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Sampling techniques were evaluated to quantify immature mint flea
beetle (MFB), Longitrsus waterhousei Kutschera (Coleoptera: Chrysomelidae),
on peppermint (Mentha piperita L.), in central Oregon. During the study
period, 1985-1988, soil samples of 350 cm3 were effective for collecting
immature MFB. Sifting soil samples through screens was effective for
estimating post-feeding third instar, prepupae, pupae, and teneral adult MFB
in the soil. Berlese funnel extraction was the most effective method for
estimating MFB larvae from peppermint rhizomes.

Results of Iwao's (1968) patchiness regression indicated that MFB have
an aggregated spatial distribution in the field. Aggregation could be
influenced by the original deposition of MFB eggs and by agronomic practices
on peppermint in central Oregon.

Yearly accumulation of degree-days was more effective to predict
immature MFB development than either calendar dates or twenty-year
degree-day averages. Degree-days were calculated using the Baskerville Emin
single sine method and a lower development threshold of 5°C. In the

_ rhizomes initial detection of first instar MFB were observed at 226 degree-
days, initial detection of second instar MFB were observed at 319 degree-days
and initial detection of third instar MFB were observed at 433 degree-days. In
the soil initial detection of prepupae MFB were observed at 582 degree-days,
initial detection of pupae were observed at 757 degree-days and initial
detection of teneral adults were observed at 864 degree-days. Initial detection



of first instar MFB was considered to be an approximation of egg hatch.
Results also suggested that the climatic station closest to where
developmental predictions are to be made should be used.

Of the registered insecticides tested, oxamyl, fonofos and chlorpyrifos
provided significant control of immature MFB. Degree-days provided a more
reliable method for timing insecticide applications than calendar dates and
allowed early treatment in the spring prior to significant damage to the
peppermint rhizomes.

Two species of entomogenous nematodes, Heterorhabditis heliothidis
and Neoaplectana carpocapsae effectively controlled third instar, prepupae
and pupae MFB in the soil during early June. However, early spring
applications may not be effective because of the cold temperatures, small size
of the larvae, and their concealment in the rhizomes.
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SAMPLING METHODS, BIOLOGY AND MANAGEMENT
OF THE MINT FLEA BEETLE

IN CENTRAL OREGON PEPPERMINT

SECTION I

INTRODUCTION AND LITERATURE REVIEW

The mint flea beetle (MFB), Longitarsus waterhousei Kutschera
(Coleoptera: Chrysomelidae), is considered to be one of the key insect pests of
peppermint, Mentha piperita L. throughout central Oregon and the mid-west
(Green 1963, Vessels 1984). Larvae feed by tunneling in the underground
roots and rhizomes causing more serious damage than the adults which feed
on the above ground foliage (Berry et al. 1977).

Control has been achieved through cultural practices designed to
prevent the introduction and spread of MFB populations, and by applications
of insecticides for adult control (Berry et al. 1977, Gould 1960). Little
information is currently available on management of immature MFB's.

The objectives of this research were to provide information on the
detection, biology and control of immature MFB in peppermint in central
Oregon. The following discussion explains peppermint economics,
peppermint production and pest management in central Oregon and a
historical review of MFB nomenclature, biology and management.
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Peppermint Economics

The necessity of managing MFB and other peppermint pests is
highlighted by recent increases in the value of peppermint oil. In Oregon up
to $55.11/kg was paid in 1988 compared to $17.64/kg during the period 1979 -

1981.

Oregon is currently the leading producer of peppermint oil in the
United States. Estimates provided by the A.M. Todd Company (1987-88),
Kalamazoo, Michigan, indicate that the Pacific Northwest, comprised of
Oregon, Washington and Idaho, accounted for ca. 89 % of the total
peppermint oil produced in the United States with 1,796,850 kilograms.
Oregon alone accounted for 48% of the total U.S. production with 959,850
kilograms. The Willamette Valley is Oregon's leading producer of
peppermint oil with 581,850 kilograms, a record 14% increase over 1986.
Jefferson County in central Oregon was the second leading producer with
378,000 kilograms, an 8% increase from 1986. Due to unfavorable
environmental conditions, the mid-west experienced a 14% decline in
peppermint oil production in 1987 and a 24% reduction in 1988, providing
further economic strength to the Pacific Northwest producers. In 1986,
Oregon agricultural estimates placed peppermint oil 16th in a list of 83
agricultural commodities (Miles 1986): this emphasized the importance of
peppermint oil to Oregon's agricultural economy and the necessity of
providing resources to support research to develop a peppermint pest
management program.
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Central Oregon Peppermint Production
and Pest Management

This section will outline some of the general peppermint production
practices in central Oregon. Much of the following information was provided
by Mr. Joe Cacka, formerly with Northwest Agricultural consultants of
Culver, Oregon. Due to the wide variation in peppermint production
practices, this summary will serve only as a guideline and should not be
considered the only production system used in central Oregon. Because
production practices often affect pest management, I induded the
management of other pests in this discussion. The pests discussed will
include the common soil problems except MFB, which will be discussed later
in this review.

The majority of mint is grown in the northern United States because
the warm summer temperatures and long day lengths promote high oil
yields (Martin et al. 1976). Peppermint grows best in well drained soils that
are high in organic matter with an optimum pH range of 6.5 to 7.5. Excellent
production is also achieved in the sandy loam soils of central Oregon
(Martin et al. 1976).

As early as December growers initiate their weed management
programs. This often consists of using Sinbar (terbacil) to control broadleaf
weeds, coupled with Gramoxone (paraquat) for grass control. Control of
noxious weeds is an important part of mint production because many of the
weed species adversly affect the flavor of mint oil (Martin et al. 1976, Gould
1960).

Spring tillage begins sometime in March before the mint breaks winter
dormancy. Tillage has been shown to improve soil aeration, pH uniformity
and soil nutrient distribution, and also provides significant control of the
mint root borer (Fumibotys fumalis G.) and groundsel (Senecio vulgaris L.)
(Talkington and Berry 1986). Tillage may also facilitate soil sampling used to
detect several of the soil insect pests in peppermint. However, due to the
threat of spreading Verticillium wilt and soil compaction, fewer growers are
currently employing this practice.

Fertilization begins in March before the mint breaks winter dormancy.
A second application may follow in June depending on the outcome of plant
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tissue analysis for nitrate levels. The use of fertilizers impregnated with
pesticides could result in reduced soil compaction and spread of pests caused
by application equipment. However, registration of these products as new
pesticides, may reduce or eliminate this practice.

Irrigation is normally available in central Oregon beginning about
April 15, but due to the high costs growers often delay irrigation if adequate
soil moisture is available. Beginning in June, peppermint is irrigated on a
regular basis because of rapid growth and high transpiration rates. During
this period, hand and wheel lines are used to irrigate on a seven day schedule;
five day intervals are common for center pivot irrigation systems.
Inconsistent irrigation scheduling in the early spring may affect the efficacy of
soil pesticides which require water for incorporation, e.g., Vydate (oxamyl),
applied to control plant parasitic nematodes. Typically, damaging
populations of nematodes should be treated soon after irrigation is available
to insure adequate soil incorporation. Applications applied in February or
March require rainfall for incorporation, which involves risk because of the
limited rainfall received in this region. One to 2.5 cm of water is usually
required for pesticide incorporation. Furrow irrigated mint presents special
problems for soil sampling of pests and pesticide incorporation. The soil is
often continually moist making soil sifting difficult, and the pesticides
remaining above the furrows may not be adequately incorporated.

The crop is harvested from late July through September, ideally at 5%
bloom which represents the highest oil quality. The mint is swathed into
windrows and allowed to dry for about 24 hrs to eliminate excess moisture.
Choppers then pick up the hay and transfer it to tubs for oil distillation.
Following harvest many of the fields in central Oregon are flamed with
propane to control Verticillium wilt (Homer and Dooley 1965, McIntyre
and Homer 1973). Fall flaming also reduces the population of overwintering
fertilized female spider mites, Tetranychus urticae K. (Fisher 1988 per. comm.)

After harvest, growers make the final decision whether to maintain
their crop in peppermint or plant a different crop. This decision is usually
based on the buildup of insects, weeds and diseases, especially Verticillium
wilt. With the introduction of Verticilium wilt resistant varieties in the early
1970's, fields are being kept in peppermint production longer. Central Oregon
peppermint is currently maintained for an average of five years compared
with three to four years prior to the introduction of wilt resistant varieties.
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The longer crop rotation schedule has resulted in population increases of
insects, diseases and weeds. The decision to replace peppermint with another
crop should be made at least one year in advance to avoid terbacil carryover.
It may be worth assaying the soil for terbacil residues prior to crop rotation. If
residues are detected fields should be deep plowed to a depth of 0.3 meters.

The majority of new peppermint fields are planted during October and
November. Before planting, fields should be checked for Verticillium wilt.
Fumigation is an effective control measure for wilt (Homer and Dooley 1965)
and soil borne insect pests (Berry 1988 per. comm.); most growers consider
this practice cost prohibitive, although in the long run it may be worth the
expense. Fields should be planted with certified root stock to avoid the
introduction of insect, weed and disease problems.

Fall tillage usually occurs in November after the mint has entered
dormancy. This practice reduces populations of the redbacked cutworm,
Euxoa ochrogaster G. (Fisher 1988 per. comm.), and provides soil nutrient and
pH benefits as previously discussed (Talkington and Berry 1986).
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The Mint Flea beetle, Longitarsus waterhousei, (MFB) was first
described by the German naturalist F. Kutchera in 1864 from specimens
collected in England by Waterhouse (Gentner 1928). The same insect was
described in France by Bedel in 1898 as Thyamis menthae (Gentner 1928).

The first record of this pest in the United states was reported by L.G.
Gentner from specimens collected in peppermint fields located near
Mishawaka, Indiana on October 21, 1925 (Gould 1935). Michigan peppermint
growers associated the MFB with crop damage as early as 1914. The beetles
apparently entered the United States as early as 1870 in contaminated
peppermint rootstock originating from Europe through Canada (Gould 1935).

In 1924, Gentner named this new pest the "mint flea beetle"
LongitarsUs menthae (Gentner 1925). During May of 1925 Dr. Franz
Heikertinger, an Austrian authority on European halticinae, informed
Gentner that the name L. menthae had already been used by Bedel to describe
a European species and that the name of the American species should be
changed. In 1926, Gentner changed the name from L. menthae to L.
menthaphagus (Gentner 1926B).

During 1927, Mr. Richard Stroud of the A.M. Todd Company, Mentha,
Michigan, traveled to England to determine if the MFB was infesting English
peppermint. He brought with him a life history mount of L. menthaphagus,
prepared for him by Gentner, to show both the English mint growers and
Major E.E. Austin of the British museum. Major Austin identified the beetles
as L. waterhousei from specimens collected by Waterhouse around 1860.
After viewing the devastated condition of the English peppermint fields, Mr.
Stroud believed that the "mint flea beetle" was responsible for the decline of
the English mint industry.

Genter then sent additional specimens of L. menthaphagous to Mr.
K.G. Blair and Dr. Heikertinger, who both agreed the specimens were
identical to L. waterhousei (Kutch.). Since L. waterhousei had priority over
L. menthaphagous, the "MFB" was named L. waterhousei (Gentner 1928)
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Biology and Geographic Distribution

The MFB is a univoltine insect that reproduces sexually. Eggs are laid
singly on the soil surface or between soil particles, from the end of July until
the onset of continuous freezing temperatures which result in the death of
gravid females (Gentner 1926B, Gould 1935). Eggs hatch during May of the
following year (Gentner 1926B) or during the latter half of May (Gould 1935).
Larvae feed on smaller roots and tunnel under the epidermis of rhizomes
and reach maturity in ca. four to five weeks (Gentner 1926B, Gould 1935). The
pupal stage requires about four weeks after which the newly emerged adults
crawl to the soil surface and begin feeding on the mint foliage. There is about
a two to three week preovipostion period, the actual time depends on the
food supply and climatic conditions (Gould 1935).

Natural dispersal is most often by hopping or occasionally by female
flight. The male hind wings are not developed for flight. Actual flight has
rarely been observed in the female, and then for only short distances (Gould
1935). Limited dispersal occurs as long as an adequate food supply is available.
After the crop has been harvested the adult beetles migrate to adjacent
unharvested fields or to plants that were missed by the swather, commonly
along field margins and ditch banks. The host range appears to be limited to
the mint family (Labiatiae) with peppermint being the preferred host
(Gould 1935).

Geographical distribution of MFB encompasses most of the Northwest.
Mr. James Todd, Willamette Agricultural Consulting, has observed small
populations of MFB in the Willamette Valley during the past nine years, but
he has not observed visible economic damage. Dr. Kieth Pike, Associate
Entomologist, Irrigated Research and Extension Center, Prossor, Washington,
has heard of previous economically damaging populations in the Columbia
Basin and Yakima Valley, but he has not observed the MFB during his twelve
years at Prosser. Occasional economic outbreaks have been reported in
Montana mint growing regions by Mr. Bruce Johnson, research coordinator of
the Western Montana Mint Growers Association. Dr. Craig Baird, Extension
Entomologist, University of Idaho, has observed occasional small populations
but does not feel that the MFB currently represents an economic problem in
the Boise Valley. In central Oregon, MFB cause sporatic yield losses which
under certain conditions may be severe.
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Mint Flea Beetle Management

Cultural practices have been effective for controlling MFB populations.
The two to three year crop rotation cycle implemented in Indiana to control
Verticillium wilt, also maintained MFB populations at low levels from the
1940's through the 1960's (Gould 1935, 1960). With the introduction of wilt
resistant peppermint varieties in the 1970's, there was a resurgence of MFB
outbreaks which may have been caused by the longer rotation cycle. Summer
fallowing or rotation to a non-mint crop is an effective control measure when
coupled with the destruction of volunteer mint in and around field margins
(Gentner 1925, Gould 1935). Planting clean peppermint root stock has long
been considered an important cultural practice for control of MFB
(Gould 1935, 1960)

Insecticide control from 1920 to 1940, involved treating the peppermint
crop with inorganic insecticides during peak adult emergence and before the
beginning of oviposition (Gould 1935). Additional dusting with insecticides
such as calcium arsenate were applied to fields after harvest to kill the
remaining adults through the fall regrowth period. New fields were
protected by leaving a strip around nearby infested fields and dusting the strip
with arsenical compounds ( Gentner 1925). From the 1940's through the
1960's chlorinated hydrocarbon insecticides were applied before harvest, and
again after harvest to control adult populations. Presently the strategy is to
apply preharvest treatments of malathion or methomyl to infested fields after
the majority of adults have emerged but before they begin laying eggs. After
harvest, field margins should be checked for MFB populations, and if
detected, these areas should be treated with registered insecticides (Berry
and Robinson 1973).

Research Objectives

Information provided from the preceding review helped establish the
objectives for this study. Important areas were identified where additional
knowledge was required to provide optimum MFB control.
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The objectives of this study were as follows: (1) to develop sampling
procedures for immature MFB in the field; (2) to use these sampling
procedures for investigations of immature MFB biology with respect to the
relationship between immature MFB density and peppermint yield loss,
immature MFB spatial distribution and field development; (3) to determine
the optimal timing of pesticide applications for immature MFB control; and
(4) to evaluate two species of entomogenous nematodes to control immature
MFB.

A summary of how this information may be integrated to effectively manage
MFB in central Oregon is provided in section-VIII.
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SECTION II

SAMPLING TECHNIQUES

Introduction

The objective of this study was to develop effective sampling
techniques to investigate immature MFB field biology, control measures, and
to develop future peppermint pest management programs.

Three sampling scenarios were investigated; (1) detection of first instar
larvae before they entered the rhizomes, (2) extraction of larvae from within
the rhizomes; and (3) detection of the post feeding stages in the soil. In the
first study, I evaluated soil flotation, rhizome dissection, and Berlese funnel
extraction to recover MFB. In the second study, I evaluated both rhizome
dissection and Berlese funnel extraction; and in the third study, I evaluated
sifting soil samples through screens directly in the field.

Soil flotation has been used to collect the eggs and larvae of various
soil insect and nematode species. Montgomery (1979) used this technique to
estimate egg and larval populations of Otiorhynchus sulcatus (F.) and
Diabrotica longicornis (S.) by taking advantage of their low specific gravity
which allowed them to float on the water surface. Caswell (1985) used a
similar technique to extract the cysts and eggs of Heterodera schachtii (Schm.)
from soil samples.

Plant dissection has been used to collect larvae of the tansy flea beetle,
Longitarsus jacobea W., from within the stems of tansy ragwort, Scenecio
jacobea L. (McEvoy 1986 per. comm.). Larvae of the mint root borer,
Fumibotys fumalis (G.), and tansy flea beetle have been extracted from within
peppermint and tansy ragwort respectively, by using Berlese funnels (Fisher
1987 per. comm., McEvoy 1986 per. comm.). The drying rate is important
when using Berlese funnels because, if the sample is dried too slowly,
individual larvae may molt before being extracted. If the sample is dried too
rapidly the larvae may be killed by heat or dessication (Ruesink and Kogan
1982).

Larvae of the redbacked cutworm, E. ochrogaster, and strawberry
rootweevil, 0. ovatus, have been collected from peppermint fields by digging
a known volume of soil then sifting it through a series of screens of



method was used by Vessels (1984) to collect large numbers of MFB
immatures for laboratory studies.

Materials and Methods

Soil Flotation
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The objective was to evaluate soil flotation to detect MFB egg hatch by
collecting recently hatched first instar larvae before they entered the rhizome.
Beginning April 3, 1986, fifteen 350 cm3 soil samples were collected from a
five year old peppermint field located two km west of Madras, Oregon. Soil
samples were taken with the equipment and procedure described in the
section on soil sampling. Samples were taken weekly from an area of the
field that was free of pesticides, and had a large population of MFB adults the
previous season. Samples were placed in coolers with blue ice, and returned
to the laboratory for processing. Samples not processed immediately were
stored in a refrigerator at 10°C and processed within 24 hours.

The soil washer consisted of a galvanized sheet metal wash tank with
overflow spout (Figure 1). The wash tank dimensions were 30 cm in
diameter by 51 cm deep. Water entered the tank through a hose attachment
located on the bottom of the wash tank. Water was supplied to the tank from
a hose connected to a sink; water flow was adjusted with the sink faucet. Two
low pressure air fittings, one on each side of the can, allowed for connection
to a compressed air cylinder which supplied air to agitate the sample.

One soil sample was poured into the wash tank, mixed with water and
agitated with compressed air and a stirring rod. Soil and organic debris
flowed out of the spout and through a series of four, 14 cm in diameter, brass
screens. The top screen had a mesh of 5.0 mm and collected the large particles
of organic matter. The smaller material then flowed into a series of 2 mm,
0.5 mm and 0.045 mm mesh screens. The rhizomes collected in the 5.0 mm
screen were dissected following the procedure decribed below. The soil and
smaller particles that collected on the other screens, were rinsed with water
into plastic containers and observed for MFB under a dissecting microscope.
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Rhizome Dissection

Rhizome dissection was evaluated to detect MFB larvae feeding in
peppermint rhizomes. In 1986, ten samples of 254 cm long rhizomes were
collected weekly beginning on April 3 through May 13. Samples were
obtained from a tilled peppermint field located two km west of Madras,
Oregon. Samples were taken from a 200 m2 section of the field that was
heavily infested with MFB the previous season. Selection of the sampling
area was biased to increase the likelihood of sampling rhizomes with MFB
because visual symptoms of feeding injury are rarely observed until the
presence of second instar larvae later in the spring. Samples were taken by
digging a 1000 cm2 by 10 cm deep volume of soil using a shovel and
standardized metal sampler made of a steel strip bent into a 31.62 x 1.62 cm
square with one end open. The samples were removed with a shovel and
soil was separated from the rhizomes in the field. Individual rhizomes were
measured from the crown downward until a total length of 254 cm was
obtained. This procedure was not difficult in tilled fields because the
rhizomes generally grew individually in a straight up and down manner.
Samples were put in plastic bags, placed in coolers with blue ice and taken to
the laboratory where they were dissected. Samples not dissected immediately
were placed in a refrigerator at 10°C and processed the next day.

Using a dissecting microscope, rhizomes were slowly dissected in half
and then quarters with a surgical scalpel. The above ground portion of the
plant was also dissected because Gould (1935) indicated that the larvae
occasionally migrated a short distance into the above ground portion of the
peppermint stem. Also, McEvoy (1986 per. comm.), in his work with L.
jacobea, has shown that the above ground portions of S. jacobea are
commonly infested.

Berlese Funnel Extraction

The Berlese funnel extraction method was also evaluated to collect
larvae feeding within the rhizomes. The funnels were constructed of
galvanized sheet metal 30.5 cm in diameter across the top (Figure 2). The
cylindrical portion was 29.2 cm high. A 24.1 cm conical lid fitted on the top of
the cylinder and tapered upward to a lightbulb socket. Below the cylindrical
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portion of the container, a conical section tapered downward to a 7.6 cm
mason jar lid attached to the bottom. Mason canning jars filled with 2.5 cm of
water were used to collect the larvae. A removable cylinder, 30.5 cm in
diameter by 26.6 cm high, equipped with a 0.95 cm bottom screen, was used to
load new samples or dump extracted samples. When soil and rhizomes were
processed together in 1985, a 2 mm mesh screen was placed on the bottom of
the sample container so less soil would fall into the collection jar.

In 1985, a preliminary test was conducted on June 6 to determine
whether the larvae remaining in the rhizomes, as well as those in the soil,
could be effectively extracted from a soil sample. Eight 350 cm3 soil samples,
containing infested rhizomes and soil, were collected from a tilled
peppermint field located two km west of Madras, Oregon. The samples were
placed into Berlese funnels and processed for 48 hours under 100 watt
incandescent light bulbs. Soil samples were collected with the soil sampling
equipment and procedure described below in the soil sampling section.

In 1986, the objective was to evaluate Berlese funnel extraction to
collect the three MFB larval instars from within the rhizome. Sampling
began on May 22 when larvae were already present inside the rhizomes, and
many larvae had developed to the stage where frass was visible in their
tunnels. Ten 254 cm long rhizome samples were collected in the same
manner and at the same field location as described above for rhizome
dissection. Samples were placed in Berlese funnels and allowed to dry for 48
hours under 25 watt incandecent light bulbs. The 25 watt light bulb was
selected because it had effectively extracted tansy flea beetle larvae from tansy
ragwort (McEvoy 1986 per. comm.). The efficiency of this method was
evaluated by dissecting the rhizomes after the 48 hour processing period.

In 1987, the objective was to evaluate Berlese funnel extraction to
predict egg hatch by detecting the recently hatched first instar larvae as they
began entering the rhizomes. In 1987, samples were collected from an non-
tilled field located on the western edge of Redmond, Oregon and a tilled field
located two km west of Madras, Oregon. Sampling began on March 25, prior
to egg hatch. In 1987, the sampling unit was changed from the 254 cm
sections of rhizomes described above, to the total rhizomes contained in
10,000 cm3 of soil because of the difficulty in measuring rhizome length in
non-tilled fields.
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In 1988, the objective was to further evaluate Berlese funnel extraction
to predict egg hatch by detecting the recently hatched first instar larvae as they
began entering the rhizomes. In 1988, samples were collected from an non-
tilled field located between Sisters and Redmond, Oregon. Sampling began
on April 4 prior to egg hatch. In 1988, the sampling unit consisted of the total
rhizomes contained in 10,000 cm3 of soil.

During the 1986 field season, three 25 watt light bulbs where accidently
replaced with 40 watt light bulbs, so a test was conducted in 1986 to determine
if there was a difference in extraction efficiency between the two bulb wattages
. The test was conducted using a completely randomized design with five
replications. Fifteen 254 cm long rhizome samples were collected from a field
located two km west of Madras, Oregon. The samples were taken from an
untreated area of the field that was heavily infested with MFB the previous
season. The samples were randomly assigned to fifteen Berlese funnels. Five
25 watt and five 40 watt bulbs were randomly assigned to the funnels as
treatment one and two respectively; the remaining five funnels without
lightbulbs were checks. The samples were processed for 48 hours and the
larvae that were collected in the Mason jars were counted with the aid of a
dissecting microscope.

Soil Sampling

The objective of soil sampling was to detect the post - feeding third
instar larvae, prepupae, pupae and teneral adults in the soil. Due to the
smaller size of the MFB immatures in relation to redbacked cutworm and
strawberry root weevil larvae, it was believed that the 1000 cm2 soil sampler
used to sample these two pests was too large for MFB sampling (Danielson
and Berry 1978, Cacka 1982). The 3.3 liters of soil processed by Vessels
(1984) to collect MFB immatures for laboratory studies, also was too large a
volume for this study and for practical management purposes.

Ruesink and Kogan (1982) suggested that if the insect is small and
located several cm deep in the soil, then a core sampler may be an appropriate
sampling tool. Vessels (1984) observed that the majority of immature MFB
stages were in the first ten cm of soil. Based on this information, a soil
sampler with dimensions of 5 cm x 7 cm x 10 cm deep was used in my studies
(Figure 3). The sampler was made of two opposing halves that could be
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separated to remove the sample and maintain sample size uniformity. The
soil sampler was constructed for this project by the personnel at Northwest
Agricultural Consultants in Culver, Oregon.

A sample was taken by placing the sampler over the top of a mint plant
(alive or dead) and pushing it into the soil to a depth of 10 cm. Mint plants
were induded in the sample because there is an intimate association of the
MFB immatures with the peppermint root zone. Peppermint rhizomes
included in the samples were dissected to determine the number of larvae.
The 350 cm3 soil sample was sifted through three, 17.7 cm diam. stackable
screens with sieve sizes of 3.0 mm2, 1.5 mm2 and 0.8 mm2 (Figure 3). Soil
aggregates remaining on top of the 3.0 mm2 screen were broken up and sifted
again; rocks were eliminated and the rhizome segments dissected for larvae.
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Soil Flotation
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Soil samples used to evaluate extraction of MFB by water flotation were
taken for six weeks. Sampling was terminated after May 13 because first instar
larvae were dissected from the rhizomes on May 1 and May 13, but were not
found in the debris that collected on the screens. I observed early instar
dipteran and coleopteran larvae but was unable to detect the presence of MFB
larvae. I believe it would have been possible to detect MFB larvae using this
method if I had continued taking samples. However, due to the complicated
procedure and processing time of about 30 minutes/sample, I do not believe
this method would be practical in a peppermint pest managment program.

Because MFB larvae were collected by rhizome dissection from samples
collected concurrently with the samples taken for flotation, I believe some of
the larvae entered the rhizome immediately after hatching from the egg and
did not spend much time feeding on the small roots.

Rhizome Dissection

First instar larvae were detected by dissecting rhizomes; however, I feel
that because of the extraction time this method would not be practical in an
insect management program on mint. First instar larvae do not create visible
frass tunnels characteristic of second and third instars making it difficult to
detect first instar larvae using this method. Also, non-tilled fields which
often contain tangled masses of rhizomes further increases the difficulty of
detecting larvae using this procedure.
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Berlese Funnel Extraction:

No MFB larvae were collected from the preliminary study with Berlese
funnels conducted in 1985. This result could have been because of the
immobility of the immatures during the time of this test, difficulty of larvae
crawling out through the soil, or because of heat related problems caused by
the 100 watt bulbs.

Berlese funnel extraction proved to be an effective method for
extracting MFB larvae from peppermint rhizomes during 1986 through 1988.
Especially encouraging was the detection of newly hatched first instar larvae
in 1987 and 1988. However, these larvae were so small that they required the
aid of a dissecting microscope to differentiate them from soil particles and
other small organisms that were collected in the bottom of the jars.

Results of the soil flotation study indicated that at least some of the first
instar larvae enter the rhizome soon after egg hatch. I believe extraction of
MFB using Berlese funnels may be used to predict MFB egg hatch in the
spring. Results of studies using Berlese funnel extraction during 1987 and
1988 indictated that newly hatched first instar larvae collected with this
method, would most likely have been missed by rhizome dissection because
larvae were smaller than anticipated. For this reason, I believe rhizome
dissection would be an inefficient method for detecting egg hatch.

To achieve optimum extraction efficiency with Berlese funnels,
samples should be processed until the rhizomes are completely dry. The time
required to process a sample depends on the sample size and the amount of
separation between rhizomes within the sample. In general, the tangled mass
of rhizomes characteristic of non-tilled fields, required more drying time than
the separated rhizomes from tilled fields.

Results of the experiment to evaluate bulb wattage indicated that there
was a highly significant increase in the number of larvae extracted when
using either the 25 or 40 watt bulb compared to using no bulb (Table 1). There
was no significant difference in the number of larvae extracted between the 25
watt or 40 watt bulb. I recommend using 40 watt bulbs because larger
samples or samples with a high moisture content may be processed more
efficiently.
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Soil Sampling

Soil samples of 350 cm3 and extraction of MFB using screens in the
field was effective for collecting larvae, prepupae, pupae, and teneral adults
from the soil. Most of the immature stages were recovered on the 0.8 mm2
screen, those that passed through the 0.8 mm2 screen were mostly third
instar larvae that collected in the solid bottom container. Larvae remaining
in the rhizome were extracted by dissection which was often cumbersome in
the field.

The equipment required for soil sampling may be easily transported
throughout a large field. Sampling time ranged from six to ten minutes per
sample under dry field conditions. Use of larger screens would allow the soil
to be spread out over a larger surface area, making detection of the larvae
easier.

The dry climate and sandy soils of central Oregon were conducive to
this sampling technique. Wet soil drastically reduced sampling efficiency and
accuracy as did soils that had a high clay content. Sampling furrow irrigated
fields was difficult because they were wet a greater proportion of the time.
Tilled fields were easier to sample than non-tilled fields because of the
difficulty in cutting through the tangled mass of rhizomes located near the
soil surface in the non-tilled fields.
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Figure 1. Soil flotation sampler used to extract first instar larvae from soil
samples.
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Figure 2. Berlese funnel used to extract MFB larvae from peppermint
rhizome samples.
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Figure 3. 350 cm3 soil sampler and sifting screens used to extract immature
MFB from soil samples.
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Table 1. Results of different bulb wattage in Berlese funnels used to extract
MFB from soil samples, 1986.

Treatment )1 no. MFB Larvae/

254 cm rhizomes V
Transformed
)1 + S.E V 3/

No Bulb 1.6 1.5 ± 0.4
25 Watt Bulb 10.2 3.2 ± 0.0
40 Watt Bulb 12.0 3.4 ± 0.0

1 /Means represent the number of larvae collected from 254 cm long rhizomes
averaged over five replications. Samples were processed in Berlese funnels
for 48 hours.

2./Data were transformed using .NI Count + 0.5 to stabilize variance. The
transformed data were used in the analysis.

3./Orthogonal contrasts indicated no significant (P<0.01) difference in
extraction efficiency between the 25 or 40 watt bulb; there was a significant
(P<0.01) difference in extraction efficiency between the use of either the 25
or 40 watt bulb compared to the no bulb check. CV=36.5%
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Section III

RELATIONSHIP BETWEEN IMMATURE MFB DENSITY
AND PEPPERMINT YIELD LOSS

Introduction

The relationship between crop damage and pest density is an important
component of an integrated pest management program. This information
may be used to define the economic status of a pest, determine economic
thresholds and estimate the effectiveness of control measures (Ruesink and
Kogan 1982). If this relationship is determined it may also justify the
expenditure of resources for additional research on MFB management.

The severity of damage caused by a pest is a function of its density,
characteristic feeding behavior, and the biological characteristics of the host
plant. For example Gould (1935) believed that yield loss caused by MFB
depended on the number of larvae present and plant vigor. Each of these
factors are affected by the environment which may make the correlation
between pest density and crop damage difficult to assess (Ruesink and
Kogan 1982). Further complications arise from the potential interactions
with other pests or pathogens. Agrios (1978) cited several etiological
complexes between plant parasitic nematodes and plant pathogens that result
in a combined pathogenic potential much greater than the sum of the damage
either of the pathogens could produce individually. Faulkner (1969,1970)
observed increased damage to peppermint by Verticillium wilt when plants
were also parasitized by the lesion nematode Pratylenchus minyus (Sher.).

McEvoy (1985) outlined the criteria required to assess the role of
herbivores in depressing host abundance: 1) determine an association,
evidenced by a negative correlation of insect and plant density; 2) establish a
visual contact, evidenced by herbivore damage to the plants; and 3) determine
a mechanism for population changes, expressed as changes in migration,
birth, or death rates. The objectives of this study were to determine the
association between immature MFB and peppermint yield loss for fresh wet
weight of mint hay and oil yield, and to establish tentative economic injury
levels.



24

Materials and Methods

In 1985, 25 one m2 plots were established between June 6 and June 11 in
a five-year old peppermint field located two km west of Madras, Oregon. This
field had a large population of MFB adults the previous season. Each plot was
subdivided into four equal quadrates. One random soil sample was taken in
each quadrat. For this study, I used the same soil sampling equipment and
methods described in section II, soil sampling. The larvae had emerged from
the rhizomes at the time the plots were established.

No other pests were detected in the four 350 cm3 soil samples taken in
each of the 25 plots described above. Other m2 plots were discarded when
pests, other than MFB, were detected in the soil samples, e.g., strawberry root
weevil, redbacked cutworm, and Verticillium wilt.

The 25 one m2 plots were harvested with a hand sickle on August 9,
1985, one day before commercial harvest. The foliage was placed in
preweighed burlap bags and weighed in the field. The foliage was air dried
and distilled using a small volume research still.

The association between immature MFB density and yield loss was
estimated by plotting yield (fresh hay weight and oil) against the mean
number of immature MFB/sample (350 cm3) and fitting the least squares
regression line to the points.
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Economic Injury Level

Tentative economic injury levels were calculated using the formula of
Danielson and Berry (1978):

EIL = (t /p) / b

Where: t = cost of controlling pest
p = value of peppermint oil paid to growers
b = regression coefficient in terms of yield reduction

(kg/ha/pest/350cm3).
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Results and Discussion

Linear regression of peppermint fresh hay weight (kg/ha) on mean
MFB immatures/350 cm3 is shown in Figure 4. These data were best
described by the equation: y = 31.54 - 1.98x (R2 = 0.54). Linear regression of oil
yield (kg/ha) on mean MFB immatures/350cm3 density is shown in Figure 5.
The best fit for these data was the equation y = 67.93 -3.66x (R2 = 0.39).

The results of this study indicated that MFB larvae caused peppermint
yield reductions of fresh hay weight and oil. Further evidence is provided by
visual observations of stunting and mortality of pepermint plants where
MFB larvae were observed tunneling in the rhizomes. The direct effect of
this damage may be to disrupt nutrient translocation and water uptake.

Tentative economic injury levels were determined for MFB
immatures infesting peppermint in central Oregon (Table 2). These values
are based on the 1988 price paid to Madras peppermint growers for oil
($55.11/kg, A.M. Todd Co. 1988), and total pesticide treatment costs for oxamyl
($74.13 /ha), methomyl ($61.77/ha) and oxamyl plus methomyl ($135.90 /ha)
(Mr. D. Springer, Round Butte Seed Growers, Inc., Culver, Oregon), the
economic injury levels are 0.36, 0.31 and 0.67 MFB immatures/350 cm3
respectively. These estimates should be considered tentative because the data
were taken from only one field during one season. Additional information
about the MFB population rate of increase is required to substantiate these
EILs. Also, more multi-disciplinary research cooperation between the
biological sciences involved in peppermint management is needed to
quantify the other factors, besides MFB, that reduce peppermint yield loss.
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Table 2. Tentative economic injury levels for MFB immatures infesting
central Oregon peppermint.

Cost of No. mint flea beetle immatures/350 cm3 responsible
treatment for loss equal to cost of treatment
$/hectare if $/Kg of oil return to Producer is:

22.05 33.07 44.09 55.11 66.14

61.771/ 0.77 0.51 0.38 0.31 0.26
49.42 V 0.61 0.41 0.31 0.25 0.20
123.55 2/ 1.53 1.02 0.76 0.61 0.51

74.13 0.92 0.61 0.46 0.36 4/ 0.31
61.77 0.77 0.51 0.38 0.314/ 0.26
135.90 1.68 1.12 0.84 0.67A/ 0.56

86.48 1.07 0.71 0.54 0.42 0.36
74.13 0.92 0.61 0.46 0.37 0.31
148.26 1.84 1.22 0.92 0.73 0.61

98.84 1.22 0.82 0.61 0.49 0.41
86.48 1.07 0.71 0.54 0.43 0.36
160.61 1.99 1.33 1.00 0.80 0.66

1/ Including labor, machinery and oxamyl.
2/ Including labor, machinery and methomyl.
3/ Including labor, machinery and oxamyl plus methomyl.
1/ Underlined amounts are tentative economic injury levels for MFB

immatures in central Oregon peppermint. These EILs are based on 1987
average oil value in central Oregon and a recent estimate of treatment
cost.
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Figure 4. Effect of MFB larval density on fresh weight of peppermint hay,
Madras 1985. Yield loss (y = fresh weight in kg/ha) plotted against mean MFB
larval density (x = mean number of MFB larvae/350 cm3 of soil).
y = 31.54 - 1.98x R2 = 0.54
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Figure 5. Effect of MFB larval density on peppermint oil yield. Yield loss
(y = oil yield in kg/ha) plotted against mean MFB larval density
(x = mean number of MFB larvae/350 cm3). y = 67.93 - 3.66x
R2 = 0.39
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SECTION W

SPATIAL DISTRIBUTION

Introduction

Characterization of the spatial pattern of insects may provide useful
information for developing insect pest management programs. It not only
allows for explanations about how the distribution arose, but may also
provide information necessary to construct sequential sampling plans
(Southwood 1978, Iwao 1975); several of which have been developed for soil
insect pests on peppermint (Cacka 1982, Danielson and Berry 1978).

Spatial patterns may deviate from randomness in two ways: 1) if the
presence of an individual at one point increases the probability of another
individual being nearby, then the spatial pattern is aggregated; and 2) if the
presence of one individual decreases the probability of another being nearby,
the spatial pattern will be uniform (Ruesink and Kogan 1982).

Several approaches have been developed to quantify spatial
distributions. One approach is to fit biological data to known mathematical
distributions, e.g., the negative binomial, which often describes species that
exhibit aggregated distributions, and the poisson which describes species that
are randomly distributed (Bliss and Fisher 1953, Southwood 1978). One
problem associated with this approach is the existence of biotic spatial patterns
which do not adequately fit the currently described distributions (Meyers
1978). Also, individual sets of data have been shown to fit more than one
distribution, even at the same population density (Iwao and Kuno 1971,
Taylor et al. 1978).

A second approach is the use of population indices; several reviews of
the commonly used indicies have been described (Southwood 1978, Meyers
1978). The use of several of the indicies may contain errors because they are
often strongly correlated with mean density (Meyers 1978).

A third approach, developed by Iwao (1968), utilizes the relationship
between the mean crowding index (Lloyd 1967) and the sample mean. The
mean crowding index is defined as the number of individuals found with
another individual in a single sample. Meyers (1978) pointed out that Lloyds
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index of mean crowding is highly correlated with mean density which is in
violation of the statistical requirement of independence between the index of
dispersion and the mean sample density. Meyer (1978) agreed with Iwao and
Kuno (1971) that mean crowding is a biologically meaningful index if the
relationship between mean crowding and mean density is used, rather than
individual observations of mean crowding. Regression of the mean
crowding index (M) on the population mean (m) is described by the equation
m = a+ 2m. The intercept of the regression line a is termed the "Index of
Basic Contagion" and represents the number of individuals that would be
expected to be found together in a sample at infinitely small density (Patil
and Stiteler 1974). The Slope of the regression line f3 is termed the "density
contagiousness coeffiecient" which indicates how individuals or groups of
individuals distribute themselves in their habitat with changes in mean
density (Iwao 1968). Spatial distribution was described using the f3 values
from the regression equation: f3 > 1 is an indication of an aggregated
distribution, 2 = 1 would be exhibited by a population that follows a random
distribution, and 2 < 1 would indicate a population that is more uniform.
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Materials and Methods

Soil samples were taken during 1985 and 1986 to provide information
about the spatial distribution of MFB in peppermint. A total of 23 sample sets
of 350 cm3 stratified random soil samples were taken weekly from the third
week in May through the second week in July. One stratified random sample
set consisted of one 350 cm3 soil sample per site and 25 to 40 sites per field per
sampling date. Random sample location during both years was determined
by tossing a metal disk behind me over my head. The field was traversed in a
"zig zag" design and a sample was taken approximately every 25 steps. Forty,
350 cm3 stratified random soil samples were taken each week from each of
two, 2.2 hectare sections of two fields located near Madras and one, 2.2 hectare
field in Prineville. Thirty, 350 cm3 stratified random soil samples were taken
each week from each of two, 1.62 hectare sections of two fields located near
Madras. Twenty five, 350 cm3 stratified random soil samples were collected
each week for three weeks from a 0.81 hectare field located near Culver. Five
sets of 350 cm3 stratified random soil samples were not included in the
analysis because no immature MFB were detected. Sample means, variances
and Lloyds index of mean crowding were computed for each set of 350 cm3
stratified random soil samples (Appendix 6). Mean crowding (m* ) was

*
computed using the equation m = m + 1), where m = the population
mean estimated from the sample data by the sample mean x and a = the
population variance, estimated from the sample data by the sample variance
s2.

The data were analyzed using Iwao's patchiness regression: estimated
values of m were plotted on the y-axis against values of the sample mean
on the x-axis. The least squares regression line fitting these points was

*
described by the equation m = a +
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Results and Discussion

Results of Iwao's patchiness regression for the soil samples is
illustrated in Figure 6. The observed value of 0.51 for "a" (index of basic
contagion) indicated that at an infinitely small density more than one MFB
immature may be found with another immature MFB in the same 350 cm3
sample (Figure 6). The observed value 3.01 for "2" (density contagious
coefficient) demonstrated the strong aggregation exhibited by MFB immatures
over a wide range of field densities. Such a distribution may arise for several
reasons and Meyers (1978) suggested that interpretation should be left up to
the researcher based on personnal experience and observation.

Behavioral factors, aside from special attractive patches of habitat, that
give rise to aggregated distributions may be of two types: 1) interindividual
attraction; or 2) the laying of eggs, or live young, in clumps (Southwood
1978). Based on my observations and information from the literature, I
believe female MFB lay their eggs in an aggregated manner. Gould (1935)
observed limited adult migration providing an ample food supply existed.
He also observed that females seldom dispersed by flight. Once the eggs
hatch, migration is limited because the larvae develop through the third
instar within the rhizome. This suggests that the distribution of MFB is
strongly influenced by the original distribution of the eggs (Iwao 1968).

Human influence such as grower's agronomic practices may also result
in an aggregated distribution. Clumps of eggs may be transported to a field in
planting stock which would result in initial concentrations of larvae in one
or a few small areas. Insecticide spray skips may give rise to small islands of
gravid females which could result in aggregated distributions. Also, I have
observed that insecticides applied for adult control often do not adequately
penetrate thick foliage which provides refugia for the adults. Swather skips at
harvest also may result in aggregation due to migration of adults from
surrounding harvested areas.

Because of the strong aggregation at low mean densities, it is difficult to
detect small populations of MFB larvae by random sampling without taking a
prohibitively large number of samples. Small populations were often widely
dispersed in large fields and were commonly missed by random sampling.
Biasing the sample to include plants that possessed symptoms of stress was an
effective method of locating small populations. However, sampling should
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be conducted to verify the presence of immature MFB because plant stress
symptoms are also caused by other factors.
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Figure 6. Iwao's patchiness regression based on the 17 sets of stratified
random 350 cm3 soil samples collected from six peppermint fields located in
Jefferson and Crook counties during 1985-1986. Lloyds index of mean
crowding (y) plotted against corresponding mean number of MFB
immatures/350 cm3 of soil (x).
y = 0.51 + 3.01x R2 = 0.78
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SECTION V

DEVELOPMENT OF THE IMMATURE
MINT FLEA BEETLE IN THE FIELD

Introduction

Temperature models have been used in pest management programs to
predict insect development (Riedl et al. 1976) (Stark and Aliniazee 1982).
These models rely on the positive correlation between temperature and
development rate of poikiolothermic organisms (Baskerville and Emin
1969). Additional factors may also influence development (Baskerville and
Emin 1969) (Stark and Aliniazee 1982), for example Gould (1935) and Gentner
(1926A) sugggested that moisture and temperature infuenced MFB
development.

Insect survival often depends on favorable environmental conditions
for growth, development and reproduction. Insects often endure unfavorable
conditions in a quiescent state, and only become active after certain
environmental critera have been satisfied. Aliniazee (1979) reported that this
strategy has special importance for univoltine insects in temperate climates of
which the MFB is an example.

After the required number of chilling units have been satisfied to
complete diapause, development may be determined by physiological time
which is often measured in degree-days. One degree-day is equal to one
degree above the lower development threshold over a 24 hr period.

Several methods have been proposed for calculating degree-days. The
least complicated method is averaging which fits a rectangle to the diurnal
temperature curve (Anonymous 1983). Improved simulation is achieved by
fitting either a triangle (Seveacherian et al. 1977) or a sine curve to the diurnal
temperature cyde. The latter method, proposed by Baskerville and Emin
(1969), more accurately approximates the cyclical pattern of field temperatures
than either the averaging or triangulation methods. The double sine curve
method (Allen 1976) may simulate the temperature curve more precisely, but
is considerably more complicated to use (Anonymous 1983). The sine curve
models operate on the principal assumption that the diurnal temperature
curve, which is typically skewed to the right with minor variations, is similar
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to the trigonometric sine curve which is symmetrical and smooth
(Baskerville and Emin 1969). The daily mean temperature is the average of
the maximum and minimum temperature over a 24 hr period, whereas for
the actual curve this is not always true. Hourly recordings of maximum and
minimum temperatures could provide a more precise measure of degree-
days by accounting for the fluctuations of temperature within a 24 hr hour
cycle (Redmond 1988 per. comm.). However, for most cases adjusting the
amplitude with the mean daily maximum and minimum temperature
adequately approximates the area under the temperature curve
(Baskerville and Emin 1969).

All of the above methods have been tested successfully under field
conditions with the exception of the averaging method in cases where
temperatures significantly exceeded the upper threshold or decended below
the lower threshold (Anonymous 1983).

Other factors, in addition to approximating the dirurnal temperature
curve, may influence the accuracy of these methods regardless of model
refinement. The assumption that the development rate of organisms is
linearly related to temperature and constant over the entire growth period
may not always be valid (Stark and Aliniazee 1982, Baskerville and Emin
1969). These models attempt to explain only the temperature component of
growth and development while other factors may be influential. Also,
accurate temperature thresholds for the various insect stages may be
unavailable (Baskerville and Emin 1969). Van Kirk and Aliniazee (1981)
suggested that, although the above assumptions may not always be satisfied,
the models that employ them may still be useful as predictive tools in pest
management programs.
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Materials and Methods

Differentiation of the Larval Instars

To accurately investigate field development of MFB it was necessary to
differentiate between the three larval instars. First and second instars could
be separated by size and the color of the head capsules; first instars had black
head capsules while second and third instar head capsules were brown.

It was difficult to separate late second and early third instars visually
because body sizes were often similar. To overcome this problem, head
capsule measurements were recorded for all larvae collected in the field and
their distributions were plotted.

Field Development:

The objective of this study was to evaluate the possiblity of using
degree-days, as a measure of physiological time, to predict immature MFB
development under field conditions. This information may be used to
improve management strategies for the MFB. In this study, I investigated the
influence of temperature on immature MFB development, while recognizing
the potential influences of other factors such as moisture and food supply
(Gould 1935).

I selected January 1 as a biofix and assumed that adequate chilling had
occurred to break egg diapause. Regional ambient weather data used in this
study were obtained from the Oregon State University Experiment Stations
located in Redmond and Madras, Oregon. While microclimatic differences in
temperature may affect insect development (Croft 1983, Stark and
Aliniazee 1982), I assumed local weather data would suffice for purposes of
my study.

Soil temperatures were not used because earlier research by Gentner
(1926B) and Gould (1935) concluded that female MFB lay their eggs on or near
the soil surface suggesting that eggs would be influenced more by ambient
than soil temperature (Redmond 1988 per. comm.). In addition the MFB
larvae often tunnel into the above ground portions of the plant which would
be influenced more by ambient temperatures.
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Degree-days were calculated using the Baskerville and Emin (1969)
single sine curve method because it is more effective in situations where
temperatures frequently drop below the developmental threshold; which is
often the situation in central Oregon. A lower developmental threshold of
5°C was selected based on investigations of MFB development in Wisconsin
(VanHaren 1984). To my knowledge no upper threshold has been
determined.

Average degree-days were computed from 1967 through 1986 for the
Madras and Redmond experiment stations. The objective was to determine
the extent of long term temperature differences between the two sites, and for
comparison with real time weather data collected for this study from 1985
through 1988.

Egg Hatch and Larval Development in Rhizomes

The objective was to predict when MFB eggs hatch in the spring and to
investigate development of larvae in the rhizomes.

In 1986, ten groups of 254 cm long rhizome samples were collected
weekly beginning on April 3 and continuing through June 26. The same
standardized metal sampler and rhizome sampling procedure was used for
this study as outlined above in Section II, rhizome dissection. Samples were
obtained from a tilled peppermint field located two km west of Madras,
Oregon. April 3 was selected to begin sampling because eggs had not yet
hatched.

Soil samples (10,000 cm3) were taken in a 500 m2 section of the field
that was known to have a large MFB population the previous season. The
sampling areas were biased to increase the likelihood of detecting MFB
because no visual symptoms are observed until the second ins tar larvae are
present later in the spring. Sample location was determined randomly by
tossing a metal disk over my head after walking six steps between sample sites
in a "zig zag" design. Samples collected through May 13 were processed using
the dissection method previously described. On May 22, I changed extraction
methods from rhizome dissection to Berlese funnel extraction as described in
Section II.
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In 1987, samples to determine egg hatch were taken from March 25
through May 21 at each of two locations. One location was the same tilled
field located west of Madras that I used during 1986, and the other location
was a non-tilled field located on the west edge of Redmond. In 1987 and 1988,
I changed the sampling unit from 254 cm long rhizomes, to collecting all the
rhizomes contained in a 10,000 cm3 soil sample. It was necessary to change
the sampling methods because of the difficulty in measuring rhizome lengths
in samples collected from the non-tilled field in Redmond. Rhizomes in
untilled fields tend to grow in a twisted fashion and clump together making
measurement difficult. Eight 10,000 cm3 samples were obtained from each of
the two locations on each sampling date and taken to the laboratory. All
samples collected in 1987 were processed with the Berlese funnel extraction
method.

In 1988, eight 10,000 cm3 samples were taken in a non-tilled field
located between Sisters and Redmond. Sampling began on April 4 and
continued through May 4. Samples were taken to the laboratory and
processed with the Berlese funnel extraction method.

Soil Development

The objective was to investigate the relationship between physioloigcal
time measured with degree-days and development of the immature MB
from the initial detection of larvae in the soil through the teneral adult stage.

In 1985, 40 stratified random 350 cm3 soil samples were taken each
week from May 21 through July 2, in a 2.02 hectare section of a field two km
west of Madras. In 1986, 30 stratified random 350 cm3 soil samples were taken
each week from May 22 through July 2, in a 1.21 hectare section of a field two
km west of Madras. During both seasons, the same soil sampling equipment
and procedure was used as described in section II, soil sampling. The
stratified random sampling technique described in section IV (spatial
distribution) was also used.
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Results and Discussion:

Differentiation of the Larval Instars

Frequency distributions of head capsule width measurements are
summarized in Table 3. Results indicate that first instar head capsule widths
ranged from 0.15 to 0.21 mm, with the highest frequency occurring at 0.18
mm. Second instar head capsule widths ranged from 0.23 to 0.29 mm, with
the highest frequency occurring at 0.24 mm. Third instar head capsule widths
ranged from 0.30 mm to 0.39 mm, with the highest frequency occurring at 0.33
Trim

Separation of second and third instar larvae was based on observations
of body size relative to head capsule width and the amount of head capsule
sderotization. If the head capsule was clear to white, indicating a new molt,
and the body was small in proportion to the head capsule, the larva was
judged to be a third instar. Conversely, if the head capsule was brown,
indicating no molt had recently occurred, and the body was large in
proportion to the head capsule, the larva was judged to be a second instar.

Madras and Redmond Historical Degree-Day Accumulation

Comparison of the average degree-day accumulations computed for the
twenty year period from 1967 through 1986 for Madras and Redmond,
indicate that Madras temperatures were consistently warmer than Redmond
temperatures (Figure 7). This suggested that using one local dimatic station
to calcuate degree-days for two localities may not be accurate. The cooler
climate in Redmond may be because it is at a lower elevation than Madras
(Redmond. 1988. per. comm.).

Egg Hatch and Larval Development in Rhizomes

Results of rhizome dissection and Berlese funnel extraction of samples
taken in 1986 through 1988 from Madras and Redmond are summarized in
Tables 4 and 5, respectively. After the eggs hatch, the first instar larvae enter
the rhizome and complete development to the third instar. Five reference
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points were selected to describe egg hatch through third ins tar development:
1) initial detection of first instar larvae within the rhizome, which I believe
closely approximates the beginning of egg hatch; 2) initial detection of the
second instar larvae; 3) initial detection of the third instar larvae; 4) the
presence of 50% or more third instar larvae; and 5) the presence of 90% or
more third instar larvae, which also indicated the maximum population of
MFB in rhizomes during this study. The reduction in MFB population
observed at Redmond between May 11 and May 21, 1987, may have been the
result of oxamyl applied on May 15 (Tables 4 and 5).

Table 6 is a summary of the mean and standard deviation of the
accumulated degree-days required for each of the five developmental events
and the range of degree-days required for each developmental event. The
values reported for first instar detection (Table 6) were computed using
degree-days from Madras 1987, Redmond 1987 and Redmond 1988
(Tables 4 and 5). Larvae were detected in Redmond on April 16, 1987 (211 DD)
but not in Madras on April 16, 1987 (213 DD) because of the much larger
population in Redmond which resulted in early detection. Degree-day
accumulations for first instar detection from Madras 1986 (Table 4) were not
included in the calculations because I believe the observed value of 292
degree-days is too large due to the inaccuracy of the rhizome dissection
method used through May 13. All first instar larvae collected using the
rhizome dissection method were late first instars compared to early first
instars detected during 1987 and 1988 with the Berlese funnel extraction
method. The increased number of larvae detected on May 22 using the
Berlese funnel extraction method indicates the difficulty of detecting first and
second instar larvae by dissecting rhizomes (Table 4). The mean accumulated
degree-days for the four remaining developmental events were computed
with data collected from Madras 1986, Madras 1987 and Redmond 1987. Data
collected on the second instar from Redmond during 1988 were not used in
the calculations because no weekly samples were taken between April 18 and
May 4 (Table 5).

To demonstrate that degree-day accumulations deviate between years,
the degree-day intervals for egg hatch through the presence of 90% third
ins tar larvae in the rhizomes were converted to calendar dates for 1985
through 1988 (Tables 7 and 8); for the purpose of comparison the twenty year
average temperatures are also presented with the observed dates for these
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events as determined by sampling. When accumulated degree-days from
1985 through 1988, for either Madras or Redmond, were compared with the
twenty year averages at each location, there was considerable variability in
yearly temperature fluctuations (Tables 7 and 8).

Initial detection of the first ins tar larvae in Madras was comparable to
the twenty year temperature average during 1986 and 1988; in 1985 and 1987
predicted egg hatch was delayed (Table 7). Initial detection of first instars on
May 1, 1986, was later than would be expected because of the inaccuracy of the
rhizome dissection method. Initial detection of the second instar was
predicted later than average during 1985 and 1986, and earlier than average
during 1987 and 1988 (Table 7). Initial detection of third instars was predicted
to be similar to the average during 1985 and 1986, and earlier during 1987.
Initial detection of 50% third instars in the rhizomes was predicted to occur
later than average in 1985 and 1986, and earlier in 1987. Initial detection of

90% third ins tars in the rhizomes was predicted to occur later than average
in 1985, comparable to the average in 1986 and earlier than on average in
1987.

At Redmond, only MFB development during 1985 was predicted to be
similar to the twenty year average (Table 8). During 1986 through 1988,
development was predicted to occur consistently earlier than average.
Comparisons between 1985 through 1988, showed that the climate was
warmer during 1987 and 1988 resulting in accelerated larval development for
these years.

Comparing degree-day intervals between Madras and Redmond for the
years 1985 through 1988, shows similar development from egg hatch through
second instar (Tables 7 and 8). A noticeable increase in degree-day
accumulation occurred at Madras beginning with detection of the third instar
which agrees with the comparison of twenty year average temperatures
between Madras and Redmond (Figure 7).

These results suggest that using calendar dates alone or the twenty year
degree-day averages to predict egg hatch and MFB development in the
rhizomes, would most often not be accurate because of the considerable yearly
fluctuations in temperature. When making developmental predictions, it is
best to use the closest climatic station available to the area.
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Development of MFB in the Soil

Results of soil sampling conducted near Madras during 1985 and 1986
are summarized in Table 9. Development of third instars was considered to
end when the third instar completed feeding in rhizomes and moved into
the soil to pupate. Four development events were used to describe post-
rhizome development of MFB immatures in the soil: 1) initial detection of
the third instar; 2) initial detection of the prepupal stage; 3) initial detection of
the pupal stage; and 4) initial detection of the teneral adults. Table 10
summarizes the mean and standard deviations of the number of
accumulated degree-days required for each of the four development events
and the range of degree-days required for completion of these events. The
values reported for development of MFB in the soil were calculated from
Madras temperature data collected during 1985 and 1986.

Tables 11 and 12 summarize the conversion of degree-day intervals to
calendar dates for MFB emergence from the rhizomes through detection of
the teneral adults for Madras and Redmond, respectively. For the purpose of
comparison the twenty year average temperatures are also presented in Tables
11 and 12 with the observed dates for these events as determined by sampling.
The degree-day interval computed for pupal development is too wide to be of
practical value for prediction. I believe the initiation of pupation was missed
in 1986, possibly because an insufficient number of samples were taken
(Table 9). Also, microclimatic differences in temperature between 1985 and
1986, perhaps caused by differences in irrigation practices or foliar density,
may have affected development. Inaccurate predictions of pupal
development may also have been caused by the presence of an upper
developmental threshold which has not been determined, or by differences in
the lower developmental thresholds between the larvae and pupae.

During 1985 and 1986, the predicted initial detection of third instar
emergence from rhizomes and prepupae at Madras was later than expected
using the twenty year average temperature (Table 11). Initial detection of
teneral adults in 1985 and 1986 at Madras was similar to the expected using
the twenty year average temperature. Comparison between 1985 and 1986
suggested that development of MFB in the soil was predicted to be similar for
all development events, with the exception of the prepupa which was
expected to occur earlier during 1986.
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For Redmond, during 1985 and 1986, emergence of third instars from
rhizomes occurred later than expected using the twenty year average
temperature (Table 12). Initial detection of prepupae and teneral adults in
1985 were predicted to be similar to the twenty year average temperatures, and
predicted to occur earlier than average during 1986 (Table 12). Development
of prepupal and teneral adults was predicted to be consistently later during
1985 than 1986 (Table 12).

The arguments presented above support the conclusion that degree-
days are a more accurate indicator of immature MFB development in the
rhizomes and soil than calendar dates. The twenty-year degree-day averages
are not as accurate for predicting development as degree-days computed for
individual years. However, historical comparison of accumulated degree-
days between Madras and Redmond suggest that they should be calculated
from the weather station nearest to the area where MFB development
predictions are made. Currently, the use of local ambient temperature
appears to be adequate to predict immature MFB development, except
pupation. Perhaps using monitoring stations to record soil and air
temperature, would decrease the variablity in regional temperature data and
improve prediction of MFB development.

These data also present a more complete picture of immature MFB
development; especially for egg hatch through emergence of third instar
larvae from rhizomes. Results from my studies indicated that eggs hatch as
early as April 11 and as late as April 22. Using the twenty year average
temperatures egg hatch was predicted to occur between April 8 and May 2
depending on the location. The earlier detection of larvae is a result of the
effectiveness of the Berlese funnel extraction method used to detect the small
larvae concealed in the rhizomes. Larvae reached maturity in 28 to 35
calendar days (Gentner 1926B, Gould 1935) (Berry and Robinson 1973). I
interpret this to mean the time from egg hatch to completion of the third
instar and emergence from the rhizome to pupate. During this study, it took
from 41 to 53 days to complete this development process. No previous
information was available regarding development of the three larval instars
in the rhizomes. This information will be important for future pest
management programs because it indicates when the eggs hatch and how
rapidly the larvae develop into the more damaging instars. These results
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may also be used to initiate sampling for the immature MFB and improve
management of this pest with available insecticides.
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Figure 7. Twenty-year average degree-day accumulations calculated from
ambient temperature data, from Madras and Redmond, Oregon (1967-1986).
The lower developmental threshold for immature MFB was 50C for this
study. Degree-days were accumulated beginning on January 1.
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Table 3. Head capsule measurements of MFB larvae collected in central
Oregon from 1985-1988.

Head capsule
Instar width (mm's) Frequency
First 0.150 1

0.170 25
0.180 36
0.195 28
0.210 16

Second 0 225 4
0.240 79
0.255 40
0.270 53
0.285 3

Third 0.300 56
0.315 34
0.330 130
0.345 9
0.360 29
0.375 0
0.390 3
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Table 4. Extraction of MFB larvae from peppermint rhizomes: Madras,
Oregon.

Year Sample Date Degree Days4" First
Instar

ThirdSecond
19861/ April 24 271 0 0 0

May 1 292 4 0 0
May 13 334 10 3 0

May 222/ 399 15 63 10
May 29 495 0 29 65
June 3 600 0 4 140
June 13 730 0 3 70
June 18 791 0 0 27
June 26 900 0 0 1

July 2 993 0 0 0

198721 April 16 213 0 0 0
April 22 247 12 0 0
April 29 321 15 2 0
May 11 468 0 14 21
May 21 553 0 2 37

1/In 1986, counts represent the number of larvae collected from ten samples
each consisting of 254 cm lengths of rhizomes.

2/1987, counts represent the number of larvae collected from the rhizomes
contained in eight, 10,000 cm3 soil samples.

3 /Extraction process changed from rhizome dissection to Berlese funnel
extraction.

4/Base threshold 50C.
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Table 5. Extraction of MFB larvae from peppermint rhizomes using Berlese
funnel extraction: Redmond, Oregon.

Year Sample Date Degree-Days5/ First
Ins tar

ThirdSecond

19871/ April 8 169 0 0 0
April 16 211 6 0 0
April 22 241 70 0 0
April 29 303 135 2 0
May 11 430 51 590 3

May 212/ 502 2 49 219

1988-2/ April 4 189 0 0 0
April 11 219 6 0 0
April 18 274 5 0 0

May 44/ 329 37 22 0

1/In 1987, counts represent the number of larvae collected from the rhizomes
contained in eight 10,000 cm3 soil samples.

2/In 1988, counts were obtained from bulked rhizomes in eight, 10,000 cm3
soil samples.

3 /Oxamyl was applied on May 15, 1987 to control MFB larvae.

4/No soil samples were taken between April 18 and May 4, 1988.

1/Base threshold 50C.
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Table 6. Mean number of accumulated degree-days and degree-day ranges for
development of MFB within rhizomes; first instar larvae through 90%
third instars. Madras and Redmond Oregon, 1986-1988.

Developmental
Stage

Mean ± S.D.
Degree-Days//

Degree-Day
Range

First Instar 1/ 226 ± 19 207-244
Second Instar 319 ± 16 303-335
Third Instar 433 ± 35 398-467

50% 3rd instar 489 ± 18 471-507
90% 3rd Instar 2/ 566 ± 29 537-595

1/ Approximation of egg hatch.

2/ Maximum population of MFB larvae found in rhizomes during this study.

2/ Base threshold 50C.



Table 7. Conversion of degree-day ranges to calendar dates for development of MFR in rhizomes: Madras 1985-1988.

Includes the calendar date intervals computed from twenty-year average temperatures from Madras climatic

monitoring stations.

Developmental
Event 1985 1986 1987 1988

Twenty year Average
1967-1986

First Instar 4/14 -4/26 4/9-4/21 4/15 -4/22 4/9-4/13 4/8 -4/19

Observed Date NA 1/ 5/1 V 4/22 N A

Second Instar 5/3-5/11 5/3-5/14 4/27-4/30 4/23-4/29 4/29-5/5

Observed Date N A 5/13 4/29 N A

Third Instar 5/18-5/25 5/21-5/28 5/6-5/11 5/13-5/23

Observed Date N A 5/22 5/11

250% 3rd Instar 5/24-5/30 5/27-5/30 5/11-5/15 5/22-5/26

Observed Date N A 5/29 5/11

290% 3rd Instar 6/3-6/10 5/30-6/3 5/16-5/25 5/29-6/5

Observed Date NA 6/3 5/21

1/ NA-development not observed.

2/ Observed date of first instar detection was later than expected because of the difficulty in detecting first Instar

larvae with rhizome dissection.

th



Table 8. Conversion of degree-day ranges to calendar dates for development of MFB in rhizomes; Redmond 1985-
1988. Includes the calendar date intervals computed from twenty-year average temperatures from Redmond climatic
monitoring stations.

Developmental
Event 1985 1986 1987 1988

Twenty year Average
1967-1986

First Instar 4/17-4/30 4/7-4/20 4/15-4/23 4/9-4/14 4/22-5/2

Observed Date NA -1/ NA 4/16 4/11

Second Instar 5/11-5/17 5/4-5/16 4/29-5/5 4/26-57 5/12-5/18

Observed Date NA NA 4/29 NA

Third Instar 5/23-6/3 5/24-5/30 5/8-5/15 5/26-6/3

Observed Date NA NA 5/11

5054, 3rd Instar 6/3-6/7 5/30-6/1 5/14-5/22 6/3-6/7

Observed Date NA NA 5/21

9056 3rd Instar 6/9-6/15 6/1-6/8 5/26-6/6 6/10-6/17

Observed Date NA NA 5/28

1/ NA-development not observed.
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Table 9. Extraction of MFB larvae from the soil: Madras, Oregon.

Stage of Development

Sample
Year Date

Degree
Days2/

Third
Ins tar

Pre
Pupa Pupa

Teneral
Adult

19851/ May 21 419 0 0 0 0
May 28 499 9 0 0 0
June 6 564 35 51 0 0
June 11 615 41 48 18 0
June 18 713 3 17 79 0
June 27 827 0 2 74 16
July 2 894 0 0 1 5

July 8 1000 0 0 0 0

19862/ May 22 399 0 0 0 0
May 29 495 I 0 0 0
June 3 600 53 1 0 0
June 13 730 67 20 0 0
June 18 791 70 21 0 0
June 26 809 0 8 97 7
July 2 993 0 0 31 0

July 9 1071 0 0 0 0

1/ Immatures collected from forty 350 cm3 soil samples.

2/ Immatures collected from thirty 350 cm3 soil samples.

2/ Base threshold VC.
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Table 10. Mean number of accumulated degree-days and degree-day ranges
for MFB development in the soil following emergence of third instars from
rhizomes. Madras, Oregon, 1985-1986.

Developmental Mean ± S.D. Degree-Day
Stage Degree-Days-Z/ Range

Soil Detection 1/ 497 ± 15 476-506
Prepupa 582 ± 26 556-608
Pupa 757 ± 202 556-959
Teneral adults 864 ± 52 812-916

1/ Third instar emergence from the rhizome.

V Base threshold 50C.
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Table 11. Conversion of degree-day ranges to calendar dates for development
of MFB in the soil following emergence of third instars from rhizomes:
Madras 1985-1986.

Developmental
Event 1985 1986

Twenty year Average
1967-1986

Soil Detection 1/ 5/27-5/29 5/29-5/30 5/24-5/26
Observed date 5/28 5/29

Pre Pupa 6/5-6/11 6/1-6/4 5/31-6/6
Observed Date 6/6 6/3

Pupa 2/ 6/5-7/6 6/1-6/30 5/30-7/5
Observed Date 6/11 6/26

Teneral Adult 6/25-7/4 6/20-6/27 6/23-7/2
Observed Date 6/27 6/26

1/ Emergence of third instars from rhizomes.

2/ Large interval observed for detection of the pupal stage resulted from the
lack of early detection in soil samples in 1986.
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Table 12 Conversion of degree-day ranges to calendar dates for MFB
development in the soil after third instars emerge from the rhizomes:
Redmond 1985-1986. Intervals represent predicted colander dates for these
developmental events because data on soil development were not collected
from Redmond.

Developmental
Event 1985 1986

Twenty year average
1967-1986

Soil Detection 6/5-6/7 5/30-5/31 5/28-5/30

Pre Pupa 6/12-6/17 6/3-6/10 6/12-6/18

Pupa i/ 6/12-7/13 6/2-7/10 6/12-7/18

Teneral Adult 7/3-7/10 6/26-7/6 7/5-7/15

1/ Large interval observed for detection of the pupal stage resulted from the
lack of early detection in soil samples in 1986.
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Section VI

OPTIMIZING INSECTICIDE CONTROL OF MFB IMMATURES

Introduction

Cultural practices including timely crop rotation and using dean
planting stock and equipment have historically proven to be effective control
measures for the MFB (Gould 1935, 1960). If these practices are not followed,
alternatives are frequently required to control MFB outbreaks. Currently,
insecticides are the most economical and effective alternative, and, if used
according to label directions are valuable tools for pest management
(Ware 1983).

Replacement of effective cultural practices with insecticides is not
recommended. However, if populations of MFB are detected prior to the
normal crop rotation schedule, growers may have to use insecticides to
control MFB. This practice is especially important today because of the high
value of peppermint oil in relation to crops used in rotation such as wheat,
potatoes and alfalfa.

Potential hazards associated with insecticide use are well documented.
Many insecticides are potentially harmful to a wide range of organisms
including mammals, birds and fish (Balcom \ 1983, Baklhavalhsa 1985,
Flickinger et al. 1986). Insecticides also may disrupt beneficial insects that feed
on peppermint pests (Cacka 1982, Danielson 1977). Overuse of insecticides
may result in possible pesticide resistance, pest resurgence and secondary pest
outbreaks (Metcalf and Luckman 1982, Croft 1983, Ware 1983).

Improvements in timing of insecticide application and elimination of
unnecessary treatments reduces the quantity of insecticides applied, resulting
in less hazards to humans, non-target organisms and the environment.
Additional benefits indude reduced costs of production and increased
duration of insecticide availability.

Increased costs for the development of new insecticides and restrictions
on the use of currently registered insecticides have reduced the number of
pesticides available for use on peppermint today (Berry et al. 1977, Thornton
1987) Another concern is the microbial degredation of insecticides: Getzin
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(1985) reported that naturally occurring soil microorganisms can rapidly
detoxify carbofuran resulting in control failures in peppermint.

The insecticides that are currently registered on peppermint have
shorter residual activities than either the inorganic or chlorinated
hydrocarbon insecticides that preceeded them. Because of the reduced
activity, improvements are needed in timing applications to attain optimum
control. The goal of this investigation was to use the results from studies on
MFB development to time insecticide applications more effectively to control
immature MFB.
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Materials and Methods

Five insecticides were evaluated for immature MFB control in
Jefferson county, Oregon during 1985 and 1986. The following list of
insecticides were evaluated and are either currently registered for use on mint
or are in the registration process: (1) chlorpyrifos registered for control of the
redbacked cutworm in the spring; (2) carbofuran registered under a section 18
for fall application to control strawberry root weevil larvae; (3) fonofos
registered for control of the redbacked cutworm in the spring; (4) ethoprop
which is not registered but is being tested for control of plant parasitic
nematodes; and (5) oxamyl registered for control of parasitic nematodes on
peppermint in the spring.

For both tests, liquid formulated insecticides were applied in 374.1 liters
per hectare with a CO2 pressurized backpack sprayer using a four nozzle boom

with 8003 nozzles. Granular insecticides were applied with a "shakercan".
In 1985, an experiment was conducted to determine if insecticides

already registered for use on peppermint would control immature MFB in
the soil. Applications were made on May 29 when third instars were first
detected in the soil. Immediately after application, insecticides were
incorporated to a depth of four to five cm with a garden rake. Two cm of
overhead sprinkler irrigation was applied the following day and at 7-day
intervals thereafter. Treatments and the non-treated check were replicated
four times in 300 cm x 900 cm plots using a randomized complete block
design. To obtain as uniform a population of MFB as possible, the plots were
established in an area of the field that was sampled previously and was
determined to have a large population of immature MFB. A MFB population
gradient existed in the plot area and was used as the blocking factor. Post-
treatment soil samples were taken June 12 and again on June 18. Each plot
was divided into three equal quadrats and each quadrat was randomly
sampled once using the soil sampling equipment and procedure previously
discussed in Section II, soil sampling. The number of larvae collected from
the three quadrates were pooled and reported as one sample.

In 1986, a test was conducted to investigate treating first and second
ins tars with insecticides before they developed into third instars. The
sampling methods and degree-day model previously discussed were used to
evaluate larval development. Treatments were applied on May 22, at 399
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degree-days, one week after the initial detection of second instar larvae using
the Berlese funnel extraction method. Insecticides were incorporated the next
day with two cm of overhead irrigation water and irrigated weekly thereafter.
Treatments and the non-treated check were replicated seven times in 180 cm
x 300 cm plots using a randomized complete block design. Plots were
established in an area of the field that had a large adult MFB population the
preceeding summer. The MFB population gradient across the plot area was
used as the blocking factor. Post-treatment evaluations were conducted on
June 3 and June 13. Blocks five.through seven where oversprayed with
oxamyl (1.1 kg ai/ha) between the first and second evaluations, so only blocks
one through four were evaluated three weeks after treatment. Each plot was
divided into three equal quadrats and one random rhizome sample (the
rhizomes contained in 10,000 cm3 of soil) was taken from each quadrat two
weeks after treatments were applied. Rhizome samples were processed for 48
hr in Berlese funnels equipped with 25 watt incandescent light bulbs.
Similarly one random 350 cm3 soil sample was taken from each quadrate
three weeks after treatments were applied because the third instars had
emerged from the rhizomes. The soil samples were sifted through the
portable screens described in section II, soil sampling.
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Results and Discussion

Results of the insecticide experiments conducted in 1985 are
summarized in Tables 13 and 14. Data were analyzed by ANOVA and means
separated by FPLSD. All treatments provided significant (P<0.05) control of
immature MFB in the soil, except chlorpyrifos 4E, 2.25 kg ai/ha (Tables 13 and
14). Fonofos 4E, carbofuran 4F, ethoprop 6E, fonofos 10G and oxamyl 2E
provided about the same control of larvae during both sampling periods
(Tables 13 and 14). However, control of MFB third instar larvae in the soil
maybe too late to prevent the majority of damage. Variability was high in
this experiment as indicated by the coefficients of variation of 51.1% and
45.3% for week two and three, respectively (Tables 13 and 14). Variation was
most likely due to between plot variance of the MFB population.

Results from the 1986 insecticide experiment are summarized in Tables
15 and 16. In this experiment insecticides were applied before the majority of
the damage had occurred. Data were analyzed by ANOVA and means
separated by FPLSD. Results of the second week post treatment rhizome
sampling demonstrated that all treatments significantly (P<0.05) reduced MFB
larvae compared to the non-treated plots (Table 15). Results of the third week
post treatment soil sampling again showed that all treatments provided
significant (P<0.05) control of immature MFB when compared to the non-
treated plots (Table 16). Carbofuran 4F (2.25 kg ai/ha), ethoprop 6E (6.72 kg
ai/ha) and ethoprop 6E (13.44 kg ai/ha) provided the best control of immature
MFB based on the third week post treatment evaluation (Table 16).
Variability was reduced in this experiment compared to 1985: coefficients of
variation of 44.2% and 31.0% for the second and third week post-treatment
sampling period, respectively. It is unlikely that ethoprop or carbofuran will
be registered on mint for spring applications. Carbofuran has been shown to
adversly affect the flavor of peppermint oil and may be degraded rapidly by
soil microorganisms (Getzin 1985). Ethoprop residues have been found in the
peppermint oil 90 days after application which precludes registration for use
in the spring. Reduced efficacy of fonofos 4E in 1986 may have been due to
the lack of mechanical incorporation. Fonofos interacts with terbacil and
should be applied at least three weeks prior to the application of terbacil. This
suggests fonofos would not be applied when the MFB eggs are hatching.
Currently oxamyl appears to be the preferred insecticide. Oxamyl provided
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good control of MFB during 1985 and 1986 and is currently registered for
control of plant parasitic nematodes on mint. The major disadvantage of
oxamyl is that it does not provide 100% control with one application. To
control large MFB populations, management of larvae and adults requires
several years. For this reason, sampling for MFB should be conducted
annually and populations should be controlled before the population
increases to damaging levels.

Prediction of developmental stages using degree-day accumulations is
more reliable for timing management practices than using calendar dates.
For example, in 1986 399 degree-days had been accumulated in the Madras
area when the insecticides were applied on May 22 (Tables 4 and 6). The
larvae were predominately second instars but third instars were also detected.
In 1987, if insecticides had been applied on May 22, 561 degree-days would
have been accumulated indicating that more than 90% of the larvae would
have been third instars when most of the damage was occurring (Tables 4 and
6). Insecticide treatments should be applied between 280 and 300 degree-days
which would allow time for most of the eggs to hatch, but not enough time
for development of the more damaging second and third instars. Under this
senario, treatments would have been applied in Madras during 1986 between
April 27 and May 3. If these same calander dates were used to apply
insecticides in Madras in 1987 and 1988, insecticides would have been applied
between 292 and 350 degree-days in 1987 and between 324 and 347 degree-days
in 1988. In 1988, the majority of the population would have been second
instar larvae. This treatment window was missed in 1986 because of the time
required for rhizome processing. If treatments are applied too early,
reoccurrence of cool weather may delay egg hatch; larvae that hatch from eggs
later may be beyond oxamyl's effective residual activity and would not be
controlled.
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Table 13. Evaluation of insecticides for control of immature MFB in the soil,
Madras 1985: second week post treatment evaluation.

1/Treatment-
Rate

(kg ai/ha)
Cc no. MFB immatures/

3, 350 cm3 soil samples2/
Transformed

x3/4/
Untreated check 17.75 4.16 a
Chlorpyrifos (4E) 2.25 11.75 3.08 ab
Fonofos (10G) 4.47 4.74 2.07 lx
Ethoprop (6E) 6.72 4.00 1.97 lx
Oxamyl (2E) 1.11 1.75 1.35 c
Fonofos (4E) 4.47 1.75 1.34 c
Carbofuran (4F) 2.25 1.50 1.24 c

1/ Applications were applied after the larvae had emerged from the rhizome.

2/ Means represent pooled counts from three, 350 cm3 soil samples averaged
over four blocks.

3/ Data were transformed using JCount + 0.5 to stabilize variance. The
transformed data were used in the analysis and for computing the
standard error.

1/ Means with same letter are not significantly (P<0.05) different according to
FPLSD. Standard Error = 0.55 CV = 51%.
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Table 14. Evaluation of insecticides for control of immature MFB in the soil,
Madras 1985: third week post treatment evaluation.

Treatment-1 /
Rate

(kg ai/ha)
ic no. MFB immatures/

3, 350 cm3 soil sample?'
Transformed

x-
34/

Untreated check 12.50 3.42 a
Chlorpyrifos (4E) 2.25 9.00 3.02 oh
Carbofuran (4F) 2.25 3.50 1.86 lx
Oxamyl (2E) 1.11 3.00 1.74 lx
Ethoprop (6E) 6.72 3.00 1.71 lx
Fonofos (10G) 4.47 1.00 1.88 c
Fonofos (4E) 4.47 1.00 1.06 c

1/ Applications were applied after the larvae had emerged from the rhizome.

2/ Means represent pooled counts from three, 350 cm3 soil samples averaged
over four blocks.

31 Data were transformed using 'I Count + 0.5 to stabilize variance. The
transformed data were used in the analysis and for computing the
standard error.

1/ Means with same letter are not significantly (P<0.05) different according to
FPLSD. Standard Error = 0.45 CV = 45%.
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Table 15. Evaluation of insecticides for control of immature MFB larvae in
the rhizomes, Madras 1986: second week post treatment evaluation.

Treatment-1/
Rate

(kg ai/ha)

)1 no. MFB Larvae/
three 10,000 cm3

rhizome samples2/
Transformed

5i 3/4/
Untreated check 36.29 5.56 a
Fonofos (4E) 4.47 19.43 4.18 b
Fonofos (4E) 2.25 18.86 4.13 b
Chlorpyrifos (4E) 2.25 18.57 4.07 lx
Oxamyl (2E) 1.11 9.00 2.79 cd
Ethoprop (6E) 13.44 7.57 2.40 d
Carbofuran (4F) 2.25 4.29 1.71 d
Ethoprop (6E) 6.72 3.29 1.63 d

1/ Applications were applied after the larvae entered the rhizomes.

2/ Means represent pooled counts from the rhizomes contained in three,
10,000 cm3 rhizome samples averaged over seven blocks.

V Data were transformed using -N./Count + 0.5 to stabilize variance. The
transformed data were used in the analysis and for computing the
standard error.

4/ Means with same letter are not significantly (P<0.05) different according to
FPLSD. Standard Error = 0.55 CV = 44%.
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Table 16. Evaluation of insecticides for control of immature MFB in the soil,
Madras 1986: third week post treatment evaluation.

1/Treatment-
Rate

(kg ai /ha)

R no. MFB Larvae/
three 350 cm3

rhizome samples-2/

Transformed
R 3/4/

Untreated check 18.00 4.21 a
Fonofos (4E) 2.25 15.25 3.81 a
Fonofos (4E) 4.47 8.00 2.88 b
Oxamyl (2E) 1.11 7.75 2.72 b
Chlorpyrffos (4E) 2.25 5.25 2.37 b
Carbofuran (4F) 2.25 0.25 0.84 c
Ethoprop (6E) 6.72 0.00 0.71 c
Ethoprop (6E) 13.44 0.00 0.71 c

1/ Applications were applied after the larvae entered the rhizomes.

2/ Means represent pooled counts from the rhizomes contained in three, 350
cm3 soil samples averaged over four blocks.

3/ Data were transformed using JCount + 0.5 to stabilize variance. The
transformed data were used in the analysis and for computing the
standard error.

4/ Means with same letter are not significantly (P<0.05) different according to
FPLSD. Standard Error = 0.35 CV = 31%.
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SECTION VII

IMMATURE MINT FLEA BEETLE CONTROL
WITH ENTOMOGENOUS NEMATODES

Introduction

Because of the controversies surrounding the use of some insecticides
on peppermint, it is important to develop alternative control strategies for
insects on peppermint. Entomogenous nematodes have been tested
successfully for controlling a number of insect pests: e. g., Colorado potato
beetle Leptinotarsa decemlineata S., naval orange worm Amyelois transitella
W., and black vine weevil Otiorhynchus sulcatus (Wright et al. 1987,
Aquedelo-Silva 1987, Anonymous 1987). Applications to protected areas such
as beneath the soil are best at maintaining nematode viability (Aquedelo-
Silva 1987). Nematodes can be applied with most commercial field
application equipment including aerial sprayers, mist blowers and
chemigation systems (Aquedelo-Silva 1988 per. comm.).

Fewer of the environmental hazards associated with insecticides are
exhibited by entomogenous nematodes. In laboratory studies, many
nematodes and their bacterial symbionts have been inoculated into mammals
and birds with no evidence of infectivity, pathogenicity or toxicity (Obendorf
et al. 1983, Poinar et al. 1982). However, the two nematode species used in
this study, Heterorhabditis heliothidis and Neoaplectana carpocapsae, have
non-specific arthropod host ranges and may disrupt other arthropod
biocontrol systems in peppermint (Poinar 1979).

Entomogenous nematodes are often more difficult to use than
insecticides because numerous factors influence their efficacy in the field. For
example, they are adversly affected by methomyl, oxamyl and possibly other
pesticides used in peppermint (Hara and Kaya 1983). Their infectivity and
virulence varies widely among host species and under different
environmental conditions which requires extensive testing for the
commercial development of entomogenous nematodes (Kaya 1985).
Longevity and persistence in the soil is highly variable and may influence
nematode efficacy: Morris (1987) demonstrated that N. carpocapsae persisted
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for only six days during a test on Brassica napus. Shanks (!988 per comm.)
indicated that H. heliothidis persisted up to ten months in cranberry bogs.

The objective of this study was to determine if the entomogenous
nematodes, H. heliothidis and N carpocapsae, could be used to control late
third instar MFB, prepupae and pupae in the soil.
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Materials and Methods

Infective juvenile nematodes, H. heliothidis and N. carpocapsae
(All strain), were produced using a modification of the rearing technique
reported by Bedding (1981). Infective juveniles were stored in moist sponges

at 10°C until needed for the laboratory and field tests.
Two days before application, nematode pathogenicity and infectivity

were assessed using Galleria mellonella (L.) larvae. Immediately prior to
application microscopic examination indicated that ca. 90% of the juvenile
nematodes were alive and active.

Five hundred third instar MFB were collected from a heavily infested
peppermint field located two km west of Madras. MFB larvae were placed in
plastic containers lined with moist paper towels, transferred to a cooler and
taken to the laboratory.

Three rates of 120, 250 and 500 juvenile nematodes /ml of distilled
water of each of the two species were used. Each nematode rate was applied
into a 10 cm diameter disposible plastic petri dish. The amount of distilled
water used to dispense the juveniles in the petri dishes was recorded and
additional distilled water was added to bring the total volume in each petri
dish to one ml. The bottom of the petri dish was covered immediately with a
single layer of Whatman no. 1 filter paper. Ten, third instar MFB were added
to each dish. Each rate for each nematode species was replicated five times.
MFB larvae and nematodes were incubated in a growth chamber at 25°C for
56 hrs. MFB larvae were then shipped to Biosys, Palo Alto, California for
laboratory bioassay. Biosys dissected the MFB third instars and pupae to
determine if the nematodes penetrated the larvae and whether the
nematodes developed and reproduced.

Both nematode species were evaluated in the same peppermint field
where MFB larvae were collected for the laboratory tests described above. The
trial was established in a portion of the field that had a large population of
MFB immatures as verified by soil sampling.

The study was conducted using a randomized complete block design
consisting of nine blocks. The MFB population gradient across the plot area
was used as the blocking factor. Two species of nematodes, H. heliothidis and
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N. carpocapsae, were each applied at 80 and 160 juveniles/cm2 of soil on June
10, 1986. Untreated plots served as checks. Plots (1.35 m2) were treated with
the appropriate rate and species of nematode suspended in 2200 mis of
distilled water which provided complete plot coverage without runoff. Plots
within blocks were separated by one m to reduce the chance of nematode
migration. Blocks were separated by a minimum of 10 m to reduce the effects
of nematode migration between plots. Treatments were applied after
sundown to reduce evaporation and to minimize exposure of the nematodes
to ultraviolet light.

Post-treatment soil and rhizome samples were taken on June 25, 15
days after treatment. Three 350 cm3 soil samples were taken/plot using the
same methods described in section II, soil sampling. The rhizomes in the
samples were dissected for MFB larvae.

Prior to analyzing the data the variance was stabilized by using a square
root transformation.
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Results and Discussion

The laboratory bioassay for nematode pathogenicity indicated that both
nematode species were pathogenic to MFB immatures at the three rates
evaluated. Both nematode species penetrated into the larvae and developed
to the adult stage. I was unable to determine if either nematode species
produced progeny because the MFB cadavers dehydrated during shipment
resulting in mortality of adult nematodes.

Results from the field study indicated a highly significant (P < 0.01)
difference between treatments receiving a nematode application and the
untreated plots (Table 17). There also was a highly significant (P < 0.01)
difference between the two nematode species: H. heliothidis controlled MFB
immatures significantly better than N. carpocapsae in this study (Table 17).
There was no significant difference between rates of 80 and 160 juveniles/cm2
of soil and no rate x species interaction was evident.

Lower nematode production costs (Bedding 1981) and the discovery of
more virulent strains and species, may make entomogenous nematodes an
effective alternative to insecticides in future peppermint pest management
programs. H. heliothidis presently holds the most promise. This species is
hermaphroditic giving rise to an infection colony even if one nematode
penetrates the host, and it has a toothlike structure capable of penetrating the
hosts integument. N. carpocapsae on the other hand requires sexual
reproduction and must enter the host via natural openings in the
integument.

Application of nematodes against smaller less damaging instars of MFB
in the spring may not be effective. Research on the black vine weevil
indicates that the smaller instars are less susceptible to nematode attack
(Stimmann et al. 1985). Also, cold temperatures, characteristic in central
Oregon in the spring, are known to reduce viability of entomogenous
nematodes. My experiment may have been effective because nematodes were
applied against the larger-post feeding stages which were outside of the
rhizomes in the soil. Also, the soil temperatures ranged from 21.1°C to
29.4°C during this study, which were conducive to nematode development.
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Table 17. Efficacy of entomogenous nematodes against MFB in central Oregon
peppermint, 1986.

Treatment
± S.E. immature MFB/

3, 350 cm3 soil 1 /2 /
untransformed

immature MFB/350 cm3

Check 3.17 ± 0.23 10.11

N. carpocapsae 1.65 ± 0.17 3.17

H. heliothidis 0.97 ± 0.17 0.61

1/ Means are the number of MFB immatures collected from 3, 350 cm3 soil
samples. averaged over nine replications. Data were transformed using
qCount+0.5 to stabilize variance. The transformed data were used in the
analysis.

V Orthogonal contasts indicated a significant (P 0.01) difference between
treatments receiving a nematode application and the untreated plots.
There was a significant (P 0.01) difference between the two nematode
species. There was no significant difference between the rates of 80 and 160
juveniles / cm2.
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SECTION VIII

SUMMARY AND CONCLUSIONS

Berlese funnel extraction was a practical and effective method for
estimating MFB larvae in peppermint rhizomes. This method may also be
used to estimate when eggs hatch in the spring.

Forty watt light bulbs in Berlese funnels were as effective as 25 watt
bulbs for extracting MFB larvae from peppermint rhizomes. One hundred
watt light bulbs require further testing because the heat produced could dry
the rhizomes too quickly resulting in MFB mortality during extraction.

Soil samples (350 cm3) screened in the field were effective for
estimating third instars, prepupae, pupae and teneral adults.

There was a significant negative correlation between immature MFB
density and yield loss for fresh weight of hay and oil indicating that MFB
causes significant reduction in yield. From these data and a 1987 price for oil
of $55.11/kg, tentative economic injury levels were calculated to be 0.36, 0.31
and 0.67 immatures/350 cm3 of soil for treatment with oxamyl, methomyl,
and for oxamyl plus methomyl , respectively.

The distribution of immature MFB in the field is highly aggregated
according to Iwao's (1968) patchiness regression method (f3 = 3.01). Small

populations of immature MFB were difficult to detect by taking random soil
samples; sampling efficiency was improved by taking samples around plants
that exhibited symptoms of stress.

Yearly accumulation of degree-days was more effective to predict
immature MFB development than using either calendar dates or twenty-year
degree-day averages. Results also suggested that the closest climatic station to
the area where developmental predictions are to be made should be used.
Further study is required to determine if significant improvements in
prediction could be obtained by using on site climatic stations or soil
temperatures.

Three currently registered insecticides: oxamyl, chlorpyrifos and
fonofos (4.47 kg ai/ha), provided significant (P<0.05) control of MFB larvae
under these test conditions. Oxamyl appears to be the best insecticide for a
MFB management program because it is currently registered on peppermint
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for nematode control, provides significant (P<0.05) control of immature MFB
in the soil and peppermint rhizomes, and is not incompatible with terbacil.

Degree-days provide a more reliable method for timing insecticide
applications than calendar dates and allow for treatments in the early spring
prior to significant damage caused by third instar larvae. Early applications
were preferred to later treatments which controlled post-feeding stages in the
soil after damage had already occurred. Proper timing of insecticide
applications may improve control of MFB and allow management of more
than one pest simultaneously; oxamyl for plant parasitic nematodes and
chlorpyrifos for redbacked cutworm. Optimum timing of insecticide
applications could result in a reduction in the quantity of pesticides used and
less environmental disruption.

Two entomogenous nematodes, N. carpocapsae and H. heliothidis,
effectively controlled post-feeding third instar, prepupae, pupae and teneral
adult MFB in the soil. H. heliothidis provided the best control of MFB in this
study. However, spring applications directed at the less damaging early
instars may not be effective because of the low soil temperatures in the spring,
the small size of early instar MFB larvae and their concealment in the
rhizomes.

Proposed MFB Management Program

Results of my research may be integrated into a management program
for MFB infesting peppermint in central Oregon. Use of clean planting stock
and equipment as well as a reasonable crop rotation schedule (ca. 4 to 5 year
rotation) will help avoid MFB damage. During periods of crop rotation
volunteer peppermint, and other mint species, should be eliminated from
field margins and ditch banks so reintroductions of MFB will not occur the
next time peppermint is grown.

It is important to detect MFB populations (adults and immatures) early
before they cause significant damage; this is especially true in fields that will
serve as future planting stock. Detection of adults can be accomplished by
using a sweep-net between 812 and 916 degree-days. It is important to
thoroughly sample the field because MFB populations may be highly
aggregated into small area's of the field. Also sweep-net sampling should be
conducted in the morning when MFB adults are active in the upper foliage.
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If adults are detected, they should be treated with a registered insecticide prior
to ovipostion; approximately three weeks after they emerge from the soil. To
insure applications are not applied too early, 350 cm3 soil samples should be
taken in areas where the adults were located. If prepupae, pupae or teneral
adults are detected, insecticide applications should be delayed until complete
adult emergence has occurred. Post-treatment evaluations should be
conducted by taking sweep-net samples in dense areas of foliage and along
field margins which serve as refugia for the adults. It is important to obtain
thorough insecticide coverage of the foliage for optimum control of the
adults. Allowing strips of peppermint to remain around the field margins
may be used as a trap crop for adults; these areas may then be treated with
registered insecticides.

Detecting small populations of second and third instar MFB prior to
emergence from the rhizomes may be accomplished by taking rhizome
samples of plants that exhibit symptoms of stress with the soil sampler
(minimum of one sample per acre), from 300 to 470 degree-days, and
processing the samples in Berlese funnels under 40 watt light bulbs until the
samples are thoroughly dry. Faster evaluation may be accomplished by
dissecting the rhizomes along the visible frass tunnels located just under the
epidermis. Field locations where the larvae are detected should be maped for
future management decisions.

If immature MFB are detected, fields may be treated with oxamyl.
Treatment should be evaluated two weeks later by either Berlese funnel
extraction of rhizomes or soil sampling depending on the number of
accumulated degree-days. If immatures are detected, growers may wish to
treat later in the season after all the adults have emerged from the soil. Post
treatment evaluation for adult MFB should be conducted by sweep-net
sampling. If residual adult populations are detected those areas of the field
should be mapped for MFB population assessment and management
decisions the following spring. Established MFB populations require several
seasons to control which is why early detection and treatment evaluations are
so important.

Results of my research indicate that MFB eggs hatch in the spring
between 207 and 244 degree-days. Areas of the field where MFB were detected
the previous season should be sampled. Samples should be taken from the
suspected areas using the 350 cm3 soil sampler and processing the rhizomes
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in Berlesee funnels. The soil obtained from these samples may also be bulked
for nematode evaluations. However, more information is required to relate
peppermint yield loss to plant parasitic nematode densities detected in these
soil samples, before reliable nematode management decisions can be made. If
first instar MFB are detected in the samples, fields should be treated with
oxamyl between 280 and 300 degree-days, which is just prior to development
of second instars. Post treatment evaluations should be made two weeks later
to assess the efficacy of oxamyl.

If MFB are not found in the spring, but damaging populations of
nematodes are, time oxamyl applications for nematode control to coincide
with first instar MFB (280 to 300 degree-days) in case small undetected
populations are present.
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Appendix 1. Analysis of variance of the experiment comparing different bulb
wattage in Berlese funnels used to extract MFB from soil
samples, 1986.

Source df SS MS F

Total 14 24.4
Treatment 2 15.0 7.5 9.61**

Bulb vs. no bulb 1 14.9 14.9 19.10**

25 vs 40 watt 1 0.1 0.1 0.13ns
Error 12 9.4 0.78

ns not significant at I30.05

** significant at P<0.01
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Appendix 2. Analysis of variance of the effect of MFB larval density on
peppermint yield.

Fresh weight of peppermint hay (kg/ha)

Source df SS MS F

Regression 1 1351.11 1351.11 27.19**
Error 23 1142.90 49.69

** significant at P<0.01

Peppermint mint oil (kg/ha)

Source df SS MS F

Regression 1 4597.60 4597.60 14.38**
Error 23 7354.96 319.78

** significant at P<0.01
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Appendix 3. Analysis of variance of Lloyds index of mean crowding plotted
against corresponding mean number of MFB immatures/350
cm3 .

Source df SS MS F

Regression 1 221.48 221.48 57.94**
Error 16 61.16 3.82

** significant at P<0.01
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Appendix 4. Analysis of variance of the insecticide experiments conducted
during 1985 and 1986.

Second week post treatment evaluation (1985)

Source df SS MS

Total 27 56.44
Block 3 4.99 1.66 1.36ns
Treatment 6 29.57 4.92 4.03**
Error 18 21.88 1.22

ns not significant at P50.05

** significant at P<0.01

Third week post treatment evaluation (1985)

Source df SS MS

Total 27 34.11
Block 3 0.25 0.08 0.10ns
Treatment 6 19.19 3.20 3.90*
Error 18 14.67 0.82

ns not significant at P5.0.05

* significant at P<0.05
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Second week post treatment evaluation (1986)

Source df SS MS

Total 55 236.83
Block 6 52.19 8.70 4.07**
Treatment 7 94.79 13.54 6.33**
Error 42 89.85 2.14

** significant at P<0.01

Third week post treatment evaluation (1986)

Source df SS MS

Total 31 67.65
Block 3 2.54 0.85 1.70ns
Treatment 7 54.52 7.79 15.58**
Error 21 10.59 0.50

ns Not significant at P<0.05

** significant at P<0.01
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Appendix 5. Analysis of variance of the entomogenous nematode
experiment.

Source df SS MS F

Total 44 54.55
Block 8 8.54 1.07 2.14ns
Treatment 4 30.07 7.52 15.04**

Nemas vs none 1/ 1 24.84 24.84 49.68**
H.H vs N.0 2/ 1 4.11 4.11 8.22**
D1 vs D2 3/ 1 1.09 1.09 2.18ns
Nema x dose 4/ 1 0.03 0.03 0.06ns

Error 32 15.94 0.50

ns not significant at P0.05

** significant at P<0.01

1/ Use of either nematode species vs. the untreated check

V H. heliothidis vs. N. carpocapsae

2/ Dose 1=80 infective juveniles/cm2, Dose 2=160 infective juveniles/cm2

4/ Nematode species x dosage interaction
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Appendix 6. Summary of the 350 cm3 soil sampling data collected in central
Oregon during 1985 and 1986 for investigation of immature
MFB spatial distribution in the field.

Sample
date

Number of
samples per field Z S2

Lloyds Index of
Mean Crowding

5/21/85 40 0.13 0.16 0.36
5/22/85 40 0.13 0.16 0.36
6/06/85 40 0.27 0.46 0.97
6/07/85 30 0.27 0.46 0.97
5/21/85 40 0.33 0.28 0.18
6/19/85 25 0.48 1.18 1.94
6/07/85 25 0.52 1.60 2.60
6/28/85 25 0.60 1.25 1.68
5/28/85 40 0.75 2.34 2.87
7/02/86 30 1.00 2.92 2.92
6/03/86 30 1.80 12.58 7.80
6/06/85 40 2.27 25.03 12.30
6/27/85 40 2.30 9.24 5.34
6/18/85 40 2.47 23.02 10.79
6/11/85 40 2.70 21.13 9.53
6/13/86 30 2.90 21.05 9.16
6/18/86 30 3.00 19.27 8.42
6/26/86 30 3.70 18.25 7.77


