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Introduction.

It was nearly fifty years ago when Yosmrramr Naxuro began observations on
the rice-borer, Ckilo simplex BuriEr, and meantime our knowledge on this rice pest
has b:aen much advanced. Indeed, it may probably be said that no injurious
insect either of the staple crop or of the fruits and vegetables has been so eagerly
studied as the rice-borer. The writers however must state that very little as yet
has been known about the physiology and ecology of this important rice pest in
spite of a long period of observations and experiments devoted to the study of the
rice-borer. As a matter of fact, the physiological and ecological studies on the
injurious insects have been taken up in Japan only several years ago, so that
the information along these lines of studies are much needed. Therefore, the
writers have undertaken the ecological studies on the rice-borer. Our investiga-
tions have been planned on various phases in the life-history of the rice-borer.
Some of the experiments conducted up to the present time are still of a rather
preliminary nature. However, the writers wish to publish, in a series of papers,
the results which have been obtained so far and which the writers consider to be
interesting and important for some reasons.

Part I. Development of Hibernating Larvae
and their Places of Hibernation.

As it is well-known, the majority of hibernating rice-borers pass winter in
straws, i. e., in the harvested culms of the rice-plants, but some of the larvae
hibernate in the stubbles of the rice-plants which are standing in the rice-field

1 This and the following papers are the slightly modified English editions of the writers®
pepers which were published in “ Nogaksu-Kenkyn,” No. 17, 1931.
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after the harvest. These straws and stubbles may be found under different
conditions. For instance, some straws may be piled up in the field either in &
sunny place or in shade while the others may be kept in the barn and protected
from the sun’s rays and rain. Similarly the stubbles may be found under various
conditions. Some stubbles may be quite long and reach a few inches above the
soil in the rice-field while the others may be very short in some cases being almost
at the level of the rice-field. Again, some may be in sunny places during the day
while the others may be in the shade for the most part of a day.

These differences in the conditions under which the straws and stubbles are
found, would probably have some influence upon the larvae which are hibernating
in them. For, the radiant energy which is given off by the sun to the straws or
stubbles must vary gréatly according to whether the straws or stubbles are in
the sunshine or in the shade for the most part of a day. Therefore, the tempera-
ture of the hibernacula where the rice-borers are hibernating may not be the same
in different hibernacula even in the case where the air temperature is the same
both in the sunshine and in the shade. In fact, this difference has recently been
shown in certain forest hibernacula by HoLmquist.

Appearance of the adults of the rice-borer in spring continues for quite a long
period. Usually, it lasts from 70 to 80 days. The causes of such a prolonged
period of emergence may be numerous, but it would seem to be reasonable to
expect that the differences in the conditions under which the larvae are hibernat-
ing may be at least one of the important factors which affect the emergence of
the meth in spring.

In view of these circumstances, the writers have undertaken to carry on
observations and experiments to see if there is any relation between the time of
pupation and emergence of hibernating rice-borers and the temperature of the
hibernacula.

i. Temperature of Hibernacula.

Method of Measurement of Temperature. It was considered that the most
convenient method of measuring the temperature inside of a culm is to use a
thermocouple. Accordingly, a thermojunction made of copper and constantan was
attached to a portable galvanometer made by the Lreps and Norrarur Company.
A thermos-bottle with water of a known temperature was used as the standard.
Oae end of the thermojunction was placed in the thermos-bottle and the other
end was inserted into the culm, the temperature of which is to be determined.
The writers did not consider that this was the most accurate method to be used,
since the deflection of the galvanometer may to some extent vary due to varying
conditions existing in the circuit even when the electromotive force at the end of
the junction remains constant. However, the determination of temperature by.
the ordinary mercury thermometer is not feasible in the present case and the
thermojunction method was considered to be better.
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Number of Temperature Determinations made during a Day. Measurements of
the temperature of straws and stubbles were made during the daytime only. In
most cases the determinations were made three to four times a day. However, on
a few occasions, it was not possible to make so many determinations owing to the
bad weather. The temperature of air changes rather quickly even during a short
period in which several measurements of the temperature of straws and stubbles
are made. Therefore, every time when the temperature of straws or stubbles was
measured, the temperature of air was determined with a mercury thermometer to
compare it with the temperature of straws and stubbles.

Hibernacula selected for the Determination of Temperature. The places for
hibernation which were selected for measurements of the temperature, were the
stubbles of the rice-plants standing in the field and the rice straws which were
harvested and piled by the side of the laboratory. There were two kinds of
stubbles, tall and short. The tall stubbles were about 15 centimeters high while
the tip of the short ones was almost at the level of the rice-field.

Small bundles of straws the diameter of which was about 6 centimeters were
used for the determination of the temperature of straws. Two straw bundles
were made and the one was placed on the ground in a sunny place on the south
side of the laboratory while the other was placed in the shade on the north side.
It must be mentioned here, in connection with this, that the straw bundle on the
south side of the laboratory was not always in sunshine during the daytime. It
was in shade for short time before the sunset. Similarly, the bundle in the north
side was not always in shade during the whole daytime. It was in sunshine for
a few hours in the morning.

The rice straws which were examined for rice-borers to see the progress
of pupation and emergence were kept piled in two different places, namely,
the one pile was in a sunny place on the south side and the other, in the shade
on the north side of the laboratory. A considerable amount of rice straws
were made into a pile, so that the temperature in the inner part of this straw pile
could not be measured by the method mentioned already. The temperature in
this straw pile must have been different from that of the small straw bundle
which was used for the determination of .temperature of straw. However, the
temperature of & culm which was near the surface of this straw pile must have
been fairly similar to that of a culm in the small straw bundle which was used for
temperature determination.

Results of Temperature Determinations, The results of temperature measure-
ment are shown in Table L
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Table L
Temperature of Stubbles and Straws,

Air Temperature

Temperature of | “ s 41 0 'Nime of

Doermimations | - or o, |Delermination o ey Boaacks
Temperature
i) 1927,
A. Tall Stubbles. (Variety of rice-plant unknown.)
4: 22 16.1° 16.3 8.0
v 25 21.3 20.9 144
n 27 26.4 24.8 19.3
5: 3 213 20.0 177
r» b 20.1 19.6 14.4
r 9 23.3 20.3 16.7
» 11 20.4 19.8 174
n 13 19.1 18.1 15.2
» 19 23.7 22.4 167 {3&’1‘3&%‘2{.“‘
» 28 27.2 26.6 20.0 Rain on May 24,
6: 8 28.8 26.6 20.9 Rain on June 6,
v 18 22.4 22.2 18.0
» 20 28.8 27.3 21.8

B. Straws., (In sunshine in the forenoon only.)

4: 22 18.56 18.8 Same as given
» 25 21.2 213 il

w 27 25.0 24.0

5: 3 211 19.8

» 13 18.9 18.0

» 19 23.1 22.6

» 26 26.8 28.5

6: 8 27.7 26.7

» 18 23.8 22.2

» 20 29.1 27.3

if) 1928, (Variety.........Omacki)
A. Tall Stubbles.

3:29 16.3 134 ]
4: 4 17.2 13.8 8.5
r 10 18.9 17.0 121
» 16 21.7 184 12.2
r 20 204 18.3 13.9
r 23 16.1 11.8 7.9
v 28 17.9 169 115
» 30 24.8 23.8 18.1
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Air Temperature

Tempemture of at the Time of :
Detormations | ot | Dsormination of i Topen | Bomak
4 Temperature
b: 2 21.7 144 15.5
r 10 21.8 20.3 14.3
r 14 25.2 24.1 20.7
r 17 22.0 216 15.4
v 21 26.6 26.6 19.9
» 23 23.6 23.0 18.3
r 26 26.7 25.6 19.9
n 30 20.6 20.2 21.8
6: b 277 26.6 18.0 .
v 7 28.7 28.2 20.3
r 9 30.3 29.2 20.9
r 12 27.8 27.8 22.3
» 16 26.9 28.2 213
B. Short Stubbles.
3: 29 19.0 134 Same as given
4: 4 18.0 13.8 Rher,
r 10 18.8 17.0 Rain on April 9.
r 16 23.2 18.4
» 20 21.1 18.3
n 23 16.6 11.8
r 28 17.0 16.9
» 30 256.0 23.9
8 2 23.7 14.3
r 10 21.6 20.3
r 14 24.1 24,1
r 17 24.3 21.8
r 21 28.1 25.8
r 23 23.1 23,1
n 26 27.6 258
» 30 29.8 20.2
8: b 28.8 26.6
r 7 29.3 28.2
r 9 315 29.2
r 12 28.4 27.6
r 16 26.6 28.2
C. B8traws in Sunshine.

3: 29 20.8 16.1 Sume a8 given

4 19.0 147 o
r 10 18.7 17.1
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Temperature of Air Temperature
Dotomnatins | S0 | Dtormiation of |, MDY | Bk
Btraws ubble (straw)
Temperature
4:18 23.8 20.9 Same as given
» 20 22.0 18.7 kil
» 23 17.5 129
» 26 185 18.9
» 30 30.2 25.7
6: 2 234 224
» 10 23.7 204
r 14 27.0 249
» 17 26.1 21.3
» 21 29.3 26.7
r 23 24.9 23.0
» 26 26.0 24.4
» 30 28.7 28.8
6: b 25.4 24.6
¥y 1 268.4 28.2
r» 9 28.3 279
r 12 26.6 28.0
» 16 26.2 28.1
D, Straws in Shade.
3:29 144 13.3 Same ns given
4: 4 14.9 125 fa A~
» 10 18.7 16.3
r 18 218 18.7
» 20 18.8 18.2
r 23 11.7 11.0
» 28 17.2 18.7
» 30 240 23.2
6: 2 20.0 20.8
» 10 21.8 20.6
. 14 24.6 23.7
r 17 21.1 210
r 21 25.7 25.5
» 23 23.2 22.6
r 28 24.0 248
r 30 . 279 28.5
8: b 26.0 24.8
r 7 28.3 26.9
v 9 28.1 ' 28,0
r 12 28,0 | 267
r 15 28.5 28.1
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Temperature of | Alr Temperature
Dates of Stubbles Dotommimtion pt| | Mean Daily Remarks
Determinations or Stubble (straw) Air Temperature
Btraws
Temperature
iii) 1929, (Variety........ Omachi.)
A. Tall Btubbles,
4: 1 21.9 16.4 10.9
r 8 21.2 14.7 10.8
n 15 21.8 16.0 104
r 23 22.8 17.2 9.6
r 30 256.9 22.9 17.2
5: 6 23.4 17.9 11.3
r 11 29.7 22 18.3
» 16 28.9 229 16.7
r 20 31.6 26.8 18.4
r 24 29.3 24.8 18.8
» 27 276 23.2 17.1
n 31 20.7 24.2 17.9
6: 4 20.6 30.9 221
B. Short Stubbles,
4z 1 21.7 18.6 Same as given
v 8 214 14.7 above,
» 16 21.6 18.0
» 23 23.2 17.2
» 30 25.8 22.9 Rain on April 29.
5: 6 23.7 179
r 11 28.2 22.7 Rain on May 10.
» 18 291 22.9
r 20 314 25.8
r 24 29.6 24.8
r 27 28.3 23.2
n 81 28.8 24.2
6: 4 29.4 30.9
0. Straws in Sunshine,
4: 1 24.0 18.6 Bame a8 given
r 8 19.8 17.2 in “A”
n 16 29.7 17.7
n 23 25.4 19.1
r 30 28.1 23.9
5: 8 26.1 19.2
r 11 31.8 23.7
» 18 26.3 244
7 20 30.3 25.8
v 24 28.6 24.8
n 27 28.1 23.1
r 31 28.9 23.7
6: 4 28.1 29.8
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Tempemture of Ai't' '.tl‘hen’zrp_emtn;e
Dates of Stubbles adlyadag Mean Daily "
Determinations or Dsitebrgmaﬁon of Air Temperature ks
Sttaws ubble (straw)
Temperature
D. Straws in Shade.
S | 20.2 145 Same as given
» 8 20.8 16.1 in «A”
» 156 20.3 18.7
r 23 21.8 175
» 30 25.8 214
5: 6 23.1 176
» 11 28.9 23.0
» 18 26.5 21.5
» 20 30.9 25.7
r 24 30.0 25.0
r 27 28.1 23.3
» 31 30.3 20.6
8: 4 2T 30.2
iv) 1930. (Variety.........Omacki.)
A, Tall Stubbles,
4: 4 184 14.2 8.6
v 8 21.8 18.7 12.3 Bain on April 8.
» 18 231 177 8.1
n 22 22.3 19.0 122 Heavy raén on Apsil 27.
» 28 23.2 18.3 14.3 Cloudy and strong
5: 6 23.4 18.9 165 witd an Apell 38.
r 13 29.8 24.2 18.4 Rain on May 12.
Clondy and s
» 21 27.8 23.3 18.9 { A T
r 29 31.3 26.8 19.4
8: 4 28.8 24.2 18.6
» 10 27.9 28.2 20.6
B. BShort Stubbles.
4: 4 19.9 14.2 Same as given
» 8 21.0 18.7 Y
» 18 23.5 17.8
»n 22 24.1 18.8
r 28 21.7 18.3 Rain on April 28.
5: 6 23.6 18.7
p 13 28.8 24.2
r 21 27.6 233
v 29 30.8 26.6
6: 4 28.7 24.2
» 10 27.8 28.2
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Air Temperature

Temparature of | ° o 1 Piveg of
W g sst:g_::s %‘Zg";ﬁ;“(‘;‘t‘r‘;‘;‘f Airlﬁ‘a:;m{me Semarks
Temperature
0. Btraws in Bunshine.
4: 4 18.7 156.6 Same as given
in “A”
r» 8 21.6 18.6
» 18 22.0 16.7
» 22 21.5 198
4 28 22.9 18.5
G 24.8 19.6
# 13 29.9 24.6
» 21 26.7 24.0
» 29 29.8 26.8
6: 4 28.8 23.8
# 10 29.8 28.8
» 18 24.7 272
D. Straws in Shade,
4: 4 3 e 13.7 Same a8 given
in “A.”
r 8 214 16.8
» 18 20.6 168.3
r 22 19.1 19.2
» 28 23.8 18.9
5: 8 23.5 19.2
» 13 27.1 24.4
n 21 25.6 224
» 29 30.9 27.1
6: 4 288 24.1
» 10 29.2 29.3
r 18 22.9 25.7

The results in Table I are shown graphically in Figures 1 to 4.*

* To avoid the complioucy of resulting figures, air temperature is not plotted in ocertuin
onses, The results shown in the figures are the results of determination of air tempern-

ture immediately following the determination of stubble temperature,
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Fig. 1
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Fig. 3.
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Fig. 4.

June
Duys of the Month.

semesencmseeees Tompernture of tall stubbles.

——a ” short stubbles.
O-——0-——0 ” straws in sunshine.
B s - — ” straws in shade,

Air temperature at the time of temperature determinution.

Meun air temperature of the dny on which temperature determinations were made.

Air Temperature at the Time of Defermination of Temperature of Straws and
Stubbles. When determination of temperature of straws and stubbles was made,
the air temperature was also measured immediately after that, and these two
determinations were compared each other. As it is evident from the records in
Table I, the temperature of straws and stubbles was considerably higher than
the air temperature at the time of the determination. In some cases the differ-
ences between the air and the straws or stubbles amounted to more than 7 to 9
degrees. Only in a few exceptional cases, the temperature of straws in the shade
was slightly lower than the air temperature. This seems to have occurred when

the straws or stubbles were wet owing to the rain previous to temperature
determination or when it was cloudy and warm.

10



190 O, Haruxawa, R. TagATO nnd 8. KuMasEIRO :

Mean Daily Temperature of Air and Temperature of Stubbles and Straws.
Determinations of temperature of straws and stubbles were made three to four
times a day in most cases as it has been previously stated. The average of these
determinations was markedly higher than the mean daily air temperature as it
will be evident from the records in Table I. This is to be expected because
the determinations of temperature of stubbles and straws were made only during
the daytime and not at night when the temperature of stubbles and straws
descended much lower than in the daytime.

Therefore, it is desirable to know the actual average temperature of straws
and stubbles in cases where the temperature measurements were made through-
out the day and night. For this purpose, a temperature recording apparatus
must be used. Since it was not possible to use a temperature recorder equipped
with a thermojunction, the writers used a thermograph with a small cylindrical
sensitive part made by J. Ricrarp. This cylindrical bulb was inserted into the
center of a small bundle of straws, the diameter of which was about 6 centimeters.

Temperature of Straws af the Outer Layer of a Straw Pile. The sensitive bulb
of the thermograph, which was inserted into a small straw bundle as described
above, was placed on a straw pile and exposed to the sun. The maximum, mini-
mum and average daily temperature of the outer layer of the straw pile were
obtained in this manner. The results thus obtained in 1931 were compared with
the maximum, minimum and mean temperature of air as shown in Table II.

(Consult Table IT on page 191.)

According to the results shown in Table II, the following conclusions may be
made: In almost all the cases, the minimum temperature of air was slightly
higher than the minimum temperature of straws while the maximum temperature
of straws was without any exception markedly higher than the maximum air
temperature.

When the average of temperature is compared, it is evident that, out of 33
days, there were only 3 on which the average of air temperature exceeded that
of straws. In one instance, the average of temperature of straws exceeded as
much as 4.5 degrees over that of air.

The straw pile gives off its heat at night so that its temperature descends
lower than that of air. But, during the daytime, the straws are much warmed by
direct sun’s rays and they attain to a very high temperature which more than
offsets the fall of temperature of the straws at night. Consequently, the average
of temperature of straws at the outer layer of a straw pile is almost always higher
than the average of air temperature.
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Table IIL

Comparison of Temperature of Air and That of Straw Pile
at the Outer Layer.

(1931)
Temperature of Struw Tempemture of Air AS:‘:;‘;“;::F
Dates e : 5.2 Exocess of Straw | Weather
ek | 36 v oat | 0 avamae) “oi o
4: b 17.0 3.2 114 15.8 4.2 111 0.3
» 8 23.9 2.6 10.1 16.3 3.3 9.0 11
r 7 229 | —=0.2 8.1 10.0 0.8 5.5 2.6
r 8 157 | —23 5.4 9.4 | —2.2 4.3 151
r 9 26,8 | =20 8.3 13.8 | —=2.1 6.7 1.8
r 10 27.8 0 12.0 17.9 | =0.1 10.0 2.0
r 11 16.6 5.2 10.8 13.1 5.8 10.2 0.6
» 12 20.4 1.7 9.6 14.0 1.8 8.4 1.2
r 13 20.0 4.2 14.1 18.8 5.1 11.9 2.2
r 14 19.6 =3 134 19.2 8.2 13.0 0.4
» 15 22.0 44 12.9 18.5 4.8 114 1.5
r 16 40.0 6.2 195 23.9 5.4 16.1 4.5
v 17 28.9 47 17.6 20.8 10.0 15.6 2.0
r 18 28.8 3.0 14.2 16.8 8.7 11.7 2.5
v 19 37.0 6.7 16.2 18.0 6.1 12.5 3.5
» 20 24.0 8.4 16.2 17.0 9.0 13.2 2.0
r 21 24.2 14.1 17.3 19.0 14.1 15.8 1.5 Rain.
v 22 19.8 3.8 13.8 17.0 8.0 13.8 —0.2 Rain.
r 23 25.6 1.8 12.0 17.0 2.7 11.0 1.0
r 24 14.9 10.4 123 124 10.7 1.7 0.5 Rain.
v 25 24.0 7.0 13.7 17.8 8.0 13.8 0.1 :
r 26 29.6 4.0 156.1 21.0 5.6 137 14
» 27 25.8 13.9 18.1 21.1 14.6 174 0.7
r 28 30.7 16.0 20.1 24.0 16.0, 19.0 11
» 29 23.6 15.9 19.0 20.2 18.7 17.6 1.4 Rain.
»# 30 30.3 11.0 17.8 21.2 114 16.1 1.5
(T | 23.5 4.0 14.1 20.3 6.8 14.3 —0.2
r 2 29.7 0.3 13.1 21.3 3.9 13.9 —0.8
» 3 33.7 1.9 14.5 23.0 4.8 14.1 0.4
r 4 33.0 T 16.3 26.0 6.3 15.9 0.4
v b 37.8 4.1 17.7 28.0 7.0 16.6 Ll
r 6 35.6 6.1 19.0 25.0 8.8 17.2 1.8
R 40.0 8.0 19.8 26.0 10.2 18.1 17 Rain.

Temperature of Straws.in a Straw Pile. It may be expected that the tem-
perature in a straw pile at a certain depth from the surface of the straw pile
would differ slightly from the surface temperature of the pile since straw is a bad
conductor of heat. Therefore, in 1931, the writers measured the inside tempera-
ture at & distance of about one foot below the surface of a straw pile using the
same thermograph as described in the preceding paragraph. The results of
measurements are shown in Table IIT.
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Table III.

Temperature in a Straw Pile at a Distance of About One Foot
from its Surface,

(1931)

e . ]

Temperature in Straw Pile

Temperature of Air

Excess of
Average Temp.
of Straw over

= ﬁ;ﬁ' g::lni; Avernge ﬂ'ﬁ: g:::;; Avernge (gtl;ﬁntwn’.fl‘::b. SRS
Temp. | Temp. | Temp. | Temp. | Temp. | Temp. Ai?’li‘?:p.)

6: 13| 250 | 189 199 | 242 | 1.2 | 176 2.3 Fine.

» 14| 240 | 189 | 1905 | 260 | 103 18.1 14 .

y» 16| 191 | 170 | 181 | 218 | 160 | 180 0.1 {2;(0;:103?1 the

» 18| 183 | 160 | 187 | 220 | 130 | 178 sl Fine.

#» 17] 172 | 160 | 16.2 | 19.8 94 | 154 0.8 "

» 18| 189 | 181 | 17.2 | 210 9.2 | 154 1.8 {ff’:’;‘r‘l’;;:‘h"

» 19| 180 | 132 | 152 | ‘2L9 5.1 14.6 0.7 Fine.

» 20| 237 | 151 176 | 24.2 9.2 | 174 0.1 ”

# 21| 200 | 164 | 180 | 220 | 146 17.4 0.6 Fine / Rain.

» 22| 200 | 1638 174 | 20 | 124 | 165 0.9 Rain / Fine.

» 23| 200 | 163 | 176 | 226 86 | 16.7 0.8 Fine.

v 24| 188 | 144 | 164 | 240 8.1 17.2 —0.8 #

» 2| 178 | 143 | 168 | 229 9.2 16.3 —05 p

» 28| 177 | 142 | 181 23.4 9.0 | 169 —0.8 ”

» 27| 200 | 148 | 174 | 2.2 | 108 18.4 =150 ”

v 28| 198 | 184 18.1 25.9 | 141 19.8 =15 Rain at night,

» 29| 197 | 188 | 179 | 237 | 129 | 188 —0.9 Fine.

» 30| 198 | 154 | 174 | 238 | 111 17.7 —0.3 ”

» 31| 212 | 180 | 185 | 289 | 112 | 193 —0.8 ”

6: 1| 217 | 186 | 187 | 268 124 | 200 133

» 2 197 | 188 | 176 | 242 | 132 | 19.2 —18

e | = — — = = = =

v 10| 201 17.8 19.1 260 | 147 | 207 —-1.8 Fine.

» 11| 218 | 181 19.7 | 240 | 181 | 20.0 0.3 Fine | Rain.

» 12| 220 | 182 [ 10.t 26.1 139 | 19.2 0.1 Rain / Fine,

v 13| 199 1 A7s | a8y | 271 115 | 198 =151 Fine.

v 14-18) — - = = — — - =

» 19| 210 | 199 | 203 | 270 | 189 | 226 —23 Fine.

v 20| 201 197 | 2.0 | 2.0 | 200 | 215 ~1.5 ”

o 21l 20t 199 | 2.0 | 250 | 195 | 22 —2.0 Fiue / Rain.

y 22| 210 | 197 | 203 | 27.2 | 191 22,7 -2 Bain / Cloudy.

v 23| 209 | 201 205 | 230 | 202 | 218 .1 Rain.

» 24| 215 | 203 | 209 | 247 | 200 | 221 ~1.2 v

» 25| 247 | 211 | 225 | 272 | 204 | 234 —0.9 Fine.

» 26| 258 | 220 | 235 | 2868 | 210 | 2438 =13 P

y 27| 252 | 227 | 237 | 202 | 202 | 250 —13 "

v 28| 249 | 230 | 237 | 200 | 220 | 260 —=1.3 Fine / Ruin.
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It may be expected at the outset that the temperature in a straw pile varies
with the prevailing outside air temperature at the time of temperature determina-~
tion, and also that it must be different according to the position in the straw pile,
where the determination of temperature is made.

A study of the results in Table III shows that the average temperature at a
depth of about one foot in the straw pile was slightly higher or almost equal to
the outside air temperature until about May 23rd. After May 24th, however, the
condition was reversed and the temperature inside of the straw pile was always
lower than the outside air temperature. This difference became gradually more
pronounced as the season advanced. This indicates that the rise of temperature
in the straw pile was always slightly slower than that of the outside air tempera-
ture owing to the fact that straw is a bad conductor of heat. It will be mentioned
in a later chapter that this lag in the rise of temperature in a straw pile exerts
its influence on the development of the larvae hibernating in the straw.

Temperature of Stubbles in the Rice-Field. The rice-plants were cut so as to
leave two kinds of stubbles in the field. The tall stubbles were about 15 centi-
meters in height and the short ones hardly protruded above the soil surface of
the rice-field. These two kinds of stubbles were used for temperature determina-
tions. In order to determine the temperature inside of a culm, one end of
thermojunction was inserted into the cut end of one of the culms which formed
a stubble and the deflection of the galvanometer was read.

These two kinds of stubbles did not show a large difference in their tempera-
ture. On a fine day, the temperature of the short stubbles was slightly higher
than that of the tall ones in most cases, but the short stubbles were often wet at
the time of temperature determination when it was rainy on a previous day or on
a day before the preceding day and, on such an occasion, the short stubbles
usually showed a lower temperature than the tall ones. This was considered to
be due to the circumstance that short stubbles were difficult to dry up and that
they were cooled by evaporation of water.

Temperature of Straws. A small straw bundle, the diameter of which was
about 5 centimeters, was used for temperature determination as has been
previously stated. Therefore, its temperature must have been different from
the temperature inside of a large straw pile. It would be nearly the same
as the temperature at a depth of about 5 centimeters in the outer layer of
a large straw pile, though these two temperatures might not be quite the same.
The one of the straw bundles used for temperature determination was laid on a
sunny place on the south side of the laboratory and the other, in the shade on the
north side.

‘When the results of temperature determinations were compared, it was found
that, in almost all cases, the temperature of the bundle in the sunshine was higher
than that of the bundle in the shade. Occasionally, however, the temperature of
the latter was higher than the former. For instance, this occurred in the first
half of June in 1928, in the last half of May in 1929, and near the end of May and
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the beginning of June in 1930. It is difficult to give a satisfactory explanation for
this phenomenon. However, it has been thought that various weather conditions,
such as cloudiness, precipitation, the direction and intensity of wind, ete. would
have been responsible for the phenomenon.

Comparison of Temperature of Straws and that of Stubbles. When the tem-
perature of stubbles and that of the straw bundle in the sunshine were compared,
it was found that, in most cases, the temperature of the latter was higher than the
former. In some cases, however, the situation was reversed. In 1930, the tem-
perature of the two did not show any consistent relationship; i e., sometimes
the temperature of the straw bundle in the sunshine was higher than that of
stubbles while, in other cases, the reverse relation was observed. The reason for
such a contradictory result was not known.

After the end of May, a consistent relation could not be found between
the temperature of straws and that of stubbles. The temperature of the straw
bundle in the shade was, in nearly all cases, lower than that of stubbles. How-
ever, after about the 20th of May, the temperature of straw bundle in the shade
often exceeded that of stubbles.

Temperature of Stubbles and that of the wnner Part of a Straw Pile, The
temperature of the inner part of a straw pile was not measured until the spring of
1931, so that, in three preceding years (1928—1930), it was not possible to compare
the temperature of stubbles with that of the inner part of & straw pile. However,
from the results of observations made in 1931 which have been described in a
_previous paragraph, the following inference may be made: The temperature of
straw at a certain depth below the surface of a straw pile must be lower than the
temperature of its outer layer of the straw pile; it must also be lower than
the temperature of stubbles. The reason is that, according to the results of
observations in 1931, the air temperature was higher than the inside temperature
of a straw pile and also that both the temperature of stubbles and that of straws
at the outer layer of a straw pile were higher than that of the air.

From what has been stated above, it may be concluded that, in April and
May, the temperatures of the hibernacula of the rice-borer are in the order of
(1) the outer layer of a straw pie in the sunshine, (2) short stubbles, (3) tall stubbles
and (4) straw bundle in the shade. The temperature of the inner part of a straw
pile is lower than the first three hibernacula just mentioned.

In short, it is evident that the actual temperature of the hibernaculum of the
rice-borer is different according to the place where the hibernaculum is found,
and also that the temperature of the hibernaculum may be considerably different
from the temperature of the air.

ii. Development of Hibernating Rice-Borers in Spring.

It has been shown in the preceding chapter that the temperatures of
different hibernacula may show considerable differences and also that the tem-
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perature of hibernaculum may be sometimes considerably different from that of
the surrounding air. It seemed quite natural to suppose that such differences in
temperature of different hibernacula should affect in spring the development of
the larvae which have been overwintering in those hibernacula. Accordingly, the
stubbles and straws were examined at different intervals beginning in the early
spring, and the number of larvae, pupae and adults* were recorded.

The results obtained are shown in Table IV.

Table IV.

Results of Observations on Pupation and Emergence of
Rice-Borers in Various Hibernacula.

A
Dates of Number of Per cent. of
Examina- Remarks
tion Pupae Adults Larvae | Pupation |Emergence
i) 1927,
A. Tall Stubbles,
4: 27 0 0 20 0 0 b i
» 30 2 0 32 5.7 0 ”
6b: 3 0 0 20 0 0 ”
» 6 0 (1] 25 0 0 ”
y 9 1 0 18 5.0 0 ”
v 18 0 0 26 0 0 ”
r 20 0 (1] 16 0 0 ”
r 28 1 0 11 8.3 0 ”
6: 3 2 0 5 28.6 0 ”
r 11 8 /! 1 80.0 10 / ”
» 14 1 5 1 84.7 204 b et 51 o
r 23 0 9 1 0 90.0 ”
B. Straws. (In sunshine in the forenocon only.)
4: 30 0 0 18 0 0
B 3 0 0 22 0 0
r 9 0 0 26 0 0
» 13 0 0 22 0 0
» 20 0 0 32 0 0
» 30 0 0 13 0 0
6: 9 0 0 14 0 0
r 11 1 0 15 8.3 0
» 17 2 0 19 9.4 0
r 20 9 1 13 38.1 43
n 23 7 1 9 41.1 5.8
» 30 11 3 3 64.7 17.6

* The number of adults which already emerged was determined from the number of the
pupal skins from which the adults had alrendy eseaped.



196

O. Harurawa, R. TaraTo and 8. KUMASHIRO :

Dates of Number of Per cent. of
Examina- Remarks
tion Pupae Adults Larvae | Pupation [Emergence
ii) 1928. (Variety.........Omacki.)
A. Tall Stubbles,
5: 4 0 0 31 0 0 { e
» 10 2 0 58 3.3 0 ”
» 19 0 0 93 0 0 ”
» 22 1 0 120 0.8 0 ”
» 25 3 1 84 34 11 »
» 31 11 1 70 13.4 1.2 ”
6: 4 10 1l 31 23.8 2.3 »
” 33 1 26 55.0 1.8 ”
» 10 21 2 17 52.5 5.0 ”
» 16 45 12 73.7 19.6
r 19 24 18 54.5 40.9 ”
B. Straws in Sanshine.
4: 26 0 0 52 0 0
b: 2 2 0 42 4.5 0
v 18 0 0 55 0 0
v 28 0 0 39 0 0
G: 1 1| 0 41 2.3 0
n b 3 0 37 7.5 0
¥ 7 5 i | 36 119 2.3
r 10 o 0 26 21.2 0
» 13 4 0 33 10.8 0
C. Straws in Shade.
5: 16 0 0 50 0 0
n 25 0 0 42 0 0
g: 1 0 0 53 0 0
7 b 0 0 39 0 0
¥ R 5 0 42 10.8 0
» 10 9 1 30 22.5 2.6
v 13 3 1 28 10.0 8.3
# 19 10 2 35 21.2 4.2
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Dates of Number of Per cent. of
Examina- Remarks
tion Pupae Adults Iarvae | Pupeation (Emergence
ii) 1920. (Variety.........Omachi.)
A. Tall Btubbles,
6: 2 0 0 52 0 0 ™
» 13 0 0 20 0 0 ”
‘w21 0 0 69 0 0 ”
n 27 1 0 55 1.7 0 »
8: 1 5 0 42 10.6 0 ”
n 4 1 0 70 14 0 ”
7 8 12 0 34 26.0 0 ”
» 10 11 0 25 30.5 0 ”
B. Straws in Sunshine,
4: 22 0 0 51 0 0
5:13 0 0 51 0 0
r 23 0 0 66 0 0
n 27 0 0 41 0 0
6: 3 L 0 32 3.0 0
» 6 3 0 38 7.0 0
» 10 10 0 35 292 0
C. Straws in Shade.
: 22 0 0 52 0 0
5: 13 0 0 53 0 0
n 23 0 0 52 0 0
n 27 1 § 0 50 1.9 0
6: 3 0 0 62 0 0
» 8 1 0 44 29 0
» 10 10 0 40 20.0 0
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Dates of Number of Per cent. of
Examina- Remarks
tion Pupae Adults Larvae | Pupation [Emergence
iv) 1930. (Variety......... Omachi.)
A, Tall Stubbles.
3: 17 0 0 264 0 0 ™
4: 1 1? 0 243 04°? 0 ”
» 16 0 0 209 0 0 ”
6: 1 0 0 200 0 0 ”
r 12 2 0 224 0.8 0 ”
» 21 11 1 194 5.3 0.4 ”
n 26 37 0 163 19.0 0 ”
r 31 41 0 91 31.0 0 ”
8: 5 41 2 48 46.0 2.2 ”
” 48 13 23 57.1 15.4 ”
B. Straws in Bunshine.
3:10 0 0 b1 0 0
» 31 0 0 86 0 0
4:15 0 0 59 0 0
6: 1 0 0 56 0 0
r 12 0 0 71 0 0
» 22 1 0 58 1.8 0
r» 31 7 0 50 12.2 0
6: 7 18 2 21 43.9 48
r 14 9 7 16 28.1 21.8
n 22 17 4 9 56.6 13.3
O, BStraws in Bhade.
3: 10 0 0 64 0 0
» 31 0 0 91 0 0
4: 15 0 0 73 0 0
6: 1 0 0 110 0 0
r 12 0 0 64 0 0
» 22 0 0 62 0 0
» 31 0 0 70 0 0
Ja= b 0 67 8.0 0
r 14 7 0 654 11.4 0
» 22 32 7 24 50.7 111

In 1927, the total number of rice-borers that were found was rather small, so that
the percentage of pupation and emergence based upon this number could not have been

very aoccurate.

The short stubbles were also examined. But, the result was not recorded in Taple IV
since it was considered that the result could not be very reliable owing to the circumstance

that the total number of rice-borers found was rather small.
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Figures 5 to 8 have been drawn, nsing the results in Table IV to show how
the pupation and emergence went on.

Fig. 5.
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Per cent. of Pupae.

Fig. 6.
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Fig. 8.
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According to the records in Table IV, the first pupa was found on April 30th,
and the first moth appeared on June 11th, in 1927, in tall stubbles while, in the
straw pile which was in the sunshine during the forenoon only, the first pupa was
found on June 11th, and the first adult on June 20th, in 1927. Thus, the emer-
gence began 9 days later in the straw pile than in the stubbles. After that time,
also, the pupation and emergence proceeded much slower in the straw pile than
in the stubbles as it is evident in Figure 5.

In 1928, the first pupa was observed on May 10th in the stubbles while, in the
straw pile in the sunshine, it was found on May 2nd. In this case, appearance of
the first pupa was about a week earlier in the straws than in the stubbles. How-
ever, this pupa seemed to be an exceptionally early pupa since the pupation
ceased for some 30 days after that, namely, until June 1st. In the stubbles, pupae
were found for the second time on May 22nd. After that time, the pupation in
the stubbles went on from one to two weeks earlier than in the straw pile as it is
apparent from Figure 6. In the straw pile in the shade, the first pupa was seen
on June 7th. Therefore, pupation ig the straws in the shade showed a lag of
some 16 to 17 days when it was compared with the pupation in the stubbles.
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‘When two kinds of straw piles, i. e., the straw pile in the sunshine and that in the
shade, are compared, it is seen that the pupation began earlier in the former than
in the latter. But, after about June 10th, there could be found almost no differ-
ence in the progress of pupation. The emergence began earliest in the stubbles
and its progress was in the order of the sfudbles, the siraw pile in the sunshine and
the straw pile in the shade.

In 1929, the first pupa was found on May 27th in the stubbles and on June
3rd in the straw pile in the sunshine while, in the straw pile in the shade, it was
found on May 27th. After June 3rd, the order of the progress of pupation was
the stubbles, the straw pile in the sunshine and the straw pile in the shade.

In 1930, the first pupa was seen on April 1st in stubbles. This pupa was
extremely earlier in comparison with any of the three first pupae in the other
three years. It was suspected, therefore, that it might have been a dead pupa of
the first generation in 1929. After April 1st pupae were not found for a consider-
able period of time, and the second pupa was found on May 12th. After that time,
the pupation took place continuously. In the straw pile in the sunshine, the first
pupa was found on May 22nd, and in the straw pile in the shade, on June 7th.

In the stubbles, the first pupal skin was found on May 21st, but no emergence
was observed for the following two weeks and the second moth was seen on June
6th. After that time, adults appeared continuously. In the straw pile in the
sunshine, the first moth appeared on June 7th while, in the shade, the emergence
began strikingly later, namely, on June 22nd. Thus, the order of the progress of
pupation and emergence was ke stubbles, the straw pile in the sunshine and the siraw
Pile in the shade.

Of the two straw piles, the one in the sunshine and the other in the shade,
pupation began much earlier in the former than in the latter. However, there was
a tendency that the difference in the rate of progress in pupation became almost
imperceptible by about June 25th, as has been pointed out previously.

The results of observations on the time of pupation and emergence were
briefly described above. These results, however, can not be interpreted as the
actual time when the pupation and emergence occurred for the first time under
the natural field conditions. The results of the trap-light experiments which are
not incorporated in the present paper showed that, under the field conditions, the
pupation and emergence occurred much earlier than the time which the results
described above indicate.

In the experiments such as described here where a limited amount of stubbles
and straws have to be examined at a time, it can not be expected that the time of
the appearance of the first pupa and adult as determined by this method exactly
agrees with the actual date of the appearance of the first pupa and adult in a
rice-field of an extended area. The results of the present experiments indicate
when the pupation and emergence began in the various hibernacula which were
selected for the experiments, and also in what order the pupation and emergence
progressed. In this connection, we have adready stated that the pupation and
emergence began earliest in the stubbles and that the order of the progress of
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pupation and emergence was the stubbles, the straw pile in the sunshine and the
straw pile in the shade.

Summary and Conclusions. From what has been stated above, the following
conclusions may be drawn in regard to the relation between the temperatures of
hibernacula and the time of the pupation and emergence.

The comparison of the straw bundle in the sunshine with that in the shade
revealed that the temperature of the former was higher than that of the latter.
Corresponding with this result, the pupation and emergence began and proceeded
earlier in the straw pile in the sunshine than in the straw pile in the shade in
spring and early summer. The statement just given above is correct so far as the
outer layer of a certain thickness of a straw pile is concerned. In the inner part
of a large straw pile, the difference in temperature would probably not exist in
the straw pile in the sunshine and that in the shade. Accordingly, there would
probably be no difference in the time of pupation and emergence of the hibernat-
ing rice-borers in the straw piles treated in two different manner. This is pro-
bably the explanation for the result of observation that, after about June 10th,
there was almost no difference in the progress of pupation between the straw pile
in the sunshine and that in the shade.

When the stubbles and straw bundle in the shade were compared, it was
found that the temperature was always higher in the former than in the latter.
Corresponding with this, the pupation and emergence began and proceeded
earlier in the former than in the latter.

In these two cases cited above, the beginning and progress of the pupation
and emergence ave in positive relation with the temperature of the hibernacula.
Such a relation does apparently not exist in the case of the straws in the sunshine
and the stubbles. Thus, the temperature of the straw bundle in the sunshine was
higher than that of stubble in most cases. In spite of this finding, the pupation
progressed earlier in the stubble than in the straw pile in the sunshine*. This
apparent discrepancy in the two cases cited above seems to be explained in the
following way. The straw which was used for the temperature determination was
a small straw bundle which was laid on the ground whereas, for the examination
of the progress of the development of hibernating larvae, the data were obtained
from a rather large straw pile. As it has been stated in a previous paragraph,
the temperature of the small straw bundle must have been higher than the tem-
perature inside of the large straw pile. Although the precaution was taken to
interchange, at times, the upper and lower straws in the straw pile, the tempera-
ture inside of the straw pile must have been lower than that of the stubbles.
Therefore, the pupation in the straw pile proceeded slower than in the stubbles
though a few pupae appeared earlier in the outer layer of the straw pile than in
the stubbles.

#* TIn 1928, the first pups in the straw appenred earlier than in the stubbles, but the pupation
oeased for the following two weeks in the Iatter and for three weeks in the former. After
that, the pupation progressed muoh eurlier in the stubbles than in the straw.
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The circumstance pointed out above was probably a factor which made the
hibernating larvae in a straw pile pupate and emerge later than those in stubbles.
However, there might have been some other important factors besides the differ-
ence in the temperature. As Bascock?, Townsenp®, and others® maintain, the
amount of water which was actually in contact with hibernating larvae might
have exerted some influence on the development. Obviously, the stubbles in the
rice-field are often moistened by the precipitation, whereas the straw in the inner
part of a straw pile is rarely moistened by rain or dew. This difference may
influence the time of breaking-up of hibernation.

In short, we may conclude as follows: The time of the appearance, in spring,
of the pupa and adult of the rice-borer differs considerably according to the places
where hibernation takes place. An important factor which causes this variation
in the time of appearance is the temperature of hibernaculum. The temperature
of the air alone is not the sole factor which affects the development of hibernating
rice-borers. There is & considerable difference, in different hibernacula, in the
amount of radiant energy which a hibernaculum receives from the sun according
to whether it is in the sunshine or in the shade. This brings forth a considerable
difference in the temperature of different hibernacula as has been shown by
Horuquist?. Consequently, the temperatures of hibernacula differ from the air
temperature in different degree. The temperature of hibernaculum is an impor-
tant factor which determines the time of pupation and emergence.

Part 1I. Effect of the Moisture of Hibernacula on
the Time of Pupation and Emergence.

On discussing the effect of temperature on the pupation and emergence of the
rice-borer in the previous chapter, it has been suggested that the contact water
might exert some influence on the prolonged period of the emergence of the rice-
borer. The recent investigations on the insect physiology indicate that not only
the temperature above a certain degree is necessary for breaking up the hiberna-
tion and the development of insects but also that the moisture plays an important
role. According to Basoook?, Townseno® and others®), besides the moisture
contained in air, the contact water, i. e., amount of water which actually moistens
the bodies of hibernating insects has an important influence on them.

In view of these opinions, the following experiments were conducted in order
to ascertain if the contact water actually affects the time of the pupation and
emergence of the hibernating rice-borer.

Method. Hibernating rice-borers were collected and they were made to bore
into the dried culms of the rice-plant or the wheat, or sometimes in strips of
corrugated card-board paper. These were divided iuto three groups: A, B and
€. These were placed separately in three glass jars. Group A was moistened
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According to the records in Table IV, the emergence of moths in group C
began, in most cases, considerably later than in groups A and B. Expersment 1931,
(¢) was an exception, in which the emergence began slightly earlier in group C
than in the other groups.

The average duration from the commencement of the experiment to the end
of emergence in group C was, in most cases, considerably longer than in the other
two groups. Experiment 1930, (iit) was exceptional in that the differences of the
average durations in the three groups were very small.

‘When group A and group B are compared, it is hardly possible to find out a
gignificant difference, either in the beginning of emergence or in the average
duration from the commencement of experiment to the end of emergence.

In Experiment 1931, (i7), observations were made on the time of pupation also.
According to the results of the observations, the pupation in group C ended
considerably later than in the other two groups, so that the average duration from
the start of the experiment to the end of pupation was the longest in group C.
The average pupal period was 9.8 days in groups A and B, and 10.2 days in group
C. Thus, there was almost no difference in the pupal period in three groups.
The result seems to indicate that presence of contact water affects chiefly the
duration from the start of experiment to the end of pupation, and that the pupal
period itself is not much affected by the presence of contact water.

In either of the experiments reported here, the emergence of moth occurred
in a considerably long period, and it was not possible to induce moths to appear
at a time or in a very short period of time by moistening with water. From the
results described above, it seems that moistening with water has some effect on
the pupation and emergence of hibernating rice-borers. However, the different
treatments given to the hibernating larvae did not produce conspicuously different
results. This fact probably indicates that a certain unknown factor or factors
other than temperature and moisture may have something to do with the break-
ing-up of hibernation.

As to the percentages of moths emerged from the larvae which were given
the different treatments, a counsistent relation could not be found. In short,
this experiment is by no means conclusive yet and further experimentation is
desirable.
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