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Table 2. Period of adult emergence and incidence of female in the peach fruit moth

First brood moth

Second brood moth

Year Initial date 50%-date ii?féﬁce(%) Initial date 50%-date :Es:?;igce(%]
1951 June 9 June 21 47.6 Aug. T Aug. 18 55.9
1952 June 13 June 23 51.2 July 28 Aug. 14 46.2
1953 June 8§ June 22 48.2 July 30 Auvg. 13 48.7
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1968 June 10 June 22 57.8 — — —
1969 June 14 July 10 53.7 July 29 Aug. 11 . 57.6
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Fig. 1a. Trend of adult emergence of the . peach
fruit moth in field cage.
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Fig. 1b. Trend of adult emergence of the peach fruit moth

in field cage.
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Fig. 6. Localities where specimen was collected for
the study on the geographical difference of
adult emergence in the first brood.
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aki; 5, Kuoroishi; 6, Machii; 7, Karadake;
8, Nagamine; 9, lkarigaseki; 10, Hisayoshi;
11, Okunai; 12, Kohata; 13, Gonohe;

14, Sannohe.
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Table 3, Period of summer cocoon spinning and of adult emergence of the peach fruit moth in diff_erent

localities,
Spinning of summer cocoon Emergence of adult™ - EQ
[} + . o
Year Locality \lﬁiolitgf' - % — %ﬂ B ..g E' "_éag ‘:" a~’
. cocoon ::_-:f @ 1 .E% 5 g :E 43 N - - Eﬂ Tg:g §
g5 @ FUwE <t B 5 F 54
1963 XKuroishi C. 200 Apr23 Maylf July22 95 May25 June 7 July24 79 16
Kanagi-machi 50 May { Mayl0 May29 92 May?9 June 2 Junel8 90 2
Gonohe-machi 100 Mayl0 Junel5 Julyl9 88 June 8 June23- July30 83 5
1964 Kuroishi C. 100 May | Meyl7 July 3 85 May26 June 8§ Julyl4 60 25
Kohata (Aomori C.3 100 May 2 Mayi6 July 9 90 Mey2d June 9 July24 74 16
Gonohe-machi 100 May 8 June??7 July?5 90 June 1 July 15 Aug. 3 68 22
1965 Kuroishi C. 100 May10 May31 July12 76 June 2 Junel4 July21 48 28
Karadake (Hiraka-machi) 50 May?23 June?8 Julyif 58 Juneld July 12 July30 22 36
Tkarigaseki-mura 50 May18 May31 July23 58 June 6 Junel? July 7 22 36
Nakamura (Ajigasawa-machi) 50 May 9 May?1 June2Q 90 June 2 Junel? July15 28 62
1966 Hyakuzaw.a (Iwaki-machi) 42 Mayl4 May2] June | 76 June 9 Junel3 June?d 67 g
Daizki (Nisimeya-mura) 160 May 4 Mayi7?7 July26 78 June 8 Junel3 Julyl7 B4 14
Nagamine (Owani-machi) 9 May 8 May21 July 8§ 87 June 5 Junelf July20 68 18
Machii (Hiraka-machi) 90 May1? May30 July?5 88 June 9 Juneid Auwg. 5 78 10
Hisayoshi (Ikarigaseki-mura) 117 May § June 7 July?8 92 JunelD July 3 Aung. 4 81 11
Kuroishi C. 109 May 9 May18 July 8 86 June 7 Junel2 July20 74 12
Okunai (Aomori C.) 119 May12 May24 July16 92 JunelD Junelf July30 82 10
Kohata (Aomori C.) 90 May 9 Mayiy July 2 92 June 7 Junel? -July {7 70 . 22
Gonobe-machi 56 May 8 June?? July19 55 June!8§ July 16 July30 32 23
Sannohe-machi 20 Mayi6 July 2 July1S 50 Junei2 July 20 July24 50 0
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Fig. 9. Geographical difference in trend of spinning summer cocoons
and adult emergence in the peach fruit moth in 19695
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Table 4. Correlation between the initial date of adult emergence of the peach fruit moth and the average
of daily maximam temperature in the first brood moth.

Source a r2 r Probability
April 1—10 —0.500 12.250 0.240 —0.490
April 11—20 —1.403 25.309 0.315 —0.561 *
April 21—30 —1.221 26.085 0.218 —0.467
April 1130 —1.038 37.442 0.420 —0.648 ik
April 1—30 —2.259 38.462 0.380 —0.616 ok
May 1—10 -0.502 15.57 0.042 —0.204
May 11—20 —0.054 0.001 —0.037
May 21—31 . —1.248 32.136 0.302 —0.549 ¥
May 131 —2.264 51.865 0.274 —-0.523 *
April 21—May 31 —0.772 32.771 0.340 —0.583 *
April 11—May 10 —0.709 40.375 0.687 —0.879 ek
April 1—May 31 —1.631 60.331 0.179 —0.423

Note i. Calculation is based on the data from 1951 to 1969.
2. The values of a and b indicate the slope and the intercept of vartical axis, respectively, in the

i

straight line, Y=aX+b where, ¥ is the initial date of adult emergence reckoned from May 31
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Table 5. Correlation between the initial date of adult emergence of the peach fruit moth and the average
of daily temperature at § a.m: in the first brood moth,

Source a r? T Probability
April 1—10 —1.557 17.748 0.384 —0.620
April 1120 —1.502 19.053 0.304 —(.551
April 21—30 —1.115 19.210 0.134 —0.367
April 11—30 —1.240 32.133 0.407 ~0.633 o
April 1—30 —3.281 37.547 0.692 —0.832 e
May 1—10 —0.624 14.432 0.086 —0.256
May 11—20 —1.128 23.073 0.148 —0.385
May 21—31 ~1.713 33.198 0.491 —0.701 o
May 1—3i —2.514 45.853 0.465 -0.582 o
April 21—May 31 —0.434 16.928 0.072 —0.268
April 11—May 10 -0.725 32.104 0.319 ~0.557 *
April 1—May 31 —2.039 55.980 0.794 —0.891 o

Note 1. Calculation is based on the data from 1951 to 1969.
2. The values of a and b indicate the slope and the intercept of vartical axis, respectively, in the
straight line, Y =aX—b, where, Y is the initial date of adult emergence reckoned from May 31.
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Table §. Correlation between the initial date of adult emergence and the stage of apple growth in the

first brocd moth of the peach fruit moth.

Starting date

‘ Socurce a b re T of reckoning

Full bloom of American Summer Pesrmain 0,931 4.219 0.635 0.7g7##* May 10
Jonathan 0.938 1.757 0.598 0. 773k May 10
Ralls Janet 0.665 —0.576 0.442 0.665%* May 10

Petal fall of American Summer pearmain  (0.962 3.047 0.893 (0. g4 bpftok May 15
Jonathan 1.008 5.1.7 0.806 0.89g* May 20
Ralls Janet 0.767 1.875 0.637 0.798%x* May 20
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Table. 7. Experimental design to reveal the differ-

ence of ine spinning time of summer cocoons
and adult emergence in relation to the spinning
time of winter cocoons of the peach fruit
moth

. - ; . i
Series Spinning time No. of winter cocoon

No. of winter cocoon At constant At room
temperalure temperature
1 July 30—Aug.10 — 35
Z Aug. 11—20 30 45
3 Aug. 21—S8ept. 5 30 50
4 Sept. §—10 30 50
5 Sept.11—26 30 o0
& Sept.27—30 — A
7 Oct. 1—10 30 50
8 Oect. 1121 30 50
g Oct. 22—31 — 30
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Fig. 22. Cumulative percentage curve of summer co-
coon spinning at 20°C in relation to the time
of spinning of winter cocoons of the peach fruit
moth (1954).

The spinning time of winter cocoons shown
in Fig. 22 and Fig. 23 were as follows:

C—0O Aug 11—20

®—® Aug 71-Sept. 5

LH—20 Sept. §—10

A—A  Sept. 11—26

O0—1 Oct. 1—10

B—RE Oc 1121
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The spinning iime of winter cocoons shown
in Fig. 24 and Fig. 25 were as follows:
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Table §. Percentage of completion of spinning of summer cocoons and of adult emergence of the peach {ruit

moth in mass stored larvae.

Year Series No. g 0 VIMer Dace oL IF g gt

1950 (from cage) 1 49 May 9 38 53

2 50 7 94 58

3 49 8 aa 49

4 50 9 a0 44

Total 198 8 a3 51

1961 {from cage) 1 44 11 98 —

2 43 8 100 -

3 44 10 100 —

Total 131 9 99 76

1961 (from field) 1 58 7 100 91

Table 9, Percentage of completion of spining of summer cocoons and of adult emergence in individually

stored larvae of the peach fruit moth,
Reared condition No. of Date of % of 2% of
Year - winter 50% sainnin adult Remark
Humidity Temperature cocoon spinning °% £ emergence :
1961 100% Room temperature 48 May 9 96 94
1002 0T 40 YA 85 78 Warmed from April 24
5% 20°C 33 6 61 18
1962 1002 Room temperature 193 1 9 86
100r L00e
E ] B et SUY SRT SEPRRTCEp I aal-
¥ 6ol il = T i
= ! E P
) - f -SR-S Y 5]
= 40 o gl
E . ;o —— iljmmur cocoon E &0
S ol g e ult = : P
& / g O 1960 LB lﬂgsoég.g.
J ® 1% Z 4 L Summer co
b 1 1 o e . . 5 ...... : A;n}mer cocoon
April May ! June July ! Aug. ; .
Fig. 26. Cumulative percentage curve of the summer 20 / LA 0000 -0
cocoon spinning and adult emergence in peach ;’/F’J
1/ .
I 5 70

fruit moth cultured collectively,

100p
.- ST 4 - -+--—»
ol P e ]
80 e e
H ¥
g0} /
= M Summer cacoon
_3 r e Adult
5400 i ® 1961
© g O 1962
20 ,b:"
-
7 o .L’.—Ql L MR ;
April May June July

Fig. 27. Cumulative percentage curve of the summer
cocoon spinning and adult emergence in peach
fruit moth cultured individually.

& !
20 30 40 - 50
Duration at 20C (days)

Fig. 28. Influence of humidity to development of
the peach fruit moth after diapause completion
(Warming started from April 24)
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the peach fruit moth.

Table 10. Size of gonads in the diapausing larvae of the peach fruit moth of two different localities

Minor axis Major axis
Locality Gonads Mean 057 Range Mean 1057 Range Volume
(mm) Cmm) (mm) (mm} (mm) (mm)
Kuroishi Seminal gland 0.282 0.012 0.23—0.32 0.623 0.044 0.46—0.88 0.0495
Ovary - 0.14 0.028 0.09—0.22  0.228 0.030 0.18—0.32  0.0045
Gonohe Seminal gland 0.275 0.022 0.24—0.30 0.584 0.022 0.53—0.62  0.0442
Ovary 0.163 0.016 0.14—0.20 0.206 0.023 0.18—0.24  0.0055%
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Fig. 30. Testls of larva of the peach frl.ut moth.
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Table 11. Davelopment of gonads in the diapausing larvae of the peach fruit moth from Kuroishi at 25°C.

Minor axis Major axis
o
= :5_, o - o g
S8 é ) Gonads : E‘% § 2 Volume
- Mean +95% Range S Mean £95% Range = A
SEEs ke s
(mm)  {mm) (mm) S5 (mm)  (mm) (mm) Ss
3 Seminal gland 0.2r7  0.017 0.24—0.30 8.1 0.569 0.0% 0.48—0.65 10.1 0.0399
Ovary 0.139 0.03 0.09—0.22 30.9 0.223 0.041 0.18—0.32 22.1 0.0043
6 Seminal gland 0.308 0.092 0.23-0.38 18.9 0.651 0.145 0.53—0.78 4.0 0.0618
Ovary 0.121 0017 0.10—0.16 16.5 0.210 0.026 0.07—0.26 14.6 0.0031
g Seminal gland 0.421 0.108 0.25—0.62 41.9 0.812 0.1%4 0.53—1.22 79.9 0.1439
Ovary 0.140 ©.0M8 0.12—0.17 13.5 0.239 0.038 0.200.29 17.4 0.0047
12 Seminal gland 0.508. 0.179 0.28—0.80 45.7 0.990 0.334 0.51—1.62 43.8 0.2555
Qvary 0.167 0.055 0.12—0.22 26.4

0.380 0.247r 0.19—0.71 52.2  0.0106
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Table 12, Size of gonads in the diapausing larvae derived from Gonohe at the 9th day of incubation at 25°C,

Minor axis Major axis
Gonads Mean L£95% Range Coefficient Mean +95% Range Coefficient Volume
{mm) (mm) {mm) of variation {mm) {mm) {(mm) of variation ‘ .
Seminal gland 0.348 0.071 0.30—0.44 16.4 C.713  0.111 0.62—0.84 12.5 0.0864
0.238 0.027 0.17—0.29 16.1 0.0051

Ovary 0.146 0.013 0.11—0.19 15.9
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Fig. 31.
Ato C: testis of diapause larva
“D: enlarged view of Ato C

Changes of inside of testis in diapausing larva of the peach fruit moth.
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Changes of inside of testis in diapausing larva of the peach fruit moth.

testis of larva after diapause-breaking

enlarged view of A to C
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Fig. 32
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Fig. 33. Testis of larva of the peach fruit moth.
Ato B: enlarged cysts in the testis of larva derived from winter cocoon
C: cross section of sperm eyst
D: chromosomes in dividing spermatocyte
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Table. 13. Progress of winter-egg laying
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in the red spider mite in two different years,
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Period tSrI;;ats;nent Nontreatment Period tsrlz;at}r;lent Nontreatment
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Table. 14. Effect of temperature on the hatching of winter eggs of the European red mite.

No. of . . .
Temperature ; No. of 9 of Days required Standard Coefficient
e winter eRES  parching hatehing for hatching Jeviation  of deviation
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16.0 851 549 63.8 20.73=x0.12 =1.04 5.02
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winter eggs of the Europszan red mite in re-
lation to the temperature,
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Fig. 36. (2) Influence of temperature on hatching of
winter eggs of the Europzan red mite.
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Table. 16. Effect of temperature on the egg hatching
of the European red mite,

Summer eggs Winter eggs*

’ Témpera— Days required Tempera- Days required
ture {°'C) for hatching ture {'C) for hatching

16 16.7 15 28
18 10.1 20 16
22 7.8 25 13
25 6.6
28 5.4

* Treatment was started from early March,
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Table, 17. The time of diapause termination in
winter eggs of the European red mite incubated
periodically under different temperature,

Time of maximum

Temperature Time of diapause

o) poewmrence of termination®
15 Early February Late February
20 Early February  Early to mid February
75 Mid January Mid January

*  After this time constant egg-period was shown
under each temperature.
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Table. 18. Hatching of the winter eggs of the European red mite of different localities treated at three
different temperature condition in the same laboratory (1963).

Days required for

" 4 i

}Snf_;:ﬁ;‘;g date of Locality No- of eeg #% batehing hatching  50% haching
16°C 19°C 22°C 16°C 19°C 22°C 16°C 19°C 22T 16C 19°C 2T
March § Hokkaido 650 512 845 80.8 82.6 89.8 17 12§ 26 16 14
Aomori 620 631 591 78.1 87.5 8.8 16 11 11 2 15 16
Yamagata 560 494 334 57.7 59.0 45.2 16 13 10 A 15 14
Fukushima 500 467 598 74.7 88.7 917 15 11 8 23 15 13
Nagano 447 94 212 $9.4 2.4 42.3 18 9 16 23 14 14
March 18 Miyagi 1173 1205 1218 92.1 93.9 90.8 13 9 9 18 13 13
Aomori 578 967 839 81.3 77.5 81.0 4 11 9 19 M4 13
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Table, 19, Hatching of the winter eggs of the European red mite of different localities at the natural

condition in Kuroishi (1953).

Locality No. of egg No. of hatching 925 hatching hDaZ:‘t:iiﬁé initial l']:l)aat::ii?]fg 562
Hokkaido 1441 1264 87.7 April 27 May 1
Aomori 602 458 7.7 Yig April 30
Akita 296 276 69.7 27 28
Twate 409 21 66.3 27 29
Yamagata 895 545 54.8 27 May 1
Miyagi g75 874 89.6 28 1
Nagano 327 129 39.4 28 Z
Fukushima 1038 829 79.9 27 ]
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Fig. 40. Hatching trend of winter egps of the European red mite

collected from soms varicus localities.
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Table. 20. Hatching of winter eggs of the European red mite at different years,
Heating from February 8

Year Tempfrature No. of egés % of Day? f?q_uired after heating E‘iﬁ? lier?i%iti’l
CH hatching for initidl for 50% to final
) hatching : hatching hatching
1967 16.12 947 81.6 20 33 i
19.34 638 62.2 15 22 yal
72.09 77 61.6 13 16 11
1962 16.19 702 87.9 16 28 23
18.19 720 87.2 11 21 23
21.86 650 86.2 1 19 17
1963 16.2 777 88.7 16 29 38
18.1 664 86.4 13 20 17
2.6 677 72.5 10 19 18
1964 16.1 1263 88.8 18 31 34
19.1 1618 88.0 13 25 21
22.0 1810 87.1 9 7 18
Heating from March 8
T b % of Days required after heating fDay l‘qufg'thl
Year S No. of eggs hoat(?hing for initial for 50% t;or%;n]alil la
hatching hatching hatching
1961 16.12 840 65.9 18 24 14
15.34 778 75.4 1 13 9
22.09 705 73.5 9 12 9
1962 16.18 675 87.4 14 20 14
18.87 872 0.7 1 14 10
22.33 740 89.7 g 13 . .. 10
1963 6.2 629 78.1 16 22 16
1941 502 85.8 1" 16 14
. 22.6 631 87.5 11 15 11
1964 16.1 1105 89.1 17 23 18
19.3 1018 85.0 12 : 5 14
2.2 1282 85.0 8 i N
# B ThbR <, 18682, 196320160k & 4 AHDERLD

COFER, Vv o F AR b E T oA Rtzo Fio, 2CET 198150 13RI T 19645
e, 208 BIMROSER16 CR TIS614EA320 B ] IREZDER4BRTH I
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Table, ?1. Life cyele of summer generations in red spider mite {1851).

Duration in days

) . ¢ . )
Generation E;;l?;lyﬁl o E;t’;lﬁ;in;f Egg  Noesh Adelr Tomal Remark
May5-75 11-16 5-18 xaﬂ:;.ug hatching from winter eggs
st Mayl7-Juneld May2é-June25 7-19 9412 1324 2555 ymmer oB€ laying become abundant
Znd Junel6-30 June?2-July14 6-13 6-8 12-19 24-40
3rd June?26-July2?  July3-25 4- 8 5- B 9-19  18-33 Population growth occures at June 4
4th Julyl4-Aug.d  Julyi7-Augd 3-8 4~ 6 13-23 20-37
5th July28-Aug.2?2  Aug.?-76 4- 7 4- 8 15-17 23-32 Winter eggs are found about August ]
6th Aug.G-Sept.4 Aug.14-Sept.12 5 8 510 16-26 26-44 Winter eggs abundant
7th Aug.77-Sept.25 Sept.3-Oct3 813 . 810 17-79 33-57
8th Sept.25-0ct.3]  Oct.-§
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Fig. 42. a. The seasonal abundance of the European
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Table, 22. Effect of temperature in April on the
hatching from winter eggs of the European red
mite,
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Source date 50% batching .date
n e T n T
April 1-10 16 —0.660%¢ 10 —0.445
11-20 15 —0.477 10 —0.762*
21-30 16 —0.43% 10 —0.58)
1-20 16 —0.477 10 —0.675*%
11-30 16 —0.630%* 10 —0.913%+=
1-30 16 —0.788% 10 —0.818%*
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Table. 23. The initial date of hatching from the winter eggs of the European red mite and amount of

temperature above the threshold temperature (*C) for hatching.

Amount of the maximum temperature
above the threshold reckoned from

Amount of the temperature at 9 a.m,
above threshold reckoned from March

Year Initial date of March to to

hatching (YD) “aAp o0 Apr95  Apr30 hatching  Apr20  Apr25  Apr.30  hatching
(X (X2 (Xa) (X4 (Xs) (Xed (Xn (X

1854 April 26 197.4 257.9 296.9 268.7 56.1 87.8 108.0 98.1
1955 May 5 170.7 206.4 258.1 309.4 £2.5 771 105.3 132.5
1956 May 1 147.6 204.9 1.0 255.5 61.7 97.3 114.5 1241
1957 May 2 115.6 168.0 218.0 237.3 50.7 68.0 99.6 110.6
1958 May 3 153.0 200.2 244.8 266.5 39.7 65.5 90.4 101.5
1959 April 73 208.6 279.1 3444 256.0 78.9 126.7 164.9 114.7
1960 May 3 139.4 184.3 2341 271.2 472.8 £8.2 93.4 107.5
1961 April 24 165.6 207.0 269.7 201.6 9r.7 119.8 162.0 116.5
1962 April 28 184.4 244.5 284.5 276.6 94.5 125.2 144.5 142.4
1963 April 77 203.2 247.5 2.7 Z71.6 95.2 119.5 164.2 136.5
1964 April 28 177.0 195.4 241.9 121.2 76.9 BZ.9 111.4 100.3
1965 May 6 82.4 112.9 143.6 180.8 26.0 42.7 60.3 84.6
1966 May 2 129.6 187.2 247.0 273.8 35.3 72.0 111.0 130.5
1967 April 30 146.0 170.6 252.4 252.4 43.8 53.8 114.9 114.9
1968 April 27 177.2 220.7 251.7 238.3 8.4 76.9 98.1 93.2
1969 May 1 109.5 154.3 222.0 230.7 39.5 7.7 107.2 12,4
Average  April 30 158.3 210.2 255.9 244.5 61.0 85.8 113.9 113.8

Table. 24. Relation between the initial date of
hatching from winter eggs of the European red
mite and the total temperature above the thresh-
old for hatching calculated from the data in

Table 23.

Source n r Regression equation -
X1 16 —0.745"* ¥ =—0.079X +12.130
Xe 16 —0.710% Y=-—0.065X +-13.287
Xs 16 —0.774%% =—0.086X +16.515
Xs 16 —~0.736%* =—0.121X+7.008
X 18 —0.767¥%* Y =—0.112X-+9.231
X7 15 —(0.791%k  Y=—0.102X+11.242

Note : Y is the initial date of hatching reckoning
from Aopril,

0.7~0.80fAMGE RS bh, Bicd A0KEILE
HLAME b RETE ol chbOTERILE
TR L e OfER0.5~0.6 T hig KEERO H
0TI,
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LT A, FISRERLA L 5 WRERIR T I 244.5
EREE, 9B-RIE T 113.8 BEEL LY, KRR
BI:fE 195.4 BERRERIR & I HRE PR oEE R
LTwB, &7, SlbicoBaEEEcREic s
SHAMALE S BELEN DAL O THES L RED
R 1882 HE, IBREMS 24 b OTRAKLE
D, FHEEONSRETETHD, FRATC1961FEN S
19644R 1 7T 7 = T RIS AR B i B 5 B Tindp
LB AEREIL, 388 HIMEE,LHFEA
FCOHERIFCTHITA, FLis ET 30 A

Table, 25. Regression equation of the date of 50% hatching from winter eggs (Y1) of the European red
mite and that of initiation of summer egg laying (Y.) against the initial date of baching from

winter eggs (X).

Initial date in reckoning

n r Regression equation
X Y
Y1 10 0.778%* Y =0.806X—3.138 April 30 April 30
Ya 10 0.918#r= Y =1.206X—11.407 April 3

May 10
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Table, 26, Regression equation of the initial date of hatching from winter eggs {Y) of the European red
mite against the date when the apple tree:attained to a given stage of development (3.

Initial date in

Stage Variéty n r Regression equation reckoning of X
Breeking American -Summer Pearmain 18 0.595% - Y=0.536X—2.895 March 31
Jonathan 18 0.559** Y =0.602X—3.670 March 31
" Ralls Janet 18 0.583** Y =0.637X —1.162 April 15
Extention leaf American Summer Pearmain 18 0.611%* Y =0.724X —2.504 April 15
. Jonathan 18 D.7952%%* Y =0.842% —3.443 April 15
Ralls Janet 18 0.786%F* Y =(].864X +(.591 April 30

Note : ¥ is reckoned from April 30,

Table, 27. Regression equation of the date of 50% hatching {Y) of the European red mite against the
date when apple tree attained o a given stage of development {X). - .

Initial date in

Stage Variety n r Regression equation reckoning of X
Breeking American Summer Pearmain 10 0.392 Y =0.379X +2.856 March 31
~ Jonathan 10 0.384 Y =0.518X +2.060 March 31
Ralls Janet 10 0.320 Y =0.270X +4.034 April 15
Extention leaf American Summer Pearmain 10 0.477 Y =0.510X +2.560 April 15
Jonathan - 10 0.568 Y =0.566X +2.110 ] April 15
Ralls Janet 10 0.649* Y =0.576 X +4.808

April 30

Note : Y is reckoned from April 30.
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Table, 28. Regression equation of the initial date of summer egg laying (Y) of the European red mite
against the date when the apple tree attained to a given stage of development (X).

Initial date in

Stage Variety n r Regression equation reckoning of X

Breeking American Summer Pearmain 16 0.498* Y =0.480X —0.360 March 31
Jonathan 16 0.522* Y =0.506X —0.848 March 31
Ralls Janet 16 0.608* Y =0.747X —0.584 April 15

Extention leaf American Summer Pearmain 16 (0.584% Y =0.738X —0.562 April 15
Jonathan 16 0.668* Y =(0.797X —1.288 April 15
Ralls Janet 16 0.694** Y =0.804X +2.803 April 15

Blooming American Summer Pearmain 16 0.797%*% Y =1.040X —4.637 April 30
Jonathan 16 0.79Z#** Y =0.991X—-0.518 April 30
Ralls Janet 16 0.736%+ Y =1.035X +0.379 May 10

Note : Initial date in reckoning of Y is May 15

Table. 79, The date of inmitial and 50% hatching
from winter eggs of the European red mite and
the initial date of summer egg laying studied
in the station over 18 years.

ﬁ;ﬁﬁilng Elgéhing Initial date
Year  gom winter  from winter gf Sulmrr_ler

egg egg 88 laying
1951 May 5 — May 21
1952 May 1 — 19
1954 April 76 — .
1955 - May 5 — .
1958 May i — May 19
1957 May 2 — May 20
1958 May 3 — May 21
1959 April 23 — May 11
1960 May 5 May 5 May 22
1961 April 24 May 1 May g
1962 April 28 May 3 May 15
1963 April 27 April 30 May 12
1964 April 28 May 5 May 14
1865 May 6 May 13 May 24
1966 May 2 May 6 May 19
1967 April 30 May 3 May 14
1968 April 27 May 6 May 18
1969 May 1 May 4 May 17
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Fig. 43. Difference of diapause intensity of
overwintering eggs in relation to the
temperatures at which the adults oviposited
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Fig. 44. Rate of hatching and mean logevity of egg
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Table. 30. Treatment of temperature and photoperiod for the.induction of diapause in the mea'lybug. {1556)
1. Photoperiod varied .

First treatment Last treatment
Series no. Temperature - -
Photoperiod Days Photoperiod Days
1 15°C 16L, 8D 72 — -
2 6L, 8D 30 12L, 12D 49
3 ieL, 8D 15 2L, 12D 64
4 12L, 12D 105 — -
3 12L, 12D 23 6L, 8D 56
6 8L, 16D 79 — -
7 20°C iGL, 8D 56 — .-
8 6L, 8D 0 12L, 12D 44
9 6L, 8D 10 12L, 12D 46
i0 12L., 12D b4 — -
11 2L, 12D 15 iI6L, 8D 41
12 8L, 16D 54 — -
2. Temperature varied
First treatment Last treatment
Series no- Photoperiod
Temperature Days Temperature Days
13 J16L, 8D 20°C 5% S -
14 . 0°c 15 15°C T
15 15°C 23 20°C 41
16 15°C 72 — -
i 12L, 12D 20C 64 — ' -
18 20°C 15 15°C B4
19 15°C 23 20°C 49
20 15°C 105 - -
21 8L, 16D 20°C 64 — -
22 20°C 15 . 15°C 64
23 15°C 23 20°C 49
24 15C 79 - -

3. Both of photoperiod and temperature varied

Series’ First treatment Next treatment Last treatment

no- ;I;ﬁ[:é) ®"  Photoperiod  Days aTtiTeper " Photoperiod  Days glﬁfr‘}f €"  Photoperiod Days
25 25°C 6L, 8D 7 20°C 12L, 12D 10 15°C gL, 16D 55
26 25°C 16L, 8D 7 20°C 12L, 12D 10- 15°C 12L, 12D 55
o7 25°C 6L, 8D i4 20T 12L, 12D 1056 — — -

Licghid, SR &R0 R L b #0FCRT0L D, B0 5% ooz AR TERL, S0 F ¥ EEHEN
BRERGCHEHTL, EIEI ~4 AAOIIREi, BT CiTin-7cht, 8%, B, EEH, tol®&FEr il
ChEE IS T MERE ST h SIpE EEL T20 BB TWHEGIEIRE HIE T h 5 & DL T4
CRIMR L, IiR20~258 #c by, A8 2o Rofi e ol S

FEIRF AT L foo FHERT, BFET I Fvr—nd
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The hatchability of eggs of the Comstock mealybug at 20°C which are oviposited by the adult

reared under the different condition of both temperature and photoperiod. (1966)
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32. The hatchability of eggs of the Comstock mealybug at 20°C which are oviposited by the adult
13

reared under the different condition of both temperature and photoperiod. (1966)

: Shown as the total percentage of hatching in 5 days interval.
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Table 33. The hatchability of eggs at 20°C which
are oviposited by the adult reared under the
different condition of both temperature and
photoperiod. (1966)

Table 34, The hatchability of eggs of the comstock
mealybug at 20°C which are oviposited by the
adult reared under the different condition of
both temperature and photoperiod. (1966)

Series no.
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Note : Shown as the total percentage of hatching
in 5 days interval,

® R

1966 D FHEOFHR L HAN~MRCLRT LB HT, 7
7 aFAhq4F T bR~ RPE s TRE R
OiREr—EE L CARNMEZEE L B4 (UBES
1~19) , @PEEMHY—E: L TREXTEEL-EE
WBBEE13~24) , BIUORE, DREME L
BLIBE (MWEHB5~27) wEhFRET &R gp
20 CICMRL TEDSERITR LS &, #HIFeRT
X 5w iR 2~150WH X b.sbL i, O HE
PRz oWt sbT 540 8, Fhk hiBh CEIE
it » TRA ST 5O LB BN 2 >OER
BBo BAENT o oMo (51 AR 33k
RIRIRCH 205, APFHECH L IMAEEL, &b
DFFH—IL DR B KR CH %,

FEARIRIM L 20°Cro i i < & H30B BAiRskL
ADEABRBE EMb, 3IAMBESEL b0
HIRERE L, FAfEOio it RiBER & & s Thh
5hbAER L ERIE AR T, FUHR U5 HRIEI
OEHMBEICDWTAS S, 15CE X U0 CORETH
BHLizBE, 160, H5u 03 8RB L K T
PRIRIR D i % R L 7ot 12800 BET e
AR TR IRIRERA R Fers Tt o i A 1205 R, 2
HI6HEMID B R T By 2R b3 Fth & 168ERS, &
DOFHN2ED B R T B0 B AR S

-~
“’ % 9% hatching Hatching after the 31th day
2 :’ m_g,‘ b) Egg period;
£ % Fma ET N g D) |
J)*; :2 23 Mean +£99%
1 432 99.1 83.7 23 54 7.0 3.7
2 275 77.8 G67.6 28 13.1 95, 7.7
3 251 845 T2.1 31 146 84.6 9.5
4 200 73.5 S57.0 33 22.4 93.4 4.8
5 37 9.4 92.4 22 6.1 TI.0 8.4
g 415 91.3 88.7 11 2.9 91.0 7.4
7 34 713.8 71.3 10 3.4 8.1 1T
8 483 8.7 T34 66 16.23 91.0 .1
g 349 91.7 69.9 78 237 63.4 4.7
10 443 7.1 57.3 61 19.4 75.7 5.4
17 400 98.3 98.3 0 0; - -
12 212 98.1 98.8 ] 0.5 48 -
13 394 739 T7i.3 10 3.4 8r.1 1.7
14 221 68.3 60.6 17 11.3 945 14.6
15 584 86.1 80.1 35 7.0 92.5 4.3
16 432 99.1 93.7 23 5.4 76.0 3.7
v 443 T7i.1 57.3 61 19.4 T75.7 5.4
18 202 82.2 70.8 23 13.3 70.2 0.5
19 634 68.5 59.4 5 13.3 90.2 4.6
20 200 73.5 57.0 33 22.4 93.4 4.8
21 212 99.1 98.6 1 0.5 48 -
22 155 97.4 96.8 1 0.7 63 -
23 228 100 99.1 2 0.9 55 -~
24 415 91.3 8.7 N 2.9 91.0 7.4
25 174 75.3 83.8 20 15.3 T2.1 7.7
2B 726 7r.4 53.1 55 31.4 80.6 5.3
2r 187 9T, 9z2.0 10 5.5 58.1 12.3
a) See Table 30.
b) Rate per total hatching.
BERMEE—EE L, BELELIBE, SEEOB

ETTRIRECH 9 i Wiho Kk THIRIR
IRz d@en CA ey, 16HEHD B ET i 15°Clcfigsi L <«
Br iR RIRIT A i3, I20Cr g, He
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BL15°C - 128 & LB L7 b O Gy 1 S IRIRER
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Table 35. The batchability of ggs which are oviposited by the adult reared under the different photoperind

and the constant temperature of 20°C. (1967)

Treatment . 2 of unhatched eggs a)
% o
I 1 No. of eggs hatchingp ]
Photoperiod Days  Photopericd Days Live Dead
12L, 12D 0 10L, 14D 46 416 83.3 16.7 ¢
9 50 712 38.5 61.0 0.5
19 .t 368 63.1 36.5 0.4
32 14 457 76.9 22.5 0.6
39 7 804 91.4 7.0 1.6
4L, 10D 0 2L, 12D 39 583 91.8 3.7 6.5
9 26 415 99.3 0.1 0.6
19 40 672 93.2 3.8 3.0
32 17 406 96.6 1.2 2.2
3 10 614 99.1 0.5 0.4
16L, 8D 0 4L, 10D 39 895 98.0 1.3 0.7
9 30 027 95.3 4.4 0.3
19 20 760 60.2 29.9 10.0
32 17 215 98.6 0 5.4
39 10 454 68.0 13.3 12.3
39 0 486 99.5 0 0.5
16L. 8D g 1ZL, 12D 30 455 99.4 0.4 0.2
32 17 614 100 1] 0
4L, 10D 9 6L, 8D 30 801 98.8 0.9 0.4
32 7 663 99.6 0 0.4
12L, 12D 9 4L, 10D 30 888 99.6 0.2 0.2
32 17 413 95.0 0 4.0
10L, 14D 9 12L, 12D 30 647 90.4 7.7 1.9
’ 19 30 755 99.5 0.1 0.3
. 32 17 712 89.2 0.5 0.3
39 20 92 94.8 4.9 0.3
0L, 14D g 4L, 10D 37 628 99.8 0 0.2
32 i4 1036 98.9 0 0.3

a) Result at 20—25 days after oviposition in 20°C.
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Fig. 45. Trend of hatching from overwintering eggs
of the Comstock mealybug which incubated at
20°C within one week after oviposition.

Date of oviposition

A 1 Sept. 11-16 B Sept. 16-22

C :8ept. 22-30 D : Sept. 30-Oct. 8
E :Qct. &-14 F:0ct. 14-21
G:Oct. 21-98

Table -35. Hatching of overwintering eggs oviposited
at different times when incubated at 20°C

£ [
© £ No. of days
8 w 6 required for
o B i) = S
Date of <8 F = o0 o
" oviposition -5 = = E =]
=R o " g5 &4
=& 8 22 &g
= B 2 W EE R3
Sept. 11-16 Sept. 16 259 73.4 58 103-112

Sept. 16-22 Sept.22 465 84.5 47 87

Sept- 22-30 Sept.30 345 80.6 33 80
Sept. 30-Oct.8 Oct. 8 185 82.4 49 79
Qct. 8-14 Oct. 14 109 98.2 51 69-70
Oct. 14-21 Oct. 21 144 83.3 5i 68-77
Oct. 21-28 Oct. 78 95 92.6 22 §1-70
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Average of egg period in doys after incubation

M L L . L
Sept. Oct. Nov.  Dee. Jan. Feb.
16 2 14 5 4 [¢] 20
Starting date of incubation

Fig. 46. Influence of starting date of incubation
against the rate of hatching and mean lon-
gevity of egg
1. Percentage of hatching;

A :incubated at 15°C, B :incubated at 20°C,
C :incubated at 25°C.
@®— @ oviposited on Sept. 11~16
Qeeeree O oviposited on Oct. 8-14
2. Average of egg period in days after ince-
bation:
@ : incubated at 15°C
@ : incubated at 20°C
(O * incubated at 25°C
—— : oviposited on Sept. 11-16
------ : oviposited on QOct. 814
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Table 37. Hatching of overwintering eggs at 15°C
after the chilling at 5°C for different days.

[=] 2]
o g.g = w0 Egg period after
.g O/"} 5= o & incubation
Fhg =8 W BE (days)
R 2.5 3 ¢ &
A% B =z Rz Mean +99%. Range
0 Nov. 2 125 70.4 132.4 3.0 120-189
10 12 124 88.7 141.1 3.4 113-189
20 72137 89.1 98.3 7.1 52-159
32 Dec. 4 154 92.2 37.8 5.6 51-127
41 13 85 89.4 37.8 5.6 49-135
50 72 1r 8.2 60.5 2.3 49-107
63 Jan. 4 90 92.2 30.6 1.6 43-70
72 13 87 81.6 49.3 1.2 45-67
81 22 105 89.5 46.2 1.0 42-58
92 Feb. 2 78 85.9 44.8 0.9+ 42-51
102 12 83 93.3 41.4 1.1 39-54
113 23 124 95.2 43,1 1.7 ar-77
122 Mar. 4 93 91.4  41.3 1.1 36-52
132 14 144 B86.8 1.4 0.5 38-49
143 25 141 83.7 39.9 1.0 36-70
153 Apr. 4 143 80.4  40.7 0.9 36-57
164 15 98 70.4 445 LY 36-62
174 25 67 50.7 45.6 3.5 39-57

Table 38. Hatching of overwintering eggs at 20°C
after the chilling at 5°C for different days.

= " '

= @0 oo Egg period after

] o8 'S.E & ?Eﬂ incubation

EmE =& B B35 (days)

5.5 g . el

A= 2 % S5 Mean +99% Range

¢ Nov. 2 120 51.7 82.2 2.5 64-101

10 2 80 73.8 69.0 8.6 22-104
20 22 157 94.3 3.7 4.5 22-97
32 Dec. 4 168 81.7 43.8 5.0 20-100
41 13 80 86.3 37.6 5.7 20-79
30 22 12% 9r.7  20.9 0.5 18-27
63 Jan. 4 153 96.7 19.7 0.3 17-32
72 13 76 94.7 18.4 1.8 17-44
81 22 66 89.4 18.9 0.3 17-21
92 Feb. 2 9 93.4 18.8 1.1 16-41
102 12 134 84.3 18.4 0.9 17-25
113 23 118§ 68.6 20.5 0.9 10-29
122 Mar. 4 154 93.5 14.2 0.2 13-18
132 14 138 84.83 18.9 0.2 17-28
143 25 h2 55.8 24.8 3.0 20-36
193. Apr. 4 106 -64.2. 74.3 1.0 20-55
164 15 55 '69.t 28.8 2.7 22-39
174 25 46 52.2  29.0 3.7 23-39

Table 39. Hatching of overwintering eggs at 25°C
after the chilling at 5°C for different days.

. 3.5 gm‘ﬁ %o Egg period after

207 S E @ 5 incubation

598 DB g wE Clzys)

3.8 g2 -

A= E% ] Z RE  Mean +99% Range

0 MNov. 2 94 98.9 25.0 4.4 13-64
10 12 74 100 20,0 4.1 13-66
20 22105 99.0 15.3 1-6 13-56
32 Dec. 4 109 95.4 16.7 1.7 14-47
41 13 173 89.1 17.6 0.6 15-39
50 22 101 86.1 14.8 1.0 14-31
63 Jan 4 85 98,5 17.4 1.4 14-43
72 13 115 B81.7 16.9 0.5 15-29
81 72 97 783 153 . 0.3 1421
92 Feb. 2 42 95.7 15.9 1.1 13-26
102 12 73 91.8 13.9 0.4 13-20
13 23 177 8%.5 16.8 0.5  14-33
122 Mar. 4 177 81.4 142 0.2 1318
132 14 150 92.0 12.4 0.7 11-14
143 25 81 80.2 13.1 0.7 1-14
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Fig. 47. Hatching from overwintered eggs and
dispersion of larvae just after hatching of the
Comstock mealybug under different conditions.
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Fig. 48. The seasonal abundance of adult of the
Comstock mealybag trapped into bands on apple
trees. .
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Table 4). Progress of mealybug infestation on apple
fruit bagged by paper bag. (1953)

Ne. of fruit No. of mealybug
@ = o Nymph Adult female
a] g =£73 T L=
. E =4 o Eo 58 g,
§ 3& Ew IX gog £
g S8 =y 3w mas O
Aung. 1 1M1 23 161 0 1 7
5 "m 3% 239 0 1] 6
11 11 3 761 a 0 o
18 111 99 771 401 0 1
24 17 95 947 579 0 0
28 93 72 600 639 3 0
Sept. | 90 65 61 675 18 0
5 90 =58 27 258 47 0
10 89 65 4 253 84 0
13 87 o9 0 188 95 2
21 85 55 0 201 45 3
Oct. 1 83 44 0 53 1% 30
2 83 24 0 39 10 134

Table 41. Progress of mealybug infestation on apple
fruit bagged by paper bag. (1958)

No. of mealybug par 100 fruits

Date
Jonathan Ralls Janet

Jul. 3 1 0

.23 5 0

28 ] 1
Aug. § 180 354

19 28 323

30 - 187
Sept. 12 - 667

Table 42. Developmental stage of mealymug at late
season in Table 41,

E’n Nymph Adult female
42 Be
Date Q%‘ ist Znd rd E‘?if;;s_ Ovipcs-
.Zo E instar instar mstar ition 1ting

Avg:30 187 0 62 90 55 1
Sept12 667 0. M 8 55 &
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Table 43. Progress of mealybug infestation on apple
fruit bagged by paper bag. (1961)

Jonathan Ralls Janet
= E @ 3 3 up
T i k: g T, & k: %
Date =8, w g™ =Edg T~
88 & &§E &85 £ us
Sen @ o < on R o
548 84 B, Bl &% S,
. SEg §8 —EY EEf FE mEP
. Zlie o8 gk zde of QFER
June 24 0 0 0 0
July 1 0 0 0 0
8 1] 0 0 0
15 C 0 ] 0
24 0 0 391 3
29 10 0 1573 5
Auvg. 7 12 0 900 3
11 1] 1084 0
21 24 0 792 5
28 13 1] 1184 T2
Sept. 4 18 0 0 624 209 0
11 14 4 11 297 401 2685
20 i0 8 24 151 263 3757
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Table 44. Temperature effect on the hatching of
overwintered eggs of the Comstock mealybug.

Temperature’ No. of nymphs No. of days required
&) hatched lor 50% hatching

21.76 494 17.01
26.72 905 12.29
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Table 45. Relation between the amount of day-
degrees above 8.8°C reckoned from March 31
and the initial date of hatching from over—
wintering eggs of the Comstock mealybug.

Amount of day-degrees

from March 31 to Initial date

Year i
May15 May20 May?5 of hatching
1949 271.6 349.0 421.4 May24
1950  408.3 453.8 510.2 15
1851 336.9 372.4 440.5 24
1852 367.8 431.3 496.4 19
1853  318.0 354.7 423.0 21
1954 335.8 397.5 452.7 22
1955 312.9 364.9 414.2 24
1956 - 342.4 418.4 4854 15
1957 306.4 372.8 432.6 i9
1958 294.3 362.5 430.9 20
Average 379.85 388.83 405.7 20.3

. A7
T —0.627  —0.765* —0.756*%

Table 46. The date when the amount of day-degrees
above 8,8°C reckoned from March 3] reaches to
220 day-degrees

Year Date

1848 May 22
1850 12
1951 2
1952 ’ 20
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Table 47. The initial date of hatching from overwintered eggs of the Comstock mealybug and the initial
date when apple tree attained to a given stage during 1959 to 1963

Full bloom

Y (Iinitialf Blooming
ear ate of . American American

hatching Summer Jonathan }Eallst Summer Jonathan }Qallst

Pearmain ane Pearmain ane

1959 May 17 April 29 April 29 May 4 May 2 May 6 May 12
1850 May 25 May 8 May g May 12 May 12 May 16 May 22
1961 May 14 May 3 May 3 May § May 8 May 10 May 13
1862 May 20 May 4 May 6 May 10 May 8 May 12 May 15
1863 May 15 May 4 May 5 May 9 May 9 May 11 May 15

Table 48. Relation between the initial date of hatching of the Comstock mealybug and the date when
apple tree attained to a given stage during 1940 to 1963

Variety Stage n . T Regression equation

American Summer Pearmain Blooming 15 (.67 1% Y =0.860X +14.059
Full bloom 15 0.782% Y=1.014X+ 8.653

Jonathan Blooming 15 0.737%* Y =0.851X+10.029
Full bloom 15 0.756%* Y=1.038X+ §.462

Ralls Janet Blooming 15 0.843%* Y=1.138X+ 4.918
Full bloom 15 0.715%* Y =0.85TX + 3.279

Both of Y, initial date of hatching, and X, date when apple tree attained to a given stage, are reckoned

from April 30
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Table 49. Real and expected initial date of hatching of the Comstock mealybug during 1959 to 1969

Expected date based on

Year : Real date
X1 Xo X3 X4 X5 Xs Xz
1959 - May 8§ May 6 May 13 May 9 May 14 May 11 . May 12
1960 - 20 20 21 18 77 19 25
1961 - 15 12 i6 14 15 17 13*
1962 - 15 186 18 16 7 18 . 11%
1963 - 16 14 17 15 17 16 15
1964 May 18 18 15 18 16 15 25 14
1965 26 26 23 27 25 24 26 24
1966 21 21 17 21 23 22 14 21
1967 18 15 15 20 i7 22 17 11
1968 18 21 15 20 17 22 23 14
1969 18 19 15 18 17 18 15 10

Note : X3, blooming of American Summer Pearmain; Xs, full bloom of American Summer Pearmain;
X3, blooming of Jonathan; X4, full bloom of Jonathan, Xs, blooming of Ralls Janet;
X, full bloom of Ralls Janet; X7, daily maximum temperature of late April
Real date observed in laboratory except *, at field

Table 50. Confirmity of expected date to real one
a. For different sources

Deviation from reality

Sourcea) - Total
+0 +1 +2 +3 =4 +5 +6 =7 + 38 + 8 Above£10 .

X1 1 i 2 1 1 4]
Xa 1 1 3 2 1 1 2 1
Xa 5 2 3 1 11
‘X4 1 1 1 ?Z 2 1 1 1 1 11
X5 1 2 2 2 ] 1 2 11
X 1 i 3 1 1 2 1 11
Xz 3 1 i i Z 2 1 11

Total 5 14 1 5 ] 3 7 ] 2 1 72

a) See Table 49

L. For different vears

Deviation from reality ’
Year Total

=0  +1  £2 +3 +4 5 £ £7 +8 49 Above+il
1959 2 2 1 1 6
1960 1 1 i 1 I 6
1961 i 2 1 1 6
1962 1 Z 1 2 B
1963 1 3 2 €
1964 3 ] 3 7
1365 ] pd 3 i 7
1966 3 1 [ | 1 7
1967 1 2 ] 1 ! 1 7
1968 1 1 1 ! 1 1 ! 7
1969 . 2. | 4 7
Total 5 14 1 5 ! ) 6 7 6 2 1 72
@ UTHOLHELZTE SARAARII B D AL DU THE L o BT
HFBFIEH MR, W fek, LR AUREFA 3 2o EAMCAT BB T 1 TS 1L
EERES . TSR ERRLSETH Y, EHERBENAOBLR
SRERFH & 5 ' RIS T Do :
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Table 51. Movement of nymphs hatched from overwintered eggs of the Comstock mealybug in different year

Initial ; No. of days
50% 90% Final 9 No. of days
Yoo ocement move moved movement {?‘g‘u%“t‘al until final
1960 May 25 June 5 June 9 June 13 iZ - 20
1961 May 13 May 19 May - 76 June 9 7 28
1962 May 11 May 25 May 28 June 3 15 24
1963 May 18 May 23 May 29 June 5 3 2
1964 May 14 May 15 May 20 May 25 3 13
1965 May 30 June 4 June 9 June 17 6 19
1966 May 28 June 2 June 9 - June 15 6 20
. 1967 May 22 May 24 May 27 Tune 7 3 17
1968 May 28 June 6 June "9 June 13 0 23
1968 May 12 May 24 June 3 June 12 13 39
Average  May 19.9 May 27.2 June 1.4 June 9.5 8.3 21.7
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Table 52. The date of initial blooming and full bloom in “Key” variety during 1960 to 1969

Date of initial blooming

Date of full bloom

Year - -

Jonathan Delicicus Ralls Janet Jonathan Delicious Ralls Janet
1960 May 3 May 8 May12 May16 May14 May22
1961 3 4 10 9 13
1962 6 5 12 10 15
1963 9 9 1 10 15
1964 3] 7 11 11 14
1965 15 16 18 20 21 24
1966 8 9 16 14 15 22
1867 6 7 11 13 13 22
1968 31 2 11 13 14 22
1869 b 7 11 11 11 19
Average 7.0 7.6 11.6 13.1 12.8 18.8

Table 53. Relation between the initial and 50% moving of nymphs hatched from overwintered eggs of the
Comstock mealybug and initial date when apple tree attained to given stage

Tnitial mooving

502 mooving

Stage Variety

n r Regression equation n r Regression equation

Bloomimg Jonathan 10 0.676* Y =1.564X +8.952 10 0.630 Y =1.457X +16.998
Delicious 10 0.741%* Y =1.656X+7.289 10 0.613 Y=1.373X +16.769

Ralls Janet 10 0.766%** Y=1.847X—1.525 10 0.665* Y =1.606X+ 8.566

Full bloom Jonathan 10 0. 780%* Y =1.967X —5.862 10 0.747% Y =1.864X+ 2.782
Delicious 10 0.860%* Y=1.826X —3.474 ia 0.731 Y =1.554X+ 7.213

Ralls Janet 10 0,874 Y =1.581X -8.8i7 10 0.839%* Y =1.020X-— 1.376

Both of Y, initial or 50% mooving of nymphs hatched from overwintered eggs, and X, date when apple

tree attained to given stage, are reckoned from April 30
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Fig. 49. Relation between the initial dispersing
date of nymphs from overwintered eggs of the
Comstock mealybug and the time of full bloom

of Jonathan.
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Fig. 50. Relation hztween the initial dispersing
date of hatched nymphs from overwintered
eggs of the Comstock mealybug and the time

of full bloom of Delicious.
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Fig. 51. Relation between the 50 per cent dispersed
date of newly hatched larvae from overwintered
eggs of the Comstock mealybug and the date
of petal fall of Jonathan.
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Fig. 52. Relation between the 50 per cent dispersed
date of newly hatched larvae from overwintered
eggs of the Comstock mealybug and the date
of petal fall of Delicious.
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Forecasting outbreaks of

main destructive insects in apple orchards

CHIKARA TSUGAWA
Acmori Apple Experiment Station
Kuroishi-City, Aomori-Prefecture, Japan

Summary

As many authors have pointed out, one of the most characteristic features of agriculture in Japan is
the use of enormous amounts of pesticide. The main reason for this may be attributable to the
management structure of Japanese agriculture : intensive farming on small sized farms. Farmers are
necessarilly dependent for existence on a nearly maximum productivity of land. Apple production is no
exception.

The serious problem of poisoning our whole environment by synthetic chemicals must be solved as
soon as possible, or the human being who shares in the benefits of nature will inevitably from—this—must—
fall in danger of his own survival. As all of the hazards are most often man-made, the way of escaping
from this must be sought on our own responsibility.

From the point view of insect control, complete cessation of using insecticide is impossible, but it
may be possible to minimize the use of it.

The author believes that prediction of th: damage caused by pests is important in reducing -the use
of insecticides. Needless to say, the prediction must give an accurate indication to the growers as to
whether they should use insecticides or not.

To achieve this ideal, the prediction must be based on full scientific knowledge. But compared to
the movement of heavenly bodies which follow their inevitable courses, the situation in regard to insects
is essentially more complex. Added to this artificial action by use of insecticides has disturbed the
balance of ecosystemn and made the works of prediction more difficult.

Prediction of insect pests may ba divided into two phases : one is qualitative and the other is
quantitative. A high id=al is, of course, to mimic both phases. Unfortunately, however, because of the
lack of sufficient knowledge and other difficulties most parts of the Iatter should be left for future
study. )

At present the author has focussed on the qualitative phase in relation to three “key” pest species
on apple : Carposing niponensis WALSINGHAM (Lepidoptera), Panonychus ulmi (KOCH) (Acarina) and

 Pseudococcus comstocki KUWANA (Homoptera) « The results are summarized as follows :
1. Peach fruit moth, Carposina niponensis WALSINGHAM

{1) Whether the mature larvae entered diapause or not seemed largely to be dependznt upon the
calendar date at which they emerge from the fruit; namely, Jarvae which emerged before late July did not
enter diapause, thereafter the.proportion of diapausing larvae increased gradually in a sigmoid fashion.
All of the larvaé which emerged after late August entered diapause.

(?) The initial date of moth emergence varied greatly {rom year to yeaf. But as a rule, the first
flight period was-from early June to early July and that of the second from late August to middle
September and the peaks of emergence oceurcd from mid-to late June and from mid-te late August.

{3) The initial date of oviposition was also variable. In favorable years it began from early June‘.
As a rule, distinct peaks of egg oviposition were observed between mid-and late June and also between
late July and mid August. Oviposition ceased by mid September. ‘

{4) The local differences in the times of spinning of summer cocoons by the hibernated larvee and

subsequent emergence as adults were examined by comparing materials from 14 localities within
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Aomori Prefecture.
As a result, three types were recognized.
In the first type, which was represented by the strain from Kuroishi, in the eastern part of Tsugaru plain,
moth emergence occurred from late May and continued untill early July ; in thz second, represented by
" the strain from Gonohe, east of the Hakkoda mountains, the moth emergence began ahout 2 weeks later
than the first and continued until late July ; and in the last type the moth emergence hegan at the
same time as the first, but it was completed by the middle of June. In all types, the duration of the
larval stage after hibernation was shortened by rising temperature. ‘
(5) Based on the relationships between the initial dates of moth appsarance and temperature,
equations which predict the initial dates of moth appearance were computed :
2) By using the daily maximum temperature
¥=—1.038x +37.442 and
¥ =--0.709x +-40.375 were cbtained,
atére ® In the first equation is the sum of daily maximum temperatures from April 1] to 30, and
in the second equation from April 11 to May 10 ; and ¥ in both equations is the initial date of
emergence as counted from May 37.
by By usling the daily temperature at § a. m.
y=-—3.3x+37.5 and
¥=12.03%x +56.98 were obtained,
where = is the sum of daily temperatures at 9 a. m. for the whole month of April in the
first equation and the sum for the two months of April and May in the second.
(6) The moth appearance from overwintered cocoons was well attuned to the growth of apple trees.
Based on this fact, equations predicting the initial dates of adult emergence were obtained as follows ;
{A) x =date of full bloom;

{a) American Summer Pearmain

¥=0.831x +4.219 (r2=0.635)
{h) Jonathan

¥=0.938x+1.757 (r#=0.598)
{c) Ralls

¥ =2.665x —0.576 (12=0.442)

B) x=date of petal fall;

() American Summer Pearmain

¥ =0.962x +3.047 (r2=0.893)
(b) Jonathan

¥=1.008% +5.107 (r2=0.800>
{c} Ralls _

Y =0.767 x +1.875% (r2=0.637)

(7) The trends of formation of summer cocoon and the subsequent adult emergence under constant
conditions of temperature were examined by using winter cocoons spun at different times in the
preceeding years. It was found that at 70°C, the larvae which spun the winter cocoon around mid August
began to form the summer cocoon about 10 days later than those which spun after mid August.
Furthermore, the number of summer cocoons increased very slowly in the former group. Among the larvae
which had spun hibernacula after late October, those which were able to spin the summer cocoon were
very few, while the larvae which had spun hibernacula between late August and early Oclober began to
spin the summar cocoon from about the 15th day of incubation. On the 30th day 70% of the larvae
‘completed the summer cocoon and on the 50th day all of the survivors did so.

The trend of adult emergence was similar to the trend of the formation of summer cocoons. The
results at room temperature were very similar to those at 20°C. |
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(8) In the lzhoratory, the period of spinning summer cocoons by the overwintered larvae was from

_ late April to early May, tne first moths begsin to appear from late May with the peak of emergence in

early June. When larvae were reared In crowded conditions, the proportion of adult emergence was very

low owing to infection by fungus diseases. When they were reared in isolation under saturated
conditions of humidity, a large proportion of them spun summer cocoons and emerged as adults.

(9) During diapause, the testes of larvae, consisting of four testicular chambers, were inactive and
remained at a definite size, and no complete cysts were formed. The male sex-cells were in the stage
just before meiosis. The cyst  formation and meiosis started as soon as testes began to develop in
bibernating larvae after the termination of diapause. The formation of spermiodesmens usually occurred
just after the larvae had escaped from their winter cocoons. Between the larvae from Kuroishi-City
and those from Gonche, there were no remarkable differences in either the size and internald evelopment
of testes, but a considerable difference was found in the incubation time required for the commencement
of gonad development.

2. The fruit tree red spider mite, Panonychus ulmi (KOCH)

(1) The winter eggs were usually laid earlier on unsprayed trees than on sprayed cones, the time of
deposition being from early August to mid October on the former and from late August to mid
November on the latter. This difference is probably due to the difference in natritional level between
sprayed and unsprayed trees. In most commercial orchards in Aomori Prefecture, the mite began to lay
winter eggs from around August and continued to do so for about 3 months.

(2) The threshold temperature for development after diapause was calculated as §.72°C and the total
heat requirement for hatching was 195.4°C days.

(3) The initial date of hatching fluctuated within about ? weeks owing to the fluctuation in weather
conditions. During the period of this investigation the earliest record was April 27, 1963 and the latest
was May 10, 1965. Despite this fluctuation, about 50% of winter eggs hatched, as a rule. within 3 to
4 days after the beginning of hatching.

(4) In order to establish a reasonable method for predicting the hatching date of the red spider mite
in spring, the intensity of diapause during the whole hibernating period has been examined. Winter eggs
of this mite were collected at weekly intervals from an orchard of this experiment station and incibated
at different temperatures. It was found that their response to temperature changed progressively ducing-
the hibernation period. Except for a very few non-diapause ones, most eggs failed to hatch at 20°C or
95°C in autumn, but their hatchability increased in the later season and reached its maximum from the
end of January to the end of February. At the same time, the duration of the incubation period and its
variability decreased regularly, and became almost constant when the percentage of hatching attained
the maximum value. At 15°C, on the other hand, many eggs were able to hatch even at the beginning
of hibernation. The incubation period thus reached its minimum by the middle of February. Exposure to
5°C followed by incubation at 21°C ~22°C gave essentially similar results, which suggested that the main
factor for breaking diapause in the field was the accumulated action of low temperatures. From these
results, it might be assumed that the diapause in P. ulmi was terminated by the end of February, at least
from the view point of prognosis. In Aomori Prefecture, as the daily mean temperature rarely exceeds
the developmental threshold for the eggs (7°C) before March, it seems reasonable to calculate the
effective temperature summations from March for the purpose of predicting the hatching time.

(8) It was found that there were no geographical differences in the intensity of egg diapause among
the populations from Hokkaido, Aomori, Akita, Iwate, Yamagata, Fukushima, Miyagi end Nagano.

() There was no annual variation in the intensity of diapause as studied with the populations from
Kuroishi~City from 1961 to 1964.

(7 In a field study, it was found that the red spider mite passed 8 generations per year on young
trees in Aomori Prefecture, the duration for the egg, nymph and adult stages were from 3 to 9, 4 to 12
and 5 to 29 days, respectively, the range indicating t\he individual variability. Generations of this species
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overlapped one another in the field.

(8}. Owing to the different conditions of orchards, the red spider mite showed two distinet patterns
of population growth. Namely, in orchards where no pesticides have been sprayed, the population began
to grow around mid June, attained its peak in July or August, .after which it gradually decreased and
died off by early QOctober. In other orchards under general management, the mite population grew later
than in the former, attaining its peak from mid to late September and died off by late October.

{9) The time of hatching from overwintered. eggs and the time of deposition of summer eggs by
the first generation were largely affected by weather conditions and were also well adapted to the
growth of the host plant. On the basis of climatic conditions, the following equations seemed to predict
the dates of 50% hatching. l

y=-0.123x +3.15% and
¥y=—0.215x +42.559

where x in the first equation is the sum of femperatures of April 21 to 30 and in thc second the
sum of daily mean temperatures of April, and ¥ is the date of 50% hatch counted from April 30.

When growing state of host trees was considered, the following equations were obtained ;

¥y =0.864% +0.591 and
¥ =0.576 % +4.808

where ¥ in the first equation is the initial dates of hatching counted from April 30, and in the
second is the date of 50% hatching also counted from April 30, and x in both equations is the date
when the variety Ralls reached the mouth-ear stage.

There was also a high correlation between the initial date of hatching and the initial date of
deposition of summer eggs.

The equation predicting the Initial date of deposition of summer eggs was ;

y=1.206x—11.407r

where % is the date of deposition of summer eggs exprresed as the number of days from April 30

and ¥ is the initial hatching date counted from May 10.
3. Colﬂvsffock mealy bug, Pseudococcus comsiocki KUWANA

(1) The diapause intensity in the overwintering eggs of the comstock mealy bug which were laid
‘at different temperatures was examined. It was noticed that the intensity of diapause was somewhat
affected by the temperature at which their mothers were kept, although all the eggs laid at constant
temperatures between 10 and 25°C entered diapause.

(2) It was found that females reared undsr a photoperiod of 12 hours laid higher proportions of
diapausing eggs than those under photoperiods of 16 or 8 hours. Those reared at 20°C during the first
part of development and later transfered to 15°C laid high proportions of diapausing eggs. A combination
of a photoperiod of 12 hours with 15°C was more effective to induce diapause.

(3) In the field, the eggs laid after September 10 seemed to enter diapause. If they were incubated
at 20°C immediately after oviposition, they required long periods to hatch and their batching was very
sporadic. '

{4) To study the diapause development, eggs were exposed to 5'C for different periods, and were
subsequently incubated at different temperatures, 15, 20 and 25°C.

It was found that eggs incubated at {5°C required about 100 days of chilling to complete diapause,
whereas about 60 days at 20°C and about 20 days at 20°C were sufficient. This could be interpreted as
indication that in the diapause development of eggs, there was, at least, one phase in which the
development was accelerated by a higher temperature.

(5) When overwintering egss were collected from the field and incubated on May 10th, they hatched
after 7.0, 8.4, 7.4, 7.4 and 4.4 days, at room temperature, 15°C, 20°C, 25°C, and 30°C, respectively.
They began to disperse |—2 days after hatching at 30°C in darkness and 3—4 days at 15°C in the

natural photoperiod. The dispersion from the egg mass was completed, Irrespective of the photoperiod, in
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3 and 10 days at 30°C and 15°C, respectively.

{6) It was found that the comstock mealy bug had two generations per year with two distinct peaks
of adult population in Aomori Prefecture. The first brood adults appeared from late June to' late July
and the second from mid August to early October. The most abundant periods varied from year to year,
but, as a rule, it was from early to mid July in the first generation and late August to early September
-in the second.

(7 Invasion of the nymph into paper bags covering fruits started from early August, most of these

were derived from the summer eggs.

" {8) In the laboratory, the threshold temperature for the development of the overwintered eggs of
this insect was estimated at 8.85°C and the sum of temperature from the diapause termination to hatch
was 220 ‘degree-days.

A high correlation was found between the initial date of hatching and the sum of effective temper-
ature calculated from the daily maximum temperatures during March | to May 20 in the field  For
practical purpose, the initial dates of hatching (¥) could be roughly predicted by the sum of daily
maximum temperatures during the last {0 days of April (x) by the equation;

¥y =—51.951—2.001 %, (r?=0.419).
{9) The initial date of hatching was well attuned to the growth of apple trees.
From this fact, an equation predicting the hatching date (¥} was obtained ;
=1.138x% +4,918, (r2=0.711)
where x is the initial date of blooming in variety Ralls.

0 The dispersion of hatching nymphs from the egg mass was well attuned to the growth of host
trees, and both the dates of initiation of dispersion and of 50% dispersion were predictable on the basis
of the date of full bloom of apples, namely,

a ) Initial dispersion

¥y =1.581% —9.817, (r?=0.764)
for Ralls,
¥y =1.967x —9.817 (r2=0.740

for Delicious,

b 50% dispersion

¥ =1.520% —1.376, (r2=0.704
for Ralls,
¥y =1.864x12.782, (r2=0.558)

for Delicious






