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Table 1 Seasonal fluctuation of the population density of the white

back planthopper in the paddy field. (Hatsukaichi-cho, Saeki-
gun, Hireshima Prefecture, 1958)

Date of No. of No. of No. of adults I;loa’n‘:floppers Percent?gto Ug
investigation plants larvae per 100 ;‘gifafﬁe}; oo
investigated &M 6B M §B plants
July 1 600 0 g 0 11 0 3 100
July 5 600 0 2 0 42 0 9 - 100
July 10 400 0 106 0 359 0 116 100
July 15 400 0 o o 78 0 20 100
July 21 400 ‘ 336 0 0 0 0 84 0
July 23 80 739 0 0 0 0 949 ' G
Aug. 1 80 620 79 0 28 12 924 70
Aug. 5 40 22 20 0 49 215 765 18
Aug 10 40 1,891 39 0 26 44 5, 000 -9
Aug. 15 40 11,070 4 0 14 4 27,730 78
Aug. 20 40 13,040 35 6 18 0 32,733 160
Aug. 25 40 118 154 0 260 2 1,335 ' 99
Sept. 1 40 1 0 0 0 0 3 0

M denotes the macropterous form and B the brachypterous form.
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Fig. 1 Secasonal fluctuation of the populatin density and percentage ofmacroP-
terous females of the white back planthopper at ‘the paddy field in
Hatsukaichi-cho, Saeki-gun, Hiroshima Prefecture in 1958
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Table 2 Reduction of the population density of the white back planthop-
pers per 100 plants in the paddy field in autumn, summed up
every five days. 1960
T . _.L_ocali_ty of Hatsukaichi-cho, Saijo-cho, - F ukl;yama-s};ii 7 7717’1_)s-}_1ida-_c_‘}716,77777
Date of w\irl\iestlgatlon Saeki-gun, Kamo-gun, Hiroshima-ken Takada-gun,
investigation \ Hiroshima-ken Hiroshima-ken Hiroshima-ken
" Aug. 1-5 " 1,600 1,170 273 1,370
— 6-10 1,135 730 235 i, 320
‘ [1-15 3,732 : 1,220 250 2, 420
Bk 16-20 4,313 4, 380 205 i2,07q
5 48 _ 21-25 10, 318 200 260 1,750
ua 26-31 4,930 40 140 ‘ 2,150
- Sept.  1- 35 80 60 35 I, 030
L. 6-10 3 0 80 230
Hie 11-15 0 0 25 60
lig s rl)il"rio 0 0 0 70
i) i , o 5 0

1] 0 0
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Table3 Number of females with immature ovaries attracted by the light trap

set up in the paddy field in early autumn, summed up every fieve
days. (Yoshida-cho, Takada-gun, Hiroshima Prefecture, 1960)

Date of No. of females No. of females Percentage of females
investigation with mature with immature with immature
ovarics ovaries ovaries
Aug. 16-20 862 124 13
21-25 432 153 26
26-31 5 1, 695 99
Sept. I-5 7 658 99
6-10 57 919 94
1i-15 1 42 : 98
16-20 18 63 78
14000}
" ~—100
= 12000~
a o
2 % females with g
T 10000 immature ovarjes 18
g o
§ ool 60
2 =
= =
L H
N 505
5 4000 5
2 ;
2000~ Population e ;
o
i 1 '

20 2;5 31 5 10 . 15 20 s
et Saptember

trap set up in the paddy feld in early autumn
(Yoshida-cho, Takada-gun, Hiroshima Prefecture. 1960)
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i during larval period on
ble 4 Effcte of the larval density and food plant : '
Table the appearance of macropterous females of the white back planthop

per 1950~.751

Larval densit tchi AM oM 2B 2M%
Food plant per rice seedliyng Date of hatching
Scedling of 551 i{{ov' %g 207 123 166 54
rice plant 1 1951 Mar, 1
10 cm long June 12-
1951 Mar. 22 :
do 2 1951 June 10} 154 126 23 85
1951 July 11
do 3 1951 Jan. 11 149 134 9 94
do 4 1951 Dec. 1 74 85 6 93
do 5 1951 Jan. 17 8 109 2 98
do 8 1951 Mar. 28 52 84 0 100
e of 1
[Saggrcﬂlrlljgfbocnrlmc 1 1951 Feb.~July 608 454 107 81
long .
1951 Feb. 10-14
do 2 Mar. 20 267 229 17 93
do 3 1951 Nov. 1 209 180 6 97
do 8 1951 Mar. 28 54 30 0 160

Seedlings of rice plant which grew about 10cm long in petri dishes, were used as food plants
and the larvae were reared under a constant temperature of 25°C in the experiments during the

winter and under a natural temperature in the experiments durin

was renewed every few days,
BiR OB IR LEORKE

Table 5 Effect of different parts of rice
terous females of the white back planthopper. 1053, 1961

g the summer, The food plant

plant on ‘the appearance of macrope

Larval densit :
Food plant per food plan)t{ Date of hatching SM £M £B LMa
Leaf blade of
rice plant 1 1953 July-Sept. 272 155 184 46
10 cm long
d _ 1953 July 23
o 4 July 29 138 86 30 74
do 6 1961 Aug. 22 67 59 2 97
do 8 1961 Aug, 22 46 49 2 96
Leaf sheath
of rice plant I 1953 June-Sept. 131 111 17 87
10 cm Jong
do 4 1953 July 27-30 95 78 0 100

The rice plants under

growth in the paddy field were used as food
reared under natural temperature and day-length conditions.

plants and the larvac werc
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Fig. 3 Percentage of the macropterous females of the white back planthopper
obtained from the experiments showen in Table 4 and 3.
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Table 6 Effect of annual meadow grass (Poa annua L.) and meadow foxtail
(Alopeculus platensis L.} sprayed 2.4-D on the appearance of mac-
ropterous females of the white back planthopper 1352
Larval Spraying | _—
Food plant density per of Date of M M B - QMo Mortality
food plant 2.4-D hatching (& - ® o FM% %
Annual meadow o : R — =
grass at the stage Mo .
of vegetative 1 spraying Jan. 57 39 7 85 6

growth




pODEUNREREA DTy OEELTARRCET 255 =q5 R 7

do 1 Spraying de 47 24 19 56 31

do 3 No do 108 123 10 92 2%
spraying .
do 3 Spraying Feb. 111 91 25 78 12
Annual meadow
- grass at the stage 1 No May 25 28 0o 100 58
of reproductive . spraying
" growth
do 1 Spraying do - 28 22 0 100 ) 38
No .
do 3 spraying do 54 40 0 100 | 36
Meadow foxtail
at the stage of P No Mar. 68 40 1 o8 23
vegetative spraying
growth _ N .
No
do 3 spraying do 84 36 1 100 —
do l Spraying Apr. 13 7 0 100 87
do 3 Spraying de 11 8 0 100 81
Seedling of rice No
plant 3 spraying Feb. 82 71 7 91 1

The ﬁrccds, which were sprayed 2, 4D (2. 4-dichloropbenoxy acetic acid) solusion (5g 50

percent 2. 4-D per 10 1 of water), were used for food plant. The larvae were reared under a
constant temperature of 25°C.
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Table 7 Cold-hardiness of the 3rd instar larvae of the white back planthopper

at the temperature of 3°C

Hours exposed to 0°C ‘No. of larvae died Mostality %

18 _ 5 3
45 - 32 : 19
68 43 : 40
94 49 65
118 39 84
137 25 97
166 7 100

This experiment was commenced on February 8, 1952.

gk ve vy AIo¥PCKd 2WERE
Table 8 Cold-hardiness of the 3rd instar larvac of the white back planthopper
at the temperature of 3°C

Hours exposed to 3°C No. of larvae died . Mortality %
24 ' 8 8
43 5 13
68 10 22
96 31 52

116 13 67
142 _ 15 82
169 ‘ 14 g5
190 : : 4 99
209 0 99
234 1 100

This experiment was commenced on February 4, 1952.
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Table 9 Cold-hardiness of the 3rd instar larvae of the white back planthopper
at the temperature of 7°C

Days exposed o 7°C No. of larvae died Mortality 2
i 0 0
2 2 2
3 4 6
4 2 8
5 8 16
6 11 27
7 16 43
8 10 53
9 ] 59
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68
]

1 9 .
13 6 o
14 6 -95
15 2 96
16 ] 99
17 3 99
18 0 100
19 1

This experiment was commenced on May 20, 1953.
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Fig. 4 The accumulated mortality curves of the the 3rd instar larvac of
the white back planthupper exposed to various temperatures
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Table 10 Cold-hardiness of the 3rd instar larvae of the white back planthopper
of different districis at the temperature of 3°C

Hiroshima-ken Kagoshima-ken Akita-ken
Hours exposed to 3°C No. of Mortality No. of Mortality No. of Mortality
larvae larvae larvae .

) died % died % died %

24 7 21 11 22 10 20

48 3 30 29 80 . 23 67

96 18 85 7 94 g 86

120 4 97 | 96 2 a0

144 1 100 1 98 4 93

168 1 100 1 100

‘This experiment was commenced on November 11, 1954.
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Fig. 5 The accumulated mortality curves of the 3rd instar larvae of t.hc white
back planthopper in different localities, Hiroshima, Kagoshima and
Akita Prefecture, at 3°C. : :
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Table 11 Cold-hardiness of the 3rd instar larvae of the white back planthopper
of different districts under air temperature during winter 1954

Hiroshima-ken Kagoshima-ken Akita-ken
Date of investigation No. of Mortality =~ No. of Mortality No. of Mortality
larvae larvae larvae
died % died % died %
Nov. 18 0 0 0 0 0 0
24 18 i 47 27 59 13 36
30 3 55 6 72 5 30
Dec. 9 6 71 2 76 3 39
14 5 84 4 85 5 73
21 3 92 4 93 3 81
27 2 97 3 100 3 89
29 1 100 3 97
30 1

100
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Table 12 Minimum air temperature during experimental period 1954

Average minimum Average minimum

Date temperature Date ' temperature

°C °C

Nov. 16-20 5.8 Dec. 11-15 2.2

21-25 5.4 16-20 -2.0

26-30 6.0 21-25 -3.6

Dec. 1-3 3.1 26-31 -9.6
6-10 4.4
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Fig. 6 The accumulated mortality curves of the 3rd instar larvae of the white

bAakc_k planthopper in different localities, Hiroshima, Kagoshima and
ita Prefecture, under air temperature during winter
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Table 13 Oviposition preference of white back planthopper adults ff:)r seedling
of rice plant (Oryza sativa L.) and barnyard grass (Panicurn Crus-
galli L. var. submutica Mey.) from August to September I. 1859

i iti . No. and percentage of
Rearing conditions : Date of Date of ~ No of !
duringglarval period | hatching p . ¢ OVIpOsIion pa- eggs deposited on

rents
Food plant Larval Day- emergence used Seedling of Barnyard

density length rice plant % grass

Seedling of Natural Aug, - Aug. Aug.28- 8 3 1 208
rice plant 11-15 23-27 Sept., 8
Leafsheath

of rice 20 do Aug. Aug, Aug. 10 10 4 264

E.l;ﬁtinagﬁer 1- 3 14-17 20-29

Seedling of ' ; -
rice plant 1  *Long day Sept. 11 Sep2t'3,25 Oct.l_ R 20 59

do i Natural  Sept. Sept. Sept. 28- 20 47 6 804
12-13 23-26 Oct. 9

99

96

93

94

* 16 hours illumination by 60 Walt electric light per day was given in long day.
The two kinds of host plants were put into a glass tube together and the one pair of the newly
emerged adults was confined in it. After several days the number of eggs laid on each host plant
was recorded.
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Table 14 Oviposition preference of white back planthopper adults for scedling
of rice plant and summer weeds from August to September IL. 1560

Rearing conditions Date of Date of No. of

No. and percentage of eggs deposited on

during larval period  hatching oviposi- parents
tion used Scedling Panicum Panicum  Panicum
Food Larval Day- of rice Crusgalli  Crusgalli  Crusgalli
plant  density length plant L.var.su- L, var. L. var. hi-
. bmutica  echinata  spidulum

% MEY % MAKINO % HAOK

5 seedl-

ngs 10 Natural A A

of rice ural Aug. Aug.31- 15 45 7 560 93 — — @ —
plant 1415 Sept. 3

do 0 do  Aug. Sept69 10  — — 289 8 66 19 0
18220

%

For the experimental methods see Table 13.
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Table 15 Oviposition preference of white back planthopper adults for seedling -
of rice plant (Oryza sativa L.), annual meadow grass (Poa annua L.}
and meadow foxtail (Alopeculus platensis L.), 1958-1360

Rearing conditions Date of Dafe of No. of :
during larval period emerg- Oviposi- parents No. and percentage of eggs deposited on
: ence  tion  used

Food Larva Tempe- Seedling Annual Meadow  gramin-
plant density  rature of meadow  foxtail eae sp.
' rice grass
plant % % % %
Seedling 1958 Nov.
of rice 1 20 Nov. 29- 6 4 3 64 43 2 19 52 35
plant 11-17 Dec. 4 -
Rice Nov.
lant . . .
pan 30 20 Novo ‘29 6 4 2 61 36 70 4 36 21
heading Dec. 4
Seedling
of rice 1 20 Jan o Feb. 10 0 0 — -
plant - 28 o 3-6 - 155 329 239 61
Annual
meadow Jan. Jan
g;taés: : 30 20 8-10 2023 10 2 1 163 50 160 49 - —
heading
Seedling 1959
of rice 10 99 Dec.  Jan. 17 27 5 389 69 145 % — —
plant 31- 6-14
Jan. 4
Leaf 1959-
sheath of %0 17 60 -
barn- Nov, Jan, 6 o 0 32 65 o= =
yard : 27 6-14 1735 -
grass Dec. 3

For the experimental methods see Table 13.
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Table 16 Oviposition preference of white back planthopper adults for seedling
of rice plant and annual meadow grass during Spring I, 1959 J

Rearing conditions No. and percentage of

! - f No, of :
& during larval period Tzrr;]:t) re Da'te 0_ 0. ¢ eggs deposited on
g ratu oviposi- parents -
g Food Larval  1OF tion Seedling of Annual
=i ovipo- used ) 4
aE plant density sition rice plant meadow
i : e %  grass %
Secdling of 1 20  Feb. 3-6 10 0 0 394 100
rice plant
A do 3 23 Apr. 27-30 10 21 8 256 92
do 3 25 Apr, 24-27 10 44 13 282 87
do 3 27 Apr. 24-27 16 95 37 164 63
Annual
meadow 30 20 Jan. 20-23 10 2 1 323 99
grass .
B do 3 23 May. I- 6 10 .26 13 178 87
Apr. 30-
do 3 23 May. 4 10 32 14 200 86
do 3 27 Apr. 27-30 10 79 28 201 72
" : ..
o oo gl'ﬁ:’f 3 Natural - June 10-25 34 1148 73 134 27
do 3 do July 1-13 4% = 945 92 82 8
Annual o
meadow
D  grass after 3 do  June10-23 33 1073 67 524 33
heading '
do 3 do July 1-16 47 948 95 52 5

For the experimental methods see Table 13,
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Fig. 7 The relation between the temperature and the ovipositon preference,
' Closed bars show the percentage of eggs laid on the rice plant, bars
with obligue lines show the percentage of those laid on the winter grass,

annual meadow grass.

BITH 2® XD EHE~0FERNRD 60
Tadle 17 Oviposition preference of white back planthopper adults for seedling
of rice plant and annual meadow grass in Spring I, 1960

Food plant Tempera-  Date of No. and percentage of eggs deposited on
during ture for oviposition
larval oviposition Seedling Chlorophyl Annual Chlorophyl
stage _ of rice contents meadow contents
= plant % mg/100cc grass %  mg/100cc
*#Seedling of
rice plant Natural Apr. 26-30 6 2 — . 350 98 —
* do do May 17-20 4 3 24.0 149 97 30.1
M. 30-
do do June's - 19 8 29.0 227 92 32.8
do do June 6-10 121 48 27.5 133 52 31.5
do do June 21-27 384 71 22.4 159 29 15. 4
do ~ do  July 7-11 189 92 24,3 16 8 133

* The larvae were reared under a constant temperature of 20°C during the whole Iarval stage and
the larvae in the other plots under natural temperature condition,

‘The chlorophyl content was measured by means of MurAvAMA and Tanipa method.
For the other methods see Table 13, '
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Fig. 8 The relation between the time of oviposition and the percentage of
eges deposited on each host plant during spring. Closed bars show the
percentage of eggs deposited on rice plant and dotted bars show the
percentage of eggs deposited on  annual meadow grass.
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Tabie 18 Relation between chlorophyl content in various hest plants and
number of eggs deposited on them.

Annual B d
Host spacies meadow ~~— > Rice plant — > Darnyard ____
: grass grass

Annual
meadow
grass

Chlorophyl

Eonterit in i3.3 2.3 6.5 13—4/*201 301
ost plant
mg/100cc T T —_ T(22.2) T(38. 4)

Date of

measuring of

chlorophyl July 7 Aug. 31 Jan. 24
content '

No. of eggs

deposited on 16 189 45 560 27 ' 389
host plant ‘

Percentage of . .
eggs deposited 8 92 7 93 6 04

The chIorophy[ contents in rice seedlings were measured instead of barnyard grasses as

it was assumed that the chlorophy content in barnyard grasses in autumn was less than
those in summer,

T The chlorophyl! content was measured on October 18th.
ARALN ST ORHBRS LR, WHETIEL L L4 2T
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 Table 19 Effect of homogenated suspentions of the white back planthoppers

of different localities on the inhibition of root growth of cucumber

scedlings. 1954 ‘

Date of  Hours Tep. for deality Part No. of Days  No.of Length of

cxperi-  required germin- of insect ground adults after cucumber root M
ment  for ger- ation down used emerge- seeds ———e

mination C, nce tested 2 &
90 25 Ishikawa Head 60 1-3 20 23 34
May 2} 90 25 Hiroshima do 60 1-3 20 36 49
90 25 Control -— — —— 20 45 45
90 25 Ishikawa Head 60 1-3 14 27 31
Feb., 2 g0 25 Kagoshima do 60 1-3 14 38 39
90 25 Control -— — — 14 61 61
90 25 Akita Head 60 24 15 13 18
Dec. 15 90 25 Ishikawa do 60 2-5 15 15 18
90 25 Hiroshima do 60 2-6 15 22 31
90 25 Control do — — 15 23 23

= & ,

%w§®%%K¢uutva9yﬁ@@%&?@oxLtﬁ@@EMﬁE&K%EEGﬁEzEMRE&
E%%ﬁ&@ﬁmiﬂﬁ%ﬁtm%ﬁﬁwﬁw%ﬁU@%ﬁ%@%?%%ﬁﬁ%@%%ctm%wéné.'
COCLFEv T HRELDHIICE - THY VHBHHEMEICESE-T, BIIEOEYa o H L
m%ﬁ®%®&@%ﬂ%ﬁ@ﬁ@&%&éa&ﬁ&%%,ﬁﬁféﬁmtfuﬁywﬁﬁ*ﬁﬁﬁﬁxé%

,@&H%iéﬂﬁ“ﬂ%ﬂﬁftﬁﬁ@bf@%%@&%i%:tﬁm%%.
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NEA R Yy A INEERCHEL TERESR OB, SRR O IE U B Y 75 % R I AERRD & D
AT EAESE (1999), )gw» g, BEEL (1957) @MU T 5. eyuvrail ) ThEM LAY

MR s,
{a) PEESPRTHARDCBEG »KER

X R A
Wl THEPO S EYmE b8 B 5 25cc OFEBRE PR O R & oI L M L ok |

3ce DREBBLBEHLLI XA/ B2 T EINYERARET < FEFEANDEA, RBREIERD
ENED LS THE.

® OB O &
mNE KPR CEE 0 X & 5 EIP LK 199
Table 20 Relation between the pre-ovipositional period of the white back
planthopper and rearing conditions during larval stage, 1939

Experimental :
series A B c D : E F
Seedling of ' Leaf sheath Sccdhng of Leaf sheath
Food plant - rice plant do do of rice plant rice plant  of rice plant
of 10cm in after 10cm in 10cm in
length heading length length after
Larval density heading _
per tabe 1 30 1 30 1 30 -
Day-length Natural do do do do © do
Date of emergence May 31 June 3 Sept. 2 Sept. | Nov. 1! Nev. 15
No. of parents used 10 17 7 3 13 12
_Host plant for Seedling of A -
oviposition rice plant do do do do d;lvf.'n;g;? =
May 31-

Initial date of crossing June 3 June 3-11 Sept. - 2 Sept. 1 Nov. 11-21 Nov. 15-22

Initial date of -
: June 1-7 June 9-18 Sept. 5-6 Sept. 6-10 Nov.17.23 Nov.24-

ovi itt

AV!post ion o Dee. 0
; verage pre-oviposi-

tional period in days 42 6.2 3.3 6.8 3.4 7.8
= B

ELE ORGSR S U SR IE T S BIRR I AL 2 s O3B €A 0 v AR TR,

O I B % 0 #H |
)E%ﬁ%@@%ﬁm%wt(%mﬁ)@@®¢mum%ﬁ55%%ﬁn%mméamgam%,E%ﬁa
B4 "CIC24BFM B O TIHOAESEE TN, BERB2URO LS THE,
q&%ﬁﬁ%%%mf% ﬁﬁ%%maﬁg¢mﬁ)bf@pt4u¢zﬂ®;amwmmgﬁgmm§®
ThHELEMbht, LEM-TheEAn v 234 BohhBERO LD LEL SN S,

0 12 @HEBEOCHSE

(@ EEUPRTRAMICEE T 5 KER
X B F =
 HERROFICE T ARDG L9 HChd TH e e oo HERLD &4 AL L A0 C B, 421

THEROFETH L LANKGEBbNE, 20T, 420, BW, WECSARES L TR
EHA SE LPHE L 7o REDBEFIRTHING & 86~ 7, IR ROB2ED L5 ThH 3,
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Table 21 Fffect of rcaring conditions on cold-hardiness of the white back
planthopper eggs. 1958-1959
'Rearing conditions No. of

during larval period Date of Host plant Tep. exposed No. of eggs No. of eggs

emergence for oviposi- on eggs used survived €gEs
Food Larval tion for 24ehours died
plant density ' G
Seedling of 1 1958 Seedling of 8.5 13 0 13
rice plant Sept. 2 rice plant
_ Annual
do 30 Sept. | meadow -85 27 0 27
grass
Seedling of _ 15 0 15
do 1 Nov. 11-2t e blant 4.
Leaf sheath Annual
of rice plant 30 Nov. 15-22 meadow -4 28 0 28
after head- grass '
ing
Seedling of 1959 Secedling of _ 0 14
rice plant 1 Jan. 21-24 rice plant 4 1 ' :
Lecaf sheath Annual ,
of rice plant 20 Jan. 28— mréadow —4 24 0 24
after head- Feb. 4
: grass
ing
E R K #®
MK 4 X C = EF & R 199
Table 22 Effect of food plant on the elongation of pre-ovipositional period of
the white back planthopper 1959
Experimental plots A B C D
Food plant Seedling of rice Leaf blade of Leaf sheath of d
_ plant barnyard grass barnyared grass 0
Larval densit 2
Conditions of T - 2 § %0
rearing during emperature Natural do do do -
larval stage Day-length Natural do do do
Date of hatching Oct. 8.9 Oct. 11-16 Oct. 4-16 QOct. 20-20
Date of
emergence  Nov. 7-10 Nov. 20-25 Nov. 6-24 Sov. 21~
Host plant for oviposition Seedling of rice Annual meadow
plant grass do do
No. of parents used 1 15 8 11
Initial date of crossing Nov. 7-10 Nov. 20-25 Nov. 6-94 gg:. 2;-
Initial date of oviposition Nov. 16 Nov. 29 Nov. 20 Dec. 12
Average pre-ovipositional period
in days 1.0 13.3 12.6 17.9

ELED SRR RO By & FREESHATABRIIC (2K & 7380880 S 10070 - 72,
b kSRR o H |
2R F &

Egﬂaﬂﬁafm@aﬁﬁﬁﬂtbtﬁﬁ22§1\, B: C: D@%E@Bﬁﬂ@llﬂwa &UlQﬂQBH C’DEE?&"&]?"G F.'_' 10
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#0023 % wveor o -4°C Ik HIHERE 1959

Table 23 Effect of rearing conditions on cold-hardiness of white back
planthopper eggs at the temperature of -4°C. 1959

Experimental series A B C D
. T ; : f do
i Food plant Seedling of Leaf blade of  Leaf shecath o _
cRoe:é;?i%ns P rice plant barnyard grass barnyard grass
during larval 30
perioc% Larval density .2 2 2 o
No. of egge used 39 20 18 24
. 7 14 21
No. of eggs survived 0 ;
No. of eggs died 39 13 4
Percentage of eggs 0 35 i) g7
entering diapause '
B2 % evevraIOERRICET SIEEE 1959-1960
Table 24 Effect of rearing conditions on the cold-hardiness of white back
planthopper eggs under the air temperature in winter. 1959~1360
Rearing ' o
conditions Date of Date of cold  No. of eggs No. of eggs No. of egps of eggs
during larval oviposition treatment used survived died entering
period diapause
' 1959 1960
Rearing on Dec. 26 Jan. 8 17 16 1
leaf theath of  Dec., 28 Jan. 8 24 22 2
barnyard :
grass under Dec. 31 Jan. 11 2 9 0.
CrUW!ﬂ.'ﬂd 1960
condition Jan. 4 Jan. 14 24 : 93 !

Total ‘ 67 63 4 o4
Rearing on ' o ' T
seedling of 1960
rice plant Jan. 4 Jan. 22 3 0 13
under solitary an. 16 . 99
condition J Jan 42 0 42

Tetal 55 0 A 55 0

RDR BRHEZORBMMA O 8 IER
Table 25 Air temperature during experimental periods shown in Table 24
Date Jon. 510 1115 1620 2125 S

Average min. )
temp. *C —1.1 ) -2.5 —1.9 —-3.9 —6.8
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Table 26 Relation between the time of oviposition and the apperance of dia-
pausing eggs of the white back planthopper in Autumn. 1960

Experi- '

mental plots A B C D E F G H
Leaf blade Leaf blade Sheath of

Food plant  of rice of barn- do barnyard do do do do
plant yard grass grass :

Larval .

density 3 3 3 3 3 30 3 30

per tube :

TemPerature Natural dg do do do - do . do do

Day-length  Natural do Long day Natural Long day Natural ~do do

gg;; &m.%“Smt&g%m.&H&m.&m&mf$n&m.&QOlwwOmlWH

Date of Oct. 31-

emergence  S¢Pt 26 Sept. 22 Sept. 24-26Sept. 24-27 Sept. 24-27 Sept. 24 Now. 24 Nov. 4-29

Date of Sept. 30— Sept. 27— Sept. 30 Sept. 30 Sept. 30— Nov. 16— Nov. 18~

ovipositon Oct. 12 Oct. 27 Oct, 7 Oct. 19 Oct, 7 et 8- 2Dec. 10 Dec. 7

No. of eggs

tested 9 169 219 173 250 10 33 35

No. of egps

sureived 0 0 0 0 0 0 27 52

No. of eggs .

died 9 169 219 173 250 10 6 3

Percentage ) _

of diapaused o o . 0 0 0 "0 82 95

CERs

16 hours illumination by 60 Watt electric light per day was given in long day.
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Table 27 Effect of rearing conditions during larval stage on the appearance of diapaus-
ing eggs of the white back planthopper. 1961

Experi- G D E F G
mental plots A B o e

Seedli ¢ Annual 4 d do

eedling o d d o o
Food plant . plant do 0 | g;::s ow
farval ) 3 3 3 3 3 3
density 90°C
Temperature [7°C 17°C 17°G 17°G 17°C 17°C 2
Day-length ;
(I—?gurs Ig)er Natural - Natural * 8 Natural * 8 | * 8 * 8
day)
Date of Jan. 30- 20 an. 30 Apr. 14  Apr. 26
hatching Feb. 1 Apr. 18 Jan. 30 Jan. . J p p
Date of Mar. 6-11 May 25-27 Mar. 9-11 Mar. 6-9 Mar. 9  May 22-25 May 13-17
emergence
Date of _« May 30-
oviposition Mar. 18 June 3 Mar. 23 Mar. 17 Mar. 17 June 1-5 June. 1
. Annual

Host plant for Sfccedllfl g 1? f do do meadow do do do
oviposition Tice plan grass '
Date of cold :
treatment Mar. 28-29  June 12-13  Apr. 34  Mar. 28-29 do June 12-13 do
{(-4°C, 24 hrs) '
Ne. of -
tosted 28" 170 97 143 155 66 58 92
No. of eggs
survivcdg 25 0 > 27 57 32 0
No.of ¢
died T 145 27 89 128 9 6 92
Percentage )
of diapaused 15 0 38 17 86 90 0

<ggs

* 8 hours illumination by 60 Watt electrie light was given,
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Table 28 Effect of thc day-length on the appearance of diapausing eggs of
the white back planthopper. 1961

Day-length ’
(hours per day) 8 9 10 1
Leaf sheath of '
Food plant barnyard grass do do . do
Larval density 5 5 3 5
Rearing temperature i7°C 17°C 17°C 17°C
- Date of hatching Oct. 10 Oct. 10 QOct. 36 Qct. 9
Date of emergence (N)f)ir 33_' ggﬁ/ 23— (D)Igir 32— : Nov. 4-8
Date of oviposition Nov. 14-18 Nov. 14-18 Nov. 14-18 Nov. 16-18
Date of cold treatment
(~4°C, 24 hours) Nov, 27-28 Nov. 27-28 Nov. 27-28 Nov. 27-28
No. of eggs tested 149 115 110 67
No. of eggs survived 135 : 93 49 32
No. of eggs died 14 22 61 35
Percentage of ' '
diapaused eggs 9 81 0 3
‘100
. 8r
3
£ 60
=
g0
X
20p-
0 -
8 9 10 1 {3
Day length

%9[51‘21 EYv o v DORKEBRLEDBERE

TFig. 9 The relation between the various daily photoperiods and the percen-
fage of diapause of white back planthopper eggs. Closed circles: rear-
ing on weed (barnyard grass). Open circles: rearing on rice seedling
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Table 20 Embryonic development of the overwintered eggs of the white
back planthopper in Spring. 1960

Date of Jan. Feb. Feb. ’ Mar. Mar. Mar. Apr. 8 Apr 18-
investigation 30 18 99 Mar.3 Mar.8 17 29 28 May 3
No. of eggs . B .
tested G7 63 30 45 43 42 39 39 39
No. of
SurviveDEs e 50 48 42 49 20 89 30 39
No. of
died 38% 4 13 4 2 1 3 0 0 0 12
No. of e '
hatched 20 0 0 0 0 0 0 0 0 0 27
Develop- Ana- Blastk- Prophase Pro- and Anaph- Hatch-
mental phase of inesis of eye meta- ase of - ing
sta%e of yellow  stage  pigmen- phase of eye
embryo spot tation  eye pigmen
stage stage pigmen- tation
tation  stage

stage

I All eggs were put into the weighing bottles in which relative humidity was kept about 100
per cent and reared under the natural temperature condition from January 8th, 1960.

2. The death of eggs may be attributed mosily to the parasitization by fungi.
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Table 30 Development of larvae haiched from the overwintered eggs of the
white back planthopper. 1960

No. of adults emerged

Date of hatching No. of larvae hatched Date of emergence
2M oM
April 18 9 Death
25 5 May 26-27 1 4
26 3 27-28 2 |
- 28 8 May 29-June 3 4 4
May 3 4 June 4 4 0

- The larvae were reared on annual meadow grass during whole larval stage under natural
conditions.
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Table 31 Development of the second generaion larvae. 1960

Date of crossing of ]
the first generation  No. of parents used Date of oviposition Date of bhatching Date of emergence
adults

May 27-June 6 7 June 10-20 June 20-July 7 July 5-14

The larvae were reared on annual meadow grass during whele larval stage under natural
conditions : :
Z -3
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Table 32 Life-cycle of the white back planthopper on weeds 1961

Date of oviposition Date of hatching Date of emergence ‘Remark

(Diapaused eggs hatch)

Apr. 18-May 3 May 26-June 4 Growing on the
T —_—r wintnr WCCd

June 10-20 June 20-July ! July 5-14 )
July 21 July 26-27 Aug. 6- 8 Growing on the :
Aug. 14 Aug. 21-22 Sept. 1-7 summer weed .
Sept. 16 ' Sept. 24-26 Oct. 7-12 .
Oct.  12-15 Oct. 22-27 Nov. 16-30 Growing on the '

’ winter weed
Nov. 30-Dec. 4

{Lay diapausing eggs)

Note: 1. ——Rearing on annual meadow grass, others were rearcd on barnyard grass
2. The rearings in each season were all conducted under natural conditions.
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Fig. 10 Diagram illustrating the life-cycle of the white back planthopper
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Table 33 Number 2nd wing-form of the brown planthoppers appearing in
the paddy field from June to July 1955-1960

No, of larvae No. of adults
Date of No. of plants
investigation  investigated 1st.2nd 3rd-5th
instar instar &M 5B M ¥B
1955 June 30 3, 000 0 0 1 0 0 0
July 7 1, 500 0 0 1 o 0 o
July 15 1, 500. 0 0 0 0 0 0
July 25 1, 500 1 6 0 0 0 0]
1956 July 7 2,400 0 0 l 0 0 0
July 17 450 0 0 0 0 0 0
July 27 . 450 0 0 0 0 0 0
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No. of larvae No. of adults
Date of No. of plants
inavecstci'gation investigated 1st-2nd f?’rd-f)th &M 5B oM QB
star instar
1957 July 3 4,000 0 0 1 0 g g
July 16 500 0 0 0 0 .
Juiy 27 200 0 0 0 0 0
' 0
1958 June 30 900 0 [} 0 0 o .
July 35 600 0 4 1 0 0
July 11 600 0 0 1 0 0 g
July 15 200 0 0 0 0 0 :
July 22 200 0 1 0 0 0 .
July 26 60 0 0 0 0 0 0
July 30 20 0 1 0 0 0
’ 0 0 0
1959 July 1 1,000 v 0 0 . .
July 7 0 0 0 0
. > 0 0
July 13 0 0 0 0
Y 450 . 5
July 16 580 0 0 2 0 .
July 21 700 ¢ 0 0] 0 g g
July 27 700 Q B 0 0 0
1960 June 27 600 0 0 0 0 1 0
July 1 500 0 0 9 0 0 0
July 6 500 0 0 8 0 1 .0
July 11 200 1 0 36 0 15 0

33517 LT 7 B RAERBEO A HKFA THR I A LREPHEER S LN, MRFR L0
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Tahle 34 Seasonal fluctuation of the pepulation density of the brown plan-
thopper in the paddy field. 1959

Date of July Aug. Sept.
investigation 10 15 | 5 10 15 20 24 I 5 10 15 21 25
No.of

planthoppers 1 1 7 17 1 & 310 1,838 815 565 813 5,338 5230 7,595
per 100 plants

2M % 0o - — 1 © 0 25 40 47 29 21 89 82 83
No. of ) )
females per 1 0 0 5 8 6 30 18 415 365 120 65 28 15
100 plants

Investigation was conducted at the paddy field in Hatsukaichi-cho, Sacki-gun, Hiroshima-ken.
BHC % dusts werc applied on September 26th. '
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Fig. 11 Seasonal fluctuation of the population density and percentage of ma- -
cropterous females of the brown planthopper in the paddy field.
1959. Hatsukaichi-cho. '
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Table 35 Reduction of the population density of the brown planthopper in
the paddy field in autumn I. 1957

No. of larvae No. of adults
Date of - tst2nd 3 Total
i stigation st—2n d-5th
Investl 1! instar i;i.start 6M SIJ—M gB
Oct. 10 71 3¢ 0 0 0 105
15 27 89 0 1 0 117
19 11 71 1 8 0 91
25 4 49 5 12 0 71
30 0 11 7 18 0 36

Investigation was carried out at the paddy field in Fuchu-shi, Hiroshima-ken.
The same five plants were investigated every time.
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Fig. 12 Population density of the brown planthopper in the paddy field in
autumn. 1937, Fuchu-shi, Hiroshima-ken.
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Table 36 Reduction of the population density of the brown planthopper in
the paddy field in autumn IL. 1951

Date of investigation Sept. 4 Sept. 14 Sept. 23 Oct. 3 Oct. 12 - Nov. 13
No. of
planthoppers 527 196 103 - 39 22 3
per 25 plants

Investigation was performed at the paddy field of Hiroshima Agricultural Experimental Station,
Emerged adults were all macropterous forms.
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Table 37 Effect of the food plant (annual meadow grass) on the appearance
of macropterous females of the brown planthopper. 1952

e U —

No. of
larvae
died Mortalit
Food plant Day-length Eaitchiorfg ?Iﬁiig(;f;’lce AMEB KMEB ZM dfring y
. ' larval
LA stage "%
gr‘:s‘s“a‘ meadow  Noyural  Jan. 15-18 Feb. 2-13 65 3 47 19 71 129 19
B e stuge | Feb. 25~ 73 5 515 w0 29
grass at the stage _ eb. 25~
of vegetative do Feb. S-11 nay, 7
growth
Annual meadow Feb, 25
grass at the stage eb. 25- g '
of reproductive do Feb. 9 Mar. 3 34 3 2 9 76 23 2
growth
- Annual meadow .
grass at the stage Dec. 11-
e tative Z¢ Short day  Nov.26-29 pop’ oq 3 0 30 9 77 72 49
growth :
do Long day Dec. 13-31 1¢0 237 98 0 24 1 9% 9 64
Annuzl meadow
grass at the stage
Streproductive Stortday Dec. 56 pe. 9931 38 0 26 5 8 126 65
growth
do Long day NOV 3% Dec. 1581 30 0 30 5 %6 68 51
S‘f“’dh“g of ric€  Nawural Mar.31  Apr.12-15 51 0 1 34 3 16 16
plant
do do Apr. 10 Apr.24-96 59 0 0 62 0 G 3

The larvae, just after hatching, were put into test tubes individually and reared under a constant
temperature of 25°C,
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Table 38 Effect of the larval density on the appearance of macropterous females
of the brown planthopper, 1950-1951

No. of Container Larval Date of a4M &B &M B LM%

Food plant 04 plant density hatching

g‘gggyll{gs i 1 Lesttube I 1950 Nov. 169 2 22 144 13

do 1 do 2 Oct. 193 7 128 61 68

do 1 do 4 Oct. 100 O 85 8 -91

do 1 do 6 Ot. 75 1 71 4 95

do _ L do 8 Oct. 79 2 91 0 100

e e oy ! o e 1 Avg. 57 0 3 7L 4

do 1 do 2 Sept. 55 2 18 32 36

do 1 do 4 Sept. §3 5 21 32 40

do l do 6 Sept. 15 0 3 10 44

do 1 do 8 Sept. 17 3 19 3 86

Seedling of rice 1 do 1 1950 Oct. 341 5 17 317 5
plant 10 cm long

- do 1 do 2 Oct. 206 17 77 2001 28

do 1 do 4 Nov. 87" 5 3 70 33

do 1 do 6 Nov. 114 4 54 46 54

do 1 do 8 Nov. 5it 29 488 65 88

do i do 19 1951 July 52 0 38 0 100

do 1 do 16 June 53 0 47 0 100

do g  Lesitube I 1951 }fﬁz‘ 04 0 1 88 1

do 8 do 8 do 706 15 12 80 13

do 8 dé 16 do . 148 19 2 129 13

do 8 do 32 do 933 36 148 164 47

do '8 do 64 . do 97 28 107 37 T4

do 8  do 128 do 63 1 64 1 98

do g gamtubeol do 76 1 17 48 2%
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Fig. 13 Percentage of the macropterous females of the brown planthopper
obtained from the experiment shown in Table 38,
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Table 39 Effect of leaf blade of rice plant at the various developmental stages
on the appearance of macropterus females of the brown planthopper.

33

1950
Date of haiching &M 4B 2M 2B M
June 22 23 0 3 4 11
July 7 21 0 4 10 29
17 - 15 0 3 12 20
26 37 0 6 22 21
Aug. 15 57 0 3 71 4
Sept. 3 27 o ] 33 13
13 64 0 0 38 0
23 25 0 2 41 5

The leaf blade of rice plant (Mihonishiki) which was under growth in the paddy ficld was cut _

to 10 cm long and used for food plant. The larvae, just after hatching, were put into test tubes

of 25¢e individually and reared under natural conditions.
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Table 40 Effect of leaf theath of rice plant at the different developmental
stages on the appearance of macropterus females of the brown plan-

thopper. 1952

Larval demsity  pae of hacthing &M &B M 2B Mu%

Food plant per tube -
Leaf sheath of rice 8 Aug. 1 52 20 13 59 20
plant cut 10cm long

do 8 Sept. 16-19 35 7 35 3 92
do 8 Oct. 16 3! 3 22 0 100

The larvae were reared under natural temperature and day-length conditions till Scptember
96th, after that reared under a constant temperature of 25°C and natural day-length.
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Table 41 Efect of amount of food plant on the appearance of macropterous
fernales of the brown planthopper 1952

Amount of Food plant Dcte of hatching oM Fing ) oM 2B 2Ma%
ﬁéaf blade of rice plant 5 o |
10cm long (0. 2g) 1952 Oct. 26-27 52 5 51 21 7
I seedling of rice plant :

10 ¢m long 1950 Oct. 20 109 15 100 24 Bi
4-5 seedlings of rice plant 1909 3¢y, 2627 97 4 39 55 al

Wcem long {(0.2g)
8 seddlings of rice plant 1951 Apr.

10 cm long , 1951 Dec. 105 35 14 136 9
16 scedlings of rice plant 1959 Dec. 7.8 9 :
10cm long <- 8 0 28 94 23

32 seedlings of rice plant

10 cm long 1952 Dec. 10 89 1 2 77 3

The larvae were reared under a constant temperature of 23°C and natural day-length
conditions. The larval densities were eight individuals per test tube. '
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Fig. 14 Percentage of macropterous females of the brown planthopper resulted
from the rearings in which the number of rice seedling was varied.
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Table 42 Effect of various parts of rice plant on the appearance of macropte-
rous females of the brown planthopper. 1 1950

Larval densitym Datc of 7 o “ .
Food plant per tube hatching &M SB *M *B M
5 } . . I P -
p;ftb]lgcé; °fo‘;;§e 1 Oct. 10-1I 96 7 0 72 0
do 4 Sept. 21-22 45 56 5 90 5
do 6 Oct. 1 69 36 7 78 8
do 8 Sept. 20 24 52 3 © 65 4
Sheath of rice plant
cut 10 cm long I Oct.  24-25 33 0 22 21 51
do 4 Sept. 23-24 40 11 22 43 31
do 6 Oct. 2-3 27 2 22 9 71
do 8 Sept. 21-22 32 12 37 14 73
Stem of rice plant
cut 10 cm long 1 Oct. 12-15 46 2 13 28 32
do 8 Oct. 16 8 0 7 0 100

' The larvae were reared under a'constant temperature of 25°C and natural day-length condi-
tions.
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Fig. 15 Percentage of macropterous females of the brwon planthopper
resulted from the rearing with various parts of rice plant
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Lffect of various parts of rice plant on the appearance of macropte-
rous females of the brown planthopper I1

Table 43

. Time of
Food plant Larval density erilergen ce &M &B oM
Seedling of rice plant 8 — 1,299 96 1., 214
10 cm long
Leaf blade of rice B=fore ear 2
plant 10 cm long 8 formation time 92 9 5
Bzfore or after
do 8 ear formation 288 295 182
. ’ time
Sheath of rice plant Before ear ‘
10 em long 8 formation time 100 2 b
Before or after
do 8 ear formation 231 38 261
time
Seedling of rice plant .
10 cm long 1 — 451 5 18
leaf blade of rice Befova ear
plant 10 em long 1 formation time 197 1 (4]
After ear i 13 0
do L formation time 59
Sheath of rice plant Before ear .
10 cm long : formaticon tims 152 1 10
After ear
do 1 formation time~ 92 23 ]
ripening time
After ripenin
do L time ¢ 71 0 27

9B 9M%

T
59 47
361 34
67 39
40 87
413 4
173 J
83 0
. 128 7
141 3
41 40
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Table 44 Effect of rice plants supplied different fertilizers on the appearance
of macropterous females of the brown planthopper. 1350

Treatment Date of hatching &M 4B . M QR 2M2%
No potash Aug. 24 72 0 5 67

No nitrogen Aug. 23 57 0 33

No phosphate Aug. 26 51 0 5 47 10
No fertilizer Aug. 21 109 0. 12 101 11

3 elements Aug. 21 57 0 3 71 4

The larvae, just after hatching, were put into test tubes of 2Zce individgally and reared under
natural conditions. The leaf blade of rice plant (Kameji) under growth in the paddy field was
given as food. Food plant was renewed every three days.
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Table 43 Effect of day-length on the appearance of macropterous females of
the brown planthopper. 1952

Larval Rearing
: Date of  Date of
Day-length Food plant density hatching emergence SM&B QMQB M &B temperature
per tube % % C
Rice seedling
Long day 10 em long 8 Oct. 30 Nov. 11-17 69 8 81 25 76 10 25
Leaf blade of .
do rice plant 8 Oct. 280 Nov. [0-15 74 0 48 12 83 0© 25
10 cm long
Leaf blade of '
do rice plant 8 Oct. 29 Nov. 11-17 51 3 48 3 94 &6 25
. 10cm long
do Rice seedling 3 Dec. 7.8
10 cm long C. Nov. 12-17 69 I 66 1 99 0 23
Ri .
do I&‘;;fcﬁ)‘ﬂéng 8  Oct. 30 Nov.10-15 63 25 52 36 59 28 25
Leaf blade of
Short day riee plant 8 Oct. 28 Nov. 11-17 40 29 39 26 60 42 25
10ecm long
_ Leafblade of
do rice plant 8 Oct. 29 Dec. 2026 59 5 48 7 87 8 25
10cm long I .
do ~ Riceseedling g B g8 Dee 2025 62 '
10cm long ec. c. 20- 4 43 8 84 &6 25

16 hours iillumination by 60 Watt electric light per day was given in long day and 8 hours in
short day. ,
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Table 46 Number of adults of various forms obtained in the rearing experi-
ments in which the larvae hatched from the diapaused and non-
diapaused eggs were reared on different food plants. 1958

| Food plarz | No. of larvae Mortality
Eggs used during Date of — Date of @M@BQMQB%y

i died %
larval stage hatching emergence I
None- Seedling of .0 95 Dec.ozz2s 19 0 2 29 6 5 9
diapaused rice plant
Annual Dec. 29
do meadow Nov. 21-26 j::n- 11 22 0 16 0 100 150 80
grass '
. Nov, 22— Dec. 24— :
Diapaused do Dec. 11 Jan. 12 22 2 14 0 100 71 65

The larvae hatched from the diapaused and non-diapaused eggs were reared indivi-
duall at 20°C under !8 hours illumination photoperiod.
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Table 47 Effect of high population during various stages of the larval develop-
ment on the appearance of macropterous females of the brown plant-
hopper. 1950
Date of hatching Treated period Larval density sM 5B @M 2B 2M%
Nov. 29 Ist instar 8 67 I 8 80 9
Nov. 29 1st-2nd instar 8 85 4 7 58 11
MNov. 29 1st-3rd instar 8 67 0 75 10 88
Nov. 6 4.-5th instar 8 64 2 13 62 17
Nov. 2 Ist-3rd instar 30 57 | 74 2 97
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Fig. 16 The stage of development sensitive to high population
which is the main factor inducing the appearance of
macropterous females of the brown planthopper.
Dotted square: Rearing under high population density.

Open square : Rearing under solitary condition {one

larva per rice seedling).
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Table 48 Distribution of the brown planthoppers on the rice plant in the
paddy field. 1951 _

Height of rice :
plant from 5 10 15 20 25 30 35 40 45 50 3 60 65 70 75 80 85 90

ground cm .

No. of larvae 0 53 44 45 17 12 8 4 2 1 1 0 0 4
No. of adults 4 15 26 3¢ 29 21 24 17 12 5 14 8 4 6 3 3 O 0 1
T These investigations w
cultural Experiment Station on September 29, 1951,
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Fig. 17 Distribution of the brown planthoppers on the rice
plant in the paddy field. Open circles show the
number of larvae, closed circles toial number of
larvae and adults,
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Table 49 Distribution of the brown planthoppers on the secdlings of rice plant
in test tube. 1950~-1951

Height of _
. rice seedling i 9 3 4 5 6 7 8 g 10 11 12
Plot No. £.om hottom

cm
N ‘ o o
i No. of larvae 144 . 124 68 b3 6l 32 ! 12 4 1 2 0
2 do 41 20 3 17 9 13 14 14 14 7 3
3 do 11 18 19 15 9 14 9 0 1 0 0 g
0 0 0
28 45 11 11 11 11 8 4
: - 8 5 0

Total 024 205 101 106 90 70 55 30 19
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Fig. 18 Distribution of the brown planthopper adults on
(the seedling of rice plant in test tube, Open circles
show the number of the resuiting adults which were
reared on rice seedling under solitary condition,
closed circles show the number of the resulting
adults which were reared on rice plant after head-

iag under high populadon density.
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Table 50 Distribution of the brown planthopper adults retulted from different
rearings on the seedling of rice plant in the test tube. October, 1957.

Height of rice seedling . 2 3 4 5 6 71 8 s 10 1 12 13 14 15 16
from bottom of tube em

- .

Rearing on rice seedling .
under §olitary condition 25 18 11 9 10 3 2 6 4 4 38 2 3 6 5 3

Rearing on rice plant
after hégading under o 0 2 4 4 7 2 6 2 o 7 3 7 7 16 55

crowded condition
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Table 51 Comparison of adults longevity mot supplicd food except water
between two types of adults resulted from different rearings. 1956

Adults collected in the Adults resulted from the
Adults tested *“Tyubogare” paddy do rearing with rice seedl-
field ing alon
Initi ldaté of - o S o
ez;:;);iment Oct. 24 Nov. 1 Nov. 1
Initial date of Nov. 9 Nov. I3 Nov. 2
death )
Final date of
death Nov, 24 Dec. 10 Nov. 11
Avcrage longevit
of aduit 4 21.2 2.7 6.9

* $o called *Tsubogare” is the brown planthopper damage in 1;i18 rice plan_ts_ which pI‘CSCI-'lt_

patchlike fall down of rice plants caused by thousands or tens thousands of planthoppers in
auiurnn.
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Table 52 Effect of rearing conditions during larval stage on the length of the
pre-ovipositional period. I 1957

Experimental A* B’-F C D E F G
series
.- -
Leaf
Ri sheath of 4 q 4
e d rice plant o o o
Food plant seedling do o aftcrphcad-
ing
Larval density 1 50 1 1 30 30 30
per test tube
Day-length {Long day TShort day Natural do . do do : da
Lcaf sheath
Host plant for Rice do do do do do og ;rlxieafter
oviposition scedling . Eeading
No. of parents 7 11 15 14 n 10 7
used ) .
Colleched in
the paddy
. Mar. Mar. Sept. Sept. Sept.  field on Sept. Sept.
Date of hatching 11 H 3 3 3 19 (4th~5th 10
instar larvae)
. Apr. Ma Sept. Sept. Sept. Sept. Oct,
Date of mating 193T51 1~u§ ﬁg 23 24 28 8
" Initial date of Apr. May Sept. Sept. Oct. Oct. Oct.
oviposition 24~25 17~27 24 26 3 5 29

Average pre-ovi-. ‘
positional 4.1 16. 4 2.1 4.6 13.4 15.1 21.0

period in days

% The larvae were reared at 15°C in these series, reared under natural temperature in others.
t 16 hours illumination by 60 Watt electric light was given in long day, 8 hours in short day,
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Table 53 Effect of rearing conditions during larval stage on the elongation of
the pre-ovipositional period. If 1958

Experimental A

series B Cx D* E F
Food plant . .
. Rice do d Rice plant
d larval . o
p::::)lg seedling ?I{g:r head- do do
Larval density 1
per test tube 30 1 30 I 30
Day-length Natural do +Long day  1Short day  Natural do
Host plant for Rice - _ _
oviposition seedling do do do do do
No. of parents
used 15 15 11 1 10 12
date of crossing J uréc June Aug. Aug. Qct. 25~ Qct. .
9~15 14 6 Nov. 9 8~12
Initial date of
oviposition jugc - June Aug, Aug. Nov. Oct, 16~
Average pre-ovi- 14~26 1921 13~20 6~17 Nov. 17
positional period
in davs 3.1 7.4 5.6 9.9 15.7 23.4
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% The larvae were reared at 18 to 22°C in these series, reared under natural temperature 1n

others.
+ 16 hours illumination was given in long day, B hours in short day.

1957 o RBARICALB, CED, EL dB,D,F@%m%&ﬁﬁ%a®%>ﬂmﬁwmﬁﬁﬁ
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Table 594 Effect of rearing conditions during larval stages on the elongation
of pre-ovipositional period. IIL 1959

Experimental A B c D E F G
series
. Leaf sheath
Food plant Rice_ do . do of rice plant do do do
during larval seedling after heading ’ .
period :
Larval density 2 9 9 2 2 30 30
per tube
Day-length Natural *Long day Natural do *Long day Natural Long day
. Annual

Host plant for Rice_ do do meadow do do do
oviposition scedling grass
No. of parenis 93 24 18 15 15 15 B
used

; Dec. Oct, 30~ Nov. Oct. 30~ Oct. 26~ Nov. Nov.
Date of crossing 1»-54 Nov. 16 2—4 Nov. 9 Nov. 6 2427 18{‘-—30
Average pre-ovi- PR
positionalpperiod 9.6 11.9 1.3 4.2 8.3 38.5 37.6
in days -

QMo 17 42 31 19 33 100 - 100

* In long day, after the sunset dificient day length was supplied by additional illumina-
tion with 60 Watt electric light until 10 p.m.

The larvae in each serics were reared under natural temperature till November 17,
then reared at 17 "C.
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Table 55 Number of females of brown planthopper with immature ovaries at-
tracted by the light trap or collected in the “Tsubogare” paddy fields -
in autumn. 1956
Date of investigation Ng. of females ) No. of females
i with mature ovaries with immature ovaries
T Oct. 24 10 88
T Oct. 24 5 15
* Sept. 10 3 561

T Adults collected from the “Tsubogare” paddy field on Oct. 4.
* Adults attracted to the light trap on Sept. 10.
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Table 56 Oviposition preference of brown planthopper adults for a seedling
of rice plant, an annual meadow grass and a meadow foxtail in
Autumn. 1857-1958
No. and percentage of eggs deposited on
Experimental plots Date of ]:;x:egft‘s Annual .
oviposition [ .4 meadow % Meadow % W(zcds Scedling .of %
foxtail % rice plant
grass
Rearing on rice seedling 1957
e htary condition Nov. 22-26 0 52 25 12 6 31 148 69
Rearing on leaf sheath
1957 7 75 2 6 8l 719

of rice plant after heading 10
under crowded condition Nov. 5-10

Rearing on rice seedling 1958
ndor litary condition Nov. 20-24 10 0 0 - — 0 132 100

Rearing on leafl sheath 1958

of rice plant after heading Nov. 25- 10

under crowded condition Dec. 2 0 0 > : 100 100 0 0
Rearing on rice seedling 1958

under solitary condition qov 25 10 60 28 18 8 36 138 64
Rearing on leaf sheath 1958

of rice plant after heading Oct. 31~ 10 95 65 19 13 78 33 99

under crowded condition Nov. 17

From the r i i
oo ;l Ch;?:;ltt:r:}:::: ;Sn dTaIble 50—5%3, it is recognized that there are differences in scveral
lo : adult longevity not supplied food, pre-ovipositional period, and ovi-
EC;Z:;O;; ;1;1 ZT:; beitwccx; two typfes of adults. One is the adults resulted from the re,aring on
2 leal sheath of ¥ me:n atl;]tcar:;ilrzlcadmg under high population density in autumn and the other is
£ on a seedling of rice plant under low density.
The authors named the former the “migratory form” and the latter the “normal form”
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Table 57 Effect of low temperaturc of 3°C on the mortality of brown plan
thopper adults which were reared under different conditions. 1956,

December.
o . o mts resulted from the rearing
Adults resulted from the rearing with leaf sheath of rice plant after
with seedling of rice plant under heading under high population
Time in days low p?pulat1on density density
exposed to 3°C No.of adults died No. of adults died
& 2 Total Mortality % & £ Total Mortality %
0 0 0 0 H 0 0 0 0
1 4 3 7 6 3 1 4 4
2 14 4 18 2! 2 3 3 9
3 20 21 41 56 13- 2 13 23
4 5 14 22 73 7 3 10 33
9 7 8 15 87 g 2 10 43
6 3 4 7 93 6 6 12 54
7 1 4 5 97 5 11 16 70
8 10 1 9% 2 6 8 78
9 1 1 2 100 2 3 3 83
10 2 6 8 90
1 2 4 6 96
12 ) 2 98
13 2 2 100
Avcragc(;g;\;;val period 3.7 6.3

Blb OB & AR ER TH » R RRRER TH - Rk 0 3 CRTRAFHE S MR OH
CEhih ADBKRIES ZBD oI,
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Fig. 19 The accumulated mortality curves of the adults resulted from
different rearings at 3°C. Open circles indicate the mortality
of the resulting adulis which were reared on lcaf sheath of rice
plant after heading, closed circles indicate the mortality of the
resulting adults which were reared on rice seedling.
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Table 58 Cold-hardiness of the 3rd inster larvace of the brown planthopper at

0°C. 1958
Time in hours exposed to 0°C No. of larvae died Mortality %
8 11 7
24 48 36
32 : 62 75
48 27 91
i 6 95
74 . %
2 100

This experiment was com;ncnced on January 22-,_“1953.

fsgﬁ NS G P T VI SN0 Tl OO ol S R R 2
able 39 Cold-hardiness of the 3rd inster larvae of the brown planthopper at the
temperature of 7°C. 1952 |

Time in days exposed to 7°C No. of larvae died Mortality %

=2 TS T £ - B o e
o oo O @
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Time in days exposed to 7°C No. of larvae died Mortality ' %

B 45 _ 35
8 22 45

9 12 ‘ 31

10 10 56

11 17 . 63

12 12 69

13 10 ' 73

14 12 ' 79

15 il 84

16 6 87

17 6 89

18 7 93

20 1t 98

21 2 99

22 1 99

23 0 99

24 0 99

25 1 99

26 1 100

This c:;;;-f%mcnt was cc-)-x;m;ced on November 18, 1952. -
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Fig. 20 The accumulated mortality curves of the 3rd inster larvae of the X
brown planthopper which were kept at various temperatures. Open
circles show the mortality of larvae at 0°C' and closed circles show
the mortality of larvae at 7°C.
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Table 60 Comparison of the appearance of diapause between the eggs laied by
the migratory form and those laied by the normal form. 1957-1958.

Treated —4°C —7°C

temperature

Type of adult Normal form  Migratory form Normal form Migratory form
No. of eggs tested 19 _ 10 - 36 7
No. of eggs survived 0 10 0 7.
No. of eggs died 19 0 36 0
Experimental date 1957 Dec. 10-11 (24 hours) - 1958 Jan. 10-11 (24 hours)

uh;4m;mrcxgwa%&cgmr%&ﬂ@ﬁmﬁwm-FGi?@@ﬁﬁ%ﬁbﬂw-%ﬂ
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Table 61 Liffect of rearing conditions on the cold-hardiness of brown planthop-
per eggs at —4°C. 1958

Rearing conditions during larval period D
. — - Daie of
Laral € o Date of No. of eggs No. of eggs No. of eggs

Food plant . ’-
o Pan density Day-length  emergence oviposition tested survived  died
Seedling of i o ’
rice plant Natnral — June 8 June 21 40 0 40
e 3 do June9~13  do 33 0 33

The larvae were reare(i under natural ond itions and the eggs laied b emerged adult
conditions and th fai
were placed under -4°C for 24 hours on June 25. s e by ety emersed adute
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Table 62 - Effect of rearing conditions on the cold-hardiness of brown plan-
thopper eggs at -4°C. 1858.

Rearing conditions during larval period

- Date of No. (zif eggs WNo. of cc%gs Icfo.d of eggs
larval _ oviposition teste survive ie
Food plant density Day-length
Seedling of rice 1 Long day Aug. 20 18 ) 0 18
plant
Leaf sheath of
rice plant after 50 Short day Aug. 20 23 0 23
heading
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Table 63 Effect of rearing conditions on the cold-hardiness of brown plan-
thopper eggs at —4°C. 1958.

Rearing conditions

during larval period Date of No. of eggs No. of eggs No. of eggs
Food plant Larval density ovipositon tested survived died
per tube

Seedling of rice -

plant 1 Nov. 8 16 0 16
Leaf sheath of

rice plant after 30 Nov. 8 '
heading o 14 12 2
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Table 64, Effect of host plant (scedling of rice plant) on the disappearance of
diapause in the brown planthopper eggs. 1958 e
Date of Date of E?gssggg?;::gg % No.ofeggs  No.of eggs No. of eggs
emergence oviposition after emergence tested survived died
Oct. 7-10  ~ (15-18 16 13 3
a. < Sept. 22 : .
Oct. 20-23 28-31 18 0 18
c. Oct. 25 Nov. 6-8 Control 16 0 16
L Oct. 23-26 14-17 13 10 3
) Oct. 28- 12
b. (Oct. 9~11 G 07 {i9—23 12 0
Nov. 4~7 95-27 7 1 6
c. Oct. 26 Nov. 6-8 Control 13 0 13
a. b. The resulting migratory adults which were reared on leaf sheath of rice plant after
heading under high populations in autumn.
c. The normal adults,
E ®
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Table 66 Effect of the day-length and temperature during larval period on .
the induction of diapause of brown planthopper eggs 1961.

Day-length

{I!lumination 2 g. 10 H 12
hours per
day)

Leaf sheath
Food plant of rice plant do do do do
Larval density 30 30 30 30 30
Rearing ’
temperature °G 17 ' 17 17 7 17
Eaattjehioxfg Sept. 28 Sept. 28 Sept. 29 Sept. 30 Sept. 30 O, :
Date of . .
cmergence  Nov- 4-10 Nov. 47 Nov. 4-10 Nov. 4-10 Nov. 410 Oct
Date of

; ' Nov. 20~ 2B
oviposition  Nov- 17-23 Nov. 20-27 Nov.20-24 NoV- 20~ Nov.28-

Host plant for Annual me-

oviposition adow grass do do do do
Date of cold

treatment Dec. 1-2 Dz, -2 Dec. 1-2 Dezc. 13-14 Dsc. 13-14 Ni
(~4°C, 24 hrs) .

No. of eggs . )

tested 138 45 97 63 34

No. of eggs o
survived 127 42 49 22 2

No. of eggsdied 11 3 48 41 32

Percentage of .
diapaused eggs 92 93 31 35 6
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“-Fig: 21 The relation between the various daily photoperiods
o - "during the larval and adult feeding stages and the
" 'percentage of diapause. The larvae and adults were
reared on leaf sheath of rice plant after heading

 at a temperature of 17°C.
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~Table 67 ‘Embryonic development of overwintered eggs of the brown plant-
" hopper in Spring 1960,

Date of Feb. )
investigation TP 3~ gg- Mar.8  Mar. 17  Mar. 22 Mar. 28 Apr. 8 ﬁf;}; 2;— June
No. of eggs  gg 38 89
used _ : 80 76 75 66 - Hatched Emerged
No. of eggs : .
survived a8 81 80 76 75 66 66 %I\hg gg
No. of eggs ’ '
died &0 6 2 4 ] 9
A Blastki- '
ofn?éoﬁgfj nesis or  Prophase Pro- agd Meta- and
Developmen- " spot or bla- prophase  of eye pig- (r;c;ape a_sc_ a?aphasq
tal stage of stkinesis - Of €Ye pig- mentation Ye pig- ol €yc pig-
embryo mentation stage mentation mentation
stage stage stage stage
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Table 68 Oviposition preference of brown planthopper adults for a sex
of rice plant, annual meadow grass and meadow foxtail in Spring 1 1958+,

Rcanng condltxons during No. and per¢
tE.xpcrim:;:nt'.':a‘l larval period Date of oDyi;:o:f E:;e;f; N
cmperatilr - e T
°C)  Eges  Food Day. hatching, used edling

of rice % me
used plant . length plant e

Non- Seedling

- p Long : Jan.
20 ;ilelélpau- o{ rice .y Nov. 28 10-19 10 133 50
plant
20 G meadow do Nor. Jan 05 10 120 53
grass -
Dhapau- Nov. 12— Jan
20 sedp do do J

Dec. 11 1z-26 10 74 36
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Table 17 Oviposition preference of brown planthopper adutls for seedling
of rice plant and annual meadow grass in Spring 1T 1960.

No. and percentage of eggs deposited on

Date of . " 'No. of parents —
oviposition ° used Seedling of " Annual meadow %
. o rice plant grass

Apr. 26-30 12 17 7 222 93
May 17-20 13 50 15 277 85
May 30-June3 13 63 17 300 83
June 6-10. 12 244 45 303 .55
June 21-27 1 331 63 198 37
July 7-11 10 240 89 31 11

The larvae, just after hatching, were put into test tubes (25 cc) with anuual meadow grass and
reared under natural conditions. Emerged adults were all macropterous forms.
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Fig. 22 'The relation between the time of oviposition and the
perecentage of eggs deposited on host plants during
spring. Closed bars show the percentage of eggs
deposited on rice plant, dotted bars show the percen-
tage of eggs deposited on annual meadow grass.
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Fig. 23 Diagram illustrating the life-cycle of the brown planthopper
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Fig. 24 Relation between the sunrise to sunset day length
and the normal temperature and the diapause of
various insects. L
C, D: The isothermal seasons in a year.
E, F: The vernal equinox and the autumnal equinox.
The distances between AC, AE, BF and BD are equal :
it is shown that AB line is influenced by temperature
and day length. The line showing the diapausc
period of Naranga aenescens, Delphacodes striatella,
Sogata furcifera and Nilaparvata lugens run parallet
to the AB line; it is considered that the diapause
of these insects arc controlled by these factors.
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Fig. 26 Differences of diapausing period of the white back plan-

thopper and the brown planthopper in three different

geographical areas.

%muoH%&@W%%ﬁm&bﬁ%@@ﬁaﬁéa.chdﬁﬁ%ﬂﬁ@kvﬂﬁyﬂﬁﬁf4ﬂﬁyﬁ
Q%Eﬁﬂ<’ﬁxﬂﬁmﬁ<qufﬁmgﬁf@5@,$§(wu)m;afﬁaﬁmvyﬁm%iﬁ
$<$a$u§wc&ﬁéﬁﬁ%®—ﬁﬁ&btc&?%&é.Eﬁiﬂ%a,%ﬁ%(w%)®ﬁ&1“
LIRSE LB ERRE N - T EEBA NS,

Eﬁ%@ﬁﬁgﬁﬁ%mmﬁﬁﬁ<%ﬁwéﬁémuuﬁMﬁUﬁ@b<Wﬁbmw§®&%i6n5w.
bﬁbmﬁgﬁﬁ%%ﬁﬁﬁbtiﬁK%@Kihﬁﬁﬁ%ﬁﬁ@bE%nﬁyw%E%ﬁﬁ@F54n¢
yw§$EL@%M§<ﬁb%ﬁfﬁﬂbﬁﬁ%ﬁbfwé:&méwﬁfﬁmbfﬁ§75@®ﬁz¢?
HAH3.

PFAT TR 2 RS ETRETH -~k v n o v aRE A v ok O FFEROEREH
BALELELDTH . RLOERERD MEY v & O REEET 8 10FRUHIRIIC AR 2 E T
BLSICEY R Y TR AEEERES O FAFEAEL T 5. BB L 2 BFERRREE
BATTRAHE S C L2 0 b MBI AN B LT 260 TH AL LHEADNS, R~ LEIEES D L
EroBETH > THHOBERTH 2 LEEN e, [MHAICEKS » EFFRINCET 283X 0p5ED
AHTRMET B C LML, FEEY e vy OREFEEERFLE & G HEICR O L OES L
SR BEY 5 SR & HERSEL O NI £ o BIBT & & 2 A ER DL '

FEA B HCEALTHRREZ TORBRTHEEEN L HFEEFL L EBBETH T, BHCET
HBEEBAITI > TR TRFEERSTRETE - TRNAAECECNALLETA G h A a oy HEELT
WRTHEHILEBAGBOHEMETOLOEFTRENS LD THS I LTHEEINLY, BEHcHLTEHL
T AMELRNEFERT LT L HER L,

HESRIC k> THIET Z BHL LTI hLTEE (1943) 0= YaeFybidiy, v bEd
v, 7aFAETYH, Dikson (1M oFoexo v, BB, £, AR (196 ozzorsg
v RY L RRT R EA YD H 1 OREREOHES LT 0 AR & BEOBREREORIC & > TR
5&,%i&ﬁwaﬁ%ﬁ%&?a&wuﬁyﬁuﬁwﬁﬁéﬁ%aL,Ewa%mﬁé&tz%%ﬁﬁm
FUTHL7E4ACAYVRAHBECOHRET 2 L0 >8Esbh s, Lo OBRIZKBHECRELE L
TABEFANEHMORHETE BB b HP i s, BOBCHEBOSREIRKR& (, S ABOK
PORRREMESCO TERIBEEIIZIZENL D C ENROE TH LD DHNIS, KIEHREO R
bC R » TEEO I & (AR L TERERSHHE - T 5. H 0 ICEYE 3 BEET 0 4 2 HRIEHD
 DEFTHINEBLCREZ (BT 2BEORIC, KEG—EORBCEYH . Bl —EORE T OES
néaﬁ&ﬁﬁﬁﬁ%éntﬁmﬁﬁﬂtmac&u,Wmﬁ—ﬁmﬁmaﬁ@ém@mﬁﬁéﬁTZﬂg



62 FRRUBLFABRSBWE B3

;<E%%$ﬁbﬁ%;&mm5.&a&maﬁﬁﬁ@?%@,Cn%%mﬁﬁﬁiﬁééﬁébfw%%
DTH3,

Epilachna sparss orientalis

30 |
[l
Naranga ecnescens ;

Grapholitha molests \]

25— —0
Delphacedes siriatella

201

Eagata furciferai

Temperature (°C)

Nilaporvaia
15 lugens

] 1 1 i L ] 1 J
8 10 12 14hr.
Day tength

BWE HERUVEEBELRROKEILI

Fig. 26 Relation between the day length and
temperature and the diapause of vari-
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Summary

Studies on the Hibernation and Diapause of the White Back

Planthopper, Sogata furcifera HorvATH and the Brown
Planthopper, Nilaparvata lugens StAL.

Toshio Mrvake and Akio Fuprwara

The white back planthopper, Sogata furcifera HORVATH, and the brown planthop-
per, Nilaparvata lugens STAL, have been well known as serious pests of the rice plant
in Japan. During the past thirty years, however, it has not been known where these
species has spent the winter. In the past there were two hypotheses concerning the
hibernation of these species. One is the migration hypothesis and the other the hi--
bernation one. From these points of view, many investigations on the hibernation of
these specics have been done. Most of these investigations, however, have heen de-

voted to surveys of open fields. But no definite conclusions could be obtained.

The authors have made studies experimentally since 1951 to solve the problem of
the hibernation in both speciés and the results of the experiments brought the con-
clusions that the environmental factors inducing the diapause of these species were a
low temperature, short day photoperiod, food plant (plant for food) and host plant pre-
ference in the white back planthopper and a low temperature, short day photoperiod,

~ food plant, population density and host plant alternation in the brown planthopper.

During the summer, adults of both these species which are observed in the paddy
fleld are mostly brachypterous forms: then the populations tend to increase and reach.
a maximum during autumn: and the emerged adults grow all macropterous forms.
At this season, changing the host plant to winter weeds such as annual meadow grass,
Poa annua L., by means of host plant preference or host plant alternation, these species

lay the diapausing eggs on them and spend the winter in the egg stage. The results
obtained are summarized as follows:

I. White back planthopper

1. In Hiroshima Prefecture the macropterous females and males of the white
back planthopper generaily appear in the paddy field for the first time from late June
to early J uly. Some of them appear in the paddy field from late J uly to early August.
Then the brachypterous females appear and the populations of larvae and adults in-
crease progressively during the summer. In late August, they reach a maximum
and_ emerged adults grow all macropterous forms. Towards September they decrease
ra%aldly in number and the macropterous forms disappear from the paddy field. At
t‘1'11s season many macropterous females with immature ovaries are attracted by the
light trap set up in the paddy field. These facts show that the white back planthopper
adults fly away somewhere from the paddy field. (Fig. 1,2)

2. The appearance of macropterous females of the white back planthopper is de-

termined by environmental factors such as larval density and food plant affecting the
whole larval period.
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In the experiments of rearing the larvae, the percentage of appearance of macrop-

terous females was 54 per cent when the larval density was kept one per seedling of

rice plant 10cm long. It increases in its percentage with the increase of the larval

density, reaching 100 per cent when the larval density was kept eight.

The same results was obtained in other experiments when the food plant was 2
seedling of rice plant 1.5cm long or leaf blade of rice plant under growth in the paddy
field. '

In the experiment in which the leaf sheath of rice plant was used as food plant,
the macropterous females appear more than in the experiment in which the leaf blade
of rice plant was used. (Fig. 3) From these results, it is considered that the appea-
rance of the macropterous females is based on the food deficiency caused by the in-

crease of the larval population.

3. Exposure to a temperature of 7°C for 19 days gave 100 per cent death of the
3rd instar larvae of the white back planthopper. Of course, they did not survive at
all when temperatures dropped below 7°C. There was no difference in cold-hardiness
of the 3rd instar larvae of different localities, Kagoshima, Hiroshima and Akita Pre-
fecture at a temperature of 3°C or the natural temperature during the winter (from

November to December). (Fig. 4,5,6)

4. During the time when the macropterous adults of the white back planthopper
disappear from the paddy field, they oviposit more on barnyard grasses, Panicum Crus-
galli L. var. submutica MEY, than on rice plants, Oryza sativa L. In the same period they
‘oviposit most on Panicum Crusgalli L. var. submutica MEY of the three Pamcum species.
(Table 13, 14) -

5. The resulting adults of the white back planthopper which had been reared on
barnyard grass during October to November did not oviposit on rice plants at all, but

oviposited on weeds such as annual meadow i
| grass and meadow foxtail
platensis L. (Table 15) t Alopects

f;. From April to July the oviposition preference for rice plants and annual
;nea (Xv grassees was studied continuously. The results of experiments showed that
rom April to May the planthoppers oviposit more on weeds than on rice plants. On

the other hand, during the time wh i
. en they appear in the paddy field they oviposi
‘more on rice plants than on weeds. (Fig. 8) ! they ovipostied.

7. As mentioned above, in all cases the white hack planthoppers showed more

distinct ovipositon preferences for the host plants in fresh verdure than for those

Wh- - P
ich approached maturity. In other words, the oviposition preference of this species

seems to be correlated with the chlorophyl content in host plants: it may be assumed

that the oviposition of this species i
_ pecies is caused by the response to the chemi i i
of certain amino acids. - emeal st

3 . .
It is assumed that the white back planthoppers damages to the rice plants are

Flu-e n(.)t only to th‘eir sucking nutritious substances from rice plants but also to their
injection of ceratin toxic substances into them. Thus, the potency of attack of the
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white back planthoppers was tested by the inhibition of root growth of cucumber
seedling caused by homogenated sugpensions of planthoppers in different localities.
The results of the experiment showed the existence of the difference in the degree
of inhibition by planthoppers of different localities, which suggests that there are local
differences between white back planthopper races. (Table 19)

9. The elongation of the pre-ovipositional period of the white back planthopper
adult is influenced by high population density during the larval period, but the elonga-
tion of it in the white back planthopper is not so remarkable as in the brown plan-
thopper. (Table 20,22) '

10. The adults of white back planthoppers which had grown under natural condi-
tions in September did not lay the diapausing eggs at all, but the adults which had
grown on weeds such as barnyard grass under natural conditions during October to
November laid the diapausing eggs, however, the adults which had grown on rice
plants at this season scarcely laid any diapausing eggs. (Table 26) These diapaused
eggs do not die even if they are kept at ~4°C for 24 hours.

11. The diapause of the white back planthopper egg is controlled by environmen-
tal conditions such as temperature, photoperiod and food plant which affect the whole
larval and adult periods. The relationship between these environmental conditions
and induction of the diapause was studied. The results are as follows. (Fig. 9)

a. At 17°C 90 per cent diapause was induced when the larvae were reared in a
short day photoperiod of 8 hours, but at 20°C no diapause was found at all. Thus,
temperature as a diapause factor seems to be very low.

b. The experiment concerning the effect of photoperiod was carried out at 17°C.
The results are presgnted in Table 28. It indicates that the short day photoperiods
ranging from 8 to 9 hours per day induce 8195 per cent diapause, but longer than
this time range the incidence of diapause falls to about 50 per cent. The prevention

of diapause is most pronounced in a day length of 12 hours because in that case no
diapause was found at all.

c. For induction of diapause it is necessary for larvae not only to grow under low

temperatures and short day photoperiods during the whole larval period, but also to
feed on weeds such as annual meadow grass and barnyard grass. }
‘ 'd. As mentioned above, the white back planthopper is conspicuously different
in its temperatu_re and photoperiodic response from many other insects because the
temperature and photperiod which are the main factors inducing the dipause are very
low and short. Therefore, it is considered that there are some differences in the dia-
pausing period of it in different geographical localities.

12. The diapaused eggs of white back planthoppers which had spent the winter
among weeds in the yellow spot stage of embryonic development grow active in early
March, and their hatching begins in late April. The newly hatched larvae take the
weeds as food plant and emerge in the period from late May to early June. These
are the adults of the first generation of that year. The adults which appear in the
paddy field for the first time from late June to early July are the ones of the second
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generation. (Table 29, 30, 31)

13. The white back planthopper can be reared sucessfully on only weeds through-
out one whole year. The larvae hatched in October grew on barnyard grass, and the
adults which emerged in November laid their diapausing eggs on the annual meadow
grass. From these experiments, it can be said that weeds are the normal host plants

of this species. (Table 32)

14. The white back planthoppers, which appeared in the paddy field for the first

time from late June to early July, pass two generations on rice plants. From late
August to September they change the host rice plant to the host barnyard grass and
pass tow generation on it. The planthoppers, Ta‘vhiv::h grew on weeds, barynard grass,
during November, again change from host barnyard grass to host annua.ll mee%dow grass
and lay the diapausing eggs on it. The diapaused eggs spent the winter n the e.gg
stage and begin to hatch in late April, and from late May to June the first generation
adults of that year emerge. Passing tow generations on the winter weed, they appear
in the paddy field. On the other hand, it is considered that there may be some plan-
thoppers which complete their life cycle on weeds. (Fig. 10)

II. Brown planthopper

15. The macropterous adults of the brown planthopper generally appear in the
paddy field for the ﬁrst time from late June to early July. Then the brachypterous
females appear, and the population density in the paddy field increases progressively
during the summer into autumn. From late September to October they reach a maxi-

mum number and emerged adults grow all macropterous forms and disappear form
the paddy field. (Fig. 11).

16. The wing-forin of the brown planthopper female is determined by environ-
mental factors such as larval density and food plant which affect the larval period.

The results obtained are approximately similar to those obtained in white back plan-
thoppers.

a. In the experiments of rearing in which a seedling of rice plant or a leaf blade
of rice plant under growth in the paddy field were given as food, the more does the

larval density per constant food plant increases and the more do the macropterous

females appear. The brachypterous females appear more easily in the brown plan-
thopper than in the white back planthopper.

b. When the larvae were reared with weeds (annual meadow grass) at various
developmental stages, the percentage of macropterous females was very high (71-95
per cent) as compared with the results obtained in the experiments of rearing in
whcih the larvae were reared on seedling of rice plants {0-3 per cent), but it had no
relation with the population density and the developmental stages of the weeds.

c. In the experiments of rearing conducted at regular intervals fromm June to
September in which a leaf blade of rice plant under growth in the paddy field was
given as food, there was no difference in the appearance of the macropterous female.
There was, however, remarkable difference in the experiment of rearing in which a
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leaf sheath of rice plant was used as food. That is, the leaf sheath after heading
accelerates the appearance of macropterous females. The leaf sheath given for food
gave a more definite effect to produce the macropterous females than the leaf blade.

17. In order to know if there was a Iparticular stage especially important for the
determination of wing-form, the larvae was subjected to crowding treatments at va-
rious stages of the larval development. The results showed that the sensitivity to
high population, which is the principal factor producing the macropterous female, was
highest in the 3rd stage of larval development. (Fig. 16)

18. According to observatione in the paddy fields during the summer, the larvae
and adults show they prefer to move to a position on the rice plants, and they are
distributed almost entirely on the lower leaf-sheath part of the rice plants. (Fig. 17)

19. Several ecological characters were studied in the two types of adults which
had resulted from the different rearings. ‘The adults which were reared on leaf sheath
of rice plant after heading in autumn under high population density grew all macrop-
terous forms, and the ones which were reared on seedling of rice plants by itself grew
all brachypterous forms.

a. The adults which were reared on leaf sheath of rice plants after heading under
high population density show distinct preference for moving to the upper parts of rice
plants. (Fig. 18)

b. The macropterous adults which resulted from the rearing on Ieaf sheath after
heading under high population density have a longer adult longevity not supplied food
than that of the brachypi_;erous adults which had resulted from the rearing on seedling
of rice plant under low population density.

c. The pre-ovipositonal period is showen to be different in the two types of adults.
The macropterous fernales which resulted from the rearing of leaf sheath of rice plants
after heading under high population density in autumn had-a longer ’pre-ovipositonal
period (21-39 days) than that of the other females (9.6 days).

.d. ’.I‘he macropterous females collected in the “Tsubogare” paddy field, as ex-
plained in the text, or attracted by the light trap set up in the paddy field in autumn
are almost always found to have immature ovaries.

e. A clear difference of ovipositon preference for rice plants and weeds was found
between two types of adults. The macropterous adults which were reared on leaf
sheath of rice plant after heading under high population density in autumn show a
severe oviposition response to weeds, whereas the brachypterous adults which were
reared only on seedling of rice plant prefered rice plants.

f. Cold-hardiness of the adults which had resulted from the rearing on leaf sheath
of rice plant after heading is greater than that of adults Whmh resulted from the
rearing on seedling of rice plants alone. :

20. From the facts mentioned above, it is recognized i:hat there are differences in
several ecological characteristics such as -an adult longewty not “Stppl
ovipositonal period, cold-hardiness and host plant prefereﬁce betweenﬂw fwa t‘YIfES ot
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adults. These two types of adults are controlled by rearing conditions. One is the
adults which resulted from the rearing with leaf sheath of rice plant after heading
under high population density, while the other is the ones which resulted from the
rearing with seedling of rice plant by itself. The authors named the former “The
migratory form” and the latter “the normal form”.

21. Cold-hafdiness was examined in the 3rd instar larvae of the brown planthop-
per reared with seedling of rice plant, but the hardiness was very low, and all larvae
died at 0°C within 3 days and at 7°C within 26 days. (¥ig. 20)

22. The diapause in the eggs of brown planthoppers is induced by environmental
conditions such as temperature, photoperiod, food plant and population density during
the whole larval and adult period. The relation between these diapause-factors and
induction of diapause was studied. :

a. The eggs laid by the adults which had been reared on leaf sheath of rice plant
after heading under high populations in August all completed development without
diapause. While the eggs laid by the resulting adults (the migratory forms) which
had been reared under the same conditions in October entered diapause. Thus, the
migratory adults lay the diapausing eggs, but the normal adults do not. These
diapausing eggs do not die even though they are kept at —4°C for 24 hours.

b. When the migratory adults, which should lay the diapausing eggs, were reared
on seedlings of rice plants atere emergence, they became gradually not to lay the
diapausing eggs, This fact show that the seedling of rice plant is a preventing factor
for diapause of this species. '

¢. At 17°C about 90 per cent diapause was induced when the larvae Weré reared
on the sheath of rice plants after heading in short day photoperiods ranging 8 to 9
.hours per day, but in longer than this time range the perecentage of diapause fell
'.sharply. At 20°C only 40 per cent diapause was induced notwithstanding the rear-
ing under short day photoperiods ranging 8 to 9 hours. o

23. There was no difference in the appearance of diapause between ‘the eggs

Wh_mh were laid by adults of two different localitities, Kagoshima and Hiroshima
which had been reared under same conditions, | ,

24.  The diapaused eggs which had been laid in autumn by the migratory adults
gn alnnual meadow grass spend the winter in the vellow spot stage of embryonic
evelopment and hatch from late April to early May. The adults of the first gen-

eration emerge from early to middie i
o e arly July and the second generation from late June

t 2;. The .ov1positon preference for rice plants and annual meadow grasses was
:,hu ied cgntmuously. From April to May the planthoppers oviposit more on Wéeds
_ an on rice plants, whereas, when the growth of annual meadow grass was near ripen
ing from late June to early July, they oviposit more on rice plants than on weeds (a ?
nual meadow grass). (Fig. 22} These results agree with those of the inve tigatic -
the first flight period of planthoppers in paddy fields. R
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26. The 'b'fiil -:'planthoppers which appeared in the paddy fields for the first time

une July spend three generations on rice plants. From late
' the emerged adults grow all macropterous forms, and they
1;0 the host annual meadow grass and lay the diapausing
r on the winter grass, the diapused eggs hatch in early
irst generation emerge during J une. They spend two ge-
‘the adults of the second generation emerge from late
idults appear in the paddy fields.

ﬁaﬁse is induced by temperature and photoperiod, a short
duction of diapause in a way which is parallel with low
~short day photoperiod of 8 hours and temperature of
hot_dperiod‘ which act as a short day photoperiod does in
ute (Nam_nga aenescens, photoperiod of 13 hours, temperature
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Fig. 1. Diapause eggs of Sogata furcifera in the
yellow spot stage which had overwintered.

Fig. 3. Non-diapause eggs of Sogata furcifera
in the eye pigmentation stage developped at
25°C. o

Plate

Fig. 2. Similar to Fig. 1.

Fig. 4. Similar to Fig. 3.

I




Plate II

Fig. 5. Diapause cggs of Sogata furcifera in Fig. 6. % Similar to Fig. 5.
the eye pigmentation stage developped at
95°C after cold treatment (at -4°C, for 24
hours)

Fig.‘ 7. Non-diapause eggs of Sogata furcifera Fig. 8. Similar to Fig; 7. Eggs passed several
died just after cold treatment (at -4°C, for days after death
24 houre)




Plate Ti1

Fig. 9.- Diapausc cggs of Nilaparvaia lugens Fig. 10. Diapause eggs of Niiaparv.ata lugens
laied by the migratory adults in autumn in spring which had overwintered. Photo-
graphed on March 12th, 1960

Fig. 11, .Non—diapausc eggs of Nilaparvata Fig. 12. Non-diapause eggs of Nilaparvata
_lugens in the eye pigmentation stage deve- lugens died just after cold treatment kept
lopped at 25°C. _ at —4°C for 24 hours



Plate IV

Fig: 13. Diapause eggs of Nilaparvata lugens
in the eye pigmentation stage which over-
wintered and developped under natural con-
ditions. Photographed on March 22th, 1960.

Fig. 14. Diapause eggs of Nilaparvata lugens
in the eve pigmentation stage which deve-
lopped at 25°C after cold treatement kept at
—4°C for 24 hours

Fig. 15. Non-diapause eggs of Nilaparvata lu-
gens died after cold treatment (at -4°C, for
24 hours), passed several days after death.

Fig. 16, Similar to Fig, 15.
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