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Field studies were conducted in 1975 and 1976 to evaluate

sequential sampling plans for the redbacked cutworm, Euxoa

ochrogaster (Guenee), in Oregon peppermint. Sequential sampling

resulted in reliable decisions concerning whether or not cutworm

densities were high enough to justify treatment with insecticides.

The use of sequential sampling reduced the time required to sample

fields when compared with stratified-random sampling. Results

indicated that location of samples was simpler and less time was

required with a systematic pattern of sequential sampling than with

a random pattern of sequential sampling. There was no advantage

in taking a predetermined minimum number of samples before

decisions regarding the need for insecticide treatment were reached

by sequential sampling, and all decisions were made before the



maximum number of samples were taken (25).

Significant correlations were found between the number of

damaged plants/ft2 and the number of cutworm larvae/ft2 in most

fields in 1975 and 1976. Results suggest, however, that variation

in the correlations between 1975 and 1976 may preclude the use of

damaged plants to estimate cutworm densities.

Larvae were contagiously dispersed and larval counts fit the

negative binomial distribution when population densities were above

0.50 larvae/ft2.

Negative correlations were found between peppermint oil

yields and cutworm larval densities in artificially-infested newly-

planted peppermint plots (class I) and naturally-infested 8-year-old

peppermint plots (class III). Significant correlations were not

found between larval densities and peppermint oil yields in

artificially- and naturally-infested 2-year-old fields (class II).

Modified sequential sampling plans were formulated using

revised k-values and tentative estimates of economic injury levels

for fields of the three age classes: I (< 1- year -old), II (2- to 5-

years -old), and III (>6-years-old).
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DEVELOPMENT AND EVALUATION OF SEQUENTIAL SAMPLING
PLANS FOR REDBACKED CUTWORM LARVAE,

EUXOA OCHROGASTER (GUENtE),
IN OREGON PEPPERMINT

INTR ODUCTION

The redbacked cutworm, Euxoa ochrogaster (Guenee), is an

important pest on many crops in the United States and Canada

(Beirne, 1971; Berry and Robinson, 1973; King, 1926). Since 1971,

the redbacked cutworm has been considered a serious pest on

peppermint (Mentha piperita L) in Jefferson and Crook Counties in

central Oregon (Berry and Robinson, 1973) and research has been

underway since 1972 to develop adequate control measures for this

pest (Berry, 1975b). Presently, only Dyfonate (fonofos) insecticide

is registered with the Oregon State Department of Agriculture for

treatment of redbacked cutworm larvae in peppermint fields

(Capizzi, 1976).

Growers are faced with a dilemma when considering the use of

insecticides to control redbacked cutworm larvae, since no simple,

reliable sampling methods are available for use in assessing popula-

tions of this pest. Growers may decide 1) to treat on the basis of

little or no sampling and use insecticides as insurance, or 2) not

to treat on the basis of little or no sampling and take the risk that

economic damage may result from an undetected infestation of
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cutworm larvae, or 3) to employ very time-consuming, fixed-

sample-size sampling methods which are costly in terms of time

and labor. Growers desire a simple, reliable sampling method to

estimate redbacked cutworm larvae in peppermint so that they can

make decisions regarding the necessity of treatment with a minimum

expenditure of time and labor.

This study was undertaken to develop and evaluate sequential

sampling plans for redbacked cutworm larvae in Oregon peppermint.

Sequential sampling plans were developed using existing data and

experiments were conducted to improve estimates used initially in

developing the plans. Evaluations were based on the amount of

agreement between decisions made by sequential sampling plans and

the results of stratified-random sampling conducted in the same

fields. Reduction in the sampling time resulting from the use of

sequential sampling plans was also used as a criterion for evaluation.

Suggestions are given for the improvement of the sequential sampl-

ing plans evaluated in 1975 and 1976 so that this method of sampling

for redbacked cutworm larvae can be made available to peppermint

growers in central Oregon.



LITERATURE REVIEW

Nomenclature and Distribution

The redbacked cutworm, Euxoa ochrogaster (Guenee), is in the

family Noctuidae, order Lepidoptera. This cutworm was originally

described as Noctua ochrogaster by Guenee (1852) and has since had

several synomic species: illata Walker, cineromaculata Morrison,

gularis Grote, and turris Grote (Dyar, 1902). This species was

originally put in the genus Euxoa by Hampson (1903). Hardwick

(1965) gave a taxonomic description of adults of this species, and

descriptions of larvae may be found in Peterson (1967) and Whelan

(1935).

The redbacked cutworm is a widely distributed species in

Canada, being found from Newfoundland and James Bay in the east

to Vancouver Island and the Northwest Territories in the west

(Hardwick, 1965). In the United States, it is found primarily in the

northern states, Alaska, and the Rocky Mountain region, as far

south as Colorado (Hardwick, 1965; Whelan, 1935).

Life History

The redbacked cutworm undergoes complete metamorphosis

and is univoltine (King, 1926). It overwinters as a fully-developed
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first instar larva within the egg, which is deposited in soil by a

female moth in late summer or early fall (Berry and Robinson, 1973).

Diapause is fairly severe (Jacobson, 1970) and larval eclosion does

not occur until the first extended warm period in the spring (Berry

and Robinson, 1973). Jacobson (1970) reported that diapause was

more rapidly terminated at 5°C than at higher or lower temperatures.

After hatching, the larvae begin feeding on suitable host plants and

pass through six instars and a prepupal stage before pupating in late

May to mid-June (Frank, 1971). The most serious damage is

caused from early May to mid-June by larvae which cut plants off

at or above the soil surface and consume entire tops of small plants

(Berry and Robinson, 1973). Larvae hide in the soil near the

moisture line during daylight, but come to the soil surface at night

to search for food (Beirne, 1971; Berry and Robinson, 1973;

Strickland, 1916). If soil conditions are extremely dry or if larvae

are very young or nearly mature, they feed on underground plant

parts or on the foliage which may be cut off and pulled down into

the soil.

The larvae pupate during late May and June in earthen cells

a few inches deep in the soil (Berry and Robinson, 1973). The pupal

stage lasts for three or four weeks. Moths begin emerging in late

June and reach peak abundance in late July or early August (Berry,

1975a). Mating probably occurs two to seven days after emergence
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(Berry and Robinson, 1973; Jacobson, 1970; Struble and Jacobson,

1970). Adult activities such as mating, feeding, dispersal, and

oviposition are nocturnal in nature (Jacobson, 1970; King, 1926;

Struble and Jacobson, 1970). Female moths apparently lay most of

their eggs from early August to mid-September (Berry, 1974;

Berry, 1974a) and their longevity is about 20 days after emerging

(Jacobson, 1970; Struble and Jacobson, 1970). Preferred oviposition

sites are loose, dry soil with a nearby nectar source or other

vegetation growing in the area (Beirne, 1971; King, 1926; King and

Atkinson, 1926; Strickland, 1916). After the eggs are laid, they

immediately undergo rapid embryonic development resulting in

first instar larvae which enter diapause inside the egg to form the

overwintering stage (Jacobson, 1970).

Economic Importance

The redbacked cutworm has been a major pest in Canada on

small grains, vegetables, and various specialty crops (Beirne,

1971). Specific crop hosts range from wheat and oats to sunflowers

and flax to asparagus and peppermint (Beirne, 1971; Berry and

Robinson, 1973; Gibson, 1915; King and Atkinson, 1926; Tamaki

et al., 1975). King and Atkinson (1926) considered this cutworm

species to be "almost omnivorous" with respect to host plants.

Berry (1974) reported peppermint oil yield losses of up to
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60 lbs/acre in some fields in Jefferson County, Oregon. Larval

densities in some fields were estimated to be 50/ft2.-1/ Kloster-

meyer (1952) reported larval densities averaging 50/ft2 in an

alfalfa field near Grandview, Washington. Beirne (1971) reported

259/0 thinning of coarse grains caused by an infestation of 1 larva/ft2

and complete destruction of a flax field caused by an infestation of

3 larvae/ft2.

Control Strategies and Methods

Several control strategies have been attempted to reduce crop

losses caused by the redbacked cutworm. Early attempts were

aimed at eliminating or reducing oviposition in summer-fallowed

fields by preventing weed growth before and avoiding tillage during

the oviposition period (Jacobson, 1968; King, 1926; Strickland, 1916).

Growers with cutworm larvae damaging their crops were advised

to apply bran-arsenic bait to kill larvae in their fields (Strickland,

1916). Growers with fields which sustained nearly complete seed-

ling losses due to cutworms were advised to reseed only after cut-

worms had matured or were killed by some other means (King,

1926; Strickland, 1916).

Studies have been conducted to determine the effectiveness of

1 /UnpublishedUnpublished data. Dr. Ralph Berry, Oregon State

Univer sity.



7

natural enemies on redbacked cutworm populations but according

to several workers (Frank, 1971; King and Atkinson, 1928; Schaaf,

1972; Seamans and Salt, 1934), native, natural enemies should not

be depended on to prevent crop losses in most cases. King and

Atkinson (1928) concluded that although natural enemies may not

prevent outbreaks, diseases can effectively reduce redbacked cut-

worm densities once cutworm populations reach the peak of an out-

break. The most important disease is cutworm septicaemia.

believed to be caused by a bacterium, Bacillus noctuarum White

(King and Atkinson, 1928; White, 1923). Parasites tend to reach

effective population levels after diseases have begun to reduce

population densities from outbreak levels and predators are gener-

ally ineffective in controlling redbacked cutworm populations (King

and Atkinson, 1928). However, Strickland (1923) suggested that

parasites were the primary factor in reducing outbreaks of the

redbacked cutworm in Canada.

Recent control efforts have been aimed primarily at the

development and use of insecticides to control larval populations

in various crops. Chlorinated hydrocarbon insecticides, such as

methoxychlor and toxaphene, have been recommended to reduce

larval populations (Banham and Hanford, 1957; Klostermeyer, 1952;

Mitchener, 1953; Starker, 1951), however, use of this often highly

residual group of pesticides has recently been severely restricted.
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A number of organophosphate insecticides have shown promise for

redbacked cutworm control in the laboratory and field (Berry,

1975b; Berry, 1975c; Harris and Svec, 1973). Carbamate insecti-

cides are apparently metabolized by the redbacked cutworm to a

nontoxic form and do not provide satisfactory control (McDonald,

1972).

Sampling

Simple and reliable sampling methods should be available to

growers and fieldmen to assist them in determining whether or not

redbacked cutworm populations are at high enough densities to

warrant control. Various sampling methods and sampling inten-

sities have been described to study cutworms in small plots (Berry,

1975b; Frank, 1971; Jacobson et al. , 1952; King and Atkinson, 1927;

Klostermeyer, 1952; Pfadt, 1956; Pruess, 1961; Walkden, 1943;

Whitcomb, 1928), but these methods are not suitable for growers

or fieldmen to determine cutworm densities in commercial-sized

fields.

A possible solution to this problem was presented by Waters

(1955) in a discussion of sequential sampling for use on forest

insects. Sequential sampling is especially suited for use in pest

management since it allows rapid classification of insect populations

into broad levels of infestation. Generally, growers and fieldmen
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do not need exact estimates of population density, but they do need to

classify populations as to whether or not control is needed. The

primary advantage of using sequential sampling compared with other

sampling methods is the saving of time and labor costs to determine

population infestation levels (Harcourt, 1966a). Each sequential

sampling plan has a given amount of precision (fixed probability

levels for erroneous decisions) and a variable sample size. A

minimum amount of sampling is necessary for high or low infesta-

tions, but intermediate infestations require more samples before

a decision can be reached (Waters, 1955). Hammond and Pedigo

(1976) developed sequential sampling plans to determine whether

or not to control the green cloverworm in soybeans. Onsager (1974)

developed a sequential sampling plan for the southern potato wire-

worm in potatoes. Harcourt (1966b) devised a sequential sampling

plan to determine whether or not to control cabbage loopers on

cauliflower. Results from the use of his plan agreed with results

from a conventional random sampling plan in 82 out of 84 fields

'examined. Harcourt's (1966b) sequential sampling plan reduced

the sampling time per field by two-thirds (16 man-minutes per

field for the sequential plan compared with 48 man-minutes per field

for the conventional plan).
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Damage Levels

Coupled with the need to develop sampling methods to assist

growers and fieldmen in deciding whether or not control measures

are warranted, there is a need for information on the amount of

damage caused by various redbacked cutworm densities in pepper-

mint. The mere presence of a pest in a crop does not necessarily

indicate the economic need for controlling or reducing that pest

population (Luckmann and Metcalf, 1975).

Preliminary work in 1973 with artificially-infested plots

indicated that 4 redbacked cutworm larvae/ft2 would reduce pepper-

mint oil yields by 10.9%, while 10 cutworms/ft2 would reduce

peppermint oil yields by 100% (Berry, 1974). Results from a

similar study the following year indicated that cutworm larval den-

sities less than 10/ft2 would not significantly reduce peppermint oil

yields (Berry, 1974). Further work is needed to obtain more con-

sistent estimates of yield losses resulting from various redbacked

cutworm larval densities in peppermint.
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MATERIALS AND METHODS

Peppermint fields and plots used in this study were classified

according to the following age classification:

I = Newly-planted fields less than I-year-old, which are

expected to yield ca. 30 to 50 pounds of oil/acre (Figure

1A).

II = Established fields 2- to 5-years-old which are highly

productive and expected to yield ca. 60 to 100 pounds of

oil/acre (Figure 1B),

III = Established fields 6-years-or-older which lack the vigor

and productivity of class II fields; often because of disease,

weed, and/or insect infestations. Oil yields are expected

to range from ca. 40 to 60 pounds/acre (Figure 1C).

This classification was designed to relate the susceptibilities

of peppermint stands of different ages to yield reductions by red-

backed cutworm larvae. Observations generally indicated that fields

of classes I and III were more susceptible to yield reductions from

cutworm damage than fields in class II, Fields in class I generally

appeared to be more susceptible to yield reductions from cutworm

damage than fields in class III. Exceptions to these generalizations

will exist because of unusually good or bad agronomic practices,

isolated field locations, unusual weather patterns, etc.



12

Figure 1. Examples of peppermint fields of three age classes.

A. Class I: < 1-year-old

B. Class II: 2- to 5-years-old

C. Class III: > 6-years-old
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Stratified-Random Sampling_ for Redbacked
Cutworm Larvae

1975

14

Stratified-random sampling was conducted in three naturally-

infested commercial peppermint fields in Jefferson County in central

Oregon. Field 1 was an 8-year-old class III peppermint stand

which was relatively weak because of verticillium wilt and weed

infestations. Field 2 was a 2-year-old class II peppermint stand

which was relatively vigorous and had few disease or weed problems.

Field 3 was a 4-year-old class II peppermint stand which was

vigorous with few disease or weed problems. Single, 1-acre plots

were located in each of the fields in areas that contained cutworms

based on preliminary sampling of soil around and under peppermint

plants in different portions of the fields. Each acre plot was

divided into 9 equal-sized strata and random numbers were assigned

for the 8 random sample locations to be taken within each stratum.

A total of 72 soil samples were taken from each 1-acre plot. The

sample unit size was 1 ft2 and 2 inches deep. Samples were kept

uniform by using a metal sampling device built to the above dimen-

sions except for one open end. This sampling device was dropped

on the soil surface at each sample location and pressed into the

soil. The enclosed soil and plants were removed with a shovel and
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placed in a marked plastic bag. Samples were removed from the

fields and sifted through two 22 x 22 inch screen sieves. The sieve

sizes were 1, 6 wires per inch in the upper screen and 8 wires per inch

in the lower screen. The lower screen held larvae that were ca.

third instar or larger. Larvae were counted and the data were

analyzed according to stratified random sampling formulae given in

Cochran (1963). Elapsed times for sampling and screening samples

from the three fields were recorded for comparison with the

sequential sampling plans conducted in the same plots.

1976

Stratified-random sampling was conducted in 1976 in seven

naturally-infested commercial peppermint fields in Jefferson and

Crook Counties in central Oregon. Fields 1 and 2 were class I

peppermint fields planted in the fall, 1975. Fields 3, 4, and 5 were

class II peppermint fields which were 3-, 2-, and 3-years-old,

respectively, in 1976. Fields 6 and 7 were class III peppermint

fields in weak condition which were each 6-years-old in 1976.

Fields 1 through 6 were located in Jefferson County near Culver,

Oregon. Field 7 was located in Crook County near Prineville,

Oregon. Fields ranged from 6 to 80 acres (Table 2).

Fields were divided into 4 equal-sized strata and 18 samples

were taken at random within each stratum (72 samples total/field),
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The sample unit size was 1 ft2 and 2 inches deep, and samples were

processed the same as in 1975, except that samples were screened

immediately in the field. Larvae were counted and the data were

analyzed according to stratified-random sampling formulae given

in Cochran (1963). Elapsed times for sampling and screening sam-

ples from each field were recorded for comparison with sequential

sampling conducted in the same fields.

Random Sampling for Redbacked Cutworm Eggs

Simple random sampling for redbacked cutworm eggs was

conducted in Jefferson County, Oregon on September 26, 1975 in

a 25-acre peppermint field which was infested with redbacked cut-

worms in 1975 and in an adjacent 10-acre wheat stubble field,

Samples of soil and vegetation from the top 1 or 2 inches were

taken with circular samplers of the following diameters: 3.0 in

(7. 1 in2), 5. 0 in (19. 6 in2), and 6. 0 in (28.3 in2). Ten samples

were taken 1 inch deep with the 3.0 and 5.0 inch samplers in each

field. Ten samples 1 and 2 inches deep were also taken with the

6.0 inch sampler in each field. Samples were bagged, labeled,

and stored at 37 oF until cutworm eggs could be extracted.

Cutworm eggs were extracted from the soil samples using

methods similar to those of Waldbauer and Kogan (1973). Samples

were put in plastic tubs, covered with tap water, and allowed to soak
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for 2 hours. The samples were then rinsed with tap water through

a series of sieves of 16, 30, and 60 mesh sizes, respectively.

Debris on the 60 mesh sieve was washed with saturated salt water

into a separatory funnel containing saturated salt water and agitated

with bubbling air for 1 minute. Material floating to the top of the

salt solution in the funnel was decanted onto a 60 mesh sieve and

washed into a petri dish of tap water where any eggs in the sample

would sink to the bottom. Samples were observed at 15X with a

dissecting microscope to locate and count the redbacked cutworm

eggs.

The extraction method was tested by extracting eggs from a

series of soil samples, some of which were expected to contain

redbacked cutworm eggs. Field-collected redbacked cutworm

moths were released in cages with several different mixtures of

soil alone or soil plus plant materials to serve as ovipositional

substrates. These substrates were later extracted and 66 red-

backed cutworm eggs were recovered using the egg extractor.

Correlation of Redbacked Cutworm Larval Density
With Plant Damage

1975 and 1976

Records were kept in 1975 and 1976 on the number of pepper-

mint plants showing visible cutworm damage on the foliage in each



of the stratified-random samples. Linear regression analysis was

used to test for any significant relationship between the number of

damaged plants/ft2 and the number of cutworm larvae/ft2.

Sequential Sampling for Redbacked Cutworm Larvae

1975

18

A single sequential sampling plan was developed for use in

the three, 1-acre plots in the fields previously sampled using

stratified-random sampling. Sequential sampling was conducted

with a two-decision plan which gave either a treat or no-treat

decision after a variable number of random samples had been taken

within each plot. The sampling unit was the same as used for the

stratified-random sampling (1 ft2 and 2 inches deep). Each soil

sample was screened immediately in the field to eliminate the time

and labor of placing each sample in a plastic bag.

According to Waters (1955), certain basic information is

necessary to develop a sequential sampling plan. First, the

mathematical distribution of the insects must be determined. This

can be estimated from preliminary sampling information taken in

similar situations which will later be sampled sequentially. Second,

enough knowledge about the damage caused by the insects must be

available to set class limits to provide an upper limit for the
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no-treat zone and a lower limit for the treat zone. Third, prob-

abilities must be assigned to the two types of error involved in

sequential sampling: a, which is the risk of calling a low insect

infestation high and p, which is the risk of calling a high insect

infestation low. A compromise must be reached between a realistic

sample size and a desired degree of precision, since more precision

requires more samples before a decision can be reached.

The following information was used to develop the sequential

sampling plan for redbacked cutworm larvae on peppermint:

1. Larvae have a contagious dispersion and fit the negative

binomial distribution with a k-value of 2. 188 based on

preliminary random sampling of a peppermint field in

1973. This k-value was calculated using Southwood's

(1966) third equation:

x
Nln(1 ) = E(.Ax)---+Tk )

and fitness to the negative binomial distribution was

determined using a chi-square goodness-of-fit computer

program, *KOMPUTE (Isaacson, 1974a).

2. An average density equal to or less than 3.0 larvae/ft2

was the no-treat limit (m1 = 3. 0).

3. An average density equal to or greater than 7.0 larvae/ft2

was the treat limit (m
2

= 7. 0). ( 2 and 3 were based on
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an economic injury level estimate of 5.0 + 2.0 larvae/ft2).

4. The probability of failing to recommend a needed treat-

ment ((3) was 0. 10.

5. The probability of recommending treatment when it was

not needed (a) was 0. 10.

The above information was incorporated into equations given

by Waters (1955) for the negative binomial distribution and a pair

of parallel decision lines was generated to form the decision-making

framework. The decision line equations for the negative binomial

distribution are:

d
1

bn + h
1

(lower line)

d
2

= bn + h
2

(upper line)

where d is the cumulative number of larvae, n is the number of

samples taken, b is the slope of the lines, and h1 and h2 are the

intercepts. The slope and intercepts are calculated as follows:

b = k

log
q1

p2q 1
log

Plq2
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where

h
1

h
2 P2 q

1

Plq2

log
1 a

q2 1

o q
1 2

-log 1

a

m

p1
and q

1
1 + p

1

P2 = k2
and q

2
= 1 + p

2

m = the no-treat limit

m2 = the treat limit

The following values were derived from the equations:

b = 4.54

h
1

= -7.97

h
2

7.97

Treatment was needed if d > 4. 54n + 7.97 and no treatment was

needed if d < 4. 54n - 7.97. These decision lines were the criteria

used to classify the cutworm infestation in a field (Figure 2).

Square foot samples were taken randomly in the 1-acre plots and
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the cumulative number of larvae were plotted as a series of points.

Sampling was continued until the points crossed one of the decision

tines or until a maximum number of samples had been taken (n = 25).

When the points crossed the upper line, a decision was made indicat-

ing that treatment was needed; when the points crossed the lower

tine, a decision was made indicating that no treatment was needed.

If no decision was reached by the 2 5th sample, the decision whether

or not to treat was left to the grower or fieldman. A possible solu-

tion to the problem of indecision might be to resample the field in a

few days or a week to obtain a decision whether or not treatment is

justified.

The three, 1-acre plots were sampled using the sequential

sampling plan described above. The decisions whether or not to

treat and the elapsed sampling times were compared with the results

from the fixed sample size, stratified-random sampling plan used

previously in the same plots.

An alternative way of presenting the sequential sampling

decision lines was developed by Mason (1969) and is shown in

Appendix 1. In this method, sample coordinates of the upper (H)

and lower (L) decision lines are given for each cumulative sample

column. Cumulative larval counts can then be compared to these

coordinates to determine if a decision can be made or if sampling
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should be continued. A copy of this table was used in the fields

sampled in 1975.

Operating characteristic and average sample number curves

were also calculated for the sequential sampling plan using formulae

given in Waters (1955). Although not essential for use of the plan,

they do provide insight into the expected performance of the plan

before it is tested in the field.

The operating characteristic curve (Figure 3) shows the

probability of making a correct decision at different cutworm

densities. The equations for this curve for the negative binomial

distribution are according to Waters (1955):

L(m)
Ax- 1

Ax- Bx

P

1 x
q1 - 2

P2 1

Plq2

where A =

B 1-a

and m kp

The average sample number curve (Figure 4) shows the

average number of samples which need to be taken before making a

decision at different cutworm densities. The equation for this curve
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Figure 3.

2 4 6 8 10 12 14 16 18

Mean Number of Larvae/Ft2= m

Operating characteristic curve describing the probability
of making a correct no treatment decision using
sequential sampling for redbacked cutworm larvae in
peppermint-1975.
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for the negative binomial distribution is according to Waters (1955):

E(n)
112

+ 1
h2 )L(m)

m-b

1976

Three sequential sampling plans were developed for use in

the three age classes of peppermint fields (I, II, and III). These

sequential sampling plans were two-decision plans which gave either

a treat or no-treat decision after a variable number of samples had

been taken in each field. The sample unit size was the same as used

in the stratified-random sampling (1 ft2 and 2 inches deep) and

samples were screened immediately in the field.

Sequential sampling was conducted in each field using two

different sampling patterns. The random pattern involved taking

random samples over the field until a minimum of 20 samples had

been taken. If no decision could be reached after 20 samples, an

additional five random samples were taken to increase the chances

of reaching a decision. Random sample locations were obtained

from a random number table and samples were taken in sequence

to minimize the time spent walking between samples. The syste-

matic pattern involved taking a minimum of ten equally-spaced

samples along each of two diagonals across the field. If no decision

could be reached after 20 samples, an additional five equally-spaced
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samples were taken along one of the diagonals to increase the

chances of reaching a decision. Elapsed times were recorded for

each of the sampling patterns in all fields for comparison with each

other and with stratified-random sampling conducted previously in

the same fields.

The sequential sampling plans were developed using the

formulae and procedures given in Waters (1955) and discussed

previously in the section on sequential sampling for 1975. Larval

counts were assumed to fit the negative binomial distribution.

The following informationwas used to develop a sequential sampl-

ing planfor redbacked cutworm larvae in class I peppermint fields:

1. Larval counts had a k-value of 2.188 based on preliminary

random sampling of a peppermint field in 1973.

2. An average density equal to or less than 0.5 larvae/ft2

was the no-treat limit (m
1

= 0. 5).

3. An average density equal to or greater than 1. 5 larvae/ft

was the treat limit (m2 = 1. 5).

(2 and 3 were based on an economic injury level estimate

of 1 + 0.5 larva/ft2).

2

4. The probability of failing to recommend a needed treatment

WO was 0.01.

5. The probability of recommending treatment when it was

not needed (a) was 0. 10.
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The above information was incorporated into equations given

in Waters (1955) to give the following values:

b =-- 0.885

h
1

= -5.752

h
2

2. 930

Treatment was needed if d > 0. 885n + 2.930 and treatment was not

needed if d < 0. 885n - 5.752. These decision lines are given in

Figure 5 (I).

The sequential sampling plan for class II peppermint fields

was developed using the following information:

1. k = 2.188

2. m
1

6.0

3. m2 = 9.0

(2 and 3 were based on an economic injury level estimate

of 7. 5 + 1. 5 larvaeft2).

4. p = 0.05

5. a = 0 . 1 0

This information was incorporated into Waters' (1955)

formulae to give the following values:

b 7.321

h
1

=- 30.982

h
2

= 24. 131
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Treatment was needed if d > 7.321n + 24.131 and treatment was not

needed if d < 7. 321n - 30.982. These decision lines are shown in

Figure 5 (II).

The sequential sampling plan for class III peppermint fields

was developed using the following information:

1. k =2.188

2. m
1

= 4.0

3. m2 = 6.0

(2 and 3 were based on an economic injury level estimate

of 5.0 + 1.0 larvae/ft2).

4. p = 0.05

5. a = 0 . 1 0

Incorporating this information into Waters' (1955) formulae

resulted in the following values:

b = 4.886

h
1

= -23. 048

h
2

= 17.952

Treatment was needed if d > 4. 886n + 17. 952 and treatment was

not needed if d < 4. 886n - 23.048. These decision lines are shown

in Figure 5 (III).

Tables similar to that used in 1975 (Appendix 1) were con-

structed for each of the sequential sampling plans. Operating



characteristic and average sample number curves were calculated

for each of the three sequential sampling plans (Figures 6 and 7).

Equations used to obtain these curves were given in Waters (1955)

for the negative binomial distribution and calculations were aided

by a computer program, SEQUAN (Talerico and Chapman, 1970).

Dispersion of Redbacked Cutworm Larvae

1975

34

Estimates of cutworm density from stratified-random sampling

in the three naturally-infested 1-acre plots sampled in 1975 were

transformed into frequency distributions. To determine if the

larvae occurred in a contagious dispersion, a chi-square goodness-

of-fit test for the negative binomial distribution was calculated as

given by Southwood (1966) with the aid of a computer program,

*KOMPUTE (Isaacson, 1974a).

Frequency distributions were based on 72 1-ft2 samples from

each acre. All classes were pooled when the expected frequency

fell below 2.0. K-values were calculated for the distributions which

fit the negative binomial distribution using Southwood's (1966)

third equation:

x
N ln (1 +11

Ax
) = (

'k+x )
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Figure 6.
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Operating characteristic curves describing the
probabilities of making correct no treatment decisions
using sequential sampling for redbacked cutworm larvae
in peppermint fields of age classes: I (<1-year old),
II (2- to 5-years-old), III (>6-years -old)--1976.
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where:

= mean number of larvae per sample,

N = total number of samples,

Ax= sum of all frequencies of sampling units containing

more than x individuals,

k = dispersion characteristic,

In = Naperian logs.

1976

Estimates of cutworm density from stratified-random sampling

in the seven naturally-infested fields sampled in 1976 were trans-

formed into frequency distributions. To determine if the larvae

occurred in a contagious dispersion, a chi-square goodness-of-fit

test for the negative binomial distribution was calculated as given

by Southwood (1966) with the aid of a computer program, *KOMPUTE

(Isaacson, 1974a).

Frequency distributions were based on a sample size of

72 1-ft2 samples from each field. All classes were pooled when

the expected frequency fell below 1.0. K-values were calculated

for the distributions which fit the negative binomial distribution

using Southwood's (1966) third equation:

N ln(l÷kc
) =

E

Ax ,
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where:

x = mean number of larvae per sample,

N = total number of samples

Ax = sum of all frequencies of sampling units containing

more than x individuals

k = dispersion characteristic,

In = Naperian logs.

Yield Reductions by Redbacked Cutworm Larvae

Artificially-infested Plots

Plots of peppermint grown under simulated commercial

production were located at the Entomology Experiment Farm,

Corvallis, Oregon. Two age groups of peppermint were infested

with redbacked cutworm larvae; class I peppermint (planted on

May 21, 1975) and 2-year-old (class II peppermint) which had not

been plowed or disturbed since planting.

Newly-planted Peppermint (Class I). The class I plots were

established in 24, 3 by 3 ft concrete enclosures containing soil.

Each enclosure was tilled before planting six, 6-inch long pepper-

mint rhizomes arranged in three rows across the enclosure and

covered with 1. 5 inches of sandy soil.

Enclosures were infested with redbacked cutworm larvae on
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June 8, 1975 when the peppermint plants were about 2 inches tall.

Third and fourth instar larvae, collected in a field in central Oregon,

were used to infest the plots. Every other enclosure in each row

was an uninfested check. Aluminum lawn edging barriers 6 inches

high were placed around infested enclosures to prevent migration

of larvae into uninfested enclosures. Enclosures to be infested

were arranged randomly within each row and infested with 0.33,

1.0, 2.0, and 3.0 larvae/ft2. Infested enclosures were caged on

July 3rd with 3 by 3 by 3 ft screened cages to prevent adults from

escaping upon emergence.

Two-year-old Peppermint (Class II). Twelve plots were

arranged randomly in a 50 by 100 ft stand of 2-year-old, class II

peppermint at the Entomology farm. Six plots were located in the

northern half of the field and six were located in the southern half

to compensate for a north to south variation in the peppermint stand.

Each area of the field contained four 3 by 3 ft plots which were

infested with redbacked cutworm larvae and two 3 by 3 ft plots left

uninfested. All of the infested plots and one check plot in each area

of the field were caged at the time of infestation with 3 by 3 by 3 ft

screened cages buried about 4 inches in the soil.

Plots were infested on June 11, 1975 with third and fourth

instar larvae collected from a peppermint field in Jefferson County,

Oregon. The four plots to be infested in each area of the field
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were assigned at random and infested with 2.0, 4.0, 6.0, and 8.0

larvae/ft2.

Oil yields were determined from all infested and uninfested

areas in the new and 2-year-old mint plantings. The mint plants

were cut at the soil surface with electric hedge trimmers on

September 11, 1975, placed in burlap bags, and allowed to dry in the

sun for 14 days. These samples were distilled on September 25,

1975 in small pilot distilleries. Quantities of peppermint oil from

each plot were converted from milliliters /9 ft 2 to lbs/acre. Oil

yields from these small plots were compared with corresponding

cutworm densities using linear regression analysis to determine

the relationship between cutworm density and peppermint oil yield.

Naturally-infested Plots

Plots were located in two peppermint fields infested with

redbacked cutworms in Jefferson County, Oregon. Field 1 was

an 8-year-old class III peppermint stand which was relatively weak

from verticillium wilt and weed infestations. Field 2 was a 2-year-

old class II peppermint stand which was relatively free of verti-

cillium wilt and weeds.

A 1-acre plot in each field was sampled for cutworm larvae

using the conventional stratified-random sampling plan. Eight

random 1-ft2 samples 2 inches deep were taken in each of nine
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equal-sized strata within each acre (72 samples/acre). The number

of cutworms/ft2 was determined by screening the soil through screen

sieves as previously described. The location of each sample and

the number of cutworms/ft2 were mapped for later reference in

selecting plots for yield determinations.

Plots used to determine yield were 25 by 25 ft and were

located in the previously sampled 1-acre plots. Several plots with

a range of mean larval densities within their boundaries were

selected in each acre.

In field 1, eight plots were selected with mean larval densities

of 0.33 (n=3), 0.33 (n=3), 1.4 (n=5), 2.0 (n-4), 4.0 (n=4), 4.25 (n=4),

6. 0 (n-3), and 7. 5 (n-2) larvae/ft2 (number of ft2 samples in paren-

theses). In field 2, ten plots were selected with mean larval

densities of 0 (n-2), 0 (n-2), 3 (n=3), 3 (n-4), 5 (n=4), 5.3 (n=3),

6.0 (n-4), 6.2 (n=4), 7. 5 (n=2), and 8.6 (n=3) larvae /ft2 (number of

ft2 samples in parentheses).

At harvest (field 1 August 18, field 2 August 19), plants in

the plots were cut with a sickle-bar mower, removed from the field,

and allowed to dry for 2 to 3 days on plastic sheets. Oil yields were

determined from each plot with a small pilot distillery.

Oil samples were collected in separate 1-quart jars and

brought back to the laboratory to separate the oil from the water and

to measure the volume of oil. Oil yields were converted from
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milliters/625 ft2 to lbs/acre. These yields were compared with the

mean larval densities from corresponding plots using linear regres-

sion analysis to determine the relationship between cutworm density

and oil yield.
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RESULTS AND DISCUSSION

Stratified-Random Sampling for Redbacked
Cutworm Larvae

1975

Results of the stratified-random sampling in the three fields

containing 1-acre plots are summarized in Table 1. These data

were analyzed using equations given by Cochran (1963) for

stratified-random sampling data.

Means, confidence intervals, and variances, respectively,

for the 1-acre plots in the three fields were: 1 = 2.96 1- 0. 51 and

O. 066, 2 = 4. 11 + O. 64 and O. 101, and 3 = 0.25 + 0. 12 and O. 004.

Relative variations ((SE-istiRst)100) of 9 and 8 plots in fields 1 and

2, respectively, indicated that the sampling results in these fields

were sufficient and that an adequate sample size was used. How-

ever, the relative variation of 24 for the plot in field 3 indicated a

lesser degree of accuracy and suggested that more samples should

have been taken to estimate the mean cutworm density at this low

infestation level (0.25 larvae/ft2). Southwood (1966) indicated that

a relative variation of 25 was a reasonable standard in extensive

field sampling, but a relative variation of 10 or less was necessary

for intensive sampling. Elapsed sampling times for the 1-acre



Table 1. Results of stratified-random sampling for redbacked cutworm larvae in peppermint fields--
1975.

Mean No.
Cutworms/ft

Field Age T + t (SER ) 21
No. Class st . 05 std

Variance Variation Elapsed

s2 st 3E
SE SamplingSEst 7st/ist (SEx st/xst)100 Time (min. )

1

2

3

III

II

II

2.96 + 0.51

4.11 + 0.64_

0.25 + 0.12

0.066

0.101

0.004

0.26

0.32

0.06

0.09

0.08

0.24

9

8

24

420

450

360

a/Based on 72 samples per field.
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plots in the three fields were: 1 = 420 min. , 2 = 450 min. , and 3 =

360 min. These times included the time needed for one man to locate,

dig, screen, and count cutworms from a total of 72 samples in each

plot.

1976

Results of the stratified-random samplizig in the seven

fields are summarized in Table 2. Field 4 was sampled on two dates

to obtain an estimate of the cutworm density over an extended

period of time. These data were analyzed using equations given by

Cochran (1963) for stratified-random sampling data.

Means, confidence intervals, and variances, respectively,

for the fields sampled were: 1 = 0. 17 + 0.93 and O. 002, 2 = 0. 54

+ 0.192 and 0.009, 3 = 0.17 + 0.092 and 0.002, 4 = 1.12 + 3.04 and

0.023, 4' = 4.46 + 0.995 and 0.243, 5 = 1.08 + 0.280 and 0.020,

6 = 0. 46 + 0. 152 and 0. 006, and 7 = 2.96 + 0. 468 and 0. 055.

Relative variations ((SE3zst/ist)100) of less than 25 for all fields except

1 and 3 indicated that an adequate sample size was used for this

extensive type of sampling. The relative variation of 27.1 for fields

1 and 3 indicated a lesser degree of accuracy and suggested that

more samples should have been taken to estimate the mean cutworm

density at these low infestation levels (0. 17 larvae /ft2) (Southwood,

1966). Elapsed sampling times for the eight fields sampled were:



Table 2. Results of stratified-random sampling for redbacked cutworm larvae in peppermint fields-1976.

Field
No.

Age
Class

No.
Acres

( Approx. )

Mean No.
2

Cutworms /ft
7 + t.05 (SF-x )1/

st st

Variance
2

st
SE7cst

SETst
/^st

Relative
Variation

( SE= /-v )100xst -st

Elapsed
Sampling

Time (min)

1

2

3

b4-/

b4I-/

5

6

7

I

I

II

II

II

II

III

III

80

6

48

15

15

25

18

30

0. 17 + O. 093

O. 54 + 0. 192

0. 17 + O. 092

1. 12 + 0. 304

4. 46 + 0. 243

1. 08 + 0,280

0. 46 + 0. 152

2.96 + 0.468

0. 002

0. 009

0. 002

0. 023

0. 243

0. 020

0. 006

0. 055

0. 046

0. 095

0. 046

0. 151

0. 493

0. 140

0. 076

0. 234

0.271

0. 176

O. 271

0. 135

O. 111

0. 130

0. 165

0, 079

27. 1

17.6

27. 1

13. 5

11.0

13.0

16. 5

7. 9

355

300

495

410

450

405

410

275

a/
Based on 72 samples per field.

b/Field No. 4 sampled on two dates: 4 on April 22, 1976 and 4' on May 12, 1976.
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1 = 355 min. , 2 = 300 min. , 3 = 495 min. , 4 = 410 min. , 4' = 450

min. , 5 = 405 min. , 6 = 410 min. and 7 = 275 min. These times

included the time needed for one man to locate, dig, screen and

count cutworms from a total of 72 samples in each field sampled.

Random Sampling for Redbacked Cutworm Eggs

Only one redbacked cutworm egg was found in 80 soil samples

taken from the peppermint and wheat stubble fields. The sample

containing the egg came from the wheat stubble field and was from

a 6-inch sample 1 inch deep.

The results of the soil sampling for redbacked cutworm eggs

clearly indicate that a larger sample unit size would be necessary

to obtain a reasonable number of redbacked cutworm eggs. In 1976,

soil samples taken in the same peppermint field that was sampled

in September, 1975 indicated that there were approximately 1, 1

larvae/ft2 in the field (Table 2, Field 5). The presence of red-

backed cutworm larvae in the peppermint field in 1976 is evidence

of the need for a larger sampler since larvae present in 1976 must

have hatched from eggs deposited in the soil during the fall of 1975.



Correlation of Redbacked Cutworm Larval Density
With Plant Damage

1975

48

Results of the number of plants damaged by cutworms com-

pared with the corresponding mean cutworm density in the three 1-

acre plots are shown in Table 3. Statistically significant relation-

ships were found, using linear regression analysis, between cutworm

density and damaged plants in field 1 ( r = 0. 51) and field 3 ( r = 0.35)

(P < 0.01) (Appendix 3). Regression line equations for fields 1 and

3 were, respectively: y = 2.67 + 0. 84x and y = 0.27 + 0. 46x.

Based on the regression coefficients for the relationship

between cutworm density and plant damage, the test plot in field 1

showed that there were 0.84 damaged plants for each cutworm/ft2.

In field 3 there were 0.46 damaged plants for each cutworm/ft2.

1976

Results of the number of plants damaged by cutworms com-

pared with the corresponding mean cutworm density in the eight

fields sampled are shown in Tables 4, 5, and 6. Statistically

significant relationships were found, using linear regression analy-

sis, between cutworm density and damaged plants in fields 2, 4', 5,

6, and 7 (Appendix 4). Correlation coefficients (r) for these fields
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Table 3. Number of redbacked cutworm larvae and damaged peppermint plants in fields 1, 2,

and 3--1975.

Field
No.

No.
2

Cutworms/ft
2

Mean No.
Damaged Plants/ft

Total No.
Damaged Plants

No.
Observations(n)

1 0 3.31 43 13

1 2.38 19 8

2 4.91 54 11

3 6. 28 88 14

4 5.23 68 13

5 7. 00 21 3

6 7.67 23 3

7 10> 50 42 4

8 0. 00 0 1

9 14.00 14 1

10 -- 0

11 14.00 14 1

2 0 0.67 2 3

1 0. 78 7 9

2 0.34 2 6

3 0. 34 4 12

4 0.50 8 16

5 0. 54 6 11

6 1.00 4 4

7 0.34 2 6

8 0.00 0 1

9 1.00 1 1

10 0.00 0 2

11 -- 0

12
0

13
0

14
0

15
0

16 -- 0

17 1.00 1 1

3 0 0.28 16 56

1 0.67 10 15

2 -- 0

3 2.00 2 1
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were, respectively: O. 46, 0.39, 0.26, 0.31, and 0.36. Regression

line equations for these fields were, respectively: y = 0.26 + 0. 43x,

y= 1.06 + 0. 14x, y= 0.23 + 0. 16x, y- 0. 15 + 0. 24x, and 7 = 0.88 +

0. 30x (line slopes significantly different from zero at the 0. 01

probability level in all cases, except for field 5 which was signifi-

cantly different at the 0. 05 level of probability).

Table 4. Number of redbacked cutworm larvae and damaged peppermint plants in newly-

planted (class I) peppermint fields--1976.

Field
No.

No.
2

Cutworms/ft
2

Mean No.
Damaged Plants/ft

Total No.
Damaged Plants

No.
Observations (n)

1

2

0

1

2

0

1

2

3

4

0.00
0.00
0.00

0.27
0.68
0.67
2.00
2.00

0
0
0

12

15

2

4

2

61

10

1

44
22

3

2

1

Based on the regression coefficient for the relationship

between cutworm density and pant damage, the number of damaged

plants resulting from a given cutworm density can be estimated.

In field 2, which was a class I fLeld, there were 0. 43 damaged

plants for each cutworm/ft2. In fields 4' and 5 which were class II

fields, there were 0. 14 and 0. 16 damaged plants, respectively, for

each cutworm/ft2. In fields 6 and 7 which were class III fields,

there were 0.24 and 0.30 damaged plants, respectively, for each

cutworm/ft 2.
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Table 5. Number of redbacked cutworm larvae and damaged peppermint plants in 2- to 5-year-
old (class II) peppermint fields--1976.

Field
No.

No.
2

Cutworms/ft
2

Mean No.
Damaged Plants/ft

Total No.
Damaged Plants

No.
Observations ( n)

3 0 0.00 0 61

1 0.00 0 10

2 0.00 0 1

4 0 0.00 0 27

1 0.00 0 23

2 0.00 0 15

3 0.00 0 4

4 0.00 0 2

5 - 0

6 - - 0

7 - 0

8 0.00 0 1

4' 0 0.78 7 9

1 0.88 7 8

2 1.46 19 13

3 1.67 10 6

4 1.82 20 11

5 0.33 1 3

6 3.00 9 3

7 2.17 13 6

8 3.67 11 3

9 1.67 5 3

10 0.00 0 1

11 3.00 3 1

12 4.00 4 1

13 3.00 3 1

14 3.00 3 1

15 - - 0

16 3.00 3 1

17 - 0

18 - 0

19 - - 0

20 - - 0

21 0

22 - 0

23 3.00 3 1

5 0 0.19 5 27

1 0.37 10 27

2 0.29 2 7

3 0.88 7 8

4 1.50 3 2

5 0.00 0 1
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Table 6. Number of redbacked cutworm larvae and damaged peppermint plants in 6-years-or-
older (class III) peppermint fields--1976.

Field
No.

No.
2

Cutworms/ft
2

Mean No.
Damaged Plants/ft

Total No.
Damaged Plants

No.
Observations (n)

6

7

0
1

2

3

0

1

2

3

4

5

6

7

0.11
0.42
0.33
1.00

1.50
0.92
0.90
1,67
2.42
2.33
3.60
1.67

5

10

1

1

12

12

9

20
29

21

18

5

44

24
3

1

8

13

10

12

12

9

5

3

The absence of significant relationships between damaged

plants and cutworm density in fields 1, 3, and 4 probably resulted

from the fact that these fields were sampled very early in the season.

Before May 1, peppermint plants had not yet entered a period of

rapid growth and early instar cutworm larvae were primarily feed-

ing below the surface rather than above ground on the mint foliage.

Based on the results of this study, sampling to estimate cutworm

density from the amount of plant damage should be conducted after

May 1.

Differences of the regression coefficients for field age

classes II and III from 1975 to 1976 may have resulted from season-

to-season or field-to-field variability of the damaged plant and

larval density relationship. Environmental effects and/or cultural
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practices differing from one season or field to another might account

for such variability, along with the plant stand density in these fields.

Results from this study preclude the development of a sampling plan

to be used to predict cutworm larvae density from damaged plant

density, however, future work which accounts for differences in the

damaged plant and larval density relationship might allow the develop-

ment and use of such a sampling tool.

1975

Sequential Sampling for Redbacked Cutworm Larvae

Results of sequential sampling in each of the three 1-acre plots

are summarized in Table 7. In all three plots a decision was made

not to treat since the cumulative number of cutworm larvae/ft2 was

equal to or below the lower limit for treatment in all three plots.

The sequential sampling plan agreed with the conventional stratified-

random sampling plan in all three plots indicating that the three

plots had cutworm densities below 5.0/ft2, which was below the

estimated economic injury level (5.0/ft2). It is important to note

that more samples had to be taken in field 2 which had a mean cut-

worm density near 5. 0 /ft2 and that the least number of samples

was required in field 3 which had a mean cutworm density con-

2siderably below 5.0/ft . These data support the sequential sampling



Table 7. Comparison of sequential sampling and stratified-random sampling for redbacked cutworm larvae in peppermint fields - -1975.

Sequential Sampling Plan (No. Samples)

1 2 3 4 5 6 7 8 9 10

Cumulative No. Larvae/ft
2

Stratified-Random Sampling Plan
a/

No Treat - 6 10 14 19 24 28 32 37
Field Elapsed Sampling Mean No.2 Elapsed Sampling

No. Treat 22 26 31 35 40 44 49 53 Time (min) Cutworms/ft Time (min)

1 3 6 7 13 21 22 22b/ 50 2.96 420

2 4 8 12 19 22 24 27 30 35 3712/ 70 4.11 450

0 1 2 12/
3

15 0.25 360

liMean number of cutworms/ft
2 based on 72 samples/acre plot.

iilDecision made concerning severity of cutworm infestation.
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theory discussed by Waters (1955) in that decisions are made more

quickly when sampling populations with low or high densities than

when sampling populations with intermediate densities.

The time required to use the sequential sampling plans was

less than for the stratified-random sampling plans (Table 7). Time

reductions for fields 1, 2, and 3 were, respectively: 87%, 84%,

and 96% for sequential sampling compared with stratified-random

sampling. The overall mean reduction in time using sequential

sampling was 89% in three fields.

The sequential sampling plan was not tested in fields with cut-

worm densities over 5.0/ft2, because fields could not be located

with such infestations during 1975.

1976

Results of sequential sampling in each of the seven fields are

summarized in Tables 8, 9, and 10. Mean cutworm densities and

the required sampling times from the stratified-random sampling

are included in these tables for comparison. Fields were grouped

according to their age class (I, II, and III) and the sequential sampl-

ing plan developed for each age class was used only in fields of that

particular class. In all fields sampled, a decision not to treat was

made since the cumulative number of cutworm larvae/ft2 was equal

to or below the lower limit for treatment in all seven fields. The



Table 8. Comparison of sequential sampling and stratified-random sampling for redbacked cutworm larvae in newly-planted (class I)
peppermint fields- -1976.

Field
No.

Date
Sampled

No Treat

Treat

1 2 3 4 5 6 7 8

Sequential Sampling Plan (No. Samples)

20 21 22 23 24 25

Elapsed
Sampling

Time
(min)

Stratified-Random
Sam_pling Plana/9 10 11 12 13 14 15 16 17 18 19

-

- -

-

-

0

7

0

8

0

9

1

10

2

11

3

12

2
Cumulative No. Larvae/ft

10

19

11

20

12

21

13

22

14

22

15

23

15

24

16

25

Mean Elapsed
No. Sampling

CutwFrms Time
/ft (min)

4 5 6 7 8 8 9

13 14 14 15 16 17 18

b/1
1
.C./

b
2

/

2/

IV-7-76

IV-7-76

V-5-76

V-5-76

0

0

2

1

0

0

2

2

0

0

6

2

0

0

6

2

d/
13

d/
0

6

3

0

0

6

3

0

0

6

3

0

0

8

4

0

0

9

4

1

0

9

5

1 1 1 2 2 2 2

0 1 1 1 1 2 2

11 11 13 13 13 15 15
d/

5 5 5 5 5 5 9

2

2

15

9

2

2

15

10

2

2

15

10

15 15

d/
15 15 16

135

80

125

95

0. 17 355

0. 54 300

Mean number of cutworms/ft2 based on 72 samples/field.

Random sampling pattern.

,Systematic sampling pattern.

5VDecision made concerning severity of cutworm infestation.



Table 9. Comparison of sequential sampling and stratified-random sampling for redbaciced cutworm larvae in 2- to S-ye o d as,- 1

peppermint fields--1976.

Sequantial Sampling Plan (No. Samples) Stratified-Randprn

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Sampling Plana

Cumulative No. Larvae/ft
2 Elapsed Mean Elapsed

No Treat 6 13 20 28 35 42 50 S7 64 72 79 86 93 101 108 115
Sampling No. Sampling

Field Date Time Cutworms Time

No. Sampled Treat 61 68 75 83 90 97 105 112 119 127 134 141 149 156 163 171 (min) /ft2 (min)

b/ d/
3 IV-8-76 0 0 1 1 1 2 2 2 2 2 2 2 2 2 2 3 4 4 4 4 145

c/ d/
0.17 495

3 IV-8-76 0 0 0 0 1 1 1 1 1 1 1 1 2 2 3 3 3 3 3 3 100

/ d/4
c/

IV-29-76 1 4 6 6 7 7-13 15 21
d/

22 23 23 28 28 28 36 43 45 46 48 125
1.12 410

4 1V-28-76 6 10 11 12 16 17 21 22-23 25 25 26 32 40 43 44 44 45 48 51 120

b/4t
c/

V-11-76 3 6 16 19 20 20 33 37 37
d/37 47 48 50 55 57 59 62 62 66 67 115

4.46 450

4' V-11-76 4 5 13 16 21 28 29 32 36 41 41 48 57 65 69 73 75 76 77 79 115

b/ /
S IV-30-76
c/

1 3 3 4 8 8-14 14 14

d/
19 21 23 23 26 27 27 28 28 31 32 125

1.08 405

5 IV-30-76 12 13 13 13 16 21 21 21-22 27 28 29 29 31 31 33 33 35 35 39 130

a/ 2
Mean number of cutworms/ft based on 72 samples/field.

Random sampling pattern.

c/ Systematic sampling pattern.

Decision made concerning severity of cutworm infestation.



Table 10. Comparison of sequential sampling and stratified-random sampling for redbacked cutworm larvae in 6-years-or-older (class III)

peppermint fields--1976.

Sequential Sampling Plan (No. Samples) Stratfi e d-R andom

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Sampling Plan-gi

Cumulative No. Larvae/ft
2 Elapsed Mean Elapsed

No Treat - - 1 6 11 16 21 26 31 36 40 45 50 55 60 65 70 75
Sampling No. Sampling

Field Date Time CutwFrns Time

No. Sampled Treat - - - - 42 47 52 57 62 67 72 77 81 86 91 96 101 106 111 116 (min) /ft (min)

6
la/ V-18-76 0 1 1 1 1-d/ 1 1 2 4 5 5 5 5 6 6 7 8 9 9 9 105

0.46 410

6-/ V-17-76 3 4 4 5 5 61/7 7 8 8 8 8 8 8 8 9 9 10 11 12 90

b/ d/
7- V-19-76 1 4 4 10 13 16 18 19 23 27 25-32 38 40 40 40 42 52 53 55 85

/ / 2.96 275

7- V-19-76 0 3 4 6 9 10 15 18 18-22 26 29 32 36 39 43 43 50 57 58 85

"Mean number of cutworms /ft2 based on 72 samples/field.

b/Random sampling pattern.

c/Systematic sampling pattern.

'DecisionDecision made concerning severity of cutworm infestation.
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sequential sampling plans agreed with the conventional stratified-

random sampling in all fields indicating that the fields had cutworm

densities below the estimated economic injury levels, (I = 1/112;

2
II 7. 5/ft ; III = 5/ft2). The size of the fields did not affect the

performance of the sequential sampling plans.

In all fields sampled except one, a decision whether or not

treatment was necessary could have been made before the minimum

of 20 samples were taken. Since these decisions agreed with those

made after 20 samples, sampling could have been stopped when the

decision was reached, resulting in a savings of time and labor. In

field 2, sequential sampling at random was continued to sample

number 23 before a decision was reached. This decision agreed

with that made after 25 samples, indicating that sampling could have

been stopped after 23 samples had been taken.

A comparison of the decisions made with the random compared

with the systematic sampling pattern indicated that the two patterns

resulted in identical decisions in each field sampled. A decision

whether or not treatment was necessary could have been made after

taking fewer samples using the random pattern of sampling in three

fields (4, 5, and 6) and after taking fewer samples with the syste-

matic pattern of sampling in two fields (2 and 7). The two sampling

patterns required the same number of samples before a decision

was reached in three fields (1, 3, and 4'). Although there appears
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to be no conclusive advantage in using one sampling pattern over the

other, the location of samples was easier with the systematic

pattern and probably would be more readily accepted by fieldmen or

growers.

Elapsed sampling times were less for the sequential sampling

plans compared with the stratified-random sampling plan (Tables

8, 9 and 10). The overall mean time reduction for the random pat-

tern sequential sampling compared with stratified-random sampling

in all eight fields was 68%. The mean time reduction was 73% for

the systematic pattern sequential sampling compared with stratified-

random sampling in all eight fields. These time reductions would

have been greater if sampling had been stopped as soon as a decision

was reached by the sequential sampling plan. The additional time

needed to take a minimum of 20 samples was not necessary, since

no additional information was gained.

The sequential sampling plans were not evaluated in fields

with cutworm densities in excess of the estimated economic injury

levels, since fields could not be located with such infestations

during 1976.



1975

Dispersion of Redbacked Cutworm Larvae

Table 11 shows the dispersion characteristics for redbacked

61

cutworm larvae populations sampled in 1975. Sample variance (s2)

and mean (x) estimates of cutworm larvae were calculated using

formulae given in Cochran (1963) for simple random sampling.

The mean number of larvae ranged from 0.25 to 4. 11 /ft2 and the

s
2/x ratio exceeded 1.0 in fields 1 and 2 and was approximately

equal to 1.0 in field 3. Southwood (1966) indicated that a s2/ic ratio

greater than 1.0 corresponded to a contagiously-dispersed organism

and that a tendency towards randomness (i. e., s2 =x ) as sample

means decrease should not be unexpected with insect counts.

The results of the chi-square (X2) goodness-of-fit tests indi-

cated that larval counts in fields 1 and 2 fit the negative binomial

distribution (P>0. 05). For field 3, there was a significant difference

between the observed and expected frequencies for the negative

binomial distribution (P< 0.001). This non-clumped dispersion can

be explained by the low cutworm density in this field at the time of

sampling, which according to Southwood (1966) would tend to make

the larval dispersion appear random (i. e. s
2 =x).

Values of k were computed for fields 1 and 2 using Southwood's



Table 11. Dispersion of redbacked cutworm larvae in peppermint fields -- 1975.

Field Date
Mean No.a/
Larvae/ft2 Variance

2) 2

Negative
Binomial

No.No. Sampled (x) (s s /X d. f. X2. k-value

1 V-28-75 2.96 5.65 1.91 6 10.3112/ 2.841

2 V-21-75 4.11 7.42 1.81 7 8.2312/ 6.235

3 V-20-75 0.25 0.27 1.08 1 75.83c/

a/Calculations based on simple random sampling formulae (Cochran, 1963).

b/No significant difference between observed and expected frequencies for the negative
binomial distribution (P>0. 10).

c/No significant difference between observed and expected frequencies for the Poisson
distribution (P>0. 05).



63

(1966) third equation given previously. The cutworm population in

field 1 was more clumped than in field 2 at the time these fields were

sampled, since the lower k-value of the 1-acre plot in field 1

(k=2.841) indicated a higher degree of aggregation than the higher

k-value of the plot in field 2 (k=6.235) (Southwood, 1966). A k-value

was not computed for the plot in field 3 since this population did not

fit the negative binomial distribution.

The larval counts from the plot in field 3 were tested for a

random dispersion pattern with a chi-square goodness-of-fit test

for the Poisson distribution using a computer program, *POISSON

(Isaacson, 1974b). There was no significant difference between

observed and expected frequencies of larval counts for the Poisson

distribution (X2 = 0.0501, d. f. = 1, P->0.05) indicating that the

larvae were randomly dispersed at the low population density in

field 3 when it was sampled (Table 11).

1976

Table 12 shows the dispersion characteristics for redbacked

cutworm larvae populations sampled in 1976. Sample variance

(s 2) and mean (x) estimates of cutworm larvae were calculated using

formulae given in Cochran (1963) for simple random sampling. The

mean number of larvae ranged from 0.17 to 4.46/ft2 and the s2 /x

ratio exceeded 1.0 in five out of the eight fields sampled.



Table 12. Dispersion of redbacked cutworm larvae in peppermint fields -- 1976.

Field
No.

Date
Sampled

Mean No.-7a /

Larvae/ft-
(70

Variance

(s
2

) s2 /X

Negative
Binomial

k- valued. f. X2

1 IV-7-76 0.17 0.17 1.00 b/

2 V-6-76 0.54 0.68 1.26 2 2.439/ 2.32

3 IV-6-76 0.17 0.17 1.00 -
b/

4 IV-22-76 1.12 1.74 1.55 3 1.294/ 2.83

4' V- 12 -76 4.46 18.11 4.06 11 8.531-E/ 1.55

5 IV-29-76 1.08 1.40 1.30 3 4.288/ 3.79

6 V-18-76 0.46 0.42 0.91 b/

7 V-19-76 2.96 3.87 1.31 7 6.7.43-/ 7.84

-a/Calculations based on simple random sampling formulae (Cochran, 1963).

-b/ X2 goodness-of-fit test for negative binomial not appropriate when variance < mean, No
significant difference between observed and expected frequencies for the Poisson distribution
(P >0. 50).

--/No significant difference between observed and expected frequencies for the negative binomial
distribution (P >0. 10).
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The results of the chi-square (X2) goodness-of-fit tests indi-

cated that larval counts in fields 2, 4, 4', 5, and 7 fit the negative

binomial distribution (P>0. 05) (Table 12).

Values of k were computed for fields 2, 4, 4', 5 and 7 using

Southwood's (1966) third equation given previously. K-values

ranged from 1.55 for field 4` to 7. 84 for field 7, the former being

more clumped than the latter. Values of k were not computed for

fields 1, 3, and 6 since sampling results indicated that the larvae

were not contagiously dispersed (s
2 < x).

The larval counts from fields 1, 3, and 6 were tested for a

random dispersion pattern with a chi- square goodness-of-fit test

for the Poisson distribution using the computer program, *POISSON

(Isaacson, 1974b). There was no significant difference between

observed and expected frequencies of larval counts for the Poisson

distribution in the three fields (P>0. 05) (Table 12), indicating that the

larvae were randomly dispersed at the low population densities

present in these fields when they were sampled.

Based on these results, redbacked cutworm larvae were

contagiously dispersed in most fields and fit the negative binomial

distribution. However, when cutworm densities were very low

(<0. 50) they were dispersed randomly and fit the Poisson distribu-

tion.

Common k-values were calculated for classes II and III
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peppermint fields using k-values from 1975 and 1976 according to

the following formula (Morris, 1955):

x2

2
Common k

S X

The common k-value for class II fields was 2.19 and 4. 87 for class

III fields. Since only one k-value was obtained from class I pepper-

mint fields (k = 2. 32), a common k was not calculated for class I

fields. These results indicate that the preliminary k-value of 2.188

was appropriate for class II fields but too low for class I and III

fields.

Yield Reductions by Redbacked Cutworm Larvae

Artificially Infested Plots

Newly Planted (Class I). The results of studies to

determine the oil yields from infested plots of class I peppermint

planted in the concrete enclosures are shown in Table 13. Yields

are given in lbs of oil/acre and are the mean yields from three

plots each infested with different cutworm densities and from 12

uninfested plots. There was a 33% reduction in yield from the plots

2infested with 0. 33 larvae/ft . At cutworm densities of 2. 0



Table 13. Peppermint oil yields in relation to redbacked cutworm larval density in artificially-
infested newly-planted (class I) peppermint.

No.
2Cutworms /ft Rep 1

Peppermint Oil Yield (1b/acre)a/

Rep 2 Rep 3 Mean Yield Reduction

0 (check) 45.3 44,6 38.1 42,7

0.33 30,7 22.1 33,6 28,8 33%

1.00 49.9 4.8 39.3 31,3 27%

2.00 3.8 10.6 38.4 17,6 59%

3.00 3.8 4.8 25.9 11 5 73%

a/ z
Mean yield from four plots with 0 cutworms/ft in each replication
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and 3. 0 /ft 2
the reductions in oil yield were 59% and 73%, respectively.

Linear regression of cutworm larval density compared with

peppermint oil yield indicated that there was a negative correlation
(r = -0.983) (r2 = 0. 880). The regression of different cutworm

densities on the yield of oil in class I peppermint was significant

(P< 0.05) (Figure 8) (Appendix 2). The regression coefficient of

-9.27 indicated that a mean density of 1.0 cutworm/ft2 caused a

reduction in yield of 9.27 lbs of oil/acre under the conditions of

this test.

Two-Year-Old Peppermint (Class II). The results of the yield

studies from the class II peppermint plots are shown in Table 14.

The yields were converted to lbs of oil/acre and in all cases repre-
sent the mean yield from two plots infested with the same density of

cutworms. Results from linear regression of cutworm larval

density compared with peppermint oil yields indicated that there was

not a significant relationship between cutworm density and oil yield

(r = 0. 695) (r 2
= 0. 483) (P >0. 05) (Appendix 2).

Naturally Infested Plots

Eight-Year-Old Peppermint Field (Class III). Results of the

yield studies from 25 x 25 ft class III plots in field 1 are shown in

Table 15. Oil yields were converted to lbs/acre. Since there were
2no plots with larval densities of 0/ft in the acre sampled in this
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Figure 8.

2 3
Mean Number of Larvae/Ft2

Regression line, regression equation, and correlation
coefficient (r) describing the relationship between mean
redbacked cutworm larval density and peppermint oil
yield in artificially-infested newly-planted (class I)
peppermint.
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Table 14.
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Peppermint oil yields in relation to redbacked cutworm
larval density in artificially-infested 2-year-old (class
II) peppermint.

No.
Cutworms/ft 2

Peppermint Oil Yield
(lb/acre)

Rep 1 Rep 2 Mean

a
a/ 62.4 91.1 76.7

0 81.6 64.3 73.0

2 100.7 84.4 92.6

4 76.8 58.5 67.6

6 89.2 93.1 91.2

8 99.8 119.0 109.4

-a/Uncaged plots.

Table 15. Peppermint oil yields in relation to redbacked cutworm
larval density in naturally-infested 8-year-old (class
III) peppermint.

Mean No.
Cutworms/ft2

Peppermint Oil Yield
(lb/acre)

0.33 55.6

0.33 58.1

1.4 48.3

2.0 41.8

4.0 42.8

4.25 37.1

6.0 24.6

7.5 32.8
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field, percentage reductions in yield were computed using the mean

yield from the two plots which had a mean of 0.33 larvae/ft2 (56.9

lbs of oil/acre). Yield reductions ranged from 15% in plots infested

with a mean of 1.4 larvae/ft2 to 57% in plots infested with a mean

of 6.0 larvae/ft2.

A significant linear regression was found between larval

densities and oil yields in field 1 (P< 0. 01) (Appendix 2). A negative

relationship was indicated (r = -0.903 (r2 = 0. 815). The regression

coefficient (b) was -3.84 which indicated that with a density of 1.0

cutworm larva/ft2 a reduction in yield of 3.84 lbs of oil/acre would

be expected if conditions were similar to those in this experiment

(Figure 9).

Two-Year-Old Peppermint Field (Class II). The results of

the yield studies from the 25 x 25 ft class II plots in Field 2 are

shown in Table 16. There was no significant correlation between

cutworm density and yield of oil (P>0. 05) (Appendix 2). This may be

a result of poor estimation of cutworm density in the plots (due to

small sample numbers) or the possibility that cutworm densities

were not high enough to cause yield reductions.

Economic Injury Levels

Economic injury levels were calculated, using methods given

by Koehler and Rosenthal (1975), for class I and III peppermint
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Regression line, regression equation, and correlation
coefficient (r) describing the relationship between mean
redbacked cutworm larval density and peppermint oil
yield in naturally-infested 8-year-old (class III)
peppermint.
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Table 16. Peppermint oil yields in relation to redbacked cutworm
larval density in naturally-infested 2-year-old (class
II) peppermint.

Mean No.
Cutworms/ft2

Peppermint Oil Yield
(lb/acre)

0.0 53.7

0.0 48.0

3.0 51.3

3.0 49.1

5.0 22.5

5.3 16. 8

6.0 62.0

6.2 36.2

7.5 54.8

8. 6 51.3
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fields. Economic injury levels were not calculated for class II

fields, because no correlation was obtained between cutworm larval

density and oil yield in the vigorous peppermint plots. Tables 17

and 18 give the economic injury levels for class I and III fields

based on regression coefficients given previously and include varying

costs of insecticide treatment and the value of peppermint oil. These

results should be considered tentative, since they are based on

data from only one season from one set of plots from each age class

of peppermint fields.

Based on the results of this study, the estimated economic

injury levels would be 0.23 larvae/ft2 for class I fields and 0.55

larvae/ft2 for class III fields. These estimates are based on the

average value of peppermint oil paid to growers of $13. 00 /lb in

1975 (Palleson and Belmont, 1976) and with a cost of $27. 00 /acre

including application for each insecticide treatment.-2/

2/Per sonal communication with Mr. Larry Carpenter,
Full Circle, Inc. , Madras, Oregon.
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Table 17. Tentative economic injury levels of redbacked cutworm larvae in newly-planted (class I)

peppermint fields in relation to costs of insecticide treatment and value of peppermint

oil,

a/Cost of-
tr eatmen.t/
acre in $

No. cutworms/ft 2 responsible for loss equal to cost of treatment
if SAID of oil return to producer. is:

b/
3 6 9 12 13 15 18 21

10 0.36 0.18 0,12 0.09

12 0.43 0.22 0.14 0.11

14 0.51 0.25 0.17 0.13

16 0.58 0.29 0.19 0.14

18 0.65 0.33 0.22 0.16

20 0.72 0.36 0.24 0.18

22 0.80 0.40 0.27 0.20

24 0.87 0.43 0.29 0.22

26 0.94 0.47 0,31 0.24

2712! 0.98 0.49 0.33 0.24

28 1.01 0.51 0.34 0.25

30 1.09 0.54 0.36 0.27

0.08
0.10
0.12
0.13
0.15
0.17

0.18
0.20

0.22

0,07

0.09

0.10

0.12

0.13

0.14
0.16

0.17

0.19

0.20

0.22

0.06
0.07

0.08
0.10
0.11

0.12

0.13

0.14
0.16

0.05
0.06

0.07

0.08
0.09

0.10

0.11

0.12

0.13

0.17 0.14

0.18 0.16

-a/Including labor, machinery, and insecticide; or custom application, Based on loss of 9.2

lb. oil/larva/ft2.
-b/Brackets enclose tentative economic injury level for cutworms in new peppermint. Based

on 1975 avg oil return in Oregon and a recent estimate of treatment cost.



Table 18. Tentative economic injury levels of redbacked cutworm larvae in 6-years-or-older (class
III) peppermint fields in relation to costs of insecticide treatment and value of peppermint
oil.

2

Cost of
No. cutworms/ft responsible for loss equal to cost of treatment

-a/ if $/lb of oil return to producer is:
treatment/
acre in $ 3 6 9 12 13-b/

15 18 21

10 0.88 0.44 0.29 0.22 0.20

12 1.05 0.53 0.35 0.26 0.24

14 1.23 0.61 0.41 0.31 0.28

16 1.40 0.70 0.47 0.35 0.32

18 1.58 0.79 0.53 0.39 0.36

20 1.75 0.88 0.58 0.44 0.40

22 1.93 0.96 0.64 0.48 0.45

24 2.11 1.05 0.70 0.53 0.49

26 2.28 1.14 0.76 0.57 0.53

27-b/ 2.37 1.18 0.79 0.59 0.55

28 2.46 1.23 0.82 0.61

30 2.63 1.32 0.88 0.66

0.18

0.21

0.25
0.28
0.32

0.35
0.39

0.42

0.46

0.49

0.53

0.15 0.13

0.18 0.15

0.20 0.18

0.23 0.20

0.26 0.2-5

0.29 0.25

0.32 0.28

0.35 0.30

0.38 0.33

0.41 0.35

0.44 0.38

-a/Including labor, machinery, and insecticides or custom application. Based on loss of 3.8
lb oil/larva/ft2.

b/ Brackets enclose tentative economic injury level for cutworms in old peppermint. Based
on 1975 avg oil return in Oregon and a recent estimate of treatment cost.
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SUMMARY AND CONCLUSIONS

Comparison of sequential sampling and stratified-random

sampling in 1975 and 1976 clearly shows that sequential sampling

reduced the time required to sample peppermint fields and resulted

in reliable decisions relative to cutworm densities compared with

the stratified-random sampling plans.

In 1976, the use of a systematic pattern for sequential sampl-

ing resulted in decisions regarding the need for treatment with

slightly less sampling time and much more simplicity in locating

samples than with the random pattern for sequential sampling. No

advantage was found in taking a minimum of 20 samples before

treat or no-treat decisions resulted from use of the sequential

sampling plans and all decisions were made before the maximum

number of samples was taken (25).

Results of sampling for redbacked cutworm eggs indicate

that a sample size larger than 28.3 in2 was necessary to adequately

assess egg densities in peppermint fields. A single egg was

recovered from 80 soil samples of 7. 1, 19. 6, and 28.3 in
2 (at 1 and

2 inch depths for the largest sampler).

Significant correlations were found between the number of

2
damaged peppermint plants/ft and the number of redbacked cut-

worm larvae/ft2 in most fields in 1975 and 1976. However,
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regression coefficients varied between 1975 and 1976 for the field

age classes sampled, suggesting that year-to-year or field-to-field

variations may preclude the use of damaged peppermint plants to

estimate redbacked cutworm larval densities. Significant correla-

tions were not obtained between damaged peppermint plants and red-

backed cutworm larval counts when sampling was conducted prior to

May 1 in 1976.

In 1975 and 1976, larvae were found to be contagiously dis-

persed and larval counts fit the negative binomial distribution in

most fields sampled. However, when mean larval densities were

very low (<0.50), larvae were dispersed randomly and fit the

Poisson distribution. Values of k were calculated from the larval

counts in each field in which the larval distribution satisfied the

negative binomial distribution. Common k's were calculated if more

than one value was obtained for each field class. Values of k for

the three field age classes in 1975 and 1976 were: I = 2.32, II =

2.19 (common k), and III = 4.87 (common k).

Negative correlations were obtained between peppermint oil

yields and redbacked cutworm larvae densities in the artificially-

infested enclosures of class I peppermint and in the naturally-

infested class III peppermint plots. A regression coefficient of

-9.27 in the artificially-infested class I enclosures indicated that

a mean cutworm density of 1.0/ft2 was associated with a yield



79

reduction of 9.27 lbs of oil/acre. The regression coefficient of

-3.84 in the naturally-infested class III peppermint plots indicated

that a mean cutworm density of 1. 0 /ft2 was associated with a yield

reduction of 3.84 lbs of oil/acre. Tentative economic injury levels

were calculated to be 0,23 larvae /ft2 for class I peppermint fields

and 0. 55 larvae/ft
2 for class III peppermint fields, based on the

above regression coefficients, a value of $13. 00/lb for peppermint

oil, and a treatment cost of $27. 00/acre. These estimated ecoar

omic injury levels are considered tentative since they are based on

experiments conducted during one season and including only one set

of plots each in the two age classes of peppermint fields.

Significant correlations were not obtained between larval

densities and peppermint oil yields in the artificially- and naturally-

infested class II peppermint plots. In the artificially-infested plots,

this may have been due to the fact that these infestations were made

relatively late in the season, when larvae were in advanced instars

and pepperment plants were in a period of very rapid growth. In

the naturally-infested plots, the possibility exists that the density

of redbacked cutworm larvae was not high enough to significantly

reduce peppermint oil yields.

Future research is needed to quantify yield reductions caused

by different redbacked cutworm larval densities in peppermint.

There is a need for economic injury levels that growers and
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researchers can use with confidence and with which sound pest

management decisions can be made.

Additional research is also necessary to evaluate refined

sequential sampling plans which are developed as more information

is obtained about this pest-crop system. Based on the results of

this study, the following inputs are suggested for consideration in

developing sequential sampling plans for future evaluation and

eventual release to growers:

1. Class I Peppermint Fields

a) (a) = 0.10

b) ((3) = 0.01

c) m1 = 0.08 larvae/ft
2

d) m2
= 0.15 larvae/ft2

(m
1

and m
2

are 1/3 and 2/3 of the tentative economic

injury level of 0.23 larvae/ft2)

e) k = 2.32

2. Class II Peppermint Fields

a) (a) = 0.10

b) (p) = 0.05

c) m1 = 2.48 larvae/ft2

d) m2 = 4.95 larvae/ft2

(ml and m
2

are 1/3 and 2/3 of the estimated economic

injury level of 7.5 larvae/ft
2 used inthe 1976 evaluations)



3. Class III Peppermint Fields

a) (a') = 0, 10

b) ((i) = 0. 05

c) m1 = 0.18 larvae/ft2

d)
2

= 0.36 larvae/ft2

(ml

81

and m
2

are 1/3 and 2/3 of the tentative economic

injury level of 0. 55 larvae/ft2)

e) k = 4. 87

The economic injury levels and k-values used as inputs for

these sequential sampling plans should be evaluated in future years,

so that treatment decisions can be based on the most accurate

information possible. Sequential sampling is a time-saving and

reliable method of determining whether or not insecticide treatment

for redbacked cutworm larvae in peppermint is warranted. The use

of sequential sampling plans in commercial peppermint pest

management programs should help reduce the unnecessary use of

insecticides to control the redbacked cutworm.



82

BIBLIOGRAPHY

Banham, F. L. and R. H. Hanford. 1957. Control of cutworms in
asparagus fields in the interior of British Columbia. Can.

Jour. Plant Sci. 37(2):108-112.

Beirne, B. P. 1971. Euxoa ochrogaster (Guen. ), the redbacked
cutworm. Pest Insects of Ann. Crops in Canada. Mem. of
Ent. Soc. Canada. No. 78, pp. 15-17.

Berry, R. E. 1974. Oregon mint pest reporter--insect control.
Annual Res. Report (Unpublished). Oregon St. Univ. Ent.
Dept. , Corvallis, Oregon.

1975a. Redbacked cutworm: flight period and
egg development under field conditions. Environ. Ent.
4(4):603-605.

1975b. Redbacked cutworm control on peppermint
with leptophos. J. Econ. Ent. 68(3):411-412.

1975c. Oregon mint pest reporter--insect control.
Annual Res. Report (Unpublished). Oregon St. Univ. Ent.
Dept., Corvallis, Oregon.

Berry, R. E. and Robinson, R. R. 1973. Red-backed cutworm in
Oregon. Extension Serv. Public. FS 197, Oregon St. Univ.
Ent. Dept. , Corvallis, Oregon.

Capizzi, J. 1976. Oregon insect control handbook. Oregon St.

Univ. , Extension Serv., Corvallis, Oregon.

Cochran, W. G. 1963. Sampling techniques. John Wiley and Sons.
New York.

Dyar, H. G. 1902. List of North American Lepidoptera. Bull.

of U.S. Nat'l. Museum No. 52.

Frank, J. H. 1971. Carabidae (Coleoptera) as predators of the
red-backed cutworm (Lepidoptera:Noctuidae) in central
Alberta. Can. Ent. 103:1039-1044.



83

Gibson, A. 1915. Cutworms and their control. Dom. of Canada
Dept. of Agric. , Ent. Branch, Ottawa, Bull. No. 10. 31 p.

Guenee, M. A. 1852. Histoire naturelle des insects. Species
general des Noctuelites. 5:327.

Hammond, R. B. and Pedigo, L. P. 1976. Sequential sampling
plans for the green cloverworm in Iowa soybeans. J.
Econ. Ent. 69(2):181-185.

Hampson, G. F. 1903. Catalogue of the Noctuidae in the collection
of the British Museum. Vol. 4. London.

Harcourt, D. G. 1966a. Sequential sampling for the imported
cabbageworm, Pieris rapae (L. ). Can. Ent. 98:741-746.

1966b. Sequential sampling for use in control of

the cabbage looper on cauliflower. J. Econ. Ent. 59(5):
1190-1192.

Hardwick, E. F. 1965. The ochrogaster group of the genus Euxoa
(Lepidoptera:Noctuidae), with description of a new species.
Can. Ent. 97(7):673-678.

Harris, C. R. and Svec, H. J. 1973. Toxicological studies on
cutworms. XI. Laboratory and field microplot studies on
the effectiveness of some experimental insecticides in control-
ling the redbacked cutworm in organic soil. J. Econ. Ent.
66(2):444-446.

Isaacson, D. 1974a. Documentation for *KOMPUTE (a biology
program). Conduit Computer Center, Oregon St. Univ.,
Corvallis, Oregon.

1974b. Documentation for *POISSON (a biology

program). Conduit Computor Center, Oregon St. Univ.,
Corvallis, Oregon.

Jacobson, L. A. 1968. Cutworms of the prairies. Can. Agric.
13(3):30-32.

1970. Laboratory ecology of the red-backed cut-
worm, Euxoa ochrogaster (Lepidoptera:Noctuidae). Can.

Ent. 102:85-89.



84

Jacobson, L. A., H. McDonald, I. S. Lindsay, and P. E. Blake ley.

1952. Preliminary investigations in chemical control of the
pale western cutworm, Agrotis orthogonia Morr. Scient.

Agric. 32:592-596.

King, K. M. 1926. The red-backed cutworm and its control in
the prairie provinces. Dom. of Canada, Dept. of Agric.
Pamph. No. 69.

King, K. M. and Atkinson, N. J. 1926. The relation of the red-
backed cutworm to diversified agriculture in western
Canada. Scient. Agric. 7:86-91.

1927. Quantitative methods of collecting and rear-
ing soil cutworms. J. Econ. Ent. 20:821-830.

1928. The biological control factors of the
immature stages of Euxoa ochrogaster (GN. ) (Lepidoptera:
Phalaenidae) in Saskatchewan. Ann. Ent. Soc. Amer.
21(2 ): 167-188.

Klostermeyer, E. C. 1952. Control of red-backed cutworm with
toxaphene and methoxychlor dusts. J. Econ. Ent. 45:539.

Koehler, C. S. and Rosenthal, S. S. 1975. Economic injury levels
of the egyptian alfalfa weevil or the alfalfa weevil. J. Econ.
Ent. 68(1):71-75.

Luckmann, W. H. and Metcalf, R. L. 1975. The pest-management
concept. Pages 3-35 in R. L. Metcalf and W. H. Luckmann
eds., Introduction to insect pest management. John Wiley
and Sons, New York.

Mason, R. R. 1969. Sequential sampling of douglas-fir tussock
moth populations. U. S. D, A. Forest Serv. Res. Note PNW-
102.

McDonald, S. 1972. Laboratory evaluation of several new
insecticides for control of the redbacked cutworm. J. Econ.
Ent. 65(2):533-539.

Mitchener, A. V. 1953. Cutworm control with ground sprays
in Manitoba in 1952. Ent. Soc. Ont. Annu. Rep. 83:22-23.



85

Morris, R. F. 1955. The development of sampling techniques for
forest insect defoliators, with particular reference to the
spruce budworm. Can. Jour. Zoology. 33(4):225-294.

Onsager, J. A. 1974. A sequential sampling plan for classifying
infestations of southern potato wireworm. Amer. Potato
Jour. 51(10):313-317.

Palleson, R. M. and Belmont, F. H. 1976. Mint for oil-annual
summary--1975. Oregon Crop and Livestock Reporting
Serv. , U. S. D. A. Stat. Rep. Serv. , Portland, Oregon.

Peterson, A. 1967. Larvae of insects. Part I. Lepidoptera
and Hymenoptera, Edwards Bros. , Ann Arbor, Mich.

Pfadt, R. E. 1956. Control of the pale western cutworm in wheat.
J. Econ. Ent. 49:145-147.

Pruess, K. P. 1961. Distribution of army cutworm larvae in
wheat and barley fields. J. Econ. Ent. 54:250-252.

Schaaf, A. C. 1972. The parasitoid complex of Euxoa ochrogaster,
Quaest. Entomol. 8(2):81-120.

Seamans, H. L. and Salt, R. W. 1934. Some experiments on
temperature and moisture and their effect on disease of red-
backed cutworm (Euxoa ochrogaster Gn. ). Ann. Rept,
Quebec Soc. Protect. Plants. 1932/1934:118-124.

Southwood, T. R. E. 1966. Ecological methods. Chapman and

Hall, London.

Starker, C. 1951. Cutworms (red-backed cutworm control in
Jefferson County, Oregon). Pac. Supply Coop. Res. Div. ,
Tech. Field Info. Bull. No. 11.

Strickland, E. H. 1916. The control of cutworms in the prairie
provinces. Can. Dept. of Agric. Ent. Br. Bull. No. 6.

1923. Biological notes on parasites of prairie
cutworms. Can. Dept. of Agric. Bull. No. 26.

Struble, D. L. and Jacobson, L. A. 1970. A sex pheromone in

the red-backed cutworm. J. Econ. Ent. 63(3):841-844.



86

Talerico, R. L. and Chapman, R. C. 1970. SEQUAN: A computer
program for sequential analysis. U. S. D.A. Forest Serv.
Res. Note NE-116.

Tamaki, G. , H. R. Moffitt, and J. E. Turner. 1975. The influence
of perennial weeds on the abundance of the redbacked cutworm
on asparagus. Environ. Ent. 4(2):274-276.

Waldbauer, G. P. and Kogan, M. 1973. Sampling for bean leaf
bettle eggs: extraction from the soil and location in relation
to soybean plants. Environ. Ent. 2(3):441-446.

Walkden, H. H. 1943. Cutworms and armyworm populations in
pasture grasses, wastelands, and forage crops. J. Econ.
Ent. 36:376-381.

Waters, W. E. 1955. Sequential sampling in forest insect surveys.
Forest Science 1:68-79.

Whelan, D. B. 1935. A key to the Nebraska cutworms and army-
worms that attack corn. Nebr. Agric. Exp't. Sta. Res.
Bull. 81.

White, G. F. 1923. Cutworm septicaemia. Jour. Agr. Res.,
26:487-495.

Whitcomb, W. D. 1928. An experiment in trapping cutworms.
J. Econ. Ent. 21(4):592-598.



APPENDICES



Field

Cumulative Number of Samples

1 J2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1

H
L
H

6
22

10
26

14
31

19
35

24
40

28
44

32
49

37
53

42
58

46
62

51
67

55
71

60
76

64
80

69
85

73
89

78
94

82
98

87
103

91 10 96
112

100
116

105
121

1
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Appendix 2. Analysis of variance of the regressions of peppermint
oil yield on cutworm larval density.

Artificially-infested newly-planted (class I) peppermint

Source df SS MS

Regression
Error
Total

1

3

4

523.3939
71.5141

594.9080

523.3939
23.8380

21. 9 6*

Artificially-infested 2-year-old (class II) peppermint

Source df SS MS

Regression 1 583.0021 583.0021 3.74ns

Error 4 624.1662 156.0416

Total 5 1207.1683

Naturally-infested 8-year-old (class III) peppermint

Source df SS MS

Regression 1 727.7117 727.7117 26.46**

Error 6 164.9870 27.4978
Total 7 892.6988

Naturally-infested 2-year-old (class II) peppermint

Source df SS MS

Regression 1 17.3055 17.3055 0. 07ns

Error 8 1925.6955 240.7119

Total 9 1943.0010

nsnot significant at P< 0.05

significant at P< 0.05

significant at P< 0.01



Appendix 3.

Field 1

Source

Analysis of variance of the regressions of number
of damaged peppermint plants on cutworm density- -
1975

df SS MS

Regression 1 285.1271 285.1271 24.72**

Error 70 807.4840 11.5355

Total 71 1092.6111

Field 2

Source df SS MS

Regression 1 0.0183 0.0183 0.03 ns

Error 70 43.9677 0.6281

Total 71 43.9861

Field 3

Source df SS MS

Regression 1 4.1538 4.1538 10.04**

Error 70 28.9573 0.4137

Total 71 33.1111

nsnot significant at P<0.05

**significant at P.< 0.01
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Appendix 4.

Field 1

Source

Analysis of variance of the regressions of number
of damaged peppermint plants on cutworm density--
1976.

df SS MS

Regression 1 0 0 Ons

Error 70 0 0

Total 71 0

Field 2

Source df SS MS

Regression 1 8.7891 8.7891 18.53**

Error 70 33.1970 0.4742

Total 71 41.9861

Field 3

Source df SS MS
ns

Regression 1 0 0 0

Error 70 0 0

Total 71 0 0

Field 4

Source df SS MS F

Regression 1 0 0 0
ns

Error 70 0 0

Total 71 0 0

nsnot significant at P<0.05

significant at P< 0.01



Appendix 4 (cont. )

Field 4'

Source df SS MS F

Regression 1 24. 5133 24.5133 12.89**

Error 70 133. 1395 1.9020

Total 71 157. 6528

Field 5

Source df SS MS

Regression 1 2.4406 2.4406 5. 20*

Error 70 32. 8788 0. 4697

Total 71 35. 3194

Field 6

Source df SS MS F

Regression 1 1. 7797 1. 7797 7. 69**

Error 70 16.2064 0.2315

Total 71 17. 9861

Field 7

Source df SS MS F

Regression 1 24.0166 24.0166 10.28**

Error 70 163.4834 2.3355

Total 71 187.5000

significant at P< 0. 05

* * significant at P< 0.01
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