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Bionomics and Control of the
Two-Spotted Spider Mite on Pear

In Southern Oregon

INTRODUCTION

PETER WESTIGARD, PORTER LOMBARD, AND DONALD BERRY

The two-spotted spider mite, Tetranychus urticae Koch, appears
to have been a pest of pear in the Rogue River Valley since shortly
after the introduction of this crop on a commercial basis in southern
Oregon. This mite, though of sporadic importance prior to the appear-
ance of the synthetic pesticides following World War II (10, 14),1
now occupies the position of the most serious and costly acarine pest
of pear in the area (28).

The economic importance of this spider mite as a pest is some-
what unique to the Rogue Valley. In other principal pear-growing
areas it is replaced in importance by other phytophagous mites, mainly
the European red mite, Panonychus ulmi Koch. This is true of such
areas as northern Oregon's Hood River Valley, the Yakima and
Wenatchee valleys of central Washington, and Canada's Okanogan
Valley in British Columbia. South of the Rogue Valley, in northern
California, the two-spotted mite is of importance in the drier inland,
foothill, and valley areas, while the European red mite predominates
in the coastal areas (21).

Problems of controlling the two-spotted spider mite encountered
by Rogue Valley growers are not only the result of the mite's resist-
ance to a large number of pesticides, but also of the biological require-
ments and behavior of the species. The present study presents data
accumulated over the past several years with the purpose of promoting
a more complete understanding of the ecology and the potential for
control of this pest on its pear host.

METHODS

The general methods followed in collection of the data presented
are described 'below. Specific methods utilized only during certain
phases of the study are given separately preceding the presentation of
results.

'Numbers in parentheses refer to Literature Cited, page 31



Study area
All of the studies described in this bulletin were conducted in pear

orchards in the Rogue Valley. Observations on life history of the
spider mite and several of the chemical control studies were carried
out in commercial orchards in cooperation with growers, while other
studies were performed in orchards operated by the Southern Oregon
Experiment Station (Medford) of Oregon State University. Experi-
ment station orchards include : (1) A 19-acre block of mature trees of
several different varieties-Anjou, Bartlett, Bosc, and Cornice; and
(2) an orchard which contains 20 acres of young, 8-year-old trees of
the above varieties plus El Dorado, Packham's Triumph, and Seckel.
The majority of work was carried out on Anjou and Bartlett varieties.

Sampling methods
Year-to-year sampling methods remained the same throughout the

study, but the sample unit varied depending upon the stages of tree
development. Prior to bloom, the evaluation of mite density was based
on the number of T. urticae per fruit bud. Five fruit buds were taken
from each tree in the plot and examined with a dissecting microscope.
From the bloom period through petal fall five entire fruit clusters were
selected from each tree; then the leaves and immature fruit were ex-
amined to determine the number of two-spotted spider mites. The
summer sample units were composed of 25 leaf samples from each
tree. The mites were removed from these leaves with a Henderson-
McBurnie mite-brushing machine (15). The number of eggs, nymphs,
and adults was then recorded for the date of sampling. Samples were
taken weekly or biweekly. Sampling procedures for the predaceous
mites were identical to those used for T urticae.

Weather records
A weather station located in the mature orchard at the experiment

station is operated in cooperation with the United States Weather
Bureau. The weather records cover a period from 1932 to the present
and include maximum-minimum daily temperatures, daily evapora-
tion, and daily amounts of rainfall and wind.

Spraying apparatus
Applications of pesticides were made in two ways. (1) A conven-

tional high-pressure hose gun with 200 to 250 pounds per square inch
pressure was used. Trees were sprayed to run off, about 15 gallons per
tree of the Anjou variety. (2) A low-pressure high air volume speed
sprayer was used in which 4 to 8 gallons of material was applied per
tree.

4



Laboratory rearing
For some experiments it was necessary to collect field populations

of the two-spotted spider mite and return them to the laboratory for
rearing at various temperatures. The mites were reared on pear leaves
either in petri dishes or in modified Munger cells (24) and then
placed in a controlled atmosphere temperature cabinet (Sherrer-
Gilette, model MG-8).

LIFE HISTORY AND BIONOMICS

Overwintering
The two-spotted spider mite overwinters in an adult stage which

differs both physiologically and morphologically from the adult sum-
mer form. The orange-colored winter form, in which only females are
known, generally makes its appearance in the late summer or early
fall. However, host condition may cause an earlier appearance (1, 4),
as this form has been taken in the Rogue Valley in mid-August. Nor-
mally, however, the winter form is produced in response to tempera-
ture and light factors (1) which prevail in the fall of the year.

For some time following their appearance in the overwintering
stages the mites may be found on the foliage or fruit, but they soon
begin to search for suitable protective sites. Their search takes them to
the base of the tree and into the weeds and orchard litter, where they
remain until the following spring. Under Rogue Valley conditions,
large numbers of two-spotted mites also are found overwintering on
the tree, primarily under bark flakes on the larger limbs.

Chemical control of the orange form is more difficult to achieve
than that of the summer form because the orange form has an in-
creased tolerance to chemicals (1) and is difficult to contact in its pro-
tected overwintering sites. Results from experiments to ascertain the
benefit of either post-harvest or prebloom spray applications are pre-
sented on page 20.

In the late winter the two-spotted mites which overwintered on
the tree and a portion of those in the ground cover move from these
areas and begin feeding. This movement generally coincides with the
swelling and opening of the pear buds. The buds are invaded by the
mites and serve as the initial feeding and ovipositional sites. Within a
short period of time the overwintering form loses its orange colora-
tion and takes on the spotted condition. It is interesting to note that
on several occasions the orange color reappeared if the mites were left
on leaves for a prolonged period, apparently when leaf conditions be-
came unfavorable.
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Following commencement of feeding, the overwintering females
soon begin to lay eggs. Eighty percent of the orange forms, collected
in the field after February 1 and reared at 800 F, began to lay eggs
within five days (Figure 1). Females, so treated, laid an average of
38.6 eggs over an average life span of 23 days (Figure 2). These data
are quite different from those associated with the summer females
(Figure 2) and may be due to basic differences in reproductive capaci-
ties'between the two forms.

The translucent eggs of the overwintering females are laid about
the young fruit and on the undersides of the sepals. On the Anjou
variety, the sepals turn under as the flower parts expand, affording a

80

60

40

20

Days
Preovipositional period

Figure 1. Preoviposition period of overwintering females of T. ur-
ticae collected in pear orchards in early February (Medford, Oregon,
1966).
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Figure 2. Average number of eggs per T. urticae for overwintering

and summer females reared at 80° F.

protective site for the eggs to mature. Under field conditions, three
weeks or longer may pass without eclosion. However, eggs laid by
overwintering females and placed in a temperature cabinet at 801 F
required an average of about seven days before hatching (Figure 3).
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Figure 3. Hatching time for eggs from overwintering T. urticae fe-
males collected in pear orchards and reared at 80° F.

Summer generations

From the hatching of the eggs laid by the overwintering females
in the early spring, the two-spotted spider mite produces several over-
lapping generations. Infestation levels of T. urticae, unless checked
by natural enemies or by pesticides, may increase and spread through-
out the entire tree, at times causing severe defoliation. In addition to
the progeny produced by the population which overwintered on the
tree, the pear foliage may be invaded from sources in the cover crop
and outside the orchard. The economic losses induced by this species
are dependent upon the density present and the time of attack. These
in turn are determined by several environmental and physiological
factors.
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Population levels

A great deal of variation exists concerning the peak numbers of
T. urticae reached on its pear host in any given year. Examples of
seasonal trends are given in Figure 4. Generally, population levels re-
main relatively low through May and early June. About mid-June
population densities begin a sharp upward trend which peaks in Au-
gust. The population trends described below were calculated from data
taken in orchards untreated with acaricides but receiving sprays for
other pests; thus the suppressing effect of natural enemies was absent.

In the spring of 1963, overwintering females were abundant in
the fruit buds. However, as is typical for this species, the early period
of increase was slow and the relative density of mites per leaf was
reduced because of rapid expansion of the foliage. Leaf sampling was
begun on May 28, at which time density of the two-spotted spider mite
was recorded at about three per leaf. This ratio did not change sub-
stantially until June 6, when an upward trend was noted. This increase
continued until August 10, when the peak population of 22 mites per

1963 O-O
1964 0---o

16 22 29 6 13

June July August September

Figure 4. Population trends of T. urticae from Anjou pear orchard
(Medford, Oregon, 1963 and 1964).



leaf was recorded. From this date until sampling was discontinued on
September 4, mite levels decreased.

In the spring of 1964 the number of overwintering two-spotted
mites in the fruit buds was equally abundant as in the preceding year,
and subsequent population levels in early June were also low. On June
2, population densities of one mite per leaf were found. From this
date until early July, populations increased slowly but maintained
somewhat higher levels than found during this period in 1963. From
early June until mid-August a rapid increase occurred, reaching
its peak of 58 mites per leaf on August 10. This represents nearly a
threefold increase compared to the peak levels of 1963. From August
10 until September 14, the density decreased by about 10 mites per
leaf per week.

Relationship of temperature to population levels
Several authors have shown the relationship of temperature to

population growth of the two-spotted spider mite (1, 4, 24). Generally,
these workers have shown that lowered fecundity and increased de-
velopmental times are associated with lowered temperatures. In the
Rogue Valley, summer forms collected in the field and reared at 80° F
(average valley maximum temperature for June) laid an average of
about 100 eggs over a period of 30 days (Figure 2). Under these con-
ditions eclosion time was 1 to 2 days and generation time (egg-adult)
as low as 10 days. While a great number of variables occur under field
conditions, it is probable that much of the difference in population
densities shown in Figure 4 can be attributed to the higher summer
temperatures of 1964 compared to 1963. Analysis of the weather rec-
ords for the two years shows that while 1964 was a near-normal year
as far as maximum temperatures for April through August were con-
cerned, 1963 averages for these months were much below normal
(Table 1). In addition, 1963 maximums exceeded 95° on only
occasions, while in 1964 this level was surpassed 15 times (Figure 5).

Table 1. MEAN MAXIMUM SUMMER TEMPERATURES RECORDED AT SOUTHERN
OREGON EXPERIMENT STATION ORCHARD, MEDFORD

Mean maximum

14-year average
Month (1949-1962)

°F

1963

°F

1964

°F
April ............................................ 67.7 59.0 65.4
May ---------------------------------------------- 73.4 73.5 70.7

June .................. -.......................... 80.3 78.4 78.2

July ................ ...... .------------------------ 90.8 84.2 88.5

August ....- ... ................................ 88.4 87.2 880
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1963 ----.964
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Figure 5. Daily maximum temperatures for a three-month period dur-
ing 1963 and 1964 recorded in pear orchard in Medford, Oregon.

Effect of migration on population level
Population trends of the two-spotted mite may be influenced by

movements of this species into the tree from the cover crop, ground
litter, or sources entirely outside the orchard. Three aspects of two-
spotted spider migration were studied in the Medford station or-
chard during 1964 and 1965. The results appear below.

Time of migration from the orchard floor. In 1964, overwin-
tering females began to move from the ground litter and from the base
of pear trees in late February. This movement extended through
April, though it reached its peak toward the end of March (Table 2).
Migration of the summer form began in June and continued in moder-
ate numbers through August. Overwintering females made their ap-
pearance in late August, and the tendency for upward movement was
reversed. In 1965, the early migration was much less than that of the
previous year, but a larger number of summer forms were trapped
moving up the trees during the summer months (Table 2). In 1965
winter forms again appeared in late August, during which time there
was again a tendency for downward migration.

Effect of migration on population levels in tree. In order to
evaluate the influence of the pattern of migration on the populations



Table 2 TIME OF TWO-SPOTTED MITE MIGRATION TO AND FROM PEAR TREES, SOUTHERN OREGON EXPERIMENT STATION ORCHARD,
MEDFORD, 1964 and 1965

Direction
of

movement

1964'

Feb March April May June July August Sept

2 9 16 23 30 6 13 20 27 4 11 18 1 15 30 10 14 24

No mites per 100 leaves
Upward ...... 69 47 6 22 75 491 14 4 3 2 0 0 0 13 32 192 132 149 184 361 1,026 3,317 2 429

Downward.. 74 71 12 21 30 110 5 3 7 0 0 0 2 0 2 30 34 83 126 643 4,653 8,966 3 367

1965

Direction April August September
of

movement 5 12 19 26 9 23 6 14 22

No mites per 100 leaves
Upward 4 8 2 1 1 1 8 1 134 70 197 332 1363 148 61 30 42

i Overwintering forms occurred in 1964 from February 25 to April 27 summer forms from May 4 to July 14 overwintering forms from August 10
to September 27.

25 14 28 13 27

March May

29 3 17 31

Downward ................................ 1 1 2 1 0 0 2 1 1') 7 40 81 370 95 70 101 01

.c:



present in the trees, several trees were banded with a sticky substance
which prohibited upward movements. Population trends in these trees
were compared to those in trees without barriers. Results indicate that
in 1964 the population levels were about twice as high from July
through August on the unbanded compared with the banded trees. If
the influence of aerial drift is ignored, it can be concluded that about
half of the, eventual two-spotted mite population originated from fe-
males overwintering on the tree and half from migration from the
cover crop or orchard litter (Table 3).

Aerial drift. In addition to migration from the orchard floor,
a second possible mode of tree invasion by the two-spotted mite is
aerial drift onto the foliage. To investigate this possibility, 15 small
pear seedlings were placed on 6-foot platforms just outside the or-

Table 3. POPULATIONS OF THE TWO-SPOTTED SPIDER MITE ON BANDED AND
UNBANDED TREES, SOUTHERN OREGON EXPERIMENT STATION ORCHARD,

MEDFORD, 1964

June 9 July 2 July 16 July 29 Aug 19 Sept. 4

No. mites per leaf
Banded .02 .33 .62 4.99 5 19 25 8
Unbanded ---------------- .10 2 26 1 61 8.62 8.87 314

Table 4. AERIAL DRIFT OF THE TWO-SPOTTED MITE AS MEASURED ON PLATFORM
TREES, 19641

Date Eggs Nymphs Adults

No. mites per 100 leaves
May 23 -------------------.... ....... 1 0 1

May 30 0 0 0
June 6 . 0 0 0
June 13 0 0 0
June 25 2 2 0
July 2 0 0 0
July 10 -------- ------- 0 0 0
July 17 -------------------------------- 0 0 0
July 24 -------------------------------- 16 0 4
July 29 -------------------------------- 15 0 3
August 7 ---------------------------- 2 0 2
August 14 88 2 18
August 21 36 0 18

August 28 ----------------------- 14 0 10

September 4 ------------------- 0 0 0
September 11 ................. 0 0 0

' Trees changed weekly and treated with oil. Mite-free trees used to replace infested trees

13



Results show that in 1964 aerial migration of T. urticac began in
moderate numbers in late July and peaked in mid-August (Table 4).
The effect of this invasion on population levels in the pear tree is not
known, but there can be little doubt that the contribution from this
source is substantial and one of the most difficult to control. The dy-

In the Rogue Valley, spray materials for control of the two-
spotted spider mite are routinely combined during the summer months
with pesticides used for control of the codling moth, Carpocapsa pa-

ticen.ella. L., or the pear psylla, Psylla pyricola Forst. Inclusion of
acaricides in these so-called "cover sprays" is convenient to growers

reef method of pest control should utilize curative rather than prevent-
ative applications; that is, sprays should be applied only when mite
levels approach destructive densities. Before this type of approach may
he actualized, it is necessary to provide data regarding the relationship
of mite infestation to potential crop loss. The following pages deal
with the data collected over a three-year period to ascertain the toler-
able infestation level for 7'. urticac and to investigate the possibility of

ends
I

I

chard in which the migration studies were conducted. Sticky bands
were affixed to the legs of the platforms to prevent upward movements
of the mite from the cover crop. The trees were changed weekly;
after examination, each tree was thoroughly treated with an oil spray.
The mites which appeared on the trees were presumably airborne ;
on several occasions, strands of webbing were found on the limbs.

namics of the factors responsible for aerial drift of the two-spotted
mite are unknown and certainly should be investigated.

CONTROL

Relationship of mite density and time of attack to injury

but is often wasteful and unneeded. The authors believe that the cor-

utilizing curative sprays for control of this pest. A portion of this
work has been previously published (28) but will be summarized here.

Effects of mite densities on the fruit and tree. For a two-
year period (1963-1964), rather than routinely combining acaricides
with the materials for codling moth control, spray materials were
used only when mites reached a certain density. Four levels were
chosen : 5, 10, and 25 mites per leaf plus a completely untreated check.
When mites reached these levels, they were treated with a summer
oil. The effects of these levels on various aspects of tree performance
were evaluated at the end of each season at harvest and the next year.
During the third year of study, 1965, the trees were kept free of mite
infestation in order to measure recovery from the previous year's
attack.

14



Fruit set. Of the tree responses evaluated, fruit set appeared to
be the most highly responsive to injury caused by feeding of T. urticae.
In each of the two years when fruit set was evaluated, an inverse rela-
tionship existed between mite abundance and percent set (Tables 6
and 7). The effect, however, was expressed in the year following mite
feeding.

Fruit size. The only consistent difference in size of Anjou fruit
attributable to injury caused by feeding of T. urticae was that between
the completely untreated plot and the plot that was kept below five
mites per leaf. The difference in fruit size, even though statistically
significant, apparently contributed little to the variation in yield for
the two-year period (Tables 5 and 6) .

Preharvest fruit drop. The data indicate that an increase in pre-
harvest fruit drop followed high mite densities. Under conditions of
moderate mite injury as present in 1963, no significant increase in
fruit drop was noted in the untreated and the treated plots (Table
5). However, in 1964, under conditions of high mite populations, more
than twice the amount of fruit fell prematurely from the untreated
trees than from trees in any of the other plots (Table 6).

Terminal shoot growth. Generally, only enough terminal growth
to serve as future replacement for old unproductive fruit spurs is
required. Thus, even though a noticeable reduction in terminal growth
occurred in both 1963 and 1964, it is doubtful that the reduction was
of economic significance (Tables 5 and 6).

Fruit finish. Under conditions of relatively low mite density
which occurred in 1963, no relationship between mite level and fruit
finish was apparent. However, in 1964, treatment of mite populations
when they reached five per leaf resulted in a significantly greater per-

Table 5 INFLUENCE OF VARIOUS LEVELS OF TWO-SPOTTED SPIDER MITE ON TREE
AND FRUIT CONDITION OF ANJOU PEAR, 1963

Pre- Fruit
Terminal Leaves harvest Yield finish

Treatment shoot per Fruit fruit (40-lb (U.S.
level length fruit size drop lugs) No. 1)

Mites/leaf cm No cm % No %

5 32.1 50.4 al 7 11 a 1.8 154 63

10 27.5 40.6 ab 6.89 ab 2.1 136 67
25 26.8 36.8 be 6 78 h 2.9 13.9 58

Untreated 25.9 26.9 c 6.82 h 3.0 132 77
Significance level N.S 5% 5% N.S N S N S

1 Means which are not followed by the same letters are significantly different. Read
vertically



Table 6. INFLUENCE OF VARIOUS LEVELS OF TWO-SPOTTED SPIDER MITE ON TREE
AND FRUIT CONDITION OF ANJOU PEAR, 1964

Fruit set Pre- Fruit
(fruit Terminal Leaves harvest Yield finish

Treatment /100 shoot per Fruit fruit (40-lb. (U. S.
level clusters) length fruit size drop lugs) No 1)

Mites/leaf No cm No. cm % No %

5 246 a' 30.2 a 53.1 a 6.41 a 2.3 a 168 a 57 a
10 22 0 ab 27 3 ab 52.0 a 629ab 2.4 a 14.9 ab 48 b
25 18 2 ab 26.0 ab 27.0 b 6 22 ab l l a 15.2 ab 49 b

Untreated 13.8 b 24 2 b 29.6 b 6.08 b 6.71) 9.9 b 36 c
Significance

level 5% 5% 5% 5% 5% 5% 5%

' Means which are not followed by the same letters are significantly different. Read verti-
tally.

cent of U.S. number 1's than any of the other treatment levels. Ob-
servations indicated that mite-induced fruit injury in the form of
russeting occurred late in the season just prior to harvest. Thus, aver-
age seasonal mite levels, while of importance to various aspects of
pear tree performance, must also be interpreted on the basis of the
time when the infestation occurs. This aspect is more thoroughly ex-
plored on page 17.

Tree recovery from mite-induced injury. During 1965 all trees on
which the two-spotted mite had been allowed to feed uncontrolled dur-
ing the previous two years were kept nearly mite free with the use of
synthetic acaricides. The purpose of this experiment was to measure
tree recovery (Table 7).

It was apparent that the high degree of control of the two-spotted
mite which was achieved in 1965 resulted in amelioration of most as-

Table 7. 1965 RECOVERY OF ANJOU PEAR FROM Two-SPOTTED MITE FEEDING
DURING 1963 AND 1964

Previous Fruit set Terminal Yield
treatment (fruit/100 shoot Fruit Preharvest (40-lb

level clusters) length size fruit drop lugs)

Mites/leaf No cm cm % No
5 197a' 286 637 2.6a 18.5a

10 184ab 248 637 58ab 181a
25 16.Oah 245 633 48ab 17.8a

Untreated 10 8 b 2).6 6 27 6.6 b 7.5 b
Significance level 5% N.S N.S 5% 1%

I Means which are not followed by the same letters are significantly different Read verti-
cally.



pects of Anjou tree performance. The major exception was the per-
cent fruit set and corresponding yields, which were reduced by nearly
50% in the untreated plot compared to the plot which was treated at
five mites per leaf in 1963 and 1964. As pointed out above, the influ-
ence of the onset of mite feeding is manifested the year following
injury; the reduced set and yield in 1965 was therefore the result of
the 1964 mite population. Measurements of set and yield in 1966
showed recovery of these tree characteristics.

Effect of time of infestation. In the above studies it was found
that several aspects of pear tree performance were influenced by in-
jury by feeding of the two-spotted spider mite. There were indications
that, in addition to the importance of mite density, the time when a
certain density was reached played a role in determining if damage
would occur. It was therefore of interest to investigate the influence
of mite feeding at various times during the growing season on tree
productivity and fruit quality.

Seven time intervals were chosen during which mites were al-
lowed to feed and reproduce unchecked. Preceding or following these
periods, the trees were kept mite free. The various plots and the time
intervals are as follows :

Plot Unchecked period Treated period

1 None March-harvest (Sept.)
2 Aug. 15-harvest March-Aug. 15
3 July 15-harvest March-July 15
4 July 1-harvest March-July 1
5 March-July 1 July 1-harvest
6 March-July 15 July 15-harvest

7 March-Aug. 15 Aug. 15-harvest

Each plot consisted of 11 mature Anjou trees which were sampled
biweekly from mid-March through September. The time of treatment
and the mite densities reached on each plot are given in Table 8, and
the effects of these populations are presented in Tables 9, 10, and 11.

Fruit finish. The results given in'Table 9 indicate that fruit finish
is influenced by late season mite feeding. This tendency is shown most
obviously in plot 7, which received only one acaricide application in
mid-August. Despite the high mite levels that existed in this plot
prior to treatment, the fruit at harvest was rated as having almost as
high a level of U.S. number l's as any other plot. This can be ex-
plained by the tendency of the two-spotted mite to move to the fruit
late in the season and feed on the surface, thus causing an increased
russet. The movement to the fruit is strongly influenced by high mite
densities and possibly by an absence of suitable foliage.
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Table 8 POPULATION TRENDS OF THE Two-SPoTTED SPIDER MITE UNDER VARIOUS ACARICIDE PROGRAMS, SOUTHERN OREGON EX
PERIMENT STATION ORCHARD, MEDFORD, 1965

Rate/ May June July August
100 Date March April

Treatment Plot gals. applied 22' 20 7 21 5 19 11 18

Lbs. No. mites per leaf
Aramite 4 1i 3/24
Morocide 4/30 4.03 0.01 0 05 0 02 0.05 0.24 2.31 5.82 20.88 15.12 32.79 34.85

Aramite 3 1 3/24
Morocide 4/30 5.44 0.01 0 02 0 07 0.03 0.06 0.76 2.18 5.09 5.86 25.82 40.15

Morocide 1 6/8

Aramite 2 11 3/29
Morocide 1 4/30

6/8 1.51 0.00 0 08 0 02 0 03 0 32 0 37 0 16 1 03 2 07 4 70 5 86Morocide 1

Morocide ? 7/13

Aramite 1 11 3/24
Morocide a 4/30

6/8 2.35 0.03 004 0 36 015 0 06 0 35 0 47 1 03 0 37 1 08 0 61Morocide 1

Morocide 1 7/13
Kelthane 2 8/4

Morocide 5 # 7/13
Kelthane 2 8/4 2.40 0.07 0 35 1.54 1044 9 62 36 85 0 32 0 77 046 1.14 0 58

Morocide 6 1 7/13
Kelthane 2 8/4 3.29 0.04 0 43 0.90 4 14 625 26 35 0 34 1 09 0 29 0.51 0 87

Kelthane 7 2 8/12 3.76 0.06 0 42 0.75 3 18 4 74 2726 1921 2828 11 10 9.74 143

i Mites per fruit bud



able 9. EFFECT OF TIME OF FEEDING OF THE TWO-SPOTTED MITE ON ANJOU
FRUIT FINISH

Fruit finish
Plot Time kept mite free (U.S. No. 1)

4 March-July 1 46 bc'
3 March-July 15 44 c
2 March-August 15 50 abc
1 March-harvest (September) 53 ab
5 July-harvest 54 ab
7 August 15-harvest 53 ab
6 July 15-harvest 59 a

Significance level 1%

T

3 Means which are not followed by the same letters are significantly different.

Table 10. EFFECT OF TIME OF FEEDING OF THE TWO-SPOTTED MITE ON ANJOU
FRUIT SIZE

Plot
Packout size'

Time kept mite free (fruit per carton)

No.
1 March-harvest (September) 131.7 c2

2 March-August 15 136.7 be

3 March-July 15 134.8 be

4 March-July 1 142.7 ab

5 July 1-harvest 141.4 ab

6 July 15-harvest 142.8 ab

7 August 15-harvest 148.4 a
Significance level ................. 1%

1 Large numbers indicate smaller average diameter of fruit.
2 Means which are not followed by the same letters are significantly different

Table 11. EFFECT OF TIME OF FEEDING OF THE Two-SPOTTED MITE ON FRUIT
SET AND YIELD OF ANJOU PEAR

Plot Time kept mite free (1965) Fruit set 1966
1966 yield

(40-lb. lugs)

170 No
9 March-August 15 23.8 ab' 18.6 a

1 March-harvest (September) 23 7 ab 18 5 ab

3 March-July 15 22 1 ab 16.0 ab

5 July-harvest 25.3 a 16.0 ab

6 July 15-harvest 21.5 be 15.3 abc

4 March-July 1 18.7 c 13.6 be

7 August 15-harvest 18 4 c 11.5 c

Significance level ---------------- 5% 5%

1 Means which are not followed by the same letters are significantly different Read verti



Fruit size. Whereas fruit finish appeared to be related to late sea-
son feeding, the converse was indicated for the effect of mite injury
on fruit size. Referring to Table 10, the largest average size fruit was
found in plots which supported low mite densities through July 15
(plots 1, 2, and 3).

Fruit set and yield. Because fruit set is influenced the year fol-
lowing injury, measurements of this characteristic and its effect on
yield was made in 1966. In the analysis of the data no correlation
could be found between a particular time of mite abundance and fruit
set or yield. Rather, it appeared that plots which supported the-greatest
number of mites were the plots where the set, and therefore the yield,
was the lowest.

Utilization of curative treatments. The data gathered con-
cerning the effects of T. urticae densities and time of infestation on
pear tree performance emphasized the adverse effects of uncontrolled
population levels on the Anjou variety. However, the data also indi-
cated a certain tolerance for moderate infestation levels. In 1966 itwas
decided to measure the benefit of a curative spray program for two-
spotted mite control based on tolerating what were thought to be sub-
economic populations and applying acaricides only when damaging
levels developed. For this work, three acres of mature Anjou trees
were divided into three plots. Plot 1 received the normal preventative
treatment ; plot 2, a curative treatment when mites reached an average
of 5 per leaf; plot 3, a curative treatment at 15 mites per leaf. At har-
vest time the cost of the various treatments and the quality and quan-
tity of fruit was compared. The results show that plot 3 required only
one application to hold mite levels below 15 per leaf ; plot 2 needed two
applications, while plot 1 received four sprays (Table 12). The com-
parative fruit qualities (Table 13) indicate no reduction in fruit size
for either of the curative plots. Interestingly, the quality of the fruit,
based on fruit finish, was inversely related to the number of acaricide
applications.

While the curative approach to pest control seems to offer a great
deal of benefit, tolerable mite levels will vary among different varieties
of pears and in different areas.

Chemical control
Prebloom and post-harvest timings. Foliar application of

acaricides has traditionally been accepted as the proper timing for
control of the two-spotted spider mite. However, if prebloom or post-
harvest applications could be shown to result in economic control,
these timings would have certain advantages over foliar treatment.
The principal advantages would include the use of compounds not
registered or too phytotoxic to fruit or foliage to allow their use dur-



Table 12. POPULATION TRENDS OF THE TWVO-SPOTTED MITE UNDER CURATIVE AND PREVENTATIVE SPRAY PROGRAMS, SOUTHERN ORE-
GON EXPERIMENT STATION ORCHARD, MEDFORD, 1966

Morocide 50 W.P.,
(4 lbs./A) plus
Kelthane 18.5 W.P
(12 1 bs./A )

Morocide 50 W.Y.,
(4 lbs./A) plus
Kelthane 18.5 W.P
(12Ihs./A)

Morocide 50 W.P.,
(4 lbs./A)

Program' Materials
Dates
treated 5/10 6/1 6/14 6/20 6/27 7/6 7/11 7/18 7/25 8/1 8/8 8/15 8/22

Preventative
No. mites per leaf

5/10, 6/10
0 88 0 12 0 24 0 00 0 08 0.04 0.40 0.00 000 0 00 0 00 020 0 16

7/10, 8/17

Curative
(Treated at 5/25
5 mites 3.26 0 24 0.00 0 16 0.08 0.64 0 00 0 16 0 04 0.28 1.44 4.76 1 92
per leaf) 8/17

Curative
(Treated at 6/8 5.40 15 28 0.32 0 00 0.88 0.28 0 28 2 88 0 40 0.64 1.20 3.56 5 68
10 mites
per leaf )

I One acre, nonreplicated plots Anjou variety



Table 13. RELATIVE FRUIT SIZE AND FINISH FROM PREVENTATIVE AND CURATIVE
SPRAY PROGRAMS FOR CONTROL OF THE TWO-SPOTTED MITE, MEDFORD, 1966

Program
Average fruit size

(Fruit carton)
Fruit finish

(U.S. No. 1)

No. %
Preventative .................................. 162 56.8 c'
Curative
(5 mites per leaf) .... 157 66.8 b
Curative
(15 mites per leaf ) ........................ 151 74.2 a
Significance level ......................._- N.S. 5%

1 Means which are not followed by the same letters are significantly different.

ing the summer period. In addition, during late fall after harvest and
at prebloom T urticae is found only in the mature stage, thus the ma-
terial need only be effective against this stage.

Experiments were conducted during 1963, 1964, and 1965 to as-
certain the efficiency of prebloom and post-harvest applications in
control of the two-spotted spider mite on the Anjou pear. Data are
presented below.

The first trial conducted during 1963 was made to evaluate the
difference in control obtained with a delayed dormant oil application
and a pre-pink bud timing. The results indicate the later or pre-pink
application to be somewhat better (Table 14). Though certain con-

Table 14 EFFECT OF OIL TREATMENTS ON REDUCTION IN POPULATION OF THE
TWO-SPOTTED MITE, MEDFORD, OREGON, 1963

Infested buds at petal fall'

Oil and rate Delayed dormant Pre-pink
per 100 gals. water application application

Humble oil (60 vis.)
1 gal- ----------------------------------------------- 27 20

Pennsalt (70 vis.)
1 gal- ..................... --------------------- 25 24

Niagara quick mix (127 vis.)
1 gal ----------------------------- 24 15

Volck supreme (140 vis.)
1 gal ------------------------- 25 13

Canad. dormant (240 vis.)
1 gal. .................................... 28 19

Shell carnea. (530 vis.)
1 gal 31 19

Check 31 40

1 Delayed dormant application, March 8; pre-pink application, March 22. Evaluated April
18 (petal fall). Seven 2-tree replicates arranged in randomized block design, Anjou variety.



clusions may be reached regarding timing, none of the oils tested
resulted in substantial or economic reduction of the overwintering
population of the two-spotted mite.

The second test in 1963 was made to evaluate various materials
applied at the delayed dormant stage and compare the mite population
in three sprayed trees with the population in unsprayed trees in early
June. Results (Table 15) show that while substantial decrease was ob-
tained in the number of progeny from the overwintering form by
May 31, no difference existed in mite density between treated and un-
treated trees.

Table 15. PREBLOOM CONTROL OF THE TWO-SPOTTED MITE ON PEAR IN MEDFORD
OREGON, 1964

aterial
Rate per
100 gals.

Over-
wintering

adults
(March 21')

No /bud

Eggs
(April 18)

No./bud

Mites
(May 31)

No /leaf
Aramite 15% W P. 2 lbs- -------------- 23 9 67 1.6

Ethion 8.0 E C
plus

0.25 pt.

Volck supreme oiL

Karathane 22.5%

1.0 gal------_--- 19.9 5 3 19

W.P . ...............

Morocide 50%

0 75 lb .......... 260 24.8 48

W.P. ................ 0.50 lb ---------- 29.1 18 5 1.3

Trithion 25% W.P.
plus

1.0 lb

Volck supreme oil .. 1.0 gal- ---------- 16 3 4.7 2.0

Volck supreme oil .. 1.0 gal .-----.... 303 12.5 1.4

Check ----- ----------------- ----- ----------...... ... 24.6 28.9 17

' Treated March 22 at pre-pink stage of development. three single-tree replicates, ran
domized; Anjou variety.

The first experiment in 1964 was established to evaluate control
obtained with delayed dormant compared to a post-harvest applica-
tion. The results (Table 16) indicate little difference between either
timings with Morestan, a material with quite long residual action.
However, for the lime sulfur and oil combination, which relies
primarily on immediate control for its effect, best control was ob-
tained with the post-harvest application. When Morestan was applied
to the same trees at both post-harvest and delayed dormant stages, the
effect appeared to be cumulative, whereas with both timings of lime



sulfur plus oil the control was apparently obtained just from the post-
harvest application.

As pointed out previously, approximately one-half of the summer
population of T. urticae on pear results from progeny produced by
mites which overwintered on the tree rather than mites which moved
up from ground litter. It was reasoned that if this source of infec-
tion could be prevented from remaining in the tree, acaricidal treat-
ment could be delayed until mid-June. The second test in 1964 evalu-

Table 16. COMPARISON OF PREBLOOM AND POST-HARVEST APPLICATION FOR
CONTROL OF THE TWO-SPOTTED MITE,, MEDFORD, OREGON, 1963 AND 1964

Material and
Two-spotted mites

rate per 100 Time of Sept. 18, Sept. 24, April 1, May 21,
gals water' applic.' 1963 1963 1964 1964

No /leaf No./leaf No /bud No./leaf
Lime sulfur

3 gals.
plus

Volck supreme
1 gal .................... P H 17.5 1.7 6.3 0.68

Lime sulfur
3 gals.

plus
Volck supreme

1 gal ------------------- D.D 19.1 22.5 30.5 1.40

Lime sulfur
3 gals.

plus
Volck supreme

1 gal. P.H. & D.D. - 25.2 4.3 7.5 0.54

Morestan 25% W.P.
1lb ............................. P.H. ............... 17.0 0.4 2.6 0.40

Morestan 25% W.P.
1 lb . ------- ................. ---- D.D. ................ 169 16.9 2.4 0.38

Morestan 25% W.P.
1 lb . ............................ P.H & D D. -- 24.1 0.5 0:6 0.14

Aramite 15% W.P.
1.5 lbs ......................... P.H. ................ 18.5 2.5 4.8 114

Volck supreme
1 gal ................... P.H. 23.5 43 8.1 1.50

Check ---- ---......... .......... ---------------------------- 22.4 20.9 22.8 1.62

1 Four single-tree replicates, randomized block design, Anjou.
' P H = Post-harvest application applied September 19, 1963; D D = Delayed dor-

mant application applied March 17, 1964
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ated the effect of premature defoliation induced by chemical treat-
ment on the following year's mite population. A widely used cotton
defoliant, DEF, was applied at two rates shortly after harvest. The
results (Table 17) indicate excellent control when compared to the
untreated check. The control obtained is thought to have been due
to chemical defoliation, but the fact that DEF is an organophosphate
material may also have had some contact effect.

The most promising materials and timings found in the 1963-
1964 tests were compared in 1965. The results are given in Table 18.
When evaluation was continued through early July, Morestan applied
either prebloom or post-harvest was not considered to have given
economic control. DEF applied at 1 pint per 100 gallons of water gave
excellent control, better than at 1 quart per 100 gallons.

Table 17. EFFECT OF POST-HARVEST TREATMENTS (1963) ON POPULATION OF
Two-SPOTTED SPIDER MITE IN 1964, MEDFORD, OREGON

Material

Over-
Two-spoiled wintering

Rate per mites adults Eggs
100 gals. (September (April 3, (April 29,
water' 16, 1963) 1964) 1964)

No /leaf No /bud No /cluster
DEF 60 E.C.------- ----- 1 gal 85 05 0.7
DEF 6.0 E.C .....------- 5 gal 92 03 03
DEF 60 E.C 5 gal

plus
Morestan 25% W.P. _ 1 lb 28 0.4 04
Morestan 25% W P .. 1 lb 19 6 19 0.4
Check ----------------------------- 96 10 1 41.2

' Treated September 17, 1963; two single-tree replicates; Anjou variety

Table 18. EFFECT OF PREBLOOM AND POST-HARVEST APPLICATIONS ON CONTROL
OF TWO-SPOTTED MITE, MEDFORD, OREGON, 1964-1965

Rate/ Date of
Two-spotted mites

Material 100 gals. application 9/24/64 7/9/65

No /leaf No /leaf No /leaf
Shell 9129 ................ 1 pt. 9/25/64 246.0 0 56 20 6
Aramite 15 W P. 1.5 lbs. 9/25/64 251 9 0.12 18.4
Morestan 25 W P... 1 lb. 9/25/64 243 8 0.08 10.0
DEF 6 0 E.C. _...... 1 pt 9/25/64 2052 0.00 0.8
DEF 6 0 E.C......... 1 qt. 9/25/64 201 9 0 00 54
Morestan 25 W.P.__ 1 lb. 3/22/65 245 4 0 08 9 1
Milbex 50 W.P..... 1 lb. 3/22/65 334.4 0 08 12.7
Untreated ................ ........... -------------- 275 8 1.52 18 0

25



The 1946 report (13) of Dr. Gentner's refers to the first experi-
mental screening of materials for two-spotted mite control. Most of
the compounds tested were chlorinated hydrocarbons, which generally
gave poor control; the dinitro DN111. which gave good control; and
hexaethyl tetraphosphate (HETP), the first record of organophos-
phate usage. This last material was only moderately effective because

The control obtained with either prebloom or post-harvest applica-
tions varied with materials tested, but was generally not economically
acceptable. The experiment using chemically induced premature leaf
drop gave promising results, but further study is needed concerning
effects on tree productivity.

Summer control. The two-spotted spider mite is rarely men-
tioned in Southern Oregon Experiment Station reports dealing with
entomological research from 1930 to 1944. In 1937 specimens of
phytophagous mites collected from pear were sent by Dr. L. G. Gent-
ner (entomologist at the Southern Oregon station from 1930 to 1962)
to E. A. McGregor (then with the U. S. Bureau of Entomology and
Plant Quarantine, Whittier, California) for determination. The mites
from pear were identified as Tetranychus bimaculatus Harvey = (T.
urticae) and T. willamettei Mc G (later identified by A. E. Pritchard
of the University of California as Eotetranychus carpini Oudemans).
In 1937 no mention of economic outbreaks was made, and it is as-
sumed that the spider mite had not then reached pest status. The rea-
sons for its subeconomic rating could either be due to the presence of
adequate biological control agents or to chemical suppression by pesti-
cides applied for codling moth, including oil. A third alternative would
suggest that T. urticae was a sporadic pest of pear but was largely ig-
nored by growers because of preoccupation with control of the codling
moth or because of the lack of materials available.

The first use of DDT was made in experimental plots in the
Rogue Valley in 1944. Dr. Gentner mentions in his report (12) that
"Apparently this material (DDT) has no effect in controlling spider
mite. A heavy infestation of two-spotted and Willamette mites devel-
oped on the Bartlett trees with considerable foliage injury in evidence
at the time of application of the fifth cover (codling moth) spray
(August 17)."

In this same report Dr. Gentner records what appears to be the
first use of a specific acaricide on pear in southern Oregon. Referring
to the above mite-injured trees, he states: "A spray of I lb of
DN111 . . . applied the day after the fifth cover spray completely
controlled the mites . . .."

of its short residual activity.
From 1946 through 1962 the principal efforts of the entomologist

in the Rogue Valley were devoted to studies dealing with control of
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spider mites, principally T. urticae The list of materials examined is
exceedingly long and for purposes of this bulletin will be limited to
various materials tested which were found to be effective and widely
used by growers.

These materials are listed in Table 19, giving the years usage
began and ended, with the principal cause for discontinuance. During
a period which began in 1946 and continued until 1954, the organo-
phosphates held a prominent place in the control of the two-spotted
mite. In 1952 the phosphate materials showed signs of weakening;
parathion used at the rate of 1.5 pounds per 100 gallons of water was
only partially effective, whereas in 1946, 0.5 pound of this material
gave outstanding control. EPN was also a widely used phosphate acar-
icide during this 8-year period, but since development of resistance to
these compounds (about 1954) it has had little use.

Table 19. EARLY SYNTHETIC ACARICIDES USED IN THE ROGUE VALLEY FOR Two-
SPOTTED MITE CONTROL

Material Year first used
Year

discontinued
Reason

discontinued

DN111 .................................. 1944 1946 Phytotoxic
EPN _ 1946 1954 Resistance
TEPP ---------------------------------- 1947 Still in use
Aramite . ___.._______________--- __ 1947 1960 Loss of foliar

registration
Parathion -------------------------- 1948 1953 Resistance
Ovotran ............................ 1949 1955 Resistance
Chlorobenzilate .............. 1952 Still in use
Kelthane ........................... 1955 Still in use
Tedion 1956 1962 Resistance
Trithion 1955 Still in use

Only one phosphate acaricide (TEPP) is still widely used by
growers, and it is presently applied as a supplemental spray appli-
cation.

Another group of chemicals used for two-spotted mite control
was the chlorinated hydrocarbons, of which Aramite was one of the
first (1948) and best. Many of these compounds are still used in the
Rogue Valley, but again because of resistance by the mites they are
being replaced in most orchards by other compounds.

Table 20 shows the results obtained during 1963, 1964, and 1%5
with summer applications of insecticides for the control of the two-
spotted spider mite. The materials are placed according to their chemical
group and rated for control as good (G), fair (F), or poor (P). Good
control indicates economic control in excess of four weeks; fair, three
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Table 20. ACARICIDES TESTED FOR CONTROL OF THE l'WO-' )POTTED MITE IN THE
ROGUE VALLEY, 1962-1965

Ratin 2g

Group' and material Rate/100 gals. 1963 1964 1965

Chlorinated aryl hydrocarbons
Pentac (HRS-16) 50% W.P 2 lbs. G-3
HRS 1654B 50% W.P. 2 lbs. G-3
HRS 1635 50% W.P. 2 lbs. P-2

Dipenyl aliphatics
Dicofol (Kelthane) 18.5% W.P. 2 lbs. G-3 G-3 G-1

G-3 G-1
G-1
G-1

Chloropropylate 25% W P. 1 lb. G-2
G-3

Nitrophenols and derivatives
Binopacryl (Morocide) 50% W.P. 0.5 lb. G-3 G-2 G-2

G-3 G-1 G-1
G-1 G-1

G-1
Aliphatic derivatives of phosphorus compounds

Azodrin (SD9129) 25% W.P. 1.0 lb. G-3
0.5 lb. G-2
0 25 lb. P-1

Oxydemetonmethyl (Meta-Systox-R)
2 lbs./gal. E C. 10 pt. G-3

Ethion 25% W.P. 1.0 lb. F-3 P-3

Aryl derivatives of phosphorus compounds
Carbophenothion (Trithion) 25% W.P. 1.5 lbs. G-3 G-2 F-2

G-2 G-3

R-P-11974 30% W.P. 1.5 lbs. F-3

Sulfonates, sulfides, sulfites
Tetradifon (Tedion) 25% W.P. 10lb P-3 P-2

P-3
Tetrasul (Animert) 20% W.P. 1.5 lbs. P-3
Omite (DO14) 25% W.P. 1.0 lb. G-2
C980 85% E.C. 4.0 oz. F-2
Micasin 25% W.P. 1.0 lb P-3
Milbex 25% W.P 1.0 lb. G-2
CPAS 20% W.P. 1.0 lb. F-1

Carbamates
Mesurol (Bay. 37344) 50% W P. 2.0 lbs. G-3

G-1
Banol 75% W.P. 2 0 lbs. P-3
Mc-A-600 50% W.P. 2.0 lbs P-1

Miscellaneous compounds
Morestan (Bay. 36205) 25% W P. 0.5 lb. G-3 G-2 G-1

G-2
0.25 lb. G-3

2 See text for explanation of rating.
r Chemical groupings from Kenaga, 1966 (16)
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to four weeks; and poor, less than three weeks. However, a material
may give four weeks' control when applied against low levels of popu-
lation, while it may only give two weeks' control when populations are
high. Thus, in addition to the good, fair, and poor ratings the pre-
treatment population level will be indicated by the numerals 1, 2, and 3.
The 1 will stand for mite levels before application in excess of 10
mites per leaf; 2 = between 5 and 10 mites per leaf; 3 = below 5
mites per leaf prior to treatment (Table 20). For example, Bayer
37344 (in the carbamate group) was rated G-1 in 1963. This means that
initial application of the compound gave economic control in excess of
four weeks against population levels in excess of 10 mites per leaf.

Biological and integrated control
Thus far in our discussion of the two-spotted spider mite, we

have been principally concerned with investigation of the chemical
suppression of populations. However, the present pest status of T
urticae began to develop about the time synthetic pesticides appeared
following World War II. Many fruit tree entomologists have shown
the adverse effects on natural enemies of mites caused by applications
of materials for other orchard pests and diseases (6, 7, 8, 9, 11, 17,
19, 23, 25, 27) and have experimented with methods to avoid this sit-
uation. These methods and the underlying philosophy involved in
achieving biological control of some pests while still using chemicals
for control of others have been referred to as integrated control. This
section, then, is devoted to exploring the potential for biological and
integrated control of the two-spotted mite in Rogue Valley pear
orchards.

Biological control. Several predators have been reported as
preying on tetranychid mites, including representatives from the fol-
lowing insect families : Thysanoptera, Anthocoridae, Lygaeidae, Cap-
sidae, Reduviidae, Chrysopidae, Itonididae, Syrphidae, and Coccinell-
idae (2). Several species belonging to these families have been found
in low to moderate numbers on pear trees in the Rogue Valley, pre-
sumably feeding on the two-spotted spicier mite.

Another group of predators, those belonging to the mite family
Phytoseiidae, have been shown to play an important role in the natural
control of spider mites in deciduous fruit orchards in several sections
of North America (3, 5, 17, 25). In southern 'Oregon one species,
Typhlodromus occidentalis, of Phytoseiidae has been found feeding on
T. urticae; in 1964, studies were initiated to evaluate the degree of
two-spotted mite control which could be obtained with this predator.

Utilizing a half-acre block of Bartlett pear trees, population
trends for both T urticae and T. occidentalis were followed for a
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Figure 6. Population trends of the two-spotted spider mite, T. urticae,
and the predaceous mite, Typhlodromus occidentalis, for a three-year
period, 1964-1966, based on data collected in a Bartlett pear orchard in
Medford, Oregon.

three-year period, 1964-1966. During this time, summer sprays for
pest control were omitted from this section of the orchard.

The results (Figure 6) show that, in 1964, population levels of
the two-spotted mite reached a maximum density of 17 per leaf in
early August, while in 1965 they peaked at about 2 per leaf in July.
The maximum level reached by the two-spotted mite in 1966 was 2.5
mites per leaf.

During the study period, the predator population generally
lagged behind that of its host and in 1964 peaked at about 1.5 per leaf
in mid-September. In 1965 and 1966, predators were scarce in the
samples collected, probably because of the low numbers of T. urticae

Based on the correlations of population trends between predator
and prey oscillations and upon observations in other chemically un-
treated orchards, it appears that the predaceous mite, T. occidentalis,
has the searching and reproductive capacities necessary to maintain
relatively low levels of T. urticae.

Integrated control. Although there appears to be an excellent
potential for biological control of the two-spotted mite, the realization
of this depends upon either the total elimination of summer sprays
for other pests or modification of these sprays to promote survival of
the predaceous species. The first of these alternatives is impossible at
the present time, as fruit from untreated orchards is, for the most
part, unmarketable due primarily to codling moth injury. The second
alternative would appear more feasible and would include modifica-
tions in suggested materials, in dosages, or in timing of applications
for control of insect pests during the summer months.



Experiments of this nature have been under way in southern
Oregon pear orchards since 1964, but at present the results are too
tentative for discussion here. It is hoped, however, that biological con-
trol of the two-spotted spider mite will be actualized in the near future.
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