Cleopatra mandarin, and Ichang lemon
were among the ten best. One of the five
lemons on King mandarin had gummosis.
When the volumes of foliage canopies
were measured in July, 1964, 73 of the
100 Lisbon lemon check trees on Bessie
sweet orange rootstocks had contracted
Phytophthare gummosis on the stock, and
the number of infected stock checks had
increased to 84 by October, 1961, The
number of Valencia orange check trees
on Bessie sweet orange rootstocks that
were visibly infected with gummosis on
the stock remained at 47 of the 100
during that period. Past research has
shown the influence of the two species of
tops on susceptibility of the sweet orange
rootstock to Phytophthora gummosis.
Table 4 shows results for the trees on
the triangular plots with only four repli-
cates, Three trifoliate varieties, Nasnaran
and Ichang lemon showed no gummosis
infection. Under the lemon scion, one of
the four trees on Rangpur lime had
gummosis; this stock under the Valencia
orange showed no disease symptoms.
Here again, the lemon top made the sweet
orange rootstock more susceptible to Phy-

TABLE 4. RESISTANCE OF CITRUS ROOTSTOCKS TO PHYTOPHTHORA AS
MEASURED BY TRUNK CIRCUMFERENCES IN THE TRIANGULAR PLOTS
{Oct, 1963 to Oct. 1964}

Average increase Ordur
Mumber MNumber in circumfarence of "3"
N of scion
Number MName of with . rootstock scion growth
trees  gummosis 2 helow &' above o _
bud union  bud union greatest)*
¥alencia orongs scions an the following roostocks:
Millimatars
0 Buassle swt. orenge 24 4 36.0 3.6
21 Nasnarant 4 Q 44.5 43.0 3
22 Rangpur lime 4 a 5.0 352 5
23 Ichang lemon #¥1 4 0 45.8 38.0 4
24 New Mexican trifeliote 4 Q 0.5 44.9 1
25  English trifoliate 4 0 5.8 44.0 2
26 Argentine trifoliale 4 o &0.0 44.8 1
Lisbon lamen scions on the following rootstocks:
0 Bessie swi. oronge 24 12 499 469
21 Nosnarant £ a &0.8 415 3
22 Rongpur lime 4 1 419 308
23 lchong lemon T 4 a 70.5 80,2 5
24  New Mexicon trifoliote 4 0 77 §1.0 4
25  English trifoliate 4 0 79.0 &43.0 2
26  Argentine trifoliote 4 0 784 442 1

* Those varieties having gummaosis of trunk were not included in the rating.

t Nasnaran is Citrys amblicarpa,

taphthora gummosis than did the sweet
orange top (12 of the former and four of
the laiter were infected) .

L. J. Klotz ts Plant Pathologist and
Professor of Plant Pathology Emeritus;
W. P. Bitters is Professor and Horticul-

turist; and T. A. DeWolfe is Specialist,
University of California Citrus Research
Center and Agricultural Experiment Sta.
tion, Riverside. Layowt of plantings was
by M. J. Carber. Po-Ping Wong assisted
by budding the rootstocks.

Biological Control of Olive Scale

C. E. KENNETT -

For nearly thirty years, olive scale, Parla-
toria oleae {Colvée), has been the most
impartant insect pest of olives in Califor-
nia. Prior to the introduction of the Persian
wasp, Aphytis maculicornis {Masi), in
1952, olive scale was also a most serious
pest on deciduous fruits and many species
of ernomentals in the Central Valley area.
Since then, establishment of the Persian
wasp, as well as one other parasite, Coc-
cophagoides sp., hos drastically reduced
the severity and frequency of scale infes-
tations in California, as reported in this
study.

OLIVE sCALE has two generations dur-
ing the year in California. Young
scales of the spring generation are pro-
duced by overwintered females of the fall

generation. The eggs hatch, and the
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C. B. HUFFAKER -

young crawlers settle on the twigs and
leaves during May, The male scales de-
velop and emerge as adults during July,
when they fertilize the fernale scales. The
females become fully mature in late July,
and egps are produced during August
and September.

The crawlers of the fall generation
hatch and settle on the twigs, leaves, and
fruits of olive trees during August and
September, causing areas of discoloration
(premature ripening) and sometimes dis-
tortion, These scale-marked fruits are
culled by the olive processor. The male
scales develop and emerge as adults dur-
ing October and November, at which
time they fertilize the immature female
scales. The females of this generation
overwinter in the immature third instar
and maiure in late April.

During the period of colonization and
widespread establishment of the Persian
Aphytis, many studies were conducted in
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K. W. OPITZ

olive groves to determine the effect of this
parasitic wasp on densities of olive scale.
Because most of the commercial acreage
of olives in California is annually treated
with parathion to control olive scale, the
studies were often limited to small un-
treated blocks of not more than one to
four acres. However, a few growers ini.
tiated biological control throughout en-
tire groves with Aphytis.

The success of Aphytis in maintaining
adequately low and commercially accept-
able levels of olive scale was excellent in
certain groves each year. In other groves,
the level of scale-marked fruits was often
too high. (A commercially acceptable
level of fruit marking is 2 to 5%.)

The Aphytis wasp is an external para-
site of olive scale. The female wasp de-
posits its eggs, one per scale host, on the
scale body beneath the scale covering or
“armor.”” Upon hatching from the egg
the Aphytis larva fceds externally on the
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scale hody, and the entire contents are
consumed.

Peak reproduction by Aphytis in these
tests nccurred on the overwintered female
scales during April and May. When the
hot, dry weather of late spring and early
summer becomes a daily occurrence, the
adult wasps produced during the peak
activity earlier, may be nearly annihi-
lated. Absence of cuitable scale stages
for deposition ol Aphytis eggs also con-
tributes to the marked reduction in num-
bers of wasps, As the extreme conditions
(95% to 115° F. daily maxima} become
less frequent in late summer and the hu-
midity increases {August and Septem-
ber), the parasite survives and reproduces
more success{ully. Increases in parasit-
ized scales oceur during the fall months,
with levels sometimes rveaching 20 to
25% . During midwinter there is little or
no adult Aphytis activity. As warmer
spring weather approaches, aduits re-
sume emergence, and reproduction peaks
again by late April.

If unusually hot, dry conditions prevail
in a given year, the decimation of the
wasps during the summer may be severe
enough to prevent their resurgence in
adequate mumbers hy the {ollowing
spring. Without an adequate parasite re-
surgence, scale densities are not reduced
to the level necessary to assure a high
degree of clean fruits in the fall. Con-
versely, a relatively mild summer allows
the wasp to survive in relatively high
numbers (2 to 5% parasitization on
spring generation female scales in Juiy
and August), and 90 1o 9897 parasitiza-
tion may be attained by the following
spring {late April}. Except in groves
with very high scale densities, this de-
gree of parasitization was usually suffi-
cient to assure a very high percentage of
clean fruits in the subsequent fall,

While Aphytis was found capable of
maintaining olive scale at satisfactorily
Tow levels in most olive groves during
favorable years, its inconsistént perform-
ance in some groves, during certain years,
made its adoptien unlikely as a control
for olive scale on an industry-wide hasis.
Additional natural enemies had to be in-
treduced before hiological contro] of olive
scale could become a widely accepted
practicable method of control.

New parasites

With this in mind, two additional spe-
cies of parasitic wasps were obtained
from Pzkistan in 1957. These parasites,
Coccophagoides sp. and Anthemus sp.
were initially reared and colonized in

California in 1957 and 1958. By early

TABLE ). PERCENTAGE OF SCALE-MARKED {CULL) OLIVES 'N BICLOGICAL CONTROL GROVES IN WHICH
COCCOPHAGOIDES SP. WERE COLONIZED IN 1957 AND 1958

. Inter- doth Aphytus and

Yaor Aphytis ul.uno dict c h ids full

Grove Corcaphagoides fully established ”-‘r.:u;zs' Dcw::t:bg;?slh:; w

lamni
colanized 1955 1956 TP57 1958 1059 1560 1941 1962 1953 1944
Per cant

Herndon [Duncan) 1957 1E 24 4.4 274 7.4 0.4 0.5 Q.0 0.0 6.0
Madera (Oberti} 1958 222 802 44 1.0 0.5 0.4 0.4 0.3

1901, Coccophagoides sp. was well estab-
lished at two of the six colonization sites.
After carly indications of establishment
in 1958 and 1959, Anthemus sp. had dis-
appeared by 1961.

In the two groves where Coccopha-
goides became well established, the de-
gree of control by this species and
Aphytis, acting together, has been excel-
fent each vear since 1960 (see table 1).
The average level of fruit marking has
heen 1% or less since 1960 for both
groves.

Coccophagoides, an internal parasite
of olive scale, is well synchronized in its
development with that of the scale. The
female wasp deposits one egg per host
within the body of the scale. Upon hatch-
ing, the young parasite larva feeds on the
body fluids of the scale, Coccophagoides
has one generation on each of the tweo
scale generations each year. This wasp,
unlike Aphytis, successfully attacks scales
of both generations, although it never
approaches the level of parasitization
which Aphytis is capable of reaching
during the spring. Coccophagoides is not
as vulnerable to hot summer weather be-
cause of its close developmental synchro-
nization with the life cycle of the scale
itself.

During the summer peried, the bulk of
the Coccophagoides population occurs as
immature stages within the host scales,
and the population does not cmerge as
surceptible adult wasps until late summer
when the weather extremes have lessened.
Parasitization by Coccophagoldes usually
reaches 30 to 40% (occasionally 50 to
607} on the female scales of each gen-
eration. When this degree of kill is added
to that accomplished by Aphytis during
the fall and early spring and by other
miscellaneous natural agencies, the effect
on scale densities is most dramatic within
one or two years after Coccophagoides
has become established in a grove.

Insectary production of Cocophagoides
was resumed in 1961 on a much larger
basis than was attempted in 1957 and
1958. During 1962 and 1963 over four
million adult wasps were colonized in 24
counties. Since the colonization and es-
tablishment of this species during the past
two years, the total olive acreage utilizing
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TABLE 2. PERCENTAGE OF SCALE-MARKED OLIVE
FRUITS (CULLS} IN OLIVE GROVES UNDER
BIOLOGICAL CONTROL IM 1964

Per Yaars Yeor
cent under  Coccopha.

Grova Date of scale- bia- goidpes

sampling murked  logical firgt

fruits control  colenized

Clavis Oct. 5, 1964 21 7 1962
Hitls Valley ” 6.0 B 1963
Greer Qct. &, 1964 Q0 & 1952
Lucea " 0.5 3 1962
Kirkpatrick 025 7 I961
Holworthy " 0.5 3 1962
Sunland - 0.3 3 1942
Kanaedy . 0.25 3 962
Yabisu “ 50 3 1962
Hatakedy " 1.0 3 1942
Fox Cct. 7, 1944 0.0 F 4 1943
Shimuaii " 1.5 3 1962
Paragisn - 2.5 3 1942
Owensby . 20 3 1942
Oberti o 0.3 7 1958
Snalling Oct. 14, 1984 1.0 3 1962
Martinelli " 0.6 3 1542
Sheslar " 0.7% 3 1942
Daggett " 0.0 3 1962
Cberti-River ” 1.6 3 1962
Duncen Oct, 15, 1964 0.0 1 1957
Murdick Oct. 14, 1984 2.0 k] 1942
Brun - V.0 2 1963
Blacet " B.O 2 1943

biological control under the close tech-
nical advice of the Division of Biological
Control has increased from less than 200
acres to nearly 1.000 acres. The level of
marked fruits observed in these groves
in 1964 averaged less than 1.5% with
only three groves having levels higher
than 3.0% (see table 2). These three
groves had 8.0%., 6.0%, and 5.07%
marked fruits, Coccophagoides was first
colonized in the two highest density
groves in 1963 it is expected that in the
following year, the level of control will
improve.

While the prospects for continued sue.
cess of biological control are excellent in
groves which have hoth species of wasps
well established, the expansion of this
program to include new growers is lim.
ited by the availability of the large num-
hers of Coccophagoides required to col-
onize large acreages.

Field-iree “insectaries”

An alternative to insectary production
of parasites, which, in the case of Cocco-
phagoides, has severe limitations, is the
production of parasites in the field.

Earlier field tests (1957 to 1960} em-

ploying DDT treatments as a means of
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excluding Aphytis from olive trees (to
show the effect of their presence in adja-
cent untreated trees) resulted in densities
of 400 to 500 scales per twig within two
to three years. When treatments were dis-
continued Aphytis returned to these trees
from surrcunding untreated trees and in-
creased to very high levels within one
year. During this period, Coecophagoides
had also been colonized coincidentally in
two groves having the DDT-test trees.
Upon discontinuation of treatments in
the spring of 1960, Coccophagoides in
these two groves also moved into these
trees and were parasitizing very large
numbers of scales by mid-1961. Rough
estimates indicated that each of these two
trees produced Aphytis and Coccopha-
goides in excess of one million, and pos-
sibly as many as two million. This num-
ber is equal to the total insectary produc-
tion of Coccophagoides for each of the
vears 1962 and 1963. Trees treated with
DDT in later years have also produced
high scale and subsequent parasite densi-
ties. Parasites produced by this technique
were “harvested” by pruning twigs and
small branches with scales and parasites
attached at the proper time of year and
transferring them into several hundred
acres of olive trees—as a supplement to
the insectary-produced wasps,

A program for field preduction of
Coccophagoides should be initiated in
early March with a treatment of four Ibs
of 50% wettable DDT per 100 gallons of
water, applied at a rate of 20 to 25 gallons
per average-sized tree. The trees to be
treated should be limited to the number
required to produce Coccophagoides.
This treatment prevents the spring build-
up of Aphytis. A second treatment, to be
made in mid-April, also prevents further
activity by 4phytis and prevents parasiti-
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TABLE 3, INCREASE IN SCALE DENSITIES ACHIEVED
BY THE PARASITE-EXCLUSION TECHNIQUE
EMPLOYING TREATMENTS WITH DDY
FOR A TWO-YEAR PERIOD

Number of mature

Sample and treatmant Female scoles per twig

schedule Herndan Madero
Sample date ... 1-10-62 0.35 0.75
Treatment dote 3-T2-42 e
" Y 41782
” " g-10-62
Seomple date ... I-7-463 2.8 5.2
Treatment date 3663
" " 6-18-63
Somple date ... B8-1-43 ¢4 15.0
Mo treatments  .......
Sample date ... 2-14-84 1169 121.2

zation of the scales of the spring genera-
tion by Coccophagoides during May and
June. While Aphytis is very likely to
be present in any olive grove having an
olive scale infestation that has not been
treated with parathion, Sevin, or other
material of similar effect for one or more
years, Coccophagoides has not yet be-
come sufficiently established to get into
most groves on its own. The exclusion of
parasites to allow scale build-up is thus
aimed principally at Aphytis. A third
treatment in late August or early Septem.
ber, while not mandatory, is recom-
mended to eliminate any Aphytis that
may have attacked the scales in the inter-
val since the April treatment. This pre-
vents further Aphytis activity and allows
a4 maximum increase in scales of the fall
generation,

Second year

At the beginning of the second vyear,
the March and April treatments should
be repeated. This completes the treatment
schedule. The exclusion of parasites dur-
ing this period should allow a consider-
able increase in scale densities, even if
starting at very low initial levels, Higher
initial scale densities will, of course, re-
sult in much higher final densities (and
later the production of more Coccophag-
oides) .

By late summer, the DDT of the spring
treatments has weathered off and Aphytis
can then re-enter the trees. However, it is
not necessary to treat during the summer
of the second year to insure further scale
increase, since Aphytis cannot return to
the trees and build up rapidly enough te
prevent egg deposition by the female
scales during the late summer. Thus, the
fall generation of scales increases still
further with almost no interierence by
Aphytis.

In recent tests at Herndon, Fresno
County, and Madera, Madera County,
scale densities increased 16- to 20-fold
after three parasite-free generations, The

next scale generation (fall) then in-
creased to 160- to 200-fold over the initial
densities as shown by the samples of
February, 1964 (table 3).

While Aphytis will return to the DDT-
treated trees after the insecticide disap-
pears, absence of Coccophagoides in the
grove necessitates obtaining a stock of
this parasite from another source, This
can be accomplished by moving prunings
from a grove having ex-DDT-treated
trees with high scale densities, well para-
sitized by Coccophagoides, or by obtain.
ing insectary-produced material, if avail-
able.

Aphytis may build up to considerable
numbers by the following spring, but
Coccophagoides will require at least two
generations {one year) to increase to
large numbers. Thus, if heavily infested
trees are stocked with Coaceophagoides
in late summer after the DDT of the
spring treatment has weathered off, it
will be necessary to wait until the same
time the following year before the Cocco-
phagoides can be harvested. Since the
time required to build up scale densities
before the parasites are allowed to resume
activity is approximately 18 months, the
total minimum time involved in field pro-
duction of Coccophagoides is roughly 30
months. This period may be extended to
38 months should Coccophagoides be re-
tarded in its build-up. The cheapness of
the method and the great promise of
general success without the need for in.
secticides fully warrant the planning and
waiting period required.

Harvesting and transfer of
Coccophagoides

Parasites on prunings may be trans-
ferred to mew groves during two short
periods of the year—at each time when
they are in the pupal stage within the
host scales. During the spring the transfer
must be made in May, and during late
summer, the transfers must be made in
late August or early September. If the
transfer is made during other periods,
most, if not all, of the immature Cocco-
phagoides will die within the scales on
the transierred prunings.

Depending on the scale and parasite
densities, the harvest from one tree will
supply adequate prunings to stock 20 to
40 acres of olive trees. Prunings should
be placed in the crotches of the trees at
the rate of 2 to 6 ft of prunings per tree,

Transition 1o bicological contrel

Although excellent control of olive
scale may be achieved once both Aphytis
and Coccophagoides are well established,
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certain problems may arise before and
during the peried of transition from
chemical to biological control.

An adequate density of olive scales
should be present in the grove at the time
the parasites are stocked, as this will en-
hance the probability of early parasite
establishment. While scale densities may
be adequate in untreated groves where
Aphytis is being relied on for olive scale
control, this is usually not the case in
groves which have been receiving chem.
ical trcatments annually. Thus, groves
previously under chemical contrel that
are to be converted 1o biological control
by stocking parasites in late summer
should not receive any chemicel treat-
ments during that year. This provides for
an increase in scale densities, which in
turn improves the chances for good para-
site establishment.

If the stocking of parasites is to be
done in May, olive groves under a pro-
gram of chemical control may be treated
at the usual time (July) during the
year prior to stocking. While this treat-
ment will prevent an increase in scale
densities prior lo the stocking of para-
sites, if it is omitted, the period between
the last treatment and stocking of para-
sites would then be almost two years.
This would, in most cases, allow entirely
too much increase in scale densities prior
to stocking of parasites.

Some growers may wish 1o convert
only a part of their acreage to biological
control at the beginning. In this case, a
block of trees or individual trees scattered
throughout the grove, should be left un-
treated during the year in which para.
sites are stocked. If results with these
trees are favorable at the end of the first
vear, the grower may then expand bio-
logieal control throughout the grove with
additional parasites,

Two years

The period of transition from chemical
to biological control will require at least
one and possibly two years. During this
time, qualified technical personnel should
make periodic observations to evaluate
the progress of the parasites and the
scale.

If both Coccophagoides and Aphytis
become well established early, the pros-
pects are good for a successful transition
to biclogical control during the first year.
Should observations show a lesser degree
of establishment, and there are indica-
tions of increasing scale densities, it may
be necessary to employ chemical control
measures, If only occasional trees in the
grove exhibit increased scale densities,

the grower may check the inerease by
spot treatments with oill—which will not
interfere with a majority of the parasites
in the grove. If the entire grove requires
treatment, z [ight medium summer oil ap-
plied in late August will reduce but not
eliminate scale densities. This technique
has been used successfully in several
groves during the transition period. Al
though an oil treatment will delay tem-
porarily the achievement of adequate
parasite densitics, it may be necessary in
order to insure a commercially clean crop
in the fall.

1f scale densities have increased during
the first vear after stocking with para-
sites, but the grove will not be harvested
that year, and parasites are not well es-
tablished, the grower may forego treat-
ment to allow the parasites another year
to increase to adequate densities, If at the
end of the second year the parasites have
not reduced the scale to a satisfactory
level, then other controls can still be
employed. At this time either spot treat-
ments to reduce scale densities in certain
trees or treatment of the entire grove may
be employed.

Should scale densities remain low dur-
ing the first year after stocking the grove
with parasites, with poor parasite estab.
lishment, additional stocking (if parasites
are available) may be made in late
summer.

Other insect pests

The next most important pest species
is the black scale, Saissetia oleae Bern.
Although the olive tree withstands rather
high black scale infestations, the honey-
dew excreted by the developing scales
and the resultant sooty mold, may, in the
case of very high densities, so cover the
foliage and {ruits as to reduce or preven
harvesting of the crop.

In most years, black scale is of little
consequence in the great majority of olive
groves, particularly those in the lower
San Joaquin Valley, The crawlers hatch
during mid and late summer, and al-
though each female scale produces sev.
cral thousand eggs, the survival rate is
usually extremely low. However, if sum-
mer temperatures are well below normal,
or if humidities are higher, the survival
rate may increase considerably, causing
a scale problem the following year. Black
scale densities are extremely low during
most years because of elimatic adversity.
Parasites and predators, in the Central
Valley, therefore, appear quite erratic in
occurrence, Thus, short-term relatively
rapid fluctuations in black scale densities
are affected very little by natural enemies,
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In 1962 and 1963, summer tempera-
tures were helow the mean maxima which
usually prevail in the Central Valley,
These conditions contributed to good sur-
vival of the immature stages and extended
the reproductive period of the female
scales well into the fal months, This re-
sulted in an increase in hlack scale den-
sities in several biological control groves.

A medium summer oil applied in Au.
gust against the young newly settled
stages is eflective in most cases and does
not interfere drastically with the olive
scale parasites, Aphytis and Coceophag-
oides. Tests showed that a combination of
DDT and kerosene applied in early De-
cember also had little effect on parasite
densities. Later applications (late Decem-
ber or January) may persist long enough
to curtail adult Aphytis survival when it
becomes active in late winter, while Coc-
cophagoides is not affected since it does
not emerge from the host scales until May.

Use of proper cultural practices such
as regular pruning and opening up of the
centers and tops of the trees may also
materially aid in controlling black scale.
This technique is often all that is re-
quired.

Interference

Interference with parasite activity due
to drift from chemicals applied on ad-
jacent crops often results in an increase in
olive scale to damaging levels. Evidence
of this nature has been observed many
times in olive groves before the introduc-
tion of Coccophagoides. However, several
groves in which both Aphytis and Cocco-
phagoides are well established have
shown continuing excellent control, even
though cotton, grapes, and citrus were
grown adjacent to the olives. It appears
that the addition of Coccophagoides
which is inherently less vulnerable to
chemical interference may alleviate this
problem.

Fruit damage due to thrips feeding and
ivy scale may occur, but these problems
are of a minor nature, since they are
seldom encountered in the major produc-
tion areas. The program for 1965 in.
cludes further colonization of Coceo-
phagoides and the initiation of field
“insectaries” by cooperating growers.

C. E. Kennelt is Laboratory Technician,
Division of Biological Control, University
of California, Albany; C. B. Huffaker is
Professor of Entomology, Division of Bio-
logical Control, University of California,
Albany; and K. W. Opitz is Farm Ad-
visor, Tulare County.





