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A pest management program for Tetranychus urticae Koch in Oregon

peppermint was developed based on studies of sampling, plant phenology,

population dynamics and damage thresholds.

A sample size of 45 leaves provided a confidence level of 90%

and a confidence interval of 50%. Estimation of the sample mean was

based on the relationship between the mean density of mites (x) and

the number of leaves infested with 5 or more mites (INF5) in a 45

leaf sample: Log (x + 1.0) = 0.18 + 0.59(INF5 + 1.0). The coefficient

of determination for the relationship was 0.92. This equation was con-

sistent over widely separated regions and during different growing

seasons. Sampling with this method was less tedious and three times

faster than direct counting techniques.

Plant development in commercial mint fields in the Willamette

Valley and central Oregon was assessed by weekly observations of primary

nodes and leaves, lateral branches, stem length and flower bud



formation. Stems.were longer and more primary leaves were present

in Willamette Valley fields, but the number of nodes and lateral

branches were not significantly different between regions. Flower

buds were present earlier in central Oregon than in the Willamette

Valley. The number of primary leaves showed significant variation

between fields in central Oregon, reflecting the greater range of

stress present among fields in central Oregon.

Studies of T. urticae populations in commercial peppermint showed

wide variation in population trends. Population dispersion were

examined relative to vertical strata of the plant canopy. T. urticae

populations were highly aggregated in all strata at the beginning of

the season, but as the population increased, dispersion became more

random. Mites on the older, middle and bottom leaves became more

aggregated as populations declined, but mites on the newly formed

top leaves remained randomly distributed.

Eighteen species of predators were identified from peppermint

samples, but none were sufficiently abundant to regulate mite

populations in commercial peppermint plots. Observations of a

T. urticae population regulated by Amblyseius fallacis (Acari:

Phytoseiidae), showed that biocontrol of T. urticae in peppermint

was feasible, but probably only in less disturbed sites.

T. urticae reproduction increased on mint plants subjected to

water stress but not on plants stressed by Verticillium. Mite popu-

lations were reduced by fall flaming in western Oregon, and fall

plowing delayed the onset of economic levels of T. urticae in central

Oregon.



The yield of field-grown peppermint was not reduced by mite

populations reaching 50 mites per leaf at mid-season. Mite density

did not affect the total concentration of terpenes from individual

leaves, but changes of concentration of some terpenes indicated

increased maturation of the oil. Neomenthol was higher in leaves from

mite-infested plots, and the concentration of its precursor, menthone,

was lower.

An action threshold for T. urticae on peppermint of 10 mites per

leaf was established based on the tendency for mites to undergo

exponential increase once the density reaches 10 mites/leaf.
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TWOSPOTTED SPIDER MITE, TETRANYCHUS URTICAE KOCH,
IN OREGON PEPPERMINT, MENTHA PIPERITA L.: SAMPLING,

POPULATION DYNAMICS AND ECONOMIC INJURY

I. INTRODUCTION

The twospotted spider mite, Tetranychus urticae Koch (formerly T.

telarius and T. bimaculatus) is the most widely distributed pest of

peppermint. In Oregon, it is a major pest east of the Cascade Mountains

and in south-western Oregon, where hot, dry weather is conducive to mite

outbreaks. In the Willamette Valley T. urticae is also a common pest.

T. urticae in peppermint has received little study; research has

been limited to the evaluation of a few pesticides. The impact of

population regulating factors and the effects of agronomic practices are

unknown and control recommendations are currently made with little

understanding of the dynamics of mite populations in the crop.

The concept of pest management provides a framework by which

factors influencing pest-crop interaction may be assessed and control

decisions evaluated. Effective pest management requires an under-

standing of pest population dynamics, crop plant development and the

effects of pest populations on the crop. Prerequisite to the implemen-

tation of a pest management program is the design of efficient sampling

procedures to allow cost-effective assessments of pest populations in

the crop.

The objectives of this project are: to develop an efficient

sampling program for spider mite populations in peppermint fields; to
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develop a simple model of the phenology of commercially grown

peppermint; to study the population dynamics of T. urticae in commercial

peppermint and the impact of agricultural practices on mite populations;

and to examine the impact of mite infestations on yield and quality of

peppermint oil.

This project lays the foundation for a pest management program for

T. urticae in peppermint. This program will enable growers to assess

spider mite populations in their fields and make economically justified

and environmentally sound decisions regarding their management.



II. THE DEVELOPMENT OF SAMPLING PROCEDURES FOR
TETRANYCHUS URTICAE KOCH IN OREGON PEPPERMINT

INTRODUCTION

The basis of a successful pest management program relies on the

ability of the manager to make accurate assessments of pest numbers. A

sound sampling program is required. It should be both accurate and

efficient.

Sampling techniques for tetranychid mites have been reviewed and

evaluated by Huffaker et al. (1970) and Morgan et al. (1955). Most

sampling work has been directed toward orchard situations. Morgan et

al. (1955) classified sampling methods as being either direct, in which

mites are counted while they remain on the foliage, or indirect, in

which mites are removed from the foliage and a known fraction of them

are counted. Direct counting techniques, used when leaves are very

large, as in orchard situations, or when mite densities are very high,

are tedious and often impractical (Jeppson 1951). Hoskins et al.

(1938), sampling Pacific mite, Tetranychus pacificus, McG. among citrus

leaves, delineated sampling boundaries with a rubber stamp. Baten and

Hutson (1943) sampled portions of apple leaves for European red mite,

Panonychus ulmi (Koch), using a cardboard template with the equivalent

of a 6.45 cm2 hole.

Indirect sampling methods include: beating mites from foliage

(Boudreaux 1953); shaking (Summers and Baker 1952); removal of mites by

solutions and subsequent aliquoting (Jones and Pendergast 1937, Newell



4

1947, and Henderson 1960); paper imprinting techniques (Venables and

Dennys 1941, Austin and Massee 1947); and the use of a leaf-brushing

machine (Henderson and McBurnie 1943). Klostermeyer and Rasmussen

(1956) suggested improvements to the leaf brushing machine.

Morgan et al. (1955) and Mathys and van de Vrie (1965) evaluated a

number of sampling techniques and found the mite brushing machine to be

the most efficient in orchard situations. Putman (1966) tested the mite

brushing machine on peach leaves and noted some of the difficulties in

its operation.

Gupta et al. (1975) compared the efficiency and precision of

different sample sizes for sampling red vegetable mite, Tetranychus

neocaledonicus Andre, on brinjal. Further experiments showed that the

vertical strata of the brinjal canopy were not significantly different

with respect to mite density, and that mite populations occurred only on

the lower leaf surface. The common k of the negative binomial

distribution (Southwood 1978), a parameter of dispersion, was used to

determine the number of samples required to sample for T. neocaledonicus

in the field. Westigard and Calvin (1971) designed a sampling plan for

four species of mites in pear orchards, accounting for variation due to

compass quadrant, tree and leaf position and individual sampler.

Newcomer (1943) evaluated the impact of insecticides on Pacific

mite, T. pacificus McG. populations by a visual estimation technique.

Degree of infestation was determined by amount of webbing, presence of

injured leaves and the relative number of mites. Sen (1971) developed a
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rapid method for assessing the incidence of Oligonychus coffeae

(Nietner) in tea plantations. Areas of high mite densities were

identified on the basis of symptoms exhibited by the tea leaves.

Pielou (1960) plotted the number of mite-free leaves against the

mean density of P. ulmi on apple leaves. Using the resulting linear

relationship, he predicted mite densities from the proportion of

mite-free leaves in a sample. Mowery et al. (1980) used a similar

technique based on the percent of mite-infested leaves as a survey

method for P. ulmi in apples. A more precise sampling plan, based on

the negative binomial, was developed for use where the survey method

indicated a need. Other sampling plans for insects, based on frequency

of occurrence and percent infestation have been developed by Gerrard and

Chiang (1970) and Wilson and Gerrard (1971).

The sampling procedures for T. urticae on peppermint are little

studied. Berry (1970) counted the total number of T. urticae per 50

randomly selected leaves from acaricide test plots. This method

provided an index of mite control but little else. Current

recommendations (Berry op. cit.) for field sampling include the

examination of 100 leaves selected at random from throughout a field,

ignoring the tendency of mite populations to develop in aggregations.

The sampling technique provides an estimate of the mean density, but the

standard error is likely to be so great that the estimate of the mean

loses much of its value.
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Initially, data for this thesis were to be collected in the field

with a 10x hand lens. Eggs were difficult to see. Optical conditions

in the field are further impaired if leaves are wet from dew or

irrigation. One collection and evaluation of 810 leaves (18 plots) with

a density of 1.68 mites per leaf required seven hours of very tedious,

eye-straining work. It became apparent that a more efficient method of

sampling mites needed to be developed.

T. urticae populations build up in discontinuous aggregations

throughout a peppermint field. During hot weather, fields often develop

patches of dry brown leaves associated with spider mite build-up and

moisture stress. These patches are referred to as "hot-spots" by

growers and fieldmen. Hot-spots expand as the season progresses,

joining together and may, in severe cases, eventually cover a field.

Because of this contagious or aggregated dispersion of mites, the mean

field density has very limited value. A field may have a low average

mite density, while certain areas of the field may have very high

infestations.

The objective of sampling for mites in peppermint fields is to

locate probable hot-spots and determine their densities. Control

decisions are based on the number of hot spots and their predicted

effects on crop yield. Thus, numerous sites within each field must be

sampled and their means calculated individually.

In order to sample for aggregations of mites, basic sampling

techniques must first be developed. The distribution pattern of the

mites must be examined and an efficient sampling plan designed.
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METHODS AND MATERIALS

Study Plots

Plots were established in Black Mitcham variety peppermint fields

near Grants Pass, Oregon in 1977, 1978, 1979, and in Central Oregon in

1979. Studies of population dynamics and dispersion parameters were

based on data from untreated plots.

Grants Pass. Studies were conducted at Fry Farms, Inc., ten miles

southwest of Grants Pass. In 1977, three plots, 8 m2 were established

on a 2 ha site.

In 1978, 15 plots in Black Mitcham and 5 plots in Todd's Mitcham

were established at various locations throughout the 243 ha (600 acre)

farm. Plots were circular, 8 m in diameter. Grower-applied acaricides

limited the use of much of the data collected from these plots.

In 1979, four plots, 8 m2, were established on a 1 ha site.

Central Oregon. Plots, three meters square, were established in

one-year-old plantings of Black Mitcham peppermint on Central Oregon

Experiment Station fields in Redmond and Madras. In Redmond, four plots

were arranged along a strip of peppermint, 3 m wide. In Madras, four

plots were located near the center of a 15 hectare field.

Sampling Peppermint Leaves for T. urticae

A 4-level nested sampling plan was used to estimate population

parameters of T. urticae within plots, quadrats, plants and leaves of
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peppermint. Three quadrats, each 1 m2, were selected by random number

from within each plot. Five plants were selected from each quadrat by

tossing sticks and selecting the plant nearest to each stick. These five

plants were placed in plastic bags, stored in an ice chest, and

transported back to the laboratory and refrigerated (ca. 6°C) until

they could be processed further.

In the laboratory, the canopy of the primary stem of each plant was

divided into upper, middle and lower thirds. One leaf was picked from

each of these vertical strata and examined under a variable-power

dissecting microscope. All T. urticae eggs and post-embryonic forms

were counted.

To test for possible movement of mites among leaves during transit,

102 leaves were examined in the field with a 10X hand-lens. All mites

and eggs were counted and the leaves labeled with a pin stuck through

the petiole. These plants were placed in plastic bags with the rest of

the plant samples and processed identically. Comparison mite and egg

counts were made in the laboratory with a dissecting microscope.

The upper and lower surfaces of 225 mint leaves from infested plots

in Madras and Grants Pass were examined and all mites counted to assess

the importance of examining the upper surfaces when sampling.

Comparison of Sampling Methods

The accuracy of a mite-brushing machine (Henderson and McBurnie

1943) was tested by examining 14 peppermint leaves under a microscope

and counting all eggs and post-embryonic stages of T. urticae. Each



9

leaf was then individually brushed onto a rotating, detergent-smeared

glass plate. The plate was examined under a dissecting microscope and

all stages of T. urticae were counted.

Three different methods of counting mites on individual leaves were

evaluated for efficiency. A leaf with a known number from zero to 15 of

T. urticae nymphal stages and adult males was placed in a petri dish and

given to a person equipped with a 10X hand-lens. In the first method,

the person counted all mites present. In the second method, the person

determined whether or not the leaf had five or more mites on it

(sampling threshold equals five). In the third method, the person

determined whether or not the leaf had 10 or more mites on it (sampling

threshold equals ten). Each trial was timed with a stop-watch. The

experiment was replicated using three different people.

RESULTS AND DISCUSSION

Validation of Sampling Methods

There was no significant difference found between numbers of mites

counted in the field and numbers of mites counted after storage (Table

1). Field counts accounted for only 60% of the eggs counted in the

laboratory. Since storage at 60C rules out the likelihood of

oviposition during storage (Nuber 1961), the difference can be

attributed to the better optical conditions of the laboratory.

Apparently, a 10X hand-lens is not sufficient for making accurate counts

of spider mite eggs in the field.
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Of the 225 leaves examined for differences between upper and lower

surfaces, only 13 leaves (6%) had any mites on the upper surface. As

all these infestations were of single mites, the upper surfaces averaged

only 0.06 mites per leaf. Fifty-two percent of the lower surfaces were

infested, an average of 2.68 mites per lower surface. These results

support the general observation made from 3 years of sampling spider

mites: spider mites rarely colonize the upper surfaces of peppermint

leaves except at very high population densities. Thus, sampling

efficiency is improved if only the lower surfaces of mint leaves are

examined.

Table 1. Comparison of field and laboratory counts of T. urticae

eggs and post-embryonic stages.

Developmental

stages n X + SD

Mean

difference

Paired

t Significance

Eggs

102

102

13.9 + 18.3

23.0 + 13.1

22.4 + 23.7

22.8 + 23.3

9.1

0.4

3.27

0.30

P < 0.001

NS

Field

Lab.

Post-embryonic

Field

Lab.

Influence of Vertical Strata on Sampling

T. urticae populations are significantly different with respect to

date of sampling (p < .001) and vertical stratum (p < .001) as

determined by analysis of variance for samples from Grants Pass, 1977



11

and Madras, 1979 (Appendix I). Data were log-transformed to account for

the close association between the sample means and their variances.

Date by vertical stratum interaction was not significant for Grants Pass

data, but was highly significant for Madras data, indicating that T.

urticae populations may infest different parts of the peppermint canopy

at different times of the growing season. Thus, in sampling for mites,

leaves should be selected from the upper, middle and bottom strata of

the peppermint canopy. Because the variance of the mean within strata

changes over time, proportional sampling is impractical. Equal numbers

of leaves should be selected from each stratum.

Comparison of Sampling Methods

The leaf brushing machine was significantly less accurate than

direct counting (Table 2). The machine accounted for only 56% of the

post-emergent stages and 68% of the eggs present on the leaf. Putman

(1966) found similiar results working with several mite species on

peach. Eggs and the earlier stages of mites stick to the shields of the

machine or may bounce away from the counting plate. The use of larger

samples of leaves might provide better precision. The machine, while

not providing accurate density estimates, can provide a useful index of

both egg and post-embryonic stages from a large number of peppermint

leaves and has been used with some success in this capacity (J. Todd,

personal communication).
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Table 2. Comparison between leaf-brushing machine and direct counting
methods for T. urticae post-embryonic stages and eggs on peppermint
leaves.

Developmental

stages n X s

Mean

difference

Paired

Eggs

14

14

12.21

18.00

4.64

8.36

18.84

26.19

5.30

8.33

5.79

3.71

2.634

2.948

<

<

.025

.025

Machine

Direct

Post-embryonic

Machine

Direct

Among the three methods of counting mites on individual leaves,

standard counting required the most time (x = 34.4 + 5.2 sec. per leaf).

Determining the presence of ten or more mites required 17.9 + 6.8 sec.,

and determining the presence of five or more mites required 10.3 + 2.3

seconds. Analysis of variance (Appendix II) indicates highly

significant differences (p < .001) among the counting methods and among

individual samplers. Mite density is not a significant (p > .89) factor

in determining the time required to assess mite density on a single

leaf. A relatively constant amount of time is required to examine a

leaf. It should be noted, however, that counting methods were compared

at relatively low densities; outbreak levels may exceed 100 mites per

leaf. Given a larger range of density, I would expect sampling cost to

be significantly affected by density.
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The interactions between method and the individuals counting mites,

and method and density were highly significant (p < .001). Some

individuals worked faster than others using different methods, although

all individuals found standard counting to be the slowest method and the

determination of five mites per leaf to be the quickest method. Some

methods were found to be relatively faster at different densities and

slower at other densities. Standard counting was slowest at all

densities. Determining the presence or absence of a given density was

quicker for leaves on which the number of mites exceeded the sampling

threshold.

The Number of Samples Required to Estimate Mite Densities Within a Plot

The number of random samples required to estimate the density of

mites within a plot may be estimated by:

n = (t2) (C.V.)2 / E2

(Snedecor and Cochran 1967)

where n = number of samples

t = student's t for a desired confidence interval (1.65 for 90%;

1.96 for 95%)

C.V. = Coefficient of variation (s /x)

E = one-half of the desired confidence interval

Tables 3 and 4 show the range of the coefficient of variation

(C.V.) for Grants pass 1977 and Madras samples. The C.V. increased as
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Table 3. Variation of T. urticae post-embryonic stages on peppermint

leaves collected from Madras, Oregon, 1979 (180 leaves per date).

Date X S C.V. (%)

30 May 0.51 1.93 378

6 June 1.84 6.12 333

13 June 0.94 2.59 275

20 June 1.37 5.06 369

27 June 3.89 7.88 203

4 July 5.39 9.42 177

10 July 19.57 26.90 137

18 July 18.92 19.12 101

25 July 47.99 32.43 68

2 August 55.95 41.07 73

9 August 27.81 19.04 68

16 August 27.03 20.55 76

All Dates 17.60 27.12 65



Table 4. Variation of T. urticae post-embryonic stages on peppermint

leaves collected from Grants Pass, Oregon, 1977 (135 leaves per date).

Date X S C.V. PO

11 May

18 May

25 May

1 June

8 June

15 June

22 June

29 June

6 July

13 July

20 July

27 July

3 August

All Dates

1.68

3.04

2.60

3.02

3.48

6.63

5.98

6.16

207

218

230

204

8.70 12.77 147

14.55 18.60 128

16.75 19.45 116

32.56 34.42 106

14.74 17.83 121

8.64 11.55 134

6.02 9.22 153

1.55 4.14 267

0.85 2.00 234

10.61 17.73 167

15
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the mean decreased, requiring more intensive sampling at lower mite

densities. Westigard and Calvin (1971) observed this for T. urticae and

other mite species on pear trees.

While the C.V. ranges from 68 to 378 for T. urticae in peppermint,

(Table 3), I was most interested in its value when mean density was

between 5 and 10 mites per leaf because management decisions are made

within this range (higher and lower mean values need not be estimated

with as much precision). The maximum value for the C.V. (Table 3) when

the mean density is between 5 and 10, may be conservatively estimated

at 200. Table 5 shows the number of samples required to estimate mite

densities between 5 and 10 mites per leaf for specified levels of

precision. More samples are required as the confidence interval

decreases or the confidence level increases. For example, at the 90%

confidence level, a sample of 30 leaves would result in an estimate of

the mean with a 60% confidence interval. If the mean for this sample

was 5 mites per leaf, we could be 90% confident that the true mean of

the population would lie between 2.0 and 8.0 mites per leaf. Taking 14

additional leaves per sample narrows this range to 2.5 to 7.5 mites per

leaf.

Table 5. Number of peppermint leaves required to estimate densities
of T. urticae for specified level of precision and accuracy (C.V. = 200).

Confidence Interval (%)

10 20 30 40 50 60

Confidence 80 655 164 73 41 26 18

Level (%) 90 1089 272 121 68 44 30

95 1537 384 171 96 61 43
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Applicability of the Negative Binomial for the Sampling of T. urticae

in Peppermint

Computer programs by Isaacson (1974) were used to test the fit

of sample populations to the negative binomial distribution and to

calculate the dispersion parameter, k. All sample populations for the

theoretical distribution as tested by the X2 statistic and k values

were calculated based on the mean and variance of each data set (Table

6), using the formula:

N loge (1 +i) =F( 2 )

where Ax = The sum of all frequencies of sample units containing more

than X individuals.

(Southwood 1978, Isaacson 1974)

The value of k is strongly influenced by the magnitude of the population

mean. Figure 1 demonstrates the dependency of k on the mean for a

single plot, sampled through time. Because of this dependency, fitting

a common k to the data is of questionable suitability (Bliss and Owen

1958, Southwood 1978). Sampling methods which depend on the calculation

of a common k, such as sequential sampling (Waters 1955) and inverse

binomial sampling (Gerrard and Cook 1972), cannot be adapted to spider

mite populations in peppermint without a considerable compromise of

their fundamental assumptions. An empirical approach toward the

development of an efficient sampling method is therefore proposed.
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Figure 1. The relationship between the dispersion parameter of the negative binomial

(K) and the mean density of T. urticae in peppermint in Madras, Oregon.
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Table 6. Fit of the negative binomial distribution to populations

of T. urticae in Oregon peppermint.

Location year no. of lvs. x k X2 d.f.

Grants Pass 1977 10471 8.23 .307 163.8 98 < .005

Madras 1979 2139 14.48 .308 193.7 51 < .005'

Redmond 1979 2517 2.03 .078 150.9 24 < .005

The Derivation of a Regression Method for Sampling T. urticae in

Peppermint

A population with a negative binomial distribution is composed of

aggregations of individuals. These aggregations are generally not of

equal numbers, but include a range of sizes. As the mean of the

population increases, the number of aggregations of any given size

increases. This trend has been demonstrated for Aphis fabae Scop. eggs

by Anscombe (1949). If the proportion of aggregations of any given size

is related to the mean of the population, a regression equation should

allow us to predict a sample mean from the proportion of those

aggregations present.

Data from Grants Pass, 1977, were organized into plot-days each

consisting of 45 peppermint leaves. Threshold levels of increasing

numbers of mites per leaf were regressed against the mean number of

mites per leaf (Table 7). A plot of this relationship (Fig. 2)
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Table 7. Components of simple linear regression model relating mean
number of mites per leaf (y) to the infestation threshold (x) for
45-leaf samples from Grants Pass 1977, y = a + Bx.

Infestation

Threshold intercept (a) slope (B) r
2

1 19.482 1.017 .5176

5 6.733 1.203 .770

10 2.026 1.094 .878

20 -0.612 0.788 .944

Table 8. Components of simple linear regression model relating mean
number of mites per leaf (y) to the infestation threshold (x) with a
log-log transformation for 45-leaf samples from Grants Pass 1977,

log (y + 1) = a + B* log (x + 1).

Infestation

Threshold intercept (a) slope (B) r
2

1 -0.302 0.820 .510

5 0.051 0.790 .792

10 0.129 0.784 .893

20 0.363 0.782 .916
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Figure 2. The relationship between the mean density of T. urticae in peppermint

to the number of leaves per 45-leaf sample infested with ten or more mites.
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suggested that a log-log transformation would provide a more appropriate

linear expression.

Fitting the variables to the equation:

Log10 (x + 1.0) = a + B Log10 (INFn + 1.0)

where, x = sample mean

INFn = the number of leaves per sample of 45 leaves which are

infested with the sampling threshold, n, or more mites per

leaf produced a closer linear fit for all sets of data (Table

8).

The linear relationships between the sampling thresholds and the

mean number of mites per leaf (Tables 7 and 8) became closer (i.e. r2

increased) as the threshold increased. As mite densities in the field

increased, the number of uninfested leaves decreased. Similarly, the

number of leaves below a given threshold decreased until there were no

more leaves with densities under the selected threshold. Even as the

probability of selecting a sub-threshold leaf approaches zero, the mean

density of the sample population can increase. Thus, lower thresholds

impart more of their information to the regression equation at lower

densities than do higher thresholds.

Selection of the sampling threshold was based on efficiency and

precision. The threshold should be small enough that it can be rapidly

determined in the field with a 10X hand-lens, yet it must also show a

consistent correlation with the mean density.

Simple determination of the presence or absence of mites on leaves

(sampling threshold = 1) imparts too little information (r2 = .510,
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Table 8) to the sampling model to be useful in a spider-mite sampling

program. When the threshold is 20, the predictive value is quite good

(r2 = .916, Table 8), but the determination of 20 mites per leaf can

be quite tedious. Under certain field conditions, the use of this

threshold would require counting all the mites on many highly infested

leaves.

Sampling thresholds of five and ten mites per leaf were regressed

against the sample mean for four different data sets (Table 9). Close

fits of the variables to the regression line occurred in all cases.

Thresholds of ten showed slightly higher coefficents of determination

(r2) than did thresholds of five.

In commercial peppermint fields, management decisions must be made

before mite densities have reached 10 mites per leaf. Data sets were

manipulated to exclude plots on any day when the mean T. urticae

population density exceeded 10 mites per leaf. The sampling regression

equation was then refitted to these reduced data sets (Table 10). The

coefficients of determination were reduced in all cases, except for

Grants Pass, 1979, where the population density had failed to reach ten

mites per leaf. The reduced r2 values demonstrated the close

relationship of the variables at higher magnitudes. While this

precision is lost in the restricted models, accuracy of prediction is

improved for the restricted range of the regression equation as

evidenced by changes in the intercepts and slopes for regressions from

the same data bases.
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Table 9. Components of the log-log transformed regression sampling

model: log (sample mean + 1) = a + B log ((no. of lvs exceeding
sampling threshold) + 1).

Location year

Sampling

Threshold a B r
2

Grants Pass 1977 5 -.057 0.790 .792

Grants Pass 1979 5 .050 0.543 .883

Madras 1979 5 -.020 1.020 .894

Redmond 1979 5 -.002 .674 .961

Grants Pass 1977 10 .129a
1

.784b .893

Grants Pass 1979 10 .193a .632b .887

Madras 1979 10 -,015 .966 .957

Redmond 1979 10 -.017 .807 .983

1/ Slopes and intercepts followed by the same letter are not
significantly different at p = .05.
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Table 10. Cbmponents of the log-log transformed regression sampling

model for population means less than or equal to 10 mites per leaf.

Location year

Sampling

Threshold a B r
2

Grants Pass 1977 5 0.112 0.505 .742

Grants Pass 1979 5 0.050 0.543 .883

(Combined)-1 0.072. 0.530 .819

Madras 1979 5 -0.017 0.637 .889

Redmond 1979 5 0.006 0.603 .965

(Combined)g -0.003 0.611 .950

Grants Pass 1977 10 0.212 0.589 .723

Grants Pass 1979 10 0.193 0.632 .887

(Combined)-I 0.201 0.610 .816

Madras 1979 10 0.039 0.841 .903

Redmond 1979 10 0.021 0.772 .971

(Combined)g 0.026 0.808 .952

2/ Intercepts and slopes of combined regression equations are not

significantly different at p = 0.05.
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The reduced sampling regressions were tested for differences among

slopes and intercepts for equations fitted to different data sets

(Appendix III). No significant differences were found for any

regression lines between regionally paired data sets. Grants Pass

produced statistically similiar relationships in 1977 and 1979, and the

relationships observed in Redmond and Madras were not found to be

significantly different. The combined sampling regression equations for

these pairs (Table 10) provide a better predictor of the sample mean

over temporal and regional variation.

The sampling regression equations were tested for differences of

slopes and intercepts among all four data sets (Appendix III).

Significant differences were found among the regression lines generated

from sampling thresholds of ten mites per leaf. The combined equation

for the four sets of data,

Lo910 (x + 1.0) = 0.273 + 0.495 Log10 (INF10 + 1.0),

had a coefficient of determination of 0.250. Thus, there was too much

variation among the points to use this equation as a predictive

management tool.

No significant differences were found among the slopes and

intercepts of the equations generated from the four data sets for the

sampling threshold of five mites per leaf. The combined equation for

predicting the sample mean of 45 leaves, using a sampling threshold of

five mites per leaf was:

Log10 + 1.0) = 0.018 + 0.588 Log10 (INF5 + 1.0).

The coefficient of determination is 0.919, indicating that over 90%
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Figure 3. Prediction of the mean density of T. urticae in peppermint from the number of

leaves per 45-leaf sample infested with five or more mites.
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(Fig. 3) of the variation of the sample mean was accounted for by the

number of leaves infested with five or more mites. This equation showed

consistently high predictive value over a wide range of regional and

temporal variation. Thus, it can be used in a spider mite management

program in peppermint to predict sample means.

The 90 Percent Prediction Interval of the Sampling Regression Equation

A prediction interval demonstrates how well a regression equation

should perform in predicting a new y value (e.g. mean mite density) from

a new set of data. The 1 -a prediction interval at any given x value

(xh) is defined as:

Yh t(1-a/2;n-2)s(Yh) Yh < Yh t(1-012;n-2)s(Yh)

where:

)02s(Yh) = MSE 1 + 1
(Xh -

n

(Neter and Wasserman 1974)

The predicted means and 90 percent prediction intervals are given

in Table 11. The intervals are smaller for lower predicted densities.

Increased variation at higher densities greatly increased the predicted

intervals. The prediction interval may be practically applied to show a

pest manager which areas of the field have not reached a given mite

density. If a 45-leaf sample has 7 leaves with 5 or more mites (INF5 =

7), a pest manager can be sure 90 percent of the time that the mean

density has not exceeded 4.8 mites per leaf.



Table 11. Predicted mean number of T. urticae per peppermint leaf and 90 percent prediction
interval as derived from the equation: Log10 (7 + 1.0) = 0.018 + 0.588 Logic, (INF5 + 1.0).

INF5 Predicted Mean 90% C.I. INF5 Predicted Mean 90% C.I.

0 0.04 0 - 2.08 23 5.75 1.98 - 9.52
1 0.57 0 - 2.61 24 5.92 2.02 9.82
2 0.99 0 - 3.04 25 6.08 2.05 10.11
3 1.36 0 - 3.43 26 6.24 2.06 10.42
4 1.69 0 - 3.80 27 6.39 2.07 - 10.71
5 1.99 0 - 4.14 28 6.55 2.07 - 11.03
6 2.27 0.07 - 4.47 29 6.70 2.07 11.33
7 2.54 0.29 - 4.79 30 6.85 2.05 - 11.65
8 2.79 0.47 - 5.11 31 7.00 2.03 - 11.97
9 3.04 0.66 - 5.42 32 7.14 2.00 12.28

10 3.27 0.82 5.72 33 7.29 1.97 12.61
11 3.49 0.96 - 6.02 34 7.43 1.92 - 12.94
12 3.71 1.10 - 6.32 35 7.57 1.86 - 13.28
13 3.92 1.22 - 6.62 36 7.71 1.78 - 13.62
14 4.12 1.34 - 6.90 37 7.85 1.73 - 13.97
15 4.32 1.44 - 7.20 38 7.99 1.65 - 14.33
16 4.51 1.54 - 7.48 39 8.12 1.55 - 14.69
17 4.70 1.63 7.77 40 8.25 1.45 - 15.05
18 4.89 1.71 - 8.07 41 8.39 1.35 - 15.43
19 5.07 1.78 - 8.36 42 8.52 1.23 - 15.54
20 5.24 1.84 - 8.64 43 8.65 1.09 - 16.21
21 5.42 1.90 - 8.94 44 8.77 0.94 - 16.60
22 5.59 1.95 9.23 45 8.90 0.80 - 17.00
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Selecting the Number of Sample Plots per Field

In the Oregon Peppermint Pest Management Program, each field scout

is assigned to approximately 1483 hectares (600 acres) which must be

sampled for a number of pests each week. For an average-sized field of

74 hectares (30 acres), the scout is allowed 60 minutes to sample spider

mites. Walking across the field in a zig-zag pattern requires

approximately 20 minutes, leaving 40 minutes for the actual counting of

mites. Timing of counting procedures in the field showed that using the

regression method described above, four minutes or less were required to

assess 45 leaves. Only three minutes were required when the mean

density was near zero.

The scout should evaluate as many plots as possible to increase the

probability of detecting any hot-spots. Early in the growing season,

when mite densities are generally low, 14 plots per 30 acres should be

sampled (40 minutes, 3 minutes per plot). As mite populations increase

later in the season, it may be necessary, although not desirable, to

reduce the number of sample plots to ten per 30 acres. By this time the

scout should be sufficiently familiar with the field to be aware of

likely outbreak areas.

CONCLUSIONS

Sampling procedures used for spider mites in orchard situations are

inappropriate for sampling T. urticae in peppermint fields. Because of

the highly aggregated distributions of mites in the peppermint fields,

the use of a field average density has limited utility. A new sampling
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procedure for estimating the density of small areas throughout the field

is proposed for use in a pest management program in peppermint.

Fourteen sample plots, 8 m2 are selected per 30 acres, for each

sampling period. Forty-five leaves in each plot are selected from the

top, middle, and bottom of the plant canopy. The lower surface of each

leaf is examined with a 10X handlens for the presence of five or more

mites. The number of leaves with five or more mites (INF5) is related

to the mean density (x) by the equation:

Logi() (x + 1.0) = 0.18 + 0.588 Logi() (INF5 + 1.0).

This equation is consistent over widely separated regions, different

growing seasons and for fields with different densities. Sampling by

this method is less tedious and much faster than direct counting

techniques.
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III. THE PHENOLOGY OF PEPPERMINT
UNDER CONDITIONS OF COMMERCIAL CULTIVATION

INTRODUCTION

A thorough understanding of the growth habit of a crop is essential

for intelligent decision-making in pest management. The manner by which

a plant is cultivated and develops influences the distribution of pest

populations and the impact of those populations on the crop. As

differences in the biology of arthropods associated with peppermint are

found with respect to leaf age and location, it becomes important to

understand the phenology of the crop. Thus, a simple model

characterizing the development of peppermint under conditions of

commercial cultivation is a prerequisite for development of a pest

management program for peppermint.

Cultivation procedures for peppermint were described by Guenther

(1949) and Green (1962). New mint fields generally are started in the

fall or spring from stolons dug from mint fields. The newly planted

mint is known as "row mint" because the stolons and resulting foliage

grow in easily discernible rows. As the field matures, plants grow into

a solid stand known as "meadow mint." Although fields have been kept in

peppermint for 10 years or longer, fields generally are maintained for

three to five years, after which their productivity declines.
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Fields in central Oregon are often plowed in the fall to improve

rhizome dispersion and to reduce winter frost injury. While Nelson et

al. (1971) found that spring rototilling delayed plant development, the

effects of fall plowing on plant growth have not been examined.

Oil content of the crop declines at full bloom as foliage begins to

drop (Guenther 1949). Ellis and Gaylord (1944) found that yield can be

maximized by harvesting the crop when the free menthol content of the

oil is approximately 45 percent. In actual practice, weather, pest

populations and farm management considerations may necessitate an

earlier harvest. For large acreages, Guenther (op. cit.) advised that

harvesting be initiated when the first bloom appears so that the crop

will still be in bloom when the harvest is completed.

While elaborate models have been constructed for major crops such

as alfalfa and cotton (Evans 1975), a simple description of how a

peppermint crop develops has not been published. Howe and Steward

(1962) described the anatomy and morphogenesis of peppermint as that of

a "somewhat typical herbaceous dicotyledon." Crane and Steward (1962)

observed that the length of the main shoot was a more consistent

measurement of peppermint growth than either root length or fresh

weight. They also observed that the growth rate of the lateral shoots

became almost identical to that of the main shoot and that stem develop-

ment stopped once flowers were produced.

In commercial peppermint fields, leaves senesce and drop throughout

the growing season. While these leaves are important to the development

and vigor of the plant, they do not contribute directly to the harvest
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of oil. It is important in the decision-making processes of pest

management to distinguish between the unharvestable leaves and the

harvested canopy during the development of the peppermint crop.

The objectives of this study were: 1). to characterize the

development of a peppermint plant grown under commercial cultivation;

2). to assess the variation in development among peppermint plants

grown in the Willamette Valley and in central Oregon; 3). to assess the

impact of various environmental and agronomic factors on crop

development; and 4). to identify the period of peppermint development

in which the harvestable canopy is susceptible to direct damage by

insects and mites.

METHODS AND MATERIALS

Experiment 1

This study examined the variation of plant growth between central

Oregon and the Willamette Valley and variation among fields within these

regions. The effects of plowing on crop development in central Oregon

were tested and plant phenology was examined.

Fields of Black Mitcham peppermint in central Oregon near Madras

and in the Willamette Valley were sampled. Five central Oregon fields

that had been plowed the previous fall and five unplowed fields were

used as sample sites. Eight fields were sprinkler-irrigated and two

were flood-irrigated. In the Willamette Valley, no fields were plowed

and all were irrigated by sprinklers. In each region, 25 plants
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were selected from ten fields each week. Plants were selected by

haphazardly placing a sweep-net handle on the ground and collecting the

plant nearest the handle. Plants were stored in plastic bags until

measurements could be taken (four to eight hours). The following

measurements were taken from each plant: number of nodes on the primary

stem, number of primary leaves, number of lateral branches, and the

length of the primary stem. The number of plants budding per sample was

also noted.

Maximum and minimum temperatures were obtained from National

Oceanic and Atmospheric Administration (NOAA) stations located centrally

within each region.

Additional samples were taken in central Oregon during the week of

August 1 of the following growing season (1980). Ten plants from each

of 15 fields were selected. Measurements were taken as described above.

Experiment 2

In this study, the development of individual plants in central and

southwestern Oregon was monitored. In addition to the growth

characteristics measured in Experiment 1, the number of secondary leaves

was estimated.

Five Black Mitcham peppermint plants were selected randomly from

fields in Redmond, Madras, and Grants Pass, and individually tagged (see

Study Plots 1979, Chapter II). Weekly observations of number of nodes

on the primary stem, number of primary leaves, number of lateral

branches, and length of the primary stem were recorded for each plant.

All of the leaves from one branch from each pair of lateral branches

were counted. Time of appearance of macroscopically visible buds was

noted.
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On August 1 of the following year (1980), ten plants were randomly

selected from the Grants Pass sampling area. Measurements as described

above were taken.

Experiment 3

This experiment tested the differences in plant growth between

plots of two major varieties of peppermint.

Ten plants each were selected weekly from single adjacent plots of

Black Mitcham and Todd's Mitcham peppermint at the Oregon State

University Entomology Farm in Corvallis. Stem length and the number of

primary leaves, nodes and lateral branches were recorded for each plant.

The dates of bud formation and occurrence of first flowers in each plot

were noted.

RESULTS AND DISCUSSION

Experiment 1

Variation between regions. Analysis of covariance for differences

in peppermint growth characteristics between regions adjusted for

changes occurring through the growing season (Appendix IV), showed that

numbers of primary nodes and lateral branches in central Oregon plants

were not significantly different from those of the Willamette Valley

(Figures 4 and 5). The number of primary leaves in the Willamette

Valley plants was significantly greater (p .01) than the number of

primary leaves in central Oregon plants (Figure 6), and the stem length

of plants grown in central Oregon was much shorter (Figure 7). The

visible appearance of flower buds occurred earlier in the Willamette

Valley than in Central Oregon (Figure 8).
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Variation within regions. Analysis of variance (Appendix V) showed

no significant (p < .05) difference among fields in the Willamette

Valley for any measured plant growth characteristic. The number of

primary leaves in central Oregon plants varied significantly (p < .01)

among fields, but length of stem and numbers of primary nodes and

lateral branches were not significantly different.

Effects of fall plowing on crop development in central Oregon.

Two-way analysis of variance (Appendix VI) showed that plowing had no

significant (p < .05) effects on the numbers of primary leaves, nodes or

lateral branches, or on stem length. Date X treatment interactions were

not significant, indicating that plowing had no effect on peppermint

phenology.

Development of morphological characteristics. Tables 12 and 13

show the changes in plant morphology which occurred through the growing

season in central Oregon and the Willamette Valley, respectively. In

both regions, the number of primary leaves increased slowly through the

season while the number of primary nodes increased much more rapidly,

indicating that the loss of old leaves occurred at approximately the

same rate as the addition of new leaves.

Lateral branches were added until approximately 40 percent of the

primary nodes held lateral branches.

Flower buds first appeared from mid- to late July, increasing in

number until harvest. Significant development of other plant

characteristics did not occur during the budding period.



Table 12. Means of plant growth characteristics from 25 plants in each of 10 fields near Madras,
Oregon.

PLANT
CHARACTERISTIC '6 Jun 13 Jun '20 Jun '27 Jun 4 Jul 11 Jul 18 Jul 25 Jul 1 Aug 8 Aug

No
Primary 12.0 Data 12.3 13.0 11.9 11.9 12.7 13.5 14.3 15.8

Leaves al/ ab ab a a ab abc bc

Primary 6.8 8.5 8.9 8.8 9.8 11.3 13.3 13.9 15.6

Nodes a ab b b bc c d de

Lateral 7.4 5.2 3.8 3.8 4.6 6.6 9.4 13.0 13.6

Branches ab a ab ab abc bc de f ef

Stem 12.46

Length (cm) a

20.4 24.4 31.2 32.8 46.9 52.1 57.2 55.3

b bc cd d e ef f ef

Percent Bud 0 0 0 0 0 10 42 73 78

Formation a a a a a a

/
Means followed by the same letter are not significantly different at p < .05 (Least Significant
Difference).



Table 13. Means of plant growth characteristics from 25 plants in each of 10 fields in the Willamette
Valley, Oregon.

PLANT
CHARACTERISTIC 20 Jun 27 Jun 4 Jul

SAMPLE DATE

11 Jul 18 Jul 25 Jul 1 Aug

Primary 14.0 13.4 13.4 15.2 15.2 17.0 15.8

Leaves ab--
1/

a a bc bc d cd

Primary 8.1 8.7 9.5 11.0 12.0 13.4 11.6

Nodes a a ab bc cd d cd

Lateral 4.4 3.8 3.1 5.7 8.2 8.8 10.5

Branches a a a ab bc

Stem 18.4 26.5 35.8 43.1 52.4 61.3 76.1

Length (cm) a

Percent Bud 0 0 0 0 53 68 85

Formation a a a a

1/
Means followed by the same letter are not significantly different at p < .05 (Lease Significant
Difference).
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Influence of temperature. Day-degrees (D*C ) were calculated by

the formula:

D*C = Daily Maximum (°C) - Daily Minimum (°C)
2

Threshold (°C)

where the development threshold was 5°C, based on findings from Shields

(unpublished).

Simple linear regression analysis, predicting changes in plant

growth from sample date and from accumulated day-degrees, was performed

on the data. Significant (p < .01) regressions were found between all

plant characteristics, sample dates and accumulated day-degrees (Table

14).

Sample date was highly correlated with accumulated day-degrees.

Among the plant characteristics, stem length showed the closest linear

relationship to sample date; 76 to 90 percent of its variation was

attributable to changes in time. The number of primary nodes also

increased each week; however the variation associated with the mean

number of nodes was high relative to the mean, reducing the magnitude of

the correlation coefficient.

While the numbers of primary leaves and lateral branches increased

through the season, their development was not linear with respect to

time. Similarly, flower bud formation is not highly correlated with

time or temperature.

Comparison of Plant Growth Between Years

Comparisons between central Oregon peppermint growth character-

istics at the ends of the growing seasons of 1979 and 1980 are

summarized in Table 15. Numbers of primary nodes and leaves, stem
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Table 14. Coefficients of determination (r
2
) for linear regressions

predicting the magnitude of plant growth charactegistics
from sample date and accumulated day-degrees (D *C ) for
Central Oregon and the Willamette Valley.

COEFFICIENT OF DETERMINATION (r2)

Central Oregon Willamette Valley

Date D*C° Date D*C°

Primary Leaves .094 .122 .347 .210

Primary Nodes .619 .654 .458 .306

Stem Length .764 .760 .895 .729

Lateral Branches .210 .307 .364 .336

% Budding .546 .617 .656 .689

Date 1.000 .968 1.000 .799

Table 15. Comparison of Central Oregon peppermint growth for the first

week of August, 1979 and 1980.

1979

YEAR

no. of
1980

no. of

Plant Characteristic x + S.E. fields + S.E. fields

Primary Leaves 14.3 + 1.7 8 16.1 + 1.7 15 2.96**

Primary Nodes 13.9 + 1.5 8 16.7 + 1.4 15 4.46**

Lateral Branches 13.0 + 2.9 8 .16.2 + 5.8 15 1.45 NS

Stem Length (cm) 57.2 + 9.3 8 77.8 + 11.1 15 4.46**

Percent Budding 77.7 + 1.3 8 88.6 + 1.3 15 19.10**

** Significant at p < .01.
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length and percent budding were significantly different between years.

Difference in stem length and number of nodes were expected to be

associated with temperature. Mean daily temperatures for Madras in June

and July were 4.0 C warmer in 1979 than in 1980 (17.9 C and 13.9 C,

respectively). Stem lengths were shorter and numbers of primary nodes

were less in 1979 than in 1980. This difference from expected results

indicates that other climatic and agronomic factors, e.g. nitrogen,

water availability, field age and plant density, may have more important

roles in the regulation of peppermint growth. Numbers of lateral

branches were not significantly different between years. The

coefficient of variation (s/R) for lateral branches in 1980 was 0.36.

This high variation among plants reduced the influence of differences

between years.

Experiment 2

Regional and temporal effects on plant development. The effects of

sampling date and regional location on development of the plant were

tested by analysis of variance for repeated measures (Table 16 and

Appendix VII). Comparisons were made only for the time period in which

all three areas (Grants Pass, Madras, and Redmond) were sampled (from 15

June to 12 July). Plant growth characteristics, except for stem length,

did not vary significantly among regions. Stem development was faster

in Grants Pass, producing longer stems than in the other two areas. All

plant characteristics, except the number of primary leaves, increased

through the sampling period. Once the primary leaf canopy was formed,

the number of primary leaves on the plant remained relatively constant

until budding.
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Table 16. Significance of F-tests from repeated measures ANOVA (Appendix
III) for the effects of region and date on plant growth.

PLANT CHARACTERISTIC eel on Date e on X Date

Number of Primary Leaves

Number of Primary Nodes

Number of Lateral Branches

Number of Secondary Leaves

Total Number of Leaves

Stem Length

N.S. N.S.

N.S. .01

N.S. .01

N.S. .01

N.S. .01

.01 N.S.

.01

N.S.

N.S.

.05

.01

.01
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,Region X sample date interactions were not significant for the

number of lateral branches or for the number of primary nodes. These

characteristics simply changed with respect to time. Region X sample

date interactions were significant for numbers of primary leaves,

secondary leaves, and total leaves, and for stem length. These

characteristics developed at different rates in different regions and,

therefore, should be evaluated independently within each region.

Development of plant characteristics within regions. Changes in

plant growth characteristics over time for Madras are shown in Table 17.

Numbers of primary leaves remain fairly constant through the season

until bud formation, when the number of leaves declines. This is the

result of continued leaf drop without the addition of new leaves.

Secondary leaves and the total number of leaves increased through the

season until flowering occurred.

In Redmond, sampling was begun earlier in the season, but was

terminated before buds were visible. The results (Table 18) from these

early samples demonstrate the initial increase of primary leaves,

followed by a loss of leaves in June due to the formation of the canopy

which shaded the lower leaves and hastened their senescence. The number

of secondary leaves, total leaves and lateral branches increased through

the season, as in the Madras samples.

The numbers of primary, secondary and total leaves in Grants Pass

(Table 19) showed little change through the season. Sampling was begun

after the canopy had formed. The plants were contained in an old,

unplowed field and the canopy was quite dense at the beginning of the



Table 17. Means of selected peppermint plant characteristics from five plants in Madras, Oregon.

PLANT

CHARACTERISTIC 30 May 6 Jun 12 Jun 20 Jun 27 Jun

SAMPLE DATE

4 Jul 10 Jul 18 Jul-" 25 Jul 31 Jul 7 Aug 14 Aug

Primary 14.4 17.6 16.8 18.0 19.6 20.0 20.8 17.6 12.4 14.0 14.8 16.0

leaves abc
1!

abcde abcde bcde cde de e abcde a ab abcd abcde

Secondary 12.8 26.4 36.8 39.2 53.2 61.2 70.0 85.6 73.6 70.0 86.0 107.6

leaves a ab bc bc bcd bcd bcde de cde bcde de

Leaf 27.2 44.0 53.6 57.2 72.8 81.2 84.0 103.2 86.0 84.0 100.8 123.6

Total a ab abc abcd abcd bcde bcde de bcde bcde cde

Lateral 10.0 14.4 16.0 19.2 23.2 25.2 27.2 32.0 30.8 31.2 30.8 30.0

Branches a ab abc abcd bcde cde de

liMeans followed by the same letter are not significantly different at p < .05 (Least Significant Difference).

2/Budding initiated 18 July.



Table 18. Means of selected peppermint plant characteristics from five plants in Redmond, Oregon.

SAMPLE DATE
PLANT

CHARACTERISTIC 22 May 29 May 5 Jun 11 Jun 19 Jun 26 Jun 3 Jul 12 Jul

Primary 12.0 13.6 16.4 17.2 15.6 11.6 12.4 13.2

1/Leaves ab abc bc c abc a ab abc

Secondary 6.7 9.2 16.4 23.2 30.0 40.0 43.2 44.8

Leaves a a ab ab bc

Leaf 18.7 22.8 32.8 40.4 45.6 51.6 57.2 56.4

Total a a ab bc bc

Lateral 4.7 8.0 10.4 12.8 15.6 20.0 21.6 20.0

Branches a ab abc bc cd de e de

1/Means followed by the same letter are not significantly different at p < .05 (Least Significant
Difference).



Table 19. Means of selected peppermint plant characteristics from five plants in Grants Pass, Oregon.

PLANT
CHARACTERISTIC '15 Jun 21 Jun 28 Jun

SAMPLE DATE

5 Jul 12 Jul 19 Jul 26 Jul 2 Aug

Primary 14.4 15.2 13.6 13.6 14.4 14.4 14.4 11.6

Leaves ab-
1/

b ab ab ab ab ab a

Secondary 21.2 21.6 22.0 20.8 23.6 28.4 28.4 30.0

Leaves a a a a a a a a

Leaf 35.6 36.8 35.6 34.4 38.0 42.6 42.8 41.6

Total a a a a a a a a

Lateral 13.6 14.4 18.0 19.2 22.0 21.6 22.4 22.4

Branches a ab abc abc c be

1 /Means followed by the same letter are not significantly different at p < .05 (Least Significant
Difference.

2/
Budding initiated on 19 July.
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season. The field was also infested with verticillium wilt,

Verticillium dahliae (R. and B.), which may have influenced development

of the plants.

Differences in Plant Development Between Growing Seasons

No significant differences were found between the 1979 and 1980

Grants Pass growing seasons in the numbers of primary leaves, primary

nodes or secondary leaves (Table 20). Stems were longer in 1980, but

had fewer lateral branches. Temperature probably was not a factor in

causing these differences. Mean temperatures for June through July,

1979 and 1980 were 19.9 C and 19.3 C, respectively. Differences in stem

length between growing seasons may have been caused by such agronomic

factors as water or nitrogen availability. Reduction in lateral

branches may have been caused by infestation of Verticillium dahliae.

Sampling error, especially with such small sample sizes, may be the

cause of the apparent differences between these two growth

characteristics between growing seasons.

Experiment 3

Comparisons in this study were based on data collected from two

adjacent plots. Thus, statistical analysis is valid only for the

comparisons of plants contained within the two plots, not for the

testing of varietal differences. A rigorous experimental design of

varietal comparison would require replicated plantings of both

varieties. While growing conditions for the two plots used in this

study were nearly identical and the results of the analyses have been

extrapolated to the varietal level, it is possible that the following

results are confounded by factors other than crop variety.
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Table 20. Comparison of peppermint growth in Grants Pass on August 1,
1979 and 1980.

YEAR
1979

no. of
1980

no. of

Plant Characteristic ± S.E. fields x ± S.E. fields t

Primary Leaves 11.6 + 1.7 5 9.9 + 3.0 10 1.17 N.S.

Primary Nodes 19.2 + 3.7 5 18.8 + 2.3 10 0.26 N.S.

Lateral Branches 22.4 + 3.3 5 15.5 + 3.1 10 4.02**

Stem Length (cm) 62.3 + 11.4 5 85.0 + 11.9 10 3.52**

Secondary Leaves 28.6 + 8.1 5 30.0 + 3.8 10 0.36 N.S.

**Significant at p < .01.
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Tables 21 and 22 show the plant growth characteristics for Black

Mitcham and Todd's Mitcham peppermint respectively. Analysis of

variance (Appendix VIII) showed that there are significant differences

between the two varieties with respect to the numbers of primary leaves

and lateral branches, and to stem length. Variety X date interaction

was significant for these same characteristics, indicating that their

rates of development are not constant throughout the season. The number

of nodes on the primary stem was not significantly different with

respect to variety, indicating that the differences in the number of

primary leaves was not due to the capacity of the plants to produce an

equal number of leaves, but rather to factors which regulate the

retention of leaves. These factors could include differences in plant

conformation affecting the amount of light received by lower leaves, and

in biochemical processes which regulate abscission of the leaves (Loomis

and Burbott 1976).

General Discussion

The growth of a peppermint plant is an expression of its genetic

composition as modified by environmental factors. The numbers of

primary nodes produced in a given length of time were not significantly

different among fields or between regions in any of the above

experiments, indicating that this may be a trait under genetic control.

Environmental and temporal factors play a more important role in the

modification of other plant characteristics. Stem length, for example,

showed a close association with the simple passage of time.
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Table 21. Seasonal plant growth characteristics of Black Mitcham
peppermint at 0.S.U. Entomology Farm, 1979.

Date

Stem length
(cm, X + SD)

No. expanded
leaf pairs

(3( ± SD)

No. nodes
(5( ±_ SD)

No. lateral
branches
(5(± SD)

20 Jun 15.4 + 4.2 5.9 + 1.1 6.3 + 1.9 4.1 + 1.5

27 Jun 25.5 + 5.2 5.2 + 1.3 7.1 + 3.2 6.0 + 1.5

4 Jul 31.2 + 4.1 6.5 + 0.9 8.2 + 1.7 7.1 + 1.4

11 Jul 36.8 + 5.4 6.4 + 1.2 8.2 + 2.0 7.2 + 1.8

18 Jul 40.0 + 6.6 6.1 + 0.7 8.2 + 1.6 6.1 + 1.5

25 Jul 50.1 + 12.4 6.6 + 1.5 10.4 + 3.7 8.0 + 2.6

1 Aug 55.4 + 10.9 6.8 + 2.2 13.8 + 3.5 7.6 + 4.6

9 Aug 76.8 + 16.0 7.6 + 2.0 13.6 + 3.0 10.3 + 2.8

16 Aug 97..6 + 12.1 7.1 + 2.4 14.9 + 5.4 10.4 + 2.7

23 Aug 103.4 + 11.9 5.5 + 1.6 14.3 + 3.7 9.3 + 3.2

29 Aug 98.8 + 14.2 5.6 + 2.2 14.4 + 4.0 9.1 + 2.3

1/First flower buds 18-VII.

2 /First open flowers 1-VIII.
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Table 22. Seasonal plant growth characteristics of Todd's Mitcham
peppermint at 0.S.U. Entomology Farm, 1979.

No. expanded No. lateral
Stem length leaf pairs No. nodes branches

Date (cm, X ± SD) (X + SD) (x ± SD) (X + SD)

20 Jun 16.5 + 2.7 6.2 + 1.1 6.8 + 1.5 4.8 + 0.8

27 Jun 24.6 + 5.2 5.6 + 1.2 6.7 + 1.6 5.1 + 1.7

4 Jul 29.6 + 3.8 6.5 + 0.8 8.2 + 1.5 6.9 + 1.4

11 Jul 38.7 + 9.1 7.1 + 1.1 9.0 + 1.9 8.5 + 1.9

18 Jul 46.4 + 7.2 7.2 + 1.1 10.9 + 1.9 9.2 + 2.2

25 Jul 61.8 + 14.9 8.9 + 1.2 13.0 + 2.3 12.3 + 2.0

1 Aug 53.7 + 9.9 7.9 + 1.5 13.5 + 2.6 10.8 + 2.5

9 Aug 78.6 + 12.7 7.5 + 1.7 13.7 + 3.3 12.0 + 1.4

16 Aug 75.2 + 10.9 7.6 + 1.8 13.0 + 3.7 11.6 + 2.8

23 Aug 72.8 + 10.3 7.0 + 2.1 14.2 + 4.5 11.8 + 1.5

29 Aug 81.1 + 8.7 4.5 + 1.4 12.3 + 2.9 8.1 + 1.9

1/First flower buds 18-VII.

.g/First open flowers 1-VIII.
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Numbers of primary leaves, lateral branches, and secondary leaves

are limited by the production of nodes per plant, but are further

influenced by climatic factors. Lower leaves are lost when shading

initiates abscission. Increased watering may increase internodal

distances, allowing more light penetration and thus improving the leaf

retention of the plant during mid-season.

Table 23 characterizes the development of a peppermint plant under

commercial cultivation in central Oregon. While the number of primary

nodes increased through the season, the number of primary leaves

remained fairly stable. The first pair of leaves of the harvested

canopy became fully expanded during the second week of June (Figure 9).

All other leaves which expanded before that time were lost to

senescence. While the loss of these unharvestable leaves to defoliating

pests would probably affect plant vigor, their loss does ,not represent a

direct loss of harvested oil to a grower. Further studies are necessary

to determine the relationship between plant stress and compensation in

response to defoliation and mint oil production.

In the Willamette Valley, the first pair of harvestable leaves

became fully expanded before June 20, when the first samples were taken

(Figure 10). While the exact date of the initiation of the harvested

canopy cannot be ascertained, it is clear from the relative positions

of leaves on June 20 that the harvested canopy in the Willamette Valley

is exposed to pest attack longer than the canopy in central Oregon.
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Table 23. Characterization of the development of a peppermint plant
in Central Oregon.

6 Jun 20 Jun

DATE

4 Jul 18 Jul 1 Aug

Stem Length (cm.) 25 41 62 94 114

No. of Primary
Nodes 7 9 9 11 14

No. of Primary
Leaves 12 12 12 13 14

No. of Lateral
Branches 7 5 4 7 13

No. of Secondary
Leaves 13 10 19 35 57

Total no. of
Leaves 25 22 31 48 71

Percent Budding 0 0 0 10 73
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Figure 9. Development of the canopy of the primary stem of Mentha

piperita in central Oregon (internodal distances are not

to scale).
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Figure 10. Development of the canopy of the primary stem of Mentha

piperita in the Willamette Valley (internodal distances

are not to scale).
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Experiments 1 and 2 sought to gather similiar information

concerning plant development using two distinctly different methods. In

retrospect, it appears that the more extensive methodology of Experiment

1 was more successful than the intensive methodology of Experiment 2.

The analysis of data from Experiment 1 was simpler and more direct than

the analysis of the other data. Experiment 1 also provided important

information concerning the variation of plant development between

different growing seasons and'throughout the growing regions.

Generalizations of peppermint growth based on the small sample size of

experiment 2 are tenuous.

This study provides a simple model of peppermint plant development.

Our understanding of the impact of arthropods on peppermint oil

production could be greatly improved by identifying the factors which

control the optimization of leaf production. These factors might he

identified by increasing the complexity of this model to emphasize the

production of lateral branches and secondary leaves.
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IV. POPULATION DYNAMICS OF TETRANYCHUS URTICAE IN COMMERCIAL PEPPERMINT

INTRODUCTION

Life History

The two spotted spider mite, Tetranychus urticae Koch, has been

referred to in the literature under a variety of names including T.

bimaculatus Harvey, T. telarius L., and T. multisetus McGregor (Jeppson

et al. 1975). Studies by Dupont (1979) indicate that T. cinnabarinus

should also be synonomized with T. urticae.

T. urticae has five developmental stages: egg, larva, protonymph,

deutonymph and adult. Each motile stage is divided into a quiescent

phase and a feeding phase. The quiescent phase precedes molting. Laing

(1969) studied the life cycle under a diurnal temperature cycle of

15.0°C to 28.3°C. After a preovipositional period of 2.1 days the

female deposited an average of 2.4 eggs per day for 15.7 days. Eggs

hatched in ca. 6.7 days. The larva developed in an average of 3.7 days.

The protonymph and deutonymph developed in 2.9 and 3.0 days,

respectively. Total development time for males was 16.1 days and 16.9

days for females. Cagle (1949) and Inglinsky and Rainwater (1954)

observed similar developmental rates. Boudreaux (1958) found that

spider mites ovipositing in a dry atmosphere laid more eggs and survived

longer than mites ovipositing in a saturated atmosphere. T.

cinnabarinus develops more rapidly at higher temperatures and low

humidities (Hazan et al. 1973).

Life tables have been developed for T. urticae (Laing 1969, Shih et

al. 1976) and for T. cinnabarinus (Hazan et al. 1973). Laing (1969)
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found that the intrinsic rate of increase (rm) for T. urticae was

0.143 per individual per day at a mean temperature of 20.3°C. Shih et

al. (1976) reported the rm to be 0.336 at 27°C.

T. urticae is arrhenotokous; eggs from unmated females develop into

males and eggs from mated females may become either males or females.

Sex ratios of progeny from individual females appear to be genetically

controlled. Some genotypes produce more females than others (Mitchell

1972, Overmeer and Harrison 1969). Males are attracted to females by a

sex pheromone (Cone et al. 1971). Under natural conditions, female

quiescent deutonymphs are usually attended by one or more adult males

which attempt to mate as soon as the female completes ecdysis (Ewing

1914). This behavioral mechanism, along with the more rapid development

of the males increases the probability of mating, thus enhancing the

reproductive potential of the species (Shih et al. 1976).

Under conditions of short daylength and cool temperatures, T.

urticae undergoes diapause. Females stop feeding, turn an orange color

and become negatively phototactic and positively geotactic. Nuber

(1961) observed that T. urticae does not migrate into the soil, but

overwinters on dead shoots and leaves. Normally, a fixed period of

chilling is required to terminate diapause (Hussey 1972).

Mitchell (1970, 1973) noted that tetranychid mites have a low

propensity for dispersal. Webbing and pheromones released by females

attract males and influence immature mites to remain in the area where

they were hatched. As the food supply deteriorates, mated females

disperse to form colonies in unexploited areas. Hussey and Parr (1963)

noted that T. urticae populations in glasshouses disperse by
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three methods: migration of teneral females to new oviposition sites;

the movement of mites from high density locations by falling and; by

mites crawling over the soil in response to polarized light. Silk is

not used for wind dispersal as it is in other tetranychid species

(Flescher et al. 1956), but T. urticae may be carried on wind currents

to infest new hosts (Boyle 1957, Westigard et al. 1967).

Populations of spider mites are influenced by a variety of factors

including climate, intraspecific competition, host plant condition,

predators, and agricultural practices. The literature concerning these

factors has been reviewed by Ewing (1914), Bourdeaux (1963), Cone

(1963), Huffaker et al. (1969), van de Vrie et al. (1972) and Jeppson et

al. (1975). Predation of spider mites has been extensively reviewed by

McMurtry et al. (1970), Huffaker et al. (1970) and Hussey and Huffaker

(1976).

Intraspecific competition plays an important role in limiting

population growth of spider mites. Henderson and Holloway (1942)

observed that Panonychus citri populations declined even when climatic

conditions were favorable and natural enemies were scarce. They also

observed that oviposition of P. citri was reduced on leaves damaged by

feeding. The presence of accumulated webbing, cast skins and other

wastes slowed the development and reduced the survival and sex ratio

(W /e) of Oligonychus punicae (McMurty 1970).
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The condition of the host plant affects the rate of development,

fecundity and survival of spider mites. Watson (1964) found that young

bean plants and leaves were more favorable to T. urticae fecundity than

older plants. Henderson and Holloway (1942) obtained similiar results

for P. citri on citrus leaves. Poe (1971), however, found few T.

urticae on young strawberry leaves and high mite densities on mature

foliage, corresponding to high concentration of soluble sugars in mature

leaves. Kattes and Teetes (1978) found higher populations of

Oligonychus pratensis on mature sorghum leaves, also corresponding to

higher concentrations of soluble sugars. Poe (1974) observed reduced

fecundity of T. urticae on young chrysanthemum and strawberry foliage;

populations developed more rapidly on mature and senescent plants.

Garman and Kennedy (1949) observed increased reproduction of T. urticae

in response to nitrogen fertilizers applied to bean and peach host

plants. The response of T. urticae to mineral additives varies with the

host plant. Rodriguez (1958) reported increased reproduction of T.

urticae in response to nitrogen on apple and decreased reproduction on

tomato.

T. urticae is preyed upon by a wide range of predators. McMurtry

et al. (1970) lists 12 species of phytoseids which have been found to

prey on T. urticae. Members of the orders Heteroptera, Neuroptera,

Diptera, Coleoptera and Thysanoptera are also known to feed on spider

mites.

Orius spp., Anthocoris spp. and Geocoris spp. (Hetereoptera) have

been found to be significant predators of Tetranychids (Ewing 1914,

Inglinsky and Rainwater 1950, Leigh 1963 and McMurtry et al. 1970).
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Stethorus species (Coccinellidae) have been reported as common predators

of tetranychids in many crops (McMurtry et al. 1970). While Stethorus

species are specialized predators of spider mites, they rarely suppress

the prey population until after economic damage has occurred (Jeppson et

al. 1975).

Other predators such as neuropteroids and spiders (McMurty et al.

1970), while capable of feeding on mites, have minimal impact on

tetranychid populations. Syrphid fly larvae have been reported feeding

on tetranychids but little is known of the species involved or their

impact on mite populations (Ewing 1914, McMurtry et al. 1970).

Agronomic practices which may reduce the impact of mite populations

on crops include clean culture, trap crops, early planting and crop

rotation. Ewing (1914) observed a reduction of mite infestations where

weeds had been removed from a bean field. He recommended early planting

dates and the planting of non-susceptible crops, such as grain, corn and

potatoes as a means of avoiding infestations. He also suggested that

trap crops might be useful in stopping the spread of infestations.

Resistant varieties of some crops have shown promise in reducing the

impact of mites. (Regev and Cone 1975, Peters and Berry 1980).

Water stress encourages the development of mite populations on

crops. Feese and Wilde (1977) noted increased oviposition of

Oligonychus pratensis on moisture-stressed corn. Leigh (1963) suggested

that moisture stress predisposed cotton to attack by Tetranychus spp.

Kinn et al. (1972) reduced T. pacificus populations in vineyards with

overhead sprinkler irrigation.
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Pesticides have long been implicated in the disruption of

agroecosystems. Thompson (1939) reported the increase of non-target

insects and mites following the application of copper sprays in

orchards. Outbreaks of T. urticae have been provoked by a wide range of

pesticides (Bartlett 1968, Cone 1963). While a number of theories exist

for the reasons of mite outbreaks following pesticide application, two

have received the most attention. The destruction of predators by

insecticides and subsequent mite outbreaks have been well documented

(McMurtry et al. 1970, Hussey and Huffaker 1976). Insecticides may also

alter the physiology of the host plant, enhancing its nutritional value

to the mite (Rodriguez et al. 1960). Dittrich et al. (1974)

demonstrated increased oviposition and higher female/male ratios for T.

urticae following sprays of DDT and carbaryl.

The studies conducted in this chapter examine the population

dynamics of T. urticae in commercially grown peppermint. The objectives

of these studies are: to characterize spider mite population trends in

peppermint fields; to assess the factors of population regulation and

control; and to determine the impact of agronomic practices on spider

mite populations.

METHODS AND MATERIALS

Trends of T. urticae Populations in Commercial Peppermint Fields

The objectives of this section were to evaluate changes in T.

urticae densities through time in peppermint fields under different

growing conditions, and to examine the changes in the distribution of T.

urticae through the growing season.
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T. urticae populations were sampled in peppermint fields in Grants

Pass in 1977, 1978 and 1979, and in Central Oregon in 1979. Study plots

and sampling methods are discussed in Chapter I. In samples from Grants

Pass, 1977, T. urticae life stages were distinguished as eggs, larvae,

nymphs, and male and female adults. T. urticae in other samples were

identified as eggs or post-embryonic forms. Observations were also made

of the presence of T. urticae populations on weeds infesting peppermint

fields.

Influence of Predators on T. urticae Populations in Commercial

Peppermint Fields

Predators were identified and counted from leaf samples collected

as discussed in Chapter II. Predators were also identified from weekly

sweep samples taken from fields in Grants Pass and Madras through one

growing season. Predators were identified from these samples.

Observations of predator-prey interaction were made in additional

plots established in a 0.6 ha field of Todds Mitcham peppermint near

Redmond, Oregon in 1979. The field had a history of minimal pesticide

usage. Propargite had been applied for T. urticae in 1978, but

treatment was described as "spotty." Pesticides had not been applied

since 1978. Plots were established late in the growing season after the

presence of a population of predacious mites, Amblyseius fallacis

(Garman), had been detected. Forty-five leaves from each of three 9

m2 plots were collected each week and the number of leaves with ten or

more mites per leaf in each sample was noted. The number of sample

leaves with at least one predacious mite was also recorded.
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Influence of Within-Field Location on T. urticae Density

Five sample sites, ca. 8 m in diameter, were designated in each of

ten peppermint fields in Central Oregon. Two sites in each field were

located within 16 m of the field edge and two sites were located near

the center of the field. A fifth site was located central to the -other

four sites. Sites were marked with wire survey flags. Weekly samples

of 45 leaves were collected from each site and examined with a 10X hand

lens. The number of leaves with ten or more T. urticae per leaf in each

sample was counted. Mite densities (y) were estimated by using the

regression formula:

Logio (y + 1.0) = 0.04 + 0.84 Logi() (INF10 + 1.0)

where INF10 is the number of leaves per sample with ten or more mites

(Madras, Table 10, Chapter II).

Effects of Fall Flaming on T. urticae Populations

Samples of 45 leaves were taken from each of ten sites, the day

prior to harvest (August 13, 1980) in a four year-old Black Mitcham

peppermint field near Jefferson, Oregon. Leaves were examined with a

10X hand lens and the number of leaves in each sample infested with five

or more T. urticae were counted. Mite densities (y) were estimated

using the formula:

Logy) (y + 1.0) = 0.18 + 0.588 Logic) (INF5 + 1.0)

(derived in Chapter II).

Soil samples 182 cm2 and 5 cm deep were taken before and after a

propane-fueled burner driven at 3.2 km/hr flamed the sites. Samples

were placed in Berlese funnels for one week. Mites were extracted into

ethanol and counted using a 30X dissecting microscope.
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Effects of Fall Plowing on T. urticae Populations in Commercial

Peppermint

Eighteen fall-plowed and fifteen unplowed peppermint fields were

sampled through the 1979 growing season. In each field, from five to

sixteen sites, depending on the size of the field, were sampled weekly.

Forty-five leaves from each site were collected and examined using a 10X

hand-lens. In each sample the number of leaves infested with ten or

more mites was counted. Mean density was estimated using the formula

derived in Chapter II.

The date at which T. urticae populations reached ten mites per leaf

or when growers applied acaricides was used as an index of T. urticae

activity.

Influence of Water and Verticillium dahliae (R & B) on the Development

of T. urticae Populations and Plant Growth

Forty-eight Black Mitcham peppermint rooted tip cuttings, 10 to 15

cm long were selected for a 2 X 2 factorial experiment to study the

effects of moisture and Verticillium on mite population development and

plant growth. Twenty-four of these cuttings were soaked for 45 minutes

in a solution of water containing 8.5 X 105 spores /ml of Verticillium

dahliae (R & B). All cuttings were planted in sterilized soil in 10

cm2 plastic pots. A thistle tube was inserted half-way into each pot

to insure uniform watering. Two T. urticae females were placed on each

plant. Every three days, half of the mint plants received 50 ml water

and half of the plants received 100 ml water. Plants were arranged in a

randomized block design in a controlled environment chamber set for 16:8

L:D and 25.6°C to 27.8°C.
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At the end of 24 days, the nodes and leaves on the primary stem

were counted and the length of the stem measured. Five leaves from each

plant were randomly selected and the mites present on each of these

leaves were counted.
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RESULTS AND DISCUSSION

Population Trends of T. urticae in Peppermint

Low densities of T. urticae were present on peppermint foliage in

most areas sampled as early as May. Population trends varied during

different years and at different sites (Fig. 11). The Grants Pass 1977

population increased to a density of 36.1 mites per leaf in late June,

then decreased to 1.7 mites per leaf by mid-August. In 1978, mite

populations in Grants Pass, Redmond and Madras began to increase late in

the season, but the crop was harvested before the populations could

fully decline. The Madras population reached a peak density of 56.8

mites per leaf on August 3. Mites on the Grants Pass 1979 plots

remained at relatively low densities throughout the growing season.

Mite populations consist of overlapping generations (Fig. 12).

Analysis of variance on log-transformed data from Grants Pass 1977

and Madras 1978 show that the number of eggs per leaf varied over time

and vertical strata (Appendix IX). Date by vertical stratum interaction

was also significant, indicating that eggs were prevalent on different

parts of the plant during different times of the growing season.

Figures 13 and 14 demonstrate differences in oviposition between plots

in Grants Pass 1977 and Madras 1979, respectively. Oviposition on

leaves in Madras was much higher than in Grants Pass, resulting in

higher densities of mites.

In Madras, more eggs were laid on top leaves; more eggs were laid

on middle leaves in Grants Pass, although oviposition seemed to peak
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earlier in top leaves. Densities of eggs, in both areas, were lowest in

the bottom leaves.

The vertical stratum of a peppermint leaf corresponds to the age of

the leaf (Chapter III). In general, top leaves are still growing,

middle leaves are mature and bottom leaves are nearing senescence.

Differences in oviposition among the vertical strata of leaves is

probably due to differential nutrition among the leaf strata. Regional

differences in ovipositional preference may reflect different rates of

maturation of leaves in different regions.

The number of eggs laid per female was estimated from the ratio of

eggs and females present on individual leaves. Fecundity was reduced as

density increased (Fig. 15), supporting the results of Henderson and

Holloway (1942) who found that fecundity of Pananychus citri was lower

on citrus leaves previously fed upon by mites.

Overwintering forms of T. urticae were not common in leaf samples.

In 1979, a concentrated effort was made to find overwintering females.

None was found in samples from Grants Pass and Redmond, although a few

had been observed in Grants Pass in 1977. In Madras, collections during

a four week period from July 25 to August 13 had 1, 2, 2, and 11 T.

urticae, respectively (11 individuals = 0.06/leaf). Soil and leaf

samples in the Willamette Valley had few overwintering forms in early

September, but an unflamed field in mid-October had a high proportion of

overwintering females. Thus, it is evident that harvest of the crop

interrupts the life history of T. urticae by inducing a shortage of food

in late summer.
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The Sex Ratio of T. urticae in a Field of Peppermint

Changes in sex ratio (s /e) were calculated for each date and

vertical stratum for Grants Pass 1977 (Fig. 16). Sex ratios ranged from

1.6 to 4.0, 0.8 to 2.4, and 0.6 to 1.5 for the top, middle and bottom

strata, respectively. On the top leaves, the sex ratio fluctuated every

one to two weeks. These fluctuations may have been a result of sampling

different plants each week. The sex ratio from mites in the middle

leaves increased over time. The ratio from the bottom leaves oscillated

around 1.0.

The ratio of adult female T. urticae to all other post-embryonic

forms was nearly constant at 0.11 + .20 through the growing season.

There was no significant difference amont vertical strata (L.S.D, p <

.05).

Dispersion of T. urticae in Peppermint Foliage

T. urticae density is influenced by vertical strata, sampling date

and vertical stratum by date interaction, i.e., mite densities change in

different strata as the sampling date changed. However, the

relationship of the interaction was not consistent between sampling

regions. In Grants Pass 1977, mites attained their highest density on

leaves from the middle stratum (Fig. 17); in Madras, mite density was

highest on upper leaves (Fig. 18).

Populations of T. urticae on peppermint conform to the negative

binomial distribution (Chapter II). The dispersion parameter of the

negative binomial distribution was calculated within each vertical

stratum of each sampling date for Grants Pass 1977 and Madras using the

formula:
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k..ij = the dispersion parameter for the ith stratum on the
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th
J sampling date.

xij = Mean density of the ith stratum on the jth

sampling date.

S2ij = Variance associated with the mean density.

As the magnitude of K increases, randomness increases and

aggregation decreases. Aggregation patterns for Grants Pass 1977 (Fig.

17) and Madras (Fig. 18) show a number of similarities. Populations

were highly aggregated in all strata at the beginning of the season when

mite densities were low. Distribution on middle leaves became more

random during population outbreaks. Populations on the upper leaves

were least aggregated when populations declined near the end of the

growing season.

Mites were aggregated at the beginning of the season as

overwintering females established colonies on individual leaves. As

populations increased, the distribution of mites became more random, and

mites became more evenly dispersed throughout the field. Populations

declined abruptly after reaching a peak density, but the remaining mites

remain evenly dispersed among the mint plants. As lower leaves

senesced, ovipositional sites became scarce on the lower leaves, mites
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moved into the upper foliage. Thus, the chances of finding a mite on an

upper leaf increased, and aggregation decreased.

In Madras, T. urticae displayed greater randomness (higher k

values) than in Grants Pass. While this may be explained by the higher

population densities attained in Madras, other differences in the

aggregation patterns of the two sites are apparent. In Madras, mites on

the bottom leaves were more randomly distributed prior to the population

outbreak. In Grants Pass, the distribution of mites on the bottom

leaves became more random as the population declined. These differences

can not be explained by this study, but could be due to sampling error,

different biotypes of T. urticae, or the response of mites to different

conditions of climate and plant growth habit.

Influence of Predators on T. urticae Populations in Peppermint

The following predators were collected in Oregon peppermint fields

by sweep samples and leaf collections:

Diptera

Syrphidae Toxomerus occidentalis Curran

Coleoptera

Coccinellidae Coccinella transversoguttata Falderman

Cycloneda polita Casey

Hippodamia convergens Guerin-Meneville

H. quinquesignata (Kirby)

H. sinuata spuria LeConte

Psyllobora 20-maculata Say

Scymnus caurinus Horn

Stethorus picipes Casey



Melyridae Collops bipunctatus Say

Neuroptera

Chrysopidae Chrysopa sp.

Hemerobiidae Hemerobius sp.

Raphididae Agulla sp.

Heteroptera

Anthocoridae Orius tristicolor (White)

Lygaeidae Geocoris sp.

Nabidae Nabis alternatus Parshley

Acari

Phytoseiidae Amblyseius brevispinus (Kennett)

A. fallacis (Garman)
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Predators were generally not abundant in leaf samples from

commercial peppermint fields. No predators were found in leaf samples

from Redmond. In Grants Pass, syrphid larvae (Tox. occidentalis) and

phytoseids (A. brevispinus) were the most common predators found in leaf

samples (Table 24). A. brevispinus, however, was not abundant even when

T. urticae populations increased to over 40 mites per leaf. Syrphid

densities increased toward the end of the 1977 growing season, but this

appeared to be more in response to aphid populations than to mite

populations (Fig. 19). While the biology of T. occidentalis has not

been examined, it is thought that the fly is aphidophagous (Stone et al.

1965).



Table 24. Mean densities of predators (No. per leaf) in peppermint samples from Grants Pass,
Oregon, 1977 and 1979.

May June

Date

July August

Year Predator 11 18 25 1 8 15 22 29 6 13 20 27 3

1977 Anthocoridae 0 0 0 0 0 0 0 0 .01 .01 0 .01 .01

Syrphidae 0 0 0 0 0 0 .01 .03 .06 .07 .03 .15 .05

Coccinellidae 0 0 0 0 0 0 0 0 0 0 0 0 0

Chrysopidae 0 0 0 0 0 0 0 0 .01 .01 0 0 0

Phytoseidae 0 0 0 .01 0 0 0 0 0 0 0 0 0

Araneae 0 0 0 0 0 0 .01 0 .01 0 0 0 0

TOTAL 0 0 0 .01 0 0 .02 .03 .08 .09 .03 .16 .06

1979 Anthocoridae 0 0 0 0 0 0 0 0

Syrphidae .01 .01 0 0 .01 .02 .02 .01

Coccinellidae 0 0 0 0 0 0 0 0

Chrysopidae 0 0 0 0 0 0 0 0

Phytoseidae 0 .01 0 0 .01 .01 .01 .01

Araneae 0 0 0 0 0 0 0 0

TOTAL .01 .02 0 0 .02 .03 .03 .02
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In Madras the phytoseid, A. fallacis, was the most common predator

(Table 25). It exhibited a numerical response to increasing densities

of T. urticae (Fig. 20), but did not prevent prey from reaching plant

damaging levels.

Low predator densities in commercial peppermint fields may be

largely explained by the disruptive cultivation practices used in

peppermint production. Fall flaming for Verticillium control, in most

growing areas in Oregon, and flaming in the spring in western Oregon for

Puccinia menthae control destroy predators in the plant debris.

Fumigation and intensive pesticide use, such as was practiced in the

fields where the Grants Pass samples were taken, may also eliminate

predators by direct action and by disrupting natural predator prey

interaction by eliminating prey when predators are most abundant.

Observations in one field near Redmond demonstrated that A.

fallacis could be effective in regulating T. urticae populations. In

mid-July, T. urticae densities averaged 15 mites per leaf and many

leaves were bronzed from mite-feeding. Predacious mites were present on

49.6 percent of the leaves sampled. Two weeks later, the T. urticae

population had been reduced to nearly zero (one T. urticae was found

after examining 135 leaves), while A. fallacis were found on 67 percent

of the leaves. Predator populations decreased to a level of seven

percent infestation the following week. Increased irrigation and a

later harvest allowed a profitable crop to he harvested from the field.



Table 25. Mean densities of predators (no. per leaf) in peppermint samples from Madras, Oregon,
1979.

May June

Date

July August

Predator 23 30 6 13 20 27 4 11 25 2 9 16

Anthocoridae 0 0 0 0 0 0 0 0 .01 .01 0 .03

Syrphidae 0 0 0 0 0 0 0 0 .01 0 0 0

Coccinellidae 0 0 0 0 0 0 0 0 0 0 .01 0

Chrysopidae 0 0 0 0 0 0 0 0 0 0 0 .01

Phytoseidae 0 0 0 0 0 0 .01 .02 .04 .01 .37 .17

Araneae 0 0 0 0 0 0 0 0 0 0 0 0

TOTAL 0 0 0 0 0 0 .01 .02 .06 .02 .38 .20
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Influence of Within Field Location on T. urticae Populations

Weekly mean densities from border sites were compared with weekly

mean densities from interior sites (Table 26). Mite densities were

greater in field borders than in field interiors.

Table 26. Paired t-test comparing T. urticae densities at interior

and border sites in peppermint fields in Central Oregon.

Mean no. Mean

Location n mites/leaf Difference t Significance

Border 3.78

133 1.14 3.04 p< .01

Interior 2.64

T. urticae populations migrated from surrounding areas. As the

peppermint crop is harvested in late summer, mites must move to other

food sources. The nearest food sources are the weeds and unharvested

mint on the field perimeter. Overwintering forms develop and hibernate

in this vicinity, emerging the following spring to infest the new crop.

Using multiple regression, I attempted to predict the density of

the fifth (central) site from the densities of the interior and border

sites.

The regression model to be fit was:

y = a + + b2x2 + e

where:

= Central Site Density

xl = Border Site Density

x2 = Interior Site Density

e = Regression Error
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Step -wise regression showed that mite density in border sites

explained half in the variation of the central site (Table 27). The

additional information gained by the inclusion of interior site density

was only two percent. The regression model predicting mite density in

the central site (y) from the mean density in the border site (x) is:

y = 0.58 + 0.78 x

Fifty percent of the variation of y can be predicted from this model

(r2 = 0.501). Thus, T. urticae populations in field borders are

important in determining whether or not a peppermint crop will develop

an infestation of mites. However, 50 percent of the variation of the

dependent variable is not explained by the variation of the border

population. This remaining variation can be attributed to such factors

as local climatic conditions, agricultural practices such as irrigation

schedules, random error due to the location of the central plots and

sampling error. The magnitude of the coeffecient of determination for

the step-wise regression also indicates the lack of predictive capacity

which one can expect between sites due to the aggregated distribution of

T. urticae. The predictive capability of this simple regression model

is not adequate for making pest management decisions.

Effects of Fall Flaming on Populations of T. urticae in the Soil

Flaming significantly reduced T. urticae density in soil (p < .05;

one-tailed Wilcoxon signed rank test). Differences in mite density in

flamed and unflamed soil samples are shown in Table 28.

Tyrophagus sp., another soft-bodied mite, was abundant in both

treated and untreated samples, indicating that the effects of flaming do

not penetrate deeply into the soil. Spider mites may survive flaming if
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Table 27. Summary of step-wise multiple regression to predict T.
urticae densities at centrally located sites from densities of
surrounding sites.

Ste Site r2 r2 Chance F

1

2

Border

Interior

.501

.523

.501

.023

131**

71**

** Significant at p < .01.

Table 23. The effects of fall flaming on populations of T. urticae

in the soil.

Site No.
Preharvest

T. urticae/leaf

T. urticae per 182 cm2 soil sample

Before Flaming After Flaming

1 4.5 0 1

2 4.3 1 0

3 6.7 0 0

4 8.9 5 0

5 8.0 5 0

6 7.0 1 3

7 8.9 25 0

8 8.0 10 0

9 8.3 1 1

10 8.9 21 0
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they are in protected locations. Mites in higher density plots were

probably in the litter layer of the soil where some food was still

available after harvest and where the effects of the propane burner are

most effective.

The action of flaming on the post-harvest T. urticae population is

two-fold. First, it eliminates a large number of mites which could

potentially produce an over-wintering generation. Second, it disengages

the residual mite population from its food supply. Observations in

unflamed fields indicate that, given favorable weather conditions,

post-harvest mite populations may resurge on the foliage which grows

back after cutting. This could reduce root reserves through the winter

and result in stand thining and lower yields the following year. A large

overwintering mite population also provides a greater source of mites to

initiate an outbreak in the spring, leading to earlier and possibly more

frequent acaricide treatments.

Effects of Fall Plowing on Populations of T. urticae in Peppermint

Dates of acaricide treatment and critical mite levels were

converted to Julian dates. Unsprayed fields were assigned a value

corresponding to August 9, an approximation of the harvest date.

T. urticae populations reached critical densities nearly one month

earlier in unplowed fields than in plowed fields (Table 29). Mite

populations in two of the unplowed fields and one plowed field failed to

reach critical densities, and were left unsprayed. While this

difference between treatments may indicate a trend, it is not

statistically significant.
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Table 29. Comparison of acaricide treatment date for plowed and

unplowed fields of Central Oregon peppermint, 1979.

Unplowed

Plowed

Date (Julian)
number of

n unsprayed fields S.D.

15 1 181.6 20.4

(June 29)

18 2 208.5
(July 27) 9.7

4.97**

** Significant difference at p < .01 (31 d.f.).
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Delayed infestations in plowed fields were probably due to

reductions of the populations of overwintering females in the soil.

Plowing can inflict mortality on mites in the soil through abrasion,

burial and exposure to climatic influences. This reduced population

would require a longer period of time to increase to critical levels on

the peppermint crop during the succeeding season.

Fall plowing has little effect on the growth of peppermint foliage

(Chapter III), thus it is unlikely that mite populations were influenced

by plowing through alteration of the plant structure.

Influence of Plant Stress on the Development of T. urticae Populations

The development of T. urticae populations on plants under water and

Verticillium stress are summarized in Table 30. Mite populations

increased more rapidly on water-stressed plants. Two possible

mechanisms may explain this result. Stomatal closure, resulting from

decreased moisture may reduce the relative humidity in the boundary

layer of peppermint leaves. Boudreaux (1958) noted that fecundity and

survival of T. urticae are higher under conditions of low humidity. He

suggested that water loss through the cuticle of the mite is increased

during periods of low humidity, allowing for the uptake of more

nutrients. Changes in plant biochemistry in response to water stress

provide an alternative explanation. Munns et al. (1979) found increased

levels of carbohydrate in the leaves of water-stressed wheat. T.

urticae populations have been positively correlated with carbohydrate

levels in the leaves of several host plants (Rodriguez et al. 1960,

Henneberry 1962).



98

Table 30. T. urticae density (5 mites/leaf + S.F.) under conditions
of plant stress due to insufficient water and Verticillium
infestation.

WATER

Wet1 Dry2

Uninfested 7.7 + 14.5 a3 14.5 + 10.1 b

Infested 4.7 + 4.5 a 16.7 + 8.5 b

1 100 ml water every three days.

2 50 ml water every three days.

3 Means followed by the same letter are not significantly different

at p < .05 (ANOVA).
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Plant stress by Verticillium did not significantly affect the

development of T. urticae populations, nor were interactions or blocking

effects significant (Appendix X, Table 1). The effects of Verticillium

stress, if any, were masked by the high amount of variation between

plants, as demonstrated by the magnitudes of the standard errors (Table

30).

Influence of Water and Verticillium Stress on Peppermint Growth

Response of peppermint growth characteristics to water and

Verticillium stress is summarized in Table 31. Analysis of variance

(Appendix X, Table 2) showed that stem growth was significantly

decreased by both water and Verticillium stress. The interaction

between water and Verticillium also affected stem growth. Numbers of

primary nodes and leaves were reduced by water stress but were

unaffected by Verticillium.

Blocks of the experimental design were arranged to reduce the

effects of the distance from the growth chamber door on the dependent

variables. Blocks had no significant effects, except that the water

stress X blocks interaction for stem length was significant. This

probably resulted from differences in the rate of water evaporation in

different locations of the growth chamber. Stem length was affected

because it was apparently more sensitive to changes in moisture than the

other two parameters.



Table 31 . Means (R + S.E.) of T. urticae infested peppermint growth characteristics from
tip-cuttings grown under different conditions of watering and Verticillium infestation.

MOISTURE: Wet' Dry2

VERTICILLIUM: Uninfested Infested Uninfested Infested

PLANT CHARACTERISTIC

Stem Length 46.5 + 6.0 a 34.7 + 5.6 b 30.6 + 2.6 c 27.3 + 2.3 d

No. of Primary Nodes 11.0 + 1.0 a 10.3 + 1.1 a 9.3 + 1.4 b 9.1 + 1.2 b

No. of Primary Leaves 18.8 + 2.5 a 18.1 + 2.4 a 13.0 + 3.7 b 10.8 + 5.0 b

1 100 ml water every three days.

2 50 ml water every three days.

3 Means for each character followed by the same letter are not significantly different at p < .05

(ANOVA).
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SUMMARY

T. urticae produces a number of overlapping generations in

peppermint through the growing season. Population trends vary among

regions, fields within regions and from year to year.

Mites overwinter in the litter of unsprayed and unplowed fields and

among weeds in field borders. As food quality deteriorates, females

migrate to unexploited sites. Ovipositional trends among vertical

strata vary between regions and, presumably, among fields. More eggs

are laid on the top and middle leaves than on bottom leaves.

As density increases, oviposition declines and the population crashes.

Overwintering females do not become abundant until fall, after the crop

has been harvested.

Aggregation patterns of T. urticae varied between regions.

Populations were highly aggregated at the beginning of the season, but

dispersed as density increased, especially in the top leaves. In

Madras, mites on bottom leaves became more randomly distributed just

prior to a population outbreak. In Grants Pass, mites on bottom leaves

were more randomly distributed after an outbreak.

Native predators were not common nor were they effective in the

regulation of T. urticae in commercial peppermint fields, probably

because of disruptive agricultural practices such as pesticide

application, plowing and flaming. Predatory mites, notably Amblyseius

fallacis, may be useful as biological agents of T. urticae, but only if

management practices can be modified to conserve their populations.
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Fall flaming and plowing. While initiated for other agronomic

purposes, delay the development of mites to economic levels, thus

reducing the need for acaricide applications.

Moisture stress predisposes peppermint to attack by spider mites

and affects plant growth. Verticillium infestation does not affect the

relationship between the host plant and spider mite populations.
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V. STUDIES ON THE EFFECTS OF TETRANYCHUS URTICAE
ON THE YIELD AND QUALITY OF PEPPERMINT OIL

INTRODUCTION

The relationship between pest numbers and crop yield is essential

for the implementation of an integrated control program. Without an

understanding of the pest-damage function, decisions concerning the

application of pesticides are often only a guess; applications may he

poorly timed or applied unnecessarily. The damage function has commonly

been integrated into pest management schemes through the determination

of an economic injury level (EIL). The EIL is defined as the lowest

pest population density which will cause economic damage, the amount of

plant injury which would justify the cost of artificial control measures

(Stern et al. 1959).

EIL's have been determined for many pests (Berry and Shields 1980,

Danielson and Berry 1978, Koehler and Rosenthol 1975, Ogunlana and

Pedigo 1974, Banks and Macaulay 1967 and others). In most cases, levels

or gradients of pest populations are maintained in a crop until harvest,

then regression techniques are generally applied to correlate yields

with pest densities. Complications for this relatively simple approach

occur due to the unmanageable nature of biological systems as when plant

diseases (Wilson et al. 1969) or pest population variation (Laing et al.

1972) confound the results.
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Spider mites cause reduced yields in a number of crops including

strawberry (Wyman et al. 1979), almond (Barnes and Andrews 1978), pear

Westigard et al. 1966), and cucumber (Hussey and Parr 1963). The

effects of spider mite infestation on leaves cytologically resemble the

changes which occur during natural senescence (Tanigoshi and Davis

1978). Morphological changes in strawberry leaves fed upon by T.

urticae include the destruction of mesophyll cells and closure of the

stomata (Sances et al. 1979b). Physiological effects include reduced

rates of transpiration and photosynthesis (Sances et al. 1979a, Hall and

Feree 1975). Storms (1971) observed changes in phosphate metabolism and

growth rate in bean plants infested with T. urticae.

Peppermint oil is produced in gland cells found predominantly on

the leaves of mint plants. These cells fill with oil before the leaf

becomes fully expanded (Loomis 1967). The oil undergoes a metabolic

process, termed "maturation", whereby menthone is converted to menthol

and neomenthol (Croteau 1980). Oils high in menthol concentration are

considered commercially superior. Ellis and Gaylord (1944) demonstrated

a relationship between free menthol content and yield.

Fundamental knowledge of the relationship between T. urticae

density and peppermint yield and quality is necessary before an EIL can

be proposed. This study explores this relationship and examines changes

in peppermint oil terpene components as an indicator of oil quality and

as an index of mite-induced stress.
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METHODS AND MATERIALS

Study 1

Eighteen plots, eight meters square, were established in a stand of

Black Mitcham peppermint near Grants Pass, Oregon during the growing

season of 1977. Forty-five leaves were collected weekly from each plot

and T. urticae werecounted under a microscope as described in Chapter

II.

During the first week of August, three samples, one meter square,

were selected by random number from within each plot. Within each

sample, a subsample, 0.092 m2 was selected. Peppermint stems over

ten centimeters tall and the number of these stems showing symptoms of

Verticillium wilt within each subsample were counted.

Study 2

Eight plots, three meters square, were established in a stand of

one year-old Black Mitcham peppermint on the Central Oregon Experiment

Station in Madras during the summer of 1979. Plots were separated by a

one-meter border. Four plots were treated with aldicarb (6.7 kg/ha) in

early June as follows. The plot surface was first broken with a hoe. A

mixture of 40.3 g of Aldicarb 15 G and 400g vermiculite was then

scattered over the plot, raked and irrigated. The remaining four plots

were untreated.

Throughout the growing season, samples of 45 leaves were taken

weekly and mites counted as described in Chapter II.
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On August 23, all the plants in the plots were cut. Five plants

were selected from three areas within each plot and a top, middle and

bottom leaf was removed from each plant. These leaves were air-dried

and frozen for later gas chromatographic study. The remainder of the

foliage from the plot was placed in burlap bags, air-dried and weighed.

Peppermint oil was extracted from the plants by steam distillation and

its volume measured.

Leaf samples were weighed, then prepared for gas chromatography by

pentane extraction as described by DeAngelis, Marin and Berry (in

preparation). Samples were evaporated under nitrogen gas to 2.0 ml and

an internal standard of 400 ng n-tridecane was added to each sample

prior to injection. Samples of 5.0 ul were injected into the gas

chromatograph. A 10:1 split ratio was used to deliver 0.5 ul of sample

onto the column.

Samples were analyzed on a Hewlett Packard 5711A gas chromatograph

equiped with a 50 m by 0.2mm ID fused silica capillary column coated

with Carbowax 20M. The temperatures of the injection port and flame

ionization detector were 250°C and 300°C, respectively. The

column oven temperature program was eight minutes isothermal at

70°C, then increased at a rate of 20C/min to 140°C and held

at this temperature for four minutes.

Terpenes were quantified by comparison of component and internal

standard peak areas as determined by a Hewlett Packard 3380A computing

integrator using the internal standard calibration method.
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RESULTS AND DISCUSSION

Study 1

T. urticae densities followed the population curve described in

Chapter IV, peaking in late June with a mean density of 32.6±34.4 mites

per leaf and decreasing to 0.8±2.0 mites per leaf by mint harvest in

early August. A temperature model for day-degrees (AliNiazee 1979) was

converted to calculate mite-days:

13

mitedays = (Xi Xi 1)/2

i=1

where, X = T. urticae density for week i

n = The number of weeks of sampling (13).

The mean number of mite-days accumulated per plot was 793±272, with

a range from 204 to 1156 mite-days per plot. During the three weeks

preceeding harvest, a mean of 87.7±49.5 mite-days per plot were

accumulated, with a range from 36 to 186.

Stem density averaged 371±130 stems/m
2
among plots and ranged

from 165 to 689 stems/m
2

. Verticillium infested an average of 19

percent of the stems, ranging from 5 to 35 percent infestation.

A mean yield of 4.2±0.9 ml of peppermint oil/m
2
was obtained

from sample plots. Total yield ranged from 3.0 to 6.0 ml/m2.

Pearson product-moment correlations were calculated among yield and

those factors potentially affecting yield (Table 32).

Stem density was strongly correlated with dry weight of samples,

total yield, yield per plant, Verticillium infestation and total



Table 32. Pearson correlation coefficients (r) among peppermint oil yield and
factors potentially affecting yield at Grants Pass, Oregon, 1977.

Mitedays Mitedays
Total Yield/ (entire (Last 3

Dry Wt. Yield Plant Verticillium season) weeks)

Stem Density .50* .43* -.70** N.S. -.49* N.S.

Dry Wgt. .61** N.S. N.S. -.49* N.S.

Yield N.S. N.S. N.S. N.S.

Yield/Plant .55* .56* N.S.

Verticillium N.S. N.S.

Mitedays N.S.

(Season)

* Significant at p < .05.

** Significant at p < .01.
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accumulated mite-days. Relationships among density, dry weight and

total oil yield appear obvious: when more plants are present, samples

weigh more and the resulting yields are higher. Stem density was

inversely related to yield per plant. In dense plantings, plants lose

their leaves sooner from shading by the upper canopy, thus less oil is

retained by each plant. Verticillium infestation may have contributed

toward the reduction of plant density, as implied by its negative

correlation coefficient.

Most of the mite-days for the season were accumulated during the

period of peak density. Thus total mite-days are highly correlated

(r=.97) with the mite-days accumulated during the three weeks of highest

density in late June and early July. Mite-days are negatively

correlated with plant density. Lower stem density allows more air

circulation among leaves, lowering the relative humidity. This makes

conditions more conducive for feeding and oviposition as discussed in

Chapter IV.

Mite-days accumulated through the season were not significantly

correlated with mite-days accumulated during the last three weeks of the

season. In all plots during the last three weeks of the season, mite

density was quite low. It is during this last part of the season when

damage to the harvested canopy can be expected to occur. Differences in

mite densities among plots were not sufficiently pronounced to

demonstrate this.

Yield per plant appears to be positively correlated with T. urticae

and Verticillium infestation. While hormologosis, increase in yield in
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response to stress, from insect attack has been reported as a factor

responsible for increased yields of radish and turnip (Taylor and

Bardner 1968), it appears that, in this case, the positive correlation

is a consequence of the pest factors and yield being closely related to

plant density.

Step-wise multiple regression was used in an attempt to predict

total yield and yield per plant from the factors of plant density, and

Verticillium and T. urticae infestation. Plant density was the first

factor selected and the addition of other variables was not significant.

This indicates the close association among factors which may affect

peppermint yield and plant density.

Study 2

T. urticae densities did not exceed five mites per leaf in the

aldicarb treated plots. In the untreated plots, T. urticae populations

reached a density of 56 mites per leaf in late July and then dropped to

a density of 27 mites per leaf by the end of the growing. season (Fig.

21).

Mean peppermint oil yield was 20.3±5.9 ml/plot in the aldicarb

treated plots and 26.9±4.9 ml/plot in the mite-infested plots.

Differences were not statistically significant (Appendix XI, Table 1).

Peppermint oil yield was also corrected for differences in foliage

dry weight. Aldicarb-treated plots yielded 8.6±1.6 ml of oil per

kilogram of dry foliage and control plots yielded 8.7±1.1 ml of oil per

kilogram. These differences were not statistically significant

(Appendix XI, Table 2).
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Figure 21. T. urticae densities in aldicarb-treated

and untreated peppermint plots in Madras, Oregon 1979.



1T2

Terpene concentrations of leaf samples were quite variable. Mean

component concentrations are given in Appendix XIII. Two-way analysis

of variance was used to test the effects of leaf age and mite infes-

tation on the terpene concentrations of leaf samples. The results are

summarized in Table 33.

Leaf age significantly affected the concentrations of nearly all

terpenes examined. Total terpene concentration was also affected by

leaf age. Neomenthol was the only terpene significantly affected by

aldicarb/mite treatment, although menthone, a precursor of neomenthol

(Loomis 1967) showed a strong change with respect to treatment. This

indicates that T. urticae infestation may hasten the maturation of oil

or that aldicarb may retard its maturation. Interactions between mite

infestation and leaf age were significant for both menthone and

neomenthol. This is a consequence of treatments being significantly

different in the upper (younger) leaves and not significantly different

among lower (older) leaves, corroborating the observations of Tanigoshi

and Davis (1973) that mite damage resembles natural senescence.



Table 33. Summary of 2-way analysis of variance for the effects of T. urticae and leaf
age on the terpene components of peppermint oil (n=24).

Terpene

CONCENTRATION (ppb) Significance of F-Test

Aldicarb-treated Control

(7 + S.E.) (x + S.E.)

Mites Leaf
Age

Mite X

Leaf
Age

a-pinene 23.3134.7 29.5.1-35.3 .495 .001 .868

a-pinene 21.3125.9 22.9124.9 .856 .009 .961

sabinene 7.5115.7 8.2115.4 .905 .030 .983

myrcene 2.8±7.0 3.2±7.6 .880 .014 .997

limonene 35.2±53.4 62.9155.5 .170 .016 .847

1,8-cineole 889.4±394.7 863.7:1-385.2 .772 .001 .915

cis-ocimene 3.518.4 3.1±8.4 .890 .056 .972

menthone 874.7t716.9 120.01975.1 .072 .001 .049

sabinene
hydrate 425.4t160.5 518.21227.7 .140 .001 .357

menthofuran
isomenthone 344.7-1242.4 274.61208.9 .120 .001 .871



Table 33 (continued).

Terpene

CONCENTRATION (ppb) Significance of F-Test

Aldicarb-treated Control

± S.E.) ± S.E.)

Mites Leaf
Age

Mite X

Leaf
Age

a-bourbonene

menthyl
acetate

34.21-36.9

338.6t290.7

42.2t38.6

471.0t382.2

.737

.346

.001

.141

.530

.881

neomenthol 596.5'1219.3 974.11'524.4 .001 .001 .006

menthol 6629.6t2775.5 5943.61'2990.0 .280 .001 .483

germacrene-D 51.51'102.5 108.21-187.5 .973 .001 .999

piperitone 91.5t53.3 90.01-69.2 .937 .001 .593

TOTAL 103351:4516 105161'5326 .856 .001 72-95
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CONCLUSIONS

Significant differences in peppermint yield and quality could not

be attributed to T. urticae infestation due to high within-field and

between-plant variation. The results obtained from the above studies

should be viewed within the context of the peppermint agroecosystem.

Many variables influence the production of peppermint oil. Plant

density had a demonstratable impact on yield, yet yield is determined by

such factors as initial planting, plowing and other agronomic practices,

as well as biotic factors, such as root-feeding insects and disease.

Yield is also dependent on geographic location, weather, crop variety,

soil type, fertilizer and irrigation schedules, age of the crop stand

and time of harvest. While conducting experiments in the same field

sought to minimize the variation among plants due to these factors,

edaphic and biotic variation occur even within the same field.

Time adds another dimension to the damage-yield system. The impact

of a pest on a crop certainly changes over time as the plant outgrows or

compensates for damage incurred early in the season. Damage may not be

manifested until a later period. Westigard et al. (1967) found that the

yield of pears is not significantly reduced by T. urticae infestations

until the following year.

Variation occurring within a field must be separated or controlled

in order to explain the impact of single variables, such as mite

infestation, on crop yield. Laing et al. (1972) used simple linear

regression in an attempt to demonstrate the effect of T. pacificus on

yield and quality of grapes: correlations were not significant.
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Covariance analysis and multiple regression were used in this study in

an attempt to separate external variation from changes due to stress by

T. urticae. Covariance analysis was not successful because of the

number of variables involved. Multiple regression was confounded by the

lack of independence among variables. Multivariate analysis may be a

more appropriate tool to assess the impact of many variables on crop

yield. Its use would require a new experimental design involving the

replicated measurements of many edaphic, agronomic and biotic variables

on a large number of small plots.

Observations of populations and damage in many fields over the

course of the studies indicate that "average" fields sustain significant

bronzing as T. urticae densities approach 25 mites per leaf. Vigorous,

well irrigated, stands may tolerate higher densities and less hardy

stands may show damage at densities much lower.

Population studies (Chapter IV) show that if T. urticae densities

reach a level of 10 mites per leaf, they increase exponentially to

levels great& than 25 mites per leaf, a level at which bronzing of

leaves became more frequent. In 21 of 21 experimental plots, in Grants

Pass and Madras, this pattern of increase occurred. Ten mites per leaf

must serve tentatively as the control "action threshold" until further

studies can define the relationship between mite densities and

peppermint oil production.
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VI. MANAGEMENT OF TETRANYCHUS URTICAE IN PEPPERMINT

INTRODUCTION

Pest management is the intelligent selection and use of pest

control actions that will insure favorable economic, ecological and

sociological consequences in an agricultural system (Luckmann and

Metcalf 1975). Implicit in the philosophy of pest management is the use

of integrated control, i.e., the utilization of all suitable techniques

to reduce or maintain pest populations at levels below those causing

injury of economic importance (NAS 1969). A further consideration of

pest management is the integration of the knowledge of related

disciplines into the decision-making process. Thus "Integrated Pest

Management" must include the perspectives of entomology, agronomy,

phytopathology, weed science and other related sciences.

The major limiting factor of peppermint production is Verticillium

wilt (Horner and Dooley 1965). Verticillium is common in western Oregon

and is increasingly common in central Oregon. Fall flaming for the

control of Verticillium, a major perturbation of the mint agroecosystem,

is a required agronomic practice in many fields. Thus, T. urticae

management considerations are secondary to those of Verticillium

control.
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Previous chapters of this thesis have considered individual facets of

the T. urticae-peppermint system. In this chapter, I will review the

results of previous chapters and integrate them into a management

program for spider mites, a component of an integrated pest management

program for peppermint.

Biology of T. urticae in Oregon Peppermint

T. uritcae is found in peppermint fields throughout Oregon,

although it is more frequently a pest in southwestern Oregon and east of

the Cascade Mountains where the dry climate is conducive to population

outbreaks.

T. urticae overwinter in soil litter and among weeds along field

margins as diapausing females. During the growing season, mite

densities are greater along field margins. Eggs are laid in the spring

and populations soon develop overlapping generations.

Populations develop in aggregations at the beginning of the season,

when densities are low. As densities increase, distribution becomes

more random. No consistent pattern of distribution prior to population

outbreaks was observed. After an outbreak and the ensuing decline,

mites became aggregated on the older, middle and bottom, leaves but were

more randomly distributed on the newly expanded leaves at the top of the

plant.

Mite density is influenced by a number of factors including:

climatic conditions, especially temperature and humidity (Hazan et al.

1973); plant phenology (Kattes and Teetes 1978 and Poe 1974); and
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intraspecific competition. Factors which influence mite nutrition and

microclimate such as fertilizer applications (Garman and Kennedy 1949)

and planting density may also influence population densities. Plant

stress due to insufficient water is conducive to the development of T.

urticae populations, but stress induced by Verticillium wilt apparently

does not directly influence mite density. Fall flaming and plowing were

shown to reduce mite populations.

A number of predators of mites are present in commercial peppermint

fields, including Orius tristicoror, Amblyseius fallacis and A.

brevispinus. Although A. fallacis was shown to be capable of reducing

spider mite populations in the field, predators generally were not

sufficiently abundant to be effective regulators of T. urticae in

peppermint. Agronomic practices in commercial fields such as flaming,

plowing and pesticide application are probably responsible for the

destruction of predators and the uncoupling of predators from prey

populations.

Phenology of the Peppermint Crop

Plant development in commercial mint fields in the Willamette

Valley and central Oregon was assessed by weekly observations of primary

nodes and leaves, lateral branches, stem length and flower bud

formation. Stems were longer and more primary leaves were present in

Willamette Valley fields, but the number of nodes and lateral branches

were not significantly different between regions. Within regions,

variation was not significant, except that the number of primary leaves
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varied significantly between fields in central Oregon, reflecting the

greater range of stress present among fields in central Oregon. Flower

buds formed earlier in central Oregon. While spring plowing has been

found to delay plant development (Nelson et al. 1971), fall plowing, as

practiced in central Oregon, did not significantly affect plant

development.

Additional observations were made of plant development in central

and southwestern Oregon. Stems grew faster in south-western Oregon, but

other parameters were not significantly different between regions.

Peppermint oil is extracted primarily from the oil glands on the

leaves, thus oil yield is a function of the number of leaves present at

harvest. Leaves are formed at the terminal bud of the stem through the

season until the formation of the terminal flower bud. Lower leaves

senesce and are lost as the plant develops during the season. In

central Oregon in 1977, the first leaf of the harvested canopy was

formed by mid-June. In the Willamette Valley, the first leaf of the

harvested canopy was formed about two weeks earlier. While significant

variation does occur between years, it is apparent that the economic

impact of pests should be evaluated with respect to the developmental

stage of the plant.

Sampling Procedures for T. urticae in Peppermint

T. urticae populations are highly aggregated and the charac-

teristics of their distribution change with population density. Mite

populations may severely damage plants in one or more sections of a
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field while other sections of the same field are void of mites. Thus,

the "average density" of a field has limited utility when making

management decisions. A regression-based sampling procedure was

developed to estimate spider mite densities from small areas throughout

a peppermint field.

Fourteen sample plots, 8 meters square should be selected per 12.1

hectares, for each sampling period. Sampling effort may be less

intensive early in the growing season when mite outbreaks are less

likely to occur and when the harvestable canopy has not yet formed.

From each plot, 45 leaves from the top, middle, and bottom of the plant

canopy should be selected and the lower surface of each leaf examined

with a 10X handlens for the presence of five or more mites. The number

of leaves with five or more mites (INF5) is related to the mean density

(x) by the equation:

Log10 (x + 1.0) = 0.18 + 0.59 Log10 (INF5 + 1.0).

This equation was consistent over widely separated regions, during

different growing seasons and for fields with different mite densities.

Sampling by this method was less tedious and three times as fast as

direct counting techniques, requiring an average of 7.7 minutes versus

25.8 minutes, respectively, to evaluate samples of 45 leaves.

Economic Damage of T. urticae in Peppermint

Mite density was not shown to have a significant impact on

peppermint oil yield, probably because of variation in edaphic factors

and their influence on plant growth. Mite densities affected oil

maturation as shown by differences in the concentrations of terpenes
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from mite-infested leaves. Neomenthol concentrations were greater in

mite-infested plots; the concentration of its precursor, menthone, was

lower. This supports the observations of Tanigoshi and Davis (1978)

that the effects of mite damage resemble those of natural senescence.

Examination of mite population trends in 21 study plots showed that

once mite densities reached 10 mites per leaf, exponential increase

followed. Leaf damage in the form of bronzing resulted as mite

densities exceeded 25 mites per leaf. Until more definitive studies are

made, a tentative "action threshold" of ten mites per leaf is proposed.

The reader is cautioned that this is an estimate and will vary with the

edaphic, climatic and agronomic conditions of individual fields.

CONCLUSIONS

The peppermint system is a "disturbed community," primarily due to

the practice of flaming for Verticillium wilt. Unless a less disruptive

fungicidal measure is developed, natural enemies will remain unimportant

factors in the management of spider mites. Strip cropping limited or

flaming to conserve natural enemies could be of some value, but the

impact of these techniques on Verticillium wilt, T. urticae and predator

populations is untested. Management techniques must reduce pest

population levels through the selection of compatible cultural practices

and control options and optimize those control options through

population monitoring.
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In central Oregon, plowing is used to protect plants from winter

injury. It also reduces the incidence of and delays outbreaks of T.

urticae. Plowing represents only half of the expense of an acaricide

treatment (based on 1978 costs, Weber 1978); thus it may be considered

as a cost-effective mite deterrent. Increased irrigation and high crop

density provide conditions which are less conducive to mite outbreaks

and these conditions should be integrated into a crop plan where

feasible. Weedy field borders provide an overwintering site for T.

urticae populations which infest fields in the spring, but may also

provide a refuge for natural enemies.

Population monitoring optimizes the use of pesticides by improving

the timing of the applications and, in some cases, reducing the number

of applications. During the growing season, fields should be sampled

weekly. As mite populations are detected in specific locations of the

field, control options should be weighed against the following

questions:

1. Are mite populations spread throughout the field or is the

outbreak restricted to part of the field?

2. Are weather conditions conducive for the continued increase in mite

densities?

3. Are leaves of the harvestable canopy present?

4. When is the crop to be harvested?

5. What is the general condition of the crop?
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6. Is increased irrigation practical?

7. Is spot treatment or partial treatment practical?

The presence of mite populations throughout a field is not

sufficient reason to apply pesticides. Yield is not affected by low

mite densities (ca. 10 mites per leaf) in fields with vigorous stands.

Mite populations increase exponentially during favorable conditions,

necessitating conscientious population monitoring.

Population dynamics of mites vary with respect to climate, soil

condition, crop vigor, agronomic history of the field, and other

factors, therefore, control decisions must be made on an individual

field basis. Sampling and integrated control offer the most practical

solution to this complex problem.

Pest management is utilized in an effort to create favorable

economic and ecological conditions within the framework of an

agricultural system. Direct economic benefits are accrued as less

expensive cultural and agronomic techniques are substituted for

pesticide applications. An efficient sampling program can optimize

control procedures by increasing the accuracy and precision of the

information available to the decision-maker. Moreover, ecological

benefits result as the pesticide load on the environment is reduced.
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APPENDIX I

Analysis of variance of post-embryonic T. urticae by sample date and
vertical stratum on log-transformed data from Grants Pass, Oregon, 1977.

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 1251.423 14 89.387 78.554**

Date. 1222.959 12 101.913 89.562**

Vertical Stratum 28.787 2 14.394 12.649**

INTERACTION

Date X 40.762 24 1.698 1.493

Vertical Stratum

EXPLAINED 1292.185 38 34.005 29.884**

RESIDUAL 1954.924 1718 1.138

TOTAL 3247.109 1756 1.849

**Significant at p < .001.

Analysis of variance of post-embryonic T. urticae by sample date and
vertical stratum on log-transformed data from Madras, Oregon, 1979.

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 3832.681 13 294.822 313.469**

Date 3808.251 11 346.205 368.102**

Vertical Stratum 24.429 2 12.215 12.987**

INTERACTION

Date X 68.571 22 3.117 3.314**

Vertical Stratum

EXPLAINED 3901.251 35 111.464 118.514**

RESIDUAL 1997.651 2124 .941

TOTAL 5898.902 2159 2.732

**Significant at p < .001.
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APPENDIX II.

Analysis of variance for three counting methods and the interaction
among methods, samplers, and mite density.

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 16913.416 19 890.180 22.93**

methods 14602.603 2 7301.301 188.09**

sampler 1982.491 2 991.246 25.54**

density 328.322 15 21.888 0.56 NS

2-WAY INTERACTIONS 9111.287 64 142.364 3.67**

method X sampler 4370.632 4 1092.658 28.15**

method X density 3215.695 30 107.190 2.76**

sampler X density 1524.960 30 50.832 1.31 NS

EXPLAINED 26024.703 83 313.551 8.08**

RESIDUAL 2329.073 60 38.817

TOTAL 28453.739 143 198.278

** Significant at p < .001.
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APPENDIX III.

Tests for equality of intercepts and slopes among regression eauations.

I. F-test for equality of intercepts and slopes between 2 regression
equations.

- SSE
full

)/(n
1
+ n

2
- 2 - n

1
+ n

2
- 4)

F* =
(SSE

reduced

SSE
full

/(n
1
+ n

2
- 4)

A. Grants Pass

1. Sampling Threshold = 5

SSE
reduced

= 2.0790

SSE
full

= 0.1857 + 1.4983 = 1.6839

nt = n1 + n2 = 72

F* = 7.98

F
2,70 (.05)

= 3.13 There are no significant differences
between the slopes or intercepts of
these two equations.

2. Sampling Threshold = 5 (X < 10)

SSEreduced
Ereduced

SSEfull = 0.4101 + 0.1857 = 0.5958

n
t
= 55

F* = 0.71

F
2,53 (0.5)

= 2.78 There are no significant differences
between the slopes or intercepts of
these two equations.

3. Sampling Threshold = 10

SSEreduced
Ereduced

SSEfull = 0.1794 + .7714 = 0.9508

nt = 72

F* = 2.42

F
2,70 (.05)

3.13 There are no significant differences
between the slopes or intercepts of
these two equations.
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4. Sampling Threshold = 10 (X < 10)

SSE
reduced

0.6229
reduced

SSEfull = 0.4402 + 0.1794 = 0.6196

n
t
= 55

F* = 0.14

F
2,53 (.05) = 2.78 There are no significant differences

between the slopes or intercepts of
these two equations.

B. Central Oregon

1. Sampling Threshold = 5

SS = 3.0536
Ereduced

SSE
full

= 1.7027 + 0.3268 = 2.0295

n
t

= 104

F* = 25.23

F
2,102 (.05)

= 3.09 The slopes and/or intercepts of
these two equations are not equal.

2. Sampling Threshold = 5 (R < 10)

SS = 0.3618
Ereduced

SSE
full

= 0.2107 + 0.1472 = 3579

n
t

= 76

F* = 0.40

F
2,74 (.05)

= 3.12 There are no significant differences
between the slopes or intercepts of
these two equations.

3. Sampling Threshold = 10

SS 1.1040
Ereduced

SSEfull = 0.1453 + 0.6969 = 0.8422

n
t
= 104

F* - 48.56

The slopes and/or intercepts ofF
2,102 (.05)

3.09
these two equations are not equal.
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4. Sampling Threshold = 10 (X < 10)

SSEreduced
Ereduced

SSEfull = 0.1834 + 0.1235 = 0.3069

n
t
= 76

F* = 4.50

F
2,74 (.05)

3.12 There are no significant differences
between the slopes or intercepts of
these two equations.

II. F-test for the equality of intercepts and slopes among four
regression equations.

F* = (SSEreduced
SSEfull)/6

SSE
full

/(n
1
+ n

2
+ n

3
+ n

4
- 4)

A. Threshold = 5 (x < 10)

SSEreduced
1.0245

SSEfull = 0.9537

nt = n1 + n2 + n3 + n4 = 131

F* = 1.57

F
4,129 (.05)

2.44 There are no significant differences
among the slopes or intercepts of
these four equations.

B Sampling Threshold = 10 (T( < 10)

SSEreduced
Ereduced

SSEfull = 0.9265

n
t
= 131

F* = 193.95

F
4,129 (.05)

2.44 There are significant differences
among the slopes and/or intercepts
of these four equations.
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APPENDIX IV

Analysis of covariance for the influence of growing region on selected
plant characteristics adjusted for the covariate date.

Characteristic:

SOURCE

Number of Primary Leaves

SUM OF
SQUARES DF

MEAN
SQUARE

Date 29.814 1 29.814 28.697**

Region 29.389 1 29.389 28.287**

Explained 59.203 2 29.601 28.492**

Residual 140.255 135 1.039

Total 199.458 137 1.456

Characteristic: Number of Nodes

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Date 648.939 1 648.939 171.860**

Region .420 1 .420 .111 N.S.

Explained 649.359 2 324.680 85.986**

Residual 509.757 135 3.776

Total 1159.116 137 8.461

Characteristic: Stem Length

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Date 17494.828 1 17494.828 385.803**

Region 13416.947 1 13416.947 295.876**

Explained 30911.775 2 15455.888 340.840**

Residual 6121.776 135 45.346

Total 37033.551 137 270.318

**Significant at p < .01
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Appendix IV. Continued.

Characteristic:

SOURCE

Number of Lateral Branches

SUM OF
SQUARES DF

MEAN
SQUARE F

Date 151.852 1 151.852 46.590**

Region 8.465 1 8.465 2.597 N.S.

Explained 160.318 2 80.159 24.593**

Residual 440.013 135 3.259

Total 600.331 137 4.382

**Significant at p < .01
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APPENDIX V

ANOVA for differences of plant characteristics among fields within
specific regions.

REGION: Willamette Valley

Characteristic:

SOURCE

Primary Leaves

SUM OF
SQUARES DF

MEAN
SQUARE

Between Fields 3.314 9 .368 .340 N.S.

Within Fields 54.142 50 1.083

Total 57.456 59

Characteristic: Nodes

SUM OF MEAN
SOURCE SQUARES DF SQUARE

Between Fields 48.436 9 5.382 .727 N.S.

Within Fields 370.011 50 7.400

Total 418.447 59

Characteristic: Stem Length

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Between Fields 546.007 9 60.668 .91 N.S.

Within Fields 3329.743 50 66.595

Total 3875.750 59
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Appendix V. Continued.

Characteristic: Lateral Branches

SUM OF MEAN
SOURCE SQUARES DF SQUARE

Between Fields 35.137 9 3.904 .99 N.S.

Within Fields 198.272 50 3.965

Total 233.409 59

REGION: Central Oregon

Characteristic: Primary Leaves

SUM OF MEAN
SOURCE SQUARES DF SQUARE

Between Fields 62.020 2 6.891 9.79**

Within Fields 47.845 68 0.704

Total 109.865 77

Characteristic: Nodes

SUM OF MEAN
SOURCE SQUARES DF SQUARE

Between Fields 28.450 9 3.161 .030 N.S.

Within Fields 711.932 68 10.470

Total 740.382 77

Characteristic: Stem Length

SUM OF MEAN

SOURCE SQUARES DF SQUARE

Between Fields 3511.302 9 390.145 1.50 N.S.

Within Fields 17643.774 68 259.453

Total 21154.077 77
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Appendix V. Continued

Characteristic: Lateral Branches

SUM OF MEAN

SOURCE SQUARES DF SQUARE

Between Fields 50.734 9 5.637 1.23 N.S.

Within Fields 310.740 68 4.570

Total 361.474 77

**Significant at p < .01
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APPENDIX VI

Two-way analysis of variance for the influence of date and plowing
on selected plant characteristics of peppermint grown in Central Oregon.

Characteristic:

SOURCE

Number of Primary Leaves

SUM OF
SQUARES DF

MEAN
SQUARE F

Main Effects 27.997 10 2.800 2.076*

Date 27.844 9 3.094 2.294*

Plowing .687 1 .687 .510 N.S.

Date X Plowing

Interaction 2.308 8 .288 .214 N.S.

Explained 30.305 18 1.684 1.249 N.S.

Residual 79.560 59 1.348

Total 109.865 77 1.427

Characteristic: Number of Nodes

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Main Effects 505.831 10 50.583 13.469**

Date 503.612 9 55.957 14.899**

Plowing 4.311 1 4.311 1.148 N.S.

Date X Plowing

Interaction 12.967 8 1.621 .432 N.S.

Explained 518.798 18 28.822 7.674**

Residual 221.583 59 3.756

Total 740.382 77 9.615

**Significant at p < .01

*Significant at p < .05
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Appendix VI. Continued.

Characteristic: Stem Length

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Main Effects 16978.012 10 1697.801 25.314**

Date 16978.003 9 1886.445 28.127**

Plowing 2.396 1 2.396 .036 N.S.

Date X Plowing

Interaction 218.973 8 27.372 .408 N.S.

Explained 17196.985 18 955.388 14.245**

Residual 3957.092 59 67.069

Total 21154.077 77 274.728

Characteristic: Number of Lateral Branches

SUM OF MEAN
SOURCE SQUARES DF SQUARE

Main Effects 199.813 10 19.981 8.009**

Date 198.981 9 22.109 8.862**

Plowing .180 1 .180 .072 N.S.

Date X Plowing

Interaction 14.468 8 1.809 .725 N.S.

Explained 214.281 18 11.905 4.772**

Residual 147.193 59 2.495

Total 361.474 77 4.694

**Significant at < .01
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APPENDIX VII

Repeated measures ANOVA for the effects of region and date on plant
characteristics from peppermint plants in fields in Madras, Redmond and
Grants Pass, mid-July to mid-August, 1979.

Characteristic: Primary Leaves

SUM OF
SOURCE SQUARES DF

MEAN
SQUARE F

Region

Plant within Region

Date

Region X Date

Date X Plant within
Region

404.160

712.316

21.013

148.907

169.280

2

12

4

8

48

202.080

59.360

5.253

18.613

3.527

3.40 N.S.

1.49 N.S.

5.28 **

Characteristic: Stem Length

SUM OF MEAN

SOURCE SQUARES DF SQUARE

Region 9896.887 2 4948.444 30.47**

Plant within Region 1949.400 12 162.450

Date 3244.253 4 811.063 85.71**

Region X Date 629.147 8 78.643 8.31**

Date X Plant within
Region 454.200 48 9.463

Characteristic: Number of Nodes

SUM OF MEAN

SOURCE SQUARES DF SQUARE F

Region 25.307 2 12,654 0.29 N.S,

Plant within Region 521.440 12 43.453

Date 264.480 4 66.120 90.78**

Region X Date 4.160 8 0.520 0.71 N.S.

Date X Plant within
Region 34.960 48 0.728

**Significant difference at p < .01
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Appendix VII. Continued

Characteristic: Number of Lateral Branches

SUM OF MEAN
SOURCE SQUARES DF SQUARE

Region 332.480 2 166.240 1.09 N.S.

Plant within Region 1827.520 12 152.293

Date 866.133 4 216.533 29.69**

Region X Date 55.787 8 6.973 0.96 N.S.

Date X Plant within
Region 350.080 48 7.293

Characteristic: Number of Secondary Leaves per Plant

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Region 11439.360 2 5719.680 3.50 N.S.

Plant within Region 19583.360 12 1631.947

Date 3790.120 4 927.280 8.81**

Region X Date 2063.040 8 257.880 2.45**

Date X Plant within
Region 5050.240 48 105.213

Characteristic: Total Number of Leaves per Plant

SUM OF MEAN
SOURCE SQUARES DF SQUARE F

Region 15535.680 2 7767.840 3.50 N.S.

Plant within Region 26595.840 12 2216.320

Date 3510.720 4 877.680 8.46**

Region by Date 2521.920 8 315.240 3.04**

Date X Plant within
Region 4978.560 48 103.720

**Significant difference at p < .01
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APPENDIX VIII

Analyses of variance for the effects of crop variety on peppermint plant
characteristics.

Characteristic: Number of Primary Leaves

SUM OF MEAN
SOURCE OF VARIATION SQUARES DF SQUARE F

Variety 80.405 1 80.405 8.518**

Date 649.536 10 64.954 6.881**

Variety X Date 181.245 10 18.125 1.920*

Residual 1868.900 198 9.439

Total 2780.086 219 12.694

Characteristic: Number of Nodes on Primary Stem

SUM OF MEAN
SOURCE OF VARIATION SQUARES DF SQUARE F

Variety 23.433 1 23.433 2.626 N.S.

Date 7111.422 10 711.142 79.696**

Variety X Date 497.429 10 49.743 5.575**

Residual 1766.796 198 8.923

Total 9399.080 219 42.918

Characteristic: Number of Lateral Branches

SUM OF MEAN
SOURCE OF VARIATION SQUARES DF SQUARE

Variety 117.092 1 117.092 24.128**

Date 969.025 10 96.903 19.968**

Variety X Date 149.020 10 14.902 3.071**

Residual 960.875 198 4.853

Total 2196.012 219 10.027

**Significant difference at p < .01

*Significant differenct at p < .05.
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Appendix VIII. Continued.

Characteristic: Length of Stem

SUM OF
SOURCE OF VARIATION SQUARES DF

MEAN
SQUARE F

Variety 1238.089 1 1238.089 15.092**

Date 147010.962 10 14701.096 179.203**

Variety X Date 8165.715 10 816.572 9.954**

Residual 16243.163 198 82.036

Total 172657.930 219 788.392

**Significant differenct at p < .01
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APPENDIX IX

Two-way analysis of variance for the effects of sampling date and
vertical stratum on T. urticae egg density (log-transformed).

Data set: Grants Pass 1977

SUM OF

SOURCE SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 1005.277 14 71.805 44.657**

Date 939.254 12 78.271 48.679**

Vertical Stratum 69.173 2 34.886 21.510**

INTERACTION

Date X 101.857 24 4.244 2.639**

Vertical Stratum

EXPLAINED 1107.134 33 29.135 18.120**

RESIDUAL 2762.406 1718 1.608

TOTAL 3869.540 1756 2.204
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APPENDIX IX Cont.

Data set: Madras

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE F

MAIN EFFECTS 2241.528 13 172.425 113.107*

Date 2175.236 11 197.749 129.719*

Vertical Stratum 66.291 2 33.146 21.743**

INTERACTION

Date X 289.180 22 13.145 8.623*

Vertical Stratum 47.431*

EXPLAINED 2530.707 35 72.308

RESIDUAL 3237.919 2 1.524

TOTAL 5768.626 2.672

Significant at p < .01
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APPENDIX X

Table 1. Analysis of variance for a randomized-block 2 X 2
factorial experiment testing the influence of Verticillium dahliae and
water stress on the development of T. urticae populations on

peppermint.

Characteristic: Mite density

SUM OF

SOURCE SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 1994.153 13 153.396 1.695

Verticillium 15.870 1 15.870 .175

Water 901.333 1 901.333 9.959**

Blocks 1076.930 11 97.905 1.082

2-WAY INTERACTIONS 2575.557 23 111.981 1.237

Verticillium X Water 130.680 1 130.680 1.444

Verticillium X Blocks 933.470 11 84.861 .938

Water X Blocks 1511.407 11 137.401 1.518

EXPLAINED 4569.710 36 126.936 1.403

RESIDUAL 995.540 11 90.504

TOTAL 5565.250 47 118.410

**Significant at p < .01.
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Table 2. Analysis of variance for a randomized-block 2 X 2
factorial experiment testing the influence of Verticillium dahliae and
water stress on peppermint stem length.

Characteristic: Stem Length

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 2573.404 13 197.954 17.751**

Verticillium 681.013 1 681.013 61.068**

Water 1631.001 1 1631.001 146.255**

Blocks 261.390 11 23.763 2.131

2-WAY INTERACTIONS 885.197 23 38.487 3.151*

Verticillium X Water 210.841 1 210.841 18.907**

Verticillium X Blocks 233.737 11 21.249 1.905

Water X Blocks 440.619 11 40.056 3.592*

EXPLAINED 3458.601 36 96.072 8.615*

RESIDUAL 122.669 11 11.152

TOTAL 3581.270 47 76.197

* Significant at p < .05

** Significant at p < .01
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Table 3. Analysis of variance for a randomized-block 2 X 2
factorial experiment testing the influence of Verticillium dahliae and
water stress on the number of primary nodes of peppermint plants.

SOURCE

SUM OF
SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 53.250 13 4.096 4.621**

Verticillium 3.000 1 3.000 3.385

Water 24.083 1 24.083 27.171**

Blocks 26.167 11 2.379 2.684

2-WAY INTERACTIONS 26.667 23 1.159 1.308

Verticillium X Water .750 1 .750 .846

Verticillium X Blocks 8.500 11 .773 .872

Water X Blocks 17.417 11 1.583 1.786

EXPLAINED 79.917 36 2.220 2.505

RESIDUAL 9.750 11 .886

TOTAL 89.667 47 1.908

** Significant at p< .01
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Table 4. Analysis of variance for a randomized-block2 X 2
factorial experiment testing the influence of Verticillium dahliae and
water stress on the number of leaves on the primary stem of peppermint
plants.

SOURCE

SUM OF
SQUARES DF

MEAN
SQUARE

MAIN EFFECTS 720.750 13 55.442 6.083**

Verticillium 27.000 1 27.000 2.963

Water 520.063 1 520.083 57.067**

Blocks 173.667 11 15.788 1.732

2-WAY INTERACTIONS 291.667 23 12.681 1.391

Verticillium X Water 6.750 1 6.750 .741

Verticillium X Blocks 116.000 11 10.545 1.157

Water X Blocks 168.917 11 15.356 1.685

EXPLAINED 1012.417 36 28.123 3.086

RESIDUAL 100.250 11 9.114

TOTAL 1112.667 47 23.674

** Significant at p < .01.
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Appendix XI

Table 1. Analysis of variance for the effects of T. urticae infestation
on peppermint oil yield in Madras, Oregon, 1979.

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE F

Treatment 12.01

Residual 176.73

Total 188.74

1

6

7

12.01

29.46

26.96

.41 N.S.

Table 2. Analysis of variance for the effect of T. urticae on
peppermint oil yield per foliage dry weight (ml/gm) in Madras,

Oregon, 1979.

SOURCE
SUM OF
SQUARES DF

MEAN
SQUARE F

Treatment

Residual

Total

.000 1 .000 .014

.000 6 .000

.000 7 .000
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Appendix XII

Terpene concentrations (ppb.) of top, middle and bottom peppermint
leaves infested with T. urticae or treated with aldicarb.

a-pinene
Top
Middle
Bottom

8-pinene

T. urticae-infested Aldicarb-treated
(R±S.E.)(R±S.E.)

18.4±10.4
70.1±30.5

0

11.3±22.6
58.5±36.8

0

Top 32.0±17.3 27.1±13.3

Middle 36.7±30.2 35.7±37.6

Bottom

sabinene

0 1.1±2.2

Top 4.0±8.0 4.1±5.6

Middle 20.7±22.0 18.5±25.8

Bottom 0 0

Myrcene
Top 0 0

Middle 9.7±11.2 8.5±10.8

Bottom 0 0

Limonene
Top 73.6±28.9 35.4±13.1

Middle 101.0±71.9 68.2±85.6

Bottom 14.1±5.3 2.0±2.5

1,8-cineole
Top 1294.5±256.8 1339.7±326.0

Middle 775.7±236.0 749.8±184.6

Bottom

cis-ocimene

520.9±88.7 578.8±76.2

Top 0 1.5±3.1

Middle 9.3±13.4 9.2±13.5

Bottom 0 0
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rnenthone

T. urticae-infested Aldicarb-treated
(R±S.E.)(R±S.E.)

Top 2420.5 ±388.2 1456.61542.4
Middle 904.71308.8 977.21702.3
Bottom

sabine hydrate

277.8161.5 190.5185.8

Top 678.61110.0 574.2 -134.4

Middle 582.31262.7 387.11133.7

Bottom

menthofuran isomenthone

293.7 ±45.0 314.91103.8

Top 533.1183.7 601.41213.1

Middle 211.2159.9 319.8191.8
Bottom 69.6119.4 113.0137.0

0-bourbonene
Top 54.4112.8 72.0125.9

Middle 33.3133.4 30.6128.8

Bottom 0 0

methyl acetate
Top 481.5196.3 264.71122.4
Middle 660.01635.3 527.11466.5

Bottom

neomenthol

271.51147.7 244.0171.2

Top 1413.71355.1 694.4±156.1

Middle 998.21252.1 701.01248.7

Bottom

menthol

410.4176.4 394.2190.4

Top 9356.711252.7 8989.512169.0
Middle 5718.111436.8 7103.511987.1

Bottom 2756.01442.5 3795.711076.7

germacrene-D
Top 0 0

Middle 100.7190.2 102.9187.7

Bottom 0 0

piperitone
Top 158.4122.0 138.0±42.6

Middle 80.6176.6 79.0±59.5

Bottom 31.1114.1 57.5±20.1
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T. urticae-infested Aldicarb-treated
(itS.E.) (itS.E.)

piperitone
Top 158.4±22.0 138.0±42.6
Middle 80.6±76.7 79.0±58.5

Bottom 31.1±14.1 57.5±20.1

TOTAL TERPENES
Top 16619.5±1508.5 14209.9±3578.5
Middle 10372.8±2547.9 11228.1±3271.1

Bottom 4650.8±769.0 5671.7±1516.0


