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LT, EHOBERIIE U TREFEME, EiideE
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TOBE, A SRR TESR TERWL S REED
LOTh, BEEHMHCIET S & vwsFkicx vREE
TELENVS,

Vv IEREROFRET R RAFIEEL, £HEE
U T EE R OREEMT S EOR ARG AT b
WEEED ) v IR R VT, HEEOERIEHLTE
A EALZE LTS, 2bEbi LCEDEMOHEM
R ERBLATHS, COXSHBRTT, Vv
SEREWTREEZFIBLI S & T5745E, oK
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mEEzehs,
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b, Yonalhhe & (AR ORI (F5), 19605 B
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Table 2. Parasitization of the Comstock mealybug, Pseudococcus comstocki,
at released years in various apple orchards
) Within the band-trap Under the coarse barks of trunk
a Rate of para- Rate of para-
= © | 5 |sitism by % |sitism by
© 2|5 Pseudaphycus B | Pseudaphycus
8 o > | o | malinus w = | malinus
o o g o B U = i
o e & ] = ) & =
5 (o | E | ©°7 g 1o | F &
Q o
Year Place § =) * M k| g . fa % b g g :E 2
S & | s |Eel8 & 1%z|% |y ls & 9%
I ] ﬁg R 2 |E L[58
e [ g = o9 s |l—gs|lag|? g 9 ¢ |9 8| ag
4 |wo | 3 |oB |85 183 | % o5 .23 &
B 85| 2 |R2|TF (3G |8 |8 B 5F |5 E 8,
5 |52 | F|Eb|Be EE s |58 T Ee g s
Z |28 | & |<5|m 8 |H B B |23 | & (BE 2 2|8
. % % % %] % %
1964 | Tareyanagi (A) |20,000 - - - - z I 2! 178 78.1 z
(Inakadate-mura) (10,000 - - - - - 1 315 90.8 -
1965 | Sakaimatsu (A) |20,000 5 | 480 | 32.5 61.7 -{ 9| 584 78.6 3.4
(Kuroishi-city) (10,000 5 40 2.7 55.0 - 9 291 73.9 2.4
o 5 140 | 9.4 14.2 5 183 2.2 4.9
Sakaimatsu (B) 20,0000 5 6l | 4.1 83.6 - 9 129 75.2 1.6
(Kuroishi-city) [10,000 & 167 | 11.1 70.7 - 8 112 70,5 4.5
0 5 25 1.7 16.0 - 5 1w 0 0
1966 | Aonao 10,000, 5 886 | 34.1 63.2 5.6 2.8 5 205 71.2 7.0 0.4
(Hirosaki-city) of 5 | 523|20.9| 80! 2.3/ 1.3] 5 | 106] 0.9| 0 1.9
Yakushidob 10,0000 6 | 1437 | 46.3 67.7| 12.3| 1.9 6 660 73.3 0.3 0.2
(Hirosaki-city) 0f 5| 371|13.3| 86| 22|14.8| 5 | 18| 3.8' 1.6|14.0
Tareyanagi (B) 10,0000 5 920 | 36.8 8.8 4.1 (72.9 5 636 5.8 5.0 | 68,5
(Inakadate-mura) 0 5 |1089 | 40.3 1.1 0.6 | 79.1 5 630 1.1 0.671.6
1967 Yakushidob 10,0000 6 34| 1.4 8.8 0 79.4 6 663 75.0 0 23.8
(Hirosaki-city) 0 5 7! 0.4 0 ] 8.7 5 44| 70.5 0 22.7
Nagasaka (4)  [20,000 8 | 1321 |40.0| 75.6| 13.4| 0.3| - - - -
(Kuroishi-city) {10,000, 8 529 | 16.5 79.8| 12.1 ] 0.2 - - - - -
0 8 ]1363 | 44.0 17.8 | 16.2 | 0.1 - - - - -

a) Shown by the number of mummies per 10a.
b) Releasings were made twice in 1966 and 1967
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Table 3. Frequency of infested trees classified by the rate of fruit injured
by the Comstock mealybug in the released orchards
Number of trees' classified by the | Average
Year Place iﬁg:ﬁ Sf ﬁ’gr;lsber of rate of injured fruit rate og
parasites | surveyed 0. %) _o0%| 4070607 —ao%| 100%| fruit.
1964 |Tareyanagi (A) 20,000 13 10(3)" 356) (3) (1) | 11.5(36.8/%
(Inakadate-mura) 10,000 12 95} | 204) | 12) | (1) 17.5(28.6)
1965 [Sakaimatsu (A) 20,000 9 5 1 1 2 34.1
(Kuroishi-city) 10,000 9 5 3 1 25.1
0 5 1 1 2 i 44.9
Sakaimatsu (B) 20,000 9 9 8.7
(Kuroishi-city) 10,000 8 8 6.7
0 5 1 4 3.0
Nyui 10,000 21 4 {14 3 6.6
. |(Hirosaki-city) 0 5 4 i 23.4
1966 {Aonao 10,000 11 2 6 2 1 32.3
(Hirosaki-city) 0 5 2 2 1 50.0
Yakushido ¢ 10,000 26 2 119 4 1 11.7
(Hirosaki-city) 0 10 1 o 1 2 1 42.9
Tareyanagi (B) 10,000 7 113 2 1 18.7
(Inakadate-mura} 0 7 3 3 1 27.1
Nagasaka (A)e 15,000 16 2 9 5 75.0
(Kuroishi-city} 0 8 1 3 2 2 46.1
1967 |[Onizawa (A) 10,000 14 9 |5 1.5
(Hirosaki-city) 0 10 713 0.2
Onizawa (B) 10,000 10 9 |1 0.1
(Hirosaki-city) 0 5 3 |2 0.5
Sugisawa 10,000 7 6 |1 0.8
(Namicka-machi) 0 5 4 |1 0.2
Yoshinoda 10,000 25 1 (17 6 1 15.2
(Namioka-machi) 0 10 G 3 1 17.1
Karabayashi 10,000 17 5 |12 3.1
(Itayanagimachi) 0 11 219 4.2
Nozaki (A) 10,000 17 2 |11 2 2 13.9
(Goshogawara-city) 0 10 7 2 1 1.1
Nozaki {B) 10,000 16 10 5 1 20,7
(Goshoegawara-city) 0 12 5 6 1 32.0
Nagasaka (B) 10,000 15 3 |11 1 4.4
(Kuroishi-city) 0 7 2|5 1.6
Karadake 10,000 15 117 3 2 1 1 27.1
{Hiraka-machi} 0 10 315 2 : 9.3
Yakushido® 10,000 17 52 0.1
{Hirosaki-city) o 10 4 | 6 0.8
Nagasaka (A)" 20, 000 8 6 1 1 13.1
(Kuroishi-city) 10,000 8 6 1 1 10.9
0 8 4 2 2 29.0

a) Shown by the number of mummies per 10a.
b) Figures in parenthesis are the results in the following years
¢) Releagings were made twice in 1966 and 1967
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Table 4, Relation between the rate of the Comstock mealybug parasitized
by Pseudaphycus malinus and the rate of fruit injured by the
Comstock mealybug at Sakaimatsu A-orchard, Kuroishi-city (1965)
Nurfnber Individual Number of Rate of Number Rate of fruit
re?eased trees mealybugs per ;;eraggi]tnil;ge d by frﬂ}ft injured by
parasitess surveyed one band-trapt | P. malinus surveyed mealybug
20,000 1 21.0 59 % 395 6 %

2 21.0 40 374 12

3 9.7 100 345 14

4 84.7 60 391 40

5 25.7 74 344 76

10,000 1 0.3 100 539 16

2 5.3 13 413 14

3 1.3 100 586 1

4 1.0 67 451 4

5 5.7 77 325 31

0 1 15.0 18 318 83

2 9.7 21 349 41

3 0.3 0 317 4

4 20.3 7 376 59

5 1.7 40 413 38

a) Shown by the number of mummies per 10a.
b) On each tree, banding was made at three great branches
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Table 5. Relation between the rate of the Comstock mealybug parasitized
by Pseudaphycus malinus and the rate of fruit injured by the
Comstock mealybug at Sakaimatsu B-orchard, Kuroishi-city (1965)
Number Indiviaual Number of Rate1 qr;? Number Rate of fruit
of mealybug of .
released trees mealybugs per parasitized by fruits injured by
parasitese surveyed one band-trap® | £. malinus surveyed mealybug
20,000 1 8.3 g6 % 238 20 %
2 0.8 100 250 1
3 4.0 67 240 10
4 2.0 83 174 10
5 2.0 100 276 9
10,000 1 8.7 85 294 7
2 7.0 91 247 3
3 8.3 52 248 1
4 8.7 85 254 3
5 23.0 61 341 13
0 1 7.7 17 127 11
2 0.3 0 138 0
3 0 - 180 1
4 0.3 0 1387 3
5 0 - 236 1

a) Shown by the number of mummies per 10a.
b) On each tree, banding was made at three great branches
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Table 6. Relation between the rate of the Comstock mealybug parasitized
by Psendaphycus malinus and the rate of fruit injured by the
Comstock mealybug at Aonao, Hirosaki-city. (1966)
Number Individual Number of Rate oti)' Nur;lber Rate of fruit
of mealybug o s
released trees mealybugs per parasitized by fruits injured by
parasites® surveyed one band-trap® | P. malinus surveyed mealybug
10,000 1 . 3.2 69 % 427 13 %
2 21.4 79 311 22
3 28.8 59 343 25
4 41.8 62 361 31
5 73.6 75 267 57
0 1 3.6 9 220 38
2 12.0 7 283 32
3 18.0 6 246 41
4 21.2 3 316 59
5 49.0 17 291 30

a) Shown by the number of mummies per 10a.
b) On each tree, banding was made at five or six great branches
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Table 7. Relation between the rate of the Comstock mealybug parasitized
by Pseudaphycus malinus and the rate of fruit injured by the
Comstock mealybug at Yakushido, Hirosaki-city (1966)
Number Individual Number of Rate of Number Rate of fruit
of mealybug of s
released trees mealybugs DT | arasitized by fruits injured by
parasites® surveyed one band-trap® | P. malinus surveyed mealybug
10,000 1 0.8 wo % 301 1 %
2 6.6 97 291 14
3 15.3 80 286 7
4 16.8 60 242 12
5 59.4 83 303 16
6 185.4 80 310 48
0 1 3.0 27 303 21
2 4.0 15 274 11
3 13.4 10 397 21
4 16.3 9 344 24
5 26.2 10 332 38

a) Shown by the number of mummies per 10a.
b) On each tree, banding was made at five or six great branches
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Table 8. Relation between the rate of the parasitized Comstock mealybug
and the rate of the fruit injured by the Comstock mealybug at
Tareyanagi B-orchard, Inakadata-mura (1966)
Number Individual Number of Ratei ?;f Rate of Number of | Rate of
of mealybug mealybug : fruit
released trees mealybugs per parasitized by {parasitized by fruits injured by
parasites® surveyed one band-trap® | P. malinus native parasite } surveyed mealybug
10,000 1 72.4 v % 65 4 376 12 %
2 32.4 4 86 357 22
3 16.6 15 51 305 17
4 32.4 16 74 266 i5
5 30.0 3 89 290 27
0 1 13.8 0 91 140 14
2 23.0 2 75 200 12
3 15.6 1 95 249 8
4 73.8 2 81 381 35
5 65.4 2 74 316 49

a) Shown by the number of mummies per 10a.
b) On each tree, banding was made at five great branches
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Table 9. Influence of parathion upon Pseudaphycus malinus released
at Nozaki B-orchard, Goshogawara-city (1967)
Number of Rate of fruit injured by mealybug
P. malinus Parathion apple-trees

surveyed Max. Min. Mean
Released Not sprayed 8 33 % 2 % 14.8 %
Released Sprayed 8 59 3 26.6
Not released Sprayed 6 53 10 28.9
Not released Not sprayed 6 42 23 35.9
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Table 10. Developmental stage and the survival ratio of Pseudephycus malinus
in the mummies overwintered in released fields
Number of | Number of individual classified into each developmental stagen
Place mummies
surveyed I Jin I v v VI wii Total
Yoshinoda 30 350 2 352
{Namioka-machi) (51.5)» (0) [(50.9)
Nozaki (B) 12 36 9 4 44 2 13 108
(Goshogawara-city) (11.1) [(55.6) ({100} ()] (0 ©  |(12.0)

a) Each developmental stage is classified as follow

Stage

1; Matured larva, before evacuation

I; Matured larva, after evacuation
II; Pupa, before development of eye pigment

w;
Vi
VL;
VI3

Pupa, with yellowish eye-pigmentation

Pupa, with wine colour eye-pigmentation

Pupa, after becoming blackish all over the hody
Adult, before emergence from mummy

b) Figures in parenthesis show the survival rate in each stage after overwintering

ThdHE, VATHRBECLO TS ALBERYrY /
2 HAHFY VU35 (Anagyrus subalbipes ISHIT)
OFFELED, 5 AXREITORBRH Th o, ohic
WMLy arsAHF7r FU-1+136 59 AiClREREE
¥, 6APaEEREENTH k. FMBOLOTR
5AWBERLEFLBRIAITY Ry /3> A HF7F
FFUSFRFIEL, A2+l HFT TP AF
(Clausenia purpurea ISHID) X 6 H 1 B MHEER
®, 6 AmANTPESREETChH iz, FTIFHAAT
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rY/aFhA RS PV SERIHEL, FuaFa
HZ¥ FY-37126 BIGR KHFLEw, 6 Arhags
BEDFBELNTH - I,
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SAFE 5 RV L6 B AR EMREN THE O 5L
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BB CHEO LB L b L1008 2 5 2 JEflik:
B, 79 AFHAFTFTYEVAF6 AL
THESRENT FXOMEHL VBB 42~3 B
MWD ELLEND Bk, 2+ 015V FUrE

Table 11. Relation between the time of emergence of parasites from overwintered mummies
and the time of hatching of the malybug from the overwintered egg®
) Number of individual observed in each period
Place Species May Tane
11-—16[16—20/21—25126—31| 1—5 | 6—10{11—15/16--20/21—25/26—30
Aomori Apple Ex- |Anagyrus subalbipes 1 0 20 | 130 30 7
periment Station |Pseudaphycusmalinus 4 46 | 379 60 14
(Kuroishi-city) Pseudococcus comstocki| 13 83| 113! 553 | 365 40
(host)
Tareyanagi (B) A, subalbipes 5 1
(Inakadate-mura) |Clausenia purpurea 2 4 60 0 2
P, malinus 15

Nozaki (B) A. subalbipes 4 7
(Goshogawara-city) |P. malinus 11 54 29

a) Materials were obtained from apple trees in each orchard in 1968, and observed in
the insectarium of Aomori Apple Experiment Station
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Preservation and utilization of natural enemies
and useful insects in apple orchards

II. On biological contrel of Comstock mealybug,
Pseudococcus comstocki KUWANA, by parasite,
Psendaphyeus malinus GAHAN

SHOEI SHIRASAKI, NORIO SEKITA, MASATERU YAMADA,
NorUYUKI Ovama, and CHiIKARA TsSuGaAwA

Entomolgy Section, Aomori Apple Experiment Station,
Kuroishi-city, Aomori Prefecture, Japan

Summary

The Comstock mealybug, Psenudococcus comstocki KUwaNa, is one of the most injurious
pests on apple.

This mealybug passes two to three generations a year in Japan. In Aomori Prefecture,

-the nymph hatches from overwintered egg from late May to early June and grow to adult
from late June to late July and the first generation egg is laid during this peried. About two
weeks later it will hatch to nymph, and adult appear from middle of August and lays the egg
of overwinter generation.

This mealybug attacks the apple tree on twigs and leaves causing loss of its vigour, and
infests on fruits giving spots over the surface. In reality, the damage to tree is not so sig-
nificant, but the scarring of fruit which will reduce the commercial value is most important
for the grower.

When apple is cultivated under the fruit bagging system, which is practiced widely on
some varieties such as Ralls, Indo and Golden Delicious for maintaining fruit free from rust
or enhancing in colour, the fruit will tend to suffer greatly from the mealybug infestation.

It is also true that the mealybug infestation tends to be heavy in older tree, because, with
the age of tree, the wood parts will be readily decayed and makes caves giving satisfactory
place for mealybug to live in.

In Aomori Prefecture there are many orchards consisted of above mentioned varieties
and older trees, so that the problem of mealybug is inevitably important.

To control this pest all of the following control measures have been practiced integra
tedly, because the use of insecticide alone is not efficient.

That is:

1. Scrape off the overwintering eggs together with coarse barks from the frudk and
limibs during winter, and spray machine oil emulsion early in spring. v - A

2. Intercept the nymph to move toward bearing branches by painting “tanglé. foot” or
paste-like sticky material with a few inches width around the big branches in mid May,
before hatching from overwintered egg. . .

3. Spray insecticide against young nymph, in late May and early June in spfing, and late

July and early August in summer. i 5%
4. Smash the adult by hand, if found, on the tree. Any insecticides are not.effective
against adults. ; ’ ‘ E
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5. Fill up the caves on the tree, if found, with plaster or cement at any time.

6. Band the band-traps around big branches to lure the adult for oviposition under them
in late summer. After oviposition, remove them together with eggs.

7. If there are found so many fruit-bags blotted with black fungus which is one of the
proofs of mealybug infestation, remove fruit-bags as quickly as possible to stop the further
increase of injury.

Although above mentioned measures have been practiced combiningly in many orchards
the result has not been sufficient neccessarily to control the mealybug. In certain year fruit
injury from the mealybug marked as high as 10 to 30 per cent in Aomori Prefecture.

Needless to say, our main purpose is not to eradicate whole individuals of injurious species
from growing environment, but it is to keep their population under a satisfactory level.

To attain this, after World War II chemical insecticides have been used indiscriminately
in many orchards but has unfortunately resulted to the disturbances of nature and yielded
s0 many new anomalous troubles.

Now' we should reconsider whether we have overestimated the effectiveness of the
chemical insecticides in crop protection and pest controls.

Under such situation our experiments weére carried out in connection with the probahbility
of biolpgical control of the mealybug by using one of the natural enemies, Pseudaphycus
malinus GAHAN, the native inhdbitant in southern Japan.

In present paper, results obtained from liberation tests are presented as a basis for fur-
ther efforts toward hiological control of the mealybug on apple.

The outline of the cause of experiment and results are summerized as follows:

1. The experiments were carried out at seventeen mealybug infesting apple orchards
froms1964 to 1967 in Aomdri Prefecture. Syze of orchards used were 5 to 150a.

2. Parasite stuff released was mass-produced by the TAKEDA CHEMICAL CoMPaNY Ltd.
in Ogaka and was furnished for the tests each year. The parasites were contained in a
sheet of paper in the forin of mummified host coverd with met firmly. As mummy-paper
contains about 200 mummified hosts and from each host about ten parasite individuals
emerge, about 2,000 individuals in which 75 to 80 pér cent are female will emerge from
each mummy-paper.

3. In each plot the mummy-papers were fixed on limbs and branches with pin. The
parasite adults emerged from mummy can pass through the net to the surface of the tree.

4, In this experiment the parasites were released 10,000 or 20,000 in number of
mummified host per 10a. Each orchard was divided to 10,000 mummy plot and not
released plot or hoth of the 10,000 and 20,000 inummy plot and not released plot. In the
10,000 and 20,000 plot, three to four and six to seven mummy-papers were placed per tree,
respectively.

5. All liberations were made from mid Juné to early July against nymph of mealybug
derived from overwintered eggs in all orchards, except in a few orchards where from early
to Iate August against nymph and adult of the first generation. As a rule, Iiberation was
made only once per plot but in some orchards it was made twice in two successive years.

6.. In this experiment, the Ralls or Jonathan was mainly used, but adding to this, other
variety such as Indo, American Summer Pearmain and Delicious were also used in a few
orchards. All of them was cultivated under the fruit bagging system. Spray program was
followed the Aomori Apple Spray Calender in most orchards. In some cases, however, spray
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program just before and after time of liberation was changed or cancelled absolutely.

7. Some of trees treated were banded on limbs and branches with corrugated cardboard
at the time of liberation to lure the mealybug adults under them. The rate of parasitism was
proved by collecting all the mealybugs gathered under the bands to oviposit. In addiditon
to this the rate of parasitism under the coarse barks was also investigated in some orchards.

When released against overwintered generation, the rates of parasitism showed 52 to 99 and
62 to 89 per cent in 10,000 and 20,000 plots, respectively. In 10,000 plots, however, the rates
of parasitism of most orchards were between 70 to 80 per cent, so that it should be evaluated
almost equivalent to those of 20,000 plots. Here it must be noted, however, that as low as
13 per cent of parasitism was shown at a orchard, Tareyanagi B, where the parasitism
by native parasites, Clauseniz purpureq ISHII, was remarkably high. That is probably due
to the competition between them.

When released against nymph and adult of first generation in late summer, the rates of
parasitism obtained from one orchard were 91 and 78 per cent in 10,000 and 20,000 plots,
respectively.

8. The rates of fruit injured by the mealybugs were investigated before harvest in all
orchards. Commonly, the mealybugs are not evenly distributed all over the trees, although
they are cultivated under the same system, but their densities are so largely fluctuated
between trees that the rates of infested fruit are also widely fluctuated between trees in a
orchard. By this reason, it would be nonsence to evaluate the effectiveness of parasites
only by the comparison of the rates of fruit injury between released and not released.
In addition to this, it is neccessary to consider the mealybug densities of before and after
liberation on each tree and also the rate of fruit infestation of the year before liberation.

It was found in some instances that the rates of fruit injury after liberation were lower
compared'to those of year before liberation or those of not released plot. In many orchard,
however, the rates of injury at the same year of liberation were not lowered so remarkably.
This fact was much true in the orchards where liberation was made in late summer against
nymph and adult of the first generation,

It was also found that there was not clear difference of effects between 10,000 and
20,000 mummy plots,

In all orchards where liberations were made twice in two successive years, the rates
of injured fruit were remarkably low at the second year, that is probably due to the
reduction of the mealybug population of the first year by the liberation of parasites.

9. The ability of winter survival of Pseudaphycus malinus was surveyed at the two
orchards, Yoshinoda and Nozaki B. The rates of survival were marked more than 50 per
cent in former orchard and 12 per cent in the latter. This fact will mean the possibility of
establishment of this species in Aomori Prefecture, northern Japan, although they are
native inhavitant of warmer parts of Japan.

Within the mummified host after overwintering at field, Pseudaphycus malinus is to be
in the stages of the matured larva, pupa and adult. Except the matured larvae, howevar, all
of them were killed during the winter, The overwintered larvae pupate within the mummy
and adults emerge from the mummy early to late June. Compared to the emergence of the
native parasites, it is two to three weeks and one week later than Anagyrus subalbipes Isnu
and Cleusenia purpureq 1sHIl, respectively. And it is two to three weeks later than hatch-
ing of the host mealybug.
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10. The ability of dispersion of P. mealinus was surveyed at the orchard, Yoshinoda,
where liberation was made on June 13, 1967 against second and third instar nymphs of the
mealybug of the overwintered generation. By the end of liberation year, Some of these prog-
enies dispersed about 130 metres in distance from released point. It was evaluated from this
that the ability of dispersion of P. malinus would be more than 25 metres wide for one

generation as they supposedly passed four to five generations in this year.
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Plate I. Comstock mealybug and infestation on fruits

Female adult of Pseudococcus comstocki KUWANA.

Blotted fruit bags with black fungus, caused by mealybug infestation on fruit
Mealybugs infesting on fruit

oW

Spotted fruit by mealybugs
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Plate 1. Pseudaphycus malinus GAHAN and mummy-paper

1.
2,
3.
4.

Adult of Pseudaphycus malinus GAUAN
Mummified host by parasitism of P. malinus
Mummy-paper used for libereration test

5. Mummy-papers on apple tree
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Plate IIL

1. Band-trap set for surveying of parasitism
2. Mealybugs in band-trap

3. Parasitized mealybug under bark



