." One might expect that the farther away a rotated 
field is from the previous year's potatoes, the longer it ,·...ill take overv.rintered 
beetles to colonize the new planting; thus, the greater the impact that rotation 
will have 011 the following year's population. It is important for growers to 
know how far they need to move potato production to have a measurable impact 
on the following year's beetle population. This study evaluates immigration 
and establishment of overwintered adult Colorado potato beetles in potato 
fields under a range of rotation distances. 

Materials and Methods 

DUling the spring of 1993, 15 sites were identified on Delaware potato farms 
based on their distance from fields planted to potatoes the previous year. Five 
of these sites (A-l through A-5; A= adjacent) were adjacent to 01' within ca. 0.1 
km of fields planted to potatoes in 1992; five (N-1 through N-5; N= nearl were 
between 0.4 and 0.8 km (0.5 mil of 1992 potato fields; and five (F-1 through 1"-5; 
F= far) were 1.3 km or farther from 1992 potato fields (Table 1). Fields ranged 
in size from ca. 10 to 36 ha (Table 1). 

Windowpane traps were used to monitor beetle flight into Helds, and pitfall 
traps were used to monitor walking activity. \Vindowpane traps were constructed 
based on the design of Chapman & Kinghorn (1955), as pictured in Southwood 
(1966; Fig. 55, p. 193). Each trap consisted of a 61-cm square piece of clear 
Plexiglas supported by a wooden frame, with a plastic tJ"Ough (windawbox 
planter) under the pane. Frame supports were 1.8 m long and were sunk in post 
holes to a depth of ca. 0.5 Ill; thus, the bottom orthe windowpane was about 0.7 m 
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Table 1.	 Field and trap sites for 1993 Colorado potato beetle 
colonization study. 

Harvest date PolalO Size of Date when 
Nearest orJ992 variety field plants were 

Site towna potatoes (1993) (ha) ~30 em tall 

A-I Middletown 15 July Superior 10 26 May 
A-2 Leipsic ]·10 Aug. NOl'wis 26 BJune 
A-3 Little Creek mid Aug. Norwis 24 8 June 
A-4 Viola 15 Aug. Superior 10 1 June 
A-5 Rising Sun 1 Sept. Belrus 32 4 June 

N-I Middletown 15 July Superior 18 1 June 
N·2 Middletown 1 Sept. Norwis 34 15 June 
N-3 Clayton cnd July Super'jar 12 1 June 
N·4 Leipsic 10-15 Aug. Superior 16 4 June 
N-5 Leipsic I SepL Superior 28 4 June 

F-I M.iddletown 15 Oct. Superior 22 25 May 
F-2 Middletown 20 Sept. Superior 28 7 June 
F-3 Masscl I Aug. Superior 26 3 June 
F-4 Milford cnd July Superior 36 28 May 
F-5 Canterbury end July Superior 22 28 May 

(ITowlI,g in Delaware, unless indicnted. 
"Maryland. 

above the ground. Flying beetles that contacted the windowpane dropped into 
the trough below. Pitfall traps consisted of plastic troughs. 61 cm long, bUl;ed in 
the soil with the top lip of the trough flush with the soil surface. Both pitfall 
traps and troughs under windowpanes were half-filled with ,,"ater saturated 
with salt plus a fe'" drops of detergent. Salt was used as a bacteriostat, and the 
detergent was used to break the surface tension of the water to retain insects 
(Heimpel & Hough-Goldstein 1992). 

Traps were placed at each site between 29 April and 6 May, 1993. One 
windowpane trap and one pitfall trap per site were placed along the edge of the 
field in the direction of the nearest previous year's potato fields or wooded areas 
that appeared suitable rar Colorado potato beetle overwintering. Adult 
Colorado potato beetles captured in each trap were counted twice per week 
between 10 IVlay and 11 June, 1993, and once on 18 June. Traps were removed 
on 18 June (except for traps at site A-4, which had to be removed on 13 May for 
grower cultivation), by which time few beetles were fOWld in traps. The sex of 
the beetles was determined for each sample date, except the first (when beetles 
were inadvertently discarded). 



296 J. AI:,1Tic. Entomol. Vol. 13, No.4 (1996) 

On the same sampling dates as trap counts, adults and egg masses were 
counted on 50 randomly selected plants «30 em tall) or stems (>30 em tall) in 
the potato fields adjacent to the traps. Dates when plants at each site were >30 
em tall (and hence, the sample unit changed) are indicated in Table 1. For data 
presentation and analysis, 50-plant counts were divided by 3 so that they would 
be equivalent to 50-stern counts. This conversion factor was used because 
Superior potatoes (the variety planted most commonly in Delaware) averaged 
3.05 ± 0.05 (mean ± SE) stems per plant, based on counts in ten 3-01 rows in 
each of six fields (n= 609 plants). 

The integral (area-under-curve) was calculated for adult populations and egg 
mass densities at each site as a measure of overall population pressure in fields 
from 10 May-18 June. One-way analysis of variance (ANOVA) was used to 
compare trap catches and field populations (adult and egg mass area-under
curve) at adjacent, near, and far sites (SAS Institute 1989). In addition, linear 
regression analysis (SAS Institute 1989) was used to assess correlations 
between distance fl"Om the previous year's potato field and trap catches and 
field populations. Regressions also were run between trap catches and field 
populations and between adult populations and egg mass densities. 

Results 

For both pitfall and windowpane traps, the total number of beetles caught 
was highest during the first week of sampling (Table 2), as beetles entered the 
fields from their overwintering sites. Of the 122 beetles caught in pitfall traps, 
95 were sexed: 47 were mates and 48 females. Of the 50 caught in windowpane 
traps, 44 were sexed: 29 were males and 15 females. Thus, the sexes were 
caught in equal numbers in pitfall traps, but significantly more males than 
females were caught in windowpane traps (X2= 4.45; P= 0.0348). 

Trap catch and early-season ad ult populations and egg mass densities were 
generally high at adjacent (A) sites, with the exception of sites A-I and A-2; and 
low at both near (N) and far (F) sites, with the exception of sites F-4 and F-5 
(Table 3). Site F-1 also developed high in-field populations, although trap 
catches were low (Table 3). One-way ANOVA comparing adjacent, near, and 
far sites (as treatments) showed no significant difference among treatments 
(df= 2, 12) for pitfall trap catch (P= 0.0721), windowpane trap catch (P= 0.2203), 
or egg mass area-under-curve (P= 0.1367). However, adult area-under-curve 
did vary significantly by treatment (P= 0.0056). Adult area-under-curve on 
adjacent sites [294 ± 32 (mean ± SE)] was significantly higher than at near 
sites (116 ± 11) or at far sites (162 ± 44) based on Ryan's Q mean-separation 
test (REGWQ, SAS Institute 1989). Populations at near and far sites did not 
differ significantly from each other, 

Regression analyses showed no significant linear correlation between 
distance to the previous year's potato field and ttfall trap catch (P= 0.5191, ,.2= 
0.0327), windowpane trap catch (P= 0.2021, r = 0.1219), area-under-curve for 
adult Colorado potato beetles (P= 0.1088, ,.2= 0.1857) or area-under-curve for 
egg masses (P= 0.4148, ,.2= 0,0518). There was a significant linear correlation 
between pitfall trap catch and adult area-under-curve (P= 0.0082, r2= 0.4271) 
and between adult area-under-curve and egg mass area-under·curve (P= 0.0001, 
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Table 2. Total trap catches of Colorado potato beetles per week in 1993. 

Total no. beetles caught in 

Week Pitfall traps 
en = 15) 

Windowpane traps 
en = 15) 

10-14 May 
17-21 May 
24-28 May 
31 May-4 June 

7-11 June 
14-18 June 

50 
17 
23 

8 
19 

5 

22 
2 
2 
5 

14 
5 

Total 122 50 

r2 = 0.7360). The correlation behveen windowpane trap catch and adult area
under-curve was not significant, although a trend was evident (P= 0.0592, ,.2 = 
0.2474). 

Discussion 

Both windowpane and pitfall traps were moderately successful in 
intercepting beetles immigrating into fields. More than one v\rindowpane and 
pitfall trap per field would have improved sampling precision. In addition, 
sampling probably should have been initiated at all sites before 6 May. Many 
of the traps had high numbers of beetles during the first week of trapping, and 
thus some early beetles may have been missed. 

The highest numbers of adult beetles were caught at the three adjacent sites 
in which beetles were definitely entering from the previous (adjacent) potato 
field, i.e., sites A-3, A-4, and A-5. Of the hvo adjacent sites showing low trap 
catch, site A-I was adjacent to a f-ield in which potatoes had been harvested 
early the previous year (Table 1). Thus, the beetles from this field may have 
been unable to overwinter in the adjacent field because potato plants were 
removed before the beetles were ready to enter diapause. Because Colorado 
potato beetle adults must consume a certain amount of potato foliage bef01'e 
entering diapause to overwinter successfully (F'rench 1992), they may have 
dispersed out of the field or failed to survive the winter. The traps at site A-2 
were probably poorly placed to intercept immigrating beetles because they were 
in a slight depression near a culvert. Both site A-I and A-2 developed fairly 
high in-field beetle populations (Table 31, although not as high as A-3, A-4, and 
A-5. 

Of the three far sites that had higher than expected trap catches, in-neld 
populations, or both, site F-4 had been in potatoes 2 yr before our experiment, 
and the grower had noticed a large nu mber of potato volunteers among the 
barley in 1992. This site may have been similar to a nonrotated site with 



298 J. Af:,'Tic. Entomol. Vol. 13, No.4 (1996) 

Table 3. Trap catches of Colorado potato beetle adults and egg mass 
densities (area-under-curve) by site (10 May-IS June 1993). 

Total no. of adults caught in Area-under-curve 

Distance from 
1992 potatoes Pitfall Windowpane 

Site (Ian) traps traps Total Adults Egg masses 

A-I 0.0 1 2 3 232 150 
A-2 0.1 2 2 4 233 211 
A-3 0.0 25 5 30 395 318 
A_4a 0.1 18 4 22 342 380 
A-5 0.0 38 17 55 266 332 

N-1 0.5 0 3 3 146 122 
N·2 0.5 2 1 3 88 61 
N-3 0.5 0 0 0 111 224 
N-4 0.7 3 4 7 136 190 
N-5 0.4 2 2 4 99 122 

F-1 1.3 1 2 3 211 245 
F-2 1.6 0 0 0 45 40 
F-3 3.1 7 0 7 73 101 
F-4 2.5 14 3 17 209 288 
F-5 1.3 9 5 14 273 335 

uTrap catches from 10-13 May only. 

respect to beetle immigration in 1993. The nearest previous potato field to site 
F·5, although it was 1.3 km away, had high Colorado potato beetle numbers in 
1992 (J.M.W., Delaware IPM Program Potato Scouting Records). As such, 
immigration pressure may have been higher than expected in 1993. The 
nearest previous potato field to site F-l had been harvested later than any 
other site the previous year (Table 1), which may have enhanced oven'Vintering 
survival of beetles from that field. 

A portion of the trap catch may reflect local activity in the field rather than 
immigration, especially later in the season (Voss & Ferro 1990a). The higher 
numbers of males than females caught in the windowpane traps are similar to 
data reported by Voss & Ferro (1990b), who found that significantly more males 
than females engaged in local flight activity. However, Zehnder & Speese 
(1987) reported a 50:50 sex ratio of beetles caught in windowpane traps 
throughout the growing season. Males and females were found in equal 
numbers in our pitfall traps, in contrast to data of Voss & Ferro (l990b), who 
found more male than female post·diapause adults in pitfall traps. 
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Our results support the conclusion that adult Colorado potato beetle 
colonization and early season population densities are related to how isolated a 
potato field is from the previous year's potato plantings (Weisz et al. 1994). 
However, a direct linear correlation was not found in our study. \Veisz et a1. 
(1994) found significant reductions with only a 0.3 to 0.9 km separation from 
the previous year's potatoes, compared with no rotation. A no-rotation 
comparison was not available in the present study because no growers in 
Delaware (to our knowledge) grew potatoes foHowing potatoes in 1993. In our 
study, fields separated by 0.4--D.7 km benefited as much as fields separated by 
1.3-3.1 km when compared with fields adjacent to the previous year's potatoes. 

With a rotation of at least 2 km from the previous crop, insecticide 
applications were often not needed for Colorado potato beetle control in upstate 
New York (Roush & Tingey 1994). In our study, early Colorado potato beetle 
numbers were generally lower at sites ranging from 0.4 to 3.1 km from previous 
potato plantings, but all of these sites were eventually sprayed with insecticides 
at least twice. Site-specific factors other than distance rotation allowed high 
populations to develop at several sites. Thus, in areas where potato production 
is concentrated in a small geographic region, rotation may help reduce Colorado 
potato beetle populations but will seldom eliminate the need for other metbods 
of control. 
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ABSTRACT Nine compounds from the headspace of fresh pig manure 
were identified as elcctrophysiologically active on virgin female house Oy 
(Mu.sca domeslico L.) antennae, and mixtures of these compounds attracted 
female house nics in wind-tunnel behavioral assays. Identification was 
accomplished by using coupled gas chromatographic-electroantennographic 
(GC·EACl recordings, coupled gas chromatographic-mass spectrometric (Ge
MS) analysis, elec:iroantennographic (EAG) assays of standards, and wind 
tunnel behavioral studies. The pig manure volatiles eliciting responses from 
female antennae were butanoic acid, 3-methylbutanoic acid, dimcthyldisulfide, 
dimethyltrisulfide. dimethyltetrasullide, phenol, benzencethnnol. indole, and 
3·methylindole. ]n EAG dose-response tests butanoic acid, 3-methylbutnnoic 
acid, indole, and 3-methylindole elicited the highest responses on female 
house fly antennae, and dimethylLrisulfide, phenol, and benzeneethanol 
elicited more moderate responses. ]n wind-Lunnel behavioral studies, female 
house nies new upwind in the plume and landed on the source in response to 
pig manure volatiles. The ability of individual EAG-active compounds to 
attract female house flies was not significantly gteater than that of the 
control. However, two mixtures, one comprised of seven EAG-adivc 
compounds and a second made up of only three compounds, were capable of 
attracting female nics in a similar manner as found with pig manur·c. The 
behavioral significance of these compounds as potential attractants is 
discussed. 

KEY WORDS Diplera, Muscidae, Musca domestica, house fly, pig manure 
volatiles, gas chromatographic-electroantcnnographic recordings, mass 
spectrometry, attractants, wind tunnel, behavior 

The house ny (Nlu.sca domestica L,) enjoys a cosmopolitan distribution. The 
enormous potential that this species possesses for pathogen transmission is well 
documented (Greenberg 1973, West & Peters 1973). In addition to tT'ansmitting 
disease the house fly is a major pest in or around livestock, swine, and poultry 
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facilities (West 1951). Heavy fly populations not only can cause actual 
economic losses in production to various classes of livestock but also can cause 
economic losses due to lawsuits against livestock production units due to the 
flies, odor, and dust being cited as nuisances (Campbell 1993). Insecticides 
have been used as the primary method for fly control for the last 100 yr and are 
still widely employed today. In spite of the large numbers of chemical products 
available, heavy fly populations are still present at livestock installations and 
they do disperse into urban areas (Thomas & Skoda 1993). Many house fly 
control failures have been attributed to insecticide resistance (Meyer et a1. 
1987, Scott & Georghiou 1985). One of the alternative control methods for 
house flies is attractants, which can be deployed in the domestic and feedlot 
environment. However, existing commercial house fly attractant baits have 
shown mixed results (Browne 1990). Studies on attractants for the house ny 
are not new and have focused on evaluating the attractancy of single 
compounds or complex odorant mixtures in olfactometers, small rooms, and the 
field (West & Peters 1973 and references therein). These studies have 
demonstrated that mixtures are more attractive than single chemicals (Brown 
et al. 1961, Mulla et al. 1977, Kiinast & Giinzrodt 1981). The most effective 
attractants for house flies are natural products, and especially effective are the 
products of putrefaction and fermentation, the sources of which can serve as 
oviposition sites and food sources. Dairy products and sugar-containing 
substances also are considered attractive (Ktinast & Giinzrodt 1981). 

Manure and spilled feed are the principal breeding media for the house fly 
(Skoda & Thomas 1993). Larsen et al. (1966) showed that odor taken from air 
that has passed through a mixture of water and pig manure was attractive to 
house flies in an olfactometer, and that of eight different types of manure 
tested, pig manure was the most favorable site for oviposition. Considerable 
effort has been expended to identify the compounds emanating from livestock 
manure. In pig manure, at least 140 different volatile compounds and gases 
have been identified (Yasuhara & Fuwa 1979, Spoelstra 1980, Yasuhara et al. 
1984, O'Neill & Phillips 1992, Chen et al. 1994). There is, however, a paucity of 
literature regarding the actual volatile compounds in pig manure that are 
responsible for attracting house flies. 

In the present study we report the use of a novel approach to identify 
possible attractants for the house fly. Pig manure volatiles were analyzed by 
coupled gas chromatographic-electroantennographic (GC-EAG) and coupled 
GC-mass spectrometry (GC~MS) assays to isolate and identitY those compounds 
in the headspace of pig manw'e that are biologically active. We then tested 
synthetic samples of these compounds, alone and as mixtures, in wind-tunnel 
behavioral bioassays. 

Materials and Methods 

Insects. Musca domestica were obtained as pupae from a colony maintained 
at the Department of Entomology, Iowa State University, and kept at 25°C 
under a 14:10 (L:D) h photoperiod regime until they emerged. Adults were 
chilled (ca. 90 s at -20°C) and the sexes separated within 12 h arter they 
emerged. Males and females were placed in separate cages and given access to 
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water and a mixture of dry whole milk and powdered sugar (1:1). Flies used in 
experiments were between 5 and 16 d old. 

Collection of pig manure volatiles. Pig manure, comprised of pig urine 
and feces, was gathered immediately after excretion. The manure was divided 
into 2.5-g samples that were placed in 2-dram (7.4-mll vials filled with 2.5 g of 
HPLC-grade water and capped with Tenon-coated septa (Supelco, Inc., 
Bellefonte, Pennsylvania). Fifty-gram samples also were prepared and placed 
in 100-ml polypropylene bottles filled with 50 g of HPLC-grade water. All 
samples were stored at -20°C. 

Headspace collections of volatiles from the pig manure were obtained by two 
different methods. The first method, which does not require the use of solvents, 
collected pig manure volatiles directly from 2-dram sample vials by solid phase 
microextraction (SPJI>lE) (Supelco, Inc., Bellefonte, Pennsylvania). The SPI\>lE 
unit consisted of a fiber coated with 100 l.un of polydirnethylsiloxane contained 
within a syringe. The fiber was extruded from the syringe and inserted into the 
headspace of a 2-d ram vial containing pig manure for 10 min at room 
temperature (ca. 25°_28°C), after which it was retracted and immediately 
inserted into the injector port of a GC (lIP 5890 gas chromatograph, Hewlett
Packard Co. , Palo Alto, California) where it was thermally desorbed. For the 
second method, a 50~g pig manure sample was placed in a two-necked 250~ml 

flask. Charcoal-filtered air was blown over magnetically stirred manure at a 
rate of 3 mUs for 16 h at room temperature. Volatiles were collected in a glass 
tube (10 cm long X 4 mm ID) containing 50 mg of pre-cleaned Tenax TA 
(All tech Associates, Inc., Deerfield, Illinois) placed between two glass wool 
plugs. The Tenax TA trap was desorbed with 1 ml of redistilled lIPLC-grade 
hexane. Each sample was concentrated to ca. 200 pi under nitrogen and 
immediately analyzed by GC-EAG and GC-MS. 

Chemical analyses. One-microliter aliquots of the Tenax TA-collected pig 
manure volatiles were injected in sp1itless mode onto 30 m X 0.25 mm ID fused 
silica capillary gas chromatographic columns, coated either with DB~l or DB
225 (J & W Scientific, Folsom, California) for analysis by GC-EAG and GC-MS. 
Column conditions were as follows: He carrier gas flow of 1.5 mVmin, injector 
temperature 250DCl 1 min delay on inlet purge, 4 min at 35°C then 25°C/min to 
320°C <DB-I) or 15°C/min to 220°C (DB-225). The SPME samples were 
analyzed by using the above mentioned conditions with a 4-min delay on inlet 
purge. 

GC-MS analyses were performed by using the lIP 5890 gas GC with a direct 
interface to a Hewlett-Packard 5970 mass selective detector (electron impact, 
70 eV). 

Electroantennogram responses. Simultaneous GC-EAG and EAG 
analyses were performed according to standard methods (e.g., Cosse et al. 1995, 
Baker et aJ. 1991) by using a lIP 5890 GC. EAG recordings were made by 
inserting a glass pipette Ag/AgCI saline electrode (\Vorld Precision 
Instruments, Sarasota, Florida) in the back of an excised house fly head. A 
second saline recording electrode was placed in contact with the distal end of 
the funiculus of one of the antenna. Both pipettes were filled with Beadle~ 

Ephrussi (Ephrussi & Beadle 1936) saline. To examine antennal sensitivi.ty to 
the identified pig manure volatiles, EAGs that were not coupled to the GC were 



304 J. Agric. Enlomol. Vol. 13, No.4 (1996) 

recorded in response to a dose-response series of commercial compounds. Serial 
dilutions of the tested compounds were made in redistilled HPLC-grade 
methylene chloride such that the tested compounds were applied to filter
paper-strips (0.5 em X 3.0 em, Whatman No. 1) in 10 pI of solvent. The filter
paper-strips were placed inside glass Pasteur pipettes (15 em long). The 
antenna was continuously flushed with a charcoal-filtered and moistened 
airstream. The ail', flowing at a rate of 20 mUs, was delivered through a glass 
tube (8 mm ill) ending 10 mm in front of the preparation. Two milliliters of the 
atmosphere of the stimulus pipette was putTed into the constant airstream by a 
mechanical puffing device (Syntech, Hilvel'sum, The Netherlands), delivering 
0.1-s puffs. The stimulus was injected into the airstream 15 em upstream from 
the antenna. Control pull's (filter paper plus solvent) were presented to each 
EAG preparation before and after the test compounds. To compensate for 
possible deterioration of the preparation and differences in quality of the 
electrical connection, EAG amplitudes were normalized by dividing the 
amplitude of the EAG generated from a test compound by the mean of the 
control response. Each value thus yielded an estimate of relative EAG 
amplitude. Within a particular series of test compounds l presentation of the 
test compounds was randomized. EAG data were subjected to ANOVA and 
mean responses were compared by using the LSD method (Sokal & Rohlf 198]). 

Chemicals. Butanoic acid, 3-methylbutanoic acid, 3-methylindole, indole, 
3-methyJphenol, 4-methylphenol, and benzeneethanol were obtained from 
Sigma Chemical Co. (St. Louis, Missouri) and were >99% pure (label 
information and GC analyses). Phenol, S-3-carene, (±)-n-pinene, (lS)-(-)-P
pinene, and 4-ethylphenol were purchased from Aldrich Chemical Co. 
(Milwaukee, Wisconsin) and were >95% pure. Dimethyltrisulfide was obtained 
from Narchem Corp. (Chicago, Illinois) and was >99% pure. The 
dimethyltetrasulfide, purchased from Oxford Organics, Inc. (Elizabeth, New 
Jersey) was a mixture of dimethyltetrasulfide (33%) and dimethyltrisulfide 
(50%) based on GC-MS comparisons with the commercial sample of 
dimethyltrisulfide. 

\Vind tunnel. Behavioral assays were conducted in a modified 2.4 m X 1.0 m 
X 1.0 m wind tunnel described pre\';ously by Miller & Roelofs (1978). The wind 
speed was adjustable (0 to 100 cm/s) and was set at 50 cm/s. The temperature in 
the wind tunnel was 23 ± 2"C. White paper covered the outside of the tunnel to 
eliminate potential distractions to flies and diffused the light coming from four 
pairs of white nuorescent. lamps running the length of the tunnel top and 
positioned 1 m above the ceiling of the tunnel. A visual pattern consisting of 6
cm-diam red vinyl dots was placed underneath the transparent tunnel Ooor. 
Small Oaps covering peep holes in the white-paper paneling were opened from 
time to time to allow for observations of the flies dW'ing experiments, The flight 
t,'acks of the flies, together with the audio observations of the experimenter, 
were recorded onto cassette tape by using a Toshiba KV 6300A recorder and a 
Sony M374 black-and-white video camera located ca. 50 em above the ceiling of 
the tunnel. The field of view for all recordings was 1.2 m long extending from 55 
em to 175 em downwind from the upwind end of the tunnel and extending the 
width of the tunnel. Recordings of Oy behaviors were played back in slow motion 
through a 47.5-cm black-and-white Panasonic WV 5470 television monitor. 
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\Vind·tunnel behavioral bioassays. Virgin females were placed in groups 
of five or six in screened release cages (6 cm X 10 cm ill), covered with Petri 
dish lids, 3 h before being tested, and then were released between 5--1l h into 
the photophase. The release cage was placed on a platform (15 em X 15 em) 60 
cm away from the downwind screen and 25 cm above the tunnel floor. The 
Petri dish lid was attached to a wire that was pulled up from the tunnel top ca. 
15 s after the introduction of the odor source. The clear Petri dish lid together 
with its friction-free rapid removal prevented the evocation of an escape 
response in the flies (Holmqvist & Srinivasan 1991). The odor source, 
formulated in 10 m.J of water. was introduced in a Petri dish (l.5 em X 10 em 
ill) placed on a platform 60 em away from the upwind screen and 25 em above 
the tunnel floor. The odor source was presented as a turbulent plume (as 
visualized by TiCI4 smoke prior to the bioassays) that moved over and through 
the release cage. The distance between the release cage and odor source was 1 
m. In addition to video record.Jng. the behavior of nies was recorded by the 
experimenter from the side, who observed whether or not the flies were flying 
at the height of the odor plume and also gave additional information about the 
3·dimensional aspects of the flight tracks. Tracks were recorded for 4 min after 
the removal of the Petri dish cover. Upon analysis during replay those tracks 
in which flies exhibited plume-oriented upwind flight behavior were scored for 
the upwind flight distance attained by the flies (either 60 em or 95-100 em from 
the release point) and also for whether or not the flies landed on the source. 
The upwind progress score was calcuJated per fly unit, with a fly unit expressed 
as the total number of plume-oriented upwind flights per group divided by the 
number of individual flies per group. Odor sources were chosen at random, 
each source was tested on one single day, and the experiments were performed 
for 12 consecutive days. The data were subjected to ANOVA and means were 
compared by using the T-method (Sakal & Rolhf 1981). 

Flight track analyses. Individually released females had their upwind 
flight tracks video-recorded from ca. 50 em above the tunnel ceiling by using 
two Sony M374 black-and-white video cameras connected to two Toshiba KV 
6300A video recorders. Measuring the total field of view of the partial 
overlapping camera views at the level of a TiCl4 smoke plume (25 em above the 
wind tunnel floor) yielded a 1.0 m (1.4 m rectangular area, which extended from 
40 cm to 180 em downwind from the upwind end of the tunnel. On.ly flight 
tracks of females that flew upwind in the plume and contacted the pig manure 
(2.5 g in 10 ml of H20) odor source were analyzed. The recordings or the female 
flight tracks were played back frame-by-frame through a 47.5-cm black-and
white Panasonic \VV 5470 television monitor. Every other frame (each 1I30th s) 
together with three points of reference on the wind tunnel floor and the fly's 
location were captured by using a computer video frame-grabber board 
(Odavision4, Hammerkop Co., Massachusetts). The X and Y coordinates of the 
fly location in a two·dimensional plane were obtained by using digitizing 
Mantid computer software (Harnmerkop Co., l\llassachusetts) and \'I.'ere 
analyzed for net upwind flight speed. The release of the individual females was 
similar to that described for the wind-tunnel bioassays with the exception that 
the release cage and odor source were placed 50 em away from the tunnel ends, 
creating a distance of 1.2 m between release cage and odor source. 



306 J. Agl;c. Entomol. Vol. 13, No.4 (1996) 

Results 

Analyses of pig manure volatiles. Twenty-two GC-EAG analyses of the 
volatiles collected from pig manure were obtained by using 22 different female 
house fly antennae. Only those GC peaks that consistently revealed 
simultaneous EAG activity were targeted for further analysis. GC-EAG analyses 
consistently revealed eight GC peaks on both DB-l and DB-225 columns with 
corresponding EAG activity on female house fly antennae (Fig. 1 and Table 1, 
peak no. 3, 4, 7, 9,15,17,18, and 19). The retention times on both columns and 
GC-MS spectra of peak no, 3,4,7,9,15,17,18, and 19 corresponded precisely to 
those of eight compounds knovm to be present in the headspace of pig manure: 
butanoic acid, 3-methylbutanoic acid, dimethyltrisulfide, phenol, benzeneethanol, 
dimethyltetrasulfide, indole, and 3-methylindole, respectively, Moreover, 
combined GC-EAG recordings on both DB·l and DB-225 columns demonstrated 
that butanoic acid, 3-methylbutanoic acid, dimethyltrisulfide, phenol, 
benzeneethanol, dimethyltetrasulfide, indole, and 3-methylindole had retention 
times identical to peak no. 3, 4, 7, 9, 15, 17, 18, and 19, l"cspectively, from the 
collected pig manw'e volatiles, and that these compounds were EAG-active (Table l). 
Seven of our 22 GC-EAG analyses showed an additional (ninth) EAG-active peak, 
and a subsequent GC-MS library search tentatively identified this peak as 
dimethyldisulfide (Table 1), Comparison between SPME-collected volatiles vs. 
Teoax TA-collected materials revealed no prominent differences in the nwnber of 
compounds detected. However, there were differences in the ratios of the 
compounds collected via each method, and compounds eluting from the capillary 
columns during the first 3 min of the runs where hidden by the solvent peak in 
the Tenax collection method, In both methods, 4--methylphenol was always the 
major compound collected. 

Electroantennogram responses. The EAG responses of female house fly 
antennae to puffs of seven of the GC-EAG-active compounds were recorded at 
five dosages (Fig. 2). EAG amplitudes increased to puffs from cartridges 
containing from 0.1 pg up to 100 pg for all of the compounds tested, All 
responses were significantly higher than those from the control (solvent) 
cartridges. Even at the lowest dosage tested, the responses to all of the 
compounds were at least 1.5-times greater than to those of the control. 
Analysis of variance of the antennal responses indicated that there were 
significant differences not only between the responses of the flies to the various 
doses tested (F= 227.34, df= 4, 315; P« 0.001) and between the different 
chemicals (F= 73.76, df= 6, 315; P« 0,001) but also that the interaction 
between doses and chemicals was significant (F= 21.96, df= 24, 315; P« 0.001). 
Furthermore, the data show that, of the compounds tested, butanoic acid 
elicited the highest EAG responses at all dosages except 0.1 pg. Conversely, 
benzeneethanol elicited the lowest responses at. all dosages except 0.1 pg (Fig. 
2). The EAG responses elicited by 3-methylindole and indole were not 
significantly different from each other at. all dosages tested. The dose-response 
curves also indicate that maximum responses had been reached at the 100-}lg 
dosage with butanoic acid, 3-methylbutanoic acid, 3-methylindoJe, and 
dimethyltrisulfide, whereas responses to the l,OOO-pg dosage of indole, phenol, 
and benzeneethanol had still not peaked (Fig. 2). 



307 COSSE & BAKER: House Flies and Pig Manure Volatiles 

13 

20 

A 
21 

18 

11 19 

16 
8 

I I 
o 5 10 15 

Time (min) 

Fig.!.	 Simultaneously recorded gas chromatogram of pig manure volatiles 
collected by solid phase microextraction (A) and electl'oantennogram of 
a female house fly antenna (B). Electrophysiologically active 
compounds are labeled with an asterisk. Number labels indicate 
identified materials (see Table 1). 

Wind-tunnel behavioral assays. Virgin female house flies readily flew 
upwind to volatiles emitted from pig manure: 44 landings on the soW"ce were 
recorded using foW" groups of flies (totaling 22 nies released) (Fig. 3). Female 
flies also flew upwind and landed on the soW"ce in response to volatiles emitted 
from mixtures of chemicals identified from the headspace of pig manure. In 
instances where extended observations of individual flies were possible, flies 
made several upwind-oriented flights in the plume of varying distances and 
made several successful landings on the soW"ce during the 4-min response time. 
Typically, after removal of the Petri dish cover, the quiescent female would 
remain inactive for several seconds before flying upwind in a zigzag pattern 
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Table 1. Analytical results of pig manUl"C volatiles. 

Peak no.(I Compound GC-EAG active/> Identificationc 

1 dimethyldisulfide + MS 
2 acetic acid MS 
3 butanoic acid + GC&MS 
4 3-methylbutanoic acid + GC&MS 
5 pentanoic acid MS 
6 hexanoic acid MS 
7 dimethyltrisullide + GC&MS 
8 a.-pinene GC&MS 
9 phenol + GC&MS 

10 (l-pinene GC&MS 
11 o-3-carene GC&MS 
12 limonene MS 
13 4-methylphenol GC&MS 
14 3-methylphenol GC&MS 
15 benzeneethanol + GC&MS 
16 4-ethylphenol GC&MS 
17 dimethyltetrasullide + GC&MS 
18 indole + GC&MS 
19 3-methylindole + GC&MS 
20 hexadecanoic acid MS 
21 octadecanoic acid MS 

flNumhcrs correspond 1.0 labeled peaks in Fig. 1.
 

baas chromllLographic-coup!cd-clcctroontcnnofrram (Ce-gAG) (sec olso Fig. I); + , active;·, not active.
 
cldcnlificrllinn is bnsed on a muss specLrum librnry scm'ch C\IS) andlor compllrison of milliS spectra of
 

the natural m.lllcrial with that of the identified synthetic compound we & MS). 

toward the pig manure odor SOUTce. Females that upon release flew upwind in 
the plume and landed directly on the source exhibited a mean net upwind flight 
speed of 40.4 cmls (±14.4 SD, It= 4) (Fig. 4). Of the females released in groups 
of five or six, only a few new directly to the manure, the majority flying toward 
the source in the plume and aborting their upwind progress at various 
distances downwi.nd of the source. Those females that landed on the source 
were observed to feed. Analysis of variance of the behavioral responses showed 
that there were significantly more upwind nights and landings on the source 
with pig manure than with the water control (Table 2). The attractancy of 
individual EAG·active compounds was not significantly different than that of 
the control. However, t\-\'O mixtures, one comprised of seven EAG-active 
compounds and a second made up of equal amounts of butanoic acid. 3
methylindole, and dimethyltrisulfide, elicited upwind flights at a rate not 
significantly different than that to pig manure. However, the rate of landing on 
the source was lower than that evoked by pig manure. The frequencies of 
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Fig. 2. Electroantennogram (EAG) dose responses of female house fly antennae 
to selected known volatile compounds released by pig manure. Stimuli 
were synthetic standards. EAG amplitudes were normalized by dividing 
the amplitude of the EAG generated from the test compounds by the 
mean of the control responses. Standard deviations of mean responses 
are presented as error bars. EAG responses for each dosage were 
compared by ANOVA. Dosage means between the different stimuli with 
the same letter are not significantly different by the LSD method (Sokal 
& Rohlf 1981) at P < 0.05. 
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Fig. 3. Wind-tunnel behavioral responses of female house flies to pig manure, 
synthetic pig manure volatiles, and mixtures of synthetic pig manme 
volatiles. Odor sources were formulated in 10 m1 of water at dosages of 
20 pg except for pig manure (2.5 g). (a) ratio of 1.5 : I, 20 JIg total 
amount and (b) ratios of 1 : I, 20 JIg of each compound. Females were 
released in fom groups, each containing five or six flies, totalling 22 
flies for each treatment. 
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Fig. 4.	 Three flight tracks of flying M. domestica females in response to pig 
manure odor (2.5 gin 10 ml of H20). Large rectangular boxes represent 
the wind-tunnel floor area. Wind speed was set at 50 cm/s. Dots are 
1I30th s apart. 



Table 2. \Vind tunnel behavioral responses of house flies to pig manure, individual pig manure volatiles, and 
mi.~tures of pig manure volatiles. 

Plume-oriented upwind progress/fly anitO 

60 em 95-100 em landing on source 
, dSourceb Groups mean ~ sn mean ± snd mean :!:: SDd 

,.. 
pig manure£> 4 2.50 ± 0.69a 2.33 ± OA8a 2.01 ± 0.55a :>

":l.3-methylindole (I) 4 1.23 ± 0.91ab 0.98 ± 0.62bed 0.18 ± 0.14e 0 

butanoic acid (11) 4 1.00 ± 0.32ab 0.74 ± 0.29bed Oe '"~ " 3-methylbulanoie acid (III) 4 0.88 ± 0.94ab 0.51 ± OA8bed Oe 0 
3 

dimethyltrisulfide (IV) 4 0.68 ± 0.34ab 0048 ± 0.23bed Oc ~ 

indole (V) 4 0.76 ± 0.38ab 0041 ± 0.26ed 0.04 ± 0.08e 
<: 
~ 
~benzeneethanol(Vl) 4 0.53 ± 0.32b 0.24 ± 0.25d 0.09 ± O.lle .'" 

phenol Ml) 4 0044 ± 0.53b 0.15 ± 0.30d Oe Z 
? 

IV+dimetbyltetrasulfide (1.5:1l 4 1.38 ± 0.90ab 0.80 ± 0.38bed 0.04 ± 0.08e ~ 

I+l1+IV (1:1:1) 4 2.34 ± 1.40a 1.97 ± 1.14ab 0.80 ± OA2b '" 
I+Il+I1I+IV+V+Vl+VlI (1:1: 1:1:1:1:1) 4 2.12 ± 1.42ab 1.78 ± 1.27abe 0.81 ± 0.55b S'" 
control 4 0.24 ± 0.25b 0.15 ± 0.19d Oe 

~FI)' unit is exprcssed as tbe loul number of plume-oricnted nights per group divided by thc number of individual flies per group. 
20 jJg suspended in 10 011 of H2O. 

Crour groups of 5 or 6 females each, totalling 22 females. 
l'il,leHn!" with the Slime tettcr ure not significantly differcnt by the T-method (Sakul & Rohlf 1981) at P < 0.05.;:.:i g suspended in H~O. 
20 pg in total. 
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upwind flight and landing on the source in response to these synthetic mixtures 
were, however, significantly higher than that of the control. 

Discussion 

House fly attractants derived from mammalian excretory products have been 
the subject of many studies (West & Peters 1973 and references therein). 
However, these attractant studies were performed with mixtures of complex 
substances or empirical compositions, without any systematic approach to an 
understanding of the actual chemical stimuli inducing responses in the flies. 
OUT results are based on, for the house fly, novel approaches that allowed us to 
identify electrophysiologically active compounds in the headspace of pig manure 
and to test their efficacy in attracting house flies in a wind-tunnel behavioral 
assay. 

The GC-EAG analyses demonstrated that female house Oy antennae 
selectively responded to only nine of the numerous compounds that were 
present in the headspace of pig manure. We identified these compounds as 
butanoic acid, 3-methylbutanoic acid, dimethyldi-, trio, and tetrasulfide, phenol, 
indole, 3-methylindole, and henzeneethanol. All nine electrophysiologically 
active compounds have been previously identified in pig manure (Yasuhara & 
Fuwa 1979, Spoelstra 1980, Yasuhara et al. 1984, O'Neill & Phillips 1992, Chen 
et al. 1994), and with the exception of benzeneethanol, are key components of 
the objectionable or malodorous nature of swine waste (Spoelstra 1980, O'Neill 
& Phillips 1992, Chen & Liao 1994, Chen et al. 1994). Our wind-tunnel 
behavioral assays showed that two mixtures, one comprised of seven EAG
active compounds and a second containing butanoic acid, 3-methylindole, and 
dimethyltrisulfide, were capable of attracting female flies at a rate similar to 
that of pig manure. However, the attractancy of individual EAG-active 
compounds was not significantly greater than that of the control. 

The solid phase microextraction (SPME) headspace sampling with GC 
separation provided a useful method for analyzing volatiles emitted by pig 
manure. The use of this technique overcomes many of the drawbacks that can 
occur with more standard methods, and all of the GC-EAG spectra we obtained 
exhibited a high degree of uniformity. However, GC-EAG analyses serve only 
as a first step in any attempt to identify behaviorally active compounds present 
in the pig manure. In this study we did not attempt to quantify or qualify all 
volatile substances emitted by pig manure, nor did we attempt to evaJuate the 
efficiency of the SPME sampling method. Therefore, some electro
physiologically active compounds may have gone undetected due to the 
relatively low amounts eluting from the GC column and/or due to their inabiJity 
to be adsorbed onto the SPME polymer needle. 

Several of the identified EAG-active compounds also have been found to 
evoke antennal responses in other dipterans. Tsetse flies (Glossina spp.) are 
attracted to buffalo and ox urine, and both EAG and single-cell recordings have 
shown that attractiveness of urine can be attributed to the presence of phenol, 
3- and 4-methylphenol, 3- and 4-ethylphenol, as well as 4-n-propylphenol 
(Den Otter 1991, Dcn Otter et al. 1993, Saini & Hassanali 1992). Similar 
EAG work done on the stable fly, Stomoxys calcitrafls (Lol, demonstrated the 
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electrophysiologicaJ activity of 3-methylphenol (Schofield et al. 1995), but 
responses to butanoic acid as well as to the earlier published EAG-active acetic 
acid (Warnes & Finlayson 1986) were not significant. All of these phenolic 
compounds, with the exception of 4-n-propylphenol, have been identified in 
swine waste (Spoelstra 1980, O'Neill & Phillips 1992), and at least four of these 
compounds (phenol, 3- and 4-methylphenoJ, and 4-ethylphenol) have been 
positively identified in our SPME samples of pig manure. However, 4
methylphenol, one of the most important components in an attractant blend for 
Glossina species did not elicit any EAG response with female house fly 
antennae, even though it is the most abundant component in the pig manure 
(Fig. 1). Likewise, no significant EAG responses occurred when 3-methylphenol 
or 4-cthylphcnol eluted from the GC column. The only phenolic compound that 
did elicit a significant response with female house fly antennae was phenol 
(Table I). In dose-response series, EAGs from female house flies only started to 
increase at the 1 mg dosage level, suggesting that there are fewer receptors for 
phenolic compounds on the antennae of house flies than on stable Oy and tsetse 
Oy antennae. 

Cork (1994) identified several EAG-active compounds from larval wound 
fluid that elicited responses from screwworm, Cochliomyia hominivorax 
(Coquerel), antennae. The array of compounds identified from wounds was 
similar to that found in the headspace of OUI' pig manure samples. EAGs from 
C. hominivorax in response to a homologous series of aliphatic carboxylic acids 
showed that acids with C4- and C5-carbon chain lengths elicited the strongest 
responses. In addition, Cork (1994) showed that relatively strong EAG 
responses were evoked with 1-octen-3-ol, 3-methylphenol, indole, phenol, 
dimethyldisulfide, and 3-methylindole, even though the latter was not present 
in larval wound nuid. Benzeneethanol present in the larval wound fluid was 
mentioned to be EAG active. Several of the volatile fatty acids tested with C. 
hominivorax also were present in the pig manure samples Crable 2), but only 
butanoic acid and 3-methylbutanoic acid elicited a response from female house 
fly antennae. Additional EAG dose-response tests will have to be performed to 
confirm that house fly antennae predominately respond to aliphatic carboxylic 
acids with C4-cal'bon chain lengths. 

Our wind-tunnel behavioral assay demonstrated that female house flies fly 
upwind to and land on a source of a mixture of seven of the nine 
electrophysiologically active pig manure volatiles as well as to a three
component mixture. The observed flight behaviors of the flies to pig manure 
and to the synthetic mixtures exhibited striking similal-ities to those of male 
moths flying upwind towards their conspecific sex pheromones. That is, 
quiescent female nies would, at the introduction of the odor source, walk 
around the release cage for several seconds, afl:er which they new upwind in the 
odor plume in an oscillating zigzag pattern in the direction of the odor source 
(Fig. 4). "Vhether house flies are indeed using flight mechanisms similar to 
those of moths (Bake,' 1989, Vickers & Baker 1994) to progress upwind towards 
fecal odor sources might be addressed in a future study. 

Most studies on house fly attractants have shown mixtures to be better 
attractants for house flies than single compounds. However, house nies can be 
attracted to single odor sources of indole, 3-methylindole, or butanoic acid in 
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the field (Brown ot al. 1961, Frishman & Matthysee 1966, Mulla et al. 1977). 
OUT wind· tunnel behavioral assays did not show any significant attractancy for 
the individually tested compounds. This might be due to the differences in 
concentration between prior studies employing field trapping (at least 25- to 
250-fold higher) and our wind-tunnel assays. 

An indication that our identified compounds have potential as an effective 
house fly bait comes from work done on the chemical attractant for 
screwworms, swormJure-4 (Jones et al. 1976, Coppedge et al. 1977, Mackley & 
Brown 1984). This attractant contains four compounds that have been 
identified in our study; butanoic acid, indole, phenol, and dimethyldisulfide. 
Research performed on nontarget insects attracted to an older formulation of 
swormlure-4, swormlure-2 (Coppedge et al. 1977), showed that of the 168 
collected insect species (tot.aling 4,640 insects), 4% were in the family Muscidae 
(Peterson et al. 1981). In addition, preliminary trapping tests in a domestic 
environment comparing commercially available house fly traps baited with 
either a mixture of sugar and house fly pheromone or with a mixture containing 
butanoic acid, 3-methylindole, and dimethyltrisulfide showed that house flies 
are more attracted to the synthetic mixtw'e than to the sugar-pheromone baited 
trap (A. A. Cosse & T. C. Baker, unpubl. data). However, further research wiJI 
be needed to determine whether the identified compounds can be formulated 
into an effective house fly bait. 

Acknowledgment 

The authors would like to acknowledge Dr. J. Coats for providing the pupae and Chris 
Peterson for maintaining the colony. Special thanks are due to J. L. Todd and A. Mafra~ 

Neto for helpful discussions during this research. Journal Paper No. 16931 of the Iowa 
Agriculture and Home Economics Experiment Station, Ames, Iowa, Project No. 3240, and 
supported by Hatch Act and State of Iowa funds. 

References Cited 

Baker, T. C. 1989. Pheromones and flight behavior, pp. 231-255. In G. J. Goldsworthy 
& C. I-l. Wheeler IEds.], [nsect flight. eRC Press, Inc., Boca Raton, Florida, 371 pp. 

Baker, T. C., W. Francke, J. G. Millar, C. Lofstedt, B. Hansson, J. -W. Du, P. L. 
Phelan, R. S. Vetter, R. Youngman & J. L. Todd. 1991. Identification and 
bioassay of sex pheromone components of the carob moth, Ectomyelois ceraloniae 
(Zeller). J. Chern. Eco\. 17: 1973-1988. 

Brown, A. W. A, A. S. West & A. S. Lockley. 1961. Chemical attractants for the adult 
house fly. J. Econ. Entomol. 54: 670-674. 

Browne, L. E. 1990. The USe of pheromones and other attractants in house fly control, 
pp. 531-537. In L. R. Ridgway, R. M. Silverstein & M. N. Inscoe rEds. I, Behavior
modifying chemicals for insect management. l\'larchel Dekker, Inc., 761 pp. 

CampbeU, J. B. 1993. The economics of the fly problem, pp. 34--39. Itl G. D. Thomas & 
S. R. Skoda. [Eds.], Proceedings of a symposium: Rural nics in the urban 
environment? University ofNebraska~Lincoln,Res. Bull. 317, 97 pp. 

Chen, A- & P. H. Liuo. 1994. Concentrations of malodorous compounds in swine wastes 
during storage. J. Environ. Sci. Health A29: 83-98. 



316 J. Agric. Entomol. Vol. 13, No.4 (1996) 

Chen, A., P. R. Liao & K. V. La. 1994. Headspace analysis of malodorous compounds 
from swine wastewater under aerobic treatment. Bioresource Techn. 49: 83-87. 

Coppedge, J. R., E. Ahrens, J. L. Goodenough, F. S. Guillot & J. W. Snow. 1977. 
Field comparisons of live and a new chemical mixture as attractants for the 
screwworm fly. Environ. Entomol. 6: 66-68. 

Cork, A. 1994. Identification of electrophysiologically active compounds for new world 
screwworm, Cochliomyia homilliuorax, in Jan'sl wound fluid. Med. Vet. EnLomoL 8: 
151-159. 

Cosse, A. A., J. L. Todd. J. G. Millar. L. A. Martinez & T. C. Baker. 1994. 
ElccLroantennographic and coupled gas chromatographic-electroantennographic 
responses of the mediterranean fruit fly I Ceratitis capitata, to male-produced volatiles 
and mango odor. J. Chem. Ecol. 21: 1823-1836. 

Den Otter, C. J. 1991. OlfacLory responses of tsetse nies to phenols from buffalo urine. 
Physio!. Entomol. 16: 401-410. 

Den Otter, C. J. & W. A. Van der Goes van Naters. 1993. Responses of individual 
antenna! olfactory cells of tsetse flies (Glossina m. morsitans) to phenols from cattle 
urine. Physio!. Entomo!. 18: 43-49. 

Ephrussi, B. & G. W. Beadle. 1936. A technique of transplantation for Drosophila. 
Am. Nat. 70: 218-225. 

Frishman, A. M. & J. G. Matthysse. 1966. Olfactory responses of Lhe face Oy Musca 
autumnalis De Geer and the house fly Mu.sca domeslica Linn. Memoirs Cornell 
University Abrricultural Experiment Station 394. 

Greenberg, B. 1973. Flies and disease. Vol. I. Princeton University Press, Pl'inceton, 
New York, 856 pp. 

Greenberg, B. 1973. Flies and disease. Vol. 11. Princeton University Press, Princeton, 
New York, 447 pp. 

Holmqvist,l\1. H. & M. V. Srinivasan. 1991. A visually evoked escape response of the 
houseny. J. Camp. PhysioL A 16: 451--459. 

Jones, C. M., O. D. Ochler, J. W. Snow & R. R. Grabbe. 1976. A chemical attractant 
for screwworm flies. J. Econ. Entomol. 61: 389-391. 

Kunast, Von C. & C. Gunzrodt. 1981. Vergieichende laboruntersuchungen libel' 
lockstDffe und koder hei del' stubenfliege (Musca domestica L.). Anz. Schadlingskde. 
Pflanzenschutz UmweltschuLz 54: 131-135. 

Larsen, J. R .• R. E. PCadt & L. G. Peterson. 1966. Olfactory and oviposition 
responses of the house fly to domestic manures, with notes on on autogenous strain. 
J. Econ. EntDmol. 59: 610-615. 

Mackley, J. W. & H. E. Brown. 1984. Swormlure·4: new formulat.ion of the swormlure
2 mixture as on attractant for adult screwworms, Cochliomyia hominiuorax (Diptera: 
Calliphoridae). J. Econ. Entomol. 77: 126;1-1268. 

Meyer, J. A., G. P. Georghiou & M. K. Hawley. 1987. House lly (Diptera: Muscidae) 
resistance to pel'methrin on southern Cnlifornin dniries. J. Econ. Ent.omol. 80: 
636-640. 

Miller. J. R. & W. L. Roelofs. 1978. Sustained-night tunnel for measuring insect 
responses to wind-borne sex pheromones. J. Chern. Eea!' 4: 187-198. 

Mulln, 1\1. S., Y-S. Hwang & R. A.xelrod. 1977. Att.ractants for synanthropic flies: 
chemical attractants for domestic nics. J. Econ. Ent.omol. 70: 644-648. 

O'Neill, D. H. & V. R. Phillips. 1992. A review of the control of odour nuisance from 
livestock buildings: PHft 3, Properties of the odorous substances which hove heen 
identified in livestock wastes or in the air' llmund them. J. Agric. Engng-. Res. 53: 
23-50. 

Peterson, R. D., R. J. Gagne, J. W. Snow & J. P. Spencer. 1981. Attraction of non· 
target organisms to SWASS. Environ. Entomol. 10: 5J ]-516. 



317 COSSE & BAKER: House Flies and Pig Manure Volatiles 

Saini, R. K. & A. HassanaH. 1992. Olfactory sensitivity of tsetse to phenolic 
kairomones. Insect Sci. Applic. 13: 95-104. 

Schofield, S., A Cork & J. Brady. 1995. Electroantennogram responses of the stable 
fly, Stomoxys calcilralls, to components of host odour. Physiol. Entomol. 20: 273-280. 

Scott, G. L. & G. P. Georghiou. 1985. Rapid development of high-level permethrin 
resistance in a field-collect.ed strain of the house Oy (Diptera: Muscidae) under 
laboratory selection. J. Econ. Entomol. 78: 319-326. 

Skoda, S. R. & G. D. Tbomas. 1993. Breeding sites of stable flies and house flies, pp. 
61-67. In G. D. Thomas & S. R. Skoda. [Eds.], Proceedings of a symposium: Rural 
flies in the urban environment? University of Nebraska-Lincoln, Res. Bull. 317, 97 pp. 

Sokal, R. R. & F. J. Rohlf. 1981. Biometry. W. H. Freeman & Company, San 
Francisco, 859 pp. 

Spoelstra, S. F. 1980. Origin of objectionable odorous components in piggery wastes 
and the possibility of applying indicator components for studying odour development. 
Agric. Environ. 5: 241-260. 

Thomas, G. D. & S. R. Skoda. [Eds.J. 1993. Proceedings ofa symposium: Rural flies in 
the urban environment? University of Nebraska·Lincoln, Res. Bull. 317, 97 pp_ 

Vickers, N. J. & T. C. Baker. 1994. Reiterative responses to single strands of odor 
promote sustained upwind flight and odor source location by moths. Proc. Natl. Acad. 
Sci. USA 91: 5756-5760. 

Warnes, M. L. & L. H. Finlayson. 1986. Electroaniennogram responses of the stable 
fly, Stomoxys calcitrans, to carbon dioxide and other odours. PhysioJ. Entornol. 11: 
469-473. 

West, L. S. 1951. The housefly. Comstock Publishing Company, Ithaca, New York, 584 
pp. 

West, L. S. & O. B. Peters. 1973. An annotated bibliography of Musca domestica 
Linnaeus. Dawsons of Pall Mall, London, 743 pp. 

Yasuhara, A. & K. Fuwa. 1979. Volatile and odorous components in solid swine 
manure. Agric. Biol. Chern. 43: 313-316. 

Yasuhara, A., K. Fuwa & M. Jimbu. 1984. Identification of odorous compounds in 
fresh and rotten swine manure. Agric. BioI. Chern. 48: 3001-3010. 



NOTE 

Distribution of Onthophagus depressus:
 
An Introduced Species ofDung Beetle'
 

J. S. Hunter, III2 and G. T. Fincher'! 

J. Agrie. Enlomol. 13(4): 319-322 (Ot:tober 1996) 

KEY WORDS Dung beetle, Coleoptera, Scarabaeidac. Onthophagus depressus, 
distribution, introduced species 

Onthophagus ckpressus Harold (Coleoptera: Scarabaeidae), a species of dung 
beetle endemic to South Africa, was first collected in the United States in 1937 near 
Vidalia, Toombs County, Georgia (Cartwright 1938). Ten years later, specimens of 
this species were captured near Lake Placid, Highlands County, F10rida <Robinson 
1948), which is approximately 550 km from the original Georgia collection site. It is 
not !mown how or when this South African dung beetle entered this country, or why 
it was found initially at two widely separated locations in two states. 

The current distribution of O. depressus reported herein was determined from 
several sources. Pitfall trapping with swine feces as bait and blacklight trapping 
were conducted in various counties in Georgia from 1966-1977. Examination of 
cattle and horse dung and pitfall trapping with swine feces were conducted in 
numerous counties in Georgia and South Carolina during 1985-1986 and 1991
1995. We also have included collection data from R. H. Turnbow, Jr. and Cecil L. 
Smith (unpublished data) as well as data from locality labels on voucher specimens 
in the Clemson University Arthropod Collection, Florida State Collection of 
Arthropods, and the University of Georgia Museum of Natural History. 

Onthophagus depressus has apparently been slowly expanding its distribution in 
Georgia since it was first collected in 1937. In the summer of 1967, approximately 
100 O. depressus were captured in 20 pitfall traps baited with swine feces in Turner 
County. 'l\vo years later, a few 0. depressus were captured in a blacklight trap about 
25 km south of this collection site at the swine farm on the University of Georgia 
Coastal Plain Expeliment Station in Tilton. Dung beetles had been collected on and 
near this swine farm since 1958, but O. depTe!:isus had not been previously captured 
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(T. B. Stewart, personal communication). Also, pitfall traps baited with swine 
feces and a black.light trap operated by one of us (GTF) on the swine farm from 
1966 to 1968 did not capture O. depressllB. Therefore, it is postulated that this 
South African dung beetle species arrived at the swine farm of the experiment 
station in Tifton in 1969. 

OUT collection data and data from museum specimens and other scarab 
collectors reveal that O. depressus has now been captured in 27 Georgia 
counties (Fig. 1). Trapping in counties adjacent to these 27 counties did not 
reveal the presence of this exotic beetle species. 

Howden & Cartwright (1963) and Woodruff (1973) reported that O. 
depressus had been collected only near the original collection sites in Florida 
and Georgia. However, in August 1986, one of us (JSH) collected several 
specimens in cattle and horse dung in the sandy, coastal plain soils of Bamberg, 
Colleton, and Dorchester counties in South Carolina (Fig. 1). Since then, O. 
depressus has been collected in two additional South Caro]jna counties, Aiken 
County in 1993 and Jasper County in 1994 (Harpootlian 1995). South Carolina 
populations are presumably decendents of beetles from Georgia. 

Onthophagus depressus also has been reported as an accidental introduction 
into AustraHa near Sydney before 1900 and was collected in Madagascar in 
1953 <Matthews 1972). How this species arrived in Australia, Madagascar, and 
the United States is unknown. Generally, the distribution of O. depressus in 
Florida, Georgia, and South Carolina is inland and not coastal. However, 
Matthews (1972) reported that O. depress"s was collected on several beaches 
and on five small islands along the coast in AustraHa. 

It is doubtful that O. depress us occurs in the intervening area between the 
Florida and Georgia-South Carolina collection localities. It is attracted to light 
and should be easily detected with blacklight traps (Woodruff 1973). We found 
no records of its capture between Berrien and Pierce counties, Georgia, and 
Highlands County, Florida. Perhaps the species is limited to certain soil types 
or soils with water tables at a certain depth. Information on the life cycle, 
flight activity, and behavior of O. depress"s was recently published (Hunter et 
aJ. 1996). 

Onthophagus depressus is one of three exotic species of dung beetles that 
became established on the University of Georgia Coastal Plain Experiment 
Station in Tifton from 1969 to 1975. In 1974, the European species 
Onthophagus taurus Schreber arrived, probably from an unknown introduction 
site in the Florida panhandle (Fincher & Woodruff 1975). In 1975, the Afro
Asian species Onthophagus gazeLLa (L.) was released on the station and became 
established (Fincher 1981). The latter two species are now established in 
several states (Fincher 1990). All three of these dung beetle species are 
considered beneficial insects because of their dung-burying activity, which 
recycles nutrients in the soil and aids in controlling dung-breeding pests of 
livestock such as the horn Oy Haematobia i,.rUans (L.) (Fincher 1981, 1990). 

This report establishes new county distribution records foJ' O. depressus in 
Georgia and South Carolina. It is likely that additional pitfall trapping and 
examination or livestock dung in Georgia and South Carolina counties 
surrounding those in which the species has been captut"ed may reveal 
additional specimens. Counties surrounding Highlands County, Florida, were 
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Fig. 1. Known distribution of Ollihophagus depressus in the United States. 
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not surveyed. thus additional surveys in this area could further enhance our 
knowledge of the distribution of this dung-burying beetle. 
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ABSTRACT The acute toxicity of soil amended with rapeseed (Brassica 
napu.s L.) seed meal to wireworms, Limonius californicus (Mannerheim) 
(Coleoptera: Elateridae), was determined in laboratory bioassays. Wireworms 
were exposed to rapeseed seed meal at concentrations from 41.7-500 glkg 
soil for 24 h. Probit analysis estimated a LCso value of 124.8 glkg soil 7 d 
after treatment. The LCso value decreased to 114.4 gfkg soil 21 dafter 
treatment with no further change in mortality up to 35 d. Brassica napus 
tissues show potential lor reducing populations of L. cali{omiclls. However, 
applications to soil for insect pest management would require plant material 
with even higher levels of isothiocyanate-pl'oducing glucosinolate to provide 
useful biological fumigation activity. 

KEY WORDS Coleoptera, Elateridae, Limonius californicus, rapeseed, 
Brassica spp., glucosinolates, isothiocyanates, biofumigation 

Soil fumigation is commonly used for controlling a wide array of soilborne 
diseases, nematodes, insects and weeds. Due to environmental and health conce1us, 
and the prohibitive cost of reregistration, the arsenal of fumigants available for pest 
management is being reduced. A leading soil fumigant, methyl bromide, will be 
phased out in the United States by the year 2000 under the direction of the 
Environmental Protection Agency and the 1990 Clean Air Act (White 1994). The 
future availability of alternative fumigants is questionable as individual states 
eliminate their use. For example, in California, the registrations for Telone® 0,3
dichloropropene) and Vorlex® (methyl isothiocyanate + 1,3-dichloropropene) were 
canceled in 1990 and 1991, respectively, and chloropicrin is currently facing 
suspension (White 1994). 

These concerns and actions have spurred interest in the development of 
alternative control strategies for soilborne pests. Current research involves the 
incorporation of plant-generated toxicants, acting as biofwnigants, into the soils. For 
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example, glucosinolate hydrolysis products, specifically the isothiocyanates, are 
naturally occurring allelochemicals produced by plants within the order 
Capparales, most commonly within the genus Brassica (Kjaer 1976). 
Isothiocyanates have been shown to mediate herbivory of phytophagous insects, 
affect insect development, and show insecticidal and nematocidal properties 
(Lichtenstein et al. 1964, Wolfson 1982, Louda & Rodman 1983, Lazzeri et aI. 
1993, McCloskey & Isman 1993, Borek et al. 1995). Damage to Brassica spp. 
plant tissue results in enzymatic degradation of glucosinolates by myrosinase 
(thioglucoside glucohydrolase, E.C. 3.2.3.1) to a variety of biologically active 
compounds (Underhill 1980). More than 20 different aliphatic and aromatic 
isothiocyanates have been identified among degradation products of 
glucosinolates in Brassica napus L., B. hirta Moench, B. cam.pestris L., B. 
juncea L., or B. nigra (L.) Koch (Spencer & Daxenbichler 1980, Brown et al. 
1991). Incorporation of plant tissues containing glucosinolates into soil has 
been associated with reduction or inhibition of soilborne pests (Papavizas 1966, 
Chan & Clase 1987, Brown et al. 1991, Mojtahedi et al. 1991). 

It is thus possible that Brassica tissues could act as a source for 
glucosinolates and result in the release of isoth.iocyanates as soU fumigants. 
Therefore, the acute and chronic effects of rapeseed (B. napus) seed mea]
amended soil were evaluated in laboratory bioassays against Limonius 
californicus (Mannerheim) (Coleoptera: Elateridae), a serious and widespread 
wireworm pest attacking potatoes, sugar beets, and small grains in the Pacific 
Northwest of the United States. 

Materials and Methods 

LimonillS californicus larvae were collected in April 1993 from an alfalfa 
field in Walla Walla County, Washington, and in May of 1994 from fallow fields 
near IGmberly and Twin FaJls, Idaho. Wireworms were placed in plastic vials 
with soil from which they were sieved and held at 4°C until preconditioning. 
Preconditioning followed a procedure modified after that described by Williams 
et a1. (1993). \Vireworms were removed from a cooler, placed individually in 26
011 or 33-011 plastic vials with Latahco silt loam soil at 15% soil moisture, and 
provided with at least two germinated wheat seeds (germination sLarted 2 d 
earlier). Characteristics of Latahco soil (Argiaquic Xeric Argialboll, pH 6.10) 
were reported by Borek et al. (1994). Vials were held in the dark at 23 ± 2°C 
for approximately 72 h. Dead or obviously weakened larvae were discarded. 
The remaining wireworms were individually weighed immediately before the 
bioassays were conducted. Voucher specimens were deposited at the W. F. Barr 
Entomological Museum, University of Idaho, Moscow, Idaho. 

Defatted rapeseed seed meal, a by-product from seed pressed for industrial 
qua.lity oil, was obtained by extracting the oil from machine-harvested mature 
seed of B. napus (Brown et al. 1991, Brown & Morra 1995). Ground B. napus 
('Dwarf Essex') seed meal at eight specified doses and detoxified seed meal at 
an application equal to the highest dose of' the original meal were added to 
Latahco silt loam soil and mixed thoroughly. Seed meal for the control 
treatment was detoxified through hyd.rolys.is ofglucosinolates by saturating the 
meal with water (3.0 mt H20/g mea!), covering, venting to allow escape of 
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volatiles for 48 h, and air drying. Previously published analyses or 
glucosinolate content in hydrolyzed rapeseed seed meal compared to intact 
rapeseed seed meal revealed elimination of most glucosinolates by this 
technique (Brown & Morra 1995). A treatment consisting of Latahco soil 
without any meal also was used. Sixteen grams of soil-meal mixtures or 
unamended soil was placed in 20-ml glass scintillation vials. Individual 
wireworms were placed approximately midway in the soil within the vial and 
4-12 ml of deionized water was added to bring the soil-meal mixture to 
saturation. Vials were capped and placed in the dark at 23 ± 2°C for 24 h. 
Wireworms were removed from the vials, placed in clean vials with intact 
Latahco soil at 15% moisture, and provided with at least two germinated wheat 
seeds. Because wireworms may appear dead after exposure to fumigants, but 
subsequently recover (Lehman 1933), mortality was assessed 7 d after exposure 
by observing each wireworm for movement. Surviving wireworms were 
weighed, again placed in soU, and provided with wheat seeds. This procedure 
was repeated at 7-d intervals for 5 wk. Wireworms assessed as dead were 
treated identicaUy to surviving wireworms and not disposed of until they began 
to decompose. 

The bioassay design incorporated two runs or eight treatment levels of 
rapeseed seed meal, and two controls, detoxified meal and unamended soil. 
Each treatment within a run had 10 replications for a total or 20 ,"eplications. 
Descriptive statistics and probit analyses were conducted by using PROC 
UNIVARIATE and PROC PROBIT (normal model procedures), respectively 
(SAS Institute 1993). 

The procedure for analysis of silyl derivatives of glucosinolates in rapeseed 
seed meal was adapted from Raney & McGregor (990) by using 
benzylglucosinolate (glucotropaeolin) and allyl glucosinolate (sinigrin) as 
standards. The mixture of glucosinolate silyl derivatives was analyzed by Gas 
Liquid Chromotography (GLC) (HP 5890A, Hewlett Packard. Avondale. 
Pennsylvania) by using a DB-5 capillary column (30 m X 250 pm. 0.25 pm film, 
J&W Scientific, Folsom, California) and a temperature program of 15°C/min 
from 1300 to 300°C. Glucosinolates were detected and identified with a mass 
spectrometric detector (HP 5972, Hewlett Packard) on the basis of published 
spectra and quantified using published response coefficient.s (Fenwick et a1. 
1980, Raney & McGregor 1990). 

To analyze isothiocyanates released from hydrolyzed glucosinolates, intact 
rapeseed seed meal was hydrolyzed for 24 h in 25 ml of 0.01 M sodium 
phosphate burrer, pH 6.5, and degradation products were continuously 
extracted using a mixtul·e of acetone: dichloromethane:pentane (l:2:1, 
vol:vol:vol) (Borek et a1. 1994, Brown et al. 1994). The organic phase was 
separated by centl"ifugation and dried 24 h with anhydrous Na2S04. 
Isothiocyanates, together with other co-extracted products were analyzed by 
GLe (as previously described), using a temperature program from 35° to 250°C 
at lOoC/min. Isothiocyanates in the chromatogram were identified with a mass 
spectrometric detector (as previously described) by using their characteristic 
ion fragments. 
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Results and Discussion 

Rapeseed seed-meal amendments of 41. 7-500 g/kg caused 15%-95% 
mortality of wireworms 7 d after treatment (Table 1) with a corresponding LCso 
of 124.8 glkg soil (Table 2). Mortality increased slightly during the 35-d 
observation period, and the LCso value decreased to 114.4 glkg soil at 21 d, with 
no change in mortality occurring during the last 14 d of observation. No larval 
mortality occurred within detoxHied rapeseed seed-meal treatments. Mean 
wireworm weights were not significantly different among all treatments (F= 
0.94; df= 9,189; P= 0.49 and F= 3.26; df= 1,189; P= 0.07). These results support 
previous findings that the primary toxic effect of rapeseed seed-meal soil 
amendments is due to organic isothiocyanates (Chew 1988, Borek et al. 1995, 
McCaffrey et al. 1995) because removal of isothiocyanates by glucosinolate 
hydrolysis eliminated the toxic effects of rapeseed seed meal on wireworm 
larvae. 

Few studies have investigated the toxic effects of glucosinolate degradation 
products against soil insects. Williams et al. (1993) showed lethal and 
sublethal effects on L. californicus wireworms resulting from soil amendments 
of allyl isothiocyanate. Brown et a1. (1991) showed that wireworms were 
repelled by the presence of rapeseed seed meal in soil, but it was not toxic at 
the dose of 30 glkg soil. The findings of Brown et al. (1991) are consistent with 
results of the present study, which used the same variety of meal and in which 
the minimum dose resulting in toxic effects was 41.7 glkg soil (Table 1). Ionic 
thiocyanate, another important glucosinolate degradation product, was found to 
be essentially nontoxic and had no deterrent effects on wil'e\vol'ms in a soil 
environment (McCaffrey et al. 1995). These results further support the 
contention that of the degradation products, isothiocyanates are the major 
toxicants. Lethal concentrations of rapeseed seed meal incorporated into the 
soil against larvae of the black vine weevil, Otiorhynchus sulcatus (F.) 
(Coleoptera: Curculionidae), were 19.3 glkg (LC50) and 86.9 glkg soil (LCgo) 
(Borek et aI. in press). These values are six times less than those reported for 
wireworm larvae in the present study, indicating a major difference in the 
susceptibility of the two species to toxic en-ects of the meal. 

Glucosinolates identified in the rapeseed seed meal with concentrations 
equal to or greater than 0.2 pmollg of meal are shown in Table 3. Conversions 
to }Jg/g are included to help illustrate the glucosinolate content in the meal. 
Rapeseed seed meal hydrolysis at pH 6.5 produced over 35 compounds that 
appeared in the chromatogram. Those identified as isothiocyanates are listed 
in Table 4. Analysis of the B. nupus seed meal used in these trials revealed 
that the level of recoverable isothiocyanates was about 15% (difference between 
quantities in Tables 3 and 4) of what would be expected, had there been total 
conversion of glucosinolates. This low production is likely due to side reactions 
of isothiocyanates with pt'oteins and other relevant chemicals that convert them 
into nontoxic products, i.e., nitriles, oxaz.oledinethiones, and indolyl derivatives 
(Chew 1988). Plant tissues containing lower concentrations of protein, such as 
root, leaf, and stem tissues, may thus release more isothiocyanates because of 
less deactivation by protein even though glucosinolate concentrations may not 
be as high as in seed meaL 
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Table 1. Mortality of wireworms (Limonius californicus> exposed to 
rapeseed seed meal~amendedsoil. 

Dosea Mortality (%) at days after treatment 

(g/kg) 7 14 21 28 35 

41.7 15 15 15 15 15 

50.0 25 25 25 25 25 

65.9 40 45 50 50 50 

88.9 40 40 40 40 40 

119.9 25 30 30 30 30 

158.1 60 60 60 60 60 

283.1 75 75 80 80 80 

500.0 95 95 95 95 95 

O.Ob 0 0 0 0 0 

~TwC!nty replications per dose. 
ContTols treated with intact soil. 

Isothiocyanates are not equal in their potency. For example, methyl, propyl, 
allyl, phenyl, benzyl, and 2-phenylethyl isothiocyanates were all found to be 
toxic to eggs of the black vine weevil in laboratory tests; however, aromatic 
isothiocyanates (phenyl, benzyl, 2M phenylethy1) were considerably more toxic 
than aliphatic (methyl, propyl, allyl) isothiocyanates (Borek et al. 1995). In 
addition, the content and composition of glucosinolates producing 
isothiocyanates vary between tissue types. Root tissues of some Brassica spp. 
contain relatively high concentrations of 2-phenylethyl glucosinolate (Brown & 
Morra in press), which was found to be the most toxic of the isothiocyanates 
tested against black vine weevil eggs (Borek et al. 1995). 

Our results suggest that lethal doses (kg/ha) of currently available rapeseed 
seed meal or other tissues, necessary to produce high enough levels of 
isothiocyanates for effective control of' wirewOl'ms in field applications, may be 
too high for practical use. For example, to obtain 90% mortality of L. 
cali{ornicus, the soil concentration of rapeseed seed meal would need to reach 
approximately 50%. Further research should include the development of 
Brassica spp. containing higher levels of specific isothiocyanate~producing 

glucosinolates and lower protein content in their tissues for greater 
isothiocyanate release efficiency. These cultivars would be specifically for use 
as cover crops with subsequent plow-down. Biofurnigation has potential in soil 
pest control if the appropriate material is available. 



328 J. Agric. Eotomol. Vol. 13, No.4 (1996)
 

Table 2. Toxicity of rapeseed seed meal (glkg of soil) to Limonius
 
californicus. 

X2bDays nO Slope", SE LC W LC50 LCW 
after treatment	 {95% FL} C (95% FL) C (95% FL) C 

7 160 2.031 ± 0.344 29.2 124.8 533.6 6.77 

(14.2-43.3) (97.9-164.2) (341.8-1231) 

21 160 2.038 ± 0.348 26.9 114.4 486.4 7.75 

(12.6-40.3) (89.4-148.6) (315.7-1096) 

~n '" Number ofwircworm!:l used in bioassay. 
Chi-square goodness-of·lil Lests (Hobcrtson & Preisler 1992); df= 6. 

cFiducial limits. 

Table 3.	 Glucosinolate content in rapeseed seed meal {Brassica napus 
L., 'Dwarf Essex'} determined by gas liquid chromatographic 
analysis of silyl derivatives. 

Glucosinolate	 pmolJg 

Allyl" 

3-Butenyl" 

4-Pentenyl" 

2-Hydroxy-3-butenyl 

2-HydJ"Oxy-4-pentenyl 

Phenethyl" 

3-Indolylmethyl 

4-Hydroxy-3-indolylmethyl 

Total 

0.3 

31.4 

10.6 

69.0 

5.5 

2.0 

0.2 

4.2 

123.3 

°Clucosinolatcs producing isothiocyanates aner hydrolysis. 



ELBERSON el at: Toxicity of Rapeseed Seed Mcal·amended Soil to Wireworms 329 

Table 4.	 Glucosinolate degradation products from rapeseed seed meal 
determined by gas liquid chromatographic analysis of organic 
extracts. 

Isothiocyanates (lTC)	 l'moUg 

Ally! ITC 0.2 

3-Butenyl ITC 12.2 

4-PentenyllTC 3.8 

Phenethy! ITC 0.9 
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ABSTRACT Experiments were conducted to determine whether and how 
a residual, dry paulky manure pad helped subsequent manure to dry faster 
after manure was cleaned out. A dry manure pad did not absorb enough 
moisture f-rom fresh manure to be measurable after 1 wk. A simulated rough 
surface texture and increased surface area also did not reduce manure 
moisture. However, a l-wk-old accumulation of manure elevated by 11 em 
was 37% (summer) or 15% (fall) drier thnn manure accumulating on the 
ground. Elevated, drier manure would be expected to be less suitable for fillh 
fly oviposition and development. 

KEY WORDS Diplera, Muscidae, Musca, manure, moisture, cultural control 

Poulby manw'e is suitable for development of several pestiferous fly species. The 
problem has become more acute in modern high-density housing, where manure is 
concentrated in piles below the birds. The most important fly pest world",tide is the 
house fly, Musca domeslica L. (Axtell 1986, Axtell & Arends 1990). In California, 
Fannia canicularis (L.) and F. femorali.s Stein also are very abundant, and F. 
cani£ularis is a key spring- and early-summer pest (Anderson & Poorbaugh 1964, 
Legner et aJ. 1973, Meyer et al. 1987). 

Manure management is critical to control of pestiferous Diptcl'a. Optimizing 
manUl'e dlying lowers habitat suitability for pest flies while faci.litating activity of 
their natural enemies (Axtell 1986). Pest flies in poultry systems develop best in 
fairly wet, but not liquified, manure. Stafford & Bay (1987) found house flies were 
abundant at moistw"c levels of70% -79% but were relatively rare at moisture levels 
below 60%. A drying, building, and aging manure mass also supports fewer flies, 
presumably due in part to an increasingly oomplex assemblage of natural enemies 
over time (Peck & Anderson 1970, Legner & Bowen 1973, Legner et al. 1973, Geden 
& Stoffolano 1988). 

In dry climates common to the southwestern United States, many poultry 
producers leave a pad of dry manure as a base when the manure is cleaned out. This 
pad often is 10 to 20 cm deep and lessens the intensity of Oy outbreaks, which 
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often occur for 4 to 8 wk after a c1eanout (Peck & Anderson 1970, Legner & 
Bowen 1973, Meyer et al. 1987). This effect is usually attributed to the pad 
serving as a natu.ral enemy refugiuffi, though possible physical and chemical 
effects, such as the dry manure acting as an absorbent pad. also are mentioned 
(Legner & Bowen 1973, Axtell & Arends 1990). Many of the predators and 
immature fly prey are most abundant in the upper levels of the accumulated 
manure (fresh deposition zone), which are removed at cleanout (Geden & 
Stoffolano 1988, Wills & Mullens 1991). It has been suggested that removal 
only of the upper manure layers might remove relatively more flies than 
natural enemies (Legner 1971). Given the importance of moisture for fly 
success in poultry manure, we conducted a series of experiments to determine 
the physical role of the pad in poultry manure drying. 

Materials and Methods 

Role of the manure pad in moisture absorption. Trials were conducted 
on two inland southern California caged-layer poultry ranches with typical 
open-sided housing. Hens were housed in long rows of single-tier wire cages (2 
to 3 hens pel' 38 em X 45 em cage) suspended above the floor. The first ranch 
was near Lake Matthews, Riverside County, and the second ranch was near 
Redlands, San Bernardino County. Ranches were approximately 30 k.m apart 
but had similar climatic conditions. 

Locations (blocks) were designated in the test house along each of the four 
rows of manure. \Vet surface manure was scraped away from the manure 
accumulations, leaving a level, relatively dry (300/0-40% moisture) manure 
surface about 20 em high. In each location two pieces of 16-mesh aluminum 
window screen, 10 em X 10 em square, were placed on the manure surface 20 
em apart. One of the screens was bare (treatment 1); the second screen was 
fastened to a 10 em X 10 em base of plastic (treatment 2). Fresh manure could 
fall on the first screen and contact the dry manure base. The plastic below the 
second screen prevented contact between the fresh manw'e and the dry manure 
base. 

The first test was conducted at the Redlands ranch in March (spring 
conditions), with 10 replications per tTeatment; the second test was conducted 
at the Lake Matthews ranch in August (summer conditions), with 20 
replications per treatment. Screens remained on the manure surface for 7 d 
and then were returned to the laboratory. Manure was removed from 
approximately 25% of thc surfacc area and weighed that day (wet weight). 
Samples were oven-dried at 500e for 48 to 72 h and weighed again (dry weight). 
Percent moisture ([wet wcight·dry weight/wet weight] X 100) was calculated. 
T1'eatments were compared by season by using a paired i-test (Minitab. Inc. 
1992). 

Role of manure surface texture and elevation. A second set of 
expcriments was done after complete manure c1eanout to the soil surface (no 
pad left). Any residual manure (0 to 2 em) was removed from the soil surface 
beneath thc hcns in 10 blocks, each 1 m long. The experimental design was a 
randomized complete block using the 2 factors elevation and surface texture in 
combination (Fig. 1). \iVooden blocks 10 em X ]0 cm in surface area and 11 cm 
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Fig. 1.	 Diagram of experimental treatments (side view) using elevation and 
surface texture (with and without marbles) as factors in poultry 
manure drying. Wood blocks elevated the collection surface; hardware 
cloth trays with a plastic base contained the marbles. 

tall elevated the manure-collecting surface. Glass marbles (1.4 em diam) 
provided a rough surface texture approximating the size of poultry manure 
droppings. Hardware cloth trays (3 mm mesh, 10 em X 10 em across by 1 em 
deep) fitted with plastic square bases collected the manure. A single layer of 
marbles could be placed into the tray before deployment. The four treatments 
thus were elevation with or without rough surface texture (marbles) and 
ground level with or without marbles (Fig. 1). Statistical analyses were done by 
using analysis of variance (Mini tab, Inc. 1992). 

The trays were weighed individually before field deployment. After 1 wk, 
the trays plus manure were returned to the laboratory, where they were 
weighed before and afier oven-drying as above. Moisture was calculated afier 
subtraction of the tray weight. The experiment was conducted in September 
(summer conditions) and mid-November (fall conditions). Temperature and 
humidity for this set of experiments were recorded by using a 
hygrothermograph at ground level in the poultry house. 

Results 

Role of the manure pad in moisture absorption. Moisture content of a 
1-wk accumulation of manure in the spring trial was 64.6 ± 8.8% (mean ± sd) 
for the screen plus plastic treatment and 64.1 ± 22.1% for the screen-only 
treatment (l= 0.142, P= 0.885). For the summer trial, moisture in the screen 
plus plastic treatment was 55.3 ± 37.8% and for the screen-only treatment was 
58.7 ± 11.8% (t= 1.9, P= 0.07). Whether or not new deposits of manure made 
direct contact with a dry pad surface made no dilTerence in dryness after a 7-d 
period. 
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Role of manure surface texture and elevation. Summer and fall trials 
differed significantly in moisture overall (P= 0.016), and there was a significant 
trial by elevation interaction (P= 0.004). The trials thus were analyzed 
separately. 

Average daily high/low temperatures during the summer trial were 
32.1o/16.1oC, with average daily high/low humidity levels of 87%/32%. Block 
effects (p= 0.09) and the elevation X texture interaction (P= 0.434) were not 
significant. The greater surface area resulting from the marble treatment 
(rough surface texture) also had no significant effect on manure moisture (P= 
0.815). Average moisture was 49 ± 2% for the marbles and 49 ± 2% for the 
smooth surface. The effect of elevation, however, was highly significant (P< 
0.001). Elevated manure had an average of 38 ± 2% moisture versus 60 ± 2% 
for manure on the ground (Fig. 2). 

The fall trial had average daily high/low temperatures of 18.7o/5.90 C. 
Humidity data were not available. Block effects (P= 0.479) and the surface 
texture X elevation interaction (P= 0.941) again were not significant. The main 
effect of surface texture also was not significant; 53.3 ± 2.1% moisture with 
marbles and 55.7 ± 2.2% without marbles (P= 0.433). The effect of elevation, 
however, again was highly significant (P= 0.008). Elevated manure had a 
moisture level of 50.2 ± 2.2%, whereas ground-level manure had a moisture 
level of 58.8 ± 2.1% (Fig. 2). 

Discussion 

These experiments demonstrated several important physical effects of a dry 
manure pad on fresh poultry manure dropped subsequently onto it. The dry 
pad had no apparent role in moisture absorption, at least with a 7-d 
accumulation of manure. Fresh caged-layer poultry manure accumulates at a 
rate of approximately 0.7 to 1.1 cm/d (Legner et aJ. 1973). Wet, fresh manure 
(ca. 800/0-85% moisture), dropped from a height of about 0.7 m, penetrated the 
screen and made thorough, direct contact with the dry pad beneath. Manure 
over an impenneable plastic barrier was equivalent in moisture to manure over 
a permeable screen. 

Moisture movement in soil is categorized as unsatm'ated flow, saturated 
flow, and vapor equalizations (Brady 1974). The first two are probably most 
important in potential short-term movement of water away from a wet manure 
layer (analogous to saturated clay soil) above a drier, porous substrate 
(analogous to a sandy soil). Capillary movement of water in soils is a key 
factor, dependent on pore size and moisture gradient. The relatively large 
particle and pore size and entrapped air in the dry pad might actually limit the 
rate of capillary movement of water away from the fresh (saturated), dense 
manure layer above. Filth illes, especially lvl. domestica, are abundant in l-wk
old manure (Peck & Anderson 1970). The moisture levels we observed on top of 
the screen, particularly in the spring trial, are sufficient for fly development 
(Stafford & Bay 1987). 

The second series of experiments showed that a simulated rough texture and 
increased surface area also had no effect on manure dryness after 1 wk 
compared with a smooth surface. We used glass marbles similar in size to dry 
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Fig. 2. Average moisture (% ± SD) in 1-wk accumulations of caged-layer poultry 
manme on the ground versus elevated (11 cm high) blocks in different 
seasons. 

manure clumps, but they of course would not absorb moisture. By observation, 
accumulating manure initially splattered over the marble surface, but in $1 d, 
it had become as even as the smooth-surface treatment, negating the initially 
higher surface area. 

The most obvious potential effect of the manure pad was increased drying 
thl"Ough elevation. Air flow is greater as distance from the ground increases 
and boundary layer effects are reduced. In this series of experiments, no 
absorption of water from fresh manure into the substrate was possible (plastic 
barrier). An elevation of only 11 cm resulted in a summer decrease in manure 
moisture of 37% relative to ground level. Air temperatures at this time were 
high (32°C) and probably enhanced manure drying. The effect of elevation was 
less significant in cooler fall weather, with a moisture reduction of 15%. The 
reduced moistw'e in summer rendered the elevated manure unsuitable for fly 
development; the fall reduction probably would decrease its suitability (Stafford 
& Bay 1987). 
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The initial trials on the manure pad in moisture absorption allowed fresh 
manure to fall on an elevated pad, but moisture levels were considerably higher 
than seen in our elevation experiments. Due to scraping off fresh 
accumulations to create a dry, level pad, the manure surface surrounding the 
test plots actually was higher than manure in the test plots themselves. This 
probably shielded and decreased air now over the test plots and reduced 
manure drying potential. Typically, manure accumulates and dries somewhat 
irregularly over time, leading to peaks and valleys in the manure as it builds 
into cones. OUT elevated blocks simulated these peaks and thus approximated 
an optimal drying scenario, with good air now all around the manure 
accumulation being measured. 

Early references to the role of the manure pad have emphasized its role as 
harborage for natural enemies (Peck & Anderson 1970, Legner & Bowen 1973, 
Legner et al. 1973, Axtell 1986). The number of natural enemies remaining 
after a cleanout would be expected to vary with the distribution of the 
particular natural enemy taxon, manure condition, and season. As discussed 
by Geden & Stoffolano (1988), older manure deposits also may inherently be 
more attractive (and subject to recolonization) than f1·esh manure alone to some 
natural enemy groups. Legner et al. (1973) noted that Oy emergence declined 
markedly with manure accumulations higher than 20-30 em. It is difficult to 
separate the effects of manure age and biotic complexity from physical factors 
such as height and manure dryness, but it is likely that at least some of the 
reduction in fly numbers resulted fTom better drying with height. Based on our 
experiments, residual dry poultry manure pads improve manure drying 
considerably through elevation alone. Given the critical importance of manure 
moisture for fly success, this is likely a primary reason for fewer flies following 
a cleanout where a pad is left. 
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Black nies (Diptera: Simuliidae) are generally regarded as the third most 
significant taxon of pest 31thropods, following mosquitoes and mites (Kim & Merritt 
1987). This family has a major financial impact on a variety of agricultural practices. 
Losses to the Canadian cattle industry of up to $105 million (in 1980 dollars) per 
annum can be directly attributed to the blood-feeding activities of several dipterans, 
to which black nies arc major contributors (Associate Committee on Scientific 
CJiteria for Environmental Quality, 1982). Black nies also are known to transmit 
leucocytozoan infections to domestic poultry and bovine onchocerciasis to cattle (Kim 
& Menitt 1987). Enormous losses of potential income to agriculture occur because of 
geographic restrictions imposed by mass biting, (e.g., in northern Canada), and by 
the depopulation of fertile regions due to the threat of simuliid-transmitted disease 
(e.g., onchocerciasis in Africa). 

The economic importance of this group has inspired a wealth of research in areas 
such as taxonomy, ecology, management, and cytogenetics (see Crosskey 1990). 
Intensive cytogenetic studies unveiled a phenomenon that directly affects aU other 
simuliid research: the virtually ubiquitous occurrence of morphologically 
unrecognized, but biologically distinct sibling species (Rothfels 1979, 1987). The 
sibling species pose a confounding effect in all studies by introducing an 
unrecognized source of variability. Although the need for the assessment of black fly 
samples for the presence of siblings is clear, the only reliable method can be arduous 
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and time consuming. Polytene chromosome studies (Rothfels 1987), while not 
difficult in concept, requil"e considerable training and time investment. 
Although the recognition of new siblings requires extensive cytogenetic study, 
many other branches of simuliid research would benefit from a rapid, 
qualitative assay for the presence of siblings. 

Brockhouse et al. (1993) demonstrated that several sibling species of the 
SimulilUrt. damnosu1n Theobald complex possessed major salivary gland 
proteins (sgps) that exhibit sibling-specific molecular weights. Further study 
has shown sgp size variation to be a general phenomenon among species in the 
Tribe Simuliini. Two major proteins are present in crude salivary gland 
extracts: a sgp v.rith a M\V of approximately 40 kDa, and a second type of sgp 
that ranged in size from 65 kDa to 115 kDa. ImmunobJotting experiments 
demonstrated that each represented a class of proteins that had a homologue in 
all examined species of the Tribe Simuliini (C.L. Brockhouse et a!' unpubl. 
data). 

Here we present a detailed method for inspecting larval samples that 
exploits interspecific size variation in sgps. The assay consists of observations 
of molecular weights of the major salivary gland proteins. The examination of 
the molecular weights of larval sgps involves only one easily learned technique. 
gel electrophoresis, that allows large numbers of individuals to be processed 
rapidly with qualitative and unambiguous results. 

Materials and Methods 

Black fly larvae were either collected by one of the authors (CLB) or pl'Ovided 
by collaborating scientists (listed in Acknowledgment). Mid- to last instal's 
were fixed in 95% ethanol or ethanol:acetic acid (3:1). Mid-instars were defined 
as those having a visible but undifferentiated pupal gill histoblast. Specimens 
stored up to 5 yr were successfully processed. The proteins of interest were not 
expressed in younger larvae (C.L. Brockhouse unpubl. data). 

One salivary gland was removed from a larva and dissolved in 100 J.11 of SDS
extraction buffer (62.5 mM Tris-HCI, pH 6.8; 2.3% SOS; 5% O-mercaptoethanol 
lv/v]; 10% glycerol) in a microfuge tube. If the specimen was fixed in 3:1 
ethanol:acetic acid the gland was rinsed through several changes of 70% 
ethanol prior to immersion ill extraction buffer. The specimen was then heated 
to 950 C for 5 min, with occasional vortexing, and held on ice until it was loaded 
for electTophoresis. In most cases, approximately 1/4 of a gland extract sufficed 
for the assay. \Vith larger species, such as S. pictipes Hagen, as little as lI10 of 
a gland was adequate. 

\Ve used the HoefTer SE-600 gel electrophoresis system, but the assay can be 
performed in any equivalent appal'atus. Electrophoresis was performed on 12% 
SOS-polyacrylamide gels as described by Thomas & Kornberg (1975). Briefly, a 
12% resolving polyacrylamide gel was poured (12% acrylamide [30 acrylamide: 
0.15 bis-acrylamide], in 0.1% SDS; 750 mM Tris HCI, pH 8.8) and overlaid with 
a 3% stacking gel (3% acrylamide [30 acrylamide: 0.8 bis-acrylamidc/; 0.1% 
SOS; 125 mM Tris HCI, pH 6.8). The volume or the extract was adjusted with 
extraction buffer such that a 20-pl sample was applied in each well. The 
electl'Ode buller was 50 mM Tris, 380 mM glycine, and 0.1% SOS. 
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A current of 15 rnA per gel (1 mNcm) was applied to the system until the 
tracking dye bromophenol blue had crossed the stacking·resolving gel interface. 
The current was then increased to 30 rnA per gel. Electrophoresis continued 
until the tracking dye reached the bottom of the gel. The duration of 
electrophoresis could be increased if desired. The two proteins of interest for 
this assay have molecular weights (MW) in the range of 40 kDa ("low MW") and 
75-115 kDa ("high MW"). 

Following electrophoresis, the gels were fixed in methanol: H20: acetic acid 
(5:5:1) for at least 20 min with continuous, gentle agitation. They were then 
transferred to a solution of Coomassie Brilliant Blue R (0.16% in fixative 
solution) and incubated at room temperature for at least 20 min with agitation. 
If longer staining times were desired, the Coomassie solution was diluted with 
fixative. 

After staining, the gels were destained in fixative solution until the protein 
bands were distinct. The gels were then dried, either on 3M1\Il paper by using a 
gel drying apparatus or air dried as a "sandwich" in a folded sheet of cellulose 
acetate (BioRad). The dried gels can be stored indefinitely as voucher 
specimens. 

For species that have extremely low levels of the high MW sgp, immuno~ 

blotting can be performed as described by Brockhouse et al. (1993) by using the 
antibodyanti-sgp86.5Sd . Immunoblotting is not necessary for the generalized 
assay described above. 

Results and Discussion 

For illustrative purposes, an extreme example of interspecific sgp size 
differences is shown in Fig. 1. The two species, Simu.lium (Hemicnetha) 
canadense Hearle and S. (H.) virgatum Coquillett, are both very large and 
inhabit cascades. Although morphologically distinct and recognizable by 
experienced morphologists, the two species demonstrate the assay. The 
differences between the sgps of the species are obvious and require no 
specialized training to discern. 

Examples of population surveys are shown in Figures 2 & 3. Figure 2 
depicts a sample of Simulium decorum Walker, illustrating the lack of variation 
indicative of a monospecies population. The detection of a mixed sample is 
shown by Figure 3. Simulium squamosum Enderlein is unique among the 
species examined in that only one major sgp is visible in Coomassie-stained 
gels, at approximately 40 kDa (Brockhouse et a1. 1993). However, note the 
exceptional individual in Lane 9 that has a discernibly higher MW sgp at 70 
kDa (Fig. 3A). To ensure that this did not represent a heterozygote of the 
common "null" allele and a rare, heavily expressed allele, an immunoblot was 
performed (Fig. 38) with the antibody anti-sgp86.5Sd (described in Brockhouse 
et al. 1993). All the individuals that were apparently negative for the higher 
M\V sgp in Coomassie~stained gels were:in fact homozygous for a sgp at 74 kDa. 
No heterozygotes of the 70 and 74 kDa sgps could be detected in the sample. 
More extensive cytological examination of this population revealed that a 
second sibling species, S. damnosum s.str., was present in small numbers. 
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Fig. 1. The major salivary gland proteins (sgps) of black fly larvae differ in 
molecular weight among species. A Coomassie blue-stained SDS 
polyacrylamide gel of salivary gland e}.1;racts of two simuliid species 
S. canadense (Lane 1) and . uirgatlwt (Lane 2). lVIW: molecular 
weight markers (in kDa. Each species ha two major sgps, consistent 
with the pattern found throughout the Simuliini. The molecular 
weights of the proteins are ea ily distinguishable, providing a simple 
diagnosis for mi.xed samples. 
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Fig. 2.	 The major sgps are uniform with pure-species samples. A Coomassie 
Blue-stained SDS polyacrylamide gel of sgps from four S. decoru.m 
larvae (8 genomes). The molecular weights of the major proteins are 
identical. These individuals can be treated as conspecific. 
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Fig. 3.	 An example of a sgp population survey of S. squamosum. (A) A 

Coomassie blue-stained SDS polyacrylamide gel showing crude 
salivary gland extracts from 11 individuals. In most individuals, only 
the 40 kDa class of sgp is visible. However, the individual in Lane 9 
has a visibly higher MW sgp of 70 lilla. (B) To distinguish whether 
individual 9 represented a rare heterozygote or belonged to a separate 
taxon, an immunoblot of the same individuals as shown in (A) was 
performed. Note that individuals that were apparently negative for a 
high MW sgp in (A) in fact have amounts that are detectable by 
immunoblotting, with a '!W of 74 kDa. 0 70/74 kDa heterozygotes 
were detected in the sample. 
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The analysis described above raises the question of how to analyze the rare 
cases where polymorphism is encountered. In our surveys, only two such cases 
have been uncovered: Simulium (Edwardsellum) sirbanum Vajime and 
Dunbar and S. (Simulium) decorum. Interestingly, cytological studies of both 
these species have revealed population subdivision and nonrandom mating 
between cytologically recognizable forms (Rothfels 1989, Vajime 1989, R.M. 
Feraday, University of Toronto, unpubl. data). Figure 4 shows a population 
survey of S. sirbanum. Four alleles of the higher MW sgp are present. The 
presence of heterozygotes of all alleles indicates that the forms interbreed and 
should not be treated as distinct sibling species. 

This raises the question of how to handle species that might have identical 
sgp sizes. In OUT survey of a variety of species (including S. decorum, S. 
vittatum Zetterstedt s.l, S. canadense, S. virgatum , S. pictipes Hagen, S. 
claricentrum Adler and Kim, S. longistylatum Shewell, S. vernum Macquart 
s.l., S. costatll1n Friederichs, S. urbanum Davies, S. tahitiense Edwards, S. 
exasperans Craig, S. tuberosum Lundstrom s.l., S. sirbanum, S. squamosum 
and Austrosimulium furiosum Skuse), we have found no cases where both 
major sgps are indistinguishable. Although more size variation was apparent 
in the 85 kDa class, both proteins are capable of wide variation in molecular 
weight (see Fig. 1). The selective forces acting on the sgps apparently tolerate 
extensive size changes. 

The remaining issue is whether the molecular weights of the sgps would be 
useful as a diagnostic for sibling identification throughout the range of the 
species. This issue is more difficult to address, requiring detailed surveys of 
species complexes across a wide geographic range. Such studies are underway 
with S. decorum and the S. vitiaturn complex. 

The assay of sgps is limited to larval stages, but it is nevertheless widely 
applicable for research on simuliids. For example, as a preliminary experiment 
for microhabitat studies, it would rapidly provide data on whether species are 
partitioned within a stream. Both pre- and postmortem experiments would be 
useful for bioassays of larvacides to establish correct LDSO measurements. 
Likewise, any application that required mono-sibling populations, from 
conventional morphological studies to mass DNA and RNA extraction, would be 
greatly facilitated by this rapid assay. 

With four Hoefl'er SE-600 apparatuses, it is possible to screen up to 448 
individuals in a single, albeit long, day. Even with the appropriate training 
and experience, the equivalent cytological survey ""auld take much longer. For 
some applications, the sgp assay cannot replace detailed cytological studies, but 
it can at least determine whether the pursuit of cytological data is worthwhile. 
In situations where it is only necessary to know if multiple siblings are present, 
a survey of sgps will rapidly provide the answer. 
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Fig. 4.	 A sample survey of a polymorphic species. Four different "alleles" are 
present in this sample, but each is present heterozygously with others. 
This indicates that only one interbreeding taxon is present in the 
sample. The genotypes (Lane 1 to 9) are: AC, CD, AB, BD, AA, BB, 
AB, AC, AA. "A" has the highest MW and "D" the lowest. Further 
analysis would be necessary to determine if genotype distribution 
conformed to Hardy-Weinberg expectations. 
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ABSTRACT Bacillus lhu/'ingicns.is subsp. tClIcbrionis (Novadar Fe) was 
tested for effect as a feeding deterrent to l...eplinvla.rsa decemlincata (Say) in 
laboratory and field trials. In laboratory tests, eggplant leaf disks dipped in 
concentrations of 0%, 0.04%, 0.2%, 1.0%, 5.0%. and 10.0% (\'ol:vol) of 
Novodor Fe showed no evidence of fceding det.errenc,Y to adult beetles. In 
two field tesLs, Navador FC at rates oro. 1.2,2.3.4.7, and 7liters/ha (0, 0.5, 
1.0,2.0 and 3 qt acre, respectively) showed no evidence of repellency to 
fourth instars or adult Colorado potato beetles on eggplant. The lack of 
feeding deterrency may limit management strategies by using commercially 
prepared B. tlwringlensl... sprays in the field. 

JO,"'Y WORDS Coleoptera, Leptillotarsa decemlinoota, Bacillus lhurlllgiensis, 
eggplant 

lnsecticide resistance has made the Colorado potato bcetlc, Leptinotarsa 
decemlineata (Say), one of the most serious potato (Solanum I.urberosum L.) insect 
pests in the northeastern United States. The Colorado potato beetle rapidly 
developed resistance to nearly all synthetic insecticides cUITently registered for its 
control, including organophosphate, carbamate, pyrethroid, and pyrethrin 
insecticides (Forgash 1981), and resistance in the United States has been 
documented as far west as Michigan (Ioannidis et al. 1991). Thus, the future of 
Colorado potato beetle control depends on an integrated management system of 
population reduction that maintains acceptable crop yields but circumvents the 
beetles' resistance capacity. For this reason, research has been devoted to different 
Bacillus thurillgiensis Berliner stTains. The crystal proteins of B. lhuringiensis are 
an effective and environmentally compatible foliar spray, and recently, B. 
l/wrillgiensis toxins have been synthesized in genetically engineered potatoes 
<Mosher 1991) and eggplant (Solanum melongenn L.) (J. A. Lashomb, unpub. data, 
Rutgers University, New Brunswick, New Jersey). 
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Currently, growers in the northeastern United States effectively control the 
Colorado potato beetle by using multiple applications of commercially prepared 
biopesticides. However, laboratory tests have documented that Colorado potato 
beetle can develop resistance to the CRYIIIA coleopteran-specific delta 
endotoxin of B. illllringiensis subsp. tenebrionis (Whalon et at. 1993), which is 
the specific toxin of commercially prepared biopesticides labeled for Colorado 
potato beetle control. It is important to reduce selection pressure on the 
Colorado potato beetle to prevent the development of resistance to B. 
thuringiensis. 

Insecticides formulated with B. thurin.giensis subsp. lenebrionis, and 
transgenic host plants containing B. t1wrillgiensis toxin, represent new tools for 
use in potato insect pest management. However, these tools will likely increase 
the selection pressure by B. thuringiensis proteins on the targeted pest, 
Colorado potato beetle. Gould (1988) suggested four different strategies to 
redu.ce possible insect adaptation to the toxins, including using mixtw"es of 
plants as well as tissue-specific resistance in plants (i.e., genetically engineered 
plants). Arpaia & Ricchiuto (1993) suggested that these strategies would be 
more effective if B. lhuringiensis toxins were active as feeding deterrents. 

Antifeedant or feeding deterrent chemicals can maintain insect populations 
below economic levels both directly, by diminished feeding, and indirectly, by 
reducing food intake because of lengthened exposure to natural enemies and 
adverse weather conditions (Reese & Beck 1976, Jermy et al. 1981.). Colorado 
potato beetle feeding is inhibited by val"ious inorganic (Jermy 1961). synthetic 
organic (Chalfant et al. 1977, Hare et al. 1983), and natural products (Hsiao 
1974, Jermy et al. 1981), as well as by some copper and tin compounds 
(Britskii et a1. 1974). Antifeedants thus show promise as an alternative pest 
management strategy (Freeman & Andaw 1983) and may possibly extend the 
period of crop protection after a single spray (Ruscoe 1977). 

rn laboratory tests, protein extracts of the bacterium Escherichia coli 
expressing the tox.in gene from B. thul'ing;ensis showed no antif'eedant efTects 
for Colorado potato beetle. even at high concentrations (Arpaia & Ricchiuto 
1993). However, there may be an antHeedant component to formulated 
biopesticides using B. thuringiensis subsp. tenebrionis. Formulated pesticides 
may have activity different than the toxins within, and some formulated 
synthetic insecticides (Guy 1936, Silcox & Ghidiu 1986) and fungicides (Hare et 
al. 1983) are strong Colorado potato beetle antifeedants. Our study was 
designed to assess the possible deterrent effects of a commercially available, 
formulated B. lhuringiensis subsp. lenebrionis on Colorado potato beetle 
feeding. 

Materials and Methods 

The actual B. thuringiensis delta endotoxin content in the formulated 
biopesticide used in all trials was not determined; however l the average content 
confirmed by the producer l Novo Nordisk, [nc., in quality~control samples 
averaged 30 mg (AI) oftoxinlliter [3.0% (All!. 

Laboratory trials, 1992. Eggplants, cultivar 'Harris Special Highbush,' 
were seeded into 30.5-em X 45.7~cm flats in the greenhouse on 25 March and 
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transplanted to a Sassafras sandy loam field on 3 June. The field consisted of 
six 30.5-m long by L5-m wide rows of untreated eggplant and was used to 
provide leaf material for the laboratory trial. Colorado potato beetles (all 
stages) were handpicked from the plants weekly from 3 June until test 
completion to ensure adequate foliage. On 16 July a total of 50 large eggplant 
leaves were randomly selected from the plants located within the middle four of 
the six rows. The leaves were immediately brought into the laboratory and a 
2.6-cm diam punch was used to remove leaf disks from each leaf. The disks 
were punched so as to miss the large mid~leafvein. Five leaf disks were dipped 
in each treatment solution of B. thuringiensis subsp. tenebrionis (Novodor Fe 
[Flowable Concentrate], Novo-Nordisk, Copenhagen, Denmark) with distilled 
water at concentrations of 0%, 0.04%, 0.2%, 1.0%, 5.0%, and 10.0% (vol:vol). 
One treated leaf disk for each treatment was air dried and placed in one corner 
of a 9.0 X 17.5-cm clear plastic box having a lid with airholes on top and a 
paper towel inside with a moist cotton plug in the center of the towel. An 
untreated leaf disk the same size was dipped in distilled water and placed in 
the opposite corner of the box. Treatments were replicated five times. All leaf 
collections, punching, and treatment dipping were conducted on 16 July. 
Colorado potato beetle adults of undetermined sex were randomly collected 
from the untreated eggplant foliage in the fJeld on 15 July, starved for 24 h in 
35.6-cm3 screened laboratory cages, and placed in a temperature-controlled 
chamber (22.20C). Five adults were then randomly selected and placed in each 
plastic box on 16 July, immediately after the treated and untreated leaf disks 
were placed in the corners. The plastic boxes with the leaf disks and beetles 
were maintained at 27.80 C with a photoperiod of 14:10 (L:D) h in the 
laboratory. Aller 3 d, the treated and untreated disks were removed and the 
area of the uneaten leaf disks (treated and untreated) \vas measured with a 
photoplanimeter (LiCor-3000, Lambda Instruments, Lincoln, Nebraska). 

Field trials, Test 1. 'Harris Special Highbush' cultivar eggplant seedlings 
were seeded to gl'eenhouse flats on 25 March 1992 and transplanted to a 
Sassafras sandy loam field on 3 June. Plots consisted of three 7.6-m long by 
1.5-m wide rows of eggplant, and each row contained eight plants spaced at 0.9
m intervals within the ro\v. Each plot was separated from the other plots by a 
3.0-rn wide buffer zone of bare soil to reduce beetle movement between plots. 
Treatments were foliar sprays of Navodo!' FC (3.0% [All B. thurin.giensis subsp. 
lenebrio"is) at 0, 1.2, 2.3, 4.7, and 7.0 liters/ha (0 [tap water only], 0.5, 1.0, 2.0 
and 3.0 qUaere, respectively), replicated four times in a randomized complete 
block design. Rates of 2.3 to 7.0 liters/ha are the current label 
recommendations for growers in this region. Foliar sprays were applied with a 
tractor-mounted boom sprayer with a drop nozzle on each side of the row and 
one over the center of the rO\v calibrated to deliver 636.1 liters/ha (68 gal/acre) 
at 292.5 kPa (42.5 psi) operated at 3.2 km/h (2 mph). All Colorado potato beetle 
larvae and adults were handpicked and removed from all plants on all three 
rows in each plot on 6 July. A total of 250 fourth instal'S of undetermined sex 
were randomly collected from the untreated eggplant field as previously 
described, and one larva was placed on each of five plants in each of the two 
outer rows of the three-row plots (a total of 10 larvae per plot). Fourth instars 
were used because B. thuringiensis is most lethal to early (first and second) 
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instars (Ferro & Geleroter 1989). Ferro & Lyon (1991) reported that B. 
thuringiellsis subsp. tenebrionis was most toxic to first instal's and least toxic to 
fourth instsTs, and that it was not toxic to adults. Thus, any reduction oflarvae 
on the outer rows of the plants in our test would likely result from movement 
between plants rather than from mortality. Treatments (foliar sprays) were 
applied only to the outer rows immediately after placing larvae on both outer 
rows of each plot, and Colorado potato beetle larvae were counted on the center 
row (untreated and uninfested in evc,"y plot) and on the outer (treated and 
infested) rows of each plot on 7, 8, 9, and 10 July (1, 2, 3 and 4 dafter 
treatment, respectively). 

Field trials, Test 2. The field test was repeated 8 d after the initial field 
trial (Test 1) with the exception that 10 adult Colorado potato beetles were 
placed in each plot along with 10 fourth instars. All insects used in this test 
were randomly picked and infested. Infestation, immediately followed by 
treatments, occurred on 14 July by using procedures as descl;bed above. The 
same plots received the same treatment as in Test 1. It was assumed that the 
previous spray of B. thu.ringiensis applied 8 d earlier would no longer be 
biologically active against Colorado potato beetle. Bacillus thu.1'I:ngiensis is 
generally only effective for 24-48 h on plant foliage under normal field 
conditions because of environmental breakdown (ultraviolet degradation, 
rainfall) of the bacteria (Ignoffo et al. 1974, Pinnock et al. 1971). Colorado 
potato beetle larvae and adults were again counted on the center (uninfested) 
row and on the outer (infested) rows of all plots on 14, 15, 16, and 17 July (1, 2, 
3, and 4 d after treatments, respectively). 

Statistical analysis. From the laboratOl'Y tests, the mean leaf area 
consumed and treatment rates were used to generate the best fit regression 
model (PROC REG, SAS Institute 1988). Data fl"Om the field tests (each year) 
were subjected to analysis of variance (ANOVA) (SAS Institute 1988). 
Separation of the means was determined by Tukey's HSD studentized range 
tests (SAS Institute 1988). 

Results 

Laboratory trials. For adult Colorado potato beetles, the regression 
analysis showed no significant conelation between treatment rate and leaf area 
consumed (Table 1). The best-fit regression model was y= 0.0016x + 0.1022 
with an ,.2= 0.009 (11.= 6). Na mortality of adult Colorado potato beetles was 
observed in any treatment. The lack of adult mortality caused by B. 
thuringiensis is consistent with previolls reports (Feno et a1. 1993). These data 
demonstrate the absence of an antifeednnt effect of Navada!" Fe because treated 
and untreated leaf disks were fed upon similarly, regardless of the 
concentration of the Novador Fe treatment (0% to 10% vol:vol). 

Field trials, Test 1. No significant differences among treatments (F= 
0.556; df= 19; MSE= 0.450; P= NS) were observed for the numbe,. of larvae 
moving from the treated outer rows to the untreated middle row of each plot for 
each day up to 5 d after the outer rows received their respective NavadaI' 
treatment (Table 2). ]f Novodor resulted in a "epellency effect, an increase in 
the number of larvae moving to the untreated row, or a reduction in larvae on 
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Table 1. Area of leaf tissue of treated and untreated eggplant leaf disks 
remaining after feeding by adult L. decemlineata in the 
laboratory after 3 d (Bridgeton, New Jersey). 

Novodor FC Leaf Area (cm2) 

concentration (v:v) untreated (SEM) treated (SEM) 

0.0 

0.04 

0.2 

1.0 

5.0 

10.0 

0.17 (0.152) 

0.16 (0.109) 

0.05 (0.040) 

0.02 (0.028) 

0.07 (0.069) 

0.16 (0.114) 

0.11 (0.091) 

0.07 (0.023) 

0.23 (0.156) 

0.02 (0.044) 

0.08 (0.057) 

0.15 (0.072) 

the outer (treated) rows, should have occurred. Larvae placed on each plant 
remained on that plant, regardless of treatment, as the number of larvae per 
plot remained similar over all treatments at 5 d after application (Table 2). 
Larvae were not assessed for mortality, but only {or movement between plants. 
Toxicity of B. thuringiensis to early instal's is well documented, and the 
relationshjp between instm' and mortality is presented by Feno et al. (1993). 

Field trials, Test 2. As in Test 1, no significant differences (F= 1.596; df= 
19; MSE= 1.567; P= NS) between treatments 'were observed for the number of 
larvae (Table 2) or adults (Table 3) moving to the untreated middle row, or 
remaining on plants in the outer (treated) rows (Tables 2, 3) of each plot for 
each day up to 5 d after treatment (larvae, F= 0.588; df= 19; MSE= 1.617; p= 
NS and adults, F= 0.568; df= 19; MSE= 1.233; P= NS). Although more 
variation was observed in the number of adults moving between plants over 
time than in the number of larvae per plot, it was likely that the force of the 
high-pressure spray knocked some adults ofT the plants. These adults would lie 
motionless for a period of time and then randomly walk around and climb back 
up any plant in their path. Adult potato beetles, when disturbed, 
characteristically fold up their legs, drop from the host plant, and remain 
motionless for several minutes until the danger has passed. Significantly fewer 
Colorado potato beetle larvae moved to the middle row after being treated with 
4.7 or 7.0 literslha Novodor FC only on one date, 17 July, compared with the 
untreated rows (F= 4.084; df= 19; MSE= 0.692; P< 0.05) (Table 2). 

Discussion 

Antifeedants show promise as an alternative pest management strategy 
(Freeman & Andow 1983). Ruscoe (1977) reported that the efTects of sublethal 
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Table 2. Mean numbers of fourth instar L. decemlill.eata moving from B. 
thuringiensis treated to untreated eggplant rows (Bridgeton, 
New Jersey). 

Mean no. fourth instal'sa 

untreated treatedb 

Treatment Lite../ha 7 July 8 July 9July 10 July 10 July 

Navada.. FC 1.2 0.8 ns 0.3 ns 0.5 ns 0.3 ns 8.0 ns 
Navada.. FC 2.3 0.5 0.0 0.0 0.0 8.8 
Navada.. FC 4.7 0.8 0.5 0.8 0.5 7.8 
Novodar Fe 7.0 0.0 0.0 0.0 0.0 9.5 
Wate.. Only 1.0 0.3 0.3 0.5 8.5 
(SEM) 0.332 0.262 0.385 0.335 0.292 

14 July 15 July 16 July 17 July 17 July 

NavadaI' Fe 1.2 0.5 ns 0.8 os 1.0 ns 1.3 ab 6.8 ns 
Navadar FC 2.3 1.5 0.3 0.5 0.8ab 7.3 
Navada.. FC 4.7 1.3 0.3 0.5 0.5 a 7.8 
Navadar FC 7.0 0.8 0.8 0.3 0.5 a 6.5 
Water Only 0.8 0.8 1.5 2.5 b 8.3 
(SEM) 0.550 0.376 0.516 0.416 0.636 

0NumbcTS in a column with u lettor in common urc not significantly difTtlrent (Tukcy's HSD, 0.05 
levol). 

bTreatcd rows wore infested with 10 larvae (l pCI' plant.) just boforo !lprny application on 7 July or 14 
July 1992, rospecth·ely. 

doses of pyrethroids induced antifeedant and repellency actions that may 
extend the period of crop protection by a single spray. One potential use of an 
antifeedant is as a foliar spray during mid-season, when growers may obtain 
limited Colorado potato beetle control, but the beetles would bave less pressure 
to develop insecticide resistance (Silcox & Ghidiu 1986). Eggplant compensates 
for single periods of defoliation with leaf, nower, and fruit production (Cotty & 
Lashomb 1982), which generally coincides with second-generation Colorado 
potato beetle larval population peaks. Thus, this is an ideal time in which to 
apply B. thuringiensis sprays if repellency were involved; foliage needs to be 
maintained, yet the pressure for Colorado potato beetle resistance might 
decrease as the need for insecticide applications decreases (Forgash 1984). 
Further, deterrence of Colorado potato beetle caused by B. thuringiensis could 
be of benefit to a trap-cropping program, whereby B. thuringiensis applications 
could be used to deter Colorado potato beetle away from the host crop (eggplant, 
for example) into a trap crop (potatoes, for example) where the insects could be 
destroyed. 
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Table 3.	 Mean numbers of adult L. decemlineala moving from B. 
thllringiensis-treated to untreated eggplant rows (Bridgeton, 
New Jersey). 

Mean no. fourth instars 

untreated treateda 

Treatment Literlha 14 July 15 July 16 July 17 July 17 July 

bNovodor FC 1.2 0.3 ns 0.5 ns 1.8 ns 1.3 ns 7.3 ns 

Novodor FC 2.3 1.8 1.5 3.0 2.3 7.1 

Novodor FC 4.7 1.0 1.0 3.0 2.3 7.3 

Novodor FC 7.0 0.5 0.8 1.5 1.0 8.3 

Water Only 1.5 2.5 3.5 2.8 6.8 

(SEM) 0.590 0.626 1.010 0.639 0.555 

bTreated row!'; were infested with 10 adults (l per planO just berore spray application on 14 July 1992. 
No significant differences among numbers within each column, Tukey's HSD test (P= 0.05). 

However, in our laboratory choice test with adult Colorado potato beetles, 
leaf disks treated with Navodor at concentrations of 0% to 10% (vol:vol) did not 
cause concentration·dependent feeding reduction; there was no significant 
relationship between feeding damage to eggplant leaf disks and concentration 
of Novodor. Arpaia & Ricchiuto (1993) reported that neither behavioral 
observations nor food consumption analysis indicated any preference between 
diets treated with B. thuringiensis toxin extracts and control diets. Our results, 
using commercially formulated B. thuringiensis (Novodor), are in agreement 
with those of Arpaia & Ricchiuto (1993). 

Similar results were obtained in the field trials. Neither fourth instars nor 
adult beetles showed evidence of antifeedant activity at rates of 1.2 to 7.0 
litersJha of Novodor Fe under our conditions, except for the last day with larvae 
in the second field test (17 July). On this date, significantly more larvae were 
recorded on the center row of the water-only treated plots than on the center 
rows of plots treated with the two highest rates of Navadar (Table 2). However, 
this effect is the opposite of an antifeedance response, and it is unknown why 
these differences occurred. Although Colorado potato beetles were not killed by 
the treatment, it is possible that the larval movements were slowed because of 
the accumulated high rates from the two field tests 8 d apart (no significant 
mortality differences were observed). Murray et al. (1993) found that 
reductions in adult Colorado potato beetles on plants treated with a limonoid 
and limonoid + B. thuringiensis toxin were likely the result of differences in 
adult colonization or dispersal rates rather than mortality. However, in those 
trials, the B. thuringiensis endotoxin had no depressive effects on adult 
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incidence because there was no significant effect caused by the endotoxin-only 
treatments. 

We conclude there was no evidence of antifeedance or deterrency of 
commercially prepared B. thuringiensis subsp. tenebrionis (Navadar Fe) 
applications to fourth instal' or adult Colorado potato beetles. These findings 
could reduce the choice of strategies to be adopted for a complete Colorado 
potato beetle integrated management program in eggplant and leave growers 
with less incentive to use a B. thuringiensis product when mixed populations of 
small and large larvae and adult beetles are present. 
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Aromatic lures are used throughout the United States for survey and suppression 
of adult Japanese beetles (Popillia japonica Newman), Adults of other scarab species 
also have been shown to be attracted to aJ'Omatic substances. Metzger & Sim (1933), 
Hamilton et al. (1971), Regniere et al. (1981), and Williams et al. (1990) found that 
many U. S. scarab adults were captured in Japanese beetle traps baited VIo'ith various 
aromatic lures. Scarab beetles also have been alb'acted to ammatic compounds in 
South Mica (Donaldson et al. 1986, 1990), Okinawa (IGein & Edwards 1989), Korea 
(Reed et al, 19911, and Australia (Allsopp & Cherry 1991). In addition, pheromones 
have been reported [Tom several scarab species in Japan (Leal 1996)_ 

We report here the attraction of Anomala. marg;.nata (Robinson) to the aromatic 
chemical anethole and a lack of attraction to chemicals previously identified as sex 
pheromones for species that are, or \....'ere until recently, in the genus Anomala. 

A survey was conducted from Aplil 1994 to April 1995 to detect the attraction of 
any central Florida scarab beetles to V81;OUS aromatic chemicals in Catch Can'IM 

Japanese Beetle traps (Trece, Salinas, California) (Klein & Edwards 1989). Tests 
were conducted on the Everglades Research and Education Center near Belle Glade, 
FIOlida. The center is comprised of a mosaic of various crops and undisturbed areas 
of native plants. A cube (5 em/side) of yellow cellulose sponge was wedged into the 
top of each trap to hold the chemicals, all of which were liquid. Six traps were set in a 
row adjacent to an area of native plants. Traps were placed 10 m apmt with each 
trap being 1 m above ground. Each trap was baited by adding 10 ml of one chemical 

1 Accepted for publicDtioll 15 July 1996.
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to the sponge. Five different chemicals (Table 1) known to be attractive to 
various scarabs (Fleming 1969) plus an unbaited control were tested. Traps 
were baited and insects collected 7 d later. Trap position was randomized 
throughout the tests by moving traps around within the row after each 7-d test. 
Insects were frozen aftcr collection and counted later in a laboratory. Two 
weekly tests were conducted each month from April 1994 to April 1995. The 
total number of adults of different scarab species was determined to indicate 
chemicals for further testing. 

Data from the preceding tests arc shown in Table 1. Several scarab species 
caught in very small numbers and/or not showing attraction to any chemical 
are not presented. The attraction of Euphoria sepu1chraUs Fab. to eugenol and 
geraniol has been reported previously by Cherry & Klein (1992). The attraction 
of the green June beetle, Cotinus nltl:da (L.), to hexanoic acid has been 
previously reported by Muma (1944). Attraction of 1'rigonopeltastes delta 
(Forster) to anethole has not been previously reported. Because this latter 
species has no known econom..ic importance, we did not pursue more detailed 
studies. Anethole also was very attractive to A. marginata, which has not been 
previously reported. Anomala marginata has been reported to attack cotton 
(Folsom 1936), snap beans (Genung 1965), and avocado, Iychee, and mango 
(\Volfenbarger 1966). Anonwla nwrginata. is associated with sugarcane in 
South Florida (Gordon & Anderson 1981), although its pest status in Florida 
sugarcane has not been determined. Other species of Anomala also are 
common pests in a wide variety of agToecos)'stems such as sugarcane in Japan 
(Hokyo 1980), soybeans in India (l'IIishra & Singh 1994), orchards in Hungary 
(Toth et al. 1994), and turfgrass and ornamentals in the United States (Tashiro 
1987) and Japan (Hasegawa et al. 1993). Additional tests on attractants for A. 
marginata were conducted because of the economic importance or the species 
and other Anomata species. 

Peak catches orA. marginata adults occurred during April and August, 1994. 
This bimodal pattern corresponds to light trap data for seasonal night activity 
ofA. m.argina.ta reported by Hall (1987) and Stansly et al. (1994). 

During August 1995, tests were conducted on Anon"wla sex pheromones as 
possible attractants fOI" A. fJla.rginala adults. Forty Japanese beetle traps were 
placed in one row adjacent to an undisturbed area of native plants on the 
aforementioned research center. Traps with yellow sponge chemical dispensers 
were hung 1 rn above ground as previously described and traps were spaced 10 
m apart. Anethole plus six sex pheromones previously identified fl·om other 
Anomala species (Leal 1996), plus a control, were tested. The sex pheromones 
were as follows: (1) the lactone from A. cuprea Hope, (R,Z)-5-(-)-(oct-1-enyll 
oxacyclopentan-2-one; (2) the alcohol from A. schonfeldti Ohaus, 2-(E)-nonenol; 
(3) the methyl ester ["rom A. rufocuprea, methyl (Z)-tetradec-5-enoate; (4) the 
ketone from the Oriental beetle, now Examala orientalis CWaterhouse) 
(previously in the genus A/l.o/1wla or BW,hopcrtha.), (ZIE)-tetradec-7-en-one; and 
(5) and (6), two blends (1:10 and 10:1) of pheromone components from A. 
cup rea and A. schonfeldt.i. because blends of those componenis have been 
identified as a sex attractant for A. cla,imiana Harold. The sex pheromones 
were synthesized and formulated with 1 mg per dispenser at Tsukuba, Japan 
by Dr. Leal. The 40 traps were divided into five replications of eight traps each. 
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Table. 1.	 Total number of scarab adults caught in Japanese beetle 
traps baited with different chemicals from April 1994 to April 
1995. 

Scarab Species 

Anomala Euphoria Cotinus Trigonopel-
Chemical marginata sepulchralis nitida tastes delta 

Anethole 652 7 0 52 

Eugenol 4 2,072 0 15 

Geraniol 2 1,347 0 6 

Hexanoic 13 8 10 7 
acid 

Valeric 2 41 0 1 
acid 

Control 1 11 0 3 

Trap position within each replication was randomized. On 10 August, each 
trap was baited with 10 ml of anethole or with one of the six Anol1wla sex 
pheromones. An unbaited trap served as the control. On 17 August, insects in 
the traps were collected in plastic bags and frozen for later counting. Also on 17 
August, traps were baited again and insects collected on 24 August. 

The August 1995 test (Table 2) cOlToborates our earlier survey (Table 1) 
showing that anethole was highly attractive to A. marginata adults. Anethole 
also has been shown to attract additional scarab species: it was the primary 
component of the lure for another Rutelinae, the Japanese beetle, for many 
years (Fleming 1969) but has been replaced by more attractive compounds 
(Klein & Edwards 1989). Anethole attracted a Melolonthine and a Cetoniine in 
Australia (Allsopp & Cherry 1991), and attracted moderate numbers of 
Cetoniine, but few Rutelinae, including Anomala. spp., in South Africa 
(Donaldson et a1. 1990). Small but significant numbers of A. ru!,ocuprea 
r\'lotschulsky were attracted to anethole in Korea, but it was not attractive toA. 
corpulenta or Anomala spp. there. Given the variation in attraction of anethole 
to Anomala adults, and to other members of the Rutehnae, additional studies 
are needed on the many serious pest species in this subfamily. 

A random sample of A. margina-ta collected from anethole-baited traps in the 
1995 test showed a sex ratio of 39:61 (M:F). This indicates that anethole is 
acting as a noral or food-type lure by capturing both sexes of A. nw.rginala, 
similar to the activity of anethole and other aromatic compounds toward the 
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Table 2. Anomala ,narginata adults caught in Japanese beetle traps 
baited witb different cbemicals during Augnst 1995. 

Adults/trap 

Chemical(l Mean SE Range 

Anethole 34.3 7.4 3-77
 

As 0.5 0.2 0-2
 

A.- 0.3 0.2 0-2
 

Ac 0.5 0.2 0-2
 

AdAs 1011 0.3 0.2 0-1
 

As/Ac 1011 0.3 0.2 0-2
 

Eo 0.2 0.2 0-2
 

Control 0.1 0.2 0-1
 

fJAS=' alcohol from A. schonfeldti, 2·(E).nonenoJ. 
Ar= methyl cster from A. rufocuproo. methyl <Z).t.etradec-5-cnoat..e. 
Ae=- lactone from A. cuprea, (R,Z)-S.(·}-(oct·!-enyl) oxacyc1opentan·2-0ne. 
Eo:: ketone from E::comalo oricfltalis, (ZlE)-tctradcc-7-en-onc. 

Japanese beetle. The sex ratio observed also showed that males were flying 
and would have been captured if any of the Anomala, sex pheromones were 
acting as a sex attractant for A. margillala. All of the compounds tested are 
female-emitted pheromones that attract only male beetles. Although there is 
some cross-use of pheromone components among Anomala spp. (Leal 1996), 
none of the previously identified Anomala sex pheromones had any attraction 
for adults of A. marginata. Research is needed to identify additional Anomala, 
sex pheromones and to ascertain if there is a synergism between sex 
pheromones and floral odors as has been demonstrated with the Japanese 
beetle (Klein & Edwards 1989). 
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ABSTRACT Bean leaf' becUe, Cerolonw, tri{urcala (Forsier), is the most 
consistently important pest on soybeans (Glycine max fL.] Merr.) in the 
North Central region of Lhe United SlaLes. Its major impact is from pod 
feeding by the 2nd gcncl"ation in late AugusUcarly September. Although 
most insecticides registered for control of this insect have a shon pre-hal'vest 
intcnal, others such as pcnnethrin cunnol, be used against the 2nd 
generation because of Lhe long time period C60-d pre-harvest interval) before 
the crop can be han'csled following npplicHtion. A newly registered 
pyrethroid lambda·cyhalothrin has a 45-d pre-harvest interval on soybean 
and was tested for long·term efficacy against second generation bean leaf 
beetle. Three weekly applications were made beginning in mid-August in 
field-grown soybeans, aftcl' which hean leaf beetles were sampled until mid
Septemher. Data on pod feeding were l'ccorded on 2 successive weeks in 
September. All weekly applications of lambda·cyhalothrin provided 
significantly greater control of bean leaf beetles until plant maturity in late 
September, Pod feeding also was limited by lambda·cyhaiothrin. Whcn a 
large 2nd generation of bean leaf beetlcs ii; anticipated, a single application 
of lambda-cyhalothl"in provides long-tem1 control if applied at the beginning 
of the emergence or the 2nd generation beetles. 

KEY WORDS Coleoptera, Chrysomelidlle, bean leaf beetle, Ceroloma 
lrifurcola, lambda-.eyhalothrin, WaniOJ@, soybeans 

Soybean. Glycine max (MeITiLl). grO\\'ers have numerous choices of insecticides 
when taking therapeutic act.ion against an insect pest. Selection of a specific material 
is based on many factors, including target pest, efficacy, cost and availability of the 
material, and label resbictions. A major consideration regarding label resbictions is 
the pre·harvest interval, i.e., the length of time following insecticide application 
before a crop can be harvested. 

I Accepted for publicat.ion 15 July 1!l9G. 
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Usually soybean growers do not greatly concern themselves with pre·harvest 
interval. Soybean pests often need control long before harvest, normally in mid 
to late summer. Also, most insecticides registered for use on soybeans have 
short pre-harvest intervals, ranging from 0 to 14 d. A notable exception is the 
pyrethroid pcrmethrin (Ambush® [Zeneca, Inc., Ag Products, Wilmington, 
Delaware] and Pounce® [FMC Corporation, Philadelphia, Pennsylvania]), 
which has a pre-harvest interval of 60 d. This time period limits its use as a 
control measure against late-season insect pests, such as the bean leaf beetle, 
Cerotoma trifurcata (Forster), which is considered the most consistently 
damaging insect pest on soybeans in the Midwest (Pedigo 1994). 

The bean leaf beetle has two generations per year in the North Central 
region. Adults overwinter and enter soybean fields during the crop's early 
vegetative stages (VI-V3). The first generation of adults occurs in early to mid
July with plant injury resulting from leaf feeding. A second generation follows 
when adults appear in mid to late August. Adult emergence continues for 3-5 
wk with peak numbers in late August or early September. This adult 
population can calise considerable pod injury resulting in quantitative and 
qualitative seed losses. Larval and pupal stages occur in the soil; their damage 
potential is unknown. 

A new pyrethroid, Jambda-cyhaJothrin (Warrior®) (Zeneca, Inc., Ag Products, 
Wilmington, Delaware), was registered in 1995 for use on soybeans. This 
material has a pre-harvest interval of 45 d on soybeans, which is longer than 
most other soybean insecticides but shorter than permethrin. Because soybean 
fields are usually harvested in late September or in early October, a 45-d pre
harvest interval would al1m·\' treatment with lambda-cyhalothrin around mid to 
late August. This is the period when second-generation bean leaf beetle 
populations begin to increase. 

Pyrethroids are excellent insecticides because of their low active ingredient 
rates, excellent efficacy against a wide range of insects, and long residual 
activity. The efficacy of pyrethroids is often extended beyond that of other 
insecticides because of their ability to repel insects. Dobrin & Hammond (1983, 
1985) showed that permetht'in and cypermethrin offered extended control of 
Mexican bean beetle, Epilachna uariuestis Mulsant, on soybeans because of this 
repellency. The current study was conducted to determine the potential for 
extended control of bean leaf beetles in soybean fields by using lambda
cyhalothrin applied in mid to late August. 

Materials and Methods 

Field studies were conducted at the Northwestern Branch of the Ohio 
Agricultural Research & Development Center, The Ohio State University, near 
Custar, Ohio, in Wood County. To allow colonization in the soybean field by 
overwintering bean leaf beetles, soybeans had to be planted as early as possible. 
However, to allow for the presence of second-generation adults and their 
subsequent pod feeding, a variety was needed that ,""auld not mature until late 
September or early October. This was accomplished by planting soybeans of a 
maturity group (late Group III) not normally planted in this area. Northern 
Ohio is more suited for a variety from early· to-mid Group II; a variety of late 
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Group III is usually not grown because it would mature too late. The cultivar 
'Flyer', maturity late group III, was planted on 2 and 3 May in 1994 and 1995, 
respectively, in 76.2-cm row widths in an area measuring 61 m X 61 m (0.4 ha). 
Agronomic practices normal to the area were used. Planting in the first week 
in May allowed overwintered bean leaf beetle adults to colonize the fields in 
May both years; 'Flyer' soybeans not reaching maturity until late September 
allowed for a second bean leaf beetle generation. 

Field visits were made in early June (for overwintering adults) and late July 
(for adults of the first generation) to confirm the presence of bean leaf beetles. 
Because a bean leaf beetle population was evident, the experiment proceeded. 
In 1994, 7 plots, measuring 8 rows by 15.2 m were established in early August; 
10 similar-sized plots were prepared in 1995. Treatments were randomly 
assigned to the plots. Single rates of lambda-cyhalothrin (0.034 kg [AI]lha) and 
carbaryl (1.12 kg [AI]lha) (Sevin XLR®) were applied to different plots on 3 
consecutive weeks (16, 23, and 30 August) in 1994. An additional rate of 
lambda-cyhalothrin (0.022 kg [All/ha) was applied in 1995, with applications 
made on 16, 23, and 30 August. Carbaryl was considered the standard 
insecticide; a control plot was included both years. Thus, there were 4 
replications of 7 treatments in 1994 and 10 treatments in 1995 arranged in a 
randomized block design. 

Insecticides were applied to the appropriate plots by using a 4-row, C02
charged bicycle sprayer from Spraying Systems (Wheaton, Illinois) TX-9 
nozzles; spray pressure was 30 psi. Two nozzles were directed at each row. 
Total sprayer output was 233.8 liter/ha (25 gaVacre). The sprayer was pulled 
through half the plot, with the remaining rows sprayed on the return pass. 

Bean leaf beetles ..vere sampled by using a 38-cm diam sweep net with 20 
sweeps taken per plot. Plots to be sprayed or those previously sprayed were 
sampled before each insecticide application. To illustrate, on the 16 August 
treatment date, the control and first-week lambda-cyhalothrin- and carbaryl
treated plots were sampled before insecticide application. On 23 August, those 
same plots along with the second-week treatment plots were sampled. Finally, 
on 30 August, all plots were sampled before insecticide application. Plots were 
sampled for an additional 2 wk (6 and 13 September 1994 and 6 and 14 
September 1995). Samples were returned to the laboratory where adult bean 
leaf beetles were counted. 

Data were recorded on pod injury on 13 and 20 September 1994 and 6 and 14 
September 1995. Twenty plants were randomly selected from the middle of 
each plot, and the total number of pods and number of damaged pods per plant 
were counted; pe"centage pod injury was then determined. 

Bean leaf beetle data were transformed by 'oJ~ and percentage pod injury 
transformed by arcsin Yx to stabiUze the variance. Data were analyzed with 
analysis of variance (PROC ANOVA) (SAS Institute 1988). Analyses of insect 
data were based on a randomized block design, and pod injury was based on a 
randomized block design with subsamples. When significance was observed, 
treatment means were separated by least square differences. All means, where 
presented, are pretransformed data. 
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Results 

Overwintered bean leaf beetles colonized the fields each year. Although few 
adults were seen in early June, feeding injury was very noticeable on the leaves 
of the young plants. Bean leaf beetle feeding has a characteristic appearance 
making it easy to determine the presence of the overwintered population. 
Defoliation appears as small, round holes between major Jeanet veins as 
compared with the larger, asymmetrical holes or ragged leaflet margins from 
caterpillars and grasshoppers (Pedigo 1994). Although no sampling was done 
for the first generation in midsummer during 1994 (albeit feeding injury was 
evident\ samples were taken in 1995 to confirm the presence of the first 
generation. On 3 August 1995, 15.3 adult bean leaf beetles (mean number) 
were collected in 20 sweeps. By the time of the first insecticide application each 
year, few adults of the first generation remained. 

Bean lear beetle data are presented in Tables 1 and 2 for 1994 and 1995, 
respectively. Few adult bean leaf beetles were collected during the first two 
samples in either year. The most beetles were collected on 23 August 1994 
when the average count for the two untreated plots (second-,\'eek applications 
and control) was 2.1 beetles per 20 sweeps (Table ll. No statistically significant 
differences were observed on any of these dates (F= 0.34 and 1.03; df= 2, 4 and 
4, 8; p~ 0.73 and 0.45 for 16 and 30 August 1994, respectively; F~ 1.0 and 2.36; 
df~ 3, 9 and 6, 18; p~ 0.43 and 0.07 for 16 and 30 August 1995, respectively). 

Second-generation bean leaf beetles increased by the third week of 
application (30 August) each year (the untreated and control plots averaged >10 
adults per 20 sweeps); significant <lifferences were observed (1994: F= 6.68; df= 
6, 12; p~ 0.003; 1995: F~ 14.5; dr~ 9, 27; p~ 0.000ll. Bean lear beetle adults 
remained at very low to nonexistent levels in lambda-cyhalothrin plots that 
were treated during the first and second week in 1994. However, only the 
carbaryl plot that was treated during the second week provided control similar 
to lambda-cyhalothrin. The carbaryl treatment during the first week no longer 
kept the beetle population at a low level (average of 10.7 adults per 20 sweeps). 
In 1995, lambda-cyhalotht'in applied in the first and second week kept the 
number of bean leaf beetle adults at low levels. Although both plots treated 
with applications of carbaryl had low populations of bean leaf beetles compared 
with the control, the number of adults in the carbaryl plot during the first week 
(average of 3.4 adult per 20 sweeps) was significantly greater than the lambda
cyhalothrin plots and the carbaryl plot Lrcated during the second weck. 

Significant results were also observed (1994: F~ 48.,~; df~ 6, 12; p~ 0.0001; 
1995: F~ 13.3; dl~ 9, 27; p~ O.OOOll on the next sample date, 6 September. All 
three applications of lambda-cyhalothrin produced low numbers of bean leaf 
beetles in 1994, although the only large reductions with carbaryl were from the 
second- and third-week applications. Carbaryl applied during the first week 
reduced the number or bean leaf beetles compared with the control but allowed 
for statistically higheT' numbers of adults than in all the other treatments. All 
lambda-cyhalothl'in treatments, and the two later carbaryl treatments (second 
and third week) produced statistically lower numbers of bean leaf beetles in 
1995. Carbaryl applied during the fiJ'st week did not provide control. 



Table 1. Mean number:!: SEM of adult bean leaf beetles per 20 sweeps in soybeans treated with insecticides (1994). 

Rate Week Date 

Treatment kg (AI)/ha Applied Aug. 16 Aug. 23 Aug. 30 Sept. 6 Sept. 13 

0.7 ± 0.7 0.3:!: 0.3 be 0.0 ± 0.0 e 1.3±0.7e 

Cyhalothrin 0,034 2nd 

Cyhalothrin 0,034 1st 

2.7 ± 1.2 0.0 :!: 0.0 e 1.0 ± 1.0 e 0.7±0.7e 

Cyhalothrin 0,034 3rd 17.0 ± 8.5 a 0.0 ± 0.0 e 0.0 ± 0.0 e 

Carbaryl 1.12 1st 2.0 ± 1.2 2.0 ± 1.2 10.7 ± 3.8 a 13.0 ± 2.1 b 27,0 ± 8.3 a 

Carbaryl 1.12 2nd 4.0 ± 1.7 0.3 ± 0.3 be 1.0:!: 1.0 e 8,3 ± 0.7 b 

Carbaryl 1.12 3rd 6.0 ± 3.2 ab 0.3 ± 0.3 e 3.3 ± 2.4 be 

Control 0.7 ± 0.7 1.3±0.7 10.0 ± 0.6 a 21.0 ± 3.5 a 27.0 ± 4.5 a 

1/ Mean numher of adult bean leaf beetles followed by the same letter in .. column are not significantly different (P> 0.05, LSD [SAS Institute 1988]). 

Ii No sample was taken on t.his date. 



0 
Table 2. Mean number ~ SEM of adult bean leaf beetles per 20 sweeps in soybeans treated with insecticides (1995). ...,'"

Rate Week Date 

Treatment kg (Al)/ha Applied Aug. 16 Aug. 23 Aug. 30 Sept. 6 Sept. 14 

Cyhalothrin 0.022 1st 0.0 ± 0.0" 0.0 ± 0.0 0.3 ± 0.3 d 1.3 ± 0.3 b 1.8 ± 0.8 d 

Cyhalothrin 0.022 2nd _b 0.3 ~ 0.3 0.0 ± 0.0 d 0.0 ± 0.0 b 1.0 ± 0.8 d 
'-< 

Cyhalothrin 0.022 3rd 5.5 ± 2.7 be 0.3 ± 0.3 b 0.3 ± 0.3 d > 
'" Cyhalothrin 0.034 1st 0.0 ± 0.0 0.0 ± 0.0 0.5 ~ 0.3 d 0.5 ± 0.3 b 1.3 ± 0.6 cd !S"" 

Cyhalothrin 0.034 2nd 0.8 ~ 0.3 0.0 ~ 0.0 d 0.5 ± 0.6 b 0.0 ~ 0.0 d "'" 8" 
Cyhalothrin 0.034 3rd 12.0 ± 2.4 a 0.0 ± 0.0 b 0.3 ± 0.3 d 3 

"-
Carbaryl 1.12 1st 0.5 ± 0.5 0.0 ~ 0.0 3.4 ± 1.9 e 10.5 ± 3.4 a 10.8 ~ 3.6 b <

"-
Carbaryl 1.12 2nd 0.0 ± 0.0 0.0 ± 0.0 d 0.0 ± 0.0 b 5.0 ± 1.3 be 

.'" 
~ 

Carbaryl 1.12 3rd 11.0 ± 2.7 a 0.0 ± 0.0 b 2.3 ± 1.0 cd z 
? 

Control 0.0 ± 0.0 0.8 ± 0.5 7.5 ± 0.9 ab 17.5 ~ 6.3 a 23.2 ± 5.5 a "" ;::; 

GJ\lean numlwr of adult bean leufbcetles followed by the same letter in a column are not significantly diffen'nt (P> 0.05, LSD [SAS Instit.ute 19881). 2) '" '" 
bNo sample was taken on this date. 
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The ability to provide acceptable control became more variable during the 
remaining sample dates (e.g., 13 September) where significant differences were 
again observed (1994: F= 22.2; df= 6, 12; P= 0.0001; 1995: F= 10.3; df= 9, 27; 
P= 0.0001). All rates and applications of lambda-cyhalothrin provided excellent 
control, with very low populations of bean leaf beetles during both years. 
However. carbaryl offered much less long-term control. Carbaryl applied 
during the first week did not control bean leaf beetle adults in 1994 and offered 
much less control in 1995. Carbaryl provided limited control when applied in 
the second and third week. 

Warm and dry conditions in 1995 caused the soybeans to mature 
approximately 1 wk earlier than expected. This resulted in little pod injury 
occurring that year; therefore, only data on pod injury from 1994 are discussed 
(Table 3). The most pod injury was recorded in the control plots on the first 
pod-injury sampling date (13 September, the last date of insect sampling), with 
statistically lower levels for all treatments (F= 8.72; df= 6, 12; P= 0.0008). Pod 
injury in the plots where carbaryl was applied in the first week was statistically 
higher than in other treated areas. The injury, or lack thereof, corresponded 
well with the population size of bean leaf beetle adults (Table lJ. The control 
plots again had the highest percentage of pod injury on the second sample date 
(20 September), followed by the carbaryl plots treated during the first week and 
the second week (F= 49.64; M= 6, 12; P= 0.0001), Lowest pod injury levels were 
observed with larnbda-cyhalothl'in applied during the second and third week. 

Discussion 

This study showed that lambda-cyhalothrin indeed has long-term efficacy 
against bean leaf beetle adults in the field. Bean leaf beetle population sizes 
remained low 4 wk after a mid-August application. Carbaryl lost its efficacy 
2-3 wk following similar applications. Additionally, lambda-cyhalothrin 
treatments exhibited the least amount of pod injury. Because insect mortality 
was not measured nor were insecticide residues analyzed, the reason faT lower 
numbers of bean leaf beetles 3-4 wk into the experiment cannot be determined. 
However, Ruscoe (1977), Hall (1979), and Dobrin & Hammond (1983, 1985) 
have shown that pyrethroids, although having long-term persistence, also have 
repellent activity to\vard insects. It is unlikely that residues sufficient to cause 
insect mortality remained on the plant for 4 wk. Repellency is most likely the 
reason for lower insect populations during the latter weeks in this study. 

Although most insecticides ofTer excellent control of insect pests on soybeans, 
label restrictions often limit their use. A long pre-harvest interval hinders the 
use of permethrin, and is a concern with lambda-cyhalothrin. Lambda
cyhalothrin was shown to be an excellent insecticide against bean leaf beetles 
at extremely low rates in efficacy studies before it received registration 
(McPherson & Moss 1990, Oloumj-Sadeghi et al. 1991, Oloumi-Sadeghi & Helm 
1992). Because the pre-harvest interval for lambda-cyhalothrin is 45 d 
compared with 60 d for permethrin, it has an additional 2-wk period of usc. 
Thus, lambda-cyhalothrin could be applied to soybean fields in mid to late 
August and still be within the time frame of when soybeans would nonnally be 
harvested. 
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Table 3. Mean percentage ± SEM of pod damage by bean leaf beetles in 
soybeans (1994). 

Rate Week Date 

Treatment kg (Al)/ha Applied Sept. 13 Sept. 20 

Cyhalothrin 0.034 1st 1.1 ± O.4ca 2.1 ± OAcd 

Cyhalothrin 0.034 2nd 1.5 ± 0.40 0.9 ± 0.3e 

Cyhalothrin 0.034 3rd 1.8 ± 0.7c 1.3 ± OAe 

Carbaryl 1.12 1st 4.2 ± 0.9b 5.8 ± Lib 

Carbaryl 1.12 2nd 1.8 ± 0.6c 3.1 ± 0.6c 

Carbaryl 1.12 3rd 2.0 ± 0.7c 1.6 ± OAde 

Control 7.6± 1.2a 11.2 ± 1.3a 

aMenn percentage of dnmtlged pods followed by the same letter in a column arc not significantly 

diOcrent (P> 0.05, LSD [SAS Institute 1988]). 

Although an application of an insecticide to control an insect population 
before it reaches an economic threshold would not be considered befitting IPM 
principles, there are situations where an application might be "ofarranted 
against the second generation of bean leaf beetles whose population is 
beginning to increase. If field scouting indicates the presence of a large 
population of first·generation bean leaf beetle adults and an even larger 
population of second-generation bean leaf beetles is expected, a grower m.ight be 
justified in making an insecticide application as the second generation begins to 
increase and before pod injury becomes significant. In this scenario, an 
insecticide that offers extended control should be used to control adult beetles 
that will probably emerge over a long period. In this study, although lambda
cyhalothrin was applied 1-2 wk before bean leaf beetle populations reached 
peak levels in late August, it was able to control the entire second generation 
and prevent subsequent pod injury. 

Lambda-cyhalothrin offers soybean growers an additional weapon against 
the bean leaf beetle and other soybean insect pests. Growers need to determine 
whether this chemical fits into their pest management practices because of its 
longer pre-harvest interval than other insecticides, especially when targeting 
late-season pests. However, growers gain an extra 2 wk over permethrin in 
their ability to use this material and may benefit from its longer activity. 
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ABSTRACT From a theoretical perspective, both landowners and 
producers stand to benefit from a successful boll weevil eradication (BWE) 
program. But, because these two groups do not make decisions based on the 
same information sets and do not equally share the benefits and costs of the 
program, differences occur in their support for aWE. Although producer 
reactions to BWE have been documented in previous studies, little is known 
about the role of landowners in the ultimate success or failure of a BWE 
program referendum. This study examines the different factors affecting 
landowner and producer support for EWE in Louisiana. Results suggest that 
knowledge, experience, and ~ources of information playa significant role in 
both landowner and producer SUPPOl"t for BWE. Income derived from non
farm sources was significantly and positively related to landowner support 
for BWE but was not significant in characterizing producer support. 
Instead, producer support was linked to experience with advanced pest 
management practices and a positive opinion of extension service 
information sources. Taken together, the results suggest that there are 
opportunities to enhance BWE support by carefully delineating target 
audiences and designing education programs that supply specific types of 
information to individuals who will have a voice in any EWE implementation 
referendum. 

KEY WORDS Boll weevil eradication, landowners, producers, socioeconomic 

Boll weevil, Anthonomus grandis (Eoheman), eradication (EWE) is a mandatory, 
primarily grower-funded program that attempts to coordinate regional control efforts 
to avoid problems that result from the negative effects of pest mobility. These 
negative effects include the need for increased treatment of acreage under individual 
producer control and the increased potential for pest resistance. Studies have sho\\'l1 
the beneficial economic returns, yield changes, and cost decreases that growers can 
expect following eradication of boll weevils (Carlson & Suguiyama 1985, 
Ahouissoussi et a1. 1993). Pesticide costs have been observed to decrease as much as 
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67% even as lint yields increase 50 pounds pCI' acre. Successful BWE has been 
at least partially responsible for expanded cotton acreage in the southeastern 
United States, with 25% and 35% annual increases since 1990 in Georgia and 
Florida, respectively (Economic Research Service 1996). Dramatic changes 
have also occurred in southwestern Alabama, where yield increases of 
approximately 100 pounds per acre may be onc factor inducing farmers to shift 
acreage from alternative cmps into cotton production (Duffy et al. 1994). In 
addition, environmental benefits might arise from the reduced long-term 
insecticide use that typically accompanies BWE (Ridgeway et aJ. 1983). 

Although successfully implemented in the southeastern United States, the 
B'rVE program continues to be controversial. One source of this controversy is 
the operational structure of the program. Because program participation is 
mandatory once implemented, enabling legislation in most states requires a 
referendum on the ree assessments used to offset program costs. A successful 
referendum usually requires support from at least two-thirds of the parties 
with legal interest in cotton production, including both producers and 
landowners. Although both producers and landowners stand to benefit from 
successful BWE, these groups do not equally share the benefits and costs of the 
program (Rook & Carlson 1985, Carlson & Wetzstein 1993). 

]n principle, reduced production costs and increased crop yields not only 
benefit producers by increasing net returns but also benefit landowners by 
increasing the land rental rate in response to higher land productivity. However, 
the increasing productivity of cotton land may also lead to acres being bid out of 
alternative crops and into cotton production, thereby leading to an increase in 
total planted acres and market~level cotton supply. Although consumers can 
benefit from increased total production through decreased market price for 
finished cotton products, producers ultimately experience decreased cotton prices 
and perhaps lower long-term net returns (Taylor et al. 1983). In addition, the fee 
assessments used to fund the program have often been tied to acreage planted, 
with actual producers being responsible for fee pay-ment. 

Given the unequal distribution of program costs and benefits, it would not be 
surprising to see differences in support for B'WE between strict cotton 
landowners and producers. Although producer reactions to the B\VE program 
have been documented in previous studies (e.g., Ahou.issoussi 1995), little is 
known about the role of landowners in the ultimate success or failure of a B\VE 
prow·am referendum (Kazmierczak & Smith 1996). This lack of information 
can be a serious deficiency when attempting to design a viable BVVE program, 
especially when landowners who do not farm themselves outnumber producers. 
Not only are the characteristics, attitudes, and perceptions of producers 
important for a successful B\VE referendum and program but also the attitudes 
and perceptions of landowners, many who have little or no daily contact with 
agriculture. The goal of this study was to expand on the model of Kazmierczak 
& Smith (1996) by separately examining the different information sets, and 
thus factors, affecting landowner and producer support for BWE in Louisiana. 
Thus, in addition to filling an information void for B'WE program designers, the 
results of this study may also help professional educators determine the 
relevant information needed by growers and landowners facing referendums on 
prow·ams like BWE. 
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Materials and Methods 

Conceptual framework. Whereas the potential benefits of a BWE 
program are significant, the costs of the program, especially in the first year 
when producers must also do their own pest control, can be a barrier to 
producer and landowner willingness to adopt. Robinson et al. (1994) measured 
the willingness to pay for a BWE program in Texas and found that an increase 
of $1 per acre would decrease the chance of approving a referendum by 5%. 
This suggests that the setting of an assessment must balance the risk of 
farmer disapproval with the risk of not collecting enough money to finance the 
program. In contrast to the Robinson et aJ. (1994) study in Texas, 
Ahouissoussi (1995) found that producers would support a BWE program in 
Georgia even if their pest management costs rose. In addition, a producer who 
is older, highly educated, recently entered cotton production, and who 
intensively manages a small amount of cotton acreage by following a sterile 
field philosophy was most likely to support the Georgia BWE program. Thus, 
given the research to date, an economically rational producer or landowner 
who desires to maximize long-term net returns to management should favor 
the BWE program if assessment fees are not excessive. However, the failure of 
many BWE referendums under differing fee structures suggests that other 
decision-making forces exist. 

There is a diverse literature on non-economic decision factors and the use of 
technological innovations in agriculture (Feder et al. 1981). Most studies have 
focused on innovations that increase productivity, but researchers have also 
examined the use of technologies that are both productive and environmentally 
beneficial (Rahm & HulTman 1984, Caswell & Zilberman 1985). Besides the 
typical socioeconomic characteristics, researchers have examined producer 
attitudes and their role in the adoption of various farming practices (Feder et 
al. 1981, Harper et aJ. 1990, Fernandez-Cornejo et al. 1994). This study 
extends that tradition by examining the role of attitudes, along with economic 
factors, on the willingness of both producers and landowners to support 
Louisiana's BWE program. 

Besides having potentially different economic motivations for supporting a 
BWE program, producers and landowners are likely to have different attitudes 
toward the idea of coordinated pest management. Many economic and 
attitudinal differences arise from the different experiences and information 
sets that producers and landowners incorporate in their decision-making 
process. These differences in background information, and thus the ability to 
understand the implications of a BWE program, may be especially wide for 
active producers versus absentee landowners who have little or no daily 
contact with agricultural production. Because of their familiarity with farm 
operations, decision making by producers who own at least some of the land 
they fann (producer-landowners) is likely to be similar to that of producers 
who do not own the land they farm. The potential differences in information 
sets suggests a compa)'ison of landowners who do not get involved in the farm 
opel'ation to producers and producer-landowners. Thus, two distinct models 
are developed, one for non-producing landowners (landowner model) and one 
combining producer-landowners and strict producer's (producer model). Each 
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model incorporates explanatory variables that represent the perspectives and 
information sets available to the modeled group. 

Surveys. Data for this study were collected in May and June, 1995 by using 
a mail survey of cotton producers and landowners of legal standing in 
Louisiana. The survey participants included farm operators, owner-operators, 
cash tenants, landlords of share tenants, share tenants, landlords of cash 
tenants, and sharecroppers. A random sample of 3,200 producers and 
landowners was chosen from approximately 12,000 names obtained from the 
Louisiana State Cooperative Farm Services Agency. The survey questionnaire 
was pretested with producers and landowners on the Louisiana BWE 
Commission and then mailed to the random sample, with a postcard follow-up 
sent approximately 2 wk later. In total, 504 completed questionnaires were 
returned (15.8% response rate). Although the number of strict landowners on 
the mailing list was unknown, the 2:1 strict landowner to producer ratio in the 
returned questionnaires closely matched Louisiana Cooperative Extension 
Service (LCES) presurvey estimates. The percent of sample acreage controlled 
by respondents in each parish also came close to the 1995 LCES parish 
distribution estimates of cotton acres. Thus, the sample respondents appeared 
to represent the geographic and landowner-producer distribution in the state 
adequately. Overall, respondents to the survey controlled approximately 20% 
of the planted cotton acreage in Louisiana. 

Analysis procedure. The decision to support or oppose the aWE program 
can be analyzed with a probabilistic choice model. But. because the probability 
that a producer will support the program is bounded by zero and one, limited 
dependent variable techniques are required. Commonly used statistical models 
are the binary and multinomial logit models (Maddala 1983). Both multinomial 
and binary logit models have been extensively used to examine the 
characteristics associated with producer behavior. For example, Jones et al. 
(1990) used a logit analysis to describe how Ohio fruit producers attempted to 
mitigate risks by using reliable information. Caffey & Kazmierczak (1994) 
examined the technology adoption behavior of aquaculturalists by using a 
multinomial logit model. The use of computers by producers was examined by 
using logit and multinomial logit models (Putler & Zilberman 1988, Batte et al. 
1990). Producer adoption of integrated pest management has also been 
extensively studied by using logit procedw'es (Napit et al. 1988, Harper et al. 
1990), although a general multinomiallogit model ofBWE support was recently 
pl'esented by Kazmierczak & Smith (1996). 

Statistical calculations for this study were conducted by using the LIMDEP 
econometric computer package (Greene 1992) and employing maximum 
likelihood estimating techniques. Maximum likelihood is the preferred 
estimating technique fol' the inherently heteroscedastic logit models because of 
its reliance on individual observations and because it ensures the large-sample 
properties of consistency and asymptotic normality (Capps & Kramer 1985). 
Although difficult to analyze within the context of nonlinear logit models, a 
principal component test suggested by Gl'iffiths et al. (1994) showed that 
collinearity among independent variables was not a significant problem. 

The goodness-or-fit for ow· estimated model was evaluated by using McFadden'sR2, 
Aldrich and Nelson's pseudo-R2, McKelvey and Zavoina's R2, and the log-likelihood 
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ratio test (Veall & Zimmerman 1992, Hagle & Mitchell 1992, Windmeijer 1995). 
Although widely used, McFadden'sR2 does not lie on the interval 10,1) and thus 
cannot be interpreted in the same way as the R2 from a linear regression 
model. Aldrich and Nelson's pseudo-R2, which does lie on the interval [0,1], can 
be easier to interpret, although it does not adjust for changes in degrees of 
freedom. McKelvey and Zavoina's R2 is the least sensitive to changes in sample 
size and the closest to the squared sample correlation coefficient of a known 
underlying model. Besides the R2s, statistics covering the number of CDITect 
within-sample predicted choices are reported because the ultimate test of a 
probabHistic choice model's goodness-of-fit is its ability to predict actual choices. 

Marginal probabilities of choosing a particular level of BWE support were 
also calculated from the estimated multinomial logit model (Greene 1992). In 
essence, the calculated marginal probabilities show the percentage change in a 
BWE program support level that could be expected given a small change in an 
independent variable. Because the marginal probabilities are not simple linear 
transformations of the estimated model parameters, standard errors were 
determined by using the parametric bootstrap method or Krinsky & Robb 
(1986). 

Landowner model specification. Explanatory variables used in the 
landowner model can be thought of as belonging to four broad groups: standard 
socioeconomic characteristics, location, knowledge, and opinions (variables 
defined in Table 1). The hypothesized effect of socioeconomic variables (AGE, 
GENDER, RACE, EDUCATION, NON-LAND INCOME) on landowner support 
was uncertain because little research has examined pest management programs 
with respect to landowners, and general adoption studies have generated mixed 
results for socioeconomic variables (Rogers 1983). Recent studies of producers 
and pest management programs have suggested that education should be 
positively related to new program support levels, with the argument being that 
both general and specific knowledge provides individuals with the ability to 
understand and use ne,,\' technologies. Income from sources not related to 
farming also tends to make producers more willing to adopt new technologies, 
prim31ily because it provides a potential buffer against· farm income risk. These 
arguments suggest a hypothesized positive relationship between a landowner's 
BWE suppm·t and their education and non-land income. All other socioeconomic 
variables were hypothesized to have indeterminate signs. 

The location variable used in the landowner model (REDRNER) identified 
whether the individual owned land in the Red River or Delta production areas 
of Louisiana. Compared with the Delta region, the Red River area has fewer 
cotton farms, smaller farms, and a higher level of pest pressure from the boJJ 
weevil. Thus, the variable REDRIVER was expected t.o have a positive 
relationship with B\VE program support. Given that the aWE program 
operates primarily on a per acre basis, it was unclear what effect acres of land 
owned (ACRES OWNED) would have on landowner support. One hypothesis 
would be that owned acreage should be positively related to B\VE SUppOJ·t 
because the long-term economic benefits of the program are eventually 
capitalized into land values. This potential increase in land value gives 
landowners with larger holdings a greater incentive to support the program. 
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Table 1. Definitions of variables used in the logH analyses of 
landowner and producer support for the Louisiana boll 
weevil eradication program. 

Variable Description 

SUPPORT 

AGE 

GENDER 

RACE 

EDUCATION 

OUTSIDE or 
NON-LAND INCOME 

ACRES FARMED or 
OWNED 

RISK LEVEL 

GENERATION 

PRACTICES 

PRIVATE 

PUBLIC 

Respondent's level of support for the proposed 
Louisiana boll weevil eradication program; 0 for 
Opposed, 1 for In Favor. 

Respondent age. 

Respondent gender; 1 being male, zero female. 

Racial background; 1 being Caucasian, zero otherwise. 

Respondent's level of education; 1 being high school, 2 
being completed high school, 3 being some college or 
trade school, 4 being completed college, 5 being 
graduate work. 

Annual amount of family income from non-farm 
(producers) or non~land (landowners) sources; 1 being 
none, 2 being less than $10,000, 3 being $10,001 to 
$20,000, 4 being $20,001 to $30,000, 5 being greater 
than $30,000. 

Acres of land farmed (producers) or owned 
(landowners) by respondent. 

Measure of a producer's risk diversification; the 
number of crops grown weighted by percent of acreage 
allocated. 

Producer's intention to have a family member 
eventually assume farm operation; 0 being no, 1 being 
yes. 

Index of the number of cotton insecticide resistance 
management (IRM) and integrated pest management 
(rPM) practices currently used by the producer; range 
li'OID 0 to 8. 

Index of producer ratings of private pest management 
information sources (dealers. consultants, printed 
chemical company material); range from 1 being not 
important to 15 being very important. 

Index of producer ratings of public pest management 
information sources (extension service entomologists, 
p"inted material. meetings); range from 1 being not 
important to 15 being very important. 
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Table 1. Continued. 

Variable Description 

KNOWLA 

KNOWOTHER 

ENVIRON 

ECON 

REDRIVER 

Sum of a series of true/false questions that measures 
the accuracy of a respondent's knowledge about the 
implementation of the proposed Louisiana Boll 'Weevil 
Eradication Program; range from 1 being no knowledge 
to 6 being perfect knowledge. 

Sum of a series of true/false questions that measures 
the accuracy of a respondent's knowledge about the 
results of Boll Weevil Eradication Programs in other 
states; ranges from 1 being no knowledge to 10 being 
perfect knowledge. 

Summed Likert scale measure of a respondent's 
agreement with the statement "Environmental benefits 
of the Boll Weevil Eradication Program may justify a 
producer's loss of control over pest management 
activities"; range from 1 being strongly disagree to 5 
being strongly agree. 

Summed Likert scale measure of respondent's 
agreement with the statement "Economic benefits of the 
Boll Weevil Eradication Program may justify a 
producer's loss of control over pest management 
activities"; range from 1 being strongly disagree to 5 
being strongly agree. 

Location variable; 1 if respondent produced or owned 
land in Louisiana's Red River Production Region, zero 
otherwise. 

Given the general success of BWE in the southeastern United States prior to 
the survey conducted for this study, a landowner's level of knowledge regarding 
the outcome of BWE programs in other states (KNOWOTHER) was 
hypothesized to be positively related to support for the Louisiana program. The 
effect of knowledge about the implementation of BWE in Louisiana (KNOWLA) 
was more difficult to hypothesize because the financial impact of program costs 
\vould only directly affect the landowners if they agreed to share the costs with 
their tenants. However, program costs would expose their tenants to a higher 
level of financial risk, potentially affecting landowners indirectly through 
default rates. These opposing effects suggest that the relationship between 
specific program knowledge and support can only be determined empirically. 

The role of environmental and economic attitudes in a landowner's decision 
to support the BWE program was captured in the variables ENVIRON and 
ECON. Given that the B\VE program was developed and promoted as a 
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positive factor in maintaining the long-term economic and environmental 
viability or cotton production, both ENVIRON and ECON were expected to be 
positively related to support for the program. 

Producer model specification. Similar to the landowner model 
specification, the producer model contained explanatory variables that 
measured the influence of socioeconomic characteristics, location, knowledge, 
and opinions on support for the BWE program (variable definitions in Table 1). 
The potential influence or AGE, GENDER, and RACE was unknown given the 
mixed results obtained in other studies (Roger 1983). Both EDUCATION and 
OUTSIDE INCOME were hypothesized to be positively related to BWE 
program. The location variable REDRfVER was expected to be positively 
related to BWE support because or the higher level or boll weevil pressure in 
that production area. Given that BWE program costs are assessed on a per 
acre basis, with producers generally being responsible for paying the 
assessment, the number of ACRES FARMED was hypothesized to be negatively 
related to BWE program support. 

The general success or BWE in the southeastern United States through the 
1994 growing season suggested that a producer's level or knowledge regarding 
the outcome of BWE programs in other states (KNOWOTHER) would be 
positively related to support for the Louisiana program. The effect of 
knowledge about the implementation or BWE in Louisiana (KNOWLA) was 
difficult to hypothesize, especially considering regional differences in boll weevil 
problems and attitudes toward government intervention in fann operations. As 
in the landowner model, ENVIRON and ECON were hypothesized to be 
positively related to BWE support. 

Besides many of the explanatory variables used in the landowner model, the 
producer model also contained variables that defined the characteristics of their 
farming operation. These included a measure of a producer's risk 
diversification (RISK LEVEL), use of cotton insect resistance management and 
integrated pest management practices (PRACTICES), opinions on private and 
public sources of pest management inrormation (PRIVATE and PUBLIC), and 
whether they intended to have a family member take over the farming 
operation in the future (GENERATION). A positive effect of RISK LEVEL on 
BWE program support was hypothesized, with the argument assuming that 
producers who are large enough to risk diversify their operations would also be 
sophisticated enough to recognize the potential benefit of the B\VE program. In 
addition, these large producers receive most of the BWE benefits even though 
they bear most of the program costs. 1'he use of other advanced pest control 
technologies, captured in the variable PRACTICES, was hypothesized to be 
positively related to BWE program support (Szmedra et .1. 1991), as was 
reliance on PUBLIC sources of pest management information. The potential 
impact of PRIVATE sources of information was unknown, although anecdotal 
information suggested that consultants and chemical dealers in the state were 
mixed in their opinions of the BWE program. GENERATION was expected to 
be positively related to BWE program support because or the program's rocus on 
long-term pest management and thus the long-tenn economic viability of cotton 
production. 
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Results 

Summary statistics for the landowner and producer BWE program support 
models are presented in Tables 2 and 3. Model Chi-square statistics show that 
variation explained by each model is significantly different from zero. In terms 
of goodness-of-fit, McFadden's and Aldrich and Nelson's R2s for both models 
were calculated to be at the high end of the range typically reported for logit 
models (Harper et al. 1990, Kazmierczak & Smith 1996). A more robust 
goodness-of·fi.t measure, the McKelvey and Zavoina's R2, indicated a very good 
fit for both the landowner and producer models. The estimated within-sample 
predictive accuracy was also high, correctly predicting 83.6% of the landowner 
support and 86.5% of the producer support for the Louisiana BWE program. 

Landowner model. Three of the 11 variables in the model had positive, 
statistically significant estimated coefficients: NON-LAND INCOME, 
KNOWOTHER, and ECON (Table 2). The estimated coefficient for NON
LAND INCOME suggests that as income from a source other than the land 
increases, the probability of supporting BWE will also increase. Similarly, 
increasing knowledge of the BWE program in other states (KNOWOTHER) and 
stronger opinions that the economic benefits of BWE justify a producer's loss of 
decision-making power (ECON) both increased the probability of a landowner 
supporting the BWE program. The sociological variables of AGE, GENDER, 
RACE, and EDUCATION had no statistical effed on the probability of 
supporting BWE. The size of a landowner's holdings (ACRES OWNED) and the 
land's location in the state (REDRIVER) were also non-significant in 
determining the probability of supporting BWE, as was knowledge of the 
specific implementation features of the Louisiana BWE program (KNOWLA) 
and opinions about the BWE program's relative environmental benefits 
(ENVIRON). 

Producer model. Estimated coefficients for the producer model indicated 
that a respondent's AGE was negatively related to the probability of supporting 
the BWE program (Table 3). Female producers were more likely to support the 
BWE program, although the influence of GENDER was not strongly significant. 
Other sociological variables (RACE, EDUCATION) had no significant 
relationship with the probability of supporting B\¥E. In contrast to the 
landowner model, a producer's OUTSIDE INCOME had no significant innuence 
on the probability of BWE support, nor did the number of ACRES FARMED or 
the likelihood that the farm would be passed to a family member 
(GENERATION). 

Whereas the size of a pr"oducer's operation had no innuence on the 
probability of supporting B\VE, experience with integrated resistance 
management and integrated pest management practices (PRACTICES) was 
significantly and positively related to the probability of supporting BWE. 
Believing that public sources of pest management information (PUBLIC) were 
important was also positively related to support for BWE, but opinion on 
information obtained from private sources (PRrVATE) was not a significant 
influence on producer support for BWE. Knowledge of the BWE program in 
other states (KNOWOTHER) had a significant and positive innuence on the 
probability of support. Knowledge of the specific Louisiana B\VE program 
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Table 2. Estimated logit model of landowner support for the Louisiana 
boll weevil eradication program. 

Variable Estimated Coefficient Standard Error Probability Levelo 

AGE 0.01548 0.01575 0.3258 

GENDER 0.22630 0.41530 0.5858 

RACE -0.33220 0.41950 0.4284 

EDUCATION 0.00157 0.13150 0_9905 

NON-LAND INCOME 0.31502 0.14170 0.0262 

ACRES OWNED 0_00056 0.00064 0_3829 

KNOWLA 0.05760 0.13080 0.6596 

KNOWOTHER 0.87442 0.19370 0.0001 

ENVIRON -0.34490 0.38170 0.3663 

ECON 1.56950 0_38160 0.0004 

MDRNER -0.27326 0_55470 0.6223 

N 220 

Model Chi-Square (11 D.F.) 114.04 

Significance level 0.00000001 

McFadden's n2 0.40 

Aldrich and Nelson's R2 0.34 

McKelvey and Zavoina's R2 0.83 

% Correct Predictions (overall) 83.6 

nSignificance of coefficient t.-tcst, or the probability of the eSlimatcd coefficient not being significantly 
different. from zero. 
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Table 3. Estimated logit model of producer support for the Louisiana 
boll weevil eradication program. 

Variable Estimated Coefficient Standard Error Probability Levela 

AGE -0.04671 

GENDER -1.16980 

RACE -0.31255 

EDUCATION 0.13935 

OUTSIDE INCOME 0.05000 

ACRES FARMED -0.00001 

RISK LEVEL 0.05580 

GENERATION 0.39175 

PRACTICES 0.31359 

PRIVATE -0.22163 

PUBLIC 0.23923 

KNOWLA -0.82435 

KNOWOTHER 1.38440 

ENVIRON 0.52386 

ECON 0.51153 

REDRIVER -0.29418 

N 

Model Chi-Square (16 D,F.) 

Significance Level 

McFadden's R2 

Aldrich and Nelson's R2 

McKelvey and Zavoina's R2 

% Correct Predictions (Overall) 

0.02160 0.0305 

0.84350 0.1655 

0.81640 0.7018 

0.18820 0.4591 

0.14770 0.7350 

0.00013 0.9200 

0.22340 0.8027 

0.59670 0.5115 

0.16400 0.0558 

0.17980 0.2178 

0.10420 0.0217 

0.29310 0.0049 

0.32410 0.0002 

0.48690 0.2819 

0.45920 0.2653 

0.65870 0.6551 

171 

90.052 

0.0000001 

0.44 

0.35 

0.89 

86.5 

aSignificanCC! or coefficient t-test, or the probability of the cslimak.,<1 coefficient not being significantly 

different from zero. 
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(KNOWLA) had a significant and negative efTect on the probability of support. 
Similar to the landowner model, the geographic location of production 
(REDRlVER) and opinions on the BWE program's environmental benefits had 
no innuence on the probability of producer support. ]0 contrast to the 
landowner model, opinions about the economic benefits of BViE outweighing 
the loss of producer control (ECON) had no significant impact on the probability 
that a producer would support the BWE program. 

Marginal probabilities. The significant marginal probabilities of 
supporting the Louisiana B\VE program given the estimated model are 
presented in Table 4 for both landowners and producers. These marginal 
probabilities show, in percentage terms, the expected ability to change the 
probability of a respondent's support by inducing a small change in an 
independent variable. Estimates suggest that potential changes in landowner 
support have little relationship with socioeconomic variables, but that producer 
support is negatively influenced by AGE and GENDER For every additional 
year of age, producers would be expected to decrease their support for the B\tVE 
program by 7.2%. Producer support for the program also decreased by 18.1% 
for males versus females, although the eITect was not very strong statisticalJy. 
Unlike producel·s, landowner support for the BWE program would be expected 
to increase by 5.9% for every additional $10,000 of income generated from non
1and sources. 

Knowledge of the implementation procedures associated with the proposed 
Louisiana BWE program was significantly and negatively related to changes in 
producer support, with every additional piece of accwoate infonnation leading to 
a 12.8% decrease in the probability of supporting the program (Table 4). 
Knowledge of B\¥E in other states was also a significant determinant of 
marginal probability for both landowners and producers. Additional accurate 
information about B\VE in other states increased the probability of landowner 
support for Louisiana's BWE by 16.3% and the probability of producer support 
by 21.5%. Increasing agreement that the economic benefits of BWE outweighed 
the potential loss of producer control over decision making was also 
significantly related to landowner support for the program, increasing the 
probability of support by 29.2%, or the highest calculated marginal probability 
efTect. 

Experiences with insecticide resistance management (IRM) or integrated 
pest management (IPM) PRACTICES and confidence in PUBLIC sources of 
pest management information were the only produc€tO-specific variables 
significantly related to the marginal probability of supporting the BWE 
program (Table 4). The adoption of each additional IRM or [PM practice by a 
producer would be expected to increase the probability of supporting BWE by 
4.8%; increasing confidence in public sources of information was associated 
with a 3.7% marginal probability of supporting the BVV'E program. 

Discussion 

There are many factors that can prevent coordinated pest management 
programs like BWE from forming, including unequal pest control demand 
among producers, problems in determining the correct size for a pest 
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Table 4. Marginal probability of support level witb respect to change in 
an independent variable (model variables having no 
significant marginal probability omitted). 

Marginal Probability ror: 

Variable Landowner Support Producer Support 

AGE 

GENDER 

NON-LAND rNCOME 

KNOWLA 

KNOWOTHER 

ECON 

PRACTICES 

PUBLIC 

0.05869 • 
(0.02758) 

0.16292 •• 
(0.04483) 

0.29242 •• 
(0.08708) 

-0.07240 .,.b 
(0.00361) , 

-0.18134 
(0.13370) 

-0.12779 •• 
(0.04938) 

0.21461 •• 
(0.05651) 

0.04861 " 
(0.02689) 

0.03708 " 
(0.01736) 

0Blanks indicate that.lha probability of the estimat.ed nlarginal value not being significantly dilTerent 
from zero was greater than 0.20. 

bJit Indicates significance :It. nn ulpha le ....el = 0.10; ** indicates sib'llificancc nt an nlphn level"" 0.01; all 
other reported marbrinol probabilitics significant at. an alphn lcvcl = 0.20. 

CValues in parentheses arc t.he standard errors of the estimated marginal prob:lbility a1'l dctennincd 
by parametric bootstrap (Krinsky & Robb 1986) by using 2.000 simulated draws. 
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management program, and problems in devising an appropriate and acceptable 
cost sharing arrangement (Carlson & Wetzstein 1993). Because many of these 
problems arise from the perceptions and experiences of potential program 
participants, education programs that promote BWE and referendum approvals 
are critical to success. A key aspect of effective education programs is 
knowledge of the potential audience, their characteristics, and their cun-eot 
attitudes toward the program being promoted. For BWE, the appropriate 
development and targeting of educational efforts must consider both 
landowners and producers because both types of individuals might be 
monetarily affected by the program and thus have a right to vote on an 
implementing referendum. 

Surprisingly, results suggest that most of the standard socioeconomic 
variables that are oftcn related to attitudes toward agricultural technologies 
were unimportant in determining either landowner or producer support for the 
Louisiana BWE program. Age, gender. race, and education were all unrelated 
to landowner BWE support, suggesting that the BWE program does not have a 
strong attraction for any specific landowner sociological group. Age was 
negatively related to producer BWE support, a result observed in other studies 
of technology adoption (Rogers 1983). Gender also played a minor role, with 
females tending to be more supportive of the program than males. Larger non
land income was related to increased landowner support, but the risk-reducing 
nature of outside income did not influence producers. The number of acres 
owned or farmed had no relationship to BWE support, suggesting that 
respondents perceived the BWE program as neutral in terms of its effects on 
fanns of different sizes. 

In contrast to the socioeconomic variables, results suggest that program 
knowledge had a significant role in determining support for the Louisiana BWE 
program. Knowledge of past program performance in other states was strongly 
related to both landowner and producer support for the Louisiana BWE 
program. This result was expected given the BWE successes across the 
southeastern United States and the efTort expended on educational programs 
by LeES. Another reason for the importance of knowledge lies in the fact that 
the widespread adoption of any tecbnology usually requires a period of trial and 
error during which most potential users become familiar with the technology 
and the potential benefits that can be obtain from its use (Rogers 1983). In a 
mandatory RWE program, this observation of past successes is even more 
important because adoption cannot take place incrementally. 

Knowledge of past B'NE program successes does not completely address the 
role of information in determining support for the proposed Louisiana BWE 
program. One factor that may act against knowledge of past successes is if the 
program design is somehow at odds with the needs of participants. Results 
from the estimated model suggest that the specific formulation of the Louisiana 
BWE program is a significant hindrance to the development of producer 
support for the program. Anecdotal evidence suggests that the potential loss of 
pest management decision-making freedom, and in particular the role of state 
government, may have generated opposition to the BWE program among 
producers. This concern with program implementation was not found among 
landowner respondents, perhaps due to their relative lack of knowledge 
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concerning implementation or a perception that. they are not directly affected by 
t.he details of program implementation. 

In contrast to the estimated model coefficients, which indicate the variables 
associated with a respondent choice to oppose or support B\VE, the calculated 
marginal probabilities represent the potential for shifting respondents from the 
opposed to supporting category. Results indicate that increasing both 
landowner and producer knowledge of past pt'ogl'am successes can strongly 
i.nnuence the ultimate support level. However, knowing about the specifics of 
program implementation will not necessarily lead to greater program support 
by producers, perhaps because program features connict with actual pest 
control demands or opinions concerning the role of government in farming 
operations. Building an educational program around the economic benefits of 
coordinated management can encourage landowners to support the RWE 
program, perhaps because they have little knowledge or experience with the 
concept of coordinated pest control. BWE program promotion by using 
tangential issues, such as the potential long~term environmental benefits from 
reduced insecticide use, did not affect BWE program support. But, promotion of 
the program among producers can be enhanced by emphasizing the role of 
public information distribution channels such as the extension service. 

Knowledge, experience, and sources of information appear to playa 
significant role in both landowner and producer support for the Louisiana BWE 
referendum. Interestingly, landowners in our study appeared to be more 
inOuenced by the economic issues surrounding the BWE program than did 
producers. Producers, in contrast, seemed willing to support the BWE program 
if they had confidence in the public sources of pest management information 
and some experience with IRM and IPM practices. Taken together, the results 
of this study suggest that there are opportunities to enhance program support 
on a statewide basis, but that the differences in experience and information 
backgrounds between landowners and producers must be taken into account. 
For example, redesigning BWE program implementation specifics has the 
potential to increase producer support without affecting landowner support. 
Simultaneously, development of a landowner and producer knowledge base 
covering B\VE experiences in other states is essential to expanded support for 
the B\VE program. The future development and implementation of other 
coordinated pest management programs may also benefit from the development 
of this knowledge base, a possibility that suggests the need for long-term 
education programs that carefully delineate the target audiences and the 
information that the audience uses to make decisions concerning coordinated 
pest management programs. 
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