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Sweep-net sampling and pheromone trapping were evaluated

to quantify adult western spotted cucumber beetle (WSCB),

Diabrotica undecimpunctata undecimpunctata Mannerheim

(Coleoptera: Chrysomelidae), populations in snap beans, Phaseolus

vulgaris L. Economic injury levels, economic thresholds, and

sequential sampling plans based on sweep-net sampling were

established.

Differences in mean numbers of WSCB in separate sets of

sweep-net samples collected from the same field on the same day

were negatively correlated (R2=.72) with the difference between

radiation intensity measurements taken during sampling. When

changes in WSCB counts in sweep samples were described in relation

to an average diel radiation curve, estimated counts were lowest

for sampling conducted at 1:00 p.m. Time-based correction factors

that stabilized relative density estimates according to a standard

(9:00 a.m.) sampling time ranged from 0.9 for 6:00 p.m. to 2.5 for

1:00 p.m. The linear relationship (R2=.69) between corrected



sweep-net and absolute estimates of WSCB density indicated

sweep-net sampling efficiency varied from 15% to 41% depending on

sampling time.

Iwao's (1968) patchiness regression described WSCB sample

data better than Taylor's (1961) power law and was used to

characterize WSCB spatial patterns. Linear regression (R2=.72)

of pod damage estimates (field means) on average corrected counts

of WSCB in sweep samples was used to estimate an economic injury

level at 4.1 beetles per 10 sweeps (corrected). A corrected

average of 3.0 beetles per 10 sweeps was proposed as the economic

threshold. Hourly thresholds adjusted to compensate for diel

changes in sampling efficiency ranged from 1.2 to 3.3 beetles per

10 sweeps (uncorrected). Adjusted thresholds were used with a

and 8 values from Iwao's patchiness regression to develop

sequential sampling plans.

In field trials, yellow Pherocon 1C traps baited with

Herconelures containing 1.1 mg of (R)-10-methyl -2-tridecanone

captured significantly (p<.01) more WSCB than traps with lures

containing 10.0 mg of the same attractant. Traps baited with 1.1

or 10.0 mg of attractant captured significantly (p<.01) more WSCB

than unbaited traps. In subsequent trials, a regression model

based on corrected means of WSCB counts from sweep samples and

average high temperature described 59% of the variability among

transformed means of beetle counts from traps baited with 1.1 mg of



attractant. A linear regression model based on the number of

beetles captured per trap per day explained 47% of the variability

among damage estimates from 12 fields. An economic injury level

was estimated at 53 WSCB per trap per day.
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PREFACE

In 1980 the Oregon State University Extension Service

initiated a pilot integrated pest management (IPM) program for snap

bean production. A major goal of that program was to improve

sampling and decision-making methods used by growers to determine

management practices for key insects and diseases. Although the

western spotted cucumber beetle (WSCB), Diabrotica

undecimpunctata undecimpunctata Mannerheim, is an important

pest in snap beans, little research had been conducted on sampling

methods or criteria for control of this insect. This thesis

project was initiated to provide the information needed to outline

practical sampling and decision-making methods for use in WSCB

management. Many of the experimental designs and methods

employed in this research reflect the demands of the Extension

project which provided the problems and the study areas.



SAMPLING METHODS AND INJURY THRESHOLDS
FOR WESTERN SPOTTED CUCUMBER BEETLE

IN SNAP BEANS

SECTION I

INTRODUCTION AND LITERATURE REVIEW

The western spotted cucumber beetle (WSCB), Diabrotica

undecimpunctata undecimpunctata Mannerheim (Coleoptera:

Chrysomelidae), is a serious pest of snap beans, Phaseolus

vulgaris L., grown in western Oregon for processing (Berry

1978). Its feeding on pods results in scars that reduce the value

of the processed crop. Although processors routinely recommend

insecticide applications to control WSCB, little research has been

conducted to establish criteria for determining the need or timing

for control in individual fields. The research reported here was

conducted to establish practical sampling methods and guidelines for

determining WSCB control needs.

Independent papers presented in Sections II-IV of this

thesis describe in detail the sampling and decision-making research

conducted. Because each paper is written for independent

publication, some repetition is necessary in the introductions of

each section and this general introduction and literature review.

Although each paper includes background essential to understanding

problems and methods presented in that paper, little attempt is made
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in Sections II-IV to review crop production, pest biology, or

sampling and pest management in general. The review presented

here provides general information concerning four topics: snap bean

production, WSCB biology and pest status, sampling and

decision-making in integrated pest management, and insect sex

pheromones.

Snap Bean Production

Snap beans, grown for processing on 8 to 12 thousand

hectares in western Oregon, provide an annual farm-gate income that

exceeds $20 million. Oregon is the nation's second leading supplier

of processed snap beans, producing about 20% of the U.S. crop

(Williamson and Ledbury 1984). Snap bean yields in western Oregon

rank first in the nation, as average net yields often exceed 11

metric tons per hectare (5 English tons per acre) (Williamson and

Ledbury 1984). Recent yield and price figures indicate the

farm-gate value of an average snap bean crop is $2200-2500 per

hectare ($900-1000 per acre).

Over 90% of Oregon's snap bean acreage is located west of

the Cascade Mountains, primarily in the Willamette River Valley

(Williamson and Ledbury 1984). Field sites vary from flood plains

to rolling hills, and soils range from well-drained sands to silt

loams. Adjacent crops include wheat, sweet corn, cole crops, peas,
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peppermint, small fruits, tree fruits, nuts, and a variety of seed

crops. Many low-lying fields are surrounded by woods.

Several snap bean cultivars are well-suited to western

Oregon's environmental conditions. Oregon 1604 and Asgrow 290 are

the most popular; other common green bean cultivars include Rogers

Bros. B52, OSU 91, and Slenderette (Mansour 1975). Rams (a

"flat-pod" or Romano bean) and one or more wax bean cultivars are

grown on less than 10% of the state's processing snap bean acreage.

Snap beans are planted from late April through late June

according to schedules specified by processors. These schedules

provide an even and continuous supply of beans for canning and

freezing from early July through early September. The interval from

planting to harvest is approximately 10 weeks, although this varies

with planting date, weather, and variety (Mansour 1975).

Well-prepared seedbeds favor rapid, uniform snap bean

emergence (Mansour 1975). Preplant herbicides (EPTC and/or

trifluralin) are usually soil-incorporated during the final tillage;

a soil insecticide (usually fonofos) is sometimes incorporated at

the same time. Nitrogen, phosphorus, and potash fertilizers are

required for optimum bean growth and high yields (Mansour 1975).

Row spacings of 76 an are most common, but spacings as narrow as 18

cm are used in "high-density" plantings (Mansour 1978). Soon after

planting and before bean emergence, the herbicide dinoseb is applied

to the soil surface to control a wide range of broadleaf weeds and

grasses. Bean seedlings usually emerge 5-10 days after planting.
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Snap beans grown in western Oregon are sprinkler -

irrigated. As spring rains diminish, irrigation intervals range

from 5-10 days depending on crop growth stage and weather

conditions. Common irrigation systems include hand lines,

wheel-roll systems, and center-pivots.

Beans begin to bloom approximately 5 to 6 weeks after

seedling emergence, and full bloom occurs a few days later. Where

foliage and pod molds are anticipated, foliar fungicides are applied

at early bloom (MacSwan and Koepsell 1984). Although

bloom-to-harvest intervals vary among cultivars, an average of 21-25

days elapse between full bloom and harvest. During the final 2

weeks preceding harvest, adult WSCB feed on maturing pods and cause

cosmetic damage. Foliar insecticides are aerially applied to

control WSCB. All snap beans grown for processing are mechanically

harvested, and processors determine the harvest timing that will

provide the highest quality and yield.

The Western Spotted Cucumber Beetle

The predominantly neotropical genus Diabrotica,

established by Dejean in 1837, is one of the largest genera in the

family Chrysomelidae (Smith and Lawrence 1967). From 1775 to 1940,

over 700 valid names were published or later placed in this genus

(Smith and Lawrence 1967). Smith and Lawrence (1967) recognized 909
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valid names in the subtribe Diabroticites; these authors also

detailed the nomenclatorial problems of the group.

Most North American research on the genus Diabrotica has

centered on D. longicornis (Say) and D. virgifera LeConte,

the northern and western corn rootworms. Luckman et al. (1974) and

Irwin (1977) cited 619 papers dealing with these species. Neither

of these major Midwestern pests occurs in Oregon (Luckman et al.

1974).

The species now recognized as D. undecimpunctata was

originally described by Mannerheim (1843) (cited in Smith and

Lawrence 1967) from specimens collected in northern

California. LeConte (1865) (cited in Smith and Lawrence 1967)

described the same species under the name D. soror. The

binomial D. soror was widely used in entomological literature

through the early 1900's (Doane 1897, Sell 1915, Boving 1927, and

Essig 1929). Barber (1947) proposed establishing two species,

D. howardi and D. mauliki, but currently these are

recognized as two subspecies, D. u. howardi Barber and D.

u. undecimpunctata Mannerheim (Smith 1966).

D. u. undecimpunctata (WSCB) is found commonly from

northern Mexico through California and western portions of Oregon,

Washington, and British Columbia (Smith 1966). Although seasonal

migrations may cover great distances and provide erratic

distribution records, Smith (1966) reported that neither WSCB nor

D. u. howardi was able to overwinter in areas where the mean
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January temperature was below zero (C). Branson and Krysan (1981)

discussed the evolution and distribution of Diabrotica species in

relation to oviposition and feeding habits.

Early observations on the identification, biology, and

pest status of WSCB included those by Doane (1897), Chittenden

(1910), Sell (1915), and Boeing (1927). Unlike the major corn

rootworm pests of the Midwest, WSCB is a multivoltine, polyphagous

insect. Rockwood and Chamberlin (1943) reported serious damage

caused by adults feeding on seedling clover. Michelbacher et al.

(1941) described adult feeding damage on stone fruits. Essig (1929)

listed roots of grasses, corn, millet, oats, and rye as larval food

hosts; he also wrote that tree fruits, flowers, and numerous field,

truck, and forage crops served as food plants for adults. Berry

(1978) reported that corn, bean, potato, and crucifer roots

supported larval development; adults were reported to feed on corn,

beans, and cucurbits.

Rockwood and Chamberlin (1943) investigated the biology of

WSCB in Oregon. They found that adults overwintered, sometimes in

caches similar to those of lady beetles. More than 90% of the

overwintering beetles examined by Rockwood and Chamberlin (1943)

were fertilized females. Overwintered females begin to deposit eggs

at the bases of larval host plants in April and May (Berry 1978),

and eggs hatch in 7-21 days (Rockwood and Chamberlin 1943). Larval

development requires about 3 weeks, as do the combined prepupal and

pupal stages (Rockwood and Chamberlin 1943). Although Rockwood and
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Chamberlin (1943) reported only a single generation develops

annually, irrigated croplands support the development of a second

generation each summer (Berry 1978). Adults of summer generations

are numerous from June through October (Berry 1978). During this

period, males are predominant in field samples, often in ratios of

3:1 or higher (Rockwood and Chamberlin 1943, Arant 1929).

Natural controls of WSCB include extended winter cold

periods, the tachinid parasitoid Celatoria diabroticae (Shim.),

and one or more mermithid nematodes (Rockwood and Chamberlin

1943). The entomogenous fungus Beauveria globulifera (Speg.)

also has been recorded as an important natural control agent

(Rockwood and Chamberlin 1943). The significance of Diabrotica

spp. control provided by generalist predators such as carabids is

unclear (Esau and Peters 1975, Tyler and Ellis 1979, and Kirk 1982).

Turpin and Peters (1971) found D. u. howardi survival was

reduced in light, sandy soils (compared to fine-textured, clay

soils), and proposed that abrasion and dessication contributed to

higher mortality in sandy soils.

WSCB is an important pest in snap beans because it feeds

on bean pods and causes cosmetic damage that reduces the value of

the processed crop (Berry 1978). Although the United States

Department of Agriculture sets cosmetic quality standards for

processed snap beans (Anon. 1959), wholesale buyers more rigidly

limit damage in Grade A beans to the equivalent of 1.5 feeding scars

per 100 pods (personal communication, Quality Control Department,
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Agripac, Salem, Oregon). Insecticides registered for WSCB control

in snap beans provide only limited residual effectiveness, and

frequent irrigations wash insecticide residues from bean foliage.

Eltoum (1979) investigated snap bean resistance to WSCB

injury. Little additional research on this pest in snap beans has

been reported.

Sampling and Decision-making

Stern et al. (1959) first proposed the phrase "integrated

control" and provided the definition "applied pest control which

combines and integrates biological and chemical control". -Stern et

al. (1959) also defined the terms "economic injury level" (EIL) (the

lowest pest population that will cause sufficient damage to justify

control costs) and economic threshold (the pest density at which

control measures should be determined to prevent a pest population

from reaching the EIL). These concepts have became the basis for

modern integrated pest management or IPM (Luckman and Metcalf 1982).

Stern (1973) and Mumford and Norton (1984) reviewed decision-making

and the economics of pest management practices.

Management decisions that incorporate EIL's or economic

thresholds require practical sampling techniques. Southwood (1978)

outlined a wide range of relative and absolute sampling methods for

diverse types of insects and habitats. Ruesink and Kogan (1982)

reviewed common sampling methods used in insect pest management
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programs. Several crop-specific sampling methods described by Kogan

and Herzog (1980) for use in soybeans also are appropriate for snap

beans.

Although sampling techniques that provide relative density

estimates are usually less time-consuming and labor-intensive than

methods yielding absolute density estimates (Southwood 1978,

Fleischer et al. 1982), factors such as crop height, wind speed,

temperature, rainfall, and solar radiation intensity can influence

the efficiency of relative-density sampling methods (Saugstad et al.

1967, Cherry et al. 1977, Ruesink and Haynes 1973, Southwood 1978).

Efforts to relate relative density estimates to absolute pest

density have been reported for pests including potato leafhopper in

alfalfa (Fleischer et al. 1982, Preuss et al. 1977, Simonet et al.

1979), green cloverworm in soybeans (Pedigo et al. 1972), and cereal

leaf beetle in small grains (Ruesink and Haynes 1973). Ruesink and

Kogan (1982) noted that calibration of relative and absolute

sampling methods is often time-consuming and not particularly

rewarding in terms of improving many sampling programs. Because of

this, many questions regarding relative vs. absolute sampling

methods have remained unanswered (Ruesink and Kogan 1982).

Sampling plans for IPM programs usually incorporate

information about pest spatial distribution. To describe insect

spatial patterns, researchers have fitted mathematical distributions

to field data arranged as frequency distributions. Ruesink and

Kogan (1982) summarized the use of Poisson and negative binomial
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distributions. The problem with "fitting" mathematical

distributions is that often a single set of field counts can be

matched with more than one mathematical model (Iwao 1970).

Patil and Stiteler (1974) characterized spatial patterns

according to variance/mean ratios from field samples. They

described under-dispersion or clumping (variance, s2, greater than

the mean, )7), randomness (s2 = T), and over-dispersion

(s2 < lc). Taylor (1961) stated that sample variance is

exponentially related to the sample mean according to the equation

s2 = ax b. This relationship has been termed "Taylor's power

law." Taylor (1961) proposed that a is primarily related to

sampling unit, but that b is a consistent index of species

aggregation. Lloyd (1967) described mean crowding as the number of

individuals found with another individual organism in the same

sample. Iwao (1968) described spatial patterns using the

relationship between the mean crowding index (m) and the sample mean

(n). He proposed regression of rn on m and computation of the

equation rn = a + am. Iwao (1968) termed this "patchiness

regression" and considered the y-intercept (a) to be the index of

"contagion", and the slope (3) to characterize the distribution of

individuals or aggregation units in the general habitat. He

described spatial patterns according to Ras follows: a > 1,

under-dispersion or clumping; 13 = 1, random distribution.

Spatial pattern indices can be used to determine the

number of samples required for specific sampling programs.
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Karandinos (1976), Southwood (1978), and Ruesink and Kogan (1982)

summarized several methods to determine a fixed sample size based on

spatial patterns, required precision, and a preliminary estimate of

the mean density of the target organism. Onsager (1976) discussed

the rationale of sequential sampling, and presented formulae for

construction of sequential sampling plans based on binomial,

Poisson, and negative binomial distributions. Pieters (1978)

reviewed numerous sequential sampling plans. Kuno (1969) and Iwao

(1975) outlined sequential sampling plans based on Iwao's (1968)

patchiness regression. Myers (1978), Steffey and Tollefson (1982),

and Taylor (1984) provided recent reviews of spatial pattern indices

and sampling plans.

Insect Sex Pheromones

By definition a pheromone is an ectohormone produced by

one individual to influence the behavior of other individuals of the

same species (Karlson and Butenandt 1959). Although Karlson and

Butenandt (1959) first used the word "pheromone", researchers

reported mate attraction by female Lepidoptera as early as 1837

(Grosser 1970). Pheromones produced by insects may influence alarm,

aggregation, maturation, migration, feeding, and mating (Birch and

Haynes 1982).

The most commonly studied insect pheromones are the sex

attractants, usually emitted by females. Most sex attractants of
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the Lepidoptera are long, straight-chain acetates, aldehydes,

alcohols, or epoxides, while sex pheromones in the Coleoptera

usually are more complex terpene-like molecules (Kydonieus and

Beroza 1982). Inscoe (1982) provided an extensive list of compounds

identified as components of insect sex pheromones.

Female Lepidoptera generally emit sex pheromones or "call"

by protruding the last abdominal segment and pheromone gland

(Sanders and Lucuik 1972a). Similar calling behavior is not

observed in Diabrotica spp. (Lew and Ball 1979) or most other

Coleoptera.

Several factors influence emission of sex pheromones.

Shorey and Gaston (1965), Sower et al. (1971), Sanders (1971), Carde

and Roelofs (1973), and Carde et al. (1974) have shown that insect

species often have distinct calling periods influenced by light

intensity, temperature, and/or humidity. Kaae and Shorey (1972)

found that wind can be a factor influencing calling location and

behavior.

Bartell and Shorey (1969b) reported that increasing

pheromone concentrations ellicited successive steps in the mating

response of Epiphyas postvittana (Walk.) (Lepidoptera:

Tortricidae). Farkas et al. (1974) reported that males of

Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae)

fly in zig-zag patterns toward higher concentrations of a pheromone

plume. Although wind is normally a factor in pheromone responses,

in their study males successfully oriented to and located a
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pheromone source in still air. Farkas et al. (1974) reported that

males land in response to a combination of visual cues and pheromone

concentrations. Prolonged exposure to sex attractant molecules has

been shown to inhibit male responses to subsequent exposures

(Bartell and Shorey 1969a, Traynier 1970, and Sower et al. 1973).

Preparation of pheromone extracts for identification or

bioassay has often involved clipping the sex attractant gland into a

solvent such as hexane, ether, or methylene chloride (Grosser

1970). Volatile compounds also have been collected from air

passing through a liquid or solid absorbent (Silverstein and Rodin

1966, Byrne et al. 1975, and Guss et al. 1983).

Pheromone-baited traps used in surveys vary from

commercial and home-made sticky traps of several shapes to

special-purpose traps designed for timing (Batiste 1970) or for

individual insect species (Leggett and Cross 1971, Sharma et al.

1971). Attractants have been placed in a number of carriers to slow

their release from traps. Examples of carriers are sand,

polyethylene bags or vial caps, dental wicks, rubber septae, and

polyvinylchloride plugs (Sanders and Weatherston 1976, Yonce et al.

1976). McKibben et al. (1971) reported success using various

anti-oxidants as "keepers" to extend the attractiveness of synthetic

baits. Hardee et al. (1972) and Roach et al. (1972) found trap

size, color, placement height, and field location to be important in

boll weevil trapping. Yonce et al. (1976) found trap height to

influence peach tree borer trapping.
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Sex pheromones have been used in broadcast applications to

reduce pest matings. Traynier (1970) proposed that sufficient

concentrations of sex attractant could lead to response habituation

in male gypsy moths and result in fewer matings. Cameron et al.

(1974) reported such reductions in gypsy moth matings following

widespread application of synthetic sex attractant. Hardee et al.

(1971), Kaae et al. (1972), and Shorey et al. (1972) reported

similar mating disruptions for other pests when sex attractants were

applied over large areas.

Cuthbert and Reid (1964) first worked with Diabrotica

spp. pheromones and demonstrated attraction of male D. balteata

LeConte to females, excised female abdomens, and abdomen

extracts. Schwarz et al. (1971) conducted preliminary studies on

the sex pheromone of D. balteata, but were unable to identify

the attractant compound(s). Staetz et al. (1976) and Lew and Ball

(1978) described the morphology of antennal receptors and

pheromone-secreting cells of D. virgifera. Guss (1976) and

Bartell and Chiang (1977) reported field trials of female D.

virgifera and pheromone extracts. Bartell and Chiang (1977)

discussed the importance of environmental factors on male responses

to pheromone traps. Guss et al. (1982) and Guss et al. (1983)

identified the sex pheromones of D. virgifera and D.

undecimpunctata respectively. Sonnet (1982) synthesized
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separate enantiomers of the D. undecimpunctata attractant, and

Guss et al. (1983) found great differences in the attractiveness of

the enantiomers.

Related research is being conducted on Diabroticite

responses to kairomones (interspecific semiochemicals that favor the

"receiving" species). Metcalf et al. (1982) and Ladd et al.

(1983) provided updated information on cucurbitacins and additional

attractants.
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SECTION II

SWEEP-NET SAMPLING FOR WESTERN SPOTTED CUCUMBER
BEETLE IN SNAP BEANS: DIEL FLUCTUATIONS IN

BEETLE COUNTS AND CORRELATION BETWEEN RELATIVE
AND ABSOLUTE DENSITY ESTIMATES
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Abstract

Sweep-net sampling was evaluated to quantify populations

of adult western spotted cucumber beetles (WSCB), Diabrotica

undecimpunctata undecimpunctata Mannerheim (Coleoptera:

Chrysamelidae), in snap beans, Phaseolus vulgaris L. Eighteen

fields were each sampled 2 to 7 times on a single date. Initial

sampling in each field was conducted between 8:00 a.m. and 10:00

a.m. by taking ten, 90-degree sweeps per site at 10 sites; 1-6

subsequent sets of samples were collected later on the same date.

Field means of beetle counts in samples collected after the initial

sampling episode (subsequent means) were significantly (p<.05)

lower than the field mean of the initial samples collected in the

same field (initial mean) in 16 of 42 comparisons. Subsequent

mean/initial mean ratios were negatively correlated (R2=.72) with

the difference between solar radiation intensity measurements taken

during the initial and the subsequent sampling episodes. When

fluctuations in beetle counts in sweep samples were described in

relation to an average diel radiation curve, estimated counts were

lowest for sampling conducted at 1:00 p.m. Time-based correction

factors that stabilized relative density estimates according to a

standard (9:00 a.m.) sampling time ranged from 0.9 for 6:00 p.m. to

2.5 for 1:00 p.m.
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Corrected counts of beetles in sweep-net samples were

compared to absolute estimates of beetle density (beetles per meter

of row) from 38 fields. The linear relationship between relative

and absolute density estimates was described by the equation:

y = 0.44 + 2.55x (R2=.69), where x = number of WSCB per meter

of row, and y = corrected number of WSCB per 10

sweeps. Estimates of sweep sampling efficiency varied from 37%

and 41% at 9:00 a.m. and 6:00 p.m. respectively to 15% at 1:00 p.m.
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Introduction

Snap beans, Phaseolus vulgaris L., grown for

processing on 8 to 12 thousand hectares in western Oregon, provide

an annual farm-gate income that exceeds $20 million. The adult

western spotted cucumber beetle (WSCB), Diabrotica

undecimpunctata undecimpunctata Mannerheim (Coleoptera:

Chrysamelidae), is the major pest that feeds on snap bean pods in

western Oregon. Although the United States Department of

Agriculture sets cosmetic quality standards for processed snap

beans (Anon. 1959), wholesale buyers more rigidly limit damage to

no more than 1.5 feeding scars per 100 pods for Grade A beans

(personal communication, Quality Control Department, Agripac,

Salem, Oregon). Processors have routinely required a single

insecticide application in all fields approximately 7 days before

harvest to control adult beetles and limit pod damage. Because

registered insecticides provide only limited residual control, and

frequent irrigations wash most residues from bean foliage, this

timing usually maximizes the damage control provided by a single

insecticide application. However, this control policy is

inadequate for heavily infested fields that incur excessive damage

prior to treatment. Conversely, a routine single insecticide

application is unnecessary in fields where low beetle populations

do not threaten crop quality.
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A necessary step in improving WSCB management in snap

beans is the development of a reliable sampling program for this

pest. Sweep-net sampling was selected as the most promising method

for large-scale field monitoring, because sweeping is inexpensive,

simple, quick, and appropriate for sparsely-dispersed insects

(Southwood 1978).

An important question accompanying the choice of the

sweep net as a sampling tool concerns sampling consistency.

Several variables influence the efficiency of sweep-net sampling.

Southwood (1978) included habitat changes, weather conditions, and

the diel cycles of insects' vertical movements as important factors

affecting sweep-net counts. Saugstad et al. (1967) and Cherry et

al. (1977) listed time, cloud cover, temperature, relative

humidity, and wind speed as factors that influence sweep-net

collection of key alfalfa pests. Ruesink and Haynes (1973) used

wind speed, temperature, solar radiation intensity, and crop height

in interpreting cereal leaf beetle counts in sweep samples.

Johansen et al. (1979) recommended considering weather conditions

at the time of sampling when interpreting counts of Lygus spp. in

sweep-net samples from seed alfalfa.

Diel patterns of insect activity have been shown to be

important in sampling for a pest closely related to WSCB.

Witkowski et al. (1975) reported fluctuation of ear zone counts of

D. virgifera virgifera LeConte on field corn, and they

concluded that time of day and temperature were factors associated
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with this fluctuation. A similar diel cycle for WSCB activity in

snap beans would cause considerable variation in beetle counts in

sweep-net samples collected at different times of day. Although

field representatives for western Oregon vegetable processing

companies have suggested diel fluctuations in WSCB counts, no data

supporting such a conclusion have been reported.

This paper reports investigations of diel fluctuations in

counts of WSCB in sweep-net samples from snap beans and the

development of correction factors that standardize counts to

provide consistent relative population estimates. Corrected beetle

counts from sweep samples are compared to absolute density

estimates to determine the reliability and efficiency of sweep-net

sampling.



Materials and Methods

Diel Fluctuations:
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To detect diel fluctuations in WSCB counts in sweep-net

samples, eighteen, 4- to 8-hectare snap bean fields were sampled 2

to 7 times per day (1 sample date per field). Initial sampling in

each field was conducted between 8:00 and 10:00 a.m., because

excessive breakage of wet, turgid vines made earlier sweeping

undesirable. Subsequent sampling intervals varied from 1 to 4

hours. A 38 -an diameter net was used to sweep approximately 30 an

"deep" across 2 bean rows. A single sample consisted of 10 sweeps

collected while walking 10 paces between the 2 rows. A 10-sweep

sample was chosen because a greater number of sweeps per sample

resulted in an excessive buildup of foliage in the net. In

preliminary trials, 10 sweeps per sample provided a lower

variance/mean ratio (for 20 sites per field) than 1 or 5 sweeps per

site. Plant height was approximately 50 an during the 3- to

4-week bloom-to-harvest sampling period.

During each sampling episode, 10 sites (each randomly

selected within one of 10 predetermined sections of the field) were

swept (10 sweeps per site), and time, ambient temperature, and

number of beetles were recorded. Solar radiation intensity

(langleys per hour) was recorded for each sampling episode from

recording pyrheliometers located at weather stations within 35 km
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of sampling sites. Relative humidity was not considered, because

staggered irrigation schedules produced a wide range of relative

humidities across each field. Wind speed was not measured at field

sites during sampling. According to records from nearest weather

stations, wind speed for all sample dates and times averaged 12.6

km per hour (7.8 miles per hour). Hourly averages of wind speed

varied little during the interval between first and last samples on

any single sample date. Because recorded fluctuations in wind

speed were insufficient to contribute to regression models, wind

speed was not included in further analyses. Sampling was not

conducted on days when rainfall exceeded a trace or in areas

irrigated during the preceding 12 hours.

Samples collected on 13 dates during the 1981-1983

seasons provided 60 sampling episodes for analysis. Sampling

episodes were designated as "initial" (first sample for each field,

n=18) or "subsequent" (all later samples for each field, n=42).

Unpaired t-tests were used to analyze comparisons of the field mean

of beetle counts per 10 sweeps in each subsequent sample (from

hereon termed subsequent means) vs. the corresponding field mean of

beetle counts per 10 sweeps from the initial sample collected in

the same field (from hereon termed initial means). To evaluate

factors associated with diel changes in beetle counts in sweep net

samples, simple and multiple regression models were

constructed. Subsequent means (dependent variable) were

regressed against (independent variables) initial means and time,
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temperature, and radiation intensity measured during each

subsequent sample. The difference between solar radiation

intensity measurements taken during the initial and each subsequent

sample also was considered as an independent variable and was

defined as intensity during the subsequent sample minus intensity

during the initial sample from the same field.

To examine the relationship between corresponding

subsequent and initial means without the complexity caused by

different population densities among fields, subsequent

mean/initial mean ratios were computed for samples taken from the

same field. These ratios were plotted against the independent

variables listed above.

Sweep Net Vs. Absolute Density Estimates:

To assess the reliability and efficiency of sweep-net

sampling, beetle densities were estimated using both sweep-net

counts and direct counts of beetles per meter of row. To control

beetle escape during direct counts, a collapsible emergence cage

was used as a containment net during sampling (Fig. II-1). The

cage was constructed of 12-mesh vinyl screening attached to a

1-meter square wooden frame. Screening was gathered and tied so

that the cage was pyramid-shaped. In making absolute density

estimates, a cage was rapidly swung into place with one, 1-meter

edge of the frame on the soil surface directly against the base of



25

a row of plants. The frame was held perpendicular to the soil

surface, and the screening extended horizontally away from the row

(Fig. II-1). Plants adjacent to the base of the cage were

vigorously shaken over the screening; at the same time the open

side of the row was observed to count beetles that fell to the

ground or flew. The foliage was shaken for approximately 15

seconds, then the beetles that had fallen onto the screen were

counted. Direct counts (total beetles per meter of row) were

made at 5 sites per field in 38 fields during 1983. A sweep net

was used to sample 4 sites (10 sweeps per site) within 20 meters of

each direct count site.

Relative estimates of beetle density from sweep samples

(corrected for sampling time according to Table 11-2) were plotted

against absolute estimates of beetles per meter of row for each

site. A least-squares regression line was fitted to the points and

used in estimating sweep-net sampling efficiencies.
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Diel Fluctuations:
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Mean estimates of beetle density in each of the 18 fields

sampled ranged from 0.3 to 8.7 beetles per 10 sweeps. These means

are similar to WSCB densities reported by Extension IPM personnel

sampling commercial snap bean fields (unpublished data).

According to t-tests, subsequent means (field means of

beetle counts in subsequent sampling episodes) differed

significantly (p<.05) from corresponding initial means (field means

of beetle counts in initial samples) in 17 of 42 comparisons.

Subsequent means were significantly lower than corresponding

initial means in 16 instances. Although this simple analysis

provided preliminary support for casual observations that beetle

counts in sweep samples often drop after early morning sampling,

regression models were required to analyze the factors that

contributed to different patterns in counts from different fields

or dates.

Models were constructed to estimate beetle counts from

subsequent sampling episodes (Table II-1). Subsequent means were

closely related to initial means (R2=.76), but the slope of the

regression line that described this relationship was considerably

less than 1.0. When considered separately, temperature, radiation

intensity, and difference in radiation intensity added
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significantly to a regression model that included initial means as

an independent variable. The model chosen to best represent

relevant relationships among measured variables was:

(II-a) y = 0.59 4- 0.59x1 - 0.03x2 (R
2
= .89)

where y = subsequent mean, xl = initial mean, and

x2 = difference in radiation intensity (langleys per hour)

between subsequent and initial sampling episodes (Table II-1).

Adding temperature as an additional independent variable provided a

statistically significant (p<.05) refinement in this model, but

this addition did not meaningfully improve model precision.

Temperature and relative humidity are affected by radiation

intensity, and even though these variables were not directly

included in the regression model (equation II-a), they could have

directly influenced beetle behavior and beetle counts in sweep-net

samples.

Because the goal of this investigation was to describe

the relationship between counts collected at different times and

under different conditions, a subsequent mean/initial mean ratio

was computed for all subsequent samples. Although the use of

ratios is generally avoided in regression analyses, the subsequent

mean/initial mean ratio allowed a clearer explanation of the

relationships described in the multiple regression models (Table

II-1). Subsequent mean/initial mean ratios plotted against
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corresponding difference-in-radiation-intensity values (Fig. II-2)

clearly illustrated that the mean number of beetles collected in

sweep net samples decreased as radiation intensity increased. This

relationship was described by the equation:

(II-b) y = 0.91 - 0.197x f 0.00014x2 (R2 = .72)

where y = subsequent mean divided by corresponding initial mean,

and x = difference in solar radiation intensity (intensity during

subsequent sample minus intensity during initial sample) expressed

in langleys per hour. The standard error for the constant in this

model was 0.04; standard errors for the regression coefficients

associated with the x and x2 terms were 0.0026 and 0.000065

respectively. Models incorporating other independent variables

(time, temperature, and radiation intensity during subsequent

sampling episodes) did not adequately describe the dependent

variable (subsequent mean/initial mean).

Although WSCB vertical movement patterns were not

directly quantified, field observations made during this study and

in an Extension snap bean IPM program indicated that beetles

inhabit the lower portions of the bean canopy during

mid -day. This would explain why beetle counts in sweep-net

samples were comparatively low during mid-day, because a sweep net

does not effectively sample the lower portions of plant foliage

(Southwood 1978).
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Equipment requirements make continuously monitoring solar

radiation intensity impractical for most field sampling personnel.

Radiation intensity can, however, be estimated using time of day.

An average radiation curve (Fig. 11-3) for clear days (<20% cloud

cover) in western Oregon for the sampling period from June 20 to

September 10 was calculated from 1980-1983 pyrheliometer charts

(65% of the days in this period were clear days). A series of

hourly estimates of radiation intensity were derived from this

curve and inserted in equation II-b to estimate subsequent

mean/initial mean ratios for hourly intervals. Nine a.m. was used

as the initial sample time in these calculations because initial

sweeps in repeated sampling series were conducted at approximately

this time. Hourly estimates of subsequent mean/initial mean ratios

derived from equation II-b were plotted against sample time (Fig.

11-3).

Description of the diel fluctuations of WSCB counts in

sweep-net samples made it possible to develop correction factors

that were used to multiply beetle counts according to sampling time

to provide a stable estimate of relative density adjusted to a

standard sample time (9:00 a.m.). Correction factors for hourly

sampling times were calculated by dividing the subsequent

mean/initial mean ratio for 9:00 a.m. by the expected subsequent

mean/initial mean ratios computed for other sampling times. Hourly
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radiation intensity, difference in radiation intensity, subsequent

mean/initial mean ratios, and correction factors are listed in

Table 11-2.

If time-based correction factors are to be used, it is

important to examine the lack of a close relationship between

subsequent mean/initial mean ratios and sample time in the 18

fields studied. This lack of relationship can be attributed to the

high proportion of samples collected on cloudy days when radiation

intensity was much lower than that estimated in Figure 11-3.

Twenty-five of 42 subsequent sampling episodes were conducted on

days when average cloud cover exceeded 80%. Subsequent

mean/initial mean ratios for samples collected on clear days

conformed well with time-based estimates (Table 11-2).

Data indicated that IPM field sampling personnel could

use time-based correction factors (Table 11-2) when cloud cover

during the one-hour period preceding sampling does not exceed 80%

(a value chosen to correspond with a major reduction in solar

radiation intensity). On overcast days (>80% cloud cover),

correcting beetle counts in sweep samples would probably not be

necessary. On partially overcast days, the correction factors

listed would likely "over-correct" counts and over-estimate beetle

populations, but such errors should be slight. Conversely, some

under-estimation would likely occur on solidly overcast days,

because slight mid-day decreases in beetle counts in sweep samples

would be likely, but not accounted for. Mean beetle counts from
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179 sets of field samples collected in the 1981 Extension snap bean

IPM program were corrected using both sampling time and percent

cloud cover (Table 11-2) and actual radiation data (equation

II-b). Estimates corrected for sampling time were plotted

against estimates corrected for actual observed radiation values.

The line fitting these points was described by the equation:

(II-c) y = 0.1 0.96x (R
2

= .96)

where x = estimated mean of WSCB per 10 sweeps, corrected according

to radiation observations; and y = estimated mean of WSCB per 10

sweeps, corrected according to time-based correction factors.

Standard errors for the y-intercept and slope estimates in this

model were 0.04 and 0.02 respectively. Although estimated values

for the y-intercept and slope were significantly (p<.05) different

from 0 and 1.0 respectively, differences between relative density

estimates provided by the two correction methods were negligible.

Relative Vs. Absolute Density Estimates:

Beetle counts in sweep samples were corrected for

sampling time (Table 11-2) and plotted against corresponding

absolute density estimates (beetles per meter of row) for each

sample site (Fig. 11-4). Standard errors for the y-intercept and

slope estimates of the equation in Figure 11-4 were 0.18 and 0.06
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respectively. The linear relationship between beetle counts in

sweep samples and beetle counts in absolute density estimates

indicated that sampling with a sweep net reflected differences in

absolute density, at least when MC'S counts in sweep samples were

corrected to stabilize diel fluctuations.

The regression line fitted to the points in Figure 11-4

was used with hourly subsequent mean/initial mean ratios (Table

II-2) to estimate the efficiency of sweep-net sampling for hourly

sampling times. If sweeping at 9:00 a.m. collected 5 beetles per

10 sweeps, the absolute density estimated from the regression

equation in Figure 11-4 would be 1.8 beetles per meter of row. Ten

sweeps pass through 7.6 meters of row, so 13.7 beetles (1.8 beetles

per meter x 7.6 meters) would inhabit the sampled

area. Capturing 5 beetles per 10 sweeps would represent a

sampling efficiency of 37%. With the same absolute density and the

diel fluctuation of beetle counts in sweep samples illustrated in

Figure 11-3, sampling at 1:00 p.m. would capture 2 beetles per 10

sweeps and represent a sampling efficiency of 15%. Estimates of

sampling efficiencies for hourly sampling times are presented in

Table 11-2.

Corrected beetle counts in sweep samples were highly

correlated with estimates of absolute beetle density, and sweeping

provided an acceptable range of sampling efficiency. These results

indicated that sweep-net sampling effectively quantifies WSCB

populations for pest management decision-making in snap beans.
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Figure II-1. Collapsible emergence cage used in estimating WSCB
absolute density (beetles per meter of row).
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Figure 11-2. WSCB subsequent mean/initial mean ratios (y) plotted
against corresponding difference-in-radiation-intensity values (x).
Initial mean = field mean of WSCB counts from ten, 10-sweep
samples collected between 8:00 a.m. and 10:00 a.m.; subsequent
mean = field mean of beetle counts from ten, 10-sweep samples
collected at a later time (same date) in the same field; difference
in radiation intensity = intensity (langleys per hour) during
subsequent sample minus intensity during initial sample.
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Figure 11-3. Solar radiation intensity and WSCB counts in sweep
net samples in relation to sampling time. Radiation intensity
values are averages of observations made on clear days (<20% cloud
cover) from June 20 through September 10, 1980-1983 at Corvallis,
Oregon. Beetle curve is based on a starting time (0900) density of
1 beetle per 10 sweeps and the radiation-beetle count relationship
described in equation II-b.
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Figure 11-4. Relative density estimates (y = time-corrected
counts of WSCB per 10 sweeps) plotted against absolute density
estimates (x = beetles per meter of row) from the same
sites. Counts in sweep samples were corrected according to Table
11-2. Numerals at coordinates in the field of the graph indicate
the number of points at that coordinate; * signifies more than 9
points at the marked coordinate.



Figure II-4.

80

60

0

y= 0.44 + 2.55x

R2= .69

1

2

1

1 2

2 1 1

1 2 1

1 1 2 1

1 2 2 1.

1 1

1 1 1

3 1 4 2 ----- 2
1 4 1 7 ---''4 1

* * * --ir 4
* -14: * 4 1

a- * * * 14
0 4 8 12 16

WSCB/ METER OF ROW

20

40



41

Table II-1. Regression models estimating the mean number of
beetles per 10 sweeps (y) at a subsequent sampling episode based on
initial mean, subsequent sampling time, temperature and radiation
intensity during subsequent sample, and difference in radiation
intensity. Initial mean = the mean number of beetles per 10
sweeps in the initial sampling episode in the same field;
Time = time of subsequent sampling episode (11:30 a.m. is
expressed as 11.5, 3:30 p.m. is expressed as 15.5, etc.);
Temperature = temperature at subsequent sampling episode;
Radiation intensity = langleys per hour during subsequent
sampling episode; Difference in Radiation Intensity = intensity
during subsequent sampling episode minus intensity during
corresponding initial sampling episode.

Independent Variable Regression Equation:

Y=

a. x = Initial Mean

b. x = Time

c. x = Temperature (C)

d. x = Radiation Intensity

e. x = Difference in
Radiation Intensity

0.12 + 0.55x* .76

0.79 + 0.013x - 0.04x
2

3.80 - 0.086x

3.54* - 0.042x*

2.20 - 0.019x

f. x1= Initial Mean 2.88* + 0.5733x1*
1

x
2
= Temperature 0.1223x2*

g. x1= Initial Mean 1.51* + 0.5166x
x
*

x
2
= Radiation Intensity 0.315x

2
*

h. x
1
= Initial Mean 0.59* + 0.5851x

1
* -

x2 Difference in
Radiation Intensity

i. x
1
= Initial Mean

0.0294x
2
*

2.22* + 0.5331x1* -

x2= Radiation Intensity 0.0240x
2
* - 0.0462x

3

x
3
= Temperature (C)

j. x
1
= Initial Mean 1.81* + 0.5871x

1
* -

x2= Difference in 0.220x2* - 0.0591x3*
Radiation Intensity

x
3
= Temperature (C)

.00

.05

.24

.06

.86

.89

.89

.89

.91

* Designated regression coefficient is significantly (p<.05) greater than zero.
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Table 11-2. Radiation intensity (langleys per hour), difference in
radiation intensity, subsequent mean/initial mean ratios,
correction factors, and sampling efficiencies for hourly sampling
times. Radiation intensity values are averages of observations
made on clear days (<20% cloud cover) from June 20 through
September 10, 1980-1983 at Corvallis, Oregon. Difference in
radiation intensity = radiation intensity at a given hour minus
radiation intensity at 0900. The subsequent mean/initial mean
ratio was derived from difference-in-radiation-intensity values and
equation II-b. Correction factor = subsequent mean/initial mean
ratio for 0900 divided by the similar ratio for a later sampling
time. Sampling efficiency was estimated using the subsequent
mean/initial mean ratio and the linear relationship between
relative and absolute density illustrated in Figure 11-4.

Time Radiation
Intensity
(1/hr.)

Diff. in
Radiation
Intensity

Subsequent Mean/
Initial Mean

Correction
Factor

Sampling
Efficiency

0900 34 0 0.91 1.0 37%

1000 46 12 0.70 1.3 28%

1100 56 22 0.55 1.7 22%

1200 67 33 0.42 2.2 17%

1300 72 38 0.37 2.5 15%

1400 69 35 0.40 2.3 16%

1500 65 31 0.44 2.1 18%

1600 59 25 0.51 1.8 21%

1700 45 11 0.71 1.3 29%

1800 30 - 4 1.01 0.9 41%
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SECTION III

SWEEP-NET SAMPLING FOR WESTERN SPOTTED CUCUMBER
BEETLE IN SNAP BEANS: SPATIAL DISTRIBUTION, ECONOMIC

THRESHOLD, AND SEQUENTIAL SAMPLING PLANS
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Abstract

Sweep-net and absolute density samples for adult western

spotted cucumber beetle (WSCB), Diabrotica undecimpunctata

undecimpunctata Mannerheim (Coleoptera: Chrysomelidae), in snap

beans, Phaseolus vulgaris L., were analyzed using Iwao's

patchiness regression (Iwao 1968) and Taylor's power law (Taylor

1961). Iwao's patchiness regression described sweep-net and

absolute samples better than the regression of log-variance on

log-mean used to determine the parameters for Taylor's power

law. The equation that described the patchiness regression of

sweep sampling data was in = 0.10 + 1.07m.

Linear regression analysis was used to compare pod damage

estimates to average corrected counts of WSCB in sweep-net samples

collected during the 14 days preceding harvest in each of 45 snap

bean fields. The equation that described the relative density-pod

damage relationship indicated that the economic injury level for

WSCB in snap beans is a corrected average of 4.1 beetles per 10

sweeps. A corrected average of 3.0 beetles per 10 sweeps was

proposed as the economic threshold. Hourly thresholds adjusted to

compensate for diel fluctuations in sweep sampling efficiency

ranged from 1.2 to 3.3 beetles per 10 sweeps (uncorrected).

Adjusted thresholds were used with a and 0 from the sweep net

patchiness regression to construct critical-density sequential

sampling plans for hourly sampling times.
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Introduction

The adult western spotted cucumber beetle (WSCB),

Diabrotica undecimpunctata undecimpunctata Mannerheim

(Coleoptera: Chrysomelidae), is the major direct pest of snap

beans, Phaseolus vulgaris L., grown commercially in western

Oregon. Feeding on pods results in scars that reduce the value

of the processed crop, and wholesale buyers limit damage in Grade A

beans to the equivalent of 1.5 feeding scars per 100 pods (Section

II). Processors have generally recommended a routine, single

insecticide application in all fields approximately 7 days before

harvest, but this practice is often inadequate. In heavily

infested fields excessive damage occurs prior to control, while in

other fields beetle populations are too low to warrant treatment.

Improvement in WSCB management practices has been limited

by an absence of decision-making guidelines. Numerous authors,

including Headley (1975) and Mumford and Norton (1984), have

discussed decision-making in insect pest management, but no

concepts have been more widely applied than the economic injury

level and economic threshold proposals of Stern et al. (1959).

Utilizing the economic threshold concept (controlling pests only if

they will cause loss that will exceed the cost of control) requires

knowledge of the relationship between pest population density and

crop loss. Although Berry (1978) estimated an action threshold of

2 WSCB per 25 sweeps in snap beans, this recommendation was offered
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only as a preliminary estimate pending further research. Efforts

to establish a beetle density vs. pod damage relationship by caging

various numbers of beetles on bean plants in the field failed to

provide consistent results (unpublished data, R. E. Berry, Oregon

State Univ., Corvallis). Eltoum (1979) evaluated snap bean

cultivars for differences in susceptibility to cucumber beetle

damage, but he did not attempt to describe the WSCB density-pod

damage relationship.

Where economic thresholds are known, their use in IPM

requires reliable sampling plans that incorporate information about

pest spatial distribution. To describe insect spatial patterns,

researchers have fitted mathematical distributions to field data

arranged as frequency distributions, but often a single set of

field counts could be matched with more than one mathematical model

(Iwao 1970). Patil and Stiteler (1974) characterized spatial

patterns according to variance/mean ratios from field

samples. They described under-dispersion or clumping (variance,

s2, greater than the mean, 50, randomness (s2 = ;7), and

over-dispersion (s2 < T). Taylor (1961) stated that sample

variance (s2) is exponentially related to the sample mean (R)

according to the equation s2 = aRb. This relationship has

been termed "Taylor's power law". Taylor (1961) proposed that a is

related primarily to sampling unit, but that b is a consistent

index of species aggregation. Lloyd (1967) described mean crowding

as the number of individuals found with another individual organism
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in a single sample. Iwao (1968) described spatial patterns using

the relationship between the mean crowding index (1) and the sample

mean (m). He proposed regression of rt on m and computation of the

equation, 1 = a +Sm. Iwao (1968) termed this "patchiness

regression" and considered the y-intercept (a) to be the index of

"contagion", and the slope () to characterize the distribution of

individuals or aggregation units in the general habitat. He

described spatial patterns according to a values as follows:

> 1, under-dispersion or clumping; f3 = 1, random dispersion.

Kuno (1969) and Iwao (1975) outlined the construction of sampling

plans based on the patchiness regression equation. Myers (1978),

Steffey and Tollefson (1982), and Taylor (1984) provided further

review of these and other currently-used indices of spatial

distribution.

This paper reports investigations of WSCB spatial

distribution, estimation of an economic threshold, and proposals

for sequential sampling plans. Spatial distribution is described

using methods outlined by Iwao (1968) and Taylor (1961). The

estimated economic threshold is derived from the relationship

between average corrected counts of WSCB in sweep-net samples and

pod damage in harvest samples collected in commercial snap bean

fields. Sequential sampling plans are proposed for both

fixed-precision population density estimates (Kuno 1969) and

characterization of population densities about the economic
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threshold (Iwao 1975). Separate, time-adjusted thresholds and

time-based sampling plans are proposed to accomodate diel

fluctuations in WSCB counts in sweep samples.



Materials and Methods

Spatial Distribution:

50

Sweep-net sampling was conducted in 126 commercial snap

bean fields (as part of an Extension IPM program) in 1980-1983.

Each field was sampled 4 to 8 times at 3- to 10-day intervals

during a 4-week bloom-to-harvest period. Plant height was

approximately 50 an during this period. A 38 -an diameter net was

used to sweep approximately 30 an "deep" across 2 bean rows; each

sample consisted of 10 sweeps taken while walking 10 paces between

the 2 rows (Section II). Fields averaged 4 to 8 hectares in size,

and samples were collected from 10 to 20 sites, each selected

randomly within predetermined sections in each field. Sampling was

not conducted on days when rainfall exceeded a trace or in areas

irrigated during the preceding 12 hours. A total of 719 sets of

samples (10 sweeps per site, 10 to 20 sites per field per sampling

date) were collected during the 4-year program. Mean and variance

were calculated for each set of samples.

Absolute density estimates (beetles per meter of row)

were made on one date in each of 38 fields in 1983. Five samples

in each field were examined as described in Section II. Mean and

variance were calculated for each of the 38 sample sets.

Iwao's patchiness regression (Iwao 1968) and Taylor's

power law coefficients (Taylor 1961) were calculated separately for
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sweep-net and absolute density samples. Eighteen sets of sweep

samples, each with a mean and variance of zero, were omitted so

that computations could be completed.

To compute the coefficients of Iwao's patchiness

regression, the mean crowding index, 1, was calculated for each

sample set, using the equation M = m + s2/m - 1, where

m = sample mean and s2 = sample variance (Lloyd 1967).

Values of m were plotted on the y-axis against corresponding sample

means (m). The least squares regression line fitting these

points was described by the equation m = a + Om.

The coefficients of Taylor's power law were derived by

plotting log-variance against log-mean for each sample set and

fitting a least-squares regression line to the points (Taylor

1961). The values a and b in Taylor's power equation

(s2 = -b
(s - ax ) were derived from the regression line

(b = slope, log - a = y-intercept) .

Economic Injury Level/Economic Threshold:

WSCB densities and bean pod damage were estimated in 45

commercial snap bean fields during 1982 and 1983. Snap bean

cultivars Oregon 1604 and Asgrow 290 were planted in 38 of these

fields, and the cultivars Slenderette, OSU 4886, and OSU 91 were

planted in the remaining 7 fields. Eltoum (1979) found no

significant differences in levels of WSCB feeding injury on the
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cultivars Oregon 1604 and Asgrow 290; other cultivars have not been

evaluated for resistance or nonpreference.

Relative estimates of beetle density were based on

sweep-net samples collected as described above. To compensate for

diel fluctuations in WSCB counts in sweep samples, field means from

each date were corrected for sampling time (Table III-1). Counts

were not corrected if average cloud cover exceeded 80% prior to

sampling (see Section II).

Corrected means from sweep samples were used to determine

average beetle density in each field for the 14-day period

preceding harvest. This period was considered crucial because

relatively few pods enlarge prior to this time, and processors and

growers have reported that most pod damage occurs during the final

2 weeks before harvest. Estimates of average 14-day preharvest

WSCB density in each field were calculated by weighting the average

of successive corrected sample means according to the interval

between sampling dates, summing these weighted averages over the

14-day period, and dividing by 14 to estimate the average number of

beetles per day. For example, if corrected sample means were 3.5

and 4.1 for samples collected 14 and 10 days prior to harvest, the

average, 3.8, was multiplied by 4 and added to similarly-derived

weighted means from later samples.
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Damage estimates for each field were based on ten,

100-pod samples hand-picked no more than 48 hours before harvest.

Each sample site was randomly selected within one of 10

predetermined sections of the field. At each site mature pods were

harvested from a series of adjacent plants until a total of 100

pods were picked. Pods were individually examined in the

laboratory. All WSCB feeding scars were counted equally without

categorizing scars as minor or severe. Damage estimates for each

field were expressed as the mean number of feeding scars per

100-pod sample.

The relationship between beetle density and pod damage

was estimated by plotting the damage estimate (scars per 100 pods)

against the 14-day preharvest density (WSCB per 10 sweeps,

corrected) from each field and fitting a least squares regression

line to the points.

Sequential Sampling:

Stop lines for a constant-precision sequential sampling

plan were calculated according to the equation:

(III-a) n
a + 1

2 ( a - 1
D

0
-

n
where T = cumulative total of target organisms counted in

samples 1 through n; n = number of samples examined;
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Do = selected level of precision in terms of sR/51 where sR

is the standard error of the mean (7); and a and g are the

parameters of Iwao's (1968) patchiness regression (Kuno 1969).

Sequential sampling plans that allow classification of

field populations relative to a critical density -(the economic

threshold) were calculated according to Iwao (1975). Upper and

lower decision lines were established using the equations:

(III-b) (upper) Tn = nm0 t [ ( a ÷ 1)m0 ( 13 - 1)m02 ]

(III-c) (lower) T
n
= nm

0
t [ (a+ 1)m

o
(13- 1)m

0

2 ]

where Tn = critical cumulative count of target organisms in

samples 1 through n; n = number of samples examined;

m0 = critical density (economic threshold); t = table value

of t for a selected significance level and n-1 degrees of freedom;

and a and a are the parameters of Iwao's (1968) patchiness

regression (Iwao 1975). A 10% significance level was used in all

analyses.

Where field population levels are nearly equal to the

economic threshold, a large number of samples may not produce a

management decision. The maximum number of samples necessary to

assign a selected confidence interval to an estimate of population

density when counts remain in the "continue sampling" range was

calculated using the equation:
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(III -d)
t

2

2
r

n
max

= L (04 + 1)m0 + (13 - 1)m02
d
0

where max = the maximum number of samples required;

t = table value for t at a selected significance level and

infinite degrees of freedom; d0 = the half-width of the

selected confidence interval for the estimate of the mean;

1110 = the economic threshold; and a and are parameters from

the patchiness regression (Iwao 1975). Values used in this

analysis were: d0 = 0.25m0; p = 0.10; t = 1.64.

Because sequential sampling to classify WSCB population

density is most conveniently conducted using uncorrected counts,

the economic threshold (based on corrected counts) was adjusted for

sampling time. Thresholds for successive sampling times from 9:00

a.m. to 6:00 p.m. were adjusted by dividing the economic threshold

for corrected counts by the correction factor for each sampling

time (Table III-1 and Section II). These thresholds were used in

equations III-b,c, and d to develop separate, hourly sequential

sampling plans.
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Spatial Distribution:
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Field means for sweep samples ranged from 0 to 30 WSCB

per 10 sweeps and averaged approximately 2.5 beetles per 10 sweeps.

Field means of absolute density samples ranged from 0.2 to 13.2

WSCB per meter of row and averaged 1.5 beetles per meter of row.

Iwao's (1968) patchiness regression described sweep net

and absolute density samples better than the regression of

log-variance on log-mean (Taylor 1961) (Table 111-2).

Theoretically, in Iwao's patchiness regression a y-intercept (a) of

0 and a slope (8) of 1 represent a spatial pattern in which the

individual is the unit of dispersion, and individuals are randomly

distributed in the environment. Values of a and 8 in the

patchiness regressions of sweep samples and absolute density

samples of WSCB deviated only slightly from these hypothetical

values. In fact, for absolute density estimates, neither a nor 8

differed significantly (p=.05) from 0 and 1.0 respectively (Table

111-2). The sweep-net patchiness regression was selected for

constructing sampling plans, because this model represented data

from over 700 samples, and the 10-sweep sample is the sampling unit

which probably will be used in commercial snap bean IPM

programs. Although the coefficients of Taylor's log-variance vs.

log-mean regression were not used to develop sampling plans, b
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values near 1.0 supported the spatial distribution conclusions

reached using from Iwao's patchiness regression.

Economic Injury Level /Economic Threshold:

Linear regression of pod damage estimates on average WSCB

density (R2=.73, Fig. III-1) provided the basis for establishing

an economic injury level (EIL). Standard errors of the estimates

of the y-intercept and the slope in this model (Fig. III-1) were

0.10 and 0.03 respectively. WSCB damage is not economically

important until the number of feeding scars reaches 1.5 per 100

pods. When damage exceeds this level, crop value immediately

decreases, and the value of this loss exceeds the cost of multiple

insecticide applications. Hence, it is not necessary to consider

exact crop value and insecticide costs when establishing an EIL.

Instead, the EIL can be set at the pest density which causes 1.5

feeding scars per 100 pods. Using the equation in Figure III-1,

the estimated EIL for WSCB in snap beans is an average of 4.1

beetles per 10 sweeps during the 14 days before harvest.

An economic threshold (the pest density at which control

is initiated to prevent economic loss) is often based on the EIL

and known population trends for a specific pest (Stern et al.

1959). WSCB population changes in a single snap bean field result

primarily from migration; frequent sampling indicated significant

population increases usually occurred gradually over a period of a
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few to. several days. In the absence of models describing WSCB

population trends for individual fields, an economic threshold was

estimated at a level somewhat less than the EIL. Based on 1982

data, an economic threshold of 3.0 beetles (corrected counts) per

10 sweeps (approximately 75% of the EIL) was recommended and used

successfully in the 1983 Extension IPM program. The relationship

illustrated in Figure III-1 supported continued use of this

threshold.

An additional consideration in decision-making is the

timing of control actions. Pod damage caused by WSCB accumulates

gradually, with most damage occurring during the last 14 days

before harvest. In fields where beetle populations exceed the EIL

by a factor of 2 or more, delaying control until 7 days before

harvest (as many processors now recommend) may allow accumulation

of excessive damage. It would be more appropriate to apply

insecticides early in the 14-day preharvest period if corrected

counts exceed the economic threshold.

Sequential Sampling:

Stop lines for constant-precision sequential sampling

(Fig. 111-2) were derived from equation III-a. To use Figure

111-2, the cumulative number of WSCB captured is plotted against

the number of samples examined. When the plotted line reaches a

given precision line, the estimate of the mean has a standard error
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indicated by that precision line. Confidence intervals for the

estimate of the mean can be calculated by multiplying the sample

mean by D0 for the intersected precision line and multiplying

that product by the table value of t for n-1 degrees of freedom and

a selected significance level (Kuno 1969). Where the sample

density is 3.0 WSCB per 10 sweeps, 20 samples (10 sweeps per

sample) would be required to estimate a mean with a standard error

of 15%. The 95% confidence limits of that estimate would be

3.0 ± 0.94.

Sequential sampling plans which categorize beetle

populations as potentially damaging vs. subeconomic were developed

for 9:00 a.m. and 1:00 p.m. sampling times (Tables 111-3 and

111-4). To avoid repetition, similar plans developed for all other

sampling times and thresholds in Table III-1 are not presented in

this paper. Sampling and management needs can be determined by

comparing cumulative WSCB count to table values for the appropriate

number of samples examined. Where WSCB counts remain within the

"continue sampling" range, and the maximum number of samples has

been examined, even a relatively precise population estimate (90%

C.I. = ±.25R) does not provide a decision. In these situations,

if the estimated sample mean is less than the economic threshold,

the 90% C.I. for the estimate of the mean number of WSCB per 10

sweeps includes the economic threshold, but remains below the EIL,

so control would not be essential. When the maximum number of

samples has been examined and the total number of beetles captured
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is within the "continue sampling" range, if the mean per sample

exceeds the economic threshold, resampling in 3-7 days or applying

an insecticide might be appropriate, depending on the interval

remaining before harvest.

Extension personnel used sweep net sampling to determine

WSCB control needs in over 75 commercial snap bean fields in 1982

and :L983. Growers, processors, and private consultants have begun

to conduct WSCB sampling programs. The results presented here

should help improve their sampling efforts.
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Figure III-1. WSCB feeding damage (y = scars per 100 snap bean
pods) plotted against average pest density (x = WSCB per 10
sweeps for the 14 days preceding bean harvest). Density estimates
were calculated from sweep sample counts corrected for sampling
time.
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Figure 111-2. Stop lines for fixed-precision sequential sweep-
net sampling for WSCB in snap beans. Labels for each line

indicate the value of Do in terms of sR/7.
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Table III-1. Correction factors and adjusted economic thresholds
for WSCB sweep-net sampling at hourly sampling times.

SAMPLING TIME
(nearest hour)

CORRECTION FACTOR
(multiply beetle

counts by:)

THRESHOLD FOR
UNCORRECTED COUNTS
(WSCB/10 sweeps)

0900 1.0 3.0

1000 1.3 2.3

1100 1.7 1.8

1200 2.2 1.4

1300 2.5 1.2

1400 2.3 1.3

1500 2.1 1.5

1600 1.8 1.7

1700 1.3 2.3

1800 0.9 3.3
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Table 111-2. Regression coefficients for spatial distribution
indices based on sweep-net and absolute density samples of WSCB in
snap beans. Values in parentheses indicate 95% confidence interval
for each estimate.

Sample
Unit

Iwao's Patchiness Regression Taylor's Power Law

(M = a + am) (log-s2 = log-a + b(log-x))

a B R
2

log-a b R2

10 SWEEPS 0.10 ( ±0.07) 1.07 (±0.02) .96 -0.04 ( ±0.02) 1.09 (±0.04) .85

1 METER OF -0.02 (10.25) 1.02 ( ±0.09) .95 -0.06 (10.09) 0.96 (±0.67) .75

ROW
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Table 111-3. Critical cumulative counts for sequential sweep-net
sampling for WSCB in snap beans when mid - sample time (nearest hour)
is 0900.

SAMPLE
NUMBER

(1 sample =
10 sweeps)

CUMULATIVE WSCB COUNT

DO NOT TREAT, CONTINUE

resample in SAMPLING
3-7 days

APPLY
INSECTICIDE

10 <20 20-40 '>40

12 <25 25-47 >47

14 <30 30-54 >54

16 <35 35-61 >61

18 <40 40-68 >68

*20 <45 45-75 >75

22 <51 51-81 >81

24 <56 56-88 >88

26 <61 61-95 >95

28 <67 67-101 >101

30 <72 72-108 >108

32 <78 78-114 >114

34 <83 83-121 >121

36 <88 88-128 >128

38 <94 94-134 >134

40 <99 99-141 >141

42 <105 105-147 >147

44 <110 110-154 >154

46 <116 116-160 >160

48 <121 121-167 >167

50 <127 127-173 >173

*Maximum number of samples for d =0.75 (=.255) when the
cumulative WSCB count remains iK the "continue sampling"

range is 19.
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Table 111-4. Critical cumulative counts for sequential sweep-net
sampling for WSCB in snap beans when mid-sample time (nearest hour)
is 1300, and cloud cover prior to sampling is less than 80%.

SAMPLE
NUMBER

(1 sample =
10 sweeps)

CUMULATIVE WSCB COUNT

DO NOT TREAT, CONTINUE
resample in SAMPLING
3-7 days

APPLY
INSECTICIDE

10 <7 7-18 > 18

12 <8 8-21 > 21

14 <10 10-24 > 24

16 <12 12-27 > 27

18 <14 14-30 > 30

20 <16 16-33 > 33

22 <18 18-36 > 36

24 <20 20-39 > 39

26 <22 22-42 > 42

28 <24 24-45 > 45

30 <26 26-47 > 47

:32 <28 28-50 > 50

34 <30 30-53 > 53

:36 <32 32-56 > 56

38 <34 34-59 ' 59

40 <36 36-61 ' 61
*42 <38 38-64 > 64

44 <40 40-67 > 67

46 <43 43-70 > 70

48 <45 45-72 > 72

50 <47 47-75 > 75

*Maximum number of samples for dn=0.31 (=.2530 when the
cumulative WSCB count remains the "continue sampling"
range is 41.
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SECTION IV

PHEROMONE TRAPPING TO MONITOR
WESTERN SPOTTED CUCUMBER BEETLE

IN SNAP BEANS
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Abstract

Yellow Pherocon 1C® traps baited with HercoPlures

containing (R)-10-methy1-2-tridecanone were evaluated for

monitoring western spotted cucumber beetle (WSCB), Diabrotica

undecimpunctata undecimpunctata Mannerheim (Coleoptera:

Chrysomelidae), in snap beans, Phaseolus vulgaris L. In

replicated plots at 2 sites, traps baited with 1.1 mg of attractant

captured significantly (p<.01) more WSCB than traps baited with

10.0 mg of attractant. Traps baited with 1.1 or 10.0 mg attractant

captured significantly (p<.01) more beetles than unbaited traps.

In subsequent trials using lures containing 1.1 mg of

attractant, transformed mean numbers of beetles trapped were

related to corrected beetle counts in sweep samples (R2= .54) and

to average daily high temperatures during the trapping period

(R2=.21). A second-order polynomial regression model which

incorporated corrected means of beetle counts in sweep samples and

average daily high temperature during the trapping period described

59% of the variation among transformed means of beetle counts from

pheromone traps. A linear regression model based on the number of

beetles captured per trap per day explained 47% of the variation

among damage estimates from 12 fields. An economic injury level

was estimated at 53 WSCB per trap per day.
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Introduction

The adult western spotted cucumber beetle (WSCB),

Diabrotica undecimpunctata undecimpunctata Mannerheim

(Coleoptera: Chrysomelidae), is the major direct pest of snap bean

(Phaseolus vulgaris L.) pods in western Oregon. Although

economic thresholds and sequential sampling plans based on

sweep-net sampling have been established for this pest (Section

III), environmental conditions (primarily dew, rainfall, and solar

radiation intensity) can delay or prevent sweep sampling and

complicate the interpretation of WSCB counts in sweep samples

(Section II). Development of additional sampling methods less

dependent on environmental conditions during a field check would be

beneficial.

Pheromone traps, now used extensively to monitor several

insect pests (Metcalf and Metcalf 1982, Birch and Haynes 1982), may

provide an alternative method for sampling WSCB in snap

beans. Guss et al. (1983) identified 10-methyl -2-tridecanone as

a female-produced sex attractant of WSCB and the southern corn

rootworm, D. u. howardi Barber. Sonnet (1982) prepared

separate enantiomers of 10-methy1-2-tridecanone, and Guss et al.

(1983) found that the R-enantiomer was much more attractive to

WSCB and southern corn rootworm than the S- enantiomer or a 1:1

mixture of R- and S-enantiomers. Although Bartell and Chiang

(1977) investigated factors affecting captures of D. virgifera
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LeCorite and D. longicornis (Say) in field trials, no field

studies using 10-methy1-2-tridecanone to attract WSCB have been

reported.

The potential for using pheromone traps to monitor WSCB

is especially promising for 2 reasons. Unlike pheromone trapping

for Lepidopteran pests, WSCB trapping would be directed at the

insect generation and stage responsible for damage in snap

beans. In addition, summer populations of D. undecimpunctata

adults collected in fields are predominantly male (Arent 1929,

Rockwood and Chamberlin 1943), so traps would be attractive to a

large portion of the insects in monitored fields.

Before extensive studies of factors influencing sex

attractant trapping (such as trap placement, temperature, radiation

intensity, and wind speed) are undertaken, some indication of the

practical value of pheromone trapping would be useful. If

pheromone traps are to be effective monitoring tools, beetle

counts in traps should correlate well with established density

estimates (corrected counts from sweep samples) and crop

damage. This paper reports studies designed to identify an

attractive rate of (R)-10-methyl -2-tridecanone incorporation in a

slow-release lure and compare relative density estimates provided

by pheromone traps with sweep samples and damage estimates.
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Lure Attractiveness:
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Pherocon 1Cetraps (now supplied by Trece, Inc.,

Salinas, California) were used to test the field attractiveness of

(R)-10-methyl-2-tridecanone incorporated in 2.54-cm square

Hercon® wafer lures (Health-Chem Corp., 1107 Broadway, New York

City). Traps with exterior surfaces painted school-bus-yellow

(Toliefson et al. 1975) were baited with no lure, a lure containing

1.1 mg of sex attractant, or a lure containing 10.0 mg of sex

attractant. Lures were suspended inside each trap on a straight

pin inserted through the roof of the trap. Traps were wired to

wooden stakes and placed near the centers of two, 5-hectare

commercial snap bean fields in July, 1982 when beans were beginning

to bloom. Trap height was varied so the bottom of each trap was

0-10 an directly above bean foliage (30-60 can above the soil

surface depending on plant size). Placement of traps at this

height was based on observations of WSCB activity and on optimum

trap height observations made by Bartell and Chiang (1977). In

each field, the 3 treatments (0, 1.1, and 10.0 mg of attractant per

trap) were arranged in a randomized block design with 6 blocks and

1 replication per block. Adjacent traps (within and between

blocks) were 25 meters apart.
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Traps were checked at 3- or 4-day intervals for 21 days.

Beetles were counted and removed; sticky liners were replaced if

beetle counts exceeded 100 (because beetle removal was too

time-consuming) or if liners were covered with debris. Trap

height was adjusted when necessary to maintain a position 0-10 cm

above bean plants.

Total beetles captured per trap over the 21-day period

were compared among the 3 treatments. To stabilize variance

among treatments, a )777transformation was applied to counts

prior to analysis. Separate ANOVAs were completed for each field.

Means of transformed data were compared using Fisher's Protected

LSD.

Correlation With Sweep Samples and Damage:

In 1983, traps baited with 1.1 mg of (R)-10methy1-

2-tridecanone were used to monitor WSCB males in 16 commercial snap

bean fields ranging in size from 4 to 8 hectares. Traps were

placed in each field 17-24 days before harvest and removed 0-5 days

before harvest. In each field, 5 traps were placed along a

diagonal transect with 40 meters between adjacent traps and at

least 40 meters between the end traps and the field margins.

At 1- to 7-day intervals (usually 3- or 4-day intervals),

traps were checked, beetles were counted and removed, and liners

were replaced if necessary. On the same dates, 10-20 sets of sweep
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samples (10 sweeps per set) were collected as outlined in Section

III at sites at least 40 meters from any trap. Temperature, wind

speed, and solar radiation intensity are known to affect general

locomotor activity and pheromone response in Diabrotica spp.

(Witkowski et al. 1975 Bartell and Chiang 1977, and Vanwoerkam et

al. :L980). Although these factors were not monitored in the

sampled fields, continuous data were obtained from weather stations

located within 35 km of each site. Sampling results and weather

data were compiled for 74 field-specific sampling intervals.

The mean number of beetles collected per trap per day was

calculated for each sampling interval in each field. Field means

of WSCB counts in sweep samples were corrected for sampling time

(Section II), and corrected means from 2 successive sample dates

were averaged to determine the mean for the interval between

samples.

To examine the relationship between relative density

estimates provided by traps and sweep samples, field means of WSCB

captured per trap per day were plotted against corresponding field

means of beetle counts from sweep samples for each sampling

interval. Field means of counts from traps also were plotted

against average daily high temperature, average wind speed, and

average daily solar radiation (langleys) for each sampling period.

Regression models were constructed to describe beetle counts in

traps as a function of field population density (indicated by field

means of beetles in sweep samples) and environmental factors. To
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normalize the distribution of residual error in initial regression

models, a 17transformation was applied to field means of

beetle counts in traps before construction of final models.

In 12 of the 16 fields sampled in 1983, trapping was

conducted throughout the 14 days preceding harvest (most damage

occurs in this period), and pod samples were collected and graded

for WSCB feeding scars (ten 100-pod samples per field, see Section

III). Mean damage estimates for each field were plotted against

the average number of beetles captured per trap per day for the 14

days preceding harvest. To evaluate the use of pheromone traps to

predict crop.damage, mean pod damage estimates were regressed on

14-day field means of beetles captured per trap per day. Multiple

regression techniques incorporating additional independent

variables were inappropriate because only 12 data points were

analyzed.
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Lure Attractiveness:

79

Traps baited with 1.1 mg of (R)-10-methy1-2-tridecanone

captured significantly (p.01) more WSCB than traps baited with

10.0 mg of the same attractant. Traps baited with either 1.1 or

10.0 mg of attractant captured significantly (p.01) more beetles

than unbaited traps (Table rv-1). Single traps baited with 1.1 mg

of attractant captured up to 65 WSCB per day over the 21-day

trapping period. There was no apparent decline in lure

attractiveness during the trial, however insecticides were applied

to both fields during the last week of the trapping period. Beetle

counts decreased in all baited traps following insecticide

application.

The reduced efficiency of traps baited with a high rate

of attractant could have been caused by arrestment of male flight

in response to high concentrations of attractant some distance from

the lure and trap (Farkas et al. 1974). In addition, the

R-enantiomer preparation of 10-methyl -2-tridecanone used in this

study was probably contaminated by a small proportion of the

S-enantiomer known to be unattractive to WSCB and southern corn

rootworm; the 10.0-mg lure may have released enough S-enantiomer

to inhibit WSCB pheromone response (personal communication, P.

Guss, USDA, Brookings, South Dakota).
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Pherocon 1C traps contained over 400 WSCB on some

inspections. Although a few beetles coated with adhesive escaped

from traps and were observed crawling on stakes and foliage,

Pherocon 1C traps appeared to be efficient tools for monitoring

beetle attraction to lures. Painting the traps probably increased

their longevity under sprinkler irrigation and rainfall; traps

remained intact throughout the trial.

Correlation With Sweep Samples and Damage:

Transformed field means of WSCB captured per trap per day

were related to field means of beetle counts in sweep samples

(R2=.54, Fig. rv-l) and average daily high tanperature during

each trapping interval (R2=.21, Fig. IV-2). Trapping results

were not significantly (p>.10) correlated with average wind speed

or average daily solar radiation during the trapping period. Wind

speed and solar radiation probably influence WSCB response to the

sex attractant, but detection of wind and radiation intensity

effects would require much shorter sampling intervals (see Bartell

and Chiang 1977).

Although the number of WSCB in traps increased with field

population density (as estimated by sweep samples) and tanperature,

such increases were not linear. As WSCB densities increased, both

trap saturation and increased competition from local females may

have acted to reduce trapping efficiency. Beetle attraction to
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traps was greatest about an optimum temperature of approximately 27

C. Bartell and Chiang (1977) reported a similar optimum response

temperature of 26.5 C for D. virgifera. A second-order

polynomial regression model was developed to describe WSCB counts

in pheromone traps as a function of density and temperature. The

model that described WSCB counts in Pherocon 1C traps baited with

1.1 mg of (R)-10-methy1-2-tridecanone was:

(IV-a) y' = -39.78 2.07x1 - 0.21x12 3.26x2 - 0.0630x22

(R
2

= .59)

where yl= the square root of the field mean of WSCB per trap per

day (the V7Y-transformation normalized residual error in the

regression model); xl = corrected field mean of WSCB per 10

sweeps, averaged over 2 sampling dates; and x2 = average daily

high. temperature (C) during the trapping period. According to

t-tests, all coefficients in the model were statistically

significant (p<.05). The standard error for the constant

estimated in this model was 15.75. Standard errors for the

regression coefficients associated with the x/, x12 , x2,

and x2
2 terms were (in order) 0.33, 0.05, 1.25, and 0.0246.

Addition of wind speed, radiation intensity, or the cross-product

of temperature-sweep sample observations did not reduce the

residual error in this model.
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The relationship expressed in equation IV -a indicated

that beetle counts in traps were largely determined by field

population density and temperature. The influence of lures on

beetle counts in sweep samples collected a minimum of 40 meters

from traps was not directly investigated. If the lures attracted

male beetles from areas surrounding a field, and some of those

males were captured in sweep samples, the relationships described

above would occur even though counts in traps would not reflect

original "in-field" population levels. Although this problem was

not experimentally addressed, beetle counts in traps and sweep

samples following insecticide application provided some related

information. Where insecticides greatly reduced field populations

of WSCB (as measured by sweep samples), beetle counts in traps also

dropped. Following irrigations which removed effective insecticide

residues from foliage, increases in sweep counts appeared to be

similar in trapped and untrapped fields; immigration to traps was

not evident.

Pod damage estimates were relatedto average beetle

counts in pheromone traps during the 14 days before harvest

according to the equation:

(IV -b) y = 0.24 0.0238x (R2 = .47)

where y = mean number of scars per 100 pods (from ten 100-pod

samples per field); and x = field mean of WSCB captured per trap
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per day over the 14 days preceding harvest (Fig. IV -3). Standard

errors of the y-intercept and slope estimates in this model (Fig.

IV -3) were 0.28 and 0.0079 respectively.

Snap bean processors suffer considerable economic loss if

pod damage exceeds 1.5 feeding scars per 100 pods (Section II). An

economic injury level (EIL) for WSCB in snap beans can be set at

the pest density which causes this amount of damage (Section III).

The relationship illustrated in Figure IV-3 indicated that the EIL

for WSCB relative density estimates provided by Pherocon 1C traps

(as baited and used in this study) is an average of 53 beetles per

trap per day. An EIL for corrected sweep counts has been estimated

at 4.1 beetles per 10 sweeps (Section III). The regression line

presented in Figure IV -1 estimates a capture of 49.7 beetles per

trap per day when corrected sweep counts average 4.1 WSCB per 10

sweeps. The EIL estimate of 53 beetles per trap per day based on

trap count-damage comparisons (Fig. IV-3) corresponds well with the

expected EIL of 49.7 beetles per trap per day based on the sweep

count-trap count relationship (Fig. IV-1) and the EIL previously

estimated for sweep-net sampling.

Considerable error remained unexplained in the model

(Fig. IV -3) describing pod damage based on counts of WSCB in

pheromone traps. The importance of this unexplained error can be

exemplified by examining the confidence intervals associated with

pod damage estimates based on this model. The 95% C.I. for a

damage estimate based on an average capture of 42 beetles per trap
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per day is 0.9 to 1.5 scars per 100 pods. For an average of 114

WSCB per trap per day, the 95% C.I. for estimated damage is 1.5 to

4.3 scars per 100 pods. Both of these trap averages (42 and 114

WSCB per trap per day) produce damage estimates with 95% confidence

intervals that include the critical damage level of 1.5 scars per

100 pods. Another problem is related to the fact that the trap

count-pod damage model (Fig. IV -3) was constructed from 14-day

averages of trapping results. Environmental factors that favor or

inhibit beetle capture in traps tend to balance out over such an

extended period. Interpretation of trapping results following just

2 or 3 days of trapping (as IPM programs may require) would demand

additional understanding of the influence of environmental

conditions during the trapping period.

Although unanswered questions still limit the use of

pheromone trapping in snap bean IPM, trapping conducted in this

study did provide density estimates that corresponded well with

sweep sampling results and crop damage. A better understanding of

environmental influences (such as wind, radiation intensity, and

temperature) on WSCB pheromone response and additional research on

the components of trapping (including attractant release rates,

trap, styles, and trap placement) should increase the value of

pheromone trapping for monitoring WSCB in snap beans.
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Figure IV -1. Transformed field means of WSCB counts in Pherocon 10E)

traps baited with 1.1 mg of (R)-10-methy1-2-tridecanone plotted
against corrected field means of WSCB counts in sweep samples
collected during the trapping interval. (y' = the square root of
the average number of WSCB captured per trap per day; x = the
corrected field mean number of WSCB per 10 sweeps.)
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Figure IV -2. Transformed field means of WSCB counts in Pherocon 1C
traps baited with 1.1 mg of (R)-1(methy1-2-tridecanone plotted
against average daily high temperatures for each 1- to 7-day
trapping period. (y' = the square root of the average number of
WSCB captured per trap per day; x = average daily high
temperature.)
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Figure IV-2.
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Figure IV -3. Field means of pod damage estimates plotted against
field means of WSCB counts in traps baited with 1.1 mg of
(R)-10-methy1-2-tridecanone. Means for traps were based on
counts from the 14-day period preceding harvest in each field.
(y = field mean number of feeding scars per 100 pods;
x = average number of WSCB captured per trap per day.)
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Table IV -l. Weighted meansa of WSCB per Pherocon 1C® trap

according to amount of sex attractantb per trap.

Amount of Attractant Mean No. WSCB Per Trap,

Per Trap 21-day Total

Site I Site 2

NONE 0.1 0.4

1.1 mg 328.8 712.4

10.0 mg 70.1 142.5

a
Weighted means were detransformed from means of trans-
formed (Vx + 1) observations. All means within each
field are significantly (p <.01) different from each
other according to Fisher's Protected LSD. LSD's

(p=.01) for means of transformed data are 3.30 and 4.76
for fields 1 and 2 respectively.

b
(R)-10-methyl-2-tridecanone.
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Conclusions

The final comments presented in this section are intended

to provide a synthesis and overview of the research presented in

Sections II -IV. Although the individual papers that comprise

this thesis each report a separate research project with unique

objectives, the three projects were clearly inter-related. It is

appropriate at this point to examine how each paper contributed to

the overall goal of improving sampling and decision-making methods

for WSCB management in snap beans.

In the first project reported (Section II), the

usefulness of the sweep net as a sampling tool for monitoring WSCB

in snap beans was established. A diel pattern of fluctuation in

beetle counts in sweep samples was characterized, and the

difference between solar radiation intensity measurements from

initial and subsequent sampling episodes was the factor most

closely related to changes in sweep sampling results. Time-based

correction factors were developed to standardize counts and provide

consistent relative density estimates over a wide range of sampling

times (and radiation intensities). Corrected beetle counts in

sweep samples were highly correlated with absolute density

estimates, indicating that sweep-net sampling accurately reflected

WSCB population levels. The characterization of diel fluctuations

in sweep-sampling efficiency and the development of correction
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factors were essential to the interpretation of data presented in

Sections III and IV.

Research presented in Section III provided practical

guidelines for WSCB sweep-net sampling in snap beans. WSCB spatial

distribution was characterized. A beetle density-pod damage

relationship based on beetle counts in sweep-net samples was

described, and this relationship was used to estimate an economic

injury level and an economic threshold for use in sampling

programs. To compensate for changes in sweeping efficiency

(described in Section II), adjusted economic thresholds were

calculated for hourly sampling times. Adjusted thresholds and

spatial distribution information were used to outline sequential

sweep-net sampling plans.

Pheromone-trapping studies reported in Section IV

examined an alternative method for monitoring WSCB. An attractive

rate of sex attractant incorporation in a slow-release lure was

identified, and the practical value of pheromone trapping for

estimating WSCB density was investigated. Trapping results were

primarily dependent upon pest density in the sampled field (as

indicated by corrected counts in sweep-net samples), but beetle

counts in traps were also related to temperature during the

trapping period. The relationship between beetle counts in traps

and pod damage was used to estimate an economic injury level for

pheromone trap-based estimates of WSCB density. Although many



97

questions concerning WSCB trapping remained unanswered, the

results presented in Section IV indicated pheromone trapping can

provide valuable information for WSCB management in snap beans.

The research summarized in this thesis established

successful monitoring methods and decision-making criteria for WSCB

management in snap beans. Although many questions related to WSCB

sampling and management in snap beans remain unanswered, practical

guidelines are now available for use in IPM programs.
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Appendix Table 1. Summary of sampling conditions and results for

repeated sweep-net sampling conducted to characterize diel
fluctuations in WSCB counts in sweep-net samples. (Sampling

methodology is described in Section II; results of data analyses
are presented in Figures 11-2 and 11-3 and in Tables II-1 and

11-2.)

FIELD DATE TIME TEMP. (C) WIND
(Km/Hr.)

RADIATION
(1/Hr.)

1WSCB/10
SWEEPS

1 8-11-82 0830 15 10.0 14 1.2

1030 20 13.3 50 0.5

1230 21 16.7 68 0.3

1430 22 16.7 36 0.5

2 8-11-82 0915 17 10.0 32 2.6

1115 22 13.3 56 1.9

1315 21 16.7 20 2.5

1515 21 16.7 34 2.5

3 8-11-82 0945 17 11.6 44 1.2

1145 18 14.9 18 1.4

1345 22 18.3 34 2.2

1545 21 16.7 20 1.9

4 8-18-82 0900 17 14.9 33 2.0

1100 24 16.7 57 0.9

1300 26 16.7 69 0.4

5 8-18-82 0830 17 10.0 21 1.5

1045 24 14.9 54 0.7

1245 26 16.7 66 0.4

6 7-Z9-82 0930 17 11.6 09 8.0

1130 20 13.3 18 5.7

1330 23 11.6 33 5.0

7 7-29-82 0900 16 11.6 06 8.7

1100 19 11.6 12 5.4

1300 21 11.6 33 4.0

1500 21 13.3 33 4.5

8 7-07-82 0900 16 11.6 24 1.6

1100 18 13.3 12 1.8

1300 21 14.9 35 0.9

1500 21 13.3 40 1.1

1630 24 11.6 33 0.8

9 9-01-81 0830 17 11.6 15 1.8

0930 19 11.6 12 2.0

1030 21 10.0 24 1.0

1130 21 13.3 30 0.9

1230 21 16.7 36 0.9

1330 21 18.3 42 1.2

1430 23 14.9 48 0.8
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Appendix Table 1, continued.

FIELD DATE TIME TEMP. (C) WIND
(Km/Hr.)

RADIATION

(1/Hr.)

1WSCB/10
SWEEPS

10 8-10-81 0900 27 11.6 30 2.4

1250 35 16.7 70 0.4

11 8-10-81 0800 24 08.4 12 4.9

1200 35 16.7 63 1.2

12 8-17-81 0830 18 05.0 36 5.4

1200 27 11.6 69 1.8

13 8-25-81 0845 16 13.3 36 1.5

1145 21 10.0 48 1.2

14 7-29-82 1000 17 13.3 12 2.7

1200 20 11.6 18 3.1

1400 23 13.3 30 1.9

1600 21 14.9 30 1.8

15 8-13-81 1000 17 10.0 24 3.4

1300 27 05.0 66 0.9

1700 30 08.4 36 1.2

16 7-27-81 0800 24 08.4 18 6.1

1130 32 13.3 60 3.3

17 8-18-82 0915 20 11.6 15 2.0

1130 24 16.7 45 0.6

1345 27 16.7 66 0.8

18 8-21-81 1000 20 06.7 30 1.4

1530 24 13.3 54 0.5

1
Mean of ten, 10-sweep samples.
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Appendix Table 2. Summary of sampling conditions and results for

comparison of sweep-net and absolute density sampling methods.
(Sampling methodologies are described in Section II; results of

data analyses are presented in Figure 11-4. Note: Analyses

summarized in Section II were conducted on raw data; field means of

observations are reported in this table.)

FIELD
NO.

DATE TIME CLOUD COVER

<80% >80%

1WSCB/METER
OF ROW

(Field mean)

2WSCB/10 SWEEPS
UNCORRECTED
(Field mean)

3WSCB/10 SWEEPS
CORRECTED

(Field mean)

1 7-26-83 1500 x 1.2 2.3 2.3

2 7-26-83 0950 x 1.0 2.0 2.0

3 7-26-83 1100 x 0.2 0.2 0.2

4 7-26-83 1130 x 0.8 1.6 1.6

5 7-25-83 1350 x 0.6 0.6 0.6

6 7-25-83 1450 x 1.0 1.3 1.3

7 7-25-83 1220 x 1.0 0.5 0.5

8 7-22-83 1100 x 0.6 2.3 8.9

9 7-22-83 1100 x 2.4 3.2 5.4

10 7-22-83 1300 x 0.2 0.9 2.3

11 7-21-83 1000 x 0.6 2.2 2.9

12 7-21-83 1140 x 0.2 2.0 4.4

13 7-21-83 1300 x 0.8 0.3 0.8

14 7-21-83 1440 x 1.4 2.5 5.3

15 7-21-83 1000 x 13.2 29.3 38.1

16 7-21-83 1100 x 7.0 15.6 26.5

17 7-21-83 1030 x 2.8 3.6 4.7

18 7-19-83 1240 x 0.2 0.6 0.6

19 7-19-83 1200 x 0.8 2.8 2.8

20 7-19-83 1130 x 1.6 2.1 2.1

21 7-18-83 1445 x 0.4 1.7 1.7

22 7-18-83 1000 x 0.2 1.5 1.5

23 7-18-83 1340 x 0.8 2.7 2.7

24 7-18-83 1300 x 1.0 2.9 2.9

25 7-18-83 1100 x 0.8 1.7 1.7
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Appendix Table 2, continued.

FIELD

NO.

DATE TIME CLOUD COVER
<80% >80%

1WSCB/METER
OF ROW

(Field mean)

2WSCB/10 SWEEPS

UNCORRECTED
(Field mean)

3WSCB/10 SWEEPS
CORRECTED

(Field mean)

26 7-12-83 1300 x 1.5 2.2 2.2

27 7-12-83 1430 x 1.6 0.8 0.8

28 7-14-83 1200 x 1.4 3.0 6.6

29 8-01-83 0900 x 2.5 7.4 7.4

30 7-14-83 1400 x 1.0 1.6 3.7

31 7-14-83 1545 x 0.4 1.8 3.2

32 7-14-83 1700 x 0.2 2.6 3.4

33 7-14-83 1800 x 1.4 3.2 2.9

34 7-15-83 1545 x 0.2 0.3 0.3

35 7-20-83 1040 x 1.6 2.5 3.3

36 7-15-83 1500 x 0.2 0.3 0.3

37 7-20-83 1300 x 1.6 3.3 8.3

38 7-28-83 1550 x 2.2 3.5 3.5

1
One sample per site, 5 sites per field.

2
Four samples per site, 5 sites per field.

3
Four samples per site, 5 sites per field. Corrected according to Table 11-2,

page 42.
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Appendix Table 3. WSCB relative density and pod damage in snap

beans. (Relative density estimates are weighted averages of
corrected field means of WSCB per 10 sweeps from samples collected

during the 14 days prior to harvest in each field. Pod damage

estimates are means from ten, 100-pod samples. Sampling
methodology and data analyses are detailed in Section III and
Figure III-1.

FIELD NO. VARIETY AVR. CORRECTED NO.
WSCB/10 SWEEPS

MEAN NO. SCARS
PER 100 PODS

1 Asgrow 290 2.6 0.7

2 Oregon 1604 2.6 0.9

3 OSU 91 4.2 1.0

4 Oregon 1604 7.5 2.4

5 Oregon 1604 6.9 2.6

6 Asgrow 290 2.3 0.9

7 Oregon 1604 0.9 0.2

8 Oregon 1604 1.0 0.6

9 Oregon 1604 1.2 0.3

10 Oregon 1604 3.4 0.5

11 OSU 4886 1.7 0.3

12 Oregon 1604 0.9 0.3

13 Oregon 1604 4.2 1.2

14 Oregon 1604 2.3 1.2

15 Oregon 1604 2.6 1.5

16 Asgrow 290 2.8 0.8

17 Asgrow 290 4.2 2.2

18 Asgrow 290 2.8 2.0

19 Asgrow 290 7.9 2.8

20 Asgrow 290 9.4 2.2

21 Asgrow 290 1.3 0.7

22 Oregon 1604 1.6 0.3

23 Asgrow 290 1.7 1.1

24 Asgrow 290 1.6 0.4

25 Oregon 1604 2.1 1.3
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Appendix Table 3, continued.

FIELD NO. VARIETY AVR.. CORRECTED NO.
WSCB/10 SWEEPS

MEAN NO. SCARS
PER 100 PODS

26 Asgrow 290 1.2 0.9

27 Asgrow 290 1.2 1.1

28 Asgrow 290 1.7 0.8

29 Oregon 1604 10.4 3.9

30 Asgrow 290 3.3 0.8

31 Oregon 1604 1.3 0.5

32 OSU 91 1.0 0.4

33 Oregon 1604 2.6 1.0

34 OSU 91 2.6 1.5

35 Asgrow 290 2.2 0.8

36 Oregon 1604 5.5 1.7

37 Asgrow 290 2.8 1.6

38 Asgrow 290 1.8 0.8

39 Oregon 1604 0.9 0.5

40 Oregon 1604 1.5 1.0

41 OSU 91 3.5 1.1

42 Oregon 1604 3.0 1.3

43 Oregon 1604 2.1 1.8

44 Slenderette 1.2 0.8

45 Slenderette 3.5 1.7


