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Introduction

Eecological and physiological studies on the blooming of cereals are
very valuable and interesting problems for plant breeding and erop
science from both practieal and seientifie points of view. Rimpau (1882),
Kornicke (1885), Fruwirta (1905), Nowackr (1911) and others have
studied on the blooming of oats. According to the results of their
studies, blooming occurs in the afternoon unlike other cereals. They,
however, differ in their opinions concerning the time of the day when
blooming begins to take place. This is generally considered to be due
to the fact that the external conditions differ according to the fime
and place of observation,

According to the writer’s observation there is a marked difference
each day in the time of blooming even at the same place and on certain
days no blooming takes place at all even during the blooming period.
This is generally thought to be probably due to the fact that environ-
mental conditions differ each day, but there seems to be no definite
opinion as to what the most important factor among the external condi-
tions is, and also as to what significance the factor has on the physiology
of blooming.

The writer carried out experiments upon these problems during
the past few years and in the present work wishes to show the exact
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relation between blooming and external conditions and also the signific-
ance of the factor with respeect to the physiology of blooming.

I. Observation on the Blooming of Qat Flowers

1. MATERIAL AND METIIODS

The plants on which most of the observations were made were those
grown 1927, 1928, 1929 in the experimental farm of the College of
Agriculture, Hokkaido Imperial University. The variety used was
Clydesdale (Avena sativa 1i.). In this variety the spikelets are arranged
in a panicle, in which the number of whorls ranges from four to nine,
mostly five or six, the number of spikelets in a panicle being nearly 60.
The spiklet consists of two or three florets and is covered with inner
and outer glumes of thin membrane. Hach floret has a lemma and a
palet in which are contained a pistil and three stamens. The pistil is
made up of a single ovary and two styles, the ends of which look like
feathers. At the base of the ovary there is a pair of lodicules inside
the lemma. When the flower has developed and the time of blooming
comes, the lemma and palet open, making a certain angle. The fila-
ment elongates out of the lemma and palet, the anther scatters pollen
and at the same time the stigma reaches the stage ready to receive pollen.
This is the blooming process of oats.

In order to facilitate close observations on the order of blooming
of a panicle, it was fixed on a wire gauge frame. The seeds were sown
at three different periods so as to be able to make observations on the
blooming for the longer period (from the end of June to the middle of
QOctober).

‘When the flowers began to bloom, their number was recorded every
15 minutes. The lemma of those flowers which had bloomed were cut
off in order to distinguish them from those which bloomed later. Both
temperature and humidity were measured by means of a psychrometer
which was hung in a shelter situated in the experimental farm, and the
computation of humidity was made according to Naxacawa’s®® ap-
pended Table VIII. The other meteorological data, such as rainfall,
velocity of wind, hours of sunshine, ete., used in this study were pro-
cured from the Sapporo Weather Station.

2. OrbpER AND DURATION OF BroomiNg

AREMINE®D studied in detail on the order and duration of the
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blooming of rice, and later a number of investigators (Iso,® Laupg, )
Yamacucna™ and Jones") made similar observations on the same
plant. KorNicke,'9 Fruwirti,'™ LetcaTY, '™ PERCIVAL®Y and OBER-
MAYER®Y studied on wheat, Fruwirtii® and KOrnicxr(® on barely,
and TscHERMAK,®® OBurMAYER, " KOrx1icke'® and Fruwirra® on
rye. Very few studies have been made on oats and the reports made by
Korn1eke® and Fruwirtin™® &9) geem to be the only ones. The writer
observed the blooming of oats, the order and duration of blooming.

Order and duration of blooming of flowers on a single plant of oats

Of the order of blooming of oat plants, Fruwirta®) reported that
blooming commences with the panicle of the main stem and goes to
the tillers. Of rice ArRpMINE! states that the one which begins to
bloom first of the whole plant is the head of the main stem, but that
when the head of the stooling stem emerges from the sheath at the same
time with that of the main stem no difference in the speed of the bloom-
ing is recognized. The writer chose 2 plants and observations were
made on each plant, the results being as shown in Table 1.

TasLe 1. Order and duration of blooming of flowers on a single
plant of oats in 1926

. . . The days requir-
The time when tke panicle . ) .
Plant | Stem emerges from the spheath Time of blooming e?hzob(;gglrﬁilgge
no. 1n0.
beginning end beginning| end panicle | plant

1st | July 9 10a.m.|July 14 5p.m.|July 11 |July 19 9 days
2nd |~,, 12 lpm.| , 17 3pm.| , 15 » 23 9
3rd , 14 6pm.| , 21 S5am.| , 16 w 2510

1 4th » 18 7pm.) | 25 4am.| , 21 » 2 8 29 days
5th | ,, 19 6pm.| , 26 Sam.| , 21| , 201 9 ,
6th | ,, 28 7pmAug. 3 3pm.| , 30 |Aug. 5| 7 ,
7th » 31 Spm.| 6 6pm.| Aug. 3 . 8 6
8th |Aug. 5 4pm.| , 11 3pm.| , 8 , 2 ¢
1st (July 7 Sam.|July 13 9am.| July 9 [July 17 | 9 days
ond | ,, 11 2pm.| , 16 spm.t , 13| , 22|10 ,
3rd | ,, 12 Spm.| , 19 lpm.| , 15| , 24|10 ,,
4th | ,, 20 9am| , 26 9am.| , 22| , 28| 7 ,

T 5th 5 20 HSpm.| |, 26 Tam.: , 22 s 29 9 5 |31 days
6th | ,, 28 Tam.|Awg. 2 Spm.t , 20 |Aug. 4, 7
7th |Aug. 1 3pm.| 6 9am.| Aug. 2 ” 7 6
8th s 4 10am.| 9 12 p.m. s 5 " 7 4
9th | ,, 5 6pm.| , 11 2pm.| , 8| , 11| 4 ,
10th | ,, 6 10am.| , 11 6pm. ? ? 9
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As shown in Table 1, on each of the two plants the first flower to
bloom is in the panicle of the main stem, the stooling stem following it,
and blooming takes place according to the order of the emergence of the
panicle from the sheath.

According to Fruwirta ) it required from 11 to 14 days to com-
plete the blooming of all the plants in the breeding nursery. It was
noted by the writer to take from 29 to 31 days to complete the blooming
of all panicles on a plant. In September 1927, it required over 40 days
to complete the blooming of 30 plants and owing to low temperature
many flowers remained unopen. But in the following summer (1928)
when the blooming of 15 plants was observed it started on July 7 and
was completed on July 19 requiring only 13 days. The days required
for the whole plants to complete blooming, vary considerably according
to the environmental conditions. The length of continuance of tillering
is of course one of them, but the external conditions, especially tempera-
ture, have much to do with blooming. In a high temperature the bloom-
ing is completed in a short period of time while in low temperature a
comparatively long period of time is required.

Order and Duration of Blooming of « Head

Regarding the order of blooming of the panicle, KorxtcrE® states
that blooming begins with the flower at the top of the panicle and
extends downward.

The results of the writer’s observations are similar to his as shown
in Text Figure 1 and they may be itemized as follows:—

1:—The first flowers to open in the panicle are in the spikelet at
the top of the main axis and the blooming goes on downwards, in the
same order as reported by KORNICKE.

2:—When the same node has more than two branches, the flower
in each branch opens according to the order of length. The flower on
the longest branch blooms first and that on the shortest last.

3:—The order of blooming on a primary branch is similar to that
in the panicle.

4 :—The days required for completing the blooming of the entire
panicle vary according to the external conditions, but when the condi-
tions are favourable about 8 days are required.

5:—When there are more than two flowers in a spikelet, the lower
flower opens first, then the second and the third in order. The intervals
in the time of blooming of the first, the second and the third flower
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vary according to the outside conditions. When the conditions are
favourable the first and the second bloom almost at the same time, but
when they are not so, the latter blooms two or three days after.

6:—According to the writer’s observations in favourable weather,
the time required from opening till closing of a flower was from about
50 minutes to an hour and a half. The majority required 60—-80 minutes.

On the days when the hour of blooming was generally earlier they
remain open a longer time, but on the days when the flowers bloomed
later they closed in a short time.

TaBLE 2. Number of flowers opened in « single panicle and the time
elapsing between the beginning and the end of
blooming in the day in 1926

1st 2nd | 3rd 4th 5th 6th 7th 8th 9th
day | day | day | day | day { day | day | day | day

Date av.

Number of

flowers opened. 6 | 10 | 15 | 19 3 3 2 | 14 7 | 88

Blooming time of
the first flower. 3.00
(P.M.)

Blooming time of
the last flower. 3.40 | 3.45 | 3.30 | 3.30 | 238 | 3.16 | 417 | 5.09 | 4.30
(P.M.)

Time clapsed be-
tween the begin- ‘
ning and end of 40 50 69 33 13 6 34 . 145} 90 53.3
blooming.
iminutes)

1o
o
D
19
o
=
[
O
Q
o
io
31

310 | 3.43 | 2.44 | 3.00

7 .—1It should be noted in the blooming of oats that when the so-
called blooming time comes, all plants in the whole field begin to bloom
almost at the same time. When the blooming time has not come, bloom-
ing never takes place. The beginning and the end of the blooming of
the day are clearly marked. Table 2 shows the time of the first bloom-
ing on the day, and that of the last blooming and the number of flowers
opened on each day in a panicle.

As shown in Table 2, on the 6th day three flowers bloomed for only
6 minutes and on the 8th, 14 flowers required as long a duration as 145
minutes for blooming. That is, the average length of time in which
the blooming took place was 53.3 minutes. The difference in the length
of time is mainly due to the temperature changes, and on the day when
the temperature rose to its highest point in the morning and then went
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down, the length of time in which blooming occurred was short, but
when the temperature which gradually rose went down gradually, it
required a longer time.

3. TimeE or Broouixa

According to the reports of observations made by FruwirrH,
Gopron, HiLpEBRAND, RiMpau, Nowackr and KOrnNIckE as to the bloom-
ing time of oat flowers they begin to open only in the afternoon, unlike
rice, wheat, barley and rye which begin to open in the morning.

TANNERT alone states that the oats bloom from 9 a.m. to 3 p.m. and
recognizes the blooming in the morning. But many of the other workers
state that the blooming takes place in the afternoon, although their
opinions regarding the time differ from one another. FruwirTH states
that the oat flowers begin to bloom between 2 and 8 p.m. and some open
as late as at about 7 or 8 p.m. in the evening. Gopron states that the
blooming takes place between 2 and 4 p.m., HipEBraAND between noon
and sunset, and Rimpau that it begins at about 4 p.m. and the most
intense blooming oceurs between 5 and 6 in the evening. NowAckr states
that the most intense blooming takes place between 3 and 4 p.m. and
continues until about 8 p.m. in the evening. KOrNICKE states that some
open intensely between 3 and 4 p.m. and some after 8 p.m. The writer
also observed the time of blooming and reported the result of the obser-
vation in his previous papers.?&29  Singe then for three years (1927-
28-29) the writer continued his observation. Before describing the
result of these observations it seems necessary to the writer to limit the
meaning of the ‘‘time of blooming’’ as mentioned in his work. As
shown in the previous chapter, the beginning and the end of the bloom-
ing of oat flowers during the day are distinetly marked and uantil the
time of blooming arrives, not a single flower opens, but as soon as the
time does come, all the flowers in the field begin to bloom almost at the
same time and ordinarily the blooming goes on for about an hour or so,
but after that no blooming takes place at all. Therefore the beginning
and the end of blooming are quite distinet and so the writer calls the
time when the first flower of the experimental plants begins to bloom the
time of blooming on that day.

From the results of observations made on the time and the number
of flowers opened as shown in the appended tables, the days on which
blooming took place at the same time, arranged in intervals of 15 minutes
are collected in Table 3.



STUDIES ON THE BLOOMING OF OAT FLOWERS 219

Tasre 3. Time of blooming of oat flowers

\ Year Number of days
Eﬁf}lfnﬂfg T~ 1997 1928 1999 Total

a.m.

9.00 0 1 0 1

10.00 0 0 0 0

11.00 0 0 0 0
12.00 0 0 0 0
p.m.

12,45 1 0 0 1
1.00 0 0 0 0
115 4 0 0 4
1.30 3 3 3 9
1.45 2 1 0 3
2.00 9 4 4 17
2.15 8 6 6 2
2.30 4 4 5 13
2.45 14 4 5 23
3.00 1t 11 7 29
3.15 10 8 4 22
3.30 8 3 5 16
3.45 2 1 0 3
4.00 2 [§ 1 9
4.15 2 3 1 6
4.30 0 3 2 5
4.45 0 0 1 1
5.00 0 1 1 2
5.15 0 1 2 3
5.30 0 0 0 0
5.45 0 0 1 1
6.00 0 0 0 0

non—lélz?;:ain 2 15 13 15 "

Total 95 73 63 231

Of the results shown in Table 3, those of 1927 have already been
reported. The whole number of days on which observation was made
was 95, on 15 of which no blooming occurred. The earliest time of
blooming on 80 days was between 12m. and 12:45 p.m. and the latest
was 4:15p.m. The most intense blooning took place between 2 and
3pm. Further observations, however, showed that in 1928 no flowers
bloomed on 13 days out of the 73 and on the remaining 60 days the
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earliest flower opened at 9am. This occurred only once during three
years of observations and was an unique case. The next earliest one
opened at 1:30 p.m. and the latest one at 5:15 p.m. Then in 1929, within
63 days of observation no blooming occurred on 15 days; the earliest
flower during 48 days opened at 1:15 p.am. and the latest at 5:45 p.m.
The maximum blooming was between 2 and 3:30 p.m. on most of these
days. As shown above, the time of blooming of oat flowers varies much
according to the day. These results indicate therefore that of 231 days
on which observations were made no flower opened on 43 days.

4., SUMMARY

1. The first flowers to open on oat plants are in the panicle on
the primary stem and then those on the other tillering stems.

2. The days required to complete the blooming of all the panicles
on a plant vary according to the climatic conditions, but range from 29
to 31 days. When temperature is high less days are required and
when low, more days are required.

3. The first flowers to open in each panicle are in the spikelet at
the top of the main axis.

4. The days required to complete the blooming of the entire panicle
vary according to the external conditions, but under faveurabie condi-
tions about 8 days are needed.

5. The blooming of cat flowers oceurs within a certain period of
time of the day which varies according to the climatic conditions. When
the conditions are favourable it is shorter and when unfavourable it is
Ionger and ordinarily it is about an hour in length.

6. The writer observed the blooming of oats under natural condi-
tions on 231 days during 1927-1928-1929 and found that on 43 days out
of them no blooming took place.

7. The time of blooming varies considerably according to the day,
the earliest being 12:45 p.m. and the latest 5:45 p.m.

8. The blooming of oats in natural condition usually occurs in
the afternoon, but of the 183 days on which flowers opened there was
one day on which blooming took place at 9a.m.
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II. Ecological Studies on the Bloeming of Oat Flowers

A. RELATION BETWEEN THE BLOOMING OF OATS
AND ENVIRONMENTAL FACTCRS

From observations on the blooming of oats, the writer found that
there is a marked difference in the time of blooming during the day
and also that on a number of days no blooming ocecurred at all. It can
be easily considered that blooming is greatly influenced by the environ-
mental factors. Therefore the writer made investigations on the rela-
tion between the environmental factors and blooming.

1. Relation between Blooming and Temperature

(i) Range of Temperature on the Days on which Blooming occurs and
of the Temperature most suitable for Blooming

It has been believed that proper temperature is necessary for the
blooming of cereals. A temperature higher or lower than certain de-

“gress hinders blooming, that is, blooming takes place only within a
certain range of temperature. There exists, however, within this range
an optimum temperature for the blooming of any cereals. In the
present study, the writer has considered two kinds of temperature
relations; the highest temperature of the day, and the temperature at
the time when blooming occurs, because the blooming of oats takes
place after the temperature has fallen from its highest point of the
day and therefore that highest temperature plays an important part
in the present study.

The highest temperature and the temperature at the time of bloom-
ing on each day of observation are shown in the appended tables. The
maximum and minimum degrees of these temperatures and the tempera-
ture most suitable for blooming are picked out from those tables and
are shown in Tables 4, 5 and 6.

As was already reported by the writer,*® the highest temperature
in 1927 was 16.8°-30.0°C. while the temperature at the time of blooming
was 14.0°-29.4°C., but as shown in Table 4, during the three years
(1927-28-29) of his observations the highest temperatures lay between
32.8° and 15°C. and the temperatures at the time of blooming were
between 29.8°C. and 14°C. As shown in Table 5, the number of days
on which the highest temperatures were between 27°C. and 29°C. is the
largest, being 30.85% of the whole number of flowering days (188 days),
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and the number of days on which the highest temperatures were 24°-
26°C. and 21°-23°C. comes next, being 22.34% in the former and 23.94%
in the latter.

As shown in Table 6, the number of days on which the temperatures
at the time of blooming were between 24°C. and 26°C. is the largest,
being 35.11% of all the flowering days, on 21.80% of the days the
temperatures were 21°-23°C., on 18.08% of the days they were 18°-20°C.
and on 18.62% of the days they were 27°-29°C. According the tem-
perature suitable for blooming may be said to be 27°-29°C. as regards the
highest temperature of the day and 24°-26°C. at the time of blooming.

TasLe 4. Range of the highest temperature and temperature
at time of blooming

1927 1928 1929
Highest temperature (C.) 30.0°—16.8° 32.8°—19.5° 32.6°—15.0°
Temperature at the time 00 4°—_ o o o o °
of blooming (C.) 29.4°—14.0 20.2°—14.4 29.8°—14.4

TaBLE 5. Frequency distribution of the highest temperature
on blooming days

The highest
temperature [15°/16°|17°|18°19°(20°]21°/22°(23°|24°|25°26°|27°28°[29°|30°(31°]32°| Total
C.)
Year ( Number of days
1927 0O/1 2025 9| 7|13, 6| 7| 5| 8 7| 7/1|00 89
1928 0j0jo0j0 (22| 2] 3|1 2| 8 6(13[/10] 5|4 |11 60
1929 122112131 ]| 5] 4| 1|2} 0{6(3 1|4/3|5|4 48
Total 131417 |8[16{14115(10[15|17]24]|18/16{8 |6 |5 188
8 16 45 49 58 19 188
Y 4.26 8.51 23.94 29.34 30.83 10.11 100
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Tasue 6. Frequency distribution of temperature at time of blooming

Temperature
at the time of {14°|15°|16°17°|18°19° 20°|21°22°|23°|24°|25° 26°| 27°|28°|29°| Total
blooming (C.)
Year Number of days
1927 0| X3 |2] 2] 410 8410 8] 9| 3|10 9] 2] 0 80
1928 01 0j0} 0|38 21 2 3| 4| 1| 7|35[11) 7| 4|1 60
1929 101721314 43 24/ 1) 3} 35 3] 4|5 48
Total i12]5|4]9(10[15|13|18({10|19|21{26/19{10| 6 188
i2 34 41 66 35 188
Do 6.38 18.08 21.80 3511 18.62 100

(i1) Relation between Variation of Temperature and Blooming

a. Variation of temperature on blooming days

Temperature undergoes a continuous variation in the course of a
day. The manner of its variation varies aceording to days and an
exceedingly complicated variation can be experienced. Generally tem-
perature is low at sunrise, then gradually it rises and the highest point
is reached at about two o’clock in the afternoon and then it falls little
by little.

The writer observed the variation of temperature at every 15
minute interval from 6a.m. to 6 p.m. every day during his entire
observations. He observed the variation of temperature on each of
these days and also the flowering time of oats. These results are shown
in the appended tables. The writer ascertained that there is an
intimate relation between the variation of temperature and blooming
and that blooming of oats occurs while the day’s temperature is falling
from its highest point. Scarcely any blooming takes place while the
temperature is rising. Oats differ greatly in this respect from the
flowering of many other cereals. The difference between the highest
temperature and that at 8a.m. and between the highest temperature
and that at the time of blooming, and also the interval from the time
of highest temperature to that when blooming begins to oceur are shown
in Tables 7, 8 and 9. As shown in Table 7, the difference between the
highest temperature and that at 8 a.m. is 3°-5°C. in most cases and out
of the 188 days of observation the same results were obtained on 99
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TaBLE 7. Variation of difference between the highest temperature

and the temperature at 8 a.m. on blooming days

Difference of ° o o ° o Y o o o o
temperature (C.) 0 1 2 3 4 D 6 7 8 9 Total
Year Number of days
1927 1!boal 7 pasalielie ) ol s 4 80
1928 1 8 8 14 | 10 8 6 2 2 1 60
1929 0 2 6 6 9 | 12 7002 3 1 48
Total 2 14 | 21 34| 31| 34 22 | 15 9 6 188
37 99 46 [ 188
% 19.68 52.66 24.47 3.9 100

TasLe 8. Variation of difference between the highest temperature
and the temperature ot tvme of blooming

Number of days

Difference of
temngreture 1927 1928 1929 Total
0.2-0.5 9 7 5 21
0.6—1.0 28 11 8 47
1.1—1.5 11 i1 4 °6
1.6—2.0 20 12 9 41
2.1—2.5 4 8 7 19
2.6—3.0 4 3 6 13
3.1—3.5 3 3 2 8
3.6—4.0 1 2 3 6
41—4.5 0 2 0 2
4.6—5.0 0 1 il 3
5.1—5.5 0 0 0 0
5.6—6.0 0 0 1 1
6.1—6.5 0 0 0 0
6.6—7.0 0 0 0 0
71—17.5 0 0 1 1
Total 80 60 48 188
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days. There are, however, cases in which the difference in temperature
is less than 2°C., but even then when compared with that before 8 a.m.
a greater difference appears.

The difference between the highest temperature and that at the
time of blooming (Table 8) is not uniform each day, the least being
0.2°C and the greatest 5°C. In a majority of cases the difference is
from 0.6° to 2°C. The interval from the tinie of the highest temperature
to that when blooming begins to occur, as shown in Table 9, varies each
day. It requires from 30 minutes up to 4 hours, but in most cases the
time required is from 1 to 2 hours.

TaBLE 9. Variation of intervals between the time of the highest
temperature and that of blooming

Year 1927 1928 1929 Total Po
The}xﬁs}gsp)sed Number of days
15 1 0 0 1
30 6 2 1 9

5]

45 5 2 5 12 38 2021
60 9 6 1 16
75 6 4 4 14
90 11 3 0 14

It )

105 5 3 4 12 36 29.79
120 8 4 4 16
135 6 4 4 14
150 4 3 5 12

26.06

165 6 3 3 12 49 6

180 7 3 1 11
195 0 0 4 4
210 2 6 1 9

2 3.8

295 3 6 1 10 6 13.83
240 0 2 1 3
255 0 4 2 6
270 0 i 3 4

085 ; 0 o 5 19 1011
300 0 2 4 6

Total 80 60 48 188 188 1.00.00
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b. Variation in temperature on days when no blooming takes place

The total number of days on which observations were made by the
writer in the three years (1927-28-29) was 231 and on 43 days out of
this number no blooming took place. On 10 days out of 43 the tem-
perature was low and was out of the range of the highest temperatures
of the days on which blooming took place. On the rest of the days it
was within the range of the highest temperature of the day on which
blooming occurred, but blooming did not take place. Of these days
the highest temperature was 24.3°C. on August 31, 1928. But on a
number of blooming days it was below that point as shown in Table 10.
From the fact that the flower did not bloom even when the highest
temperature of the day was within the range of the highest tempera-
ture of the blooming days, it may be considered that blooming is caused
not only by the highest temperature, but by the influence of the varia-
tions of temperature before and after the time of the highest tempera-
ture or by other factors. The writer, therefore, investigated the varia-
tions in temperature on the days when no blooming oceurred. The
degrees of the fall of temperature after the time of the highest tempera-
ture and the difference between the highest temperature and that at
§a.m. in the morning are shown in Table 10. The degree of the fall
of temperature is indicated by the average of the difference between
the highest temperature and the tempratures at the first the second and
the third hour after the highest temperature.

As shown in Table 10, in the three years of observations the average
fall in degrees during three hours after the highest temperature was
0.97°C., which was much less when compared with 1.37°C., averaged
difference of temperature on blooming days. In some partieular days
the highest temperature was maintained till the evening or on other
days it was observed towards evening. Next the variation during the
forenoon, as shown in Table 10, differs on each day or in each year, but
on an average, its difference is 2.71°C. when it is low and 3.88°C. when
high, the average being 3.40°C. which is less than 5.55°C. the average
difference of temperature on the days when blooming took place. From
the above mentioned facts it will be seen that the variation of tempera-
ture on the non-blooming days is generally very slight when compared
with that on blooming days.
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TasLk 10. Comparison of changes of temperature on blooming days on
which the temperature is low and those on non-blooming days

Non-bleoming days

Diffevence between the .
Highest Time of highest temperature and| Temper- Dﬁgﬁ‘:&(‘sgﬁe
, that at the 1st, 2nd and| . v
Date tempera the highest [3rd hours after the time ature at | the highest
ture of highest temperature| 8a.m. |temperature
temperature and that at
(c) Ist | 2nd | 8rd | Aver- Q) 8 a.m.
hour | honr| hour| age
1997 o of o o . o
July 18 21.7 1.30 pm. | 0.3 | 0.7 (—0.1 0.3 19.8 0.9
Aug. 24 20.2 145pm. | 0.7 07| 04] 06 18.4 1.6
» 30 19.8 115pm. | 0.2 | 0.6 0.4 0.4 19.2 0.6
Sep. 3 17.5 445pm. | — | — — — 16.2 1.3
, 10 20.2 11.30 am. | 0.3 ] 1.0} 1.4| 0.9 17.8 3.0
17 20.0 2.00p.m. } 0.8 2.6 3.7 2.4 18.4 1.6
Oct. 2 20.2 1.00pm. | 0.4 ) 0.8 2.0 1.1 18.6 1.6
s 9 19.5 215pm. | 0.7 | 1.1 _ 0.9 15.0 4.5
5 11 16.4 2.00 pm. | 0.6 | 3.0 —1 1.8 9.8 6.6
s 14 15.0 115p.m. | 1.0 | 0.2 3.0 1.4 9.6 5.4
Average 19.05 1.09 16.28 2.71
1928
Aug. 31 24.3 1.45pm. | 0.3 | 0.5 | 0.8 0.5 22.5 1.8
Sep. 1 991 1.00pm. | 0.5 11| 14| 1.1 191 3.0
, 12 23.5 12.00 m.} 1.1} 20| 2.0 1.8 19.1 4.4
s 19 18.1 9.00am. | 09| 1.7 2.1 1.6 16.3 1.8
, 21 20.5 1.00pm. | 0.0 | 1.0 1.0 0.7 19.1 1.5
. 23 16.3 1200 m.| 01 ] 0.8] 1.0 0.6 12.8 3.5
s 26 18.5 11.00am. | 1.3 | 1.0 | 1.0 1.1 13.6 4.9
. 28 19.0 3.30 p.m. — - —_ -— 16.0 3.0
Oct. 1 16.5 1.00pm. | 0.3 | 0.8 1.5 0.9 12.0 4.5
’ 3 19.6 3.45 p.m. - —_ —_ —_ 14.5 5.1
I 5 16.3 115pm. | 03} 0.3) 0.8 0.5 9.2 7.1
Average | 19.52 0.98 15.84 3.69
1929
July 4 20.2 3.00pm. | 0.6} 0.0 0.8 0.5 17.6 2.6
5 5 16.6 12.30 pm. | 0.6 | 0.7 | 0.5 0.6 15.6 1.0
. 6 171 1.00pm. | 03| 05| 0.5 0.4 16.1 1.0
Aug. 4 23.6 4.00 pm. | 22| 3.0 — 2.6 19.4 4.2
s 22 18.4 1.30pm. | 0.2 ] 0.8) 1.4 0.8 14.1 4.3
Sep. 30 15.1 1.00 pm. | 0.4 0.7 —_ 0.6 11.8 5.1
Oct. 7 19.2 i45pm. | 03] 0.1 | 0.6 0.3 14.5 4.7
» 8 18.0 1.30 p.m. — | 4.6 -— — 16.6 1.4
,» 10 15.0 115pm. | 05| 0.8 — 0.6 10.6 4.4
s 11 151 9.00am. | 0.9 1.3 1.9 1.4 14.0 1.1
s 17 19.6 2.00 p.m. | 0.4 | 1.6 —_ 1.0 8.2 11.4
, 18 15.1 1.00pm. | 0.2 | 0.6 -_— 0.4 9.8 53
Average 17.75 0.84 14.08 3.88
Av.of three years 0.97 15.38 ‘ 3.40
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TasLE 10. (Continued)

Blooming days

Difference between the .
Highest Time of highest temperatuﬁa and| Temper- Dtl)gtev:r‘:;lze
me that at the 1st, 2nd and v
Date tempera- the highest [3rd hours after the time ature at | the highest
ture of highest temperature| 8a.m. |temperature
temperature and that at
(C) 1st {2nd | 3rd | Aver- (¢5)] 8 a.m.
hour | hour|hour| age
1927 o o ° ° ° ° °
Sep. 13 21.0 145pm. | 0.5} 1.0 | 1.2 0.9 15.6 5.4
s 21 20.0 10.30a.m. | 0.2 1.6 | 2.2 1.3 16.2 3.8
s 22 19.6 11.30a.m. | 0.8 | 0.8 | 1.4 1.0 13.4 6.2
» 23 20.8 2.00pm. | 0.6 | 1.8 | 2.0 1.5 11.6 9.8
., 24 20.6 115pm. | 0.4 1.2 | 1.8 1.1 12.2 8.4
s 25 19.4 145pm. | 0.6 ( 1.0 3.0 1.5 11.6 7.8
5 26 21.0 2.00pm. | 1.1 | 14| 3.0 1.8 12.4 8.6
s 27 21.4 215pm. | 02| 1.2 3.0 1.5 16.6 4.8
Oct, 10 20.4 1045 a2.m. | 0.6 | 1.0 | 3.2 1.6 15.4 5.0
s 16 16.4 145pm. | 2.0 | 44| 54 3.9 7.4 9.0
Average 20.06 1.61 13.21 6.88
1928
July 16 22.5 1030 am. | 0.3 0.4 | 0.5 0.4 2L5 1.0
» 19 23.5 115pm. | 1.0} 1.0} 1.6 1.2 20.0 3.3
Sep. 16 22.0 1.00pm. | 0.8 04| 1.2 0.8 18.5 1.5
s 17 19.5 11.00am. | 0.5 0.2 | 0.8 0.5 17.5 - 2.0
» 18 20.2 1.00pm. { 0.6 | 1.5 | 1.6 1.2 13.4 6.8
s 20 24.5 1.30pm. | 0.5 25| 2.5 1.8 18.5 6.0
s 22 19.8 115pm. | 1.6 | 1.1 | 2.1 1.6 13.5 6.3
5 24 21.0 1.30pm. | 0.5 | 1.0 | 1.7 1.0 14.5 5.5
» 27 20.0 10.30 am. | 0.6 | 0.5 0.5 0.5 19.0 1.0
. 29 22.0 11.00 a.m. | 0.0 | 3.3 | 1.2 1.5 17.0 5.0
Qect. 2 21.5 10.30 am. | 0.5| 1.1 | 0.5 0.7 18.0 3.5
Average 21.50 1.02 17.40 4.08
1929
July 8 19.4 12,00 m.{ 151 0.6 ( 0.9 1.0 14.7 5.3
Sep. 21 22.6 10.00 am. | 1.0 | 2.4 | 54 2.9 16.8 5.8
5 23 19.8 1i15pm. | 0.6 | 1.4 | 23 1.4 12.0 7.8
s 2 21.5 1230 pm. | 0.5 09| 1.3 0.9 16.4 5.0
» 26 21.0 1.00pm. | 0.8 1.4 25| 16 16.0 5.0
. 27 19.4 130pm. | 0.9 1.4 —_ 1.1 15.4 4.0
» 29 21.4 12,00 m. | 1.8 3.0 | 4.0 2.9 17.6 3.8
Oct. 1 16.8 1.45pm. | 0.2 | 0.8 1.9 1.0 10.0 - 6.8
» 3 22.1 215pm. | 1.3 | 2.7 | 5.0 3.0 12.2 9.9
. 5 21.6 215pm. | 0.6 | 1.3 | 3.0 1.6 16.6 5.0
’y 9 17.5 12.00 m. | 1.3} 041 07 0.8 12.4 5.5
» 16 15.0 12.00 m. | 0.6 | 04| 1.2 0.7 10.4 4.6
Average 19.84 1.49 14.21 5.71
Av. of three years ‘ 1.37 k 14.94 i 5.50
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(iii) Relation between Variation of Temperature and the Time of
Blooming '

The time of the day’s highest temperature in Sapporo, according
to the writer’s observations, was generally reached at about 1 or 2 o’clock
when the weather was clear and fine, but the time depends upon the
daily condition of the weather. Omn the other hand, as related (in I.3),
the most intense blooming took place at about 2 or 3 o’clock in the after-
noon, but there was a marked difference in the time of blooming aceord-
ing to the day. Blooming, as is shown above, takes place when the tem-
perature begins to fall after having passed its highest degree. Therefore
it is possible to think that there may exist some close relation between
the time of the highest temperature and that of blooming. Regarding
this the writer in his preliminary report®*® stated that the sooner the
temperature reaches its highest point, the guicker comes the time of
blooming. The results of the writer’s further observations rendered
certain this fact. However when temperature does not begin to fall
soon after it has reached its highest degree, but remains stationary for
a considerable period, the time of blooming is delayed even when the
time of the highest temperature is early. The writer observed such
cases often on the hottest summer days, July 27, 28 and August 7,
1929 (appended table 7). Generally on the days when the highest
temperature is reached comparatively early, it required much time
before blooming occurs, while on the days when the highest temperature
is reached later, there is a tendency for the flowers to bloom shortly
after the temperature begins to decline,

2. Relation between Blooming and Humidity

(i) Range of Humidity on Blooming Days and Humidity suitable for
Blooming

The writer in the present study has studied humidity in two dif-
ferent aspects, one is the lowest humidity of the day and the other,
humidity at flowering time. From the results of his observations as
shown in the appended tables, the writer determined the range of the
lowest humidity on blooming days, the range of humidity at the time
of flowering and the humidity suitable for blooming, which are shown
in Tables 11, 12 and 13 respectively. 'The lowest humidity on a blooming
day (Table 11) was 37.7 in 1929 and the highest one was 91 in the same
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year, the lowest humidity at the time of blooming was 41.5 in 1929 and
the highest one was 100 in 1928. As shown in Table 12, the days on
which the lowest humidity was 60 were the most numerous, being 38.30%
of all the flowering days (188); this is followed by the days on which
the lowest percentage was 50, and then the days on which the lowest
percentage was 70. Further, the number of days on which the humidity
at the time of blooming, as shown in Table 13, was 70% was the largest,
being 36.70% of the total, and this is followed by the number of those
days on which the humidity was 60%.

TaBLE 11. Range of the lowest humidity on blooming days and
that of humidity at the time of blooming
Lowest humidity on Humidity at the time
blooming days of blooming
Year
Minimum Maximum Minimum Maximum
o Yo Yo Yo
1927 49.0 86.0 53.0 95.0
1928 39.5 90.0 44.5 100.0
1929 37.7 91.0 41.5 99.0
TasLE 12. Frequency distribution of the lowest humidity
on blooming days
Lowest
humidity | 309% | 40% | 50% | 60% | 70% | 80% | 90% | 100% | Total
Year
w 1927 0 1 10 41 21 7 0 0 80
[
3
< 1928 1 8 21 19 8 2 1 0 60
S
o 1929 1 6 | 22 12 5 1 1 0 48
-
% Total 2 15 | 53 72 3¢ | 10 | 2 0 188
“ ) 1.06 7.98 | 2819 | 3830 | 18.09 5.32 1.06 0 100
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Tasre 13. Frequency distribution of humidity at the time of
blooming in 1927, 1928 and 1929

Humidity of
blooming time | 30% | 40% | 50% | 60%'| 70% | 80% | 90% ; 100% | Total
Year .

w | 1927 0 0 2 18 43 12 5 0 80
5 1928 0 5 7 22 16 7 3 0 60
qf 1929 0 1 12 17 10 4 3 1 48
‘2 Total 0 6 21 57 69 23 11 1 188
a % 319 | 1171 | 30.32 | 36.70 | 12.23 | 5.85 | 0.53 100

(i1) Relation between Variation in Humidity and Blooming

The blooming of oat flowers occurs within the range of humidity
as stated above (2.i). The humidity of the day constantly changes with
the changes of temperature and therefore it can be considered that there
exists a close relation between the changes of humidity and blooming.
The writer studied this relation from the results of his observations
which are shown in the appended tables.

Variations of humidity on blooming days

The writer in order to know the variations in humidity on blooming
days observed the difference between the humidity at 8 a.m. and the
lowest humidity, and the difference between the lowest humidity and
the humidity at the time of blooming and the interval between the time
of the lowest humidity and the flowering time. The data are arranged
in Tables 14, 15 and 16. The number of days on which the difference
between the humidity at 8 a.m. and the lowest humidity was 11-20%
was the largest; next to this comes the number of days on which the
difference was 21-25% and this is followed by the number of days on
which the difference was 6-10%. The number of days on which the
difference between the lowest humidity and the humidity at the flowering
time in the entire day was 3-7% was the largest. Lastly the days on
which from two to three hours elapsed from the time of the lowest
humidity to the flowering time was the largest in number.
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TasLe 14. Variation of difference between the lowest humidity and
humidity at 8 a.m. on the dlooming days

Year 1927 1928 1929 Total Y
Difference of )
Humidity (%) Number of days
1 1 0 0 1
2 0 0 0 0
3 0 0 0 0 7 3.72
4 1 (] 1 2
5 2 1 1 4
6 1 0 2 3
7 3 0 1 4
8 2 1 1 4 19 10.11
9 4 0 2 6
10 0 1 1 2
11 3 0 3 6
2 5 1 1 7
13 3 1 3 7 30 15.96
14 4 0 0 4
15 1 2 3 6
16 4 1 3 8
17 2 2 2 6
18 3 2 1 6 39 20.74
19 b} 4 2 11
20 4 1 3 8
2 2 3 3 8
22 3 2 1 6
23 5 2 3 10 40 21.28
24 5 2 2 9
25 2 3 2 7
26 1 2 0 3
27 0 5 2 7
28 3 2 0 5 25 13.30
29 3 2 1 6
30 2 2 0 4
31 0 0 1 1 .
32 2 0 0 2
33 1 3 1 5 13 6.91
34 0 3 0 3
35 1 1 0 2
36 0 1 0 1
37 0 2 0 2
38 1 4 1 6 15 7.98
39 0 0 0 ]
40 1 4 1 6
Total 80 60 48 188 188 100.00
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Tasrg 15. Variation of difference between the lowest humidity
and the humidity at the time of blooming
Year 1927 1928 1929 Total %
Difference of
bumidity (%) Number of days
0 5 0 1 6 6 3.19
1 4 4 1 9
2 4 5 4 13
3 10 3 6 19
4 1i 3 9 18 73 38.83
5 3 7 4 14
6 7 3 4 14
7 8 4 3 15
8 5 8 2 15
9 5 1 3 9 67 35.64
10 6 5 3 14
11 2 1 0 3
12 2 0 4 6
13 1 3 1 5
14 a 0 3 5 23 12.23
15 0 2 2 4
16 1 b 0 6
17 1 0 0 1
18 2 1 0 3
19 0 1 9 3 14 7.45
20 0 1 0 1
21 0 0 1 1
22 0 0 1 1
23 0 0 0 0
04 0 0 0 0 2 1.06
25 0 0 0 0
26 0 1 0 1
27 1 0 0 1 3 1.60
51 0 0 1 1
Total 80 60 48 188 100.00
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TABLE 16. Variation of interval between the time of the
lowest humidity and blooming time
Year 1927 1928 1929 Total %
Length of time X )
(minutes) Number of days
15 2 1 0 3
30 4 3 3 10 )
45 3 3 1 7 30 15.96
60 5 2 3 10
75 3 3 5 11
920 3 7 1 11
It 2]
105 5 4 2 11 30 26.60
120 7 4 6 17
135 8 4 6 18
150 ] 14
o7 6 4 4 46 24.47
165 2 2 3 7
180 4 2 1 7
195 4 4 1 9
210 3 6 1 10
2
295 6 3 0 9 40 2128
240 7 4 1 12
255 0 1 3 4
270 1 1 3 5
285 3 1 1 5 1 904
300 2 1 0 3
315 0 0 1 1
330 0 0 0 0
345 1 0 0 1 3 160
360 1 0 0 1
375 0 0 0 0
2]
390 0 0 9 9 2 1.06
Total 80 60 48 188 100.00

Variations in humidity on non-blooming days

As has already been mentioned, there were a number of days during
the period of observations on which no blooming occurred at all. The
variations in humidity on each of these days are shown by the difference
between the humidity at 8am. and the lowest humidity, and the
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TaeLe 17. Comparison between changes of humidity on blooming days
and those on non-blooming days

Non-blooming days

Difference between the
lowest humidity and Difference
Time of those at the 1st, 2nd ca0.. | between
Lowest and 3rd hours after the Humidity the lowest
Date humidit lowest time of the lowest % t8 humidity
T | humidity avsam | and that
Ist | 2nd | 3rd | Aver- at 8 a.m.
hour | hour | hour| age
1927 Yo Do| | % Yo % %o
July 18 95 11.15 a.m. 0 0 0 0 95 0
Aug. 24 89 8.30 a.m. 11 11 114 11 94 5
30 94 2.30 p.m. 0 0 1 0.3 100 6
Sep. 3 65 1.00 p.m. 5 8 12 8.3 88 23
5, 10 85 11.45 a.m. 0 9 9 6.0 89 13
» 17 75 1.45 p.m. 5 4 8 5.7 84 9
Oct. 2 75 8.45 a.m. 6 5 5 5.3 80 b)
. 9 70 12.15 p.m. 0 5 14 6.3 94 24
., 11 58 2.00 p.m. 5 8 — 6.5 80 22
s 14 63 1.30 p.m. 0 1 2 1.0 80 17
Average 76.60 5.04 80.40 124
1928
Aug. 31 95 10.00 a.m. 1 1 2 1.3 98 3
Sep. 1 89 1.00 p.m. 5 9 10 8.0 99 10
. 12 64 12.00 m. 3 11 13 9.0 91 27
s 19 70 9.00 a.m. 6 17 11 | 101 82 12
. 21 62 1.15 p.m. 2 ~5 6 1.0 74 12
., 23 87 1.15 p.m. 7 3 8 6.0 87 0
. 26 50 11.00 a.m. 7 5 5 5.6 62 12
., 28 2 11.00 a.m. 2 2 5 3.0 70 8
Oct. 1 43 2.30 p.m. 4| 12| 16 8.0 9 29
. 3 56 10.00 a.m. 0| 20) 161 12.0 78 22
., 5 43 L15pm. | 12 7| —| 25 79 29
Average 63.55 6.04 80.45 14.9
1929
July 4 74 12.00 m. 11 11 7 9.6 86 12
»e 5 86 12.30 p.m. 4 6 -5 1.6 98 12
s 6 91 12.30 p.m. 1 2 3 2.0 95 4
Aug. 4 71 2.00 p.m. 1 4 25| 10.0 87 16
s 22 43 2.15 p.m. 4 6 7 5.6 55 12
Sep. 30 55 1.45 p.m. 3 _— 10 6.5 77 12
Oct. 7 71 2.30 p.m. 3 7 — 5.0 95 24
N 8 82 1.00 p.m. 0 15 16 | 10.3 98 14
s 10 61 1.15 p.m. 6 16 19 | 10.3 78 17
y 11 57 10.00 2.m. 3 7 3 4.3 62 5
s 17 ] 60 2.30 p.m. 0 31 — 1.5 100 40
s 18 61 2.00 p.m. 5 — _ 5.0 83 22
Average | 67.67 5.98 84.50 15.8
Av. of three years 5.35 84.45 14.37
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Tasre 17. (Continued)

Blooming days

Difference between the

lowest humidity and Difference
. Time of those at the 1st, 2nd iq:...| Dbetween
Dat Lowest and 3rd hours after the Humidity the lowest
e lowest . ] humidity
humidity . time of the lowest % at 8 a.m. umidity
humidity and that
1st [ 2nd | 3rd | Aver- at 8 a.m.
hour| hour|hour| age
1927 Y% Do\ T | P Yo % Vi
Sep. 13 71 11.15a.m. 1 1 1 1.0 88 17
5 21 60 10.00 a.m. 1 71 10 6.0 69 9
s 22 38 11.30 a.m. 12 12 2] 12.0 82 24
s 23 64 1.30 p.m. 0 6 5 3.4 87 23
s 24 55 12.30 p.m. 9 13 91 103 87 32
» 2D 63 12.45 p.m. 8 8 8 8.0 87 24
» 26 64 1.30pm. | 0] 12| 16| 9.3 87 23
w27 58 1215pm. | 7| 10| 6| 7.6 78 2
Oet. 10 54 1245pm. | 12| 7 6| 83 73 19
» 16 61 1145am. | 13| 13| 11 | 123 78 17
Average 60.08 7.82 81.60 20.80
1928
July 16 92 11.00 a.m. 5 4 3 4.0 95 3
» 19 60 12.30 p.m. 3 6 10 6.3 80 20
Sep. 16 55 12.30 p.m. 14 15 16 | 15.0 84 29
s 17 56 1.15 p.m. 3 3 3 3.0 66 10
» 18 52 2.15 p.m. 1 8] 10 6.3 82 30
» 20 63 1.15 p.m. 5 3 5 4.3 84 21
22 53 1.15 p.m. 0 11 20 | 10.3 87 32
» 24 75 1.00 p.m. 5 6] 19 10.0 100 25
» 27 40 2.30 p.m. 1 3 7 3.9 55 15
s 29 49 3.15 p.m. 3 —_ — 3.0 87 38
Oct. 2 52 12.00 m. 3 21 10 5.0 a7 5
Average 58.82 6.46 79,73 20.73
1929
July 8 T4 12.00 m. 5 0] -2 1.0 97 23
Sep. 21 42 1030 a.m. | 10 9| 51 23.0 65 23
» 23 57 1.15 p.m. 1 4 4 3.3 77 20
» 24 51 1.00 p.m. Q 6 9 5.7 67 26
» 26 53 1.15 p.m. 4] 11| 24 13.0 74 21
w 27 52 1.00pm. | 3| 2| 5| 383 76 24
» 29 67 12.00 m. 12 7 13 | 107 88 21
Oct. 1 45 1.00 p.m. 6 12 14 | 106 86 41
» 3 52 2.00pm. | -3 | 12, 26| 11.7 77 25
" 5 63 2.15 p.m. 31 16| 24| 143 64 1
” 9 53 2.00 p.m. 9| 10] 2 15.6 82 29
» 16 58 12.00 m. | — 3 1 1.0 2 14
Average 55.59 9.43 77.08 22.33
Av. of three years 7.90 79.47 21.29
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humidity at one, two and three hours thereafter. By comparing these
with the variations on blooming days the writer obtained the results
shown in Table 17. On non-blooming days during three years the
average difference between the lowest humidity and that at 8 a.m. was
14.37% and the increase in humidity after the time of the lowest
humidity 5.35%, but on blooming days the former was 21.29% and the
latter 7.90%.

(iii) Relation between Variation in Humidity and Blooming Time

‘When the variations of humidity in the course of the day are con-
sidered, it can be said that blooming always begins to take place while
humidity is inereasing from the lowest percentage and in the majority
of cases blooming occurs 1-2 hours after the time of the lowest humidity.
Accordingly there exists an intimate relation between the time of the
lowest humidity and that of blooming; that is to say, on the days when
the time of the lowest humidity comes early, the time of blooming is
also early, and when the former comes late, the latter too is late.

3. Relation between Blooming and Rainfall

The data as to the relation between blooming and rainfall which
were observed by the writer is shown in Table 18. There were 15 rainy
days in 1927, 9 in 1928 and 10 in 1929, the total being 34 days, and
these rainy days can be divided into the days on which there were
showers and the days on which it rained the whole day. Blooming
occurred as usual, in spite of rainfall, on those days when rain began
to fall as early as about noon or as late as two o’clock in the afternoon.
Rain shows a tendency to accelerate blooming. But on the days when
it rained the whole day in some cases blooming occurred and in others
no blooming took place. According to the writer’s observations in 1927,
it rained the whole day on July 7 and 21, and on September 4 and 6,
but blooming occurred, which on July 18 and 24 and on September 3, 10
and 17 no blooming occurred under similar conditions. The reason for
this ean be understood by econsidering the temperature on these days.
On flowering days temperature is generally high and on the days when
temperature is high blooming takes place even when it rains, because
there are considerable changes in temperature on these days. On the
days when no blooming occurred, temperature was low, and changes in
temperature were very slight.
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4. Relation between Blooming and Wind

The writer, in order to ascertain the relation between blooming and
wind, compared the number of flowers opened and the time of blooming
on days when the average velocity of wind from 6 a.m. to 6 p.m. was
4.42-577 m/s with those on days when the average velocity from 6 a.m.
to 6 p.m. was 1.14-291m/s. The results are shown in Table 19.

Observations were made on blooming and the time of blooming on
11 days when the average velocity of wind was 4.42-5.77m/s and 12
days when the average velocity of wind was 1.14-291m/s. In the
former it was found that blooming did not oecur on July 18 and October
2 out of the 11 days and in the latter blooming occurred without ex-
ception. The blooming time of the day was between 2 and 4 o’clock in
the afternoon on both days, and no difference between them was observed.

Thus the force of wind does not effect blooming nor the time of
blooming in any way whatever.

TaBLe 18. Comparison between the amount of rainfall on non-blooming
days and that on blooming days
Non-blooming days
Time | 6-7 | 7-8 | 8-9 {9-10{10-1111-12]12-1| 1-2 | 2-3 | 3-4 | 4-5 | 5-6
a.m.| a.m.|a.m.|a.m.| am. | a.m. | pm.| p.am. | p.m, | p.m. | p.m. | p.m,
amount of rainfall (m.m.)
Date
1927
July 18 01| 2.2 45| 0.1 3.8 58 | 44| 1.0 06 02] 01} 05
Aug. 24 321 881 41} 79 8.0 151 01 00| — | 03 021 02
s 30 04| 21| 65| 6.1 5.4 64 | 24} 04| 00| —| —{ 0.0
Sep. 3 00} 01| 00| 00| 02 19 | 24| 24 3.2 2| — | —
s 10 — 1 0.0 02 0.0 0.0 | 0.0} 041 09 3] 01 01
, 17 021 09 02] 00| 0.0
1928
Aug.31 | 0.0 02| 04| 14| 23 | 26 | 55| 1.8] 51| 35| 34| 39
Sep. 1 1.8 08 01 0.0 0.0 — 1 00| 01| 06| 131 03
. 19 00 08| 04| 01| 08] 07| 0.8( 1.4] 1.0
s 23 0.0} 0.0 0.4 05 07 12|10 13|19 20
1929
Oct. 8 03 02| 01| 01 0.0 0.3 01| 01} 43| 37 14| 09
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Blooming days

Time 6-7 | 7-8 | 8-9 19-10|10-11|11-12|12-1}1~-2 { 2-3 | 3-4 | 4-5 | 5-6
am.|am.|am.|am.| am. | am, | p.m. |pm.|pm|p.m.|pm|pm.
amount of rainfall (m.m.)
Date ] | ]
1927 *
July 13 0.0 04| 21| 2.0 3.5 (10.7 [125
541 39
s 16 03| 0.0 0.0
52 64 7
» 17 02| 01| 00| 02 0.1 0.3 0,0, 08 0.0{ 0O} 00| 0.0
| 9| 90| 17
,» 21 0.2 0.0 0.0 01, 0.3 (31;3 06| 04| 1.3
Aug. 3 0.6 2.9 13.1
191! 5
Sep. 4 0.0 02 0.1 0.1 2 0.0 01 1.0 0.2
48 | 16
s 16 0.0 0.0 0.1 0.0 0.0 041 0.0
. 59 23
18 00| 02 0.0 X 00| 00| 01
: 56| 94| 8
s 19 ; 0.0 00] 02 20| 33| 1.2 03
| 165 | 21
1928
July 16 04| 05| 08| 0.9 0.4 9.1 3.2 3.1 31% 0%
. 17 0.0 0.1 161 011 0.0
260 ) 386 | 13
s 30 0.0 0.0 0.0 0,0 | 0.0
3| 26| 40| 8
Sep. 13 0.0 0.0 2.2 3.6 l.g 2.3-. 1.0 62 ] 11
y 16 01/ 00 0.0 0.0, 00
1
1929
July 14 00} 02 04} 06| 1.1 0.0 00| 0.0} 0.0] 0.0
81 78 4
» 23 0.0 0.0 0.0 1.4 0.8 1.0] 05| 05| 42| 3.5 | 8.7
332 14 2
» 25 0.7 | 2.7 0.0
! 138 | 31
Aug. 14 01 0.0 00
4| 9
y 24 0.0 02 0.0 0.0 13| 04 0.0} 0.0 0.0
22| 1
., 27 371 13| 05| 0.2 0.0 0.0 1.1 0.0 0.0
2 23
, 28 0.0 | 0.2 02| 0.0
39
s 29 13| 40| 2.0 15| 06
10 2

..amount of rainfall
..number of flowers bloomed
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TABLE 19. Number of blooming flowers days when the average
velocity of wind from 6.00 a.m. to 6.00 p.m. was 4.42-5.77 m/s
and that on days when the average velocity of wind from
6.00 a.m. to 6.00 p.m. was 1.14-2.91 m/s.

Average .
veloeity Blooming time
Date of wind
Gfg";g 2.00/2.15/ 2.30 2,45/ 3.00) 3.15| 3.30| 3.45 4.00/ 4.15) 4.3/ 4.45| 5.00 515 5.30/7, .
to 6 p.m. p.m./p.m.|p.m.|p.m./p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.[p.m.
Number of blooming flowers
July 26 5,77 8126} 9|12 55
Aug.29 5.58 2184302710 27 1 154
Sep. 2 4.48 1 0l 0 2 8| 41 1 20
»s 9 4.42 111413 i 1 26
s 18 4.95 56 9 (44 23|18 8 158
o 27 4.51 16 1 241361} 15 3 96
»w 29 4.42 1 9 711016 7 3 53
Oct. 2 7.06 0
2 8 5.42 27 | 18| 11 3 59

Average| 5.18

July 24 2.16 4| 0| 9|27 ] 2|22 4| 1 69
Aug.19 1.73 16|22 (61 }61 (16| 6 182
» 20 1.25 18151140112 12| 5 2 140
,» 23 1.71 1] 0] 074 54|17 26|22 4 198
Sep. 8 1.25 7T, 4| 4 15
» 13 114 ’ 51 4/ 1 1 11
» 22 2.18 35 13112420113 6| 3 132
» 24 2.91 1012028117 2 77
Oct. 1 2.17 31|27 127120 6 111

Average| 1.83

5. Relation between Blooming and Duration of Sunshine

In order to understand the relation between blooming and the
duration of sunshine the writer compared the hours of sunshine on
10 blooming days with those on 18 non-blooming days. The results are
shown in Table 20. Most of the non-blooming days were cloudy or
rainy, but on September 17, 1927, September 19 and 21, 1928, and
August 22, 1929, the duration of sunshine was considerably long, but no
blooming took place. On the other hand, there was sunshine on most



STUDIES ON THE BLOOMING OF OAT FLOWERS

241

TasLe 20. Duration of sunshine on blooming days and that on
non-blooming days

Non-blooming days

Time

Date

7-8
a.m.

9-10
a.m.

Hours of sunshine (Jordan’

10-11
a.m.

11-12
am.

12-1
p.m.

1-2
pam.

2-3
p.m.

3-4
p.m.

s recorder)

4-5
p.m.

Total

1927
July 18
Aug.24
»w 30
Sep. 3
, 10
» 17

0.00
0.00
0.00
0.00
0.00
0.18
0.00

0.00
0.00
0.00
0.00
0.00
0.10
0.00

0.00
0.00
0.00
0.00
0.00
0.20
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.15
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.06
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.03

0.00
0.00
0.00
0.00
0.00
0.30
0.20

0.00
0.00
0.00
0.00
0.00
1.80
0.03

0.00
0.00
0.00
0.00
0.00
0.65
0.00

0.00
0.00
0.00
0.55
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.55
0.15
3.29

0.26

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.70
0.00
0.60

0.00
0.00
0.00
0.20
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.20
0.50
0.00
0.40

0.00
0.00
0.82
0.00
0.00
0.30

0.00
0.00
0.52
0.20
0.00
0.00

0.00
0.00
0.82
0.90
0.00
0.00

0.00
0.00
0.17
0.08
0.00
0.00

0.00
0.00
0.60
0.35
0.00
0.00

0.00
0.00
0.65
0.25
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
3.78
3.18
0.00
0.70

0.00
0.00
0.07
0.00
0.00

0.00
0.00
1.00
0.00
0.00

0.18
0.00
1.00
000
0.00

0.00
0.00
0.72
0.00
0.00

0.00
0.00
0.22
0.00
0.00

0.00
0.00
0.60
0.00
0.00

0.00
0.00
0.40
0.00
0.00

0.00
0.00
0.30
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.10
0.60
0.00
0.00

0.00
0.00
0.16
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.18
0.10
4.71
0.00
0.00

TasLE 20.

(Continued)

Blooming

days

1927
July 13

» 17
» 21

Aug.27

0.45
00.0
0.00
0.00

0.50
0.00
0.45
0.00

0.00
0.00
0.10
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.95
0.00
0.55
0.00

1928
July 16

Aug.l0
. 24
Sep. 13

0.00
0.82
0.00
0.00

0.00
0.68
0.00
0.00

0.00
0.53
1.22
0.00

0.00
0.30
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

00.0
0.35
0.00
0.00

0.00
0.00
0.00
0.00

1.96
0.00
0.00
0.00

0.42
0.36
0.00
0.00

0.00
0.20
0.00
0.00

2.38
3.24
1.22

0.00

1929
July 14

.y 23

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
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of the blooming days, but on ten days as shown in Table 20, blooming
occurred although the duration of sunshine was short. These results
show that there is no intimate relation between the duration of sunshine
and blooming.

6. Relation between Blooming and Sunhight

The writer performed the following experiment in order to find
out the relation between the blooming of oat flowers and the sunlight.
He made a cardboard cylinder 9 inches long and 3 inches diameter and
5 heads of oats which were to bloom on the day were taken and put
into 4 glass bottles which were again put into the cylinder made of
cardboard, the sunlight being thus intercepted. The eylinder was placed
in the experimental room together with the remaining one as a control.
The flowers of those heads were examined after a certain period of time;
the results are shown in Table 21.

TaBrLE 21. Number of blooming flowers when plant was exposed to
sunlight and when it was intercepted

Number of blooming flowers
Date T}ilmf ,;a:t which Sunlight intercepted
(1929) 0205 Were Control
esamined (one head) | No. 1 No. 2 No. 3 No. 4
p.m.

July 8 3.00 3 2 4 b} 3
. 9 3.30 4 3 5 4 4
. 10 3.30 2 3 2 3 1
s 11 4.00 3 2 3 4 2
s 2 5.00 5 4 4 b5} 3
,» 13 4.00 3 1 4 2 4
s 14 4.00 4 5 3 3 2

These results show that even when the sunlight was intercepted
blooming took place. The writer also observed that when a head of
oats growing on the experimental plot was put into a camera of small
size, blooming took place in just the same manner as in those growing
outside. But the blooming in this cage oceurred later than those outside
on a clear and hot day, and the blooming occurred almost at the same
time as those outside on a cloudy day. The writer considers that this is
due to the changes of temperature.
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‘While the experiment (II.B.1.) was being performed to find the
relation between temperature and blooming, it was observed that the oats
which had been put into a thermostat under ground bloomed at night
between 8 and 10 o’elock. And also in the dark room blooming took
place as in the case of those growing outside when other conditions were
suitable. These facts confirm that sunlight is not necessary for the
blooming of oats.

7. Summary

1. The range of temperature on the days on which blooming
oceurred was 15-32°C. for the highest temperature and 14-29.8°C.
for the temperature at blooming time. The most suitable highest tem-
perature was 27-29°C. and the best temperature for blooming time
24-26°C.

2. There is an intimate relation between the changes of temperature
in the day and blooming. Blooming began to take place when the dif-
ference between the temperature at about 8 am. and the highest tem-
perature of the day was 3-8°C., and when temperature fell 1.0-2.5°C.
within an hour or two after the time of the day’s highest temperature.

3. There were days on which no blooming occurred even though
the temperature was within the range of blooming, and the changes of
temperature on these days were quite slight when compared with those
on a blooming day.

4. There is a close relation between blooming time and the time of
the highest temperature of the day. When the highest temperature was
attained early, the blooming time was also early, and when the highest
temperature came late, the blooming time was also late.

5. The range of minimum humidity on blooming days was 37.7-
91.0% and 41.5-100% when the humidity at the time of blooming was
considered. The most suitable minimum humidity was 50-60%, the best
humidity at the time of blooming was 60-70% .

6. There is a close relation between blooming and changes of
humidity. Blooming occurred when the difference between the morhing‘
humidity and the minimum humidity was 10-20%, and when humidity
increased by 3-7% within an hour or two after the time of the minimum
humidity.

7. There were days on which blooming did not take place although
the humidity of the day was within the range suitable for blooming.
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‘When the humidity on these days was compared with that of blooming
days, there were generally found to be less changes in humidity on the
non-blooming days.

8. There is an intimate relation between the blooming time and the
time of the minimum humidity of the day. When the minimum
humidity was reached early, blooming alse took place early, and on the
contrary, when the former came late, the latter also took place late.

9. There were many rainy days during the observation of blooming
under natural conditions, and on some of these rainy days no blooming
occurred at all and on others blooming occurred just as it did on the
days when it did not rain. Therefore rainfall itself has no direct in-
fluence on blooming.

10. There is no direct relation between the force of wind and
blooming and its time.

11. When there was more sunshine, more blooming occurred, but
there were instances in which no blooming took place in spite of much
sunshine. Therefore no direct relation exists between sunshine and
blooming.

12. Blooming oceurred as under natural conditions even when
sunlight was intercepted and therefore there is no relation between
sunlight and blooming.

B. ConTtroL oF BroomiNng or QAT FLOWERS

The results of the observations stated in the foregoing chapter show
that among the external factors the variations of temperature and
humidity have an intimate relation to blooming. In order to prove this
fact further, the writer performed the following described experiments
regarding the control of the time of blooming during the day and
control of blooming on blooming and non-blooming days by temperature
and humidity and also to find out which of these two factors has a
particularly important relation to blooming.

1. Blooming controlled by temperature

(i) Control of Blooming Time during the Day

The writer stated in his preliminary report®® that by changing
temperature he succeeded in controlling the time of blooming during the
day and in controlling the blooming on blooming days and non-blooming
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days. The writer repeated the same experiments to render those findings
more certain. The results of these experiments are recorded below,

Materials and Methods

In 1927 and 1928, the writer picked those heads which were to bloom
between 5 a.m. and 2 p.m. in the day, and put them in a small glass bottle
containing water and changed the temperature by the following
methods :—

1:—A head which was put in a small glass bottle was put into a
thermostat having a temperature higher than that of atmosphere at the
-time when this head was cut. At a difinite hour it was again removed
to a thermostat the temperature of which was low. It is, however,
necessary here to deseribe two different ways of removing the materials
from the atmospheric temperature to a higher one.

a:—To put into a thermostat raised suddenly to a high tempara-
ture.

b:—To put into a thermostat the temperature of which is made
gradually higher.

2 —The methods of changing the temperature were similar to those
of 1b, but the time at which the heads were cut and put into thermostat
was earlier than in 1h.

3 :—Heads in natural condition were cut when the flowers had not
yet opened. They were put into a small glass bottle and immediately
removed into a thermostat the temperature of which was lower than it
was outside at that time.

The results of the experiments

No. 1:—Table 22 which follows shows the results of the experiments
conducted according to the method given in 1la. In each case the
blooming occurred at hours different from the natural blooming time of
the day. Blooming took place sooner or later than the natural blooming
time of that day according to the time when the temperature was
altered from high degrees to low ones.



TapLe 22.

Experiment 1
(July 16, 1927)

Results of the experiments on the control of blooming time
conducted according to method No. 1a

Time and temper-

Time at which

Temperature of

Blooming time and number of flowers

. heads were the thermostat which bloomed Number of Time of
ature when heads transferred from ©) - : - heads used )
were put into the the thermostat of in the ex- natural

thermostat of hiel tem; (()eia?:m?e 11 12 1 2 3 4 5 6 7 erﬁﬁents bloomin
high temperature goltlmt%f Tow High Low |a.m.| m. |p.m.!p.m.|p.an.|p.m.|p.an.|p.am. | p.au. P g
|
o a7° 22° 0 0 0 3 0 0 0 0 0 1 s
o 9

8a.m, 24.8°C. 10.00 a.m. 30° 59° 0 0 0 6 0 0 0 0 0 1 2.15 p.m,
27° 29° 2.1 0 0 0 0 0 0 1
12.00  m. 30° | 22° ol ojololol]ol]o 1
P 27° 22° 5 0 0 0 0 1
2.00 p.m. 30° 29° 0 1,01] 070 1
a7° 22° 2 0 0 1
4.00 p.m. 30° 09° ] 0 0 3
27° 29° 0 1
6.00 p.m. 30° 29° 7 1

9¥¢

OOXOSII IIIDIID



TABLE 22.

(Continued)

Experiment 2
(July 2, 1928)

Time and temper-

Time at which

Temperature of the

Blooming time and number of flowers

heads were ther at which bloomed Number of | Time of
zwlvt::: “lll}éeilllﬂ:}z)e:}(ilg transferred from rmostit (G heads used tural
P the thermostat of i the one | natura
.thel mostat of high temperature High Low 12.30 1.30 2.30 3.30 4.30 periments Dblooming
high temperature | F "o 10w p-m. p.m, p.m. p.m. pu.
94° 20)° 51 :
8.30 a.m. 22°C. 11.30 a.m, oo e . : 0 2 9 2 2,15 p.m.
. 26° 20° 12 0 0 2
1.30 p.m, 24° 20° 14 0 0 2
. 26° 20° 4 2
2.30 p.m, 04° 20° G 8 2
TaBLE 22. (Continued)
Experiment 3
(July 17, 1927) - - -
e s .| Time at which | Temperature of Blooming time and number of flowers
fl‘zm‘e ‘mlil te}llnl,)%ls' heads were the thermostat & which bloomed Number of Time of
ature when hea, transferred from (D) heads used )
were put into the . natural
thermostat of the thermostat of o . - . in the ex-
hermosta . | high temperature | y1ion Low 12 1 < 8 4 v 6 7 periments blooming
high temperature %o that of low g . m. | p-M. | p. | pan. | pan. | pa. | pom, | pom.
a0° o ‘
9 a.m. 23.2°C. 11.00 a.m. ggo 220 8 8 g z g 8 8 8 ]1 1.30 p.m.
29° 23° 7 1 0 0 0 0 1
1.00 p.m. 31° | 23° o 7ol ol o] o 1
29° 28° 4 0 0 0 1
3.00 p.m, 31° 53° 7 0 0 0 1
- 29° 23° 0 1
5.00 p.m. 31° 0g° g 0 1

SUTAO0TI LVO J0 HNIWOOTI HHL NO SA1ANLS

Lye



TABLE 22.
Experiment 4
(July 5, 1928)

(Continued)

Time and temper- Tlhn;gélstgg;lgh Temperature of the Blooming time' and number of flowers Number of Time of
ature when heads transferred from thermostat (C.) which bloomed heads used
were put into the th(e thermostat of in the ex- natural
thermostat of p ’ . s
high temperature hltgohtie(:}cl %‘;rifx]le High Low 4 p.m. 5 p.m. 6 p.m. 7 p.n. periments blooming
9 a.m. 21°C. 3.00 p.m. 29° 19° 2 0 0 0 2 1.45 p.m,
4.00 p.m. 29° 19° 2 1 0 2
Tasre 22. (Continued)
Experiment 5
(July 6, 1928)
Time and temper- Time at which Temperature of the Blooming time and number of flowers :
¢ D heads were pers ’ g . Number of Time of
ature when heads transferred from thermostat (C.) which bloomed heads used
were put into the the ther;nostwf of in( the ex~ natural
thermostat of high tempera(tﬁre " periments blooming
high temperature to that 01; Tow High Low 2pm. | 4pm. | 4pm. | Spm | 6p.m.
9 a.m. 20°C. 1.00 p.m. 22.8° 19° 6 0 0 0 0 2 . 2.20 p.m.
3.00 p.m. 22.8° 19° 2 0 0 2
4.00 p.m, 22.8° 19° 0 2

8%¢

OONOSIIN IHDIID



TasLE 22.

(Continued)

Experiment 6
(July 9, 1928)

o _| Time at which | Temperature of Blooming time and number of flowers
21[;11:11'2 i‘;l}i;eﬁggg heads were the thermostat whieh bloomed Number of | Time of
- . transferred from (C.) heads used
were put into the | . natural
fhermostat of t}}e thermostat of 1 g | 3 4 5 6 7 in the ex- )
high temperature hlfoht}fﬁ%?%:ge High | Low pm. | p.m. pm. | pm. | p.m. | pm. | pm. periments | blooming
9 am. 21°C, 12.00 m. 29° 19° 10 10 0 0 0 0 5 2.20 p.m.
2,00 p.m, 29° 19° 22 0 0 5
4,00 p.m. 29° 19° 31 0 5
5.00 p.m. 29° 19° 17 5
TasLE 22. (Continued)
Experiment 7
(July 10, 1928)
; | Time at which | Temperature of the Blooming time and number of flowers
T:lrln(; %deﬁe}?éggls— heads were thermostat (C.) which bloomed Number of | Time of
:ls;el'le put into the transferrcd from heads used natural
. the thermostat of . . s in the ex- ek
'thermostat Of‘ high temperature High Low 1.30 2.30 3.30 4.30 5.30 5.30 periments blooming
high temperature to that of low pm. | pm. | pm. | pm | p.m. | p.m.
o 32° 20° 0 9 0 0 0 0 1 s
9.30 a.m 25°C. 12.30 p.m. 08° 50° 4 0 0 0 0 0 1 1.15 p.m.
1.30 n.m 32° 20° 0 4 1 0 0 1
+-ov pem. 28° 20° 3 0 0 0 0 1
32° 20° 0 3 0 0 1
=80 p m. 28° 20° 6 0 0 0 1
, 32° 20° ) 7 0 1
3.30 p.m. 280 200 2} 0 0 1

SYAMOTA LVO J0 HNINCOTd HILL NO SHIAALS

672



TasLe 22.

Experiment 8
(July 16, 1927)

(Continued)

. Time at which . :
Time and temper- ; - Temperature of the Blooming time and number of flowers - .
wine when heads | , 108 wore P () Numborof | ime o
wte}rl zg;l’(fs?;ﬂootfhe the thermostat of in the ex- natural
high temperature hlg)hf;[l(zgcll())?i)t\l:/re High Low 2pm.| 3pm.| 4p.m.| 5pm.| 6 p.m.| 7 p.m.| periments | Dblooming
10 a.m. 27.2°C. 12.00 m. 32° 22° 0 1 0 0 0 0 i 2.30 p.m.
2.00 p.m. 32° 22° 1 0 0 0 1
4.00 p.m. 32° 22° 1 0 0 1
6.00 p.m. 32° 29° 3 1
TasrE 22. (Continued)
Experiment 9
(July 7, 1928)
T3 Time at which y | ; ;
Time and temper- heads were Temperature of the Blooming tnne_and number of flowers Number of Time of
ature when heads trax s%erred 1 thermostat (C.) which bloomed heads used
were put into the » ron . - natural
thermostat of the thermostat of ‘ in t.he ex- )
high temperature h‘tgoht‘;]e;?%eff?(}xl‘e High Low Spm. | 3p.m. f 4pam. | 5pm. | 6p.m. | periments bleoming
10 a.m, 21.4°C. 1.00 p.m. 30° 19° 9 0 0 0 0 3 2.45 p.m.
2.00 p.m, 30° 19° 8 0 0 0 3
3.00 p.m. 30° 19° 12 0 0 3
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TasLe 22, (Continued)
Experiment 10
(July 17, 1927)

. Time at which : .
Time and temper- Temperature of the Blooming time and number of flowers - .
ature when heads trar}lls;edriggeg om thermostut (C.) which bloomed lll\le‘f:él;)il‘ Og Time of
were put into the . . se natural
thermostat of the thermostat of in the ex-
high temperature hlg;ltf;‘;%e;%@“;m High Low 2pm. | 3pam. | 4pm. | Spm. | §pm. periments blooming
~q0 29° 23° 2 1 0 0 0 1
11 a.m. 251°C. 1.00 p.m. 31° 53° 1 5 0 0 0 1 1.30 p.m.
29° 23° 4 0 0 1
3.00 p.m. 31° 93° 4 0 0 1
= 29° 23° 3 1
5.00 p.m. 31° 53° 1 1
TaBLE 22. (Continued)
Experiment 11
(July 9, 1928)
. Time at which . .
Time and temper- heads were Temperature of the Blooming time and number of flowers Number of Time of
ature whenheads | 4.0 o0 o0 e om thermostat (C.) which bloomed heads used
wiieefmu(t)sl‘?a? Otfhe the thermostat of in the ex- natural
high temperature hlg)htlﬂlealillz)f%ri“:f‘l;re High Low 3pm. | 4pm. | 5p.m. | 6pm. | 7pm | periments | blooming
11 a.m. 23.8°C. 2,00 p.m. 29° 19° 1 12 0 0 0 5 2.20 p.m.
4.00 p.m. 29° 19° . 14 0 0 5
5.00 p.m. 29° 19° 18 0 5
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Tasue 22. (Continued)
Experiment 12
(July 16, 1927)

Time and temper- | Time at which heads Temperature of the Blooming time and number - Number of T P
ature when heads were transferred thermostat (C) of flowers which bloomed h uzg Der Od ime ot
were put into the | from the thermostat e f1ed i}‘:se natural
thermostat of of high temperature High L - 6 7 oo m the ¢ bloomi
high temperature to that of low ig oW 5 p.m, p.m. p.m. experiments ooming
12 m, 27.4°C. 4.00 p.m. 30° 22° 3 0 0 1 1.30 p.m.
6.00 p.m. 30° 22° 2 1
TasLe 22. (Continued)
Experiment 13
(July 4, 1928)
Time and temper- Time at which Temperature of the . Blooming time and number of flowers
¢ heads were pera g A Number of Time of
ature when heads . thermostat (C.) which bloomed
i transferred from heads uged
were put into the N + ¢ . ’ natural
thermostat of ;he}flézlmos ;‘,ﬁt Oe I L 4 10.30 In the e);— bloomi
s . 1g mperatur igh ow pm | 5pm.| 6pm. | 7pm. . periments ming
high temperature to that of low I p.m.
12 m. 22.8°C. 3.00 p.m. 25° 19° 5 0 0 0 2 1.15 p.m.
4.00 p.ro. 25° 19° 4 0 0 2
9.00 p.m. 25° 19° 7 2
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TasLre 22,

Experiment 14
(July 17, 1927)

(Continued)

SYAMOTA LVO J0 HNIWOOTE FHIL NO SHIAALS

s Time at which . . :
Time and temper- . Temperature of the Blooming time and number of flowers T .
ature when heads tr mhse?g'sr:ée}e'o m thermostat (C.) N which bloomed ]l}el:gljir oé’ Time of
were put into the L N 1eaas use natural
thermostat of | (1@ thermostat of in the ex-
,vher high temperature Hich Low 4 p.m 5 p.n, 6 p.m. 1030 a.m. | popiments hlooming
high temperature | T 525 0L e g p (Jul. 18)
° , 29° 23° 1 0 0 1
1.00 p.m. 24.6°C. 3.00 p.m, 27° pret s 0 0 1 1.30 p.m.
- 29° 23° 2 1
5.00 p.m. 31° 93° 4 f
9.30 a.m. 29° 23° 4 1
(Jul. 18) 31° 23° 1 1
TasLe 22. (Concluded)
Experiment 15
(July 9, 1928)
T Time at which . .
ime and temper- heads were Temperature of the Blooming time and number of flowers Number of Time of
ature when heads | .- & = e thermostat (C.) which bloomed heads used
were put into the ¢ ro . natural
thermostat of the thermostat of in the ex- .
high temperature hlt%)htfle;?%??;v%re High Low 3pm. | 4pm | 5pm | 6pm | periments | blooming
1 p.m. 25.5°C. 2.00 p.m. 29° 19° 1 ] 0 0 5 2.20 p.m.
4,00 p.m. 29° 19° 9 0 5
5.00 p.m. 29° 19° 6 5
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No. 2:—Table 23 shows the results of the experiments conducted
according to method 1.b. These experiments are different from 1.a.
method in the changing of the temperature, but as in No. 1 the hours
of blooming can be controlled in each case.

TaBLE 23. Results of the experiments on the control of blooming time
conducted according to method No. 1D

Experiment 16
(July 18, 1928)

s Time at which Temperatnre of BRI ine ti d b £ fl
Time and temper- D ooming time and number of flowers ) .
ature when hegdls heads were the thermostat which bloomed Number of Time of
. transferred from (D) heads used )
were put into the the ther tatof T ——— in the ex- natural
thermostat of hi;h tglr?;%ia?tu(l)'e Hich L 11 12 1 2 3 4 5 6 perilnen‘ts blooming
high temperature fo that of low 1g oW )am. | m. p.ni. | p.m. | p.m. | p.m. | p.m. | p.m.
8 a.m. 24°C. 10.00 a.m. 26° 20° 0 0 8 0 0 0 0 0 2 1.30 p.m.
12.00 m. 26° 20° 8 0 0 0 0 0 2
2.00 p.m, 26° 20° 9 0 0 0 2
4.00 p.m. 26° 20° 7 0 3
5.00 p.m, 26° 20° 6 2
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TaBLE 23

Experiment 17
(July 18, 1928)

(Continued)

s Time at which Temperature of the Blooming time and number of flowers T
aftlllxne Z\Evnlialte}?lgflrs— heads were ’rhlérmostat (C) whieh bloomed Number of | Time of
re t it eth transferred from — headsused | o000
Wil}'le bu 1;1 g o € | the thermostat of . _ . in the ex-
 thermostat o high temperature | Low | Iigh | Low 1 = 3 4 2 6 periments | blooming
high temperature 1o that of low p.m, | p.m p'm. p.m. p.m. p.m,
8 a,m. 24°C. 12.00 m, 26° 28° 29° 0 6 0 0 0 0 2 1.30 p.m.
2.00 p.m. 26° 28° 22° 11 0 0 0 2
4.00 p.m. 26° 28° 20° 14 0 2
5.00 p.m. 26° 28° 22° 16 2
TaeLe 23 (Continued)
Experiment 18
(July 18, 1928)
. .| Time at which Temperature of the Blooming time and number of
'Ttlllﬁi {vl;lhdelfiel?;ggls heads were thermostat (C.) flowers which bloomed Number of | Time of
at t into the | ransferred from headsused | |40
w iiiﬁﬁosta: of the thermostat of in the ex- ‘
high temperature hl%gltt}?;tl%??;&;m 3pm.| 4p.m.| 5p.m. | 6p.m. | periments blooming
8 a.m. 24°C. 2.00 p.m. 26° 28° 32° 26° 10 0 0 0 2 1.30 p.m,
4.00 p.m. 26° 28° 32° 26° 2 5 2
5.00 p.m. 26° 28° 32° 26° 6 B
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TaBLe 23 (Continued)
Experiment 19
(July 18, 1928)

. Time at which . .
Time and temper- N Temperature of the Blooming time and number of flowers s
ature when heads | , head's‘wele' thermostat (C.) which bloomed Number of Time of
8 : transferred from heads used
were put into the - natural
thermostat of the thermostat of in the ex- )
high temperature hl*tg(}ltlf;ép&r?glire High Low lpm|2pm.| 3pm | 4pm|5pm. | 6pm.| periments | blooming
10 a.m. 24°C. 12.00 m. 28° 26° 4 9 0 0 0 0 2 4.30 p.m.
2.00 p.m. 28° 26° 12 0 0 0 2
4.00 p.m, 28° 26° 10 0 2
5.00 p.m. 28° 26° 3 2
TasLe 23 (Continued)
Experiment 20
(July 18, 1928)
Time and tempera- | Time at which heads Temperature of the | Blooming time and number of N £ -
ture when heads were transferred thermostat (C.) flowers which bloomed ; mgber o Time of
were put into the | from the thermostat le?nsﬂlllzed natural
ostat of high | of hight 4 .
the;glmpe(iatureug 0 t(l)gthainc;?elloﬁme Low High Low 2 pm.| 4 pm.| 5 pm.| 6 p.m.| experiments blooming
10 a.m. 24°C. 2.00 p.m. 28° 32° 26° 4 9 0 2 4.30 p m.
4,00 p.m. 28° 32° 26° 8 3
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STUDIES ON THE BLOOMING OF OAT FLOWERS 257

No. 3:—The results given in Table 24 are obtained by method 2.
These results show that when no change was made in temperature at all,
blooming never occurred, but when there was change in temperature,
every head bloomed before the time of the natural blooming. The
earliest one began to open at 11.00 a.m. It took place about 4 hours
earlier than the earliest under natural conditions.

TaBLE 24. Results of the experiments on the control of blooming time
conducted according to method No. 3

Experiment 21
(July 21, 1928)

Temperature outside at 5:30am. .............. 16.3°C.
|

Blooming I u . __I v M v
ti 1) 2
e T|B T|B|T|B|T|B T|B|T]|B
a"m' (=] (-] o Q o -3
5.30 22 24 24 29 22 19
7.00 29 24 24 22 29 19
8.00 22 24 26 24 26 19
9.00 22 24 26 26 28 19
10.00 28 22 24 26 22 19
10.30 a7 22 20 26 22 19
11,00 27 22 20 22 22 19
11.30 26 22 20 1| 22 22 19
12.00 2 22 1| 20 32 20 19
p.m.
0.30 25 51 22 1| 20 2| 20 20 19
1.00 25 9| 22 6| 20 71 20 | a0 ! 19
1.30 24 | 3|22 | 13 20| 15020 720 8|19
2.00 | 24 6| o2 71| 20 4| 20 b 3,201 10 19
2.30 193 ¢ 4 22 28 1) 2 21201 3| 19
3.00 ) 22 } 22 | 1] 20 200 1) 20 2119
3.30 22 | 22 20 20 20 | 19
4.00 I 21 i 22 20 20 ! 20 ' 19
Total 27 31 33 |13 | 23 0

i

Number of

heads used in 5 5 5 2 3 5

the experiment |

Time of
natural ; 3 p.m.
blooming [

(1) T=Temperature of thermostat (c.)
(2) B=Number of flowers bloomed
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Tasre 24. (Concluded)

Experiment 22
(July 24, 1928)

Temperature of outside at 5:00a.m. ................ 20°C.
I 11 IIT v \2 Vi VII | VIII IX X
Blooming |
time

T BT/ B|T|B|T|B|{T|B|T|B|{T|B|T|B|T B|T B

a.m,

;
i

500 [20] [20| |o4| |24| 24| |e4| o2 |22 |e0) |15
6.00 |20 20 24 24 2 24 24 24 2 15
7.00 |20 20 24 24 27 27 27 27 2 15
8.00 {20] 20| .24 25 o7 27 27 2 20 15
9.00 (81 31| 20 15 24 15 20 15 20 15
10.00 |31] 31 20 15 24 15 20 15 20 15

I
11.00 |21 115 20 157 124 15) 1120 15 2 15
11.30 |21} 2115 20 15| 124 15 4|20 15) 2)20 15
12.00 {21 7|15 20 6(15| 1|24 15| 12 2/15( 1(20 15

p.m.

N

o

0.30 |21121,15(29(20({21(15(17|24| 3(15| 3{20(30|15|11|20 15
1.00 {21] 9115| 2({20| 4|15 6|2 5/15 (17 20| 5|15| 6[20 15
130 |21 4]15] 7120| 3|15 4(24| 3|15 6|2 3/15] 320 15
2.00 |21 15( 1|20 1|15| 1|24 1;15 20| 1|15 20 15
2.30 21 15 20 15 24 15 20 15 2 15

3.00 |21 15 20 15 24 15 20 15 20 15

3.30 |21 15 20 15 24 15 20 15 20 15
4.00 |21 15 20 15 24 15 20 15 2 15

Total 43 44 53 31 22 32 41 23 0 0

Number of ‘ i

heads used| -

in the ex- 2
periment i

[S13
[}
or
5]
5
[
©
<
<

Time of
natural 2.30 p.m.
blooming

No. 4:—Table 25 gives the result of the experiment conducted
according to method 3 as described above. These results show that
heads put into the lower temperature after 9.00 a.m. bloomed earlier than
the time of blooming under natural conditions. But those treated in
the same way between 6.00 a.m, and 9.00 am. never bloomed. This is
because there were slight differences between the outside and the thermo-
stat’s temperature.



TasLe 25. Results of the experiments on the conirol of bDlooming time
conducted according to method No. 3

Experiment 23
(July 11, 1928)

t'grrg)z 13,;1?1 ;)eussli}%; t?:f;ngfeljc‘]";; Blooming time and number of flowers which bloomed ﬁu}?;g.e;s Time of

heads were put into thermostat used in | natural

St T R A - A O IR e

D a.m. p.m. p.m. | a.m. a.m. m. p.m. p.m. p.m. | p.m. | perimen

8.00 a.m. 22.0° 21.0° 0 0 0 0 0 0 0 0 0 0 2 2 p.m.
8.30 a.m. 24.3° 21.0° 0 0 0 0 0 4 0 0 0 2
9.00 a.m. 25.8° 21.0° 0 0 0 0 3 0 0 0 2
9.30 a.m. 26.8° 21.0° 0 0 0 6 0 0 0 2
10.00 a.m, 26.8° 21.0° 0 0 0 5 0 0 2
11.00 a.m, 27.4° 21.0° 0 0 4 0 0 9
12.00 m. 28.1° 21.0° 0 0 3 0 2
1.00 p.m. 28.5° 21.0° 5 0 2
2.00 p.m. 25.0° 21.0° 11 2
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TaBLE 25— (Continued)

Experiment 24
(July 14, 1928)

Blooming time and number of flowers which bloomed

Number

Time and outside X .
temperature when tg‘:;?feﬁ; of heads Time of
heads were put into thermostat used in natural
the thermostat of ©) 7 8 9 10 11 12 1 2 3 4 the ex- bloomi
low temperature (C.) ’ am. | am | am | am. | a.m m. p.m. | p.m. | p.m. | p.m. |periment ming
6.30 a.m. 18.8° 19.0° 0 0 0 0 0 0 0 0 0 0 2 415 p.m.
7.00 a.m., 20.5° 19.0° 0 0 0 0 0 0 0 0 0 2
9.00 a.m, 23.1° 19°0° 0 0 0 1 4 0 0 2
10.00 a.m. 24.1° 19.0° 0 0 3 5 0 0 2
11.00 a.m. 25.5° 19.0° 0 5 5 0 0 2
12.00 m. 26.2° 19.0° 0 8 0 0 2
1.00 p.m. 26.3° 19.0° 7 0 0 2
2.00 p.m, 26.4° 19.0° 15 0 2
3.00 p.m. 27.0° 19.0° 15 2

096
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TaBLE 25— (Continued)

Experiment 25
(July 13, 1928)

261

Time and outside Blooming time and number of
temperature T:gllgzr_ flowers which bloomed ﬁu}ﬁ:ggg Time of
when teadswore | oo b in | il
thermostat of low | :mg) 10 |11}12)1 2 3 4 ee | ing
temperature (C.) | 5*2 (€} am.{am. | m |pm |pm.|pm.|p.m. perimen
9.00 a.m. 21.0° 21.0° 0 0 0 0 0 0 0 2 4.00 p.m.
10.00 a.m, 24.3° 21.0° 0 0 0 6 0 0 2
11.00 a.m. 26.7° 21.0° 0 0 4 0 0 2
12.00 m. 28.0° 21.0° 0 7 0 0 2
1.00 p.m. 27.3° 21.0° 0 4 0 2
2.00 p.m. 28.0° | 21.0° 710 p)
3.00 p.m. 27.5° | 21.0° 8 )
TaBLE 25— (Continued)
Experiment 26
(July 6, 1928)
Time and outside _ Blooming time and number of
htemlll)emt‘ll‘e T;ﬁfr’gr flowers which bloomed (l:léuﬁxéggrs Time of
when hends were | 51 e | B
thermostat of low | t“g’s 112 |1 2 | 3 4 | 5 cex~ |y
temperature (C.) | 5'2 ©) | am.| m |pm. |pm.|pm.|p.m.|p.m. |periment
10.00 a.m. 21..1° 13.0° 0 0 3 0 0 0 0 3 2.45 p.m.
11.00 a.m. 21.8° 13.0° 0 3 0 0 0 0 3
12.00 m. 21.8° 13.0° 7 0 0 0 0 3
1.00 p.m. 21.8° 13.0° 5 0 0 0 3
2.00 p.m. 21.7° 13.0° 9 0 0 3
TaBLE 25— (Continved)
Experiment 27
(July 10, 1928)
Time and outside Blooming time and number !
temperature Tempera- of flowers which bloomed Number of | Time of
when heads were | ture of the heads used natural
put into the |thermostat in the ex-
thermostat of low (e 10.30 | 11.30} 12.30 | 1.30 | periment | blooming
temperature (C.) am. ( am. | pam. | p.m.
9.30 a.m. 25.0° 21.0° 0 0 4 0 3 1.50 p.m.
10.30 a.m. 26.8° 21.0° 0 8 0 3
11.00 2.m. 27.5° 21.0° 0 3 0 3
11.30 a.m. 27.5° 21.0° 0 6 3
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Experiment 28

(July 7, 1928)

Time and outside . Blooming time and number of N .
temperature Tg?}ggr flowers which bloomed Of‘féggls Time of
when heads were of the nsed in natural
put into the . bloom--
thermostat of low lglt];irt}(;) 10y 11 | 12 1 2 3 4 te};-(;rSé(;‘r ing
temperature (C.) | St Zlam|am| m |pm|pm|pm|pm [P 1t
9.00 a.m. 19.5° 19.5° 0 0 0 0 0 0 0 3 2.45 p.m.
10.00 a.m. 20.0° 19.5° 0 0 0 0 0 3
11.00 a.m. 22.4° 19.5° 0 4 3 0 0 3
12.00 m. 22.5° 19.5° 6 1 0 0 3
1.00 p.m. 23.2° 19.5° 7 0 0 3
2.00 p.m. 23.2° 19.5° 13 0 3
TasrE 25— (Concluded)
Experiment 29
(July 9, 1928)
Time and outside Blooming time and number of
Te = - N .
temperature 15;11221 flowers which bloomed ﬁuﬁa%rs Time of
when heads were (;f the u d‘. natural
put into the thermo- ) _ t}sle I Bloom-
thermostat of low | o (©) 1011 112 | 1 2 3 5 C X~ | ing
temperature () | 148 b am [ am.| m. |p.m |p.an. | p.m.|p.m. periment
9.00 a.m. 21.0° 20.0° 0 0 0 1] 0 0 0 2 2.20 p.m.
10.00 a.m. 23.4° 20.0° 0 19 0 0 0 2
11.00 a.m. 23.8° 20.0° 0 13 0 0 0 2
12.00 m. 23.5° 20.0° 5 2 \] Q 2
1.00 p.m. 25.5° 20.0° 20 0 0 2
2.00 p.m. 25.5° 20.0° 24 0 2
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(ii) Control of blooming on blooming and non-blooming days

According to the writer’s observation, there are a number of days
when no blooming takes place even though the day’s temperature is in
the range of blooming temperature on the blooming days, and on these
days the variations of temperature are not so remarkable as compared
with the days on which blooming oceurs. Therefore the writer conduct-
ed experiments concerning the control of blooming, anticipating that,
by adjusting the temperature, he could make flowers open on the days
when no blooming would be supposed to occur and could suppress
blooming on the days favourable for blooming. The results of the
experiments, as described below, coincide with those already stated in
his preliminary report.*®

a:—Control of blooming on the days when blooming does not oeccur.

Materials and Method

Fully developed heads were cut on a day when no blooming was
supposed 1o occur and put in a glass bottle, These were put for a
certain length of time first into a thermostat the temperature of which
was higher than the outside temperature at the time and then removed
into a thermostat whose temperature was lower.

Results of the experiments

The results are shown in Table 26. Rach experiment shows that,
by adjusting temperature artificially, blooming can be made to occur
on the days when flowers do not open under natural conditions. It is
necessary to pay special attention to the fact that on these days high
temperature does not merely canse flowering, but that only when tem-
perature falls does blooming occur.
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TABLE 26. Results of experiments on the control of blooming on
non-blooming days.

Experiment 30

(July 8, 1928)

Time and outside

Time at which

Temperature

Blooming time and

temperature heads were trans- of the number of flowers (1}“1?232
when headswere | ferred from the thermostat which bloomed use('ei .
put into the thermostat of C. the ;1_1
thermostat of |high temperature 1.00 | 2.00 | 3.00 i n: "
high temperature| tothat of low High | Low | p.m. | pm. | p.m. perimen
o - 29° 20° 0 8 0 2
10.00 a.m. 18.8°C. 12.00 p.m. 26° 20° 0 6 0 5
29° 20° 12 0 2
1.00 p.m. 26° 20° 9 0 2
29° 20° 9 2
2.00 p.m. 26° 20° 8 5
TasLe 26— (Continued)
Experiment 31
(August 31, 1928)
Time and outside | Time atwhich | Temperature | Blooming time and Number
temperature heads were trans- of the number of flowers £ heads
when heads were | ferred from the thermostat which bloomed (imed f
put into the thermostat of C.) +h n_
thermostat of |high temperature 2.00 | 3.00 | 4.00 i‘:"’;t
high temperature| to thatof low | High | Low | pm. | p.m. | p.m. [P®T e
9.30 a.m. 23.8°C. 1.00 p.m. 28° 20° 4 2 0 5
1.00 p.m. 29° 20° 2 4 0 5
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TaBLE 26— (Continued)

Experiment 32
(September 1, 1928)

Blooming time and number of flowers which bloomed Number of

- heads used

11 12 1 2 3 4 5 Total in t}.xe ex-

a.m. m. p.m. p.m. p.m. | pm. p.m. periment
A 0 0 0 3 0 0 0 3 2
B 0 0 0 2 0 0 0 2 2
C 0 0 0 0 0 0 0 0 2
D 0 0 0 0 0 0 0 0 2

A and B were put into a thermostat set at 25.5°C. at 10 a.m. when the
outside temperature was 20°C., and then A was put in another thermostat
set at 20°C. at 1p.m. B was exposed to the high temperature of
29°C. from 12 m. to 1 p.m. and then to the lower temperature of 20°C.,
and C was kept in a thermostat set at 20°C. (the same temperature as
outside) and no change in the temperature was made. D, which had
been cut, was left on the plot in the natural temperature.

TABLE 26— (Continued)

Experiment 33
(September 12, 1928)

Blooming time and number of flowers which bloomed Number of
heads used
10 11 12 1 2 3 4 5 Total in the ex~
am. | am. | m. | pm. | pm. | pm. | pm. | p.m. periment
A 0 0 3 0 0 3 2
0 0 0 0 0 0 0 0 0 R/
C 0 0 0 0 0 0 0 0 0 2

The heads A, B and C were cut at 9.30 am. when the temperature was
19.5°C. A was put in the thermostat set at 27°C. and at 12.30 p.n. it
was lowered to 19°C. B was kept in the thermostat set at 19°C. all day,
and C was left on the plot and exposed to the natural temperature.
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TapLe 26— (Continued)

Experiment 34
(September 19, 1928)

Number of
ms 9.30( 10 11 12 1 2 3 4 5 heads used
Time 00 | ama.| am.| m. pan.| p.an.| pm.| p.m.| p.m. Total| jn the ex-

periment

T TM 25° | 25° | 25° | 21° | 21° | 21° | 21° | 21° | 21°
B® 6 Q 0 0 6 3
1T T 25° | 25° | 25° | 25° | 25° [ 21° [ 21° | 21° | 21°
) B 5 0 0 5 3
T 25° | 25° | 25° | 25° | 29° | 21° | 21° | 21° | 21°
Ity 70 0] 0 7 3
v ™M 17° 117.2° 16.4°0 16° | 16° | 15.5° 15.4°) 15.2°} 15.2°
: B 0 3
(1)——T Temperature of the thermostat (C.)
(2) B  Number of flowers opened
(3)——T" Natural temperature of the day
TaBLE 26— (Concluded)
Experiment 35
(September 21, 1928)
Number of
; 9 [ 10 | 11 | 12 | 1 !230|330|330] 4 heads used
Time | | am.| am.| m. p.m.| pm.| pm.| p.m.| p.m. Total in the ex-
periment
1 T 19° | 19° { 19° | 19° | 28° | 19° | 19° | 19° | 19°
' B® 0 2 0 2 2
I T | 19° ] 19° | 19°{ 19° | 28° | 28° | 28° | 19° | 19°
: B 3 3 2
TIT @) 16.8° 18.5° 19° | 10.5° 205° 20.5°] 9.5°) 19.8°] 19.5°
: B 0 2
(1)——T Temperature of the thermostat (C.)
(2)——B Number of flowers opened
(3)——T" Natural temperature of the day

b :—Control of blooming on the days when blooming occurs.

Heads were cut on a day when the external conditions were most
favourable for normal blooming and were put into a thermostat whose
temperature was almost the same as that outside at the time of cutting.
In this case no flowers open, as is shown in the foregoing tables (Table
Thus on the

24. Ex. 21, Ex. 22. Table 25
days for blooming, it can be

. Ex. 23, 24, 25, 28 and 29).
checked by controlling the temperature.
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2. Blooming conirolled by Humidity

As is shown in the results of the observations described in the
previous chapter, an intimate relation between the variations of humidity
and blooming can be recognized, but the variations of humidity are
caused only subordinately to those of temperature and it can be con-
sidered that they are not connected directly with blooming. The writer
in order to make this point clear, conducted experiments concerning
the blooming time and blooming in humid variations.

Materials and Methods
In this investigation, fully developed heads were used. Humidity
is divided into the following three different kinds.
A .—Natural state of humidity inside a tent pitched in the experi-
mental farm, in a dark room or in a thermostat. This is called
““A’ in the following.

B :—A small quantity of water is poured into a glass jar with a lid.
In a little while the air in the jar is saturated with moisture.
This state of humidity is hereafter called *“B’’.

C:—A small quantity of caleium chloride (for drying) is poured
into a glass jar and the air in it is made dry. This state of
dryness is called “‘C’’.

The heads were cut at three different hours between 6 a.m. and
7 a.m., between 10 am. and 11 a.m. and hetween 1 p.m. and 2 p.m. and
were put in small glass bottles. These bottles were put again into glass
jars whose humidity was ‘“‘B’’ and ‘‘C”’ respectively and were placed in
the tent on the farm, in the dark room of the laboratory, and in the
thermostat. At the same time the heads put into other small glass bottles
were placed side by side with the glass jar in each of the three above
mentioned places. The heads thus treated were subjected to the follow-
ing variations in temperature and humidity.

From 6am. to 7a.m. the temperature is low and humidity high.
When the heads cut during this time are put in small glass bottles which
are put again into the glass jar of humidity ‘‘B’’ and are placed in the
tent, the humidity increases a little, while in those put into the glass jar
of humidity ‘“C’’ it decreases. The temperature depends on that of
the day as under natural conditions. Those put into the dark room are
subject to the same changes in humidity as in the above case. The tem-
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perature of the dark room is Jow and no changes are caused during the
whole day. Those put into the thermostat are subjected to the same
changes of humidity as in the case of the tent, but the temperature could
be changed at will.

From 10am. to 11 am. temperature rises a little and humidity
decreases somewhat. The heads cut during this time and put into the
glass jar of humidity ‘‘B’’ and then placed in the tent are subjected to
the ehange of a little more increase in humidity and those heads in
the glass jar of humidity ‘“C’’ are affected by the changes caused by a
decrease of humidity. The changes of temperature depend on those in
the natural state of that day. Those placed in the dark room undergo
the same changes in humidity as those put in the tent. The temperature
in the dark room is lower than that from 10 a.m. to 11 a.m. and therefore
the heads are affected by changes caused by its decrease. Those put
into the thermostat are subject to the same effect as in the case of the
tent. Its temperature can be adjusted at will.

From 1pm. to 2p.m. temperature becomes much higher and
humidity decreases very much. The heads put into the glass jar of
humidity ‘‘B’’ in the tent undergo changes caused by a great increase of
humidity and those in the glass jar ‘“C’’ are affected by the changes
caused by decrease. The temperature depends on the changes in natural
state. Those heads placed in the dark room are affected by the same
changes in humidity as caused in the tent; the temperature in the room
is lower than outside at this time, therefore they are subjected to much
greater changes caused by decrease than in the case from 10 am. to
11 a.m. Those put in the thermostat receive the same change of humidity
as caused in the tent and temperature can be kept at the same degree as
that outside and can be made higher than that.

The results of the experiments

The results of the experiments conducted in the above described
manner, are shown in Table 27.

The flowering time should be considered with reference to the results
shown in Table 27. The natural flowering time on July 16th (Experi-
ment 1) was 3:30 p.m. and the heads put in the tent on the farm bloomed
almost at the same time as those in the natural condition. Those put
in the dark room began to bloom earlier than those in the natural condi-
tion,



TaBLE 27. Relation between blooming and humidity

Experiment 1
(July 16, 1929)

The places in

which heads In shed on the experimental plot In dark room In thermostat

were put

,h']?iﬁatd 6.00-7.00 | 1000-11.00 | 1.00-2.00 6.00-7.00 | 10.00-11.00 | 1.00-2.00 6.00-7.00 | 10.00-11.00 | Control
whic eads a.1m. a.m, p.m. a.nm, a.m., Pp-m. a.m. a.nm,

were cut

Humidity,
\ABCABCABCABOABOABCABCABC
Time

p.m.

’3 0.30 2|1 241 3

g 1.00 1 6| 2

g

o 1.30 0y 0| 3 11 0| 0

» | 2.00 81 8|8

Qo

E | 230 1] ol o

3 3.00 5/ 0/ 0] 2} 0]0]| of 00| 0] 0o 10| 17 |10

(=]

] 3.30 6|11 |12 7110 (16 70 7] 0 0o 0 0 8
'-g 4.00 0| 3| 6 0} 51 0 0| 51| 6 2
=

“ Total { 11 14 |18 9|15 |16 7112 6 3| 8 8| 10| 8| 8 10|17 (10 10

A =Natural state of humidity.
B =The air in the bottle is saturated with moisture.
C=The air in the bottle is made dry.
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TarLe 27— (Continued)

Experiment 2
(July 18, 1929)

The places in

which heads In shed on the experimental plot In dark room In thermostat

were put

Time at . .

which heads 6.00-7.00 10.00-11.00 1.00-2.00 6.00-7.00 10.00-11.00 1.00-2.00 6.00-7.00 10.00-11.00 | Control
wore cut a.m. a.m. p.m. a.m. a.m. p.m. a.m. am.
; Humidity
\ A|B|C|A|{B|C|A|B|/C |]A|B{C A|B|CJABIC|A  B|C|A|B]|C
Time

- p.-m.

g 1.00 0] 2 4 31 7| 2

E 1.30 31 310 8| 9| 8

2 | 2.00 20|15 |14

5 1 230 115} 1

B

< | 800 | 6/ 0] 0| 9] 0j0]| 7| 0foO

o 3.30 6] 15 |15 1|22 (15 0 9| 5 17
=

FE 4.00 0| o O 0] 0] 1 0 0] 0

=]

4 Total | 1215 |15 | 10| 22 [ 16 71 9| 5 3] 5] 4 11|16 (10 | 213015 17

A =Natural state of humidity.
B =The air in the bottle is saturated with moisture.
C=The air in the bottle is made dry.
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TasLe 27— (Continued)

Experiment 3
(July 23, 1929)

The places in

which heads In shed on the experimental plot In dark room In thermostat

were put

,F.Tiatd 6.00-7.00 | 10.00-11.00 | 1.00-2.00 6.00-7.00 | 10.00-11.00 | 1.00-2.00 6.00-7.00 | 10.00-11.00 | Cntrol
which heads am. a.m. p.m a.m. a.m. p-m. a.m. a.m.

were eut

Humidity O .
\ A B|(|C A B{C Af{B|C AfBiC|A|B|C}I{A|B|C Al B|C A B|C
Time I ——

p.m.

=] 1.00 0] 0| O} 16t 7116

z 1.30 0| oo o] 0] 0

2 | 200 ol ol o] o] o] o 16
j 2.30 0] 010 0 00

8 3.00 0| 0|0} 0] 0| 0| 28|28 26

g 3.30 of 0o of olo} of 0] 0

=

4 4,00 0] 0] 0 0o 0 0 0 0} 0

: 4.30 ol 0] 0 0] 0} 0 ol 0| ©

2 | 5.00 0 0, 0{ 0/ 0| 0| of 0l o] 8|12]15

! 5.30 0| 0| 0 0| 0} 0 0oL 0} 0 0 0] 0

2

h Total 0] 0} 0| 16} 7|16 | 28| 28 |36 812 15 16

A =Natural state of humidity.
B =The air in the bottle is saturated with moisture.
C="The air in the hottle is made dry.
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TasLe 27—(Concluded)

Experiment 4
(July 25, 1929)

The places in

which heads In shed on the experimental plot In dark room In thermostat
were put
Wh'f(‘;’}fij;“ds 6.00-7.00 | 10.00-11.00 | 1.00-2.00 6.00-7.00 | 10.00-11.00 | 1.00-2.00 6.00-7.00 | 10.00-11.00 | Control
were cut a.m. a.m. p.m. a.m. a.m. p.m. a.m. a.m.
Humidity
\ABCABOABCABCABCABCABOABO
Time -
p.a.

2 1.00 ol ol o

£ 1.30 ol ol o] 5| 1|0

[~}

= 2.00 0l 0,0 9| 3/ 3

2 2.30 ol o] o 8|10]14

@

£ 3.00 ol ol o| ol 0] 0

& 330 8 0] 0] 9/ 0,0 16
[=]

5 400 | 5|14 8 8)13l19 4
2 | 430 1 7741 0] 0] 0 9l10| 8|1l 0] 0
g

A | Total | 15|21 {12 | 17] 13 |19 ol o o 22| 1417 ol1of{ s |11l0o | o] =20

A =Natural gtate of humidity.
B="The air in the bottle is saturated with moisture.
C="The air in the bottle is made dry.
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This fact could be proved true on the other days (July 18th and
25th (Experiments 2 and 4.)). When the heads which were cut at
different times and put into jars of different humidity and then placed
in the tent, were observed, there could be perceived no difference between
those cut early in the morning and those cut in the afternoon. In the
case of dark room, the earlier they were put into it, the sooner they
bloomed. In the natural condition they bloomed at 3:30 pm. on July
16, but those put into the low temperature from between 6 and 7 a.m.
bloomed at 12:30 p.m. and those between 1p.m. and 2 p.m. bloomed
at 3p.m. This shows that they all bloomed earlier than the natural
flowering time.

Next, it was investigated whether blooming occurs or not as a result
of changes in humidity, and the result was that, whenever the heads in
natural condition bloomed, those placed in the tent on the farm did also,
regardless of the time when changes in humidity took place and of the
differences in humidity. But it was not so with those placed in the dark
room. Difference arises according to the time when changes in humidity
take place. When changes in humidity took place between 10 and 11
am. and between 1 and 2 p.m. every head bloomed, but when changes
took place between 6 and 7 a.m. the blooming varied acecording to days.
As shown in Table 27, on July 16 and 18 blooming oceurred in the three
different humidities but on July 23 and 25 no blooming took place in
them.

From these points it can be understood that blooming does not
depend on humidity, but on something else. On the other hand, from
the view point of temperature, on the days (July 23rd and 25th in
Table 27) when no blooming occurred in the dark room (heads were
cut early in the morning and put in bottles B and C) the temperature
at 6 a.m. on July 23rd was 20.8°C and at 7 am. on July 25th was 22°C.
These were almost the same as the temperature in the dark room which
was 21°C. On the days (July 16, 18), when blooming oceurred the
temperature of the early morning was 26°C. which was much higher than
that of the dark room, temperature of which being 23°C. This faet
shows that on the days when no blooming occurs, there is little variation
in temperature and that in the latter case the variation in temperature
is great. Therefore it can be considered that blooming is caused not
by the variation of humidity, but by that of temperature.
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3. SUMMARY

1. FExperiments were conducted on the blooming of oats and the
control of the time of blooming by the variation in temperature and
humidity.

2. Blooming and the time of blooming can be controlled by chang-
ing temperature, but can not be controlled by changing humidity.

3. When the heads in the blooming stage are cut at different times
and are first put in the higher temperature and then in the lower one,
they can be made to bloom 3 or 4 hours earlier or later than the natural
blooming time.

4. When the heads are put in a lower temperature than that at
the time they are cut, they can be made to bloom 2 hours earlier than
the natural blooming time.

5. By adjusting temperature oats can be made to bloom on days
when no blecoming occurs under the natural eonditions.

6. By adjusting temperature the blooming can be checked.

7. The heads in the blooming stage are cut and put in the natural
state of humidity in the air, in a glass jar which is saturated with
moisture and in a glass jar which is made dry with caleium chloride.
‘While there is no difference with regard to the time of blooming under
those states of humidity, when the time of blooming arrives the heads
i the 3 different humidities all bloom and if no blooming occurs it is
the same in all three humidities.

IIT. Physiological studies on the Blooming of Oat Flowers

The writer found as the results of his observations and experiments
given in chapter II, that variations in temperatuve have an intimate
relation with blooming, and from this fact it follows that there must
also be a very close relation between the swelliug of the lodicules which
is the direct cause of blooming and variations in temperature. In order
to determine whether the variations of temperature are the direct cause
of the swelling of the lodicules or not, the writer studied on the relation
between the opening and closing of stomata and also the relation between
blooming and absorption of water by the plant. Further, the writer
studied on the relation between the morphological and chemical changes
of the lodicules at the time of bleoming and the temperature in order
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to make clear the relation between temperature and physiology of
blooming. The following are the results of these studies:—

1. Relation between the Opening and Closing of the Stomata
and Temperature, Humidity and Blooming

Materials and Method

Oats in blooming stage were used as materials and the opening and
closing of stomata on the dorsal side of the uppermost leaf of the main
stem were carefully observed. The method of observation was by the
use of cobaltehloride paper. This method was applied three times on
the same leaf and its value was determined by their average. The
writer observed it every hour between 9 a.m. and 4:30 p.m. The degrees
of the opening and closing were shown by the length of time required
for the deep standard colour to change to light standard colour.

Results of the experiment

From the results set down in Table 28, it is evident that stomata
become wider as temperature rises and humidity decreases and they
become smaller after the highest temperature with the least humidity of
the day. That is to say, the opening and closing of stomata have parallel
relation with temperature and humidity. Regarding such parallel rela-
tion between the environmental factors and transpiration Brices and
ScranTz® performed experiments with oats and they too obtained the
same result as the writer did. As blooming occurs while the temperature
of the day is declining from its highest point so the same thing happens
while the stomata are closing. That is to say, when the quantity of
water transpired from the stomata decreases, blooming occurs.

Therefore, it seems as if there exists a relation between blooming
and the opening and closing of stomata, but the results of the experiment
““on the relation between blooming and absorption’ as shown in the
following section proves that there is no direct relation between them.

2. Relation between Blooming and Absorption of
Water by Plants

The results of the experiment reported in the previous section have
shown that when temperature rises and stomata open wider and the
transpiration from plants increases more and more, plants absorb more
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TasLe 28.  Relation between the opening and closing of stomata and
temperature, humidity and blooming 1928

Length of time in seconds required for

|

deep standard colour to change Temper-| Hu- | Time of
Date| Time to lights tandard colours ature | midity | bloom-
€D (%) ing
I IT 111 Average
< | 9.30am.| 48 9/10| 45 17/20| 47 4/5 | 47 31/60| 265 | 75
5 |10.30 am.| 43 9/10| 46 9/10] 41 3/5 | 44 2/15] 27.6 66
'8 |1130am.| 51 7/10| 47 9/10| 69 3/10| 56 9/10| °7.7 71 3.00
£ | 1.80pm.| 77 3/5 | 73 9/10 75 75 1/2 | 282 69.5 | p-m.
S | 230pm.| T8 2/5 | 76 1/4 [ 77 1/10 7T 1/4 | 26.9 74
| 8.00pm.| 80 2/5 | 84 3/5 | 88 3/10| 84 1/10| 26.0 80
110.00 a.m. | 61 64 32 7/10] 62 17/30| 27.2 68
¥ 1100am.| 52 1/10| 52 1/10| 53 1/5 | 52 7/15| °7.4 65
£ 12.00am.| 46 7/10| 41 1/4 45 9/10| 45 11/60| 28.0 65
5 ! 1.00pm.; 54 3/4 | 60 4/5 | 63 7/10] 60 11/12] 976 67.5 ?)-.(1’2'
2, | 2.00pm.| 67 1/5 | 67 7/20] 69 1/10| 68 19/60| 27.0 70
@ © 3.00pm.| 80 1/2 | 80 8/4 | 77 3/20] 79 11/15| o255 80
! 4.00pm.| 96 1/5 | 82 1/5 | 90 1/5 | 89 50/60| o45 86
< [10.00am.| 70 7/10| 70 1/4 | 71 7/10| 70 53/60| 27.0 74
g 11.00 am.| 61 3/20( 58 1/4 | 64 9/10! 61 13/301 o2¢.7 76 2,00
§ [12.00am.| 68 7/10| 62 1/2 | 69 3/5 | 65 4/15| 259 78 S
B | 1.00pm.| 62 2/5 | 67 4/5 | 71 4/5 | 68 8/15| 926.0 775
@ | 2.00pm.| 75 81 7/10| 70 9/10| 75 9/10] 96.0 78
.o |10.00am.| 67 9/10| 71 1/10| 67 68 1/3 | o275 67
. |11.00am.| 60 1/10| 71 7/10| 58 63 4/15| ©°8.6 60
2 {12.00am.| 66 1/2 | 70 1/10| 70 2/5 | 68 2/3 | 99.0 54 3.00
§ 1.00pm.; 70 1/2 | 69 1/10| 69 2/5 | 69 1/3 | 30.0 48 p.m.
§ 2.00 pm.| 66 7/10| 65 1/4 | 69 3/5 | 66 11/60| 30.4 515
3.00pm.| 74 3/5 | 76 9/10| 75 3/10| 75 38/5 | ©98.3 62
. 110,00 a.m.|102 2/5 | 92 3/5 [100 1/10] 98 11/30| 19.0 52
® J12.00am.|101 1/10(101 3/5 |102 2/5 [101 7/10| 19.0 59
2 | 1.00pm. {125 7/10{125 2/5 (125 3/10(125 7/15| 202 | 58 | s3.00
E 2.30 pm. {163 1/10|155 9/10|161 3/5 |160 1/5 19.9 54 p.m.
§ 3.30pm. 198 1/4 |101 2/5 {178 9/10|189 31/60| 19.0 59
4.00 p.m. |247 2/5 |o77 271 9/5 265 4/15| 182 67
o | 930am.|166 2/5 (165 7/10|169 2/5 167 1/6 | 18.3 59
=] 130 am.|112 110 9/10/110 7/10[111 1/5 | 188 55.5
& |12.30 pm.|106 9/10{108 4/5 1108 17/20|106 51/60] 19.6 58 3.00
g | 2.00pm.|158 2/5 154 1/4 {158 3710|156 59/60] 185 62 p.m.
S | 3.00pm.[137 3/5 |131 4/5 |111 126 11715 19.0 63
@2 | 400 pm.|145 144 2/5 (147 3/4 (145 43/60| 17.8 70
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water from the earth. But from this faet alone it can not be asserted
that the increase of water has a direct relation with blooming, because
the writer often observed in his experiment that the heads which were
put into the bottle containing no water bloomed like those in the natural
condition. From this fact, it seems that oats do not require much water
at the time of blooming. The writer, therefore in order to make this
relation clear, conducted the following experiments on the relation be-
tween absorption of water and blooming.

Materials and Method

Three heads of oats were put into each of the bottles, one of which
contained some water. These were again put into glass jars, one of
which had been saturated with moisture and the other was dry. These
were ararnged under different environmental conditions, temperature
was controlled and blooming was observed. (See Chapter II)

The results of experiment

The results are shown in Table 29. When the blooming of a head
put into the bottle containing some water and that of another head put
into the bottle containing no water are compared, under favourable
environmental conditions the former never fails to bloom, but the latter
sometimes blooms and sometimes does not. When heads are cut and
put into the bottles and then exposed to the atmosphere, those in the
bottle with water bloom, but those in the bottle with no water do mnot
bloom. But those cut when the hours of blooming of the day approach,
bloom when treated in the latter way. However, those put into the glass
jars bloomed alike no matter whether water was present or not. When
the heads are exposed to the atmosphere those in the bottle containing
" no water do not bloom because the transpiration from the head is so
great that the head withers from the lack of water supplied from below.
On the other hand, those in the bottles containing water do not wither,
but bloom as usual because water is supplied from below. Inside the
glass jars which are saturated with moisture, the humidity is high and
there is no air current and so no water is lost from the plant, and those
in the bottles containing no water need mnot be supplied water from
the bottom, for blooming without withering away.

In the glass jars whose air is dried, those kept in the small bottle
with no water in it, though there is no water to make up for the loss, do
not wither. This is because, owing to the extraordinary changes in



TaBLE 29.

which contain no water under different humidities in shed and in room of low temperature

Experiment 1

(July 16, 1929)

Comparison of the blooming in the bottles which contain some water with blooming in others

Places in which
heads were put

In shed on the experimental plot

In room of low temperature

In thermostat

Time at which
heads were cut

6.00-7.00
a.m.

10.00-11.00
a.m.

1.00-2.00
p.m,

6.00-7.00

a.m.

10.00-11.00
a.m.

D

1.00-2.00

6.00-7.00

am.

10.00-11.00
a.m.

Conirol

Humidity
~ Time .

p.m.
0.30 | L

-1.00

1.30

2.30

3.00 1I

I
I1
1
II

I
It

3.30

Number of flowers hloomed

4.00

Total

A| B |C

B

Al B|C
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I
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i
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OV OO O O
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|
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11
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|14
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)
I

A =Natural state of humidity.
B =The air in the bottle is saturated with moisture.
C=The air in the bhottle is made dry.

I=The bottle which contained some water.
II=The bottle which contained no water,
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TasLe 29— (Continued)

Experiment 2 (July 18, 1929)

E;g‘ggs‘:grvg};g? Iu shed on the experimental plot In room of low temperature In thermostat
Time at which | 6.00-7.00 10.00-11.00 1.00-2.00 6.00-7.00 10.00-11.00 1.00-2.00 6.00-7.00 10.00-11.00 Control
heads were cut a.m., a.1m. p.m, a1a, a.m, p.m, a.m. a.m.
Humidity| o | alnlo|a|nmlolalelolal o AlBle |a|B|cia|B]|cC
Time | . |
pam- iy 0 2| 4| 8] 7] 2
1.00 | 17 ol 11| ol o 1
) I 3] 310 81 91 8
3 1800 o 3| 1] o] 4|1
(=] - r
8 1 20115 | 14
= | 200 1 ‘ 10 10| 8
&) 2g0| I ‘ ! 1|15 1
7| ! 10/ 10| 0
|
Flaoo| Il 6 0pol 9r0fo] 7) 00 ' L !
g1 IT| ol 60| 0 0|0 3] 1] 2 | 1
. ! ]
3 I 6115 [15 122115 0 9| 5 l 17
23 | o9l 0 o|16[10 00| 5| | ‘ |
= ! ! :
7, I 0] 0| 0 o 0| 1 0, 0| 0 : i
400/ 17| of 1{2| ol 1|1 0] 0] 0 J
Total I|12/15 (15 | 10| 22 |16 71 91 5 31 5 41111610 | 21| 30 {15 17
II 010} 2 017 (11 3111 | 7 0 4| 2 0] 4 22020 8
A =Natural state of humidity. I="The bottle which contained some water.
B =The air in the bottle is saturated with moisture. IT="The bottle which contained no water.

C=The air in the bottle is made dry.
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TasrLe 29— (Continued)
Experiment 3 (July 23, 1929)

Places in which

heads were put

In shed on the experimental plot

In room of low temperature (

In thermostat

Time at which
heads were cut

6.00-7.00
a.m.

10.00-11.00

a.m.

1.00-2.00

p.m.

6.00-7.00
a.m. a.m. p.m.

10.00-11.00 1.00-2.00 6.00-7.00

a.m.

Humidity

A|B|C

>

os]

10.00~11.00

a.m,

|

‘C AEBC‘ABC

>
w
Q

Number of flowers bloomed '

p-m.
1.00

1.30
2.00
2.30

3.00

5.30

Total

I
I1

I
IT
-1
I1

I
II

I
I1

I
II

I
11

I
II

I
I

I
1T
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TABLE 29— (Concluded)

Experiment 4 (July 25, 1929)

Places in which

heads were put

In shed on the experimental plot

In room of low temperature

In thermostat

Time at which
heads were cut
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humidity, the stomata close, the transpiration decreases and there is no
current of air, and therefore the loss of water from the plant body is
very slight.

From the above mentioned experimental results, the writer has
come to the following conclusion regarding the relation between bloom-
ing and absorption of water: a great quantity of water is not necessary
to be taken up from the earth for the swelling of lodicules when bloom-
ing occurs, but the plant needs only enough water to keep itself from
withering away.

3. Changes in the Forms of the Lodicules at the Time of Blooming
of Oats and their Relation to Temperature

The writer recognized through the experiments described in sections
1 and 2 that the variation of temperature is the direct cause of blooming.
Therefore, in order to make clear the relation between the swelling of
lodicules, which is thought to be the mechanic action of blooming and
variation of temperature, observation was made upon the morphological
changes of lodicules at the time of blooming.

Materials and Methods

It may suffice to observe and compare the form of the lodicules
at the three periods; before, during and after blooming. As the nature
of this experiment makes it impossible to observe these three forms by
using the same lodicules, so for those before blooming, according to the
results of the previous observations on the order of blooming (See. 2.
Chap. 1.), the lodicules in the order of blooming on the day were chosen
and put intg use.

The results

(i) Forms of lodicules of oats before blooming

The lodicules of oats 4-5 hours prior to blooming have forms as
represented by Figs. 3 and 4 in Plate I. The form of lodicules seen
from the front is shown in 3.A. and from the back in 4.A. The two
lodicules are joined at their base. When these are separated, the forms
appear as shown in Figs. 3.B. and 4.B. The form is flat and slender
and the size is 2.11 mm. in length, 0.80 mm. in width and 0.50 mm. in
thickness. The contents can be seen by the naked eye. The upper part
is colourless and transparent while the lower part is of yellowish brown
colour. There is a ‘‘hinter zahn’’ on the edge at the back which is
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flat in form and of the same nature as the upper half of the lodicules
as found by HacrerL® in the lodicule of Festuca gigantea.

(ii) Forms of lodicules of oats at the time of blooming

The forms of lodicules at the time of blooming are shown in Figs. 5
and 6 in Plate I. The lodicules at the time of blooming differ con-
siderably from those before blooming when compared with each other.
As can be seen at the first glance, the former are much more swollen
than the latter and the part that swells is the lower part which is of
yellowish brown colour. The swelling goes on outward (towards the
lemma) while the back and upper parts do not swell so much.

There is one thing which requires special attention with regard to
the lodicules at the time of blooming. When the lodicules are swollen
to the fullest extent, cracks are produced. Figure 7 in Plate I shows

the lodicule with a crack in it.
As shown in the Figure, a crack is made across the front edge as
Cracks are also sometimes produced in other

if it were cut by a knife.
parts of the lodicules.
the environmental conditions are not favourable.

from these eracks. This fact led the writer to have doubt whether the

Such cracks are not made on the days when
Fluid is secreted

appearance of cracks has anything to do with the closing of flowers and
led him to study this point more in detail.

(iii) Forms of lodicules of oats after elosing

The form of the lodicules after the closing of a flower is shown

in Fig. 8§, Plate 1.

sinks and two or three folds are made horizontally.

TABLE 30. The size of lodicule

(Averaged value of 50 Lodicules) !

The part which swells most when blooming occurred

Shhoms | BMONS | Dogiuning | 1 hour atier| 1 Tgur afir

blooming blooming of blooming blooming closing
L(‘iﬁﬁf})‘ 21645 2.1647 2.0702 1.9600 1.9290
% 100 100 96 91 89
V&% 0.7845 0.8231 1.4295 1.0736 0.9741
% 100 105 182 137 124
'lz};ijnkgess 0.4598 0.5081 0.8835 0.6690 0.5335
% 100 111 192 146 116




Relation between the changes in the form of lodicules and

TasLE 31.
temperature on July 4, 1930

Time 9.00 10.00 | 1100 | 12.00 1.00 1.30 1.45 2.00 2.30 3.00 3.30 4.00 4.30

a.m. a.m. am. m. p.m. p.m. p.m. p.m. p-m. D m. p.m, p.m. p.m.

Temperature (C.)| 18.0° 18.8° | 19.8° | 20.2° | 20.6° | 20.8° | 21.0° 20.6° 19.7° | 194° 19.0° | 189° | 18.8°
Length (mm.) — 2.1750 — 2.1825 — 2.1825 — — 2.0550 | 2.0700 | 1.9200 — 1.8525
Width (mm.) — 0.7725 — 0.7800 — 0.8175 — — 1.3875 | 1.1100 | 0.9300 — 0.8325
Thickness (mm.) — 0.4500 — 0.4800 — 0.4875 — — 0.9150 | 0.7500 | 0.5925 — 0.5025

(Averaged 10 Lodicules)

TABLE 32.

Changes in the weight of lodicules before and after the time
of blooming in 1930

4% hours before 1% hours before — 1 hour after 1 hour after the
Beginnin X
blooming blooming e g ® blooming flower closing
Weight (mg.) 0.49 0.53 1.07 0.82 0.58
% 100 108 218 167

(Averaged 50 Lodicules)

8%
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The foregoing statement deals only with the outer forms of the
lodicules before, during and after blooming respectively. Table 30 shows
the measurements of the lodicules at each stage of blooming.

Table 30 indicates that prior to blooming almost no changes can be
recognized in length and when blooming hegins the lodicule has a
tendency to become shorter by degrees. Suppose the length of the lodi-
cule 4} hours before blooming is 100 in ratio, then at the beginning of
blooming it becomes 96 and when it closes the length becomes 89. Neither
the width nor thickness show any marked difference before blooming,
but when blooming oceurs they increase rapidly and nearly double in
measurement.

In Table 31 the changes in the form of the lodicule as mentioned
above are correlated with temperature.

As shown in Table 31, the changes in the form of the lodicule do
not oceur while the temperature rises, and there is hardly any difference
recognizable between the sizes of the lodicule at 1:30 p.m., and those
at 12 a.m. and at 12 m. But when these sizes are compared with those of
lodicules of the flowers beginning to bloom at 2:30 p.m., there is a re-
markable difference in form. Therefore the changes in size seem to take
place rapidly between 1:30 p.m. and 2:30 p.m., and the highest degree
of temperature on this day was registered at 1:45 p.m. Therefore it
seems that the changes in size oceur rapidly when the temperature begins
to lower from its highest point. This is made clear when we observe
the changes in the matter contained in the lodicule as related in section 4.

Table 32 gives the results of the comparison of weight as perceived
while the changes are going on.

As shown in Table 32, in weight, too, there is hardly any difference
recognizable before blooming, but as soon as the flower begins to bloom,
the lodicule increases rapidly in weight. When compared with that 43
hours before blooming, it becomes more than twice as heavy.

4. Chemical Changes in Lodicule of Oats

© As mentioned in the preceding section, the lodicule of oats undergoes
a remarkable change in its external aspect when booming takes place.
This fact easily suggests that some chemical changes may occur in its
contents. The writer, therefore, conducted the following experiments
in order to find out how the two qualities, quantity of reducing sugar
and the action of diastase, differ before blooming, during blooming
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and after closing respectively, and the relation between these chemical
changes and the changes of temperature.

Materials used for these experiments were the same as those used in
the experiments described in Section 3.

(i) Quantity of reducing sugar in lodicule

ZUuDELLEL,*? NaAAa0®® and others have studied on the sugars con-
tained in lodicule-cells of cereals and reported that the swelling of the
lodicule is due to the tremendous increase of turgidity whieh is caused
by these sugars.

Naxao stated that the materials which cause turgidity are sugars
that reduce Fehling’s solution, the chief sugar being glucose.

The writer experimented to find out what changes occur in the
quantity of reducing sugars (chiefly glucose) contained in the lodicule
at the time before, during and after blooming respectively and also to
find whether there is any relation between temperature and these
changes.

Materials and Methods

The writer made an experiment on the qualitative reaction of
reducing sugars by using Benedict’s reagent®? of sugar. He put two
crushed lodicules at each time on a slide and poured two drops of
reagent on them and then heated. When reducing sugars were present
a reddish yellow deposit was formed.

In this case, of course, the quantity of reducing sugar can not be
shown, but the degree of deposition can be shown by the number of
positive signs. Table 33 shows the results of this experiment.

As shown in Table 33 the fact that a small quantity of deposit is
formed before blooming indicates that there exists only a small quantity
of reducing sugars (glucose). As the hour of blooming approaches, the
quantity of deposit inereases by degrees and at the time when blooming
takes place its deposit increases in great quantity. And after the
blooming the deposit increases more and more as time elapses until the
greatest quantity of deposit is formed just before and after closing. The
period of deposit formation before the time of blooming is after the
highest temperature of the day is reached.

In the above experiment the reducing sugar contained in the lodicunle
was detected by means of reagent and therefore the reducing sugar at
each period could not be compared quantitatively with one another.
The writer, therefore, in order to find out the quantity of reducing



TABLE 33.

Besults of experiments on the gualitative reaction of reducing in the lodicules of
oats before, during and after blooming in 1930

Time | 8.30| 9.00| 9.3010.00{10.30 11.00{11.30,12.00/ 12.30| 1.00 1.30| 2.00| 2.30| 3.001 3.30| 4.00 | 4.30{ 5.00| 5.30| Time ot
Dm a.m.|a.m. a.m. fam|am|amiam. | m |am | pm pm|pm|pm|pm|pm |pm|pm.|pm.|p.m.| blooming
June 30 | TW 234 251 25.4 26.6 25.0 25.0 245 24.3 24.0! 2.00 p.m.

S@ + + + + + 4 + + ++ ++ + +

+ o+ + + + + +
July 1| T 20.0 22.2 23.0 23.5] 23.8| 23.3| 23.2 22.0 21.0| 20.5 20.0 2.30 p.m.
S + + + + + + + + + ++ |+ + ++
++ + | + +
+ | +

July 21 T | 220 23.0 24.0 25.2 25.2| 27.8| 26.4| 26.4| 27.6| 26.4| 25.8| 26.0| 258 25.4| 25.0| 4.30 p.m,

S + + + + =+ -+ + + B e e I o ol o I o o e e I i

|+

+

July 3. T {194 21.8 22.8| 23.4| 22.9! 22.6| 22.8| 22.5| 20.4 19.8| 19.6 16.8 15,0 | 1.30 p.m.

S + + =+ + + + + |+t ++ | ++ + + + +

++ ++ |+ 4+ + + +
+ |+

July 4| T 17.6 19.0 17.8 19.8 20.0 19.5 19.8} 19.2 18.6 18.0] 2.00 p.m.

S + + + + + + + ++|++ ++ + +

+ + +4 |+ + + + ++

+ |+

July 5| T 19.8 20.0 21.0 21.3 21.3 21.8| 21.0| 20.8 19.8 19.0| 2.30 p.m.

S + + + + + + | ++ |+ + ++ + +

44+ + + + +

+

(1) T=Temperature (C.)
(2) S=Degree of deposit.
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sugar made use of the ‘‘Beltrand’’ method, using 100 lodicules at each
period. - As glucose is the chief constituent of reducing sugar, the writer
taking the whole reducing sugar found in this way as glucose, deter-
mined its quantity in one lodicule at each period. Table 34 shows the
results thus obtained.

TasLe 34. Result of quantitative analysis of reducing sugar in @
lodicule® of cats obtained before, durtng and after blooming
period wn 1930

Before blooming In the process of l After blooming
(2-3 hours) blooming (1-1% hours)
Glucose (mg.) 0.0147 0.0673 0.0392
Y% 100 450 260

(An average of 100 lodicules)

As shown in Table 34, the guantity of glncose contained in the
lodicule is the greatest in the process of blooming. It is 4.5 times as
great in comparison with the quantity of glucose before blooming. The
quantity decreases after the closing of a flower, but remains 2.6 times
that contained before the opening of a flower.

(ii) Action of enzyme

It was mentioned in the preceding paragraph that at the time of
blooming the sugar quantity increases enormously in the lodicule. The
fact that sugar increases in this way makes it necessary to investigate
the manner of diastase action on starch in the lodicule in connection
with the formation of sugar. Therefore the writer experimented in the
following manner on the action of diastase in the lodicule before, during
and after blooming.

Methods

Two crushed lodicules were put in a watch-glass and two drops of
0.02% solution of soluble starch were added and this was covered with
another watch-glass of the same size. The glass was kept in a thermostat
at 30°C for one hour and then taking it out N/10 of j. j. Kali solution
was added. If any starch is contained in it, an alkaline reaction results,
but when starch is saccharified by enzyme this reaction does not take
place. )

The writer investigated whether there is any action of diastase in
the lodicule by means of this method, the following being the results.
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TaBLE 35. Result of experiment on the action of diastase in the lodicules
of oats obtained before, during and after blooming in 1930

Before blooming T eming | blooming

More than| 3-13 13-% Y Blooming | Non-bloom-{ After

3 hours hours hours hour flower | ing flower | closing

Jul. 25 | ——— | ==~ +++ | A+t - +——
w 26 | ——— | ——~— 4+ | -—= -
» 27 ——— | -+ +++ - -
w 28 | ——-— +++ - 4 -
Aug. 1 -—— -—— +++ ——— -——
w 2| == ——— + o+ ——— +-—
» 8 - ——— | +++ - —-——
» 20 -—— + + -+ - == ———
» 22 ——— +—+ +++ -—— ~-—+
» 23 —-——— - == \ + -+ —-—— -

(~) signifies negative results as to the action of diastase and (+), positive.

Table 35, shows that the action of enzyme is negative in the majority
of those lodicules before blooming and that it is positive in every one
of those during blooming, that is, starch has already been saccharified.
The action is negative in most cases after the closing of the flower. At
the same time an immature spikelet which was to bloom the mnext day
was taken and the action of diastase in it was investigated, the results
being that every one of them was mnegative. _

Again, there are lodicules which show positive action of enzyme
even before blooming, and when considered in connection with the
changes of temperature of the day, there is shown a reaction of starch
before the highest temperature is reached, but when the temperature
grows lower no starch reaction is shown.

From this fact it can be considered that the action of enzyme com-
mences when the temperature begins to decline.

5. SUMMARY.

1. The opening and closing of the stomata are in a parallel relation
with temperature and humidity. Blooming occurs when the stomata
begin to close.

2. When a head is put in a bottle containing some water, blooming
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always takes place, but when it is put in a bottle containing no water
and is exposed to the air, blooming never takes place. DBut when the
latter is put in a glass jar and is cut off from the outer air, blooming
takes place. That is to say, a special supply of water is not necessary
for blooming, but only so much water is needed as is sufficient to keep
the heads alive.

3.  Almost no changes take place in the form of the lodicule before
blooming.

4. Extraordinary changes occur during blooming. The lower half
of the lodicule swells considerably.

5. TIts decreases during blooming, but both its width and thickness
inerease about double.

6. Its weight which was 0.49 m.g. before blooming becomes 1.07
m.g., about double,

7. Such changes take place when the temperature begins to go down
from its highest point of the day.

8. Reducing sugars exist in a very small quantity before opening
occurs, and do not increase up to a certain period of time. The quantity,
however, goes on increasing from the time immediately before the flower
opens and when blooming occurs it increases rapidly until it attains
about 4.5 times the quantity Present before blooming.

9. The action of enzyme is hardly recognizable before opening,
but the action takes place actively immediately before opening. The
maximum is reached during blooming and no action is recognized after
closing of the flower.

10. 'The changes of reducing sugar and enzyme action have intimate
relation with temperature. When temperature is rising, no change takes
place in reducing sugar nor is any enzyme action recognized. But when
temperature goes down and reaches a certain point, the reducing sugar
increases, and the action of enzyme appears remarkably.

Discussion

Which element of all outside conditions has the closest influence
upon the blooming of a plant varies according to the different kinds of
plants. Each investigator has a different opinion upon this question.
A. D. Vigvinoe and F. Osaron (1925) made a biologic study on the
opening of some flowers and methodical observations made under natural
conditions have led them to the conclusion that the movements of the
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corolla, particularly in the case of ephemeral flowers, are dependent upon
the variable meteorology of the day, more particularly upon variations
in temperature. It was shown that temperature is the only agent that
determines the movements of the petals as well as their fall and aec-
cordingly blooming does not take place during rainy or cold weather.
It was also shown that each different species has a different time of
blooming, because its flower begins to bloom at a different degree of
temperature. After experimenting on the relation between blooming
and illumination, they state that illumination apart from temperature
has no important influence on blooming except that it has some relation
with the nutriment of a plant. They state also that the moisture has
very little to do with blooming. Gorpsyitm (1925) who studied the
cause of opening and closing movements of a flower reported that in
some flowers' they are influenced by the changes in temperature, but
in others by the changes in illuminating power. Low temperature makes
some flowers close and high temperature has the same effect on others.

In summarising variouns opinions regarding the relations of these
meteorological factors to cereals, most investigators are of the opinion
that the most important factors are light, temperature and humidity
and that pressure, wind and other factors have no direet relation to it.
Investigators differ in their opinions as to which of these factors, light,
temperature and humidity, is the most important of all.

Kor~iere (1885) observed that the blooming of cereal flowers oc-
curred in a small number on a clear day and came to the conclusion
that strong sunshine hinders the opening of flowers. Axpmine (1914)
stated that light has no direct conneetion with the blooming of rice
flowers. Naxao (1911) stated that a part of weak reflected rays help
flowers to bloom. Nocucnr (1929) stated that orange rays urge flowers
to bloom sooner than others followed by yellowish rays, and that it is
due to their stimulation that flowers are urged to open. This stimula-
tion is felt by the organization in the ovary and the swelling of the
lodicules that has a direct relation with the opening of flowers is caunsed
by the transmission of this stimulation.

C. E. Luterry (1924) observed that most of the wheat flowers under
observation bloomed in daylight, but flowers kept in a dark room bloomed
completely and in the same manner as those under natural conditions.
These facts led him to conclude that light is not essential for blooming.

T. K. Woure (1925) observed the blooming of orchard grass and
found that of the 5861 flowers observed in the process of blooming

=
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76.9% bloomed from sunrise to noon, 6.6% from noon to sunset, 0.3%
from sunset to midnight, and 16.3% from midnight to sunrise and he
also denied the indispensibility of light to blooming.

The present writer observed the relation between the blooming of
oat flowers and daylight and came to the conclusion that the time of
blooming in the day and the opening of flowers do not depend on the
number of hours of daylight. He also succeeded in causing flowers to
bloom under favourable conditions of temperature even when light was
shut out or when they were placed in a dark room. The writer found
as reported in another paper®V that Awena strigosa, Avena balbate and
Triticum aegilopoides under observation in Sapporo did not bloom
during daylight, but opened after sunset, from about 8 to 9 p.m. Now
his further observations and experiments recounted in this paper show
that light has nothing to do with the blooming of Awena sativa also.
The blooming of oat flowers occurs in rainy weather just like that of
rice flower does as reported by AreminNe (1914). This fact shows that
rain itself does not hinder the blooming of flowers.

Kornicke (1885) states that a shower on a fine day hastens bloom-
ing, and the writer also observed this faet often in the process of his
experiments. When water was poured on the panicle from a watering
pot, the opening of flowers oceurred from two to three hours earlier
than those under natural conditions. This is considered to be due to
the fall of temperature caused by pouring the water and not to the
mechanical reaction of the flower thereto.

Kosavasmar (1925) states that as the blooming of rice flowers occurs
when humidity is decreasing, the variation of decrease of humidity may
have some relation to blooming.

In the writer’s observations, in oats just the opposite result to
NocucH1’s was obtained, that is, when humidity was increasing, bloom-
ing occurred. Furthermore the writer succeeded in bringing about the
blooming of oat flowers by changing temperature only and not humidity.
From this fact it is to be concluded that humidity has no direct relation
to blooming, but humidity variations are only secondary results caused
by the changes in temperature.

It is generally considered that temperature is one of the important
external factors that affect blooming. Kor~ickr (1885) states that
during night and morning when temperature is low the blooming of
wheat flowers is delayed.

Rimpavu (1882) states that the intensive blooming of wheat flowers
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of a day depends upon the temperature of early morning. There are,
however, very few investigators who discuss what action of temperature
is related to blooming. AxeMINE (1914) alone touches upon this
problem. He states that blooming has relation not merely to the tem-
perature at the moment of its occurrence, but that it occurs after flowers
are exposed to the temperature higher than a certain degree for some
time. That is to say, blooming does not result from the momentary
action of temperature, but it can be considered to be the result of
continuous action of temperature.

The writer observed occasionally in oats that, when the temperature
of the day was within the range of temperature for blooming or when it
was the optimum, no blooming oceurred in natural conditions. He also
observed that even in the thermostat which maintains the optimum
temperature oat heads did not bloom through an entire day. From
these facts the influence of temperature upon blooming can not be con-
sidered to depend on only the high or low degrees of temperature nor
on continuous optimum temperature. According to the writer’s investi-
gations, oat flowers bloom when temperature is falling from the maximum
of the day and they never open when temperature is rising. Even when
blooming began to oceur after the fall of temperature, if it rises again,
the rest of the flowers stop blooming for a time and when temperature
begins to fall, the flowers again begin to bloom. Therefore the time of
blooming within a day depends con the variations of temperature. It
varies also considerably according to the day, the earliest being 12:45
p.m. and the latest 5:45p.m. That is to say, on the days when the
highest temperature is reached comparatively early, the time of blooming
is also early, and on the days when the highest temperature is reached
later, the time of blooming is also later. When the variations of tem-
perature are slight, no blooming occurs. From the results mentioned
above, it can be considered that the influence of temperature on bloom-
.ing is derived from its variations.

Narano (1929) and Isepa (1930) cbserved that in rice flowers most
blooming oceurred when temperature was rising and a little occurred
when temperature was falling. Just the opposite conditions of tempera-
fure are considered to encourage blooming of oat flowers. There seems
to be a difference in sensibility to these temperature variations between
.oats and rice, the former depending on the deerease of temperature and
the latter on the increase thus causing difference in the time of blooming.
Further studies may solve this problem.
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As has been discussed above the writer ascertained that blooming of
oat flowers depends mostly upon temperature, especially its decreasing
variations. Therefore the writer desires further to discuss what the
action of the variation of temperature has to do with the physiology of
blooming.

Hacken (1881), Riarpau (1882) and AxeEming (1914) have already
proved that the swelling of lodicules is the direct cause of blooming
not only in cereals but also in many graminaceous plants. The writer
also studied on the morphological change of the lodicules of oats at the
time of blooming and came to the same conclusion. ZuperLren (1910)
studied regarding the physiology or swelling of the lodicules and he
proved that the lodicule-cells contain highly permeable materials.
Naxao (1911) states that the swelling of the lodicule is eaused by the
marked increase of turgidity. This increase of turgidity is caused by
the change of disaccharoid into mono-saccharoid in the lodicule ecells.
The closing of flowers is caused by the protoplasmic membrane of the
lodicule cells degenerating into permeative nature and the sugars which
caused swelling are sent out of the cells with the consequent shrinkage
of the lodicule and the closing up of the elastic outer glumes.

There has, however, been no one who has tried to discuss the
cause which brings forth the change in the matter contained in the cells
of the lodicules. The writer has observed that the variations of tém-
perature affect blooming directly. From this fact it can be considered
that the swelling of the lodicule has an intimate relation with the varia-
tions of temperature. According to the writer’s experiment, the lodi-
cules do not swell while the temperature is rising, but they begin to
swell when the temperature starts to lower from the highest point
reached on the day. At the time of blooming the swelling reaches its
maximum. Considering from the above fact it is clear that the cause
which brings forth the change of the matter in the cells of the lodicules
is variation of temperature. Nakao (1911) states that glucose is one
of the chief substances which cause the swelling of the lodicules in rice
flowers. The writer conducted experiments on sungars in the oat lodi-
cules, especially on reducing sugar (glucose), in the cells before and
after blooming and ascertained that when temperature begins to lower
from its highest point of the day, glucose begins to increase and at the
time of blooming it increases suddenly. This fact coincides with the
morphological variations of the lodicules. From the fact that at the
time of blooming the sugars inecrease rapidly in the cells of the lodicule
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it can be easily imagined that action of enzyme is in progress in this
case. According to the writer’s experiment on this point, just hefore
blooming, when temperature begins to come down from ifs maximum
point, the action of enzyme makes its appearance. The action is most
remarkable at the time of blooming.

Conclusion

The blooming of oat flowers, as recognized by many investigators,
takes place in the afternoon, but the time of blooming differs considerably
according to the day, the earliest being 12:40 p.m. and the latest 5:45
p.m. There are, however, some cases in which no blooming takes place
throughout the whole day even in the flowering period. These facts are
considered, according to the observations, to be due to various meteoro-
logical factors particularly to the variations of temperature and of
humidity. Blooming never occurs before the temperature reaches the
highest degree of the day, but it occurs during its fall from the highest
point.

The range of the highest temperature during the day, in the writer’s
observation, is 32.8-15°C.; that of the temperature at the blooming time
is 29.8-14°C.; the fall of temperature differs acecording to the meteoro-
logical condition of the day, but the difference between the highest
temperature and the temperature at the time of blooming is 0.2-7.5°C.;
the blooming time is 16-285 minutes after the hour of the highest tem-
perature. Blooming occurs during the increase in humidity which is
caused by the fall of temperature.

The writer has made various studies in order to determine whieh of
these causes of blooming, the variation of tempervature or that of
humidity, is the more effective and direct one.

He at last succeeded in controlling both blooming time and bloom-
ing itself by means of the artificial adjustment of temperature. Ile
failed, however, in controlling them by adjusting humidity.

This fact has led the writer to the conclusion that the most effective
external factor which controls the blooming of oats is temperature. To
cause blooming, the fall of temperature which has risen to the above
mentioned range is necessary and with this the humidity increases and
the stomata show a tendency of closing themselves. Therefore it can
be considered that blooming takes place when it becomes unnecessary for
a plant to take in a great quantity of water.
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The chemical changes of the lodicule cells that are necessary for
their swelling at the time of blooming do not take place while tempera-
ture is rising, but they take place during the fall of temperature from
its highest degrees. Therefore the action of temperature on blooming
is not eaused by high or low temperature, but by its variations in the
day, especially by the decrease of temperature after the time of its
maximum. The fall of temperature causes the change of the matter
in the lodicule cells and water is accumulated in them, the result being
that the lodicules swell up and blooming takes place.

The writer desires to express his heartiest thanks to Professors
Masao AxeEMINE, Tetsu SarRaMURA and Torao Tesmima, for invaluable
suggestions and kind advices given him during his research work. The
writer also desires to express here his deep gratitude to Professors
Takajiro Minami, Kazuhiko ToxiTto and Yuzo Hosuino for their eon-
tinual encouragement. Finally, he acknowledges his debt to Keijiro
YosuipA and others who helped the writer in his experimental work in
the field.
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Fig.
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1.
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o

EXPLANATION OF PLATE 1.

(dvena sativa L)

Floral organ. 0, ovary s, style £, filament
a, anther 1, lodicule

Cross section of the spikelet.

d, outer glume v, inner glume
1, lodicule £, fillament
0, ovary

Front view of the lodicule before bhlooming.

Back view of the lodicule at the time of blooming.
Front view of the lodicule at the time of bhlooming.
Back view of the lodicule at the time of blooming,
Lodicule with a cerack in it.

Front view of the lodicule after the closing of a flower.

B shows the lateral view of A and C the dorsal view of B.
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APPENDED

(Number of experi

8.00| 9.00(10.00{10.30{11.00{11.30{12.00{12.15/12.30 12.45(1.00 1.15 1.30
a.m.{a.m.|a.m.|a.m.|am. |a.m|pm.|pm.  pm|p.m | p.m.|pm|pm.
T.M | — | 26.9| 25.8| 28.2] 28.3, 28.3| 28.1| 28.5 28.0| 28.2| 29.0| 29.0| 28.5
Jul. 11, 1927 H® )| —| —| —}) —| —} —] —| =] —| —| —| —| 63
B.®
T. — | — | 27.0] 27.2| 27.4| 27.8] 28.4| 27.8] 28.2| 28.9| 28.2| 27.8| 28.4
, 12, H. — | — 1 68 72| 72| 69 6ol 69 69| 69 69 72 72
B.
T. 25.2] 24.6| 26.6) 26.2| 27.0| 25.0| 25.4| 24.9| 24.1] 23.6] 23.6| 23.2| 23.0
- 13, ,, H. 78 82| 75| 82 72{ 78 82| 82| 86 90| 90| 90| 90
B. 17 24
T. 21.1| 19.8] 22.2| 23.0{ 23.0| 22.8| 22.4{ 21.4| 22.4| 20.8| 20.1| 20.6{ 20.9
s 14, ,, H. 85| 100, 95/ 90| 90; 90| 90| 90| 90} 89 95 90/ 90
B. 1 1
T. 19.6| 21.1| 22.4; 24.4| 24.8| 25.8| 26.6] 24.2| 23.61 24.6| 24.0 24.2| 24.8
» 15, H. 100 95( 100; 82 86/ 86/ 86| 86| 86 90| 86/ 90| 86
B. 12
T. 24,8 26.6| 27.2/ 27.0} 28.2| 28.1] 27.4| 27.8] 28.2 28.4| 29.8 30.0] 29.8
. 16, H. 86| 79| 75 75| 75| 72 75 75 73 73| 73| 70 67
B.
T. 22.6| 23 2| 25.4] 25.2| 25.1| 25.4| 25.4] 25,0| 24.2] 24.2| 24.6| 24.4| 24.4
. 17, H. 1000 95 86 86| 90| 86 86 90 90 90| 90| 90| 95
B. 3
T. 19.8| 20.4] 20.7| 20.5| 20.6| 21.0| 20.8| 21.0] 21.0| 21.2| 21.4] 21.4| 21.7
. 18, H. 95 100] 93] 95| 100; 100| 100/ 100| 100; 100/ 100] 100| 100
B.
T. 20.6] 22.0| 22.2) 22.1} 22.6; 24.6| 24.6) 24.8| 23.0| 23.9] 23.2! 23.1} 23.8
s 19, ,, H. 1007 90! 90| 95 90 95 821 82{ 82| T4 81 81 82
B. 29 2 89 386
T. 20.2| 21.4| 24.5| 24.0| 23.8] 23.7| 23.4] 23.5| 23.2| 23.2 22.9] 22.9| 22.4
N 20, ,, H. 89| 85 78 74 78 82 77| 81 81| 81 81 81 81
B.
T. 20.6/ 22.0; 23.0) 23.2| 23.0] 22,9} 22.9] 22.9| 22.9| 22.9| 22,9 22.8 22.6
- 21, ,, H. 100 90 86, 85 81 90| 86/ 86 86 86 86 86 86
B.
T. 21.0| 24.4| 25.6| 26.0 25.8| 25.8| 24.6| 24.6| 25.6| 26.2| 26.0] 27.3| 27.3
» 22, H. 90l 86| 78 78 82 82 821 82 82 78 82 79 79
B.
T. 19.2| 20.0) 21-2| 21.8 21.2| 21.5| 21.8] 22.2| 22.0{ 22.2] 22.1] 22.3| 22.6
5 23, . 89| 100, 80| 81 85 85 81 85 81| 85 81 81 81
B.
(1)—T = Temperature (C°.) (2)—H =Humidity (%).

(3)—B =Number of flowers opened.



STUDIES ON THE BLOOMING OF OAT FLOWERS 303

TarLE 1.

mental-plants 10)

1.45) 2.00] 2.15| 2.30| 2.45| 3.00| 3.15] 3.30| 3.45] 4.00| 4.15| 4.30| 4.45| 5.00| 5.15] 5.30| 5.45| 6.00
pm.p.n.|p.m.|p.m.|p.m.|pm.|p.m.|p.m.|p.m. | p.m. p.m.|p.m p.m.|p.m.|p.m, | p.m|pm.ip.m.

27.0| 26.6] 26.4| 26.0| 26.0| 26.4| 28.5| 28.6| 27.9] 28.2| 27.4| 27.8| 28.2| 27.4| 26.7| 27.2| 26.5| 25.1
72| 72 75| 75| 75 75 66 66 72 72 75 75 72 75 75 8
22 1 20 9 &

26.1) 26.1} 25.8| 25.5 25.0

28.8] 28.8| 29.0/ 29.0| 28.6| 28.2| 28.0| 28.8| 28.4| 27.5 27.6| 26.7) 26.3
5 2] 72 5 5/ 71| 78 78/ 78 78 82
7

69| 72 75| 75
15 47 17

22.7| 22.3} 21.9| 21.5| 21.1| 20.9| 21.0| 20.9/ 20.4| 20.0| 20.0; 20.2| 20.4| 19.8| 19.6! 19.1| 18.6
5 5 5| 95| 100{ 100| 100| 100 100/ 100| 100, 100| 94 94

0f 20.9) 20.7 20.6| 20.4| 19.8 19.9] 19.5 20.2| 20.4| 2
5 =

1 0 0.3] 20.0{ 20.0{ 19.8| 19.4] 19.4| 19.4| 19.4
90; 901 90] 931 9 95| 95| 100] 95 95 95 5

95| 95 95 100 100 100; 100

2 17y 12
24.4| 25.0| 25.0] 25.0| 25.8| 25.8] 26.4| 2G.0| 26.2) 25.5 26.8| 26.8| 26.0| 25.3{ 25.2| 25.2| 25.0| 24.5
86/ 86| 86| 95 91) 82| 78 83 82 82 79| 83| 82| 82| 86| 86 82 82
15 90, 47 3 4 17 6 '

29.0| 29.4| 27.0} 26.3| 26.2] 25.4| 25.2) 24.9| 24.1| 2
72| 69| 79 75| 82 82| 82 86 90
1 30, 21 8 21 12 9

22.8| 22.8 23.0| 22.5 22.7| 22.6| 22.7| 21.8
90 0

oW
~E O
©
(=]
o
<

24.4| 24.2) 24.0| 2

25.4| 24.7) 24.2| 241 24.1| 24.1} 24.2| 24.6 . 3
5 90; 90 90] 90 9

5
5 86| 90 90| 90 90| 95 90, 90
[4 60; 14| 16 11 6

Lo
o=
O LY
(]
g
®

91 23.9 23.7| 23.4
50 95 90| 95

21.5 21.4] 21.6] 21.4| 21.4| 21.4| 21.4| 21.0| 21.5| 21.6| 21.6| 21.8] 21.7| 21.6; 21.4| 21.2| 21.0| 21.0
100; 100} 100; 100, 100/ 100, 100, 100/ 100} 100/ 100/ 100{ 100/ 100{ 100; 100| 100 100

24.0| 24.2) 24,2/ 22.8 22,6 22.5, 22.1| 22.2 21.6| 20.8| 20.8| 20.6| 20.6] 20.8| 20.4| 20.2| 19.6| 19.0
82| 78 78 77| 81 81 83| 81 83 90| 85| 835 90 90| 89 89| 95 100
[4 5 48 12 Fa

22.0| 22.0| 22.6] 22.4| 24.0| 24.4| 24.6| 24.2| 24 2| 24.2| 24.2| 23.6| 23.4| 22.2 21.4] 20.8| 20.4| 19.8
85| 83| 86/ 81| 82| 78 78 78 78 78 78 82 81| 85 90 90| 89 95
20| 40 9 20 8

21.1{ 21.1| 20.6| 20.4 20.2| 19.9] 20.0; 21.0| 20.0} 20.2| 20.2; 20.2| 20.4
95 95| 95| 95| 100 95 95| 95 100 95

27.0 27.0| 27.2) 27.2| 27.0| 27.0 26.6] 26.3| 26.2| 25.6] 25.6| 25.4| 25.2| 25.4| 25.
9 8 82| 78 82| 82 82 82 8

2| 24.6| 24.6| 24.8
9 2
10 9 21y 11} 12 4
2
1

86/ 90| 90

22.0| 22.6] 23.2| 22.4| 22.6] 22.7| 22.2| 22,

2.9 22.2| 22,6/ 22.2| 22.2| 22.2) 21.8| 21.8] 21.8| 21.0| 2
90y 81 81 77| 77 77, 81 8

77\ 77 81 81 81 81 81 77 80
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TABLE 1—

8.00| 9.00/10.00/10.30{11.0011.30(12.00/12.15/12.30(12.45| 1.00| 1.15] 1.30

a.m.|a.m,|am.|a.m.|am.|am.| m. (p.m.| p.m.|p.m, p.m.p.m p.m,

T. 21.0| 22.5| 24.0| 24.8] 25.1| 26.0| 26.9| 26.0{ 26.4| 27.0| 27.2) 28.0 27.8

Jul. 24, 1927 H. 90| 83 74/ 74 71| 71| 68 68 65 65 68 69 72
B.

T. 21.0/ 23.0| 23.8] 25.4] 26.2| 26.8 27.0| 27.4] 27.3| 27.8| 28.0| 27.7| 282

. 25, H. 90| 86/ 82| 74 75 72| 68 68 63 69 69 66| 66
B.

T. 232! 23.8 24.7| 24.2| 25.4] 26.1| 26.2] 26.2] 26.0| 26.0] 26.2| 26.3| 26.4

» 26, H. 770 78| 71 74) 74] 68 68 68 68 71 71 68 71
B.

T. 24.2| 25.4| 25.2| 25.6| 26.0| 26.3] 26.8| 26.7| 27.3 27.7| 27.5| 27.7| 27.6

s 27, H. 78| 74| 78| 78| 7al 75 vl 72 12, 66 72 72 69
B.

T. 24.4| 26.2| 27.8| 26.6 27.0 27.2| 27.6| 27.6, 27.8| 28.3| 27.6| 27.8 27.2

. 28, H. 82| 78/ 7ol 720 68 68 69 69 66/ 66| 69 69 65
B.

T. 23.2] 24.0] 24.3| 25.6| 25.6| 27.1 26.8| 27.0| 27.0| 27.3| 27.0| 26.5| 27.0

» 29, H. 86/ 82 74| 75 68 72, 65| 68 65 65 62| 68 68
B.

T. 25.4| 25.4] 26.2| 27.2| 27.2| 28.2| 28.8/ 29.2 28.7) 29.0 28.8 28.6| 28.4

» 30, H. 711 71 71 68| 68 66| €6 66| 66 66 69 69 69
B.

T. 22.8| 24.4| 25.2| 24.6| 24.6] 24.6] 24.6| 25.2| 25.0| 24.6 24.8 24.4 24.4

» 31, ., H. o5 90| 86| 82| 82| 86 82| 82 82/ 82 82 82 86

B. 2 5

T, 21.8 23.2| 25.6| 26.0| 26.6| 26.4] 27.6| 27.3| 27.2] 27.6| 28.0| 27.7| 27.9

Aug. 1, ,, H. 95| 95| 86| 82/ 79 82| 75| 75 75 T8 19 15 1715
B.

T. 26.4] 27.2| 28.6| 28.4| 28.2| 28.2) 27.8; 27.8 27.8 27.6/ 27.6 27.6| 28.4

» 2, H. 78 75| 69| 69 72l 7ol 75 75 72 75| 75| 75 72
B.

T. 25.4] 25.4) 28.2| 26.6| 25.4) 25.0| 25.8| 26.4| 26.4| 27.0| 28.6| 29.0| 28.4

» 3 5 H. 100 95 79 87| 90 90| 91| 86 91l 83 83 79 75
B.

T. 25.6| 26.4 27.1 27.0| 27.2] 27.4| 27.8 27.8 27.6| 28.2| 28.4| 28.5| 28.6

» 4, , H. go| 82| 79| 75 75| 78| 75 69 72 69 69 69 72
B.

T. 25.2| 26.8| 27.8] 28.6| 28.4| 28.2| 28.4| 28.8] 29.0| 28.2| 27.9| 27.6 27.8

s 5 H. 86| 83| 75 720 7ol 75 72 72| 72| 72| 76| V5| 75
B.

T. 26.6| 26.4| 25.6 25.6| 25.4| 26.4| 26.8| 26.8| 27.0| 26.8| 26.6] 26.4| 26.2

» 6, H. 83| 82| 82| 82 82 82| 83 83 83 79 83 82 82
B.
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1.45
m.p.

2.00

p.m,

2.15

pm

2.30]
p.m.

2.45
p.m.

3.00
p.m.

26.6
72

27.6)
69

26.6
68

27.6
72

27.0
68

27.0
68

27.8
69

24.6
82

27.6
72

28.3
75

28.0
79

26.8
72

27.5
68

26.8
68

28.0/
72

26.7
72

27.4
68

27.8
69

25.2
78

28.0
69

28.0
72

28.4
79

28.6
69

27.8
75

26.0
82

<

26.6|
72

4
27.3
75

26.9
68

274
62

26.5

27.0
62,

27.6
72

25.2

28.4
79

28.4
69

27.8
75

26.0
82

26.4
65

27.0
72

27.0

27.5
68

27.0
68

26.2

27.6

25.9
68,

26.5
71

27.2
72

26.8

26.8
68

27.4
72

25.0
82

29.0
66

27.0
75
12

28.6]
76

25.4
67
27,

26.7
72

26.8
68

26.8
72
12

26.4
75

26.4
71

27.4
68

25.0
82

28.6
69

26.2
78

28.8

3.15| 3.30| 3.45| 4.00] 4.15| 4.30] 4.45| 5.00] 5.15| 5.30| 5.45| 6.00
pam.ip.m.|p.m.|p.m.|p.m,ipm. p.m.|p.m.|p.m.|p.m. | p.m. p.m.
25.6| 25.8| 24.8| 24.6| 25.0! 24.2] 24.2/ 24.0| 23.0| 23.4| 23.2) 22.8
72 71 71 74| 74/ 78 82 82| 86/ 86 81 86
2 22 4 1
27.2| 27.5] 27.3| 26.8] 26.4] 25.5| 25.2| 25.2| 24.6| 24.3| 24.1) 23.9
72| 72| 72| 75| 75, 74] 78 78 86; 86 86 90
21 36 &
26.6] 26.2] 26.4| 25.4| 25.2 25.2| 25.0| 24.8] 24.3} 24.0| 23.8] 23.5
721 71 75| T4 74| T4 T8 T4 78 78 82 T8
8 29 9 12
26.5; 27.0| 26.2| 26.4| 26.6] 25.6| 25.4| 25.4] 25.4| 25.4| 25.4] 25.0
71 78 73 75| 75 78 78 82| 82| 82| 82 82
5 13 1
27.0| 26.8| 26.8] 26.4| 25.8/ 25.6| 26.0] 25.4| 25.41 24.6| 24.4/ 24.6
68 68, 72 71 71 75 75 74| 78 78 78 82
2 6| 4 5 2
26.20 26.0| 25.8) 25.5| 25.5| 24.8) 25.0| 24.9{ 24.2| 24.2) 24.0! 23.2
71, 68 71 74 74| 78 74 78 78 82 78 90
b 4 5 1
27.0] 26.4| 26.3] 26.0] 25.4| 24.8 24.4| 24.4| 24.6| 24.4] 24.4) 222
72| 71, 78] 75 78 78 82 78 78 78 78 100
4 8 5 7 3 3
24.5) 23.8| 23.6| 23.6| 23.4| 23.4| 23.0| 22.6| 22.6| 22.6| 22.2] 22.2
82/ 86| 86| 86, 86| 86| 90, 90| 90 90 90, 90
28.2| 28.6| 27.8| 27.8) 28.6| 26.9| 26.5 25.6| 25.4] 25.0| 24.8) 24.4
69| 69| 63 72| 72 75 78 78 82 82 82 82
6 2 10 6| 13 1
26.3| 26.0| 25.8| 25.8| 25.8] 25.4| 25.0{ 25.0] 24.8] 24.8| 24.6| 24.2
82| 86| 86, 91 91| 95 100{ 100} 100; 100; 100, 100
1 12 I
28.6) 27.2| 26,8 26.4| 26.4| 25.2| 25.2| 24.8| 24.8| 24.2| 23.8] 23.4
76/ 79 79 82| 82| 90| 95 95 90 95 95 95
13 6] 5
27.5) 27.3| 27.2] 27.0] 26.6] 26.4| 26.2| 25-9| 25.9| 25.0| 24.6| 23.2
720 72| TS5 T2 75 75| 75 78 T8 82 86 90
1 4 4 1
27.0| 26.5) 26.2| 26.0| 26.0| 26.0| 25.4] 25,6 25.2| 25.0| 25.0| 25.0
82| 82| 86| 86| 86| 86| 86| 86| 86| 86 86 86
3 3 3
24.6| 24.8] 24.6| 24.2| 24.2| 23.8| 23.6| 22.8| 22.6| 22.6| 22.6| 22.4
86| 82| 82| 82 82 86| 86/ 95| 95 95 90 90
2 1 2
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(Number of experi
8.00( 9.00[10.00[10.30{11.00{11.30{12.00(12.15(12.30[12.45| 1.00| 1.15| 1.30
a.m.|a.m.|a.m.|a.m./am. am.| m. [p.m.|p.m.|p.m.| p.m.p.m.|p.m.,
T. — | — 1 — | — | 25.4] 25.6| 26.1 26.5 26.4] 26.6/ 26.4| 26.8 26.6
Aug. 17, 1927 H. — | — 1 —t —| 78 78 78 78 75 7s 75 715 75
B.
T. 23.6| 24.2| 23.6] 23.6) 24.2) 24.2| 24.4] 24.6| 24.8 25.0| 25.0| 25.0| 25.0
. 18, H. 90| 82 86| 90| 86| 86 82 82 82 82| 82 82 82
B.
T. 24.0| 25.4] 26,4 27.2| 26.6 27.8) 27.6| 28.2| 27.6| 27.0! 28.3| 28.4 29.3
» 19, H. 90| 82| 82| 75 83} 79 79| 75| 7s 75 7o 72 72
B.
T. 22,20 23.8 25.6) 26.3] 26.2) 27.2| 26.8) 26.6| 26.6| 26.4| 26.4] 26.9| 26.8
.20, H. 83| 70| 68 65 68 62 63 635 65 62 65 72 68
B. .
T. 22.0| 24.6| 25.8 26.6| 26.8 27.0| 27.6| 27.6| 27.4| 7.6 27.8 28.0| 28.0
. 2, H. 81 74| 71| 68 68 62 66 66| 59 62 63 63 63
B.
T. 23.0| 24.2| 24.8 24.4] 24.8 26.9| 26.8| 25.4] 24.8 24.8) 24.6| 24.8 2.
.22, H. 90| 86| 82 90| 86| 78 79 82 82 80 86| 86 82
B.
. 23.0| 23.0| 24.7| 24.8] 24.6| 24.6| 26.2| 26.6 27.4| 26.2| 26.0| 25.8) 26.1
.23, ., H. 770 77| i) 74 78] 75 71| 65| 63 65 68 68 71
B.
7. 18.4) 18.4) 18.2 18.2 18.2 19.0 19.0/ 19.0| 18.2 19.0| 19.2 19.4] 19.4
L, 24 H. 94f 100| 100| 100 100| 100| 100; 100{ 100 94/ 100 100| 100
B.
T. 21.8) 22.1] 21.6| 23.4] 23.8| 23.6/ 24.4| 24.4] 25.0| 24.4] 24.6| 24.2| 24.3
w25, H. 851 85 90| 81 82 82 78 82 74 78 78 82 78
B. :
T. 20.6) 21.8| 23.4| 24.0| 24.8) 25.4| 25.4| 25.4] 25.6 25.2| 25.2| 25.6] 25.8
» 26, 4 H. 100 1o0; 81 78 74 7l 71 71 71| 74 71 71 68
B.
T. 19.6| 20.0; 20.4| 20.6] 20.4] 23.6| 22.0{ 22.6] 22,8 23.0| 23.0| 23.2] 23.4
w27, H. 100; 100; 100 100] 100} 95 90 90| 90 90/ 90/ 86/ 81
B.
T. 20.6] 20.8| 22.4/ 23.0 23.8] 23.6| 23.4| 23.0| 23.6| 23.7| 23.7| 24.0| 24.2
s 28, H. 100] 901 83 771 74 73] 73 73] 74| 78 74 74 74
B.
T. 20.2| 21.0| 22.0| 22.8| 23.0; 23.4| 23.8| 23.2| 22.6; 22.6| 22.8| 22.8 23.2
s 29, H. 83 76| 7 73| 69| 73| 74 73 73| 73 77 8 73
B.
T. 19.2 18.4] 18.6) 19.2| 19.2| 19.0| 18.8 18.8| 19.6| 19.6! 19.6 19.8} 19.4
» o 30, H. 100 100/ 1.00| 100{ 100 100{ 100| 100/ 100 95| 100| 100{ 100
B.
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TasLE 2.
mental-plants 55)
1.45 2.00| 2.15( 2.30| 2.45] 3.00| 8.15| 3.30, 3.45 4.00, 4.15| 4.30 4.45| 5.00 515 5.30] 5.45 6.00
p.n. | p.am.|p.m. (p.m.|{p.m.|p.m,p.m.|p.m.p.m. p.m.l‘p.m. p.m. | p.m. | p.m. | p.a. | p.am.|p.m. | p.m.,
26.5| 26.6] 26.6) 26.6| 26.4) 26.0/ 25.9] 25.6] 25.7| 25.4] 255 25.2] 24.7| 24.5] — | — | — | —
75| 72| 7o 72l my o ovel oml oty mf T 7 v4 w8 78§ — | — | — ) —
59 16, 15 48 28 18 11
24.9| 24.8 24.8) 246/ 24.7) 24.8) 24.6 24.5 24.5' 24,6 24.2| 24.1| 23.9| 23.8| 23.8| 23.6| 23.4| 23.2
82| 82 82 82| 82 82 82| 82 86| 86/ 86/ 86 86| 90, 90{ 90, 95 95
47 2 9 10| 4 39 14 11 4 100 2 2
28,8 28.8) 28.8] 29.6) 20.2| 20.6) 20.4] 28.4] 27.8 27.6| 27.5| 26.9) 26.6) 25.6 25.6] 25.6| 25.0) 24.6
76| 69| 69 70| 76l 76 72 75 7h 75| 79 79] 79| 82| 82 82 86 86
16| 22 61 61 16/ €
26.0| 26.9| 25.9] 25,6/ 25.2| 25,0 24.6/ 24.6) 24.8) 24.8] 24.0| 23.8 24.0| 24.0} 23.6| 23.0| 23.0{ 23.0
68 68 65| 72| 74] 74| 74 78 74/ 78] 78 82, 82| 82 86 86 90] 90
5 51 40| 1z 12 &2
08.0| 28.6| 7.8 27.8 27.8 27.8 7.5 27. 27.0{ o7 0l 26.2| 25.7) 25.4) 24.8) 24.8 24,2 24.0| 24.0
63| 63 60| 63 63 66 G5 7al 75 75| 75 82 82 86| 86| 86/ 86| 86
s 18 15| 19 9
24.4| 24.4) 25.00 24.4| 24.0] 24.6| 23.6 23.2| 24.1| 23.8] 24.4| 23.8 24,0 24.2| 24.2| 24.2) 24.0| 23.8
]6| 86 86 86 90| 86, 890 95 90, 90| 90| 90, 90 90| 95 95 95 95
44| 29 18 14 160 2 2 1
25.0] 26.7) 26.7) 26.2| 25.6| 25.4) 25,6, 25.1, 26.1 26.2] 25.8 26.2 25,61 25.2) 25.0) 24.8 24.6] 24.4
67l 68 68l 68 68 67| T4 74 T4 T4 68 TI 75 78 74 78 78 78
1 74 54l 1) 261 22 4 .
20.0! 19.7) 19.4) 19.4 19.3] 19.2] 19.4 19.1} 19.3! 19.2] 19.6] 19.4] 19.6 19.5 19.4 19.4| 19.4| 19.2
95 95 95 94 94 94 94 94 94 94 100 100, 95 94| 94 94 94 94
04,8 24.4) 24.6) 23.7) 25.2! 23.6 24.0/ 24.1| 23.6! 23.6] 23.4] 23.1| 23.0] 22.9| 22.8 22.2| 21.6| 21.2
78 78 78 78 78 86| 82| 78 82 82 g g1 s 81 86 85 90/ 90
2 42 96 73 45 59 '
05.6 24.9) 24.5 24.3) 24,2 24.3) 241 246 23.9] 23.9] 22.8] 23.6/ 23.4. 23.0] 22.6/ 22.0| 22.4| 22.0
Ty 7y 7| 71| 74 74 74 74l 78 78| 82 78 81l 86| 86 86 85 90
87 18; 14 4 2
| s
23.6) 23.4 23.6| 23.6) 23.11 23.0) 22.7) 22.7] 22,6 22.5) 22.2) 21.9; 1.8 21.8 214} 21.4 21.9| 2L.2
86| 82 86l 86 86 90, 90 90 90 95 100 95 93 95 95 95 95 95
1 !
‘ 1 ;
23.6| 23.8 23.4 23.2] 23.2 23.1) 23.2 23.8 23.1( 23.0) 22.6' 22.2 21.8 21.2) 217} 215 21.2) 20.8
74l 74l 74 74 74| 74| 78l 78 81 ssl sl o0l o000 95 90 90| 95 95
23 43 44) 29 46, ”;\ %i 18 6 5 1 i
| ‘ ‘ l ‘
23,6 23.3) 23.4) 20.4] 22.4] 22.4) 2291 2011 22,0 22,0/ 21.8 o1.4) 21.0) 204} 20.0 20.0 19.8 19.8
770 73 77 77] 77 7% 73 8V 77 77| 81 80 76 89 95 95 95 95
2 84 g0 en 10 2 1 | |
! H
19.6| 19.7, 19.6] 19.4| 19.0 19.2] 19.0 19.0! 19.2] 19.4] 19.6; 19.6' 19.8] 19.6 19.6] 19.4 19.2 19.1
100 100| 100/ 100| 100 100, 100/ 100 100i 100 100’, woi 95I 100; 100, 100| 100, 95
| [




Aug.

Sep.

2

3

»

k2]

31,

10,

11,

12,

13,

GIICHI MISONOO

TABLE 2—
| 8.00 9.00110.0010.30/11.00/11.30[12.00012.1512.30012.45] .00 1.15] 1.30
am.|a.m.|am. lam.jam.anm. m, |pm pmpm. | pm. p.m. p.m.
T. 17.8] 21.0| 20.8] 21.4| 22.6| 23.4] 22.4 23.2) 23.8 22.6| 22.4| 24| 23.6
H. 60| 57 66 69 72| 72| 80| 75 76 72 53 79 76
B.
T, 20.2 22.2| 23.8) 24.8] 24.8] 24.4) 24.4) 259 25,4 26.0| 26.0| 25.8 25.7
1. 68 66 60| 58 58 60 60 61 58 54 64] 64 72
B.
T. 20.2! 23.0| 22.8| 23.6] 24.2| 24.8 25.2| 25.0f 25.0| 25.2 25.6| 25.0| 24.8
. 80| 73 73 70 70 71 67 67 67| 64 56 56| 5
B.
T. 16.2] 16.4] 16.4| 16.6| 16.6| 15.6| 15.4] 15.4] 15.4 15.4] 15.1] 15.3] 15.4
H. 88 88 88 89 89 94/ 88 94 94 94 65 67 67
B.
T. | 186 19.8 22.0 23.0) 19.8 20.6| 20.4 20.4 19.8| 20.0] 19.5 19.8 20.0
1. 89 80 66 60O 72[ 76| 68 68 72 72 94 94 94
B.
T. 20.6| 21.6| 23.4| 23.0 23.4, 23.7| 24.6] 21.4| 22.4| 22.1| 22.4 22.4| 23.2
H. 68 66 60| 63 63 63| 64 72 81| 77 81 70 63
B. 17
T, 17.6) 19.8] 21.6] 21.6| 23.6] 23.6 23.8| 24.4| 24.0| 24.6) 25.6 25.4] 25.2
. 84| 76/ 73] 73| 70| 74 74 67| 74 74 67 67 74
B.
T. 19.8] 22.4| 23.0| 22.8} 23.2| 23.6| 23.8 23.6| 23.8 23.6] 23.8] 23.8| 23.6
H. 85| 77| 73] 81 77| 78 78 T4 74 T4 74 T4 78
B.
T. 16.2} 18.2] 21.0| 21.0| 22.4] 23.2) 24.0 23.6| 24.2) 22.8) 23.6| 23.0) 24.2
H. 88| 84 80| 80| 77| 77 74 70| 70| 73 67| 7O 74
B.
T. 19.4] 19.8] 21.4] 20.0| 20.2! 20.4] 20.3| 20.0 20.4] 20.8] 20.8 21.4] 21.5
H. 84| 85| 80| 83 80 76| 76 76/ 76 77 100, 68 68
B.
T. 17.8| 18.8 19.2| 19.6| 19.8/ 20.2| 20.2/ 19.8] 19.9| 19.6| 19.6 19.6| 19.2
H. 89 84 89 85 85 76| 85 85 85 85 8 g9 94
B.
T, 19.6) 20.0 20.8| 21.2) 21.4 23.2 24.2| 25.1| 25.4) 25.1| 25.0| 25.3] 25.4
H. 100/ 100, 100 95 95 86| 86| 86/ 86 86| 86| 86
B.
T. 19.2( 20.2 20.1{ 20.6( 20.3] 22.6| 22.7] 22.6| 22.6| 22.6| 22.6| 22.4 22.6
H, 89| 95 95 90| 77 81 70| 66| 66 66 66 66 66
B.
T. 15.6) 16.9 19.0| 19.2] 19.3| 19.6| 20.2| 20.6| 20.4| 20.6] 21.6] 20.9| 21.0
. 88 83| 84 80 75 72 72 79| 72 720 68 72 68
B.
|
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(Continued)

1.45| 2.00| 2.15| 2.30| 2.45| 3.00} 3.15| 3.30| 3.45| 4.00{ 4.15] 4.30| 4.45| 5.00| 5.15| 5.30 5.45 6.00
p.m, |p.m.p.m.|p.m.|p.m.|p.m.|p.m. | p.m.p.m.pm.|p.m.|pm|pm.|p.m.|p.m. p.m. | p.mipm,.

23.8] 23.6| 23.4| 22.8| 22.8) 23,0| 22.4| 23.1] 22.8 22.2| 21.8 21.8] 21.3] 21.4| 20.6; 20.0{ 19.8
760 72 69| 65 66 62| 63 60 60 59| 60 58 60 59 62 63 63
500 48 3 3

25.0 24.8| 24.2| 24.4| 24.2| 23.2| 22,8 23.4| 22.8 22.0| 21.8| 21.4] 21.2) 21.2

68 68 66| 65 68 67| 68 84 84/ 89 84 84 79 79

3 7l 19 8 12

25.0| 24.4| 24.6| 23.6| 24.0| 23.4| 23.2| 22.8 22.8 22.2| 22,2/ 21.7| 21.4] 21.0

54 61} 62| 62| 67 63 66/ 66| 66| 66| 69 72 72 72

1 4 2] 8| 4 1

15.5} 15.6| 15.6} 15.8 16.4 16.6] 16.8 17.0| 17.2| 17.0| 17.4| 17.4| 17.5| 17.2
6 7

21.0| 21.2) 21.8| 20.6| 20.4) 19.8| 19.8! i8.2| 18.2{ 18.2] 18.2} 18.2| 17.8) 17.6
100[ 100[ 100| 100| 100 94 94 94 94 89 94 89 89 89
12 2 8| 4 6

Y
o

23.4) 23.0| 22.6| 24.0/ 23.2| 23.2] 22,2 21.2] 20.8 20.8] 21.2] 21.6} 21.4] 21.2
63| 63| ©66| 58 57| 57| 59 62 63 58 65 59 58 58
4 1 3 2
25.80 26.41 26.4| 26.0| 25.2) 25.6] 25.6| 24.4] 24.8) 24.6} 23.2| 23.0| 22.2| 22.0
68 68 68 68 T 75 75 75 T4 T4 78 77| 8l 81
3 3 b 2 1
23.4| 23.20 23.2] 22.6| 22.6] 22.6| 22.8| 22,6 22.2| 22.0] 21.8| 21.2} 20.8 21.0 |
74 73| 63 73 73 73| 73 73 73 73 77 76 80 80 !
8 6 S 6| 4 2
23.0| 23.7] 22.2| 23.0| 24.2| 23.8| 23.2| 23.4| 22.8 22.2| 22.0| 21.4] 20.8 20.2
73, 78 73 T7) 70, T4 T4 U1 77 8L 81 85 85 90
7 4 4
21.6] 22.0 21.6| 21.4] 21.2| 21.4f 21.4| 21.4| 21.2} 21.4; 21.9| 20.8] 20.4| 20.1 ‘
66| 66) 69| 72 80| 68 68 68 68 68 68 72 72 72 i
11 3 1 1 i

19.2| 19.2| 18.8| 18.8| 18.4] 18.3] 18.3] 18.4| 18.4] 18.4] 18.2| 18.2| 18.2| 18.2
94 94) 94 94 94 94 94 94 94 94 94 94 94| 94

26.8| 27.0] 27.2| 26.9 25.0| 24.4} 23.8 23.5 23.6
79| 79| 72| T3] T4 T4 T4 78 78
g6 35| 11} 13 7

6

R 6| 22.7 292.4] 21.8 21.5] 21.0 20.8] 20.6} 20.8 21.0| 20.2| 19.6] 19.2
66 66| 66/ 69 69 68 72 72| 72 72 721 76| 75 ‘
19 10, 16| & |

21.0| 20.5] 20.6) 20.5 20.0| 20.0| 19.9| 19.7] 19.7] 19.8 19.6] 19.4| 19.3| 19.2
72| 68 68 72| 72| 72 Te T2 T2 75 T 7TH
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~ (Number of experi

8.00{ 9.00{10.00/10.30/11.00{L1.30/12.00(12.15[12.30(12.45 1.00 1.15| 1.30

a.amn.ja.m. | a.m.fa.m. | anm.jam,| m. \pm.p.m.|p.m,|p.am.|p.an.p.m.

T. 19.6/ 20.00 20.8] 21.2) 21.4] 23.2] 24.2| 25.1] 25.4) 25.1] 25.0| 25.2] 25.4

Sep. 11, 1927 . 100 100| 100, 95 95 90 86 86 86| 86 86| 86| 86
B.

T. 19.2] 20.2) 20.1} 20.6] 22.3] 22.6] 22.7| 22.6] 22.6] 22.6] 22.6/ 22.4| 22.6

. 12, H. 89 95 95 90| 77| 8L 700 66 66/ 66 66 66 66

B. ,

T. 15.6) 16.9) 19.0| 19.2| 19.3| 19.6| 20.2| 20.6| 20.4| 20.6| 21.0; 20.9| 21.0

» 13, H. 88 83 84 80 75 72 72| 72| 72 72 68 72 68
B.

T. 15.6) 17.8) 17.8) 17.8 19.0, 20.0| 19.8| 20.4| 20.4] 20.4 20.6/ 21.0] 20.7

. 14, H. 94/ 84 8% 89 80| 76| 72| 76| Vel 72 68 65 65
B.

T. 19.8] 21.0| 22.5 22.7) 22.9| 23.4/ 23.8] 23.6| 23.4| 23.8 23.2| 23.4| 23.0

s 15, , H. 85 80 77 77 70| 70l 74 70 70, 70 73| 73| 66
B.

T. 18.8 20.0, 22.0] 22.2| 21.6| 1.4 22.2| 22.0| 22.9 23.9| 24.0/ 24.21 23.5

. 16, H. 89| 80 731 69 81 76| 81 81 77| 74 70| 74 70
B.

T. 18.4f 17.5) 17.8] 18.9} 18.4| 18.7| 18.4| 18.6 18.6] 18.5 18.5| 19.0| 19.4

. 17, ., . 84 94/ 94 89 o4l 89| 89 89 89| 84 79| 80 80
B.

T. 14,3 16.8 18.8 19.8| 20.3| 19.8| 19.2| 19.2) 19.8! 19.4| 19.4[ 19.9/ 19.2

. 18, H. 94| 89 89f 83 835 80 89| 89 83 89 89 89 89
B.

T. 18.8 21.4 22.0| 21.4| 21.2/ 19.0, 19.0] 20.2] 20.2| 20.8 21.2} 22.2 21.°

. 10, H. 89| 80 8l 80 80 89 94 84 85 8| 85 81 8
B.

T. 16.8| 18.2| 19.6) 20.6| 20.8| 22.2| 21.8 21.2| 21.4] 22,0} 23.2| 23.0| 23.2

20, H. 89| 70 72 62 63 59 59 62 68 59 60 51 49
B.

T. 16.2] 17.8/ 19.3| 20.0) 19.7| 19.9] 18.8| 18.4] 19.6/ 19.3] 18.2| 17.8 18.2

» 01, H. 69| 63 60 38 61 63 67 63 68 67 70| 67 67
B.

T. 13.4) 15.41 17.1| 17.8) 18.7| 19.6, 19.2| 18.5 18.8 19.2: 19.3] 19.2] 18.8

. 22, ., H. 820 78 790 75 671 58 67 67 700 70/ 67 70 70
B.

T. 11.6| 13.4] 16.8 17.2| 17.4/ 18.8 19.0| 19.2| 19.6) 19.8/ 19.6 20.2] 20.2

. 23, ., H. 87| 87| 79 70| 74/ 71 71 67| 68 68 68 68 G4
B.

T. 12.2) 14.8 16.8 18.2) 18.6] 19.8 19.8 20.4] 21.2 20.0{ 20.2] 20.6! 0.4

» 24, H. 87 73] 66 67| 67 68 64 61 55 61 61 65 64
B.
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1.45) 2,00 2.15] 2.30] 2.45] 3.00| 3.15| 3.30| 3.45 4,00 4.15| 4.30/ 4.45 5.00 5.15| 5.30| 5.45| 6.00
P.-M. | D.m. | pm. | p.m.| p.m. | p.m. p.m. |p.m. | p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m,|p.m.
26.8 27.0| 27.2 26.2| 25.0 24.4] 23.8! 23.5| 23.6| 23.2| 22.6| 22.3| 22.0| 21.8
79| 79 T2 T2 73] 74| 74 74/ 78 78/ 77| 86| 86 86
e a2 & 1 1
22.7) 22,6} 22,7 22.4| 21.8 21.5| 21.0, 20.8] 20.6] 20.8! 21.0| 20.2| 19.6 19.2
66 66| 66] 69 69 68 72 72| 72| 72| 65 72! 76| 75
1 6 3
21.0, 20.5/ 20.6| 20.5 20.2] 20.0{ 19.9] 19.7| 19.7| 19.8 19.6| 19.4| 19.3| 19.2
68 68 720 69 68 72| 72| 7ol 76| 72 7o 75 m| 75
3 18 & 2
21.0| 21.2} 21.2| 20.8] 20.8] 20.8) 20.6] 20.5| 20.4| 20.4] 20.4| 20.2| 19.9| 19.6
68 65 65| 65 65 75 68 68 68 72| 68 79 76| 80
2 32 9 3
22.6] 22.1| 22.4| 23.0| 22.2| 22.0 22,0} 21.8 21.8| 21.3 21.3| 21.2| 21.0| 20.8
730 77 7Ty 73| 77| 77 77 770 81| 76| 80 8o 80| 85
136 26) 4 3
23.2| 22.4) 22.0| 21.8| 21.6] 22.0| 22.7| 22.8| 21.6| 21.3| 21.2| 20.8 20.0| 19.4
3l 73 73| 77| 73] 73| 63 63| 69| 68 65 635 72 80
33 20| 6 293
19.5) 20.0) 20.0; 19.9] 19.3| 19.2| 18.7| 18.2| 17.9| 17.4| 17.0! 16.9| 16.7] 16.3
75 76| 80| 68 80 80 75 79 79 83| 83 83| 83 83
19.00 19.0[ 19.2{ 19.8} 20.0| 20.0, 20.2| 19.0} 19.2| 19.2| 19.0| 18.6| 18.6| 18.4
83/ 83| 83 85 85 85 85 94/ 89| 84 89 89 89 90
56 9, 44 23 18 8
20.4| 20.6| 20.3} 20.3{ 20.0) 21.00 20.0] 19.6| 20.4| 20.0 19.0 18.5 18.2| 17.8
80| 80 891 80 85 80 85 83 80 80 89 79 84 79
68| 6 55 36 18 3 ‘ j
23.1) 22.8 22.8| 23.0] 22.2| 22.2 22.3| 22.3| 21.8| 21.4] 20.8 20.7] 20.4| 20.2
49 470 54| 54, 51 53] 510 48 51| 5% 53] 58 68 61
25| 18 16) 25 23 12
18.1) 17.2} 17.1} 16.8 16.2 15.2] 14.2) 13.4 13.3| 13.2) 13.3 12.9| 12.8 12.6
67 79| T4 74 78 83 88 94 94 94 87 94| 94 94
1 :
19.4| 19.4| 18.6| 18.2| 18.4| 18.2 17.6| 17.6| 17.4| 17.2| 17.8 17.7| 18.0 17.6
700 70 TO[ 70| 7O 70 75 75| 74 74 84| 73 79 75
31 811 21 20| 13 6 3
20.4] 20.8/ 20.6 20.6| 20.4| 20.2 20.0; 19.6 19.3} 19.%) 19.4 19.4] 19.0, 18.8
65 65 64/ 64| 68 68 64 72 75 71 71 71 73 80
1 14 12 78
! 13
20.4) 20.4) 20.2) 20.2| 19.8) 19.6 19.4] 19.6| 19.0| 19.9| 18.8 18.4| 18.0{ 17.8
64 64 64/ 68 64/ 61} 63 64 68 67 71 71 75 75
10| 20| 28 171 2
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TABLE 3—

8.00 9.00[10.0010.30/11.0011.30/12.00/12.15/12.30/12.45| 1.00| 1.15| 1.30

am.|a.m.|am.a.m.|am.jam.| m. |p.m.| p.m.|p.m.| p.m. p.m.| p.m,

_ T. 11.6{ 14.4) 15.8) 17.0 18.6{ 18.6 19.2( 18.2( 18.6| 18.8 19.0 19.2/ 19.2

Sep. 25, 1927 ]1;*- 87| 721 69 74| 75 71 71 67 67 63 69 71 67

T. 12.4] 14.6) 15.9] 17.1] 18.0{ 18.0| 18.4| 18.7 19.0| 19.4| 19.7| 19.9] 20.0

» 26, IIgI. 87| 78] 78 74| 75| 70| 637 67 67 71 71 71| 64

T. 16.6) 18.8 20.4] 20.2 20.8| 20.6| 21.2] 21.2] 21.2| 20.8 20.6| 21.2| 21.4

w27, g. 78 75| 64 64/ 65| 65 62} 58 5 62| 62| 65 58

T. 15.8] 19.0 20.6] 21.2] 21.3| 22.2] 22.6| 22.6 22.6 21.8] 22.0, 22.3| 22.6

s 28, g. 94| 67, 68 65 62| 62| 66| 63 63 62 66 66 63

T. 15.5) 18.8) 20.8] 20.8 21.0| 21.4 21.6] 21.6| 21.4] 21.8| 21.8] 21.4] 21.4

s 20, %I. 78] 80| 68 68 65) 62/ 59 59| 58 62 59 65 62

T. 14.2) 15.6) 17.8] 19.2) 19.8] 19.8) 20.8 21.2) 21.8| 21.6| 21.6/ 21.6| 22.0

» 30, H. o4 94 84 75 80| 8o 72l 7ol 69| 69 69 73| 66
B.

T. 16.4| 18.4] 20.8} 21.2| 21.8| 22.0| 22.2| 22.7| 23.0, 22.8| 22.2| 23.0| 22.6

Oct. 1, 1927 :Ié. 88 84 76 72 73| 73| 73 73| 73 73 77 73 73

T. 18.6| 19.0| 18.6; 18.8] 18.6 18.8] 19.2| 19.2| 18.6] 20.0] 20.2! 20.0} 20.2

» 2, 5 Ig. 80, SOl 84 84 84 80 80 S0 80 80 80 8 77

T. 16.8 18.6] 20.6| 19.6] 20.0 20.2| 19.4] 19.4] 20.2| 20.6| 21.2| 21.6, 22.0

» 3, ]}31. 94 84/ 76| 79| 76l 76| 89 80 8y 85 80 81 77

T. 16.8) 18.0] 21.0] 21.6| 20.8| 19.8) 21.3| 21.4) 21.8 21.4| 21.1| 21.7| 224

2 4, 5 IBi. 88 72| 65 66| 63 59 358 65 66| 69 68 66 62

T. 14.4 18.0| 21.0| 21.6| 20.8| 19.8| 19.6| 19.8| 20.8] 21.2| 21.4] 20.6| 21.0

» 5 s ]I;I. 88 70| 76/ 69| 72 76/ 76| 80 72 79 72 76 76

T. 14.2] 17.4] 21.0, 21.4] 22.4] 22.6 22.3 22.9| 22.4| 22.0 22.4 22.6| 22.8

,, 6, H. 63| 62| a8 58 59 60 59 62 359 66| 66 66 66
B.

T. 15.2] 18.4] 21.0| 21.1] 21.4 22.2| 21.6| 22.8] 23.3) 23.2| 23.6] 23.2] 23.0)

5 T s g. o4) 89 76| 72 76 72| 80 73| 73| 73| 70 73 73

T, 16.0 19.0 21.0'3 21.0| 21.6, 21.6| 21.8] 21.2| 21.6/ 21.4| 21.4] 21.2] 21.4

' 8, ., g. 100 71, 63 65 66| 62 62| 65 66| 65 65 65 65
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(Continued)
1.45) 2.00! 2.15] 2.30 2.45 3.00 3.15 3.30 3.45| 4.00; 4.15] 4.30 4.45 5.00 5.15| 5.30] 5.45| 6.00
p..|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m. p.m.|p.m.|{p.m.|p.m.|p.m.|p.m.|p.m.|p.m.
19.4) 19.0 19.0| 18.8| 19.2| 18.8 18.8| 18.6| 18.4| 18.2) 17.4 16.8 16.4 16.6
| 74 o7 7y 71 7 w7l 7y 7y 71| 700 74) 79 79
2 6 5 10 7
20.2] 21,0/ 20.0 20.2| 20.0] 19.9} 20.0] 20.6{ 19.6| 19.6| 19.4] 19.6 18.8] 18.0
68 68 72 64| 68 68 80 76| 76/ 72 75 80 84 89
2| 60| 22 12 ¢4
20.2| 21.2] 21.4] 21.2] 21.1] 204 20.2| 20.2 19.8| 19.6| 19.0| 18.4| 18.2| 18.6
61| 58 58 58 62 68 64 64 64) 68 63 75 75 70
16 24 36| 18 6
23.2| 23.0 23.4| 22.6| 22.4| 21.6| 21.6 21.6| 21.2| 21.0 20.2| 19.6| 19.4] 19.0
66| 66| 66| 66 66/ 66/ 69| 37 72| 68 76| 80 84 84
3| 15 24 10 16
20.8 20.4| 20.6| 20.8 20.2| 20.2] 19.8' 19.6] 19.6| 19.2) 19.0| 18.8 18.6| 18.2
68 72| 68 65 65 68 76 68 68 71 71 71 75 80
1t 9 9 100 16 7 8
21.8 21.7] 21.8 21.4] 21.0, 20.4] 20.0 19.7| 19.3| 19.0 18.4| 18.2| 18.0\ 17.6
67| 69 73 72| 76| &0 80, 76 80 80 84 84 84 89
12, g 4 7 €
22.4] 22.6| 22.4| 22.0! 21.8 21.9! 21.9] 21.6 21.0] 20.6] 20.6| 20.2| 20.0) —
73| 73| 73| 77| so 77, 77| 77 83l 80 80 83 85 —
31, 2| er 20, 6
19.8 19.8| 19.6) 19.6| 19.4| 19.4] 19.0| 18.6] 18.2) 18.0| 17.8 17.6| 17.4] —
76| 76| 76l 76| 80 80| 80 80 80 80 80 94 94 —
20.8 20.8) 20.8] 20.8| 20.4| 20.2| 20.2| 20.2{ 20.2| 19.8 19.6| 19.2f, —| —
76| 76| 76| 76| 80| 80 80 80 80 80 84 89 — —
23| 24 8 24 19 10
22.9| 21.6| 21.0 20.6] 20.6] 20.2 19.6| 19.4/ 19.4| 19.0' 18.4 18.0 17.6] —
62| 62] 63 63 7o 7o e8| 7i 75 67 70 79 79| —
4 15| 21| 34 es| 10 3 2
21.4| 21.8 21.6| 214/ 21.4| 21.2; 20.0/ 20.8 20.6/ 20.4' 19.8 19.2] —| —
76] 59| 59 53 53 55 6l 55 58 58 64 61 — —
2l e1l 19l 17| 20
23.0 22.4( 22.9 21.4] 20.6) 20.2| 20.0, 20.5| 21.2 204, 19.0, 18.8] 18.6] —
66/ 66 69 72| 80 85 85 80 80 80 80 80 84 —
271 14| 2 3 s 8
22.8 22.9] 2.30) 22.2| 23.7 23.4/ 22.0| 21.2| 20.8 20.4| 20.2 19.8 19.6] —
77 77, 73| 81 78 73} 81 83 90| 89, 80 8 89 ~—
s 12| 26 17| 2
21.8 21.4| 20.8/ 20.6| 20.5| 20.0] 19.6{ 19.4| 19.2 19.0. 18.8| 18.6] —| —
66| 65 68 68 720 791 72| 71 75 75 80 80 ~— —
27| 18 11§
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TABLE 3—

8.00 9.0010.00‘[0.3011.00]_1.3012.0012.1512.3012.45 1.00] 1.15) 1.30
a.m.|a.m.}a.m.]a.m.|a.m, | am,| m. |p.m.|p.m.|p.m.|p.a. | pm.|p.m.

T. 15.0 14.9] 15.8 16.4] 16.8| 17.6 18.0 18.0{ 18.4] 18.4} 18.8/ 19.¢ 19.1

Oct. 9, 1927 H. 94/ o4 88 88 83 84 79 7O 79 75 80 75 5

B.

T, 15.4) 18.2] 18.8) 10.4) 20.4] 19.6) 19.6/ 19.4] 19.5| 19.4] 18.9| 18.0 17.6
M 10, . 73| 63] 67 63 64 72 G4 e63] 60 H4 59 59 56

B.

T. 9.8/ 11.6| 13.2| 13.8) 14.1| 14.4} 15.2| 15.4] 15.4] 14.6| 15.0 15.4| 15.6
PR ¥ PR H. 80 76| 76| 68 68 68 68 68 68 68 68 64 64

B. |‘

T. 7.5, 6.8 9.0 9.8 11.8 11.2] 12.8; 12.9| 12.8 11.8 11.8 10.4/ 10.0
s 12, H. 78 85 T4 69’ 70, 700 76| 71| 69 66 76 74 T4

B.

T. 10.4| 11.6| 11.2) 12.6| 13.6 12.8 12.8| 13.2! 13.5] 12.5; 11.4] 11.8 11.8
s 13, H. 80 81| 81 76 77 76| 82 82 76 81 81 76 76

T.

T 0.6 13.2] 12,6/ 12.6| 11.2| 13.6| 14.6| 13.8 13.0| 14.7| 14.8 15.0 14.4
s 14, H 80 74 71 76 81 77| 68 68 67| 64 64 64/ 63

B

T. 11.00 11.4] 13.4| 14.2 14.8| 14.2| 14,9, 14.4 14.4) 14.0) 13.3] 12.6 12.4
» 13, . 81 75 82 77 78 68 73 V7 68 68 76 81 93

B.

T. 7.4] 10.6| 13.8] 14.6| 15.4] 15.8 15.4] 16.2| 16.2) 15.8 15.6 16.0| 17.6
» 16, H. 78 87) 68 73| 68 65 69 69 69 T4 78 78 70

B.

T. 7ol 86 10,6 11.8) 1220 12.8 13.4] 13.6/ 13.4 13.6} 13.4{ 13.0} 12.4
» 17, -, H. 1000 100 1000 93| 87, 87 82| 88 82 77 76 76 S8t

B.

T. 9.9] 12.5) 14.4] 14.4) 15.1| 15.8] 16.2] 16.2| 16.0 16.2} 16.0, 16.2| 16.4
s 19, H. 79 81 68 68 64 67 65 61 65 58 61 65 58

B.

T. 8.8 13.6| 15.2] 15.8| 15.6| 16.4] 17.0] 16.8 16.4| 16.4| 16.4] 16.4 16.4
s 20, H. 74 T7) T3 69 T4 69 TO 66 65 65 69 T4 T4
B. 2 2
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(Continued)

1.45) 2.00, 2.15) 2.30 2.45| 3.00] 3.15] 3.30| 3.45| 4.00] 4.15| 4.30, 4.45| 5.00| 5.15| 5.30| 5.45( 6.00
p.m.|p.m.|p.m.| p.m.|p.m.| p.m.|p.m.|p.m.{p.m.|p.n. p.m. p.m.| p.um.}p.m.|p.m.| p.m.| p.m. p.m.

19.2] 19} 19.5 19.3| 19.2| 18.8| 19.0| 19.0| 18.8| 18.4| 18.0| 17.4] —
75| 75| 75| 75 75 80 80| 841 89| 84 84} 89| —

17.2 17.2| 16.8] 16.4| 16.4] 15.8 15.2| 15.0] 15.1| 14.4 14.0{ 13.4| —
66, 66] 62 61 61 58 57| 60} 60 359 59 63} —
9 22 24 2 9 11 3

15.8| 16.4] 15.4| 15.6| 15.2 15.8| 14.4| 14.4] 14.8| 13.4) 11.8] 11.4| -
64/ 58 60, 63 63 63| 58 62] 62 66/ 66 65 —

8.4 84| —
79 85| —

9.00 8.6/ 9.6 10.0, 8.0y 9.8 88 9.4
79, 86| 86| 80, 80, 80| 80 80

a ®
© ®

11.0, 11.0, 12.4| 12.6 13.0' 13.4| 12.6| 12.8 12.8] 12.2 12.0| 11.8) 11.0
81| 817 81 82 76 76| 82 76| 76, 76 81 81 87

13.4] 142 14.0) 14.8 15.2] 15.2] 14.8) 14.2) 14.0/ 13.2] 12.0] 11.4| 11.2
63| 63} 68 60 64 64/ 60, 59| 68 63] 69 65 65

12.8 13.4| 13.6| 13.4] 13.2] 11.7] 11.8| 11.8, — — — — —
87) 82| 87| 87| 87 87 93 93 — — — — — '

16.4) 16.00 15.6/ 14.6/ 14.4] 14.9} 13.6) 12.6] 12.0) 11.8] 11.6{ 11.0{ —
74 T4 69| 68 72| 68 68 76 76| 81 8l 87 —

12,30 12.2) 12.8 12.6| 12.0, 11.8 11.6) 11.0| 10.6; 10.4; 10.0/ 9.7) —
81| 81| 82 76 87 87| 87| 81 88 86| 86| 86 —

16.8| 16.8) 16.2 16.6| 16.6| 16.8 16.6| 16.2| 16.0| 15.6| 14.2| — —]
61 62 62 62 62/ 66, 59| 61 65 65 T2 — —
1) 150 74 15 16| 25 15 12 5

16.6: 16.2{ 16.0; 16.0; 16.0; 16.0) 15.9| 16.0} 15.4| 15.0| 14.8] 14.8] —|
69 69 69 78 69 78 83 88 88 88 88 88 —
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APPENDED

(Number of experi

6.30] 7.00] 8.00 9.00[10.00[10.30(11.00[11.30|12.00[12.30 1.00] 1.15 1.30

a.m.|am.|am.|a.m.lam.|am.|a.m.|a.m.| m. |pm.|p.m.|p.am.|pm.

T. 19.5| 20.5 22.0| 25.8| 26.8| 27.3| 27.4| 27.5| 28.1] 28.1| 28.5 27.7| 26.6

Jul. 11, 1928 H. 95| 92| 87 76| ¢8| 68 68 67| 62| 59 59| 67| 70
B.

T. 19.5! 20.0| 21.5] 23.5] 25.3| 26.0| 26.4| 26.8| 27.0| 27.0| 27.0| 26.5| 26.5

s 12, ., H. 95| 95! 85| 80, 71 69 65 62 61 62| 620 62| 63
B.

T. 16.5| 17.2 19.7) 21.8| 24.3| 25.7| 26.7| 27.3| 28.0| 28.0| 27.3| 27.2| 27.3

» 13, ., H. 1000 95| 83 79 67| 63 62 56/ 55| 56| 590 59| 67
B.

T. 18.8) 20.5] 22.8| 23.1| 24.0| 24.5] 25.5| 26.0| 26.2| 26.5| 26.3 26.2| 26.5

. 14, H. g6l 82 76l 73| 70| 71| 68 66/ 66 67 66, 66 66
B.

T. 20.8] 22.0| 22.2| 23.4| 25.5| 25.4| 24.8 25.0| 24.5 26.3| 26.8| 26.1| 26.5

. 15, H. 86| 81 79 76| 78 71 74 74 74 69 67 70| 70
B.

T. o1.0| 21.4| 21.5| 22.0| 22.2| 22.5] 22.5| 22.3| 22.0| 22.1| 22.1] °2.1| 22.0

s 16, ,, H. 97 a5 95 94 94| 93 92 04, 97 96| 96 96| 96
B.

T, 19.9) 19.4| 19.8] 21.5| 24.7| 24.5/ 25.1| 25.7 25.5| 24.4 23.2 22,0/ 21.4

. 11, H. 97| 96| 97 90/ 78| 78 75 76 72| 83| 88 79 92

B. 260

T, 18.5| 20.8| 24.0/ 25.0) 24.0| 24.5] 23.5 23.0| 22.7} 22.5 22.5| 22.5/ 22.5

. 18, H. 1000 87| 74 72 76| 75 75 w9l 80| 81| 81| 81 82

B. 5

T. 17.5) 18.5) 20.0| 20.6| 22.4| 22.4| 22.4] 22.4] 22.8| 23.0| 23.5| 23.5/ 23.0

, 19, H. 94 87| 80| 74] 68 68 70 68 65 60| 63 63 63
B.

T. 18.7| 19.8] 21.2| 22.0] 23.5 23.4| 23.5) 24.3| 24.8| 25.2| 25.5| 26.0| 26.5

20, H. 87/ 86 74 T 67 69 68 70| 66/ 63 63 61 61
B.

T. 17.4] 18.5| 20.5] 22.6] 24.0| 24.5| 25.0| 26.0| 26.8| 27.4| 27.5 27.4| 26.6

» 21, H. 90l 86| 72 76| 69| 631 65 60| 55 52| 53] 56| 70
B.

T. 15.2| 16.0] 20.0, 23.0| 25.0| 25.5| 26.2] 27.6| 27.8| 28.7} 28.7| 29.3/ 29.3

. 22, H. 00| 94/ 80| 71| 65 49/ 62 60| 56/ 54 52 51 5l
B.

T. 999! 93.0| 24.0| 24.7| 25.8| 25.7| 26.0| 26.4] 25.5| 26.0| 26.3| 26.6| 26.6

. 23, ., H. 75| 77 700 70| 64| 62| 61 60| e3 60 57 57 57
B.

T. 90.5 21.0/ 21.8) 23.0! 23.0/ 23.4| 25.1] 25.0| 23.7) 25.4) 25.0| 25.7| 25.4

. 24 H. gg| 87| 82| 76| 76| 74 72| 73| 76l 70/ 63 68 70
B.
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1.45] 2.00| 2.15; 2.30| 2.45| 3.00| 3.15| 3.30; 3.45
p.m.{p.m.|p.m.|p.m. p.n.|p.m.|p.m.|p.n.|p.m.
25.4| 25.0] 25.0| 24.6| 23.8] 23.3] 23.0| 23.1| 22.8
71 74 73 74 79/ 83 80 81 81
1 1 1 1 1
26.4 26.0] 26.0| 25.3| 25.0| 24.6) 24.1| 23.4| 22.5
63 63} 62| 66/ 67| 74 73] 76 81
K 24 5
28.0| 28.0) 28.3| 28.4) 28.0{ 27.5{ 27.8| 27.4} 27.2
54| 96} 52| 52| 5€| 56/ 521 54 59
26.7| 26.4| 26.5] 27.0] 27.0| 27.0} 27.6] 27.2| 27.5
66| 67| 66 67| 65 66| 65 66 65
25.7| 25.7| 25.4| 25.0{ 25.7| 24.7| 24.4| 24.0| 23.5
790 73| 74| T4 74| 74 75 T8 79
3 7ol 81 €8 69 20
22.0| 22.3) 21.8 21.8| 22.2| 22.3] 22.0] 22.2| 22.6
96; 95| 96/ 99| 98 97 97 95 97
2 1 8 2 2 1
21.6| 22.5) 20.7| 20.4| 19.8| 20.0; 20.0] 20.0; 20.2
84 91 931 934 951 95 93| 94 93
100| 146| 120, 50| 70 9 4
2.5 22.3 21.3| 21.1; 20.9 20.5| 20.6| 20.5] 20.6
797 81 831 84 82 84 3 83| 83
7 45| 183 147 105) 14 9
23.01 22.5| 22.7) 22.5] 22.7) 22,5 22.2] 22.0; 22.1
61| 65 69 66| 66| 66 66, 70 71
23] 68 20 108, v0| 70 67| 27
25.8 26.4] 26.7) 27.0! 26.7| 26.7| 26.3] 25.8) 25.3
61 60] 61| 58 67 66| 65 68 71
20 10, 19, 37
26.3| 25.8 25.5| 25.2| 25.7| 25.5) 26.0| 26.0| 25.9
70{ 72| 72| 70| 72 7 72| 72 70
3 5 12 21
29.3| 29.3} 29.4| 29.5| 29.2| 29.0| 29.0| 29.3| 29.2
51 521 47 47 46] 46, 47 47 47
26.4| 26.1 26.5] 27.2) 26.5| 26.5| 26.5| 26.4} 26.2
570 56| 56| 55| 55 55 56 56| 56
9 4 61} 56
24.6| 25.0] 25.0{ 24.9) 25.0; 25.0| 25.0| 24.5 24.7
71 63 69| ©9 68 69 67 69 69
16| 351 17 36] 33 &

4.00| 4.15| 4.30| 4.45| 5.00{ 5.15| 5.30; 5.45 6.00

p.m.|p.m.|p.m.|p.m.|p.am.|p.m.| p.m.| p.m. | p.m.

22,7 —| 225 —| 228 — — — —
80, —| 81 — 8 —| ~— — —

22.0; 20.7) 20.7| —] 208 — — —| —
82 87| 88 — 87 — —/| — —
10 2

27.5| 27.2f 27.5| 27.5 26.7| 25.7 25.3| 24.5| —
57| 60] 57| 58 62| 63| 63 73 —
1 3 16] 19 31 25

27.0| 26.5 26.3] 26.4| 26.2| 25.4/ 25.4| 25.4| 24.5
65| 67| 68 67| 70| 70| 70 71 74

65| 140 8

23.5| 23.6| 23.4| 23.0] 22.7| 22.7| 23.0| — 23.5
79| 80| 80| 81 81 81 8y —| 81
5|

23.6| 24.0| 24.0| 24,0 24.1| 24.0] 23.4) 22.7| 22.5
88| 84| 84| 83| 82 82 84 87 88

20.0| 20.0{ 20.2| 20.3| 20.3| 20.1| 20.0| 20.0| 20.0
96/ 95 94/ 93] 931 94/ 94 95 94

20.5| 20.5| 20.4| 20.5 20.4/ 20.0| 20.0| 19.9; 19.7
84l 82| 85 82| 83 84 85 85 85

21.9] 21.5] 21.4} 21.4] 21.2) 20.7| 20.5] 20.7} 19.7
79| 71| 76| 76/ 76| 78 80| 82 82
7 4

24,7) 24.7] 24.5| 24.3] 24.0| 24.3) 23.5} 23.2| 23.2
7ol 73| 73| 72l T3 72 76 75 75

168 123| 135 51 13 6

26.0| 25.5| 25.1| 25.3| 24.7| 25.0| 24.6| 24.6| 24.0
70, 71 T2 7ol 75| 73 T4 76 7
46| 40| 115 70; 60} 20

29.21 99.2| 29.2| 28.7| 28.3| 27.6| 27.5| 27.0| 26.5
49| 47 48| 52/ 52| 56/ 56/ 58 358

20| 45| 55 88| 71 10

26.5 26.8| 26.0| 25.0] 25.0| 24.8| 24.5| 25.4| 25.0
56| 58 58 60 €0y 62 62 62 68
68| 72 26/ 14

247 25.0] 25.2} 25.0, 25.5| 24.2| 23.5| 23.0 22.5
70 65| 68 69 7 74, 77 86| 80
4
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TasLe 4—

6.30/ 7.00| 8.00} 9.00/10.00[10.30/11.00[11.30/12.0012.30| 1.00| 1.15| 1.30

p.m.ia.m.|a.m.|[a.m.|a.m.|a.m. p.m.| p.m.| m. [p.m.|p.m. p.m.|p.m.

T. 21.7| 22.5] 23.4] 28.5 24.2) 24.0| 24.7| 25.0| 24.7| 25.7| 25.5 26.0) 27.0

Jul. 25, 1928 H. 76| 78] 72| 71 69 69 69| 65 68 62| 66 64 59
B.

T. 19.1] 205 23.5| 26.2| 28.2) 28.2| 28.6| 28.0| 29.0 29.7| 20.7| 30.5| 30.5

w26, H. 89 77| 77 60| 50/ 500 56| 56| 47| 44| 46/ 44/ 42
B.

T. 3.0 24.0| 25.7| 26.5| 26.8 27.0/ 27.3| 28.0/ 28.0| 27.5 28.0/ 27.8 28.4

s 27, H. 80/ 70 69| 66/ 68 68 66| 64 65 63 62| 1 60
B.

T. 23.5 24.0 25.5 26.6| 27.7| 27.5 28.0 28.0| 28.4| 28.5| 28.3| 28.5| 29.0

. 28, H. 78] 77 7Y 69 66/ 67 65| 64 61| 61 62 60 59
B.

T, 22.8| 23.9 24.9| 25.5| 25.4] 26.0| 26.7| 27.9| 27.6 27.6| 27.0| 27.0, 27.5

.29, H. 80 82 72l 71} 71| 68| 65 65 63 66 66/ 66 65
B.

T, 22.6] 23.0) 23.5] 24.4] 24.5) 25.0| 25.4) 25.5 25.5| 25.7] 25.0| 25.0 24.9

w30, H. 84 80 81 76| 73 69 70 69 e9| 7 73 73 74
B.

T. 22.0) 22.5 24.3| 25.3| 25.9| 26.0| 26.5| 27.2| 27.4] 27.6| 26.3| 26.0 26.0

. 31, H. 84 80 73 67 64 63 59 55 60 56 58 58 58
B.

T. 20.00 22.4 24.0 25.5| 27.7| 27.0] 27.7| 27.7| 27.3| 28.0] 28.8| 29.3| 29.8

Aung. 1,7, H. 89l 73 5] 57| 50| 50 49 46 48 46/ 49 41} 38
B.

T, 20.0] 22.0) 24.0| 25.5| 26.4 26.5| 26.4] 27.2] 26.9| 27.8| 27.7| 27.7| 28.0

" 2, ', H. 84 78 63 53] 55 52| 52| 51 48] 45 45 45 47
B.
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(Continued)

1.45| 2.00] 2.15] 2.30| 2.45| 3.00| 3.15| 3.30] 3.45| 4.00] 4.15| 4.30| 4.45| 5.00| 5.15| 5.30| 5.45| 6.00
p.m.|p.m.|p.m.|p.m.|p.m.|p.m. |p.m.|p.m.|nm. p.m.|p.m.|p.um,|p.m.| p.m.|p.m, |p.m.p.m.|p.m,

26.5| 26.2] 26.21 25.9] 26.0| 25.7) 25.5| 25.3| 25.5] 25.6] 25.7| 25.3| 25.0| 24.8| 24.6| 24.0| 23.9] 23.2
60| 64/ 63| 63 63 63 66 <66/ 64 6 64| 64/ 65| 66| 67| 69/ 70 73
2 1 3 6 10, 20 =20 1 8|

30.2| 31.2 30.5| 30.0] 30.2| 29.7| 30.0{ 29.7| 29.4 29.

9 24.6| 24.3| 23.8 23.8 23.7
44] 400 420 43] 44 46 46, 47| 49 4 5

.2 5.5
50| 66, 69| 72| 74| 75 75 76
32

26.4 25.7) 24.9| 244

28.4| 28.2| 28.4| 28.1] 28.5| 28.8| 28.2| 28 4| 27.8] 27.7| 28.0} 26.9; 26. Ni
J 7 68 73 76 78
4

6
60 63 61 62 59 60 60 60 63 64/ 61 65 6
1

1085 98.5) 28,51 28.0| 28.0| 27.5| 27.2| 27.5/ 28.0| 28.2| 27.5| 27.8] 27.0| 27.0{ 27.0| 26.4| 25.8 25.0
590 60| 60/ 60/ 60 62| 62f 63 64 61| 631 61| 63| 65 65 68 70 71
34 20 7 1 3 2 3 18 6 6|
27.5| 26.5| 27.1] 27.3] 27.3] 27.0| 27.2| 26.6| 26.1| 26.0] 26.0| 25.5! 25.5 25.2| 24.5] 24.4) 24.0] 24.0
65 66/ 66 64 64, 65| 65 66| 67 67} 67| 68 69 71 T4 74 78 T7
S 34 27 26 18 3 2

25.0| 5.1} 25.8 25.8| 25.4 25.5 25.4] ©5.5] 25.0] 25.5] 26.0 25.5! 24.8] 24.5| 24.3| 24.0} 23.9| 23.8
73| 73} 70| 72 T2 T4 74 5 ‘ 7 770 77 79 78 179
4 17 12 1 10 6 2

26.0] 25.4] 25.5] 25.5) 26.5; 26.5| 25.7

5 5.0| 24.7| 24.51 24.0| 23.8| 23.7| 23.5| 23.0
58 58 58| A6 54 53 31
5

63| 64f 66| 67/ 69] 68 7L

29.5| 29.0| 29.0| 28.8; 28.53| 28.5| 28.5 28.5 28.5{ 28.2] 28.1| 27.0} 26.4 26.2; 26.1| 25.5 25.0} 24.5
40] 43] 43| 44| 43] 48] 46, 46 46] 46/ 46| 49 50| 5L 52 49 55

28.5| 28.5| 28.3| 28.0 28.0| 27.8| 27.6] 26.8| 26.5| 26.0| 26.0 25.2) 25.0( 24.4} 24.0] — 23.6] 23.
46| 46| 46| 46{ 47| 48| 48| 51| 53] 52 52| 54| 55| 85 s7 —| 5§ B
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APPENDED

(Number of experi

6.30 7.00] 8.00] 9.0010.00[10.30[11.00111. 30112.0012.30) 1.00[ 1.15] 1.30
a.m. a.m.|a.m, a.m.:a.m. a.m.|a.m, |am | m. [p.m.|p.m,/p.mn.| p.m.
T. | 205 2L0| 23.7) 255 26.8 26.6/ 27.0] 27.2 277 27.7| 27.6| 27.5| 27.6
Aug. 11, 1928 | H. 89| 87 79, 78 63 66| 64 64 62 62 62 63 62
B.
T. | 20.0] 20.5 24.0 24.6) 26.7 275 27.7| 27.3 28.0) 27.5 27.3| 27.5 27.5
L12, H. 79| 84/ 64 68 64| 57 57 590 56 57 58 58 60
B.
T. | 23.0] 24.0 25.0, 25.3] 25.5 26.4 26,5 26.5 25.5 25.00 25.4) 25.5 25.6
L 13, H. 76| 68 69, 67| 66| 63 60| 63 69 71 68 69 68
B.
T. 1200 214! 23.0| 24.5 24.8 24.5| 25.0| 26.0| 26.0| 26.0| 26.0] 26.0| 26.0
L, 14, H. — 8¢l 72 6l 3 63 60| 56 58 o8| 58 58 58
B.
T. | 23,5 24.0 25.4] 26.1] 26.5] 27.0 27.2| 27.6| 28.0| 27.6| 27.5| 28.6| 28.0
. 16, H. 81| 7o, 72l 67| 64 63 63 65 62| 63| 63 60 61
B.
T. | 225 23.0| 24.6, 26.0 26.8 25.5 27.2| 27.0! 27.6| 28 0| 28.4| 28.0| 27.4
. 1T, H. so| 79| 72 67] 63| 66' 64 o4 66| o4 61 64 65
B.
T. | 245( 254 265 26.2 262 27.8 28.7) 20.8 29.3| 29.3/ 30.2) 29.5) 29.0
.18, H. 77) 74 70| 72| 75 65 63| 57 58 59| 55 58 59
B.
T. | 245 24.8] 26.2] 27.3| 27.8] 28.5| 28.6| 28.8] 28.8| 28.8| 29.5| 29.6| 20.8
L 19, H. 71| e8| 61| 66| 58 57| 56| 54 53| 53] 50| 50| 48
B.
T ! 23.0 26.0] 28.8 29.5 31.5| 32.0] 32.0 32.0| 32.8 30.4| 30.8] 31.0| 32.0
.20, H. 74| 64] 53 55 48| 49 47 49 47 53| 52 51| 49
B.
|
7. . 23.5| 23.8] 26.5) 28.2 29.4| 20.8| 30.1| 30.5| 30.0| 28 8| 28.4] 28.4| 28.1
IR T . | os1 &1 71 esl 60 59 57 57 57 60 63 64 73
B.
T, 23.2 24.4] 25.8) 27.0| 27.5| 28.5] 28.4] 28.1) 27.9| 28.5| 28.3 28.4] 28.0
.o H. 93l 87l 79| 70| .65 60| 63 65 64 o4 65 64 65
B.
T 20.0] 21.2| 24.2] 25.5] 25.7) 26.7| 25.5) 26.2| 26.0) 27.4] 26.9] 26.9| 25.3
. 93, ., H. 89 s3] 71 66| 68 56| 69 o2 64] 59| 6ol 63 68
B.
T 22.0] 22.7| 24.0] 23.2] 24.4] 25.0) 25.7) 26.0| 25.5) 25.3| 2.5 25.4) 25.0
. 24 1. | 90 87 86 931 84 71| 68| 68| 66| 66l 63 e8| 74
B.
T. 208 21.8 23.5| 25.4 26.7) 27.4] 20.0] 29.5/ 29.4/ 20.0| 27.5| 26.9{ 26.0
. 25, M. 97| 89 82 74l 72| 68| 63 59 59 60 70| 69 73
B |
* I 1 ! ‘ i
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TABLE 5

mental plants 15)

1.45] 2.00 2.15| 2.30| 2.45| 3.00| 3.15| 3.30| 3.45] 4.00| 4.1:
P p.op.m. | p.m. | p.m. | p.m. | p.m, | p.m. | p.m. | p.m. [ p

27.5) 26.5| 27.0| 26.8| 26.6 26.6] 26.3| 26.0| 26.0| 26.6] 27.0 9

63| 66| 64 66| 62| 63 67| 68 66 60 56 7
2 1 h

2] 27.0| 27.0] 26.4| 26.5] 26.0| 26.5| 26.3| 24.6| 24.0] 24. 0

59, 59 60 63 66 66 60 60| — 64 8
’ 13 9 1] 3

26.2) 26.2) 26.2| 25.5) 25.0| 24.8} 24.2] 24.0 24.0| 23.7, 23.0| 23.0| 22.

2 8| 23. 5| 225
67 67 64| 66 66| 69 73] 74| 73 77 77, 73| 79| 78 78 76| 80| 79
1l 220 17 1

25.6) 26.0 25.8) 25,5 26.0| 25.7| 25.0| 25.1| 24.5| 24.4| 23.8| 23.6| 23.1| 23.0| 23.0] 23.0| 23.0| 22.7
58 56 55 38 55| A7) 63 60] 65 64 67 69 71 72| 71 72 72 79
2 9 14 14| 12 S
27.5) 26.4) 35.8; 25.50 25,7} 25.4] 25.0) 25.2) 25.3] 25,1} 24.4] 24.6| 25.0| 24.5] — ~ — —
62| 65 67 68 68 70, 71 71 69 69 72 73 70| T2 — — — —
2 171 15| 13 12 4 1

27.5] 27.6| 28.0} 28.0| 28,0 27.3) 27.8| 27.5| 27.6| 27.1| 27.0{ 27.0| 26.5 26.4] 26.0{ 25.6 25.3] 25.0
66] 66 64/ 64 64 68 65 65 64 66| 74| 66| 66 69 70 73 T 70
1 6 3 3 13 10 5

28.8) 20.2; 20.0, 28.8| 28.5| 28.5| 28.6 29.0) 28.6] 28.4| 27.6| 27.5| 27.1| 27.0| 26.7| 26.6| 26.2{ 25.7
59/ 59| 39/ 60, 60 60, 60 59 59 60 61} 63 62 63 65 66/ 67 68
1 8 120 19| 14 4

29.5) 20.8) 29.0i 29.0| 29.1) 29.4) 30.0| 30.4) 30.2{ 30.2( 30.1{ 30.0{ 29.8| 29.4{ 29.2| 29.0{ 28.5| 28.0
501 48| 48| 48] 47| 46| 45 45| 45 46| 45| 46| 47| 47| 48/ 51 51
Il 10, 24 18

31.5| 31.8] 31.0 31.1] 30.7| 30.7| 30.5 31.7, 31.0] 30.1| 29.1} 29.3| 28.6 28.5 28.5| 28.5| 29.2] 29.3
5 5 5 54/ 53| 50 52| 55 60| 60| 63| 64/ 64/ 67 59 b
1l 16] 32, 18 3

28.0| 28.5) 28.5| 28.5 28.4| 27.9| 27.5| 27.0) 26.3 26.0| 25.8| 25.8 25.7| 25.8] 25.8| 26.0] 26.0} 25.7
65 G4 64 64 65 68 69 71 76| 78 82 82 83 82l 83 81 82 83
2 5 4 22 18 2 1
28,00 27.4 27.4) 27.5 26.8| 26.5| 26.5 26.5| 26.0| 25.9) 25.3| 25.3| 25.0 25.0] 24.9) 24.5 24.2| 23.6
67| 68 68 68 70| 70, 68 66, 69| 70| 73| 72| 73] 78| 72 75 76/ 80
l 6 3 4 14 14 10 4 3

23.4( 23.0

26.5| 26.0| 25.4] 25.7 26.0f 26.0{ 25.8| 25.5| 25.5, 25.4 24.5| 24.1 24 8| 23.5
61 o j 63, 67| 6 6 70 71 69 69 73

o4 66| 64 63] 63

24.5) 24.5| 24.3| 24.0) 24,2 23.8) 23.6) 23.5| 23.6| 2
77, 80} 79, 78 77 82 82
3

26,1 26.4 26.0| 26.0] 26.5
7

26.4] 26.1} 25.7| 23.8| 25.41 25,0 24.5] 24.4] 24.5| 24.5| 24.0 24.0{ 24,0
73) T 73; 70 5

5
O 73 T2 75 T 76 77| 77| 76 75 73 72 17} 77
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TABLE D

10.00110.30 11.00'11.30 12.00,

' 12.30| 1.00| 1.15! 1.30

6.30| 7.00| 8.00{ 9.00

a.m,;am, a.m.la.m. a.m.,a.m./a.m.|a.m,.] m. [p.m. p.m. p.m. p.n.
- i
T, 22.0| 24.0| 25.0; 26.0| 28.0} 27.0] 27.7 28.4‘ 8.5 29.0| 29.4 29.1| 28.5
Aug. 26, 1928 H. 90| 81 81| 67 60| 62| 39 55 54 52 52| 54| 52
B.
T, 29,5 23.0| 2251 23.0 24.0 24.0 24.2] 24.0) 24.0| 23.9| 23.8] 24.2) 24.2
. 81, H. — — I — 93 96 96 98 965 96 97 96 98
B.
T. 18.6) 18.7 19.1] 19.3| 20.0] 20.2| 20.4{ 21.0 21.7i 92,0/ 22.1) 22.0| 22.0
Sep. 1, ,, H. 1000 100: 99 99 100( o8 98| 93 90l 90| 89 89| g2
B.
T, 22.4| 22.4] 25.4. 26.2] 27.0 26,6/ 27.3| 27.0 27.0] 26.6] 26.4 26.3) 26.5
w3, 1I. o0 90l 7' 73 74l 77| 75| U5 75| 76| U8 T8 8
B. !
|
T, 22,01 22.6, 25.0° 26.5] 27.3| 27.6, 28.1 27.7 28,0/ 28.8 28.5| 28.3 28.3
A, 1. 95| 94 88 75 72| 66 70| 70/ 69 68 69 73 70
B.
T, 23.5) 240, 24.8) 25.9, 27.9| 27.2) 27.4 27.8, 28.0 27.3 27.6 27.5| 27.5
o By H. 82| 83 82 75 68 68 63 64 65 68 68 ‘67 70
B. l
T, 24.5 25.0) 25,4/ 27.2) 27.0) 27.0| 26.7| 26.5/ 25.9| 26.0, 26.0 26.3| 26.4
w6 H. 86| 86| 83| 75 74 T4 76 78 78 78 78 7§ 78
B. l
T. 21.7| 21.7] 22.51 26.3| 27.5| 28.0] 28.6 29.3{ 20.0/ 29.6| 30.4] 30.7| 30.4
R A H. 84/ 83 83 70| 67| 71 60| 57 54 52 48 50| 51
B.
T. 21.4 23.4] 24.6] 26.3) 27.0| 26.5 26.2| 26.4' 26.5 26.8 27.4| 26.8| 26.8
.8 .81 69 68 61 59 64 69 66; 63 65‘ 63| 68 70
B. | i : .
f ' Lo
7. 18.8 19.2 215 20.7] 24.5 25.3) 26.3] 26.0 95.9 26.0} 26.5 26.2| 26.0
.9, H. i 91 93 90 86 75 73 68 70i 70, 68 69 66, 68
B. | |
|
| | :
T 99.7| 22.7| 93,5 23.9 23.7, 24.0| 24.0| 24.3 24.0| 24.5| 25.4| 25.6] 25.7
, 10, H.oo95 93 89 88 91 90l 89 911 90| 90! 87| 84 84
B.
T, 1195 205, 23.6 23.4 25.5, 25.9] 25.5| 25.0) 25.0| 24.5| 24.0) 23.9] 24.0
, 11, H. J’ 95| 89 73 73] 69 62 65 64 69 69 72 72
B.
I I
T. 11920 19.00 19.1, 19.5; 21.4 22.0 22.7) 23.1] 235! 23.1) 22.3 22.0| 21.7
s 12, 0 H. | 87 80 91 89 79| 90 74 69 64 67, 67 69 T4
B. . i
| {
CooT 19.0( 19.2) 24.0) 24.5 24.5 24.5) 24.3] 23.7) 23.3) 22.5 22.8! 23.0/ 22.8
. 13, , | H. 100| 1000 900l 87 86 84 81 93] 93 9¢ 97| 95 97
' B. ! : i 1
: l L
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(Continued)

1.45) 2.00) 2.15] 2.30| 2.45| 3.00| 8.15| 3.30| 3.45| 4.00| 4.15| 4.30| 4.45 5.00] 5.15 5.30] 5.45 6.00

P | pom| pom. | pom.| pom. | pom. | pam. | pom, | pom. | pom, | pom. | pom, | pom, | pan. | pom. pam. | pom.) pom,

28.5| 28.1| 27.8 27.8) 27.7| 27.8| 27.0| 26.5| 26.5| 26.5 26.6| 26.5| 26.6| 26.5| 26.5| 26.5 26.0| 26.0
56/ 59 57 60 61| 60/ 63 66 e8| 7o- 72| 70| 69| 70| 73| 70| 70l 70

2 7 e 1

24.3| 24,0 24.0| 24.0| 24.0{ 23.8) —| 23.8] —| 23.9] —|23.5] — 2351 —| 232 —| 225

96| 97 96 o8 98 99| —| 99| —| o8 —| 1000 — 99 —| 98 —| 100

il

22.0| 21.6| 21.5 21.3| 21.0 21.0] —| e1.0| —| 207 —| 20.6] —| 205 — 203 — —
92| o4 94 o6l 97 98 — 98| —| 1000 —| 99| —| 100| — 100 — —
926.6) 26.5| 26.5| 26.0) 25.4] 25.0) 25.0| 24.8] 25.5] 25.5] —| 24.0] —| 2390 — 3.5 —| —
77 76; 78 82| s4/ 86 ss ss| s9| ss —| 90 —| 90 — 92 — —

5 1 1 @

27.6| 27.9) 27.4 26.9| 26.3| 25.0| 26.0| 25.5 25.3 25.3| 25.0] 24.5 —| 245 —| 240 —| —

74 74/ 70| 74| 82 84 83| 84 86/ s6 se| s8 —| 8 — 90| — —
11 1 8 a & 1

27.0) 27.0) 26.6) 26 5| 261 25.5) 25.2| 25.0| 24.8' 24.5. 24.4 24,4 —| 20| —| 240 — —
70, 70| 73] 74| 74l 80| 81 81| 83 86l 85 s3| —| ss —| 88 — —

: 4 1 2| 3 2

26.2| 26.0| 26.3| 26.6 26.4] 26.4| 26.3! 26.5 26.9 25.6; —| 24.9] —| 243 —| 240 — —

c7el 78{ 75 75| 77 77| 78| 7| 76 81 — 83| —| 83| —| s8] — —

: 2 1 6 4 7 1

09.9: 30.4| 30.0 28.9] 28.4| 28.3| 28.2| 28.6 27.0. 27.0. 27.5 27.4] — 265 — —~ — —
53| 52| 57| 61| 63| 62 64 63| 63| esl e 71 ~| 78| —| — — —

: 2 2 6 2

07.4] 28.0| 27.0) 26.7| 27.0 27.0| 26.4| 26.9| 05.4 250 —| 25.2] — 27| — — — —
68 72| 70| 69| eof 70| 70l 72| 75 . 81 - 76| ~—| 80 — — — —

g .
926.0) 26.0| 25.6| 25.5 25.3| 25.3] 25.2| 25.3| 25.3] 25.0 25.0| 24.5| ~—| °4.0] ~—| 23.5 — —
“e8l 70| T 72| 75 74 71l e8| 67| 69 6o e9| — 80O — 75 — —
11 1) 44 1

95.4) 25.5| 25.5 25.5] 25.5) 25.5| 25.5| 25.4] 25.31 95.4| £5.0 25.0| —| 245 — — — —

183 &2 83| 83 83 83| 84 83i. 85’ 83| 87| 8¢ — & — — — —

' 2 1 2 [

24.0) 23.7 23.6| 23.8) 23.9 24.0| 23.8| 23.7] 23.6] 23.51 —| 23.0| —| 225 —| — — —
7o 73 7a| 72l 72| 7ol mi| 7ol 74l qal — wel — 78 — —| — —

4 1 3

21.5| 21.5| 21.5) 21.6) 21.5| 215 o1.6| 21.8| 21.5| o1.2] 21,0 21,0 —| 206 — —| — —
T4 75 77 79 71 77| 76 78 75| 80/ 80| 8| —| 8 — — —| —

o6 22,5 22.5| 22.5 22.5 22.5| —| 23.0 — 23.0]  — — o7 — - - —

©99, 100] 100] 99| 99| 99| —| 95  —{ 95 | — — 8 - - - =

Le s 1 g 1.
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TABLE 5—

6.30| 7.00| 8.00{ 9.00{10.00(10.30{11.00{11.30/12.00112.30| 1.00} 1.15| 1.30
a.m.|a.m.a.m.|am.[a.m.a.m |am.  a.m.| m, |p.m.|p.m|p.mp.m.

T, 10.3) 19.2| 20.5| 22.5| 23.7] 23.8| 24.4] 25.0| 25.5| 26.0| 25.0| 25.5| 25.5
Sep. 14, 1928 H. 95 o8 95 90 88/ 86 82 79/ 72 78 77 7 71

B.

T. 18.0| 18.8| 21.5) 23.0| 23.8| 23.0] 24.4 24.2! 24.5| 24.5| 25.2| 25.0| 25.0
. 15, H. o4l 89| 81| 76| T4 80 74 73| 73 73 74 T 73

B.

T, 16.7| 18.4] 18.5| 19.2| 20.0 20.3 20.8 21.0| 21.8; 22.0; 22.0) 21.7| 21.2
. 16, H. 99| 76| 84| 77| 69| 67| 68 67 59 55 60 60| 69

B.

T, —| 16.6] 17.5] 18.0| 18.4| 19.0{ 19.5| 19.0| 19.0, 19.0| 19.3! 18.5 18 8
» 17, l H. —| 71 66| 64| 61| 38 57 59 57 57T, a8 56| 58

B.

T. 11.0| 11.81 13.4] 16.8] 19.0] 18.9; 18.6| 18.4| 19.0| 19.4/ 20.2 20.0 19.8
18, H. 89l 83 83| 70| 52| 53 60 58 59 55| a8 56 55

B.

T. 15.0/ 15.3 16.3) 18.1] 17.2] 16.3] 16.4| 16.0| 16.0} 16.2} 16.0| 15.5| 15.5
s 19, 5 H. 87| 83 82| 70/ 76/ 88 87| 88 81 81 84 88 88

B.

T. 14.8 16.5| 18.5| 20.5| 21.5| 21.7| 22.0| 23.3| 22.7| 23.6] 24,0, 24.3| 24.5
» 20, H, o7 87 84 78 75 T8 75 T3 T3 67 64 63 65

B.

T. 13.2| 14.3/ 19.0] 16.8] 18.5] 19.5) 19.0| 19.0| 19.5| 20.2| 20.5/ 20.2| 20.2
» 21, H. o7 96| 74 95| 89| 77| 74 73 70| 68 66/ 64 65

B.

T. 11.2) 11.6| 13.5] 15.8| 18.3| 18.7| 18 5| 18 8| 19.5| 19.6| 19.6| 19.8| 19.6
w22, H. 88| 88| 871 72| &9| 66 63 56| 57 58 55 83 56

B.

11.0| 11.8| 12.8] 13.8{ 14.6| 15.1| 15.7) 16.0{ 16.6; 16.3| 16.2| 16.0| 16.0

w23, o4/ 89| 87| 90| 93 94 921 92| 93 91 90, 87 87

14.0] 14.0 14.5| 15.8] 18.0 18.2] 19.2| 20.5] 20.5} 20.6| 21.0| 21.0; 21.0
77

w24, 97 100, 100 98] 91| 92| 85 88 80| 75{ 76| 77
22.0 22.2| 24.0| 25.5] 19.5| 21.5| 22.1| 21.6 22.0; 22.5| 22.6| 22.1| 20.4
82| 77/ 100 87| 83| 79 76| 72| 75| 74 76

10.8) 11.5) 13.
68 G4

(=23
[ =]

14.1 15,71 17.3| 185} 17.2| 17.

7.2\ 17.4] 17.5] 17.5| 17.5
66 57| 56/ 50 54 a7 b 5 55

54| 55[ B4 55

15.0| 16.7| 19.0 19.5 19.5| 20.0/ 19.5 19.4| 19.3| 19.5] 19.4| 19.4] 19.5
66| 61 53| 54| 47 44| 42| 42| 43] 42| 40| 40, 40

Lo
o
FHs WHS WHE WEhE @S
®
(=3
oo I
0D
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(Continued)

1.45 2,00/ 2.15| 2.30] 2.45| 3.00| 3.15| 3.30| 3.45| 4.00] 4.15| 4.30| 4.45| 5.00] 5.15| 5.30] 5.45 6.00

p.m.!p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.| p.m.| p.m.|p.m.| p.m.| p.m.| p.M.| p.Mm,| p.M.| p.M.| p.m,

25.2 25.9] 25.0 24.9| 24.7| 24.6| 24.5| 24.5| 24.3| 24.0| 23.8 23.5| 23.4| 23.5
68 71 75/ 8o/ 81 76| 82 79 83 &1 82 82 84/ 85

1 2 1 1 =2

25.81 25,7 25.5] 25.4| 25.0| 24.0| 23.5| 23.5| 23.4| 23.0| —| —| —;22.8

68 70| 69 70| 73| 77| 76| 76/ 77| 84 —| — —i 80
20 3 4 1

21.0] 20.0| 20.8| 20.6| 20.0! 19.8] 19.6 19.7| 19.2| 19,0f —j 18.7] ~—] 18.4

67| 73| 70| 7o 7ol 7ol 71| 71| 73| 74l — 74 —| 73
1

19.00 187! 19.2| 18.9! 18.8} 18.8| 18.5| 18.7| —j 18,5 —| 18.5] ~—{ 17.6

571 56| 59| 76| 67 59 56| 57 —| 59 — 589 —| 63
3

20.0| 19.6] 20.0| 19 9| 19.7| 19.7| 19.5{ 19.0| 18.9; 18,6 —| 18.2] —| 17.6

53 53| 52| 54/ 56 57| 53 59 66| 60 —| 67] —| 72
1 120 8 4 2 1 1

15.5! 15.5] 15.3] 15.2] 15.2] 15.4) 15.3] 15.3( 15.2] 15.2/ 15.2] 151 —| 15.2
88) 85 87| 88] 88 88 90) 90 921 90, 89 90| —| 88

24.31 24.0| 2411 24.0| 23.0| 22.5| 22.5! 22,0/ 22.1} 22.4;] —| 22,0 — 21.0
64 64l 68 67 72| 70| 66, T T4 68 — 71 — 80

2l 9 2 4 1

20.3| 20.5| 20.6| 20.5| 20.5! 19.5| 20.0| 19.8{ 19.5; 19.5 19.0 19.5] —} 17.5
64 62| 62 63 66 64 58 57| 59 57 60 58 — 68

18.5/'18.5] 18.2| 18.5| 18.7} 19.0| 18.7| 18.5 18.2| 17.8 17.7| 17.8) —| —
60l 62! 63 64 63 63 64 63 67 70 73 75 ~— —

1 1

15.71 15.5| 15.5 15.5| 15.5] 15.3| 15.3] 15.2| 15.6| 14.5| 14.2] 14.0; —| 14.0
g7 90| 94| o0 92| 90| 90 92| 927 90, 95 96 —| 96

20.5! 20.5] 20.8] 20.0| 20.0f 20.0{ 19.9| 19.6| 19.4] 19.3} 19.2| 19.4) — 19.0
go| 80| 77| 81 81 81 82| 83 83 86, 87 8 — 89

7l 8 s & & 1 1 1z

20.6/ 19.9| 18.5| 18.5| 17.7| 17.6| 16.8| 16.2| 16.7| 16.5| 16.0| 15.8| —| 14.8
771 76| 76{ 75 75 61| 67 63 61 64 67 67| — 73
1 2

17.5| 17.5| 17.5| 17.5) 17.5| 17.5| 17.5| 17.5] 17.7| 17.5| 17.5| 17.4] -— 16.5
551 55| 53| 56/ 58 55 54| 58 54 55| 55 b4 — 89

19.3] 19.4] 19.2) 19.0) 18.7 18.5| 18.3 18.1j 18.0] 17.5] 17.3) 17.0] — 16.0
400 41| 87 37| 42| 43| 42| 42 43| 47 47| 499 —| 57

4
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TAvLE 5—

6.30] 7.00] 8.00 9.0010.0010.3011.00311.3012.0012.30 1.00} 1.15) 1.30
a'm.|o.m.'a.m, a.m, |a.m.|a.m. a.m.;a.m. m. |p.m. p.m. p.m.ip.m.
T. 14.0| 16.0; 16.0/ 15.6 16.5| 17.8 18.8t 18.5 18.5| 18.5) 18.5] 18.7| 18.
Sep. 28, 1928 H. 790 79 70/ 09 T4 70 ﬁz) 64l 64] 62] 64 63 63
B.
T. 16.0| 16.0] 17.0| 19.0| 19.2] 21.2| 22.0. 22.0| 22.0/ 21.0} 18.7| 19.0] 20.0
» 29, ,, H. 88| 90| 87 69 62 58 57| 58 &5 56{ 7a| 72 67
B.
T. 10.6| 10.5) 12.2) 13.0) 14.4] 14.4] 14.5] 13.6| 14.0| 14.0| 14.5| 14.0} 14.0
» 30, . 82| 78 67 65 GO 62| 69 63 63 65 60 635 65
B.
T. 8.0/ 8.4 12,0 13.0| 14.7; 15.5] 15.9; 16.2| 16.3| 16.4| 16.5/:16.2| 16.3
Qet. 1, H, 91l 94 720 76 63( 55 47 50| 49| 46| 47 47 45
B. 1
: T. —| 16.0{ 18.0] 20.0 21.14 215 21.4 21.0] 19.5| 20.4| 21.0| 20.5| 20.6
w2, H. —| 74 57 631 57 631 56, 49| 52| 33 55 52 55
B.
T. —| 13.4) 14.5 18.8' 19.2| 19.3| 19.3| 15.7| 15.5 15.8 16.5 17.5| 18.5
w3, H. —| 81 78 58 56| 63] 56| 42) 76/ €91 72 68 56
B.
T, —| 11.0/.13.5| 10.0| 10.5 11.7| 9.9 11.2| 13.0|-13.0 13.7| 13.5| 13.7
R S H. —| 74/ 4] o4 94l 79/ 100 84 87| 75 64/ 62 58
B.
T. —| 8.0 9.2 12.0[ 14.6] 14.8| 15.3| 15.8] 15.5 16.0 16.3|.16.3| 16.0
PR H. —| 59 72| 63 53] 52| 49| 500 53 51 51 50| 53
B. L
|
APPEXDED
(Number qf experi
6.30] 7.00| 8.00| 9.00[10.00[10.30[11.06'11.30[12.00712.30| 1.00| 3.15| 1.30
am. am.fam, am, an.. amam.,;a.nm,|: m. p-m. p.m. pm p.m.
T. 16.0| 16.2] 17.6| 17.3) 19.2 — 184 —| 185 18.419.2) —|19.2
Jul. 4, 192 H. 88 88| 86/ 87| 83 — 93 — 74 83 85 — 83
‘ B. «
|
T. 5.0 —| 15 6] 15.9| 16.3| 16.2] 16.2| 16.4 16.3| 16.6) 16.0| —| 16.0
R S H. 80| —| 98 95 94/ 93] 90| 90| 88 86 89 —| 90
B. ‘ ‘
‘ T. 152] —|'161| 16.4 16.6/ 16.8 17.0 16.9| 16.8| 17.1] 17.3] —| 17.1
» 6, H. 98] — 93 93] 94 92| 91, 91 o1 91 93 — 92
B.
T. 15.9) 15.4| 16.2 16.6| 16.9; 18.9| 17.8! 18.6| 18.6| 18.5| 18.7f —| 17.6
w T om H. 98 98 90| 88 94 84 91 91| 78 77 90 — 8%
B. ;
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{Continued)

1.45| 2.00| 2.15| 2.30| 2.45] 3.00; 3.15| 3.30; 3.45 4.00‘ 4.15| 4.30] 4.45) 5.00| 5,15 5.30| 5.45] 6.00
p.m.|p.n.|p.m.|p.m.|p.m.|p.m.| p.m.| p.m.| p.m.|p.m. p.m. | p.m. | p.n. | p.m.|p.m.| p.m. (p.m.| p.m.

|

18.7| 18.7| 18.6] 18.5 18.5 18.7| 18.9; 19.0 18.8] 18.6| 18.0} 17.0| —| 17.0
670 67 73| 74 721 €69 67 73 62 64 74 09 — 83

- 20.5] 20.8| 21.3| 20.7) 20.5| 20.5] 20.4/ 19.9; 19.6 19.3° - 18.5] —| 17.6 '
570 60| 57| 56/ 50 50] 50 521 53] 852 — 45 — 46

&

14.3) 14.0| 14.5| 14,3| 12.5| 13.0| 13.7| 14.2) 14.0] 14.5| 13.5| 12.8| 12.5{ 12.5
64 65 64| 64 71 67| 08 64 064 60| 65 68 69 69

©16.5| 16.2] 16.0} 16.1| 15.8| 15.7| 15.6] 15.4] 15.3| 15.0] 14.5 14.0, —] 13.0

461 45 45 43l 56l 47 49 47| 490 59 59 55 — 59

T 01,00 20.8' 91.4) 21.5] 21.5) 21.0} 21.0| 20.0| 19.0; 19.3; 19.2) —| 17.5] —
53 54l 5| 53 62| 62 48 47, 47| 50 5 '

Q Q!

19.01 18.7) 18.5 18.0; 18.4; 18.0| 18.5, 19.0! 19.6| 19.6! 19.5| 19.0| 18.0| 17.4

56 55 59| 58 61 68 67) 63| 56, 60f 57| 58 63 66
{13.8 14.2 13.8] 13.4| 14.0| 13.8| 12.8| 12.6| 13.0| 12.5;, —| 12.8° —| 11.3
. b7 57| 57 60 60} 61 59 61 59. 69 —] 65 — T8 | |
o ‘ ‘
]
15.8! 16.0{ 15.5| 15.9] 15.7| 16.0| 15.8] 15.7 15.6l 15.5 15.0] 15.0f —| 13.7 :
. 50| 53] 47| 50 47/ 43\ 50| 55 55 55 57| 58 —| 36
TABLE 6
1
mental plants 15)
1.45 2.00| 215 .30, 2.45 3.00] 3.15] 3.30| 3.45] 4.00| 4.15 4.30| 4.45 5.00| 5.15| 5.30| 5.45 6.00
p.m.|p.m.|p.m. | p.m. | p.m. | p.m. | p.m. | pom. | p.m. | pom.| pam, | P pmL | PO | P P10 P | P
] —
—19.6) —19.4 —| 20.27 — 19.8 —~! 19.6. — — '— 202 — — —|19.4
—! g5l —1 87 — s — 83 — 83l — — — 8] — — ~— 85
—[161] — 159 — 162 — 161 — 159 — 158 — 156 — 15.6 —|15.6
—| 88 — 92 — 79 — 8§ — 92 — 90| — 94 — 93 -—| 93
—! 16.8) —| 16,8 —| 16.8) —| 16.6 i 16.6, —| 16.6; —| 16.2| —| 15.8] — 15.8
— 93 —' 93 — 93 — 94 — 93 — 93 — 93 —| 98 -—| 98
17.8| 17.9| 18.0| — 17.4/ 16.8] — —| 17.2} 16.4/ 17.6; 17.9, — 17.2] —| —| — 158
80 79| 78 — 82 93 —| — 79 92 82 78‘—83—————._93
1
‘y | !
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TABLE 6—

6.30| 7.00/ 8.00| 9.0010.00[10.3011.00[11.30{12.00(12.30| 1.00} 1.15 1.30

a.m,jam.a.m.|am. | a.mjam,am.jam.| m, |p.m.p.m.p.m. p.am.

T. 13.8] 13.8| 14.7| 15.4| 16.6| 18.0] 17.9] 19.4| 18,7 17.7| 17.9] 18.2| 18.4

Jul, 8, 1929 H. 100 100; 97| 93| 88 92 90, 86 74 77| 79 77| 176
B.

. 14.6) 16.4] 19.6| 22.00 —| 21.2| 22.2| 22.6] 22.5/ 22.0| 21.0} 21.6| 21.4

P H. 100] 95 94] 84 —| 71| 71 67 65 68 70 69 68
B.

T. 15.2] 16.4| 19.6| 22.0 24.5| 25.1| 25.8, 26.4] 25,2 25.0 23.9| 23.4 22.8

s 10, H. 100 94) 79| 84/ 64{ 59| 61 58 61] 62 65 67| 72
B.

T. 16.2] 17.8) 20.3] 21.8| 22.1| 23.0| 24.6] 25.3| 26.2| 26.1} 26.9| 27.0, 26.4

e 11, H. 95 87, 80 78/ 78/ 75 71 68 65 66/ 66| 63 81
B.

T. 20.2] 22.4| 26.9] 28.8| 29.8| 30.8| 30.2] 31.2| 30.6| 30.6 31.8] 30.4/ 30.1

» 12, H. 85| 77| 66/ 56! 52] 50 53] 50 48| 53| 48] 51 53
B.

T. 20.8] 22.4| 25,6/ 26.2| 26.1] 25.7| 26.8 £8 4| 28.1] 28.6| 30.2| 30.0| 29.3

s 13, H. 91l 94 79 69| 721 75 72 68 69 68 571 58 59
B.

T. —| —| 21.8 22.4| 22.8] 22.9| 23.2| 23.3| 24.0| 24.4| 24.6] —| 24.3)

s 14, H. — —| 96 92/ 92| 92 o1 91 90| 88 88 —| 89
B.

B T 20.0} 21.8| 24.0| 27.2| 28.8] 28.6/ 29.2| 29.4| 29.5| 30.8| 30.7| 30.5| 31.8

s 18, H. 100| 88| 84/ 75 70| 69 67| 66| 66| 59 60] 65 55
B.

T. 22,8 26.2| 29.1) 31.0/ 31.4] —| 26.8| 26.3] 26.2| 26.6| 28.8| 28.4| 28.6

9 16, H. 84| 78| 63 57 62 ~—| 73| 74 75 74 71 69| 68
B.

T, 21.8| 23.4| 26.8| 29.8] 30.9] 30.4| 30.0| 29.3| 30.2) 29.5| 31.0, —| 31.9

» 17, ., H. 87| 86/ 72| 59 57| 59 68 70| 61 62 56 —| 52
B.

T. 21.8} 22.8| 24.6/ 26.1| 26.9] 27.6| 28.0| 28.2 26.4| 26.4| 25.8] —| 25.5

» 18, ,, H. 98| 92/ 83 67| 66| 62| 60| 59 66 71 70| — 71
B.

T. 17.8| 20.4| 24.2| 25.8 26.8] —| 27.6| —| 27.8| 27.4] 27.0| 26.6/ 26.0

s 19, H. 87| 81 60f 63| 69 —| 52 —| 49| 55 58 56| 54
B.
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(Continued)
1.45, 2.00| 2.15] 2.30 3.00| 8.15| 3.30| 3.45] 4.00| 4.15| 4.30| 4.45| 5.00| 5.15| 5.30} 5.45] 6.00
p.m.|p.m,|p.m.|p.m. p.m.|p.m.|p.w.|p.m.|p.m.|p.m.|p.m.| p.m,} p.m.| p.m.| p.m.| p.m.| p.m,
18.6! 18.8| 19.0| 18.7 19.1| 18 4| 18.6| 17.8| 17.9| 179| 174 —| 17.2] — —| —16.3
76, T4 76! 75 790 7TV 76 78 71 71 81 ~—~ 80 — — —| 76
1 13 2 1
20.6{ 21.0{ 20.8| 21.2 20.7| 20.6/ 20.6| 20.1| 20.3| —| 20.0f —| 20.0{ —| — 18.0] —
72 70| T2y 69 71 71 761 76l 674 — 79| — 79| —| — 87 —
10| 18 29 6 v 12
22.6] 22,7 22.9| 23.4] 292.8| 21.0| 21.6! 22.0| 22.0f 22.1| 21.7] — 19.4] —| —{ 18.8/ 18.6
73\ 71 70| 69 66/ 73 74 77 72| 71| 72| — 80| — — 86 88
6 7 26| 571 4
26.6] 26.4| 26.5; 26.1 259 25.6| 26.4} 26.4] 25.3| 24.9| 24,6 24.4] 24.5| 24.4| 22.9] —| 21.8
64 66f 68 66 68l 70l 67 68 7y 72| 72! 72| 73] 72 so] —| 82
1l g 1l 23 91| 84 11 7
29.8| 29.4/ 29.8] 29.6 29.4 29.3/ 20.1| 29,0, 28.6| 28.1] 28.0| 27.7| 27.5 27.4| 27.3| 27.1] 26.7
53| 56| 355 55 571 59| 60| 64/ 59 46| 62| 65 66| 65 66| 68 69
2 1 66l 72| 59 74| 16
28.6! 28,1} 28.0f 27.8 28.0| 28.1} 28.2} 28.8| 28.6| 28.2| 28.0| 27.8] 27.6| 27.5| 27.4| 27.3| 27.2
53| 65 64 59 6ol 63| 64| 63| 63 64 45 63 65 -635 65 67 67
2 1 4 2 6 w9 120 68 42 8§ 4
24.3| 24.9| 24.2| 241 23.7| 23.4| 23.0| 23.2| 22.8 22.1] 21.8| 21.1| 20.4] —| 20.2] —| 20.0
o2l 9ol 90 89 o1/ 92 92 o1 93 94 96 93 95 — 96 — 98
s 49 29 42 3 4 2 2
32.4] —| 32.6] 32.0 20.7| 28.4! 27.0! 27.3| 26 9] 26.8] 27.5| 27.9| 26.6| —| 27.4] —| 26.2
55| —| 53 60 700 71 74| T4 73| 74 73] 79 T4 — T| ~—| TL
128 153 74| 54 21 4
28.0| 27.8| 27.8| 28.4 29.0| 28.2| 26.6] 25.4| 25.4] 25.2| 25.5] —| 23.8) —| 22.6| —| 22.4
68 697 691 71 66| 70| 72| 80 81 78 77, —~ 8 — 83 —i 88
28| 91 36| 19
32.0| 31.8| 30.2| — 29 31 29.3| 29.2| 29.2f 29.6| 29.2| 28.6| 28.6| 28.6| 28.6 28.0 27.8| 27.6
33| 53] 58] — 591 59] 59| 59| 59 59 59 60] 59| 60 61 64 64
32l 21| 28 &7 10 19
25.4] 26.4 27.0 25.8 24.6| 24.4| 24.0| 24.0| 24.3f —| 25.0 —| 23.4] — 23.2]| — 22.6
70 65 50| 51 55| 58 59! 59| 58 — 56 — 64 — 65 —| 72
31| 59| 38 11 7
26.0| 26.4| 26.4] 26.2 25.8| 26.2| 26.0| 26.0 25.2] 25.9| 25.2! 25.9! 25.2) —| 24.6, —| 24.0
52| 52| 52 84 55| 56| 56| 58 59, 61| 61 61 61 — 65 —| 71
100 38 8 50 7ol 40| 16
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APPENDED

(Number of experi

6.30; 7.00/ 8.00| 9.00/10.00{10,30/11.00/11.30|12.00{12.3¢| 1.00| 1.15| 1.30

a.m. | a'm.|a.m.fa.m.a.n.am. am,. aml m, jp.m. p.m. p.m. p.m.

T. 19.0/ 19.2 19.8 21.4] 22,0 ——l 23.6} 23.6] 24.4] 26.4] 25.4| 24.8 24.0

Jul. 22, 1929 H. 96| 96| 91 86| 84 — 77 77 74 68 70/ 73 75
B.

T. 20.8] 22.0 22.2| 23.2 23.0| 22.0! 21.6) 21.0| 20.6| 20.4| 20.4| 20.4| 20.4

s 23, H. 100 94| 94 90| 94 098 98 98 100] 100} 100} 100| 100

B. 23

T. 19.4] 19.8] 20.2 21.6 3.8 24.8. 25.8| 26.2| 26.0| 26.4] 26.6| 26.8] 25.8

s 24, H. 100 98 96f 90 80; 76| 73| 69 75 77 77 78
B.

T. 21.0] 21.8] 23.8] 25.2] 26.5| 28.4] 28.4) 28.8] 28.2| 28,0/ 28 4| 27.8| 28.0

» 25, H. 96, 96| 88| 96| 92| 76 76 76 79 77| 77| 80 80
B.

T. -~ — — —29.4] — 30.2] —| 30.8) —| 31.4| 31.8| 31.8

w27, H | — — — — 70 — 606, — 69 — 62 62 62
B.

T. — 24.6| 23.4| — 28.4] — 29,2 —| 31.2| —| 31.8| 31.0| 31.2

., 28, H. —| 85 81 —| 74 — 73 —| 64 —| 62 66, 63
B.

T, 92,9 23:4f —| 25,6/ 28 6 30.4/ 30.6! 30.0| 30.6] —| 30.9 30.4] 29.6

» 29, 7 H. 98| 88 —| 821 63 54] 56| 59 500 — 56 58 60
B.

T. 19.0f 21.9] 24.6; 27.0| 26.6; 27.6' 28.0| —| 29.0| £9.4| 29.4| 29.2| 29.6

, 30, , H. 89 71 60| 58 60 58 60| —| 56 54 53 54| 55
. B.

T, 23.2] 24.2| 28.0 31.2| 32.4) 32.2| 31.6] 31.8/ 31.4| 31.0| 31.0| 31.4] 31.4

» 31, H. 88 88 74 54] 59 60] 58 61 60! 63 65 62 62

B. ‘

T. 18.0{ 18.8] 19.4, 19 8 20.2 20.6l 208/ —f 21.0| — 21.8/ — —

Ang. 4, H. 100 91 87 77 o1l 85 83 — 83 —| 76 — —
B.

T. 21.0| 228 23.4; 25.0 2820 — 208 —| 30.4] —| 316 3.7 31.8

w1, H. 91 90 84 83 71 —| 63 — 64 — 58 57 58
B.

T. 24.2) 25.2] £8 6: 30.7] 31.5; 30.2 30.6i 30.4; 30.4| 29.1; 29.5| £9.6| 29.6

P H. 88| .90 70/ 70: 61 63| 63 64 64 67 66 66 66
B.

i

T. 20.2 22,0 23.8] 25.4 27.4! 28.4| 29.2 289l 9.0 —| ¢8.5| 28.3| ©8.2

w9, H. 100, 94 86 81 72 67 62 64 65 — 64 63 65
B.

T. 19.6| 23.2) 26.4| 27.8 28.9; 29.9; 30.3) 30.2| 27.6| 25.9| 25.5| 26.9{ 27.4,

s 10, H. 87| 82 64] 56! 54| 51 49| 49 57 2l 66| 67 359
B.




TABLE 7

mental plants 10)
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1.45| 2.00| 2.15| 2.30| 2.45! 3.00 3.15| 3.30| 3.45| 4.00
p.-m.;p.m. | p.m.| p.u. p.an. | p.m., | p.m. | P | p.m. ) pLa.
23.2| 22.8 22.6| 22.5| 22.6| 22.6 22.6| 23.2| 23.8] 23.8
79| 82| 82 83 82| 83 84 82| 81 88
1l 6 100 6 9
20.4| 20.4| 20.4] 20.4 20.0| 20.0 20.0| 19.6| —| 19.6
100| 100 98| 100/ 100 100 100/ 160 — 100
9| 10 2 g @2
25.8| 26.0| 25.8| 26.0| 26.2| 26.6| 26.9| 26,8| 26.2| 25.0
80| 82 77| 83 78 75 80 78 77 83
1 i 1 9 98 v
29,0 29.2| 28.8| 28.6| 28.0| 27.2 26.0 24.6| 24.2| 24.4
76/ 73| 770 77| 83 92 96/ 96| 96 95
7| 92| 34 20
31.6! 31.6) 31.4| 32.0 31.6| 31.4] 31.4] 31.0| 31.0| 30.8
62 60f 59 62 63| 62| 65 64 65 64
30.8! 30.8 30.6 31.4) 31.2 30.4! 30.0) 31.4] 31.4| 31.4
67| 670 66| 56 a7, 62 64 68 56 59
29 8! 20.8| 29.0| 28.8! 28.4] 28.4| 28.4| 28.2] 28.0 27.8
59 60| 62 60 62 63 60 60| 64 65
| 3l 36 49
£9.2| £0.4{ 294 20.6) £9.0| 29.4: 29.5/ 20.0 29.2] 29.0
53 53] 54 61 57 54 54 56, 59 59
31.4 31.4 31.0[ 30.2) 30.0] £9.8' 30.0| 30.4/ 30.8 29.6
62 63 68 69 69 69 72 66 67 73
— 224 — —| —{2.0 — - — 236
— |l = — 19—~ ~ 7
31.6 31.5| 31.2| 30.6| 31.2 31.0| 30.0, 30.4| 30.0| 30.4
58 61} 60| 59| 58 62| 63 63 63 64
29.0| 28.2| 26.7| 26.8] 24.8! 24.4] 24.4) 24,0 24.1] 23.9
62| 68 75 76| 83| 88 87 88 87 85
3l 6 15 9 8 4 2
28.5| 28.2| 28.4| 28.6 28.3| 28.2| 28.0| 27.7| 27.6| 27.4
65 65 59 56 60| 61 60| 62 64 62
276 97.6 27.6/ 27.4 27.2| 27.1) 27.0| 26.8| 27.0| 26.8
62| 671 65 68 68| 70| 64 68 66 66

4.15| 4.30| 4.45, 5.00| 5.15| 5.30| 5.45| 6.00
p.m.|p.m.|p.m.|p.m.| p.m.| p.m.|p.1. | p.m.
o36| 24.2) 25.0/ 23.0| — 21.4] —| 220
g1l 81 74 80] —| 81 — 86
1 3
— —~ o~ — — — —|196
— — ~— — - — —] 100
o490 9238 23.4| 228 —| 222 —| 21.8
85| 84 84 88 —| 94 — 94
o2l 5 2 1
—| 23.6| —24.0] —| 23.8) — 234
— 96| — 94 —| o4 —| o4
8
31.0| 30.4| 30.4| 29.8] 28.4] 28.4 28.2) 27.8
64 70| 66| 68 73 74 73| 76
5 30| 60 48 22
30.8] 30.8 30.0] 29.6| 29.3| 28.8i 28.2| 27.2
67| 68 68 69 72 70| 76 79
1 12| 86 67
or.2l 26.8| 27.0| 25.8] —| 26.4 —| 264
66| 69| 69 69 — 75 — T3
36| 38 14| 4
29.0| 29.6/ 29.4| 29.6| 29.0| 28.6| 28.2 27.8
501 59, 57 59| 60 59| 60| 65
6 8 12 61 6
20.4| 29.4! 29.8/ 29.6] 29.2| 29.6| 28.8] 29.0
74| 73 74 70| 75 73| 76 75
1 10
— — —lo14 — —| —206
— o — e — —| —| 89
30.2| 29.8' 29.9] 20.6| 29.0| 28.8| 28.6| 28.4
64| 66| 64 66 67 70| 71 7L
2 12| 26 13
23.6/ 23.3| —| 22.8] —| 228 —| 22
87| 89| —| 88| —| 88 —| 89
27.9| 27.0] 27.0/ 26.8] 26.8| 26.3| 25.9 25.8
65 68 68 69 70| 7O 70 71
sl 3 10 13 6 16 4
26.6| 26.4 25.8 25.5| 25.5| 25.1| 25.0 24.6
66| 68 70| 72 72| 73| 84 76
23 o6 12 &8 &
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TABLE T—

6.30] 7.00| 8.00| 9.00(10.00{10.30(11.00[11.30|12.00(12.30] 1.00| 1.15| 1.30

am.lam.|am.|am.|am,|a.m,a.m,ja.m, m, |p.m.|p.m.| p.m.| p.m.

T. 20.2| 23.8| 25.1| 26.2] 26.6| 26.3] 26.9} 26.6] 26.8| 27.0 26.0| 25.6] 25.2

Aug. 11, 1929 H. 89l 74| 72| 69| 68 64 64/ 66| 63 60| 61| 62 66
B.

T. 18.0| 21.0| 22.9| 23.4] 25.9] 26.0 26.8 26.8| 26.6| 26.6] 26.4] —| 26.9

L, 12, H. 80l 80| 75 74| 62 61 62 59 59 59| 58 — 58
B.

T. 17.6| —| 23.6| 25.0| 25.4| 25.6] 25.6| 26.0| 26.0 25,9 24.7| 24.8| 24.9

» 13, ,, H. 93] — 66| 60| 61 57| 57 53} 51 51 59; 58 54
B.

T. 20.2| —| 22.7| 23.0 23.4| 23.8 23.2]| —| 23.8] 24.8| 25.2| —| 25.8

. 14, H. 83| —| 72| 73l 74 72| 7| — 72 69 68 —| 67
B.

APPENDED

(Number of experi

7.00! 8.00| 9.00/10.00(10.30/1.1.0011.30{12.00/12.30! 1.00| 1.15/ 1.30| 1.45

am.|a.m.ja,m. | am,.la.m.;a.m.|/am. m, p.am | p.m.|p.m. p.m. p.m.

T. 14.8] 17.8| 19.9] 20.5 20.9| 21.2| 21,2} 21.4| 21.5| 22.7| 23.0| 21.8| 22.0

Sep. 20, 1929 H. 90| 76| 50| 59 46| 40[ 43| 40| 39| 40| 40| 37| 44
B.

T. 13.2] 16.8] 19.5 22.6/ 22,5 21.6| 21.0 20.2] 19.4| 17.2| 16.4] —| 16.1

» 21, H. 66/ 65 57| 43| 42 50| 52 66| 51 86 93 —| 95
B.

T. 8.2 14.1] 15.4| 15.8| 16.6| 17.0 17.4] 18.2] 18.0| 18.0 18.2| 18.4] 18.4

. 22, H. 91l 55| 50 51 49 46! 45| 46| 46| 45 43| 45 45
B.

T. 9.0 12.0{ 16.2| 18.7| 18.6] 18.8 19.2 19.2| 19.6 19.6] 19.8| 19.5( 19.4

s 23, ., H. 85 77 62 58 61 62 62 62| 60 o0 57 57 59
B.

T, 13.8| 16.4| 18.8| 20.0| 20.3} 20.5| 20.2 20.2| 21.5/ 21.2| —| 21.0| 21.0

. 24, H. 75, 67| 65 61 61 63| 61 6l 53 51 — 52/ 48
B.

T. —| 18.4| 18.7) 19.7| 19.4 19.6 19.5 20.1] 21,2| 21.6 22.0| 21.0| 22.0

. 25, H. —| 68| 73 71 69| 73 75 72| 63 56| 58 62/ 61
B.

T. 11.6| 16.0[ 17.2] 18.8] 19.2) 19.2] 19.8| 20.2| 21.0| 21.0 20.8| 20.6| 19.8

w26, ,, H. 86| 74/ 71 63 62 60| 62 59| 56/ 56| 53 83 53
B.

T, 12.6| 15.4 17.6 18.4| 18.6) 18.4] 19.1} 18.9] —| 19.2| 19.0| 19.4] 19.1

» 27, H. 89] 76| 68| 58 &3 55 52 55| — 52 54 56 56
B.

l | {
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(Continued)
1.450 2.00| 2.15! 2.30| 2.45| 3.00| 3.15| 3.30| 3.45] 4.00} 4.15| 4.30| 4.45| 5.00| 5.15| 5.30| 5.45| 6.00
p.m{p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|pm|p.m|pm|pm|pm|pm|pm| p.m p.m|p.nip.m.
25.2| 25.9) 25.9) o5.2] —| 24.8! 24.9 240! 23.8 250 — — —| 240 — —] —f 218
66| 66| 68 —| 69 72| T2 T4 70 — — —f T2 —} —| — 84
18 46| 12 6 1
26.5 26.0| 25.8 25.9] 25.9! 25.9 25.4| 25.0{ 24.7| 24.6| 24.4| 24.1| 24.0{ 23.8] —| 23.1] —| 22.2
58 57 58 58 59 59/ 61 60, 61 63 63 63/ 63| 64 — 69 — 70
8| 14| 380 23 16 18 2
—! 238l 23.8 23.6| 23.1] 23.2| 23.2 23.2| 23.0 22.8] 22.6| 22.4] —| 21L.6] —| 21.4] —| 21.3
— 60| 60 63 64/ 63} 65 65 65 68 65 66 — 71 — 72 — 71
290 7 16 7 9 4 1
26.2| 25.6| 25.8| 25.9] 26.2| 25.3! 25.2] 24.2| 24.2| 24.3| 24.0| 28.9| —| 234 — —| — 23.0
64, 64| 68 63| 67| 66/ 71 75 75 74 77 76| — M9 —| —| —i 80
! 28| 16| 6 8
TABLE 8
mental plants 15)
2.00] 2,15 2.30] 2.45| 3.00| 3.15| 3.30| 3.45; 4.00] 4.15| 4.30| 4.45| 5.00| 5.15] 5.30; 5.45| 6.00
p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m.|p.m. | pm | p.m.|p.m.|p.m.| p.m.| p.m.{ p.m.
22,0 22.6| 22.4| 22.6) 22.0| 22.2| 21.8| 21.7| 21.6] — — — 20.4
45! 41; 43| 39| 39; 39 39 40 47, — — —| 353
1 1
154 —| 154 — 154|154 — — 154 — —| —|14.6
93 —f 93] —| 90, 8 — —| 88 — —| —| 67
2 3 \
18.4; 18.0| 18.2| 17.7| 17.8| 17.6| 17.6| 176, 17.60 —| 17.0] —| 16.0
46| 47| 47 47| 47 49 49| 49 49‘\’ — 50 —| 55
J
19.2 19.2) 19.2) 18 8| 18.6{ 18 4| 18.2| 18.2 17.6f — 17.4] —| 16.6
58 58/ 60| 59 59 61 61 61 61' -—| 51 —| b4 :
9 s 2 3 ‘ |
] i
20.8| 20.8| 20.6! 20.6| 20.6| 20.4] 20.2| 197 194, —| 182 —I 17.8 !
531 53| 55 56] 57| 57| 57 590 600 —i 63 —| 66 ‘
12l 4 3 8 1 ;
22,6 24.0| 23.8]| 22.2! 22.6| 23.0| 22.8| 22.4; 22.5] —| 214 —| 20.6 ‘ !
580 58| 48 55| 54 54 54l 5T 57| — 59| —| 77 ‘
10 1 1 !
20.2) 19.2| 19.0{ 18.8] —|18.0 17.8 17.6] — ~—| —| 16.2] —
55 57| 56| 60 —| 058 64 68 — — — 77| —
4 5 6 14 1} 2 |
18.80 18.8 18.7| 18 5| 18.4{ 18.2f 180 178 187 — — —] — :
551 55 55| 54/ 50) 500 54| 53 7 — — —] —
1| 1 7 4 2
I
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TapLe 8—

7.00| 8.00| 9.00[10.00120.30[11.00[11.30[12.00712.30| 1.00 1.15 1.30| 1.45

a.m.la.m.|a.m,a.m. a.m|a.mfam,| m (p.m.|p.am.| p.m,| p.an.p.no.

T, 14.0| 18.4) 20,1} 21.9) 21.8 22.6] 22.0) 22.2| 21.7| 21.8 21.8. 21.8| 21.8

Sep. 28, 1929 H. 87| 67| 63| 54 47| 51 53] 57| 59 57 59 59 59
B.

T, 15.0{ 17.6| 19.2| 202 20.6| 20.8! 21,2 214{ 10.8] 19.6| 19.8| 19.3| 18.6

w29, H. 90| 88 73| 70| 68 68 69 67 79 79 73 79| 73
B.

T, 11.8| 11.9| 12.4| 13.4| 14.0 14.0 14.1] 14.3] 14.4] 15.1) 15.0] 14.8| 14.8

, - 30, H. 84l 77 74/ 66| 62| 62 6° 63 57, 59 58 55| 55
B.

T. 8.4/ 10.0| 12.0] 14.0| 14.8) —| 15.8) 16.2| 16.0| 16.3 16.6 16.6 16.8

Oet. 1, , . 88 86| 77) 62| 59 — 57 56 51 45 470 531 56
B.

T. 9.2 12.2( 15.8) 18.4| 17.8 18.9] 19.6| 21.0{ 21.0| 21.0| 21.2] 21.5 21.7

w2, H. 91 77| 74 68 64, 63 59 60| 57| 57 o7 52 52
B.

T. 10.9| 11.8) 14.1} 18.4] 18.8 19.6| 19.7| 20.0| 20.0 19.5 19.7 19.6| 19.5

T H. o4 92/ 87 76 74/ 71| 75 77 73| 81 79 79 179
B.

T. —| 16.6] 18.0| 17.4] 19.4| 20.3| 21.2} 21.0 21.3| 21.2| 21.2| 21.2) 21.2

w5 H. — 73] 74 89 81 73 73 68| 68| 63 63 65 66
B.

T. 18.2 15.8) 15.8] 17.2| 17.6 18.8| 18.8| 20.2| 21.4] 21.2| 20.2| 20.5 20.6

Y H. 85 720 81 80 82| 74 74 73 61y 76 72 79 72
B.

T. 13.61 14.5) 15.4| 17.8| 18.0| 18.2] 18.5| 18.4| 18.6| 18.8 19.0{ 19.0] 19.2

w Ty o H. 1000 95 90, 76 76| 78 72| 72 73 73 74 74 74

B. \\

T, 16.2) 16.6/ 16.3 17.3| 17.0 17.2) 17.3 17.0, —| 17.8] —| 180, —

w8 H. 100| 98| 98/ 73| 76| 82 84 78 — 82 —| 88 —

B. {

T. 10.8| 12.4} 14.1] 16.3] 16.4 16.9 17.1 17.9] 16.8 16.6| 16.7) 16.8 ——1‘

w 9, H. 89| 82 85 62 63 67| 60| 64 57 59 7Y 62| —

B. (

T. 10.0] 10.6] 11.0 11.4] 11.8 13.0| 13.5| 14.0] —| 14.8] 15.0) 14.8| 14.8

» 10, H. 80| 78/ 81 81 81 70| 71| 69 — 61 61 61 63
B.

T. 10.8) 14.0) 15.1) 14.2) 14.8 13.8 13.4 13.2| 13.4] 137 — — —

» 11, ., | H 86| 62 58 57 59 60| 62| ¢4 ¢4 60 — — —
PR

‘i T. 10.6| 11.3] 10.7| 12.6 12.2] 12.4] —| 13.6| 14.2| 13.9] —| 141 —

R L | TI. 86/ 84 92/ 82 89 82 — 80| 67 73| — 71 —
| B.
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(Continued)
2.00| 2,15} 2.30| 2.45| 3.00| 3.15| 3.30| 3.45] 4.00 4:.15l 4,30} 4.45| 5.00{ 5.15 5.30; 5.45/ 6.00
p.oL|pa.|p.m, | p.m. | p.m. | p.m.| p.m,|p.m.| p.m.|p.m.| p.m.| p.m.| p.m.| p,m.| p.m.|p.n.| p.m.
290 22.4| 22.4] 22,5 21.6| 21.4| 21.3| 21.1| 209 — — —| 18.0
61l 58] 58 58 58 59 61 62 63 — —| —| 79
39 7
18.4) 18.0, 17.7) 17.5) 17.4) — — 16.616.2f — — — 15.4
74| 78 78 80| &0 ~— —| 88 88 — — =-—| 88
4 17 8 2
14,7 14.8] 14,6 14.8| 144 — ~ —| — 13.4/ 124 — —
571 58] 57| 58l a7 — — — —| 66/ 65 — —
16.4| 16.6] 16.3( 16.6| 16.6| 16.4/ 16.3( 16.0{ 15.9) —| —| —| 14.9
51| 53] 31| 54 57 57 53] 59 59 ~ — —| 84
' 1 3 1 2
21,5 221] 21.7) 21.7| 21.5) ©0.8| 20.6| 20.5 19.8| 19.4 19.2| 18.0| 17.1
52| 59| 520 50| 49) 49{ 57| 58] 64] 67| 69 76/ 78
27| 12, 2
19.6/ 19.7| 19,5 19.8] 19.5| 19.2| 18.9; 18,8 18.6) — — — 18.0
79, 79| 81| 79| 83 85| 87 87| 8y —| —| — o1
3l &8 4
21.5 21.6( 21.4{ 21.2| 21.0{ 20.8] 20.6] 20.5{ 20.3) — —| —| 18.6
67, 63 65 65 66| 66 68 79 79 —| —| — 87
12| 29| 21 2
20.8 20.8' 20.0| 19.8; 19.8f — —| —19.0y — — —| 18.9
700 70| 72y 69, 69 — — — 76, — —| — 76
4
10.0{ 19.1] 19.0| 18.9 19.0| 19.0{ 19.2| 19.3 19.2| —| 18.6] — —]
74/ 73 71| 73| 74| 76l 74 77, 86| — 98] — —
i
— - - —}146 — 134 — 120 ~ — — —
— — = = 97 —| 98 — 98 — — —| —
17.5| 17.2| 17.1} 17.1] 17.0] — 16.8| 16.4| 16.6| 16.8] 16.6 — 15.2
53 53 53 60 62 — 62 635 63 71 77 — 81
g 26| 22 14, 10, 10, 6| &
— 14,5, —| 145} 14.2] — 18.5| —| 13.29 — — — —
— 671 — 69| T, —| 79 —| 80 — — — —
12.2] — 109 — 12.0} —| 11.0, — 8.6 — — — —
69 —| 78 —| 67 — 66 —| 7Y — — — —
14.6| —{ 144 —{ 144 — — —1128 — — — —
67 —| 65| —| 69} ~ — —| 7 —| — — —
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TaBLE 8—

7.00| 8.00/ 9.00/10.00/10.30(11.00(11.30(12.00|12.30 1.00] 1.15 1.30 1.45

a.nm. | a.m, | a.m, | a.0m, | a.m, | a.m.a.m. m. |{p.m. P, pam, i pom. pom,

T. 7.8 9.2 9.4|11.2 12.0] 12.4) —| 12.6| 12.6| 13.0f —| 13.2] —

QOct. 13, 1929 H. o4l 83 74 81 77 72| —| 82| 87 84 — 82 —
B.

T, 11.8] 14.0, 16,0, 16.5] 17.0| 17.5| 16.4| 16.3| 17.2| 17.4] — 17.4] 17.4

L, 14, H. 81 73| 71 69 68/ 66/ 69 71| 71 68 —| 66/ 68

B. 106 89

T. 12.4) 12.9] 12.7] 12.7} 12.6| 1°.0] 13.8] 12.6| 13.6| 13.6] —| 14.4] —

. 15, ,, H. 74| 59| 68 63 74 60 68 60| 60 62 — 72 —
B.

T. 5.9| 10.4] 12,8 15.6| 14.2| 14.9| 14.6; 15.0( —| 14.4] — 14.4] —

. 16, ,, H, 87 72| 62 55| 61 58 59| 59 — 61 — 88 —
B.

T. 8.0 8.2 8.4 91| — 11.4 —| 18.2 18.4 18.0] —| 18.4 —

s 17, H. 97| 100 97| 971 — 97 —| 76 76/ 78 —| 78 —
B.

T. 9.0| 9.8 11.6/ 13.0{ 13.0| 14.0 —| 15.0 —| 15.1] — 14.8) —

, 18, ,, H. 85| 83 69 64| 66| 67 —| 63 —| 68 — 63 —
B.

T. 6.3 12.6| 14.5] —| 16.3] 15.8] - 15.8] — 15.8] —| 16.0, —

» 19, H. 63 63 64 —| 57| 89| — 57 -—| 57 — 51 —
B.
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(Continued)

2.00; 2,15/ 2.30 2.45/ 3.00| 3.15| 3.30| 3.45 4.00 4.15| 4.30| 4.45) 5.00 5.15) 5.30/ 5.45| 6.00
p.m.|p.m.|p.m,|p.m.|p.m.|p.m.|p.m.|p.m.) p.m.| p.m.| p.m.| p.m. | p.m.| p.m. | p.m, | p.m.| p.m.
1800 — — —j122 — — —|11.8 — 120 — —

84 — —~ — 92 —| — — 92 — 92 —| —

17.2| 17.0| 17.0| 17.0| 16.6 16.6| 16.3| —j 15.6] — 15.0| —| 13.4

68 69| 73| 83| 86 88 72 — 81 —| 76 — 82

38 7 e4 170 4 6 2
1.9 —| 134 — 12,6 —| — —| 114 — -— — —
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