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Introduction 

Ecological and physiological studies on the blooming of cereals are 
very valuable and interesting problems for plant breeding and erop 
seience from both practical and seientifie points of view. RIMPAU (1882), 
KORNICKE (1885), FRUWIRTI-I (1905), NOWACKI (1911) and others have 
studied on the blooming of oats. Aecording to the results of their 
studies, blooming oceurs 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 time 
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 respect to the physiology of blooming. 

r. Observation on the Blooming· of Oat Flowers 

1. MATEnIAL AND METHODS 

The plants on which most of the observations were made ,,·ere those 
grown 1927, 1928, 1929 in the experimental far111 of the College of 
Agriculture, Hokkaido Imperial Univer"ity. The variety used was 
Clydesdale (Avena sativa L.). 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. Each 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. 'fhe 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 ,,"ere 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 
October) . 

When the flowers began to bloom, their number ,,,as recorded every 
15 minutes. The lemma of those flowers which had bloomed were cut 
off in order to distinguish them from those which bloomed latel". 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 NAKAGAWA'S(2R) ap
pended Table VIII. The other meteorological data, such as rainfall, 
velocity of wind, hours of sunshine, etc., used in this study were pro
cured from the Sapporo Weather Station. 

2. ORDER AXD Dl'RATIO~ OF BLoo:vnNG 

AKEMINE(l) studied in detail on the ord~r and duration of the 
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blooming of rice, and later a lllnnbrr of investigators (Iso, (0) LAUDE/1S) 
YAMAGUCHI(-!l) and ,JONEs (J1» made similar observations on the same 
plant. KORNICKE, (Hi) FHUWIRTII/i ) LEIGHTY, (17) PERCIVAL(3:i) and OBER
MAYER (3-!) studied on ~wheat, FRUWIRTU(:;) and KORNICKE(1G) on barely, 
and TSCHERMAK, (3S) OBERMAYEH, (34) KORKICKE(1G) and FRUWIRTU(3) on 

rye. Very few studies have been made on oats and the reports made by 
KORNICKE (lG) and FRUWIRTII (4 &:i) seem to be the only ones. 'fhe ~\Yriter 

observed the blooming of oats, the order and duration of blooming. 

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

Of the order of blooming of oat plants, FRUWIRTU(4) reported that 
blooming commences ,yith the panicle of the main stem and goes to 
the tillets. Of rice AKEl\UNE (1) 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 ,vere 
made on each plant, the results being as shown in Table 1. 

TABLE 1. Order and dllmtion of blooming of flowers on a single 

plant of oats m 1.926 

Plant Stcm f 'h h th Time of ulooming cd to complete 
cmcrgcs rom L e s ea the blooming 

I I The days requir-

1 

'1'hc timc when tke paniclc 1 " 

_no_. ___ no_'_1 ===b=e=g=iI=ll=li=n=g===~I_~-_-_-_-_e-l~ld~~~~~~1 beginn ing ] end l_p_a_n_iC_l_e_I __ p_la_n_t_ 

1st I· July 9 10 a.m. July 14 5 p.m_1 July 11 July 19 9 days 
2nd -" 12~ 1 p.m. " 17 3 p.m. ,,1;) " 23 9" 
3rd ,,14 6 p.m. " 21 5 a.m.! ,,16 ,,25 10 " 
4th " 18 7 p.m. " 25 4 a.m. ,,21 ,,28 8" 
5th ,,19 6p.m. " 26 8 a.m. ,,21 ,,29 9" 
6th ,,28 7 p.m. Aug. 3 3 p.m. I " 30 Aug. 5 7" 

I 29 days 

7th, " 31 5p.m. " 6 6p.m. 'I Aug. 3 " 8 6" 

___ 8_th_l. A_u_g_. _;)_~ _4_p_.m_·
1 
1_'_' _1_1 __ 3_1_)._11_1. " 8 " ~" ___ ~ --1----

II 

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

10th 

July 7 

" 11 
12 
20 
20 

8 a.m. 
2 p.m. 
5p.m. 
9 a.m. 
iip.m. 

" 28 7 a.m. 
Aug. 1 3 p.m. 

4 10 a.m. 
5 6p.m. 
6 10 a.m. 

July 13 

" 16 
" 10 
" 26 

9 a.m.: .July 0 
.~ p.m. " 13 
1 p.m. " 15 
9 a..m. " ~2 

26 7 a.m. 
Aug. :J 5 p.m. 

(i 9a.m. 
o 12 p.m. 

11 :Jp.m. 
6 p.m. 11 

Aug. 2 
5 
8 

July 17 

24 
28 

" :JO 
Aug. 4 

7 
7 

11 
~ 

9 days 

10 " 
10 " 
7 " 
9 " 
7 " 
6 " 
4 " 
4 " 

~ 

31 days 
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As shown in 'rable 1, on each of the two plants the first flower to 
bloom is ill the panicle of the main stem, the stooling stem follmyil1g it, 
and blooming takes place according to the order of the emergence of the 
panicle from the sheath. 

According to FRUWIRTH (oj it required from 11 to 14 days to com
plete the blooming of all the plants in the breedillg 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) 
,yhen 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 temperatnre a 
comparatively long period of time is required. 

Order and Duration of Bloomin {j of a II ead 

Regarding the order of blooming of the panicle, KORXICKEil(lj stab's 
that blooming begins with the flo,rer at the top of the panicle allel 
extends downward. 

The results of the writer's observations are similar to his as shown 
ill 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 :-'Vhen the same node has more than 1\yO branches, the flmwr 
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 lowel' 
flower opens first, then the second and tlle third in order. The intervals 
in the time of blooming of the first, the second and the thil'cl flmyer 
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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. N1tmbm' of jlowe1's opened in a single panicle and the time 
elapsing between the beginning ((nel the end of 

bto01n7'ng in the day in 1926 

Number of 
flowers opened. 

Blooming time of 
the first flower. 

(P.M.) 

Blooming time of 

6 

3.00 

10 15 ID 

2.55 2.57 

the las t flower. 3.40 3.45 3.30 3.30 
(P.}f.) 

Time elapsed be
tween the begin-
ning und end of 40 
blooming. 

'. minu tas) 

50 6D 33 

3 3 14 7 

2.25 3.10 3.43 2.44 3.00 

I 

2.38 3.16 4.17 I 5.0D 4.30 

13 6 34 145 DO 

8.8 

53.3 

7 :-It 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 1i5 
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 chang'es, and on the day when 
the temperature rose to its highest point in the morning and then went 
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dowll, the length of time in which blooming occurred \\"assho1't, but 
when the temperature "which gradually rose went down gradually, it 
l'equired a longer time. 

3. 'l'IME OF BLOOMI~G 

According to the reports of observations made by FRUWIRTII, 
GODROX, HILDEBRAND, RIMPAU, NOWACKI and IGiHNICKE as to the bloom
ing time of oat flowers they begin to open only in the afternoon, 1.1l1like 
rice, wheat, barley and rye which begin to open in the morning. 

TANNERT alone states that the oats bloom fl'om 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. FRUWIRTII states 
that the oat flowers begin to bloom between 2 and 3 p.m. and some open 
as late as at about 7 or 8 p.m. in the evening. GODHON states that the 
blooming takes place between 2 and 4 p.m., HILDEBRAND between noon 
and sunset, and RIMPAU that it begins at about 4 p.m. and the most 
intense blooming occurs between 5 and 6 in the evening. NOWACKI states 
that the most intense blooming takes place between 3 and 4 p.m. and 
continues until about 8 p.m. in the evening. IGiHNICKE 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.(1n&20) Since 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 previons chapter, the beginning and the end of the bloom
ing of oat flowers during the day are distinctly marked and until 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 distinct 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 clays on ,y11ich 
blooming took place at the same time, arranged ill intervals of 15 minutes 
are collected in Table 3. 
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TABLE 3. Time of blooming of oat flowers 

~ Year Number of days 

Time of 
blooming 

-~ 19~7 19~8 19~9 'l'otal 

a.m. 
9.00 0 1 0 1 

10.00 0 0 0 0 

11.00 0 0 0 0 
1~.00 0 0 0 0 

p.m. 
12.45 1 0 0 1 

1.00 0 0 0 0 
1.15 4 0 0 4 

1.30 ~ 3 3 9 " 
1.45 ~ 1 0 9 .. 
2.00 9 4 4 17 

2.15 8 6 6 20 

2.30 4 4 5 13 

2.45 J4 4 5 23 

3.00 11 11 7 29 

3.15 10 8 4 2:! 

3.30 8 3 5 16 

3.45 2 1 0 3 

4.00 ~ 6 1 9 
4.15 " I 

~ 1 6 " 
4.30 0 I 

~ 2 ;) .. 
4.45 0 0 1 1 

5.00 0 1 1 2 

5.15 0 1 " B 

5.30 0 0 0 0 
5.45 0 0 1 1 

6.00 0 0 0 0 

non-blooming 
15 13 15 43 days 

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 12 m. and 12: 45 p.m. and the latest 
was 4: 15 p.m. The most intense blooming took place between 2 and 
3 p.m. Further observations, however, showed that in 1928 no flowers 
bloomed on 13 days out of the 73 nnd on the remaining 60 days the 
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earliest flower opened at 9 a.m. This occlll'red 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. '1'hen in 1929, within 
63 days of observation no blooming occurred on 15 days; the earliest 
flower during 48 days opened at 1 :15 p.m. and the latest at [): 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 clays 
on which observations were made no flower opened on 43 days. 

4. SUMMARY 

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

2. The clays 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 clays 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 1luder favourable condi
tions about 8 days are needed. 

5. The blooming of oat flowers occurs 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 
longer and ordinarily it is about an hour in length. 

6. The writer observed the blooming of oats under natural condi
tions 011 231 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 9 a.m. 
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II. Ecological Studies on the Blooming of Oat Flowers 

A. RELATION BETWEEN THE BLOOMING OF OATS 

AND ENVIRONMENTAL FAC'fORS 

221 

I"rom 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 bloomjng occurred 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 Teml)eloature 

(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 optillIum 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 'rabIes 4, 5 and 6. 

As was already reported by the writer, (~O) the highest temperature 
in 1927 was 16.8°-30.0°C. while the temperature at the time of blooming 
was 14.00-29.4°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.SoC. and HOC. As shown in Table 5, the number of days 
Oil 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 2-1:°-
26°C. and 21°-23°C. comes next, being 22.3470 in the former and 23.94j{ 

in the latter. 
As shown in Table 6, the number of days on which the temperatures 

at the time of blooming were between 24°0. 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°0. 
and on 18.62% of the days they were 27°-29°0. 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°0. at the time of blooming. 

TABLE 4. Range of the highest temperature and temperature 

at time of blooming 

1927 1928 1920 

Highest temperature (C.) 30.0°-16.8° 32.8° -19.5° 32.6°-15.0° 

Tcmp'HatUl'c at the time 29.4°-14.0° 29.2°-14.40 29.8°-14.4° of blooming (0.) 

'r ABLE 5. Frequency clistr'ibution of the highest temper'atllre 

on blooming clays 

~~p~~;~\~~! 1150\160\170\180\19°1200\21 0\22°123 °124 °1250\260\27°128°1390\30°131 ° 32°1 Total 

Year I Number of days 

1927 0 1 2 0 2 5 9 7 13 6 7 5 8 7 7 1 0 0 89 

1928 0 0 0 0 2 2 2 3 1 2 8 6 13 10 5 4 1 1 60 

1029 1 2 2 1 3 1 5 4 1 2 0 6 3 1 4 3 5 4 48 

Total 1 3 4 1 7 8 16 14 15 10 15 17 24 18 16 8 6 5 188 

8 16 45 42 58 19 188 

% 4.26 8.51 23.04 22.34 30.8;' 10.11 100 
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TABLE 6. Frequency distribution of temperahlre at time of blooiJ~ing 

~~~~;!::iJf 114°115°116°1170 18°119°120°12] °122°123°124°125°126°127°128°129°1 Total 

Year I Number of days 

1927 0 1 3 ] 2 4 ]0 8 ]0 8 9 3 10 9 2 0 80 

HJ28 0 0 0 0 3 2 2 3 4 1 7 ]5 n 7 4 1 60 

1929 1 1 2 3 4 4 3 2 4 1 3 3 5 3 4 5 48 

'l'ot::tl .l 2 5 4 9 10 15 13 18 10 19 2] 26 19 10 6 188 

]2 34 41 66 35 ]88 

% 6.38 18.08 21.80 35.11 18.62 100 

(ii) Relation bet\yeen Variation of Temperature and Blooming 

a. Variation of temperature on blooming days 

Temperature undergoes a continuous variation III the course of a 
day. 'l'he manner of its variation varies according 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 0 'clock in the afternoon and then it falls little 
b:y little. 

The writer observed the variation of temperature at every l;j 

minute interval fro111 6 a.111. 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 "Titer 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 8 a.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 occur 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°0. 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 tmnperature at 8 a.m. on blooming days 

Difference of I 0° 11° I 2° I 3° I 4° I 5° II 6° I 7° I 8° I 9° I Total temperature (C.) i 

Year I Number of days 

1927 1 

i 
4 7 14 I 12 14 9 11 4 

I 
4 80 

1928 1 8 8 14 10 8 6 2 2 1 60 

1929 0 2 6 6 9 12 7 <) 3 1 48 

Total 2 14 21 34 31 34 I 22 
I 

15 9 6 188 

37 99 I 46 6 188 

% 19.68 52.66 
I 

24.47 3.19 100 

TABLE 8. Variation of difference between the highest teml)eratul"e 
and the temperat~lre at time of blooming 

Number of days 

Difference of 
temperature 1927 

(C.) 
1928 1929 Total 

° ° 7 5 21 0.2-0.5 9 

0.6-1.0 28 11 8 47 

1.1-1.5 11 11 4 26 

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 

4.1-4.5 0 2 0 2 

4.6-5.0 0 1 2 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 

7.1-7.5 0 0 1 1 

Total 80 60 48 ]88 
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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 0 to 2°C. The interval from the time 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 

The time elapsed I 
(minutes) 

1[; 

30 
4::; 
60 

75 
90 

105 
120 

135 
150 
165 
180 

195 
210 
225 
240 

255 
270 
285 
300 

Total 

1927 1928 

1 0 
6 2 
5 2 
9 6 

6 4 
11 3 

5 3 
8 4 

6 4 
4 3 

6 3 
7 3 

0 0 
2 6 
3 (j 

0 ;] 

0 4 
0 1 

1 2 

0 2 

80 60 

1929 Total 

Number of days 

0 1 
1 9 

20.21 38 
5 12 
1 16 

4 14 
0 14 

29.79 
12 

56 
4 
4 16 

4 14 
5 12 

26.06 
12 

49 
3 

] 11 

4 4 
1 9 

13.83 
10 

26 
1 

1 3 

;] 6 
3 4 

19 10.11 
0 3 

4 6 

48 188 188 100.00 
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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 occurred. 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 
8 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 (hys. In some particUlar 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 DC. 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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TABLE 10. Comparison' of changes of temperat111'e on blooming days on 

which the temperatllrc is low and those on non-blooming days 

Non-blooming days 

Diff erence between the 
Difference Highest highest temperature and 'I'emper-

Time of that at the 1st, 2nd and between 
tempera- ature at the highest 

Date the highest 3rd hours after the time 
ture of highest temperature Sa.m. temperature 

(C.) 
temperature 

(C.) 
and that at 

1st 2nd 3rd Aver- Sa.m. 
hour honr hour age 

----
1927 0 0 0 0 0 0 0 

July ]8 21.7 1.30 p.m. 0.3 0.7 -0.1 0.3 19.8 0.9 
Aug. 24 20.2 1.45 p.m. 0.7 0.7 0.4 0.6 1S.4 1.6 

" 
30 19.5 1.15 p.m. 0.2 0.6 0.4 0.4 19.2 0.6 

Sep. 3 17.5 4.45 p.m. - - - - 16.2 1.3 

" 
10 20.2 11.30 a.m. 0.3 1.0 1.4 0.9 17.S 3.0 

., 17 20.0 2.00 p.m. O.S 2.6 3.7 2.4 1S.4 1.6 
Oct. 2 20.2 1.00 p.m. 0.4 O.S 2.0 1.1 1S.6 1.6 

" 
9 19.5 2.15 p.m. 0.7 1.1 - 0.9 15.0 4.5 

., 11 16.4 2.00 p.m. 0.6 3.0 - 1.S 9.S 6.6 

" 
14 15.0 1.15 p.m. 1.0 0.2 3.0 1.4 9.6 5.4 

Average 19.05 1.09 16.2S 2.71 

1928 
Aug. 31 24.3 1.45 p.m. 0.3 0.5 O.S 0.:"; 22.5 1.8 
Sep. 1 22.1 1.00p.m. 0.5 1.1 1.4 1.1 .19.1 3.0 

" 
12 23.5 12.00 m. 1.1 2.0 2.0 I 1.S 19.1 4.4 

" 
19 1S.1 9.00 a.m. 0.9 1.7 ~.1 1.6 16.3 1.S 

" 
21 20.5 1.00 p.m. 0.0 1.0 1.0 0.7 19.1 1.5 

" 
23 16.3 12.00 m. 0.1 O.S 1.0 0.6 12.S 3.5 

,. 26 18.5 n.oo a.m. 1.:{ 1.0 1.0 1.1 .3.6 4.9 

" 
28 19.0 3.30 p.m. - - - - 16.0 3.0 

Oct. 1 16.5 1.00 p.m. 0.3 O.S 1.5 0.9 12.0 4.:3 

" 
3 19.6 3.45 p.m. - - - - 14.5 5.1 

" 
5 16.3 1.15p.m. 0.3 0.3 0.8 0.5 9.2 7.1 

Average. 19.52 0.9S 16.84 3.69 

1929 
July 4 20.2 3.00 p.m. O.G 0.0 O.S 0.5 17.G 2.6 

" 
5 lG.6 12.30 p.m. O.G 0.7 0.5 0.6 ]5.6 1.0 

" 
6 17.1 1.00 p.m. 0.3 0.5 0.5 0.4 16.1 1.0 

Aug. 4 23.G 4.00 p.m. 2.2 3.0 - 2.6 19.4 4.2 

" 
22 IS.4 1.30p.m. 0.2 0.8 1.4 0.8 14.1 4.3 

Sep. 30 15.1 1.00 p.m. 0.4 0.7 - O.G 11.9 5.1 
Oct. 7 ]9.2 1.45 p.m. 0.3 0.1 O.G 0.3 14.:"; 4.7 

" 
S 18.0 1.30 p.m. - 4.G - - IG.G 1.4 

" 
10 15.0 1.15 p.m. 0.5 0.8 - O.G 10.G 4.4 

" 11 15.1 9.00 a.m. 0.9 1.3 1.9 1.4 14.0 1.1 

" 
17 19.6 2.00 p.m. 0.4 1.6 - 1.0 So 11.4 

" 
18 15.1 1.00 p.m. 0.2 0.6 - 0.4 9.8 5.3 

Average 17.75 0.84 14.08 3.S8 

Av. of three yeal's 0.97 1 15.38 I 3.40 
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TABLE 10. (Continued) 

Blooming days 

Difference between the 
Difference Highest highest temperature and Temper-

Time of that at the 1st, 2nd and betwl'>en 
tempera- ature at the highest Date the highest 3rd hours after the time 

ture of highest temperature Sa.m. temperature 
temperature 

(C.) 
and that at 

(C.) 1st 2nd 3rd Aver- Sa.m. 
hour hour hour age 

----
1927 0 0 0 0 0 0 0 

Sep. 13 21.0 1.45 p.m. 0.5 1.0 1.2 0.9 15.6 5.4 

" 
21 20.0 10.30 a.m. 0.2 1.6 2.2 1.3 16.2 3.8 

" 
22 19.6 11.30 a.m. O.S 0.8 1.4 1.0 13.4 6.2 

" 
23 20.S 2.00 p.m. 0.6 1.8 2.0 1.5 11.6 9.8 

" 
24 20.6 1.15 p.m. 0.4 1.2 1.S 1.1 12.2 8.4 

" 
25 19.4 1.45 p.m. .0.6 1 . .0 3.0 1.5 11.6 7.8 

." 26 21.0 2.(fOp.m. 1.1 1.4 3.0 1.8 12.4 8.6 

" 
27 21.4 2.15 p.m. 0.2 1.2 3.0 1.5 16.6 4.8 

Oct, 10 20.4 10.45 a.m. .0.6 1 . .0 3.2 1.6 15.4 5.0 

" 
16 16.4 1.45 p.m. 2.0 4.4 5.4 3.9 7.4 9.0 

Average 20.06 1.61 13.21 6.88 

1928 
July 16 ~2.5 10.30 a.m. 0.3 0.4 0.5 0.4 21.5 1.0 

" 
19 23.5 1.15 p.m. 1 . .0 1 . .0 1.6 1.2 2.0 . .0 3.3 

Sep. 16 22.0 l.OOp.m. 0.8 0.4 1.2 0.8 18.5 1.5 

" 
17 19.5 11.00 a.m. 0.5 0.2 0.8 0.5 17.5 2.0 

" 
IS 20.2 1.00 p.m. 0.6 1.5 1.6 1.2 13.4 6.8 

" 
20 24.5 1.30p.m. 0.5 2.5 2.5 1.8 18.5 6.0 

... 22 19.8 l.J5p.m. 1.6 1.1 2.1 1.6 13.5 6.3 

" 
24 21 . .0 1.30 p.m. 0.5 1 . .0 1.7 1..0 14.5 5.5 

" 
27 2.0.0 10.30 a.m. 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 

Oct. 2 21.5 1.0.30 a.m. 0.5 1.1 0.5 .0.7 18 . .0 5.5 

Average 21.50 1 . .02 17.40 4.08 

1929 
July 8 19.4 12.00 m. 1.5 0.6 0.9 1.0 14.7 5.3 
Sep. 21 22.6 10.00 a.m. l.0 2.4 5.4 2.9 16.S 5.8 

" 
23 19.8 1.15 p.m. 0.6 1.4 2.3 1.4 12.0 7.S 

" 
24 21.5 12.30 p.m. 0.5 .0.9 ] .3 0.9 16.4 5.0 

" 
26 21.0 1..00 p.m. 0.8 1.4 2.5 1.6 ]6.0 5.0 

" 
27 19.4 1.30 p.m. .0.9 1.4 - 1.1 15.4 4.0 

" 
29 21.4 12 . .00 m. 1.S 3 . .0 4.0 2.9 17.6 3.8 

Oct. 1 16.8 1.45 p.m. .0" .~ O.S 1.9 1 . .0 1.0.0 . 6.S 

" 
3 22.1 2.15 p.m. 1.3 2.7 5.0 3.0 12.2 9.9 

" 
5 21.6 2.15 p.m. .0.6 ].3 3.0 1.6 16.6 5.0 

" 
9 17.5 12.00 m. 1.3 .0.4 0.7 O.S 12.4 5.5 

" 16 15 . .0 12.00 m. 0.6 .0.4 1.2 0.7 10.4 4.6 

Average 19.54 1.49 14.21 5.7] 

Av. of three years 1.371 14.94 1 5.55 
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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. On 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 accord
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(20) stated that the sooner the 
temperature reaches its highest point, the quicker 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 A.ugust 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 Bloorning and Hwnidity 

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

The "Titer 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 38.30j{, 
of all the flmyering days (188); this is followed by the days on which 
tile 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 sho"'n in 'rable 13, was 70% was the largest, 
being 36.70% of the total, and this is follo,wd hy the number of those 
days on which the humidity was 6070. 

., 
;.., 

" 'l::i 

'" 0 
.... 
Q) 

"" S 
;:l 

Z 

TABLE 11. Range of the lowest humidity on blooming days and 
that of h1lJnidity at the time of blooming 

Lowest humidity on 

I 
.Humidity at the time 

Year 
blooming day's of blooming 

Minimum Maximum Minimum Maximum 

% % % % 
19:37 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 

TABLE 12. }fJ"eq1tel1cy dl:stTibtdion of the lowest hwnidity 
on blooming days 

Lowest 
humidity 30% 40% 50% 60% 70% 80% 90% 100% '1'otal 

Year 
------ --------------

1927 0 1 10 41 21 7 0 0 80 

1928 1 8 21 19 8 2 1 0 60 

1929 1 6 22 12 i) 1 1 0 48 

Total 2 Ii) 53 72 34 ]0 2 0 188 

% 1.06 7.98 28.19 38.30 18.09 5.32 1.06 0 100 
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TABLE 13. Freqnency distribntion of hwnidity at the time of 
blooming in 1927, 1928 and 1929 

Humidity of 

231 

blooming time 30% 40% 50% 60%' 70% 800/0 90% 100% Total 

Year 
------------------

'" 
19~7 0 0 2 18 43 12 5 0 80 

'"' :"l 
":l 1928 0 5 7 22 ]6 7 3 0 60 

'" 0 
1929 0 1 12 .17 10 4 3 1 48 ,.., 

0) 
,Q 

Total 0 6 21 57 69 23 11 1 188 S .. 
Z % 3.19 11.71 30.32 36.70 ]2.23 5.85 0.53 100 

(ii) 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 behyeen 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 ,vas 21-25% and this is followed by the number of days on 
which the difference was 6-10%. TJle number of days on wJlich 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 tilue of the lowest 
humidity to the flowering time was the largest in number. 
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TABLE 14. Variation of difference between the lowest humidity and 
humidity at 8 a.m. on the blooming days 

Year 

Difference of 
Humidity (%) 

1 
2 
3 
4 
5 

6 
7 
8 
!) 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
2~ 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

Total 

1927 

1 
0 
0 
1 
2 

1 
3 
2 
4 
0 

3 
5 
3 
4 
1 

4 
2 
3 
5 
4 

2 
3 
5 
5 
2 

1 
0 
3 
3 
2 

0 
2 
1 
0 
1 

0 
0 
1 
0 
] 

80 

1928 

0 
0 
0 
0 
1 

0 
0 
1 
0 
1 

0 
1 
1 
0 
2 

1 
2 
2 
4 
1 

3 
2 
2 
2 
3 

2 
5 
I} 

2 
2 

0 
0 
3 
3 
1 

1 
2 
4 
0 
4 

60 

1929 Total % 

Number of days 

0 1 
0 0 
0 0 7 3.72 
1 2 
1 4 

2 3 
1 4 
1 4 19 10.11 
2 6 
1 2 

3 6 
1 7 
3 7 30 15.96 
0 4 
3 6 

3 8 
2 G 
1 6 39 20.74 
2 11 
3 8 

3 8 
1 6 
3 10 40 21.28 
2 9 
2 7 

0 3 
2 7 
0 5 25 13.30 
1 6 
0 4 

1 1 
0 2 
1 5 13 6.91 
0 3 
0 2 

0 1 
0 2 
1 6 15 7.98 
0 0 
1 6 

48 188 188 100.00 
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TABLE 15. Variation of difference between the lowest humidity 
and the humidity at the time of blooming 

Year 

Difference of 
humidity (0/0) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

51 

Total 

1927 1928 

5 0 

4 4 

4 5 

10 3 

11 3 

3 7 

7 3 

8 4 

5 8 

5 1 

6 5 

2 1 

2 0 

1 3 

2 0 

0 2 

1 5 

1 0 

2 1 

0 1 

0 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

1 0 

0 0 

I 
80 60 

1929 Total % 

Number of days 

1 6 6 3.19 

1 9 

4 13 

G 19 

2 18 73 38.83 

4 14 

4 14 

3 15 

2 15 

3 9 67 35.64 

3 14 

0 3 

4 6 

1 5 

3 5 23 12.23 

2 4 

0 6 

0 1 

0 3 

2 3 14 7.45 

0 1 

1 1 

1 1 

0 0 

0 0 2 1..06 

0 0 

0 ] 

0 1 3 1.60 
1 1 

48 188 100.00 
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TABLE 16. Variation of int61'val between the time of the 
lowest humidity and blooming time 

Year 

Length of time I 
(minutes) 

15 
30 
45 
60 

75 
90 

105 
120 

135 
150 
165 
180 

195 
210 
225 
240 

255 
270 
285 
300 

315 
330 
345 
360 

375 
390 

1927 

2 
4 
3 
5 

3 
3 
5 
7 

8 
6 
2 
4 

4 
3 
6 
7 

0 
1 
3 
2 

0 
0 
1 
1 

0 

0 

1928 

1 

3 
3 
2 

3 
7 
4 
4 

4 
4 
2 
2 

4 
6 
3 

4 

1 
1 
1 
1 

0 
0 
0 
0 

0 
0 

1929 Total 

Number of days 

0 3 
3 ]0 
1 7 

30 

3 10 

D 11 

1 11 

2 11 
50 

(j 17 

6 18 
4 14 

46 
3 7 
1 7 

J 9 
1 10 

40 
0 9 
1 12 

3 4 
3 5 

17 
1 5 
0 3 

1 1 
0 0 

0 1 
3 

0 1 

0 0 
2 

2 
:3 

% 

15.96 

26.60 

24.47 

21.28 

9.04 

1.60 

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 8 a.m. and the lowest humidity, and the 



STUDIES ON THE BLOOMING OF OAT FLOWERS 235 

TABLE 17. Comparison between changes of h7tlnicZity on blooming days 

and those on non-blooming days 

Non-blooming dars 

Differs1lce between the 
lowest humidity and Difference 

Lowest Time of those at the 1st, 2nd Humidity between 
and 3rd hours after the the lowest Date lowest time of the lowest % humidity humidity 

humidity at 8a.m. and that 
1st 2nd 3rd Aver- at 8 a.m. 

hour hour hour age 
----

1927 % % % 0/0 0/0 % % 
July 18 95 11.15 a.m. a a a a 95 0 
Aug. 24 89 8.30 a.m. 1] 11 11 11 94 5 

" 
30 94 2.30 p.m. a 0 1 0.3 100 6 

Sep. 3 65 1.00 p.m. 5 8 12 8.3 88 23 

" 
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 5 

" 
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 

" 
14 63 1.30 p.m. a 1 2 1.0 80 17 

AVCl'age 76.60 5.04 80040 12.4 

1928 
Aug. 31 95 10.00 a.m. 1 1 2 1.3 98 3 
Sep. 1 89 1.00p.m. 5 9 10 8.0 99 10 

" 
12 64 12.00 m. 3 11 13 9.0 91 27 

" 
19 70 9.00 a.m. 6 17 11 10.1 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 a 

" 
26 50 11.00 a.m. 7 t; 5 5.6 62 12 

" 
28 62 11.00 a.m. 2 2 5 3.0 70 8 

Oct. ] 43 2.30p.m. 4 12 16 8.0 72 29 

" 
3 56 10.00 a.m. a 20 16 12.0 78 22 

" 
5 43 1.15 p.m. 12 -7 - 2.5 72 29 

Average 65.55 6.04 80.45 14.9 

1929 
July 4 74 ]2.00 m. 11 11 7 9.6 86 12 

" 
5 86 12.30 p.m. 4 6 -5 1.6 98 12 

" 
6 91 12.30 p.m. 1 2 3 2.0 95 4 

Aug. 4 71 2.00 p.m. 1 4 ,,-
~D 10.0 87 16 

" 
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 

" 
8 82 1.00p.m. 0 ]5 16 10.3 98 14 

" 
10 61 1.15 p.m. 6 16 19 10.3 78 17 

" 
11 57 10.00a.m. 3 7 3 4.3 62 5 

" 
17 60 2.30p.m. 0 3 - 1.5 100 40 

" 18 61 2.00p.m. 5 - - 5.0 83 22 
Average 67.67 5.98 84.50 15.8 

Av. of three years 84.45 I 14.37 
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TABLE 17. (Contintwd) 

Blooming days 

Difference between the 
lowest humidity and Difference 

Lowest Time of those at the 1st, 2nd Humidity between 

Date lowest and 3rd hours after the the lowest 

humidity time of the lowest % at 8 a.m. humidity 
humidity and that 

lIst 2nd 3rd I Aver- at 8 a.m. 
hour hour hour age 

1927 '10 % % 0/0 % % % 
Sep. 13 71 11.15 a.m. 1 1 1 1.0 88 17 

" 21 60 10.00 a.m. 1 7 10 6.0 69 9 

" 
22 58 11.30 a.m. 12 13 13 12.0 82 24 

" 
23 64 1.30 p.m. 0 6 ;) 3.4 87 23 

" 
24 55 12.30p.m. 9 13 9 10.3 87 32 

" 25 63 12.45 p.m. 8 8 8 8.0 87 24 

" 
26 64 1.30 p.m. 0 12 16 9.3 87 23 

" 27 58 12.15 p.m. 7 10 6 7.6 78 20 
Oct. 10 54 12.45 p.m. 12 7 6 8.3 73 19 

" 16 61 11.45 a.m. 13 13 11 12.3 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 ]2.30p.m. 3 6 10 6.3 80 20 
Sep. 16 55 12.30 p.m. 14 15 16 15.0 84 29 

" 17 56 1.15 p.m. 3 3 3 3.0 66 10 

" 
]8 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 I.OOp.m. 5 6 19 10.0 100 25 

" 
27 40 2.30p.m. 1 3 7 3.9 55 15 

" 29 49 3.15 p.m. 3 - - 3.0 87 38 
Oct. 2 52 12.00 m. 3 2 10 5.0 57 5 

Average 58.82 6.46 79.73 20.73 

1929 
July 8 74 12.00 m. 5 0 -2 1.0 97 23 
Sep.21 42 10.30 a.m. 10 9 51 23.0 65 23 

" 
23 57 1.15 p.m. 1 4 4 3.3 77 20 

" 
24 51 l.OOp.m. 2 6 9 5.7 67 26 

" 
26 53 1.15 p.m. 4 11 24 13.0 74 21 

" 
27 52 1.00p.m. 3 2 5 3.3 76 24 

" 29 67 12.00 m. 12 7 13 10.7 88 21 
Oct. 1 45 1.00p.m. 6 12 14 10.6 86 41 

" 
3 52 2.00 p.m. -3 12 26 11.7 77 25 

" 
5 63 2.15 p.m. 3 16 24 14.3 64 1 

" 9 53 2.00 p.m. 9 10 38 15.6 82 29 

" 16 58 12.00 lll. - 3 1 1.0 72 14 

Average 55.59 9.43 77.08 22.33 

A v. of three years 7.90 I 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 be'gins to take place while 
humidity is increasing 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 can be understood by considering 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. 



238 GIICHI :1USONOO 

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 
4.42-5.77 mls with those on days when the average velocity from 6 a.m. 
to 6 p.m. was 1.14-2.91 m/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 4.42-5.77 mls and 12 
clays when the average velocity of wind was 1.14-2.91 m/s. In the 
former it was found that" blooming did not occur 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 ,,-ay ,yhatever. 

TABLE 18. Comparison between the aJ1W1lnt of rainfall on non-blooming 
days and that on blooming days 

Non-blooming days 

Time 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6 
a.m. a.m. a.m. a.ln. a.m. a.m. p.m. p.m. p.m. p.m. p.m. p.m. 

amount of rainfall (m.m.) 
Date 

------------------------
1927 

July 18 0.1 2.2 4.5 0.1 3.8 5.8 4.4 1.0 0.6 0.2 0.1 0.5 

Aug. 24 3.2 8.8 4.1 7.9 8.0 1.5 OJ 0.0 - 0.3 0.2 0.2 

" 
30 0.4 2.1 6.5 6.1 5.4 6.4 2.4 0.4 0.0 - - 0.0 

Sep. 3 0.0 0.1 0.0 0.0 0" .~ 1.9 2.4 2.4 3 " 0.2 - -
" 

10 - 0.0 0.2 0.0 0.0 0.0 0.4 0.9 0.3 0.1 0.1 

" 
17 0" .~ 0.9 0.2 0.0 0.0 

------------------------
1928 

Aug. 31 0.0 0.2 0.4 1.4 2.3 2.6 5.5 ].8 5.1 3.5 3.4 3.9 

Sep. 1 1.8 0.8 0.1 0.0 0.0 - - 0.0 0.1 0.6 1.3 0.3 

" 
19 0.0 0.8 0.4 0.1 0.8 0.7 0.8 1.4 1.0 

" 
23 0.0 0.0 0.4 0.5 0.7 1.2 1.0 1.3 1.9 2.0 

------------------------
]929 

Oct. 8 0.3 0.2 0.1 0.1 0.0 0.3 0.1 0.1 4.3 3.7 ].4 0.9 
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TABLE 18. (Contin1wcl) 

Blooming days 

Time 6-7 7-8 8-9 9-10 10-11 11-12 12-1. 1-2 2-3 3-4 4-5 5- 6 
a.m. a.m. a.m. a.m. a.m. a.m. p.m. p.m. p.m. p.m. p.m. p,m. 

amount of l'ainfall (m.m.l 
Date _1 __ 1_- I 

-- -------------
1927 ,. 

July 1.3 0.0 0.4 2.1. 2.0 3,5 10.7 1.2.G 
54t 39 

" 
16 0.3 0.0 0.0 

52 64 7 

" 
17 0.2 0.1 0.0 0.2 0,1. 0.3 0.0 ! 0.8 0.0 0.0 0.0 0.0 

9 90 17 

" 
31 0.3 0.0 0.0 0.1 I 0.3 0.8 0.6 0.4 1.3 

45 
Aug. 3 0.6 2.9 13.1 

19 5 
Sep. 4 0.0 0.2 0.1 0,1 0.2 0.0 0.1 1.0 0.2 

48 16 

" 
16 0.0 0.0 0.1 0.0 0.0 0.4 0.0 

59 23 

" 18 0.0 0.2 0.0 I 0.0 0.0 0.1 
: 

I 
56 94 8 , 

" 
19 

I 
0.0 0.0 0.2 2.0 3.3 1.2 0.3 

165 21 

1928 

I July] 6 0.4 0.5 0.8 0,9 0.4 9.1. 3.2 3.1 3.4 0,1 
11 5 

" 
17 0,0 0.1 1.6 0.1 0.0 

260 386 13 

" 
30 0.(1 0.0 (1,0 0.0 0.0 

3 26 40 8 
Sep. 13 0.0 0,0 S.2 3.6 1.0 2.4 1.0 0.2 1.1 

3 9 

" 
]6 0.1 0.0 0.0 0.0 0.0 

1 

]929 
July 14 0.0 0.2 0.4 0.6 1.1 0,0 0.0 0.0 0,0 0.0 

81 78 4 

" 
23 0.0 0.0 0.0 1.4 0.8 1.0 0.5 0." 4.2 3.5 3.7 

32 14 2 

" 
2G 0.7 2.7 0.0 
, 138 31 

Aug. 14 0.1 0.0 0.0 
44 9 

" 
24 0.0 0.2 0.0 0.0 1.3 0.4 0.0 0.0 0.0 

22 1 

" 
27 3.7 1.3 0.5 0.2 0.0 0.0 1.1 0.0 0.0 

2 23 

" 
28 0.0 0.2 0.2 0.0 

39 

" 
29 1.3 4.0 2,0 1.5 0.6 

10 2 

* .... amount of rainfall 
.... number of flowel's bloomec1 
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Date 

July 26 
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TABLE 19. Number of blooming flowers days when the average 
velocdy 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 
velocity Blooming time 
of wind 

from 
3.00[3.1513.3013.4514.0014.1514.30 6 a.m. 2.00 2.15 2.30 2.45 4.45 5.00 5.15 5.30 

to 6p.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 

5.77 8 26 9 12 

Aug.29 I 5.58 2 84 30 27 10 2 1 

Sep. 2 4.48 1 0 0 4 2 8 4 1 

" 9 4.42 11 13 1 1 

" 
18 4.95 56 9 44 23 18 8 

" 
27 4.51 16 24 36 15 5 

" 
29 4.42 1 9 7 10 16 7 3 

Oct. 2 7.06 

" 8 5.42 27 18 

~I_~ Average 5.18 
-- - - -- - - - - - - - - -

July 24 2.16 4 0 9 27 2 22 4 1 

Aug. 19 1.73 16 2~ 61 61 16 6 

" 
20 1.25 18 51 40 12 12 5 2 

" 
23 1.71 1 0 0 74 54 17 26 22 4 

Sep. 8 1.25 7 4 4 

" 
13 1.14 5 4 1 1 

" 22 2.18 3il 31 24 20 ]3 6 3 

" 
24 2.91 10 20 28 17 2 

Oct. 1 2.17 31 27 27 20 6 

Average 1.83 

5. Relation between Blooming and Duration of Sunsliine 

Total 

55 

154 

20 

26 

158 

96 

53 

0 

59 

--
69 

182 

140 

198 

15 

11 

132 

77 

111 

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 l)lace. On the other hand, there was sunshine on most 
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TABLE 20. Dttration of sunshine on blooming days and that on 
non-blooming days 

Non-blooming days 

Time 6-7 7-8 8-9 9-10 \10-11\11-12\12-1\1-2\2-3 \ 3-4 4-5 5-6 Total a.m. a.m. a.m. a.m. a.m. a.m. p.m. p.m. p.m. p.m. p.m. p.m. 

Date Hours of sunshine (Jordan's recorder) 
~---

1927 
July 18 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 
Aug.24 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 

" 
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 

Sep. 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.55 

" 
10 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 

" 
17 0.18 0.10 0.20 0.00 0.00 0.06 0.00 0.30 1.80 0.65 0.00 0.00 3.29 

Oct. 3 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.20 0.03 0.00 0.00 0.00 0.26 
~-~-~-~-~---~-~-~-~---

1928 
Sep. 1 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 

" 
12 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 

" 
19 0.00 0.00 0.00 0.00 0.20 0.82 0.52 0.82 0.17 0.60 0.65 0.00 3.78 

" 
21 0.00 0.70 0.20 0.00 0.50 0.00 0.20 0.90 0.08 0.35 0.25 0.00 3.18 

" 
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 

" 
28 0.00 0.00 0.00 0.00 0.40 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.70 

~-~-~-~-~---~---~-~---
1929 

July 4 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 
Aug. 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.10 

" 
22 0.07 1.00 l.00 0.72 0.22 0.60 0.40 0.30 0.00 0.60 0.16 0.00 4.71 

Oct. 7 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

" 
8 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 

TABLE 20. (Contimwd) 

Blooming days 

1927 
July 13 0.45 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 

" 
17 00.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

" 
21 0.00 0.45 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 

Aug.27 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 
~-~-~-~-~-~---~-~-~-~---

1928 
July 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 00.0 0.00 1.96 0.42 0.00 2.38 
Aug.10 0.82 0.68 0.53 0.30 0.00 0.00 0.00 0.35 0.00 0.00 0.36 0.20 3.24 

" 
24 0.00 0.00 1.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.22 

Sep.13 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 
~-~-~-~-~-~---~-~-~-~---

1929 
July 14 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 

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

6. Relation between Blooming and Sunlight 

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 'vere to bloom on the day were taken and 11ut 
into 4 glass bottles which were again put into the cylinder made of 
cardboard, the sunlight being thus intercepted. The cylinder 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. 

TABLE 21. Number of blooming flowers when plant was exposed to 
s1tnlight aneZ when it was intercepted 

Number of blooming flowers 

Date Time at which 
Sunlight inter.cepted 

(1929) he:!ds were Control 
examined (one head) Ko.1 No.3 No.3 No.4 

p.m. 
July 8 3.00 3 2 4 5 3 

" 
9 3.30 4 3 5 4 4 

" 
10 3.30 2 3 2 3 1 

" 11 4.00 3 2 3 4 2 

13 5.00 5 4 4 5 <> 

" 
i) 

" 
]3 4.00 3 1 4 2 4 

" 
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 gro"wil1g 
outside. But the blooming in this case occurred 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'clock. And also in the dark room blooming took 
place as in the case of those gTO\ying outside when other conditions were 
suitable. These facts confirm that sunlight is not necessary for the 
blooming of oats. 

7. Summary 

1. 'l'he range of temperature on the days on which blooming 
occUlTed 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 ,yas 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 S a.m. 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 da,}-'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 bet\yeen 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. 'l'he most suitable minimum humidity was 50-60%, the best 
humidity at the time of blooming was 60-70;; . 

6. There is a close relation bet\Yeen blooming and challges of 
humidity. Blooming occurred when the difference between the morning" 
humidity and the minimum humidity was 10-20;;, and when humidity 
increased by 3-770 within an hour or two after the time of the minimum 
humidity. 

7. There were clays on which blooming did not take place although 
the humidity of the day was within the range suitable for bloomillg'. 
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'When the humidity on these days was compared \1'ith that of blooming 
days, there were generally found to be less changes in humidity on the 
non-blooming days. 

8. There is au intimate relation between the blooming time and the 
time of the minimum humidity of the day. When the minimum 
humidity was reached early, blooming also 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. 'rherefore 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 snnshine, more blooming occurred, but 
there were instances in \\'hich no blooming took place in spite of much 
sunshine. Therefore uo direct relation exists between sunshine and 
blooming. 

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

B. CONTROL OF BLOO",IINO OF OAT FLOWERS 

'fhe results of the obsel'Yations 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 contJ'ollecl by temperature 

(i) Control of Blooming Time dming the Day 

The writer stated in his preliminary report(20) 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 ,yhich 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 describe 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 1 b, but the time at which the heads were cut and put into thermostat 
was earlier than in 1 b. 

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 1 a. 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. 



Time and temper-
ature when heads 
were put into the 

thermostat of 
high temperature 

I 
8 a.m. 24.8°C. 

TABLE 22. Results of the experiments on the conb'ol of blooming time 
conducted according to method No. 1 a 

Experiment 1 

(July 16, 1927) 

Time at which I ']'emperature of Blooming time and number of flowers 
heads were the thermostat which bloomed Number of 

transferred from (C.) heads used 
the thermostat of I in the ex-
high temperature H' I L 

11 12 1 2 3 4 5 6 7 periments 
to that of low Ig I ow a.111. m. p.ln. p.m. p.m. p.m. p.m. p.m. p.lli. 

----------
I 

10.00 a.m. I 27° 22° 0 0 0 3 0 0 0 0 0 1 
30° 22° 0 0 0 6 0 0 0 0 0 1 

12.00 27° 2~o 2 0 0 0 0 0 0 1 
m. 30° 22° 0 0 0 0 0 0 0 1 

2.00 p.m. 27° 22° 5 0 0 0 0 1 
30° 22° 0 1 0 0 0 1 

4.00 p.m. 27° 22° 2 0 0 1 
30° 22° ] 0 0 

I 

1 

6.00 p.m. 27° 22° 0 1 
30° 22° 7 1 

Time of 

nahufll 

blooming 

2.15 p.m. 

t-:) 
H'-
0";> 

e 
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i=i 
H 

~ 
§ 
~ 
o 
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Time und temper- Time at which 

ature when heads heads were 

were put into the transferred from 

thermostat of the thermostat of 

high temperature high temperature 
to that of low 

8.30 a.m. 22°0. 11.30 a.m. 

1.30 p.llI. 

2.30 p.m. 

Time and temper ~ Time at which 
heads were ature when heads transferred from were pu t in to the 

thermostat of the thermostat of 

high temperature high temperature 
to that of low 

9 a.m. 33.2°0. 11.00 a.m. 

1.00 p.m. 

3.00 p.m. 

5.00 p.m. 

TABLE 22. (Contin'uecl) 
Experiment 2 
(July 2, 1928) 

Temperature of the Blooming time und number of flowers 
thermostat (C.) whic11 bloomed 

High 
I 

26° 
24° 

26° 
24° 
26° 
24° 

I Low 12.30 1.30 
p.m. p.m. 

20° f) 4 
20° 8 4 
20° 
20° 
20° 
20° 

'fABLE 22. (Continued) 
Experiment 3 
(July 17, 1927) 

2.30 3.30 
p.m. p.m. 

0 0 
0 0 

12 0 
14 0 

4 
6 

4.30 
p.m. 

0 
0 
0 
0 

0 
0 

Temperature of Blooming time and number of flowers 
the thermostat which bloomed 

(C.) 

12 1 \ <> 
3 4 5 (i 7 

lJigh Low m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. 

29° 23° 0 0 (i 3 0 0 0 0 
31° 23° 0 0 8 4 0 0 0 0 
29° 23° 7 1 0 0 0 0 
31° 23° 0 7 0 0 0 0 
29° 23° 4 0 0 0 
31 ° 23° 7 0 0 0 
29° 23° 3 0 
31° 23° 3 0 

Number of 
heads used 
in the ex-
periments 

2 
2 

2 
2 
:.1 
:.1 

Number of 
heads used 
in the ex-
perimcnts 

1 
1 

1 
1 

1 
1 
1 
1 

'l'ime of 

natural 

blooming 

2.15 p.m. 

Time of 

natural 

blooming 

1.30 p.m. 

w 
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Time and temper- Time at which 
heads were ature when heads transferred from were put into the the thermostat of thermostat of high temperature high tempernture to that of low 

9 a.m. 21°C. R.OO p.m. 

4.00 p.m. 

Time and temper- Time at which 
heads were ature when heads transfer.red from were put into the the t hermosta t of thermostat of high temperature high temperature to that of low 

g a.m. 20°C. 1.00 p.m. 

3.00 p.m. 

4.00 p.m. 
- ------------~ 

TABLE 22. (Continued) 
Experiment 4 
(July 5, 1928) 

'l'emperaturc of the Blooming time and numher of flowers 
thermostat (C.) which hloomed 

High 

29° 

29° 

Low 4p.m. 5p.m. 

19° 2 0 

19° 2 

TABLE 22. (Continued) 
Experiment 5 
(July 6, 1928) 

6 p.m. 

0 

1 

7 p.m. 

0 

0 

Temperature of the Blooming time and numher of flowers 
thermostat (C.) which bloomed 

Number of 
heads used 
in the ex-
periments 

2 

2 

Number of 
heads used 
in the ex-

High Low 2p.m. 4p.m. 4 P.m·1 op.m. 6 p.m. periments 

22.8° 19° 6 0 0 0 0 2 . 

22.8° 19° 2 0 0 2 

22.8° 19° 0 2 
'---- ------

Time of 

natural 

blooming 

1.45 p.m. 

Time of 

natural 

blooming 

2.20 p.m. 

-------

t-:) 

'""" 00 

o 
::1 
o 
f!1 
"" 
~ 
"" Ul o 
Z 
o 
o 



'Time and tcmper- 'Time at which 

ature when heads heads were 

were put into the transferred from 
the thermostat of thermostat of high temperature high temperature 

to that of low 

9 a.m. :l100. 12.00 m. 

~.OO p.m. 

4.00 p.m. 

5.00 p.m. 
-------- ----

Time and temper- 'l'ime at which 

atm'e when heads 
heads were 

were put into tho 
transferred from 
the thermostat of 

thermostat of high temperature 
high temperature to that of low 

f).30 a.m 25°0. 12.30 p.m. 

1.30 p.m. 

2.30 p m. 

3.30 p.m. 
-

TABIJE 22. (Continued) 
Experiment 6 
(July 9, 1(28) 

'Temperature of Blooming time and number of flowers 
the thermostat 

(C') 

High 

29° 

29° 

29° 

29° 

which bloomed 

I 

Low 1 2 3 4 
p.m. p.m. p.m. p.m. 

---------

19° 10 10 0 0 

19° 22 

If)° 

19° 
----"-

TABLE 22. (ContinuecZ) 
Experiment 7 
(July 10, 1(28) 

5 
p.m. 
---

0 

0 

(j 7 
p.m. p.m. 

0 0 

0 0 

31 0 

17 

Temperature of the Blooming time and number of flowers 
tllermosta t (C.) which bloomed 

High Low 1.30 2.30 3.30 4.30 5.30 5.30 
p.m. p.m. p.m. p.m. p.m. p.m. 
--- ------ ---------

32° 20° 0 2 0 0 0 0 
28° 20° 4 0 0 0 0 0 
32° 20° 0 4 1 0 0 
28° 20° 3 0 0 0 0 
32° 20° 0 3 0 0 
28° 20° 6 0 0 0 
32° 20° 2 7 0 
28° 20° 2 0 0 

Number of 
heads used 
in the ex-
periments 

5 

5 

5 

5 

Number of 
heads used 
ill the ex-
periments 

1 
1 

1 
1 
1 
1 
1 
1 

'Time of 

natural 

blooming 

2.20 p.m. 

'Time of 

natural 

blooming 

1.15 p.m. 

W 
>'3 
d 

~ w 
o 
Z 
>'3 
H 
H 

M 
I:d 
t" 
o o 
'" M 

Z 
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w 
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Time and temper- Time at which 
hends were ature when heads transferred from were put into the the thermostat of thermost.at of high temperature high temperature to that of low 

10 a.m. 27.2°C. 12.00 Ill. 

2.00 p.m. 

4.00 p.m. 

6.00 p.m. 

'rim8 and temper- Time at which 
heads were atme when heads transferred from were put into the the thermostat of thermostat of 

high temperature high temperature 
to that of low 

10 a.m. 21.4°C. 1.00 p.m. 

2.00 p.m. 

3.00 p.m. 
--

'l'ABLE 22. (Continued) 
Experiment 8 
(July 16, 1927) 

'femperature of the I Blooming time and number of flowers 
therIllosta t (C.) which bloomed 

High 
I 

32° 

32° 

32° 

32° 

Low 2 p.m. 3 p.m. 4p.m. 

22° 0 1 0 

22° 1 

22° 

22° 

'r ABLE 22. (Continued) 
Experiment 9 
(July 7, 1928) 

5 p.m. t 6 p.m. 

0 0 

0 0 

1 0 

7 p.m. 

0 

0 

0 

3 

'l'emperature of the Blooming tillle and HUlllber of flowers 
thermostat (C.) which bloomed 

High 
I 

Low :3 p.nI. 3p.Ill. ! 4 p.m. 5 p.m. 6p.m. 

30° 19° 9 0 0 0 0 

30° 19° 8 0 0 0 

30° 19° 12 0 0 

1 

I NllInber of 
heads used 
in the ex-
per imen ts 

1 

1 

1 

1 

Number of 
heads used 
in the ex-
periments 

3 

~ 

" 
3 

'rime of 

natural 

blooming 

2.30 p.m. 

I 

I 

Time of 

natural 

blooming 

2.45 p.m. 

~ 
<:Jl 
o 

so 
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Time and temper- Time at which 
heads were ature when heads transferred from were put into the the thermostat of 

thermosta t of 
high temperature high temperature 

to that of low 

11 a.m. 26.1°0. 1.00 p.m. 

3.00 p.m. 

5.00 p.m. 

-

Time and tcmper-
Time at which 

heads were 
ature when heads transferred from 
were put into the the thermostat of 

thermostat of high temperature 
high temperature to that of low 

11 a.m. 23.8°0. 2.00 p.m. 

4.00 p.m. 

5.00 p.m. 

TABLE 22. (Continued) 
Experiment 10 
(July 17, 1927) 

Temperature of the Blooming time and number of flowers 
thermostat (0.) which bloomed 

High 

29° 
31° 

29° 
31° 

29° 
31° 

Low 2 p.nI. 3 p.111. 

23° 2 1 
23° 1 2 

23° 
23° 

23° 
23° 

TABLE 22. (Continued) 
Experiment 11 

(July 9, 1928) 

4p.m. 6 p.m. 

0 0 
0 0 

4 0 
4 0 

6 p.m. 

0 
0 

0 
0 

3 
1 

Temperature of the Blooming time and numlJer of flowers 
thermostat (0,) which bloomed 

High Low 3 P.m·1 4 p.m. 5 P.m·1 6 p.lll. 7 p.lll. 

~9° ] 9° 1 12 0 0 0 

29° 19° . 14 0 0 

29° 19° 18 0 

Number of 
heads used 
in the ex-
perimellts 

1 
1 

1 
1 

1 
1 

Number of 
heads used 
in the ex-
perimcnts 

[j 

[j 

[j 

Time of 

lIatnral 

blooming 

1.30 p.m. 

Time of 

natural 

lJlooming 

2.20 p.lIl. 

(/1 
>'3 
d 
tj 
H 
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Time and temper-
ature when heads 
were put into the 

thermostat of 
high temperature 

12 m. 27.4 °C. 

Time and temper-
ature when heads 
were put into the 

thermostat of 
high temperature 

12 m. 22.8°0. 

Time at which heads 
were transferred 

fr·om the thermostat 
of high temperature 

to that of low 

4.00 p.m. 

6.00 p.m. 

TABLE 22. (Continued) 

Experiment 12 
(July 16, H)27) 

Temperature of the Bloondng time and number 
thermostat (C.) of flowel's which bloomed 

High 

30° 

30° 

Low 5 p.m. 

22° 3 

22° 

TABLE 22. (Contim16d) 
Experiment 13 

(July 4, 1928) 

--

6 p.m. 7 p.m. 

0 0 

2 

I Number of 
heads used 

in the 
experiments 

1 

1 

Time at which Temperature of the BloomiJlg time and numbe>' of flowel's heads were Number of 
transferred from thermostat (C.) which bloomed heads used 
the therm()stat of in the ex-
high temperature High Low 4p.m. cp.m. 7p.m. 10.30 periments 

to that of low 
6 p.m. p.m. 

3.00 p.m. 2- 0 
·0 19° 5 0 0 0 0 2 

4.00 p.m. 25° 19° 4 0 0 0 2 

9.00 p.m. 25° 19° 7 2 

Time of 

natural 

bloomillg 

1.30 p.m. 

Time of 

natural 

blooming 

1.15 p.m. 

~ 
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Time alld temper- Time at which 
heads were ature when heads transferred from were put into the the thermostat of thermostat of high temperature high temperature to that of low 

1.00 p.m. 24.6°0. 3.00 p.m. 

5.00 p.m. 

9.30 a.m. 
(.TuI. 18) 

-

Time and temper- Time at which 
heads were ature when heads transferred from were put into the the thermostat of thermostat of high temperature high temperature to that of low 

1 p.m. 25.5°0. 2.00 p.m. 

4.00 p.m. 

5.00 p.m. 

TABLE 22. (Oontinned) 
Experiment 14 

(.Tuiy 17, 1927) 

Temperature of the Blooming time and number of flowers 
thermostat (0.) which bloomed 

High 

29° 
31° 

29° 
in° 

29° 
31° 

Low 4 p.m. 5 p.m. 

23° 1 0 
23° 4 0 

23° 
23° 

23° 
23° 

TABLE 22. (Ooncluded) 
Experiment 15 

(July 9, 1928) 

G p.m. 

0 
0 

2 
4 

10.30 a.m. 
(Jul. 18) 

4 
1 

Temperature of the Blooming time and number of flowers 
thermostat (0.) which bloomed 

High Low 3 p.m. 4 p.m. 5 p.m. 6 p.m. 

29° 19° 1 G 0 0 

29° 19° 9 0 

~9° 19° 6 
---- ---- --- - --- -

Number of 
Jleads used 
in the ex-
periments 

1 
1 

1 
1 

1 
1 

Number of 
heads used 
in the ex-
periments 

5 

5 

5 

Time of 

natural 

hlooming 

1.30 p.m. 

Time of 

natural 

blooming 

2.20 p.m. 
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M 
U1 
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Time and temper-
ature when heads 
were put into the 

thermostat of 
high temperature 

8 a.m. 24°C. 

No. 2 :-'l'able 23 Hho\\"H the reHults of the experimentH conducted 
according to method 1. b. 'I'hese experiments are different fronl 1. a. 
method in the changing of the temperature, but as in No. 1 the hours 
of blooming can be controlled in each case. 

'r ABLE 23. Resnlts of the expeTiments on the contTol of blooming time 
cond1wted accOTding to method No. 1 b 

Experiment 16 
(July 18, 1928) 

Time at which Temperatnre of Blooming time and number of flowers 
heads were the thermostat which bloomed Number of 

transferred from (C.) heads used 
the thermostat of in the ex-
11igh temperature High Low 11 12 

1 I 2 
3 4 5 I G periments 

to that of low a.lll. lU. p.m. p.lU. p.m. p.m. p.m. p.lU. 

10.00 a.m. 26° 20° 0 0 8 0 0 0 0 0 " ~ 

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.lll. 26° 20° 7 0 :.l 

5.00 p.lll. 26° 20° 6 :] 

Time of 

natural 

blooming 

1.30 p.m. 

~ 
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Time and temper-
Time at which 

ature when heads heads were 
transferred from 

were put into the the thermostat of thermostat of high temperature 
high temperature to that of low 

8 a,m. 24°C. 12.00 1l1.. 

2.00 p.m. 

4.00 p.m. 

5.00p.lll. 

Time and tcmper- Time at which 

ature when heads 
heads were 

were put in to the 
transferred fro111 

thermostat of 
the thermostat of 

high temperature 
high temperature 

to that of low 

8 a.m. 24°C. 2.00 p.111. 

4.00 p.m. 

5.00 p.m. 

TABLE 23 ( Continued) 
Experiment 17 
(July 18, 1928) 

'l'cmperature of the Blooming time and number of flowers 
thermostat (C.) which lJloomed 

Low High I Low ~-I 2 ? 4 
p.m. p.m. pm. p.m. 

------- - - -- ------- ---- ----

26° 28° 

26° 28° 

26° 28° 

26° 28° 

22° 0 6 0 

22° 11 

22° 

22° 

TABLE 23 (Contimlcd) 
Experiment 18 
(July 18, 1928) 

0 

0 

5 (i 

p.m. p.m. 

0 0 

0 0 

14 0 

16 

Temperature of the Blooming time and number of 
thermostat (C.) flowers which bloomell 

I 
3 p.m. 4 p.m. 5 p.m. 6p.rn. 

26° 28° 32° 26° 10 0 0 0 

26° 28° 32° 26° 3 5 

26° 28° 32° 26° 6 

Number of 
heads used 
in the ex-
periments 

2 

2 

2 

2 

Number of 
heads used 
in the ex-
periments 

2 

2 

2 

Time of 

natural 

blooming 

1.30 p.m. 

'l'imc of 

natural 

blooming 

1.30 p.111. 
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Time und temper-
ature when heads 
were put into the 

thermostat of 
high temperature 

10 a.m. 24°0. 

Time and tempera-
tnre when heads 

were put into the 
thermostat of high 

temperature 

10 a.m. 24°0. 

Time at which 
heads were 

transferred from 

TABLE 23 (Continued) 
Experiment 19 
(July 18, 1928) 

Temperature of the Blooming time andnum bel' of flowers 
thermostat (0.) which bloomed Number of 

heads used 
the therlIlostat of 

4 p.m. I v p.m. I 6 p.m. 
in the ex-

high temperature High Low 1 p.m. 2p.m. 3 p.m. periments 
to that of low 

-----

12.00 m. 

2.00p.m. 

4.00 p.m. 

5.00 p.m. 

Time at which heads 
were transferred 

from the thermostat 
of high temperature 

to that of low 

2.00 p.m. 

4.00 p.m. 

28° 

28° 

28° 

28° 

26° 4 9 0 

26° 12 

26° 

26° 

'l'ABLE 23 (Continued) 

Experiment 20 
(July 18, 1928) 

0 0 

0 0 

10 

Temperature of the I Blooming time and number of 
I thermostat (0.) flowers which bloomecl 

0 

0 

0 

3 

Low High 
I 

Low :2 p.m. 4 p.m. 5 p.m.1 6 p.m. 

:28° 32° 26° 4, 9 0 0 

28° 32° 26° 5 8 

2 

2 

2 

2 

Number of 
heads used 

in the 
e xperimen ts 

:.) 

2 
-

Time of 

natural 

blooming 

4.30 p.m. 

Time of 

natural 

blooming 

4.30 pm. 
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No.3 ;-The results given in 'l'able 24 are obtained by method 2. 
These results show that ,,,hen 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 :;1, 1928) 

TemperatUl'c outside at 5; 30 a.m ............... 16.3 0 C. 

Blooming 

time 

a.m. 
5.30 
7.00 
8.00 

9.00 
10.00 
10.30 

11.00 
11.30 
12.00 

p.m. 
0.30 
1.00 
1.30 

2.00 
2.30 
3.00 

3.30 
4.00 

22 
22 
22 

22 
28 

I 

27 

27 
26 
26 

o 

I 

25 I 
25 I 
24 

24 I 

: ~~ i 
I 22 I 
I 21 

5 
9 
3 

6 
4 

24 
24 
24 

24 
22 
22 

22 
22 
22 

22 
22 
22 

22 
22 
23 

22 
23 

o 
24 
24 
26 

26 
24 
20 

20 
20 

1 20 

1 
6 

13 
7 
2 
1 

20 
20 
20 

20 
20 
20 

20 
20 

o 

V VI 

22 
22 
24 

26 
26 
26 

22 

o 

1 22 
3 20 

2 
7 

15 

4 
1 

20 
20 
20 I 
20 I' 

20 

7 

o 

22 
22 
26 

28 
22 
22 I 
22 
22 
20 

20 
20 
20 

20 I 

I 
20 20 : 
20 I 20 

8 

19 
19 
19 

19 
19 
19 

19 
19 
19 

19 
19 
19 

19 
19 

o 

Total ____________ 2_7_1 ______ 3_1_
1 
__ -'---_33_

1 
__ ----'-1 _13 ___ :_23 ____ ----'-_0_1 

Number of 
11eads used in 

the experiment : 

Time of 
natural 

blooming 

5 5 5 

3 p.m. 

(1) T"" Temperature of thermostat (c.) 

(2) B "" N umber of flowers bloomed 

2 

I 
3 5 
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TABLE 24. (Concluded) 

Experiment 22 

(July 24, 1928) 

Temperature of outside at 5:00 a.m ................. 20°C. 

I i II I III IV V VI VII 
Blooming 

time 

~I~I~ TIB ~ TIB TiB 
I '--

-0-1 
a.m. 

o I 0 0 

0 

24° 
0 

5.00 20 20 24 24 24 2:3 
6.00 20 20 24 24 24 24 24 
7.00 20 20 24 24 27 27 27 
8.00 20 ; 20 ' 24 n- 27 27 27 ",D 

9.00 31 i 31 20 15 24 15 20 
10.00 31 ' 31 20 15 24 15 20 
11.00 21 16 20 15 1 24 15 1 20 
11.30 21 2 Iii 20 15 1 24 15 4 20 
12.00 21 7 15 5 20 6 15 1 24 2 15 1 20 2 
p.m. 
0.30 21 21 Iii 29 20 21 15 17 24 3 15 3 20 30 
1.00 21 9 15 2 20 4 15 6 24 5 15 17 20 5 
1.30 21 4 1;; 7 20 3 15 4 24 3 15 6 20 3 . 
2.00 21 15 1 20 1 15 1 24 1 15 20 1 
2.30 21 15 20 15 24 15 20 
3.00 21 15 20 15 24 15 20 
3.30 :21 

1

15 20 15 24 15 20 
4.00 21 15 20 15 24 15 20 

Total 43
1 

441 53 31 22 32 41 
~~-,~~-:~~-~~----~~-~~-

Number of ; , 
heads used 

5 5 
I 

5 5 5 5 5 in the ex-
periment 

-

VIII IX 

'riB TIB 

o 0 

23 20 
24 20 
27 20 

27 20 
15 20 
15 20 

15 20 
15 2 20 
15 1 20 

15 11 20 
15 6 20 
15 3 20 

15 20 
15 20 
15 20 

15 20 
13 20 

23 0 
~~-~~-

5 5 

----- --~-- ---- --------- -- - --- ---

Time of 
natural 2.30 p.m. 

blooming 

X 

I~ 
-~ 

0 

15 
15 
15 

Iii 
15 
15 
1,j 

15 
15 

15 
15 
15 

15 
15 
15 
]5 
15 

0 
~~-

5 

----

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 'ray between 6.00 a.m. and 9.00 a.m. never bloomed. This is 
because there were slight differences between the outside and the thermo
stat's temperature. 



Time and outside 
temperature when 

heads were put into 
the thermostat of 

low temperature (C.) 

8.00 a.m. 22.0° 

8.30 a.m. 24.3° 

9.00 a.m. 25.8° 

9.30 a.m. 26.8° 

10.00 a.m. 26.So 

11.00 a.m. 27.40 

12.00 m. 28.1 0 

1.00 ]l.m. 28.5 0 

2.00 p.m. 35.0 0 

TABLE 25. Res1llts of the experiments on the control of blooming time 
cond1lCted accorcling to method No.3 

Tempera-
tme of the ---' 
thermostat 

(C.) !J 
n.m. 

----

21.0° 0 

21.0° 
I 

21.0° I 
21.0 0 

:n.oo 

21.0 0 

:n.o° 

:1l.0° I 

21.0
0 J_ 

Experiment 23 
(July 11, 1928) 

Blooming time and number of flowers which hloomed 

I 9.30 10 10.30 11 12 12.30 1 2 
p.m. p.m. a.m. a.ln. m. p.m. p.m. p.m. 

------------------------

0 0 0 0 0 0 0 0 

0 0 0 0 0 4 0 0 

0 0 0 0 fi 0 0 

0 0 0 6 0 0 

0 0 0 G 0 

0 0 4 0 

0 0 3 

5 

3 
p.m. 

0 

0 

0 

0 

0 

0 

0 

(J 

11 

Number 
of heads 
used in 
the ex-

periment 

2 

2 

2 I 
2 

2 

2 

2 

2 

2 

Time of 

natural 

blooming 

2 ]l.m. 

rn .., 
q 
I:j 
H 
t=j 
rn 
o 
Z .., 
;:q 
t=j 

t:I 
t< o 
o 
~ 
H 
'Z 
c:l 
o 
"l 
o 
:>.., 
'oj 
t< o 
::8 
trl 
~ 
rn 

\'!) 
UI 
~ 



Time and outside Tempera-tempe])ature when ture of the heads were put into thermostat the thermostat of (C.) 7 
low temperature (C.) a.m. 

6.30 a.m. 18.80 19.0° 0 

7.00 a.m. 20.5° 19.0° 

9.00 a.m. 23.1 0 19'0° 

10.00 a.m. 24.10 19.0° 

11.00 a.m. 25.5° 19.0° 

12.00 m. 26.2° 19.0° 

1.00 p.m. 26.30 19.0° 

2.00 p.m. 26.4° 19.0° 

3.00 p.m. 27.0° 19.0° 

'rABLE 25- ( Continued) 

Experiment 24 

(July 14, 1928) 

Blooming time and number of flowers which bloomed 

8 9 10 11 12 1 2 3 
a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. 

-------------------

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 1 4 0 

0 0 3 5 0 

0 5 5 0 

0 8 0 

7 0 

15 

4 
p.m. 

---

0 

0 

0 

0 

0 

0 

0 

0 

15 

Number 
of heads 
used in 
the ex-

periment 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Time of 

natural 

blooming 

4.15 p.m. 

t-!I 
0'> 
o 

9 
;::; 
~ ..... 

e 
Ul 
o 
Z 
o 
o 



Time and outside 
temperature 

when heads were 
put into the 

thermostat of low 
temperature (C.) 

9.00 a.m. 21.00 

10.00 a.m. 24.3° 

11.00 a.m. 26.7° 

12.00 m. 28.00 

1.00 p.m. 27.3° 

2.00 p.m. 28.0° 

3.00 p.m. 27.5° 

Time and outside 
temperature 

when heads were 
put into the 

thermostat of low 
temperature (C.) 

10.00 a.m. 21.1 0 

11.00 a.m. 21.8° 

12.00 m. 21.8° 

1.00 p.m. 21.8 0 

2.00 p.m. 21.7 0 

Time and outside 
temperature 

when heads were 
put into the 

thermostat of low 
temperature (C.) 

9.30 a.m. 25.0° 

10.30 a.m. 26.8° 

11.00 a.m. 27.5° 

11.30 a.m. 27.5° 
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Temper-
ature 
of the 

thermo-
stat (C.) 

21.0° 

21.0° 

21.0° 

21.0° 

21.0° 

21.0° 

21.0° 

Temper-
ature 
of the 

thermo-
stat (C.) 

13.0° 

13.0° 

13.0° 

13.0° 

13.0° 

TABLE 25-(Contimwd) 
Experiment 25 
(July 13, 1928) 

Blooming time and number of 
flowers which bloomed 

10 11 12 1 2 
a.m. a.m. m. p.m. p.m. 

------
0 0 0 0 0 

0 0 0 6 

0 0 4 

0 7 

0 

TABLE 25-(Continued) 
Experiment 26 

(July 6, 1928) 

3 
p.m. 
--

0 

0 

0 

0 

4 

7 

Blooming time and number of 
flowers which bloomed 

11 12 1 2 3 
a.nl. m. p.m. p.m. p.m. 

--------
0 0 3 0 0 

0 3 0 0 

7 0 0 

5 0 

9 

TABLE 25-(Continned) 
Experiment 27 
(July 10, 1928) 

4 
p.m. 

0 

0 

0 

0 

0 

Blooming time and number 
Tempera- of flowe:.:s which bloomed 

ture of the 
thermostat 

(C.) 10.30 11.30 12.30 1.30 
a.m. a.m. p.m. p.m. 

21.0° 0 0 4 0 

21.0° 0 8 0 

21.00 0 3 0 

21.0° 0 6 

Number 
of heads Time of 

used in natural 
bloom-

4 the ex-
periment rug 

p.m. 

0 2 4.00 p.m. 

0 2 

0 2 

0 2 

0 2 

0 2 

8 2 

Number 
of heads Time of 

used in natural 
bloom-

5 the ex- ing 
p.m. periment 

0 3 2.45 p.m. 

0 3 

0 3 

0 3 

0 3 

Number of Time of 
heads used natural in the ex-
periment blooming 

3 1.50 p.m. 

3 

3 

3 
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Time and outside 
temperature 

wIlen heads were 
put into the 

thermostat of low 
temperature (C.) 

9.00 a.m. 19.5o 

10.00 a.m. 20.0° 

1l.0() a.m. 22.4° 

12.00 m. 20 _0 
~.,) 

1.00 p.m. 23.2° 

2.00 p.m. 23.2 ° 

'rime and outside 
temperature 

when heads were 
put into the 

thermostat of low 
temperature (C.) 

------

9.00 n.m. 21.0° 

10.00 n.m. 23.4° 

11.00 n.m. 23.8° 

12.00 m. 33.5° 

1.00 p.m. 25.5° 

2.00 p.m. 25.5° 

Tcmper-
ature 
of the 

thermo-
stat (C.) 

19.5° 

19.5° 

19.5° 

19.5° 

19.5° 

19.5° 

Temper-
ature 
of the 

thermo-
stat (C.) 

GlIeIlI l\IlSOKOO 

TABI"E 2G-(Continued) 

Experiment 28 

(July 7, 1(28) 

Blooming time and number of 
flowers which bloomed 

10 11 12 11 2 3 4 
a.m. a.m. ~ p.m. p.m. p.m. p.m. 

0 0 0 0 0 

0 0 0 0 

0 4 3 

6 1 

7 

TABLE 25- ( C oncluclecl) 

Experiment 29 

(.July 9, H128) 

0 

0 

0 

0 

0 

13 

Blooming time and lmmuer of 
flowers which bloomed 

10 11 12 1 2 3 
a.m. a.ln. m. p.m. p.m. p.m. 

0 

0 

0 

0 

0 

0 

5 
p.m. 

.- _._-----------
20.0° 0 0 0 0 0 0 0 

20.0° 0 0 19 0 0 0 

20.0° 0 13 0 0 0 

20.0° 5 2 0 0 
20.0° 20 0 0 
20.0° 24 0 

Number T' f 
of heads lme ° 

d' natural use m bI 
the ex- ?om-

periment rug 

3 2.45 ]}.m. 

3 
~ .> 

3 

3 

3 

Number 
of heads Time of 

used in natural 
bloom-the ex- ing periment 

2 2.20 p.m. 

2 

2 

2 
q 

2 
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(ii) Control of blooming on blooming and non-blooming (lays 

According to the writer's observation, there are a number or llays 
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 occurs. 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. (20) 

a :-Control of blooming on the days when blooming does not occur. 

-;\faterials and Method 

Fully developed heads ,,-ere cut on -a day when no hlooming' ,yas 
supposed 10 occur and put in a glass bottle. These were put for a 
certain length of time first into a t.hermostat. t.he temperature of which 
was higher than the outside temperat.ure at the time and then removed 
into a thermostat whose temperature was lower. 

Results of the experiments 

The results are shown in Table 26. Each experiment shO\ys that, 
by adjusting t.emperftture 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 t.o the fact that. on these days high 
temperature does not merely cause flowering, but. that only when tem
perature falls does blooming occur. 
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TABLE 26. Results of experhnents on the control of blooming on 
non-blooming days. 

Time and outside 
temperature 

wIlen heads were 
put into the 

thermostat of 
high temperature 

10.00 a.m. 18.8°C. 

Time and outside 
temperature 

when heads were 
put into the 

thermostat of 
high temperatme 

9.30 a.m. 23.8°C. 

Experiment 30 

(July 8, 1928) 

Time at which Temperature 
heads were trans- of the 
ferred from the thermostat 

thermostat of (C.) 
high temperatme 

to that of low High Low 
---

12.00 p.m. 29° 20° 
26° 20° 

1.00 p.m. 29° 20° 
26° 20° 

2.00 p.m. 
29° 20° 
26° 20° 

Blooming time and 
number of flowers 

which bloomed 

1.00 2.00 3.00 
p.m. p.m. p.m. 

------
0 8 0 
0 6 0 

12 0 
9 0 

9 
8 

TABLE 26- (C ontin~led) 

Experiment 31 

(August 31, 1928) 

Time at which Temperature 
heads were ti'ans- of the 
ferred from the thermostat 

thermostat of (C.) 
high temperature 

to that of low High Low 
---

1.00 p.m. 28° 20° 

1.00 p.m. 29° 20° 

Blooming time and 
number of flowers 

which bloomed 

2.00 3.00 4.00 
p.m. p.m. p.m. 

------

4 2 0 

2 4 0 

Number 
of heads 
used in 
the ex-

periment 

2 
2 

2 
2 

2 
2 

Number 
of heads 
used in 
the ex-

periment 

5 

5 



A 

B 

C 

D 
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TABLE 26-(Gontinued) 

Experiment 32 
(September 1, 1928) 

Blooming time and number of flowers which bloomed 

11 12 1 2 3 4 5 Total a.m. m. p.m. p.m. p.m. p.m. p.m. 
---------

0 0 0 3 0 0 0 3 

0 0 0 2 0 0 0 2 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

265 

Number of 
heads used 
in the ex-
pel'iment 

2 

2 

2 

2 

A and B were put into a thermostat set at 25.5°0. at 10 a.m. when the 
outside temperature was 20°0., and then A was put in another thermostat 
set at 20°0. at 1 p.m. B was exposed to the high temperature of 
29°0. from 12 m. to 1 p.m. and then to the lower temperature of 20°0., 
and 0 was kept in a thermostat set at 20°0. (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. 

A 

B 

C 

TABLE 26-(Continued) 

Experiment 33 
(September 12, 1928) 

Blooming time and number of flowers which bloomed 

10 11 12 1 2 3 4 5 
a.m. a.m. Ill. p.m. p.m. p.m. p.m. p.m. 

------------

0 0 3 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Number of 
heads used 

Total in the ex-
periment 

3 2 

0 2 

0 2 

The heads A, Band 0 were cut at 9.30 a.m. when the temperature was 
19.5°0. A was put in the thermostat set at 27°0. and at 12.30 p.m. it 
was lowered to 19°0. B was kept in the thermostat set at 19°0. all day, 
and 0 was left on the plot and exposed to the natural temperature. 
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I. 

II. 

III. 

IV. 

I. 

II. 

III. 

GlleHl MlSONOO 

TABLE 26-(Continued) . 

'rime 9.30 10 11 
a.m. a.m. a.m. 

Experiment 34 
(September 19, 1928) 

12 1. ::l 3 
m. p.m. p.m. p.m. 

4 
p.m. 

~-------------
T(l) ,,_0 

~D 25° 25° 21° 21° ~lo 21° 
B(2) 6 0 

T 25° 25° 25° 25° 25° 21° 21° 
B 5 

T 
,,_0 
~D 

,,)_0 
~D 25° g5° 29° 21° 21° 

B 7 
T'(3) 17° 17.~o 16.4° 16° 16° 15.5° 15.4° 
B 

(l)--T Temperature of the thermostut (C.) 
(2)--B Number of flowers opened 
(3)--T' Natural temperature of the day 

Time 9 10 
u.m. a.m. 

TABLE 26-(Conclttded) 

Experiment 35 
(SeptemlJer 21, 1928) 

11 12 1 2.30 3.30 
a.m. m. p.m. p.m. p.m. 

21° 
0 

21° 
0 

21° 
0 

1- ,,0 
D.~ 

330 
p.m. 

--------------
T(1) 19° 19° 19° 19° 28° 19° 19° 
B(2) 0 

T 19° 19° 19° 19° 28° 28° 28° 
B 
T'(3) 16.8° 18.5° 19° EL5° 805° 20.6° 9.5° 
B 

(l)--T Temperature of the the1·mostat (C.) 
(2)--B Number of :flowers opened 
(3)--T' Natural temperature of the day 

19° 
2 

19° 

19.8° 

Number of 
5 Total 

heads used 
in the ex-p.m. 
periment --

21Q 
0 6 3 

21° 
0 5 3 

21° 
0 7 3 

15.2° 
0 3 

Number of 
4 heads used 

Total in the ex-p.m. 
periment 

19° 
0 2 2 

19° 
3 3 2 

19.5° 
0 2 

b :-Cont1'ol 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 
24. Ex. 21, Ex. 22. Table 25. Ex. 23, 24, 25, 28 and 29). Thus on the 
days for blooming, it can be checked by controlling the temperature. 
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2. Blooming controlled by Humidity 

As is shown in the results of the observations described 111 the 
previous chapter, an intimate relation behveen 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. 

)lateria1s and Methods 

In this investigation, fully developed heads were used. Humidity 
is divided into the following three different kinds. 

A :-Natural state of humidity illside 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 ,vater 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 calcium chloride (for drying) is poured 
into a glass jar and the air in it is made dry. 'fhis state of 
dryness is called" C' '. 

The heads were cut at three different hours bet,Yeen 6 a.m. and 
7 a.111., between 10 a.111. and 11 a.m. and between 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 6 a.m. to 7 a.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 low 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 10 a.m. to 11 a.m. 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 change 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 1 p.m. to 2 p.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 a.m. 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 

were put 

Time at 6.00-7.00 1000-11.00 1.00-2.00 6.00-7.00 which heads 
were cut a.m. a.m. p.m. a.m. 

~ Time AlBic AlBic AlBic AlBic 

"d 
CD a 
0 

.Sl .c 
'" ... 
CD 
~ 
0 

'I=l .... 
0 

... 
CD 
.c a 
Z 

p.m. 
0.30 2 
1.00 1 

1.30 0 
2.00 

2.30 
3.00 5 0 0 2 0 0 0 0 0 0 

3.30 6 11 12 7 10 16 7 7 0 
4.00 0 3 6 0 5 0 0 5 6 

Total 11 14 18 g 15 16 7 12 6 3 

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

2 3 
6 2 

0 3 

0 0 

8 8 

In dark room 

10.00-11.00 
a.m. 

AlBic 

1 0 0 
8 8 8 

1 0 0 

10 8 8 

1.00-2.00 
p.m. 

AlBic 

10 17 10 

0 0 0 

10 ]7 10 

In thermostat 

6.00-7.00 10.00-11.00 
a.m. a.n!' 

AlBic AlBic 

Control 

8 
2 

10 

[fl 
>-3 
d 
tl 
t;:l 
[fl 

o 
Z 
>-3 
iIi 
t;j 

to 
t" o o 
~ 
H 

Z 
Cl 
o 
>=:I 
o 
I> 
>-3 
>=:I 
t" o 
~ 
tel 
PJ 
[fl 

t-!) 
0) 
~ 



The places in 

TABLE 27-(Continued) 

Experiment 2 

(July 18, 1929) 

which heads In shed on the experimental plot In dark room 
were put 

Time at 6.00-7.00 10.00-11.00 1.00-2.00 6.00-7.00 
which heads 

were cut a.m. a.m. p.m. a.rn. 

~ Time AlBic AlBic AlBic AlBic 

"" 
p.m. 

0) 1.00 0 2 4 
S 1.30 3 3 0 0 
0 

:a 2.00 
Ul .... 2.30 
'" ~ 
0 3.00 6 0 0 9 0 0 7 0 0 q::; 

'H 
0 

3.30 6 15 15 1 22 15 0 9 5 
.... 
0) 

..0 4.00 0 0 0 0 0 1 0 0 0 
S 
;::l 

Z Total 12 15 1:; 10 22 16 7 9 5 3 :; 4 

A = Natural state of humidity. 
B = The air in the bottle is saturated with moisture. 
a = The ail' in the bottle is made dry. 

10.00-11.00 
a.m. 

AlBic 

3 7 2 
8 9 8 

11 16 10 

1.00-2.00 
p.m. 

AlBic 

20 15 14 
1 15 1 

21 30 15 

In thermostat 

6.00-7.00 10.00-11.00 
a.m. am. 

AlBia I A I B I C 

Control 

17 

17 

~ 
-:J 
o 

Q 
H o 
P1 
H 

~ 
H 
Ul o 
Z 
o 
o 



The places in 
which heads 

were put 

Time at 
,,'hich heads 

were cut. 

In shed on the experimental plot 

TABLE 27-( Continued) 

Experiment 3 

(J uly 23, 1929) 

In dark room 

a.m. 
1.00-2.00 I G.OO -7.00 6.00-7.00 10.00-11.00 10.00-H.00 

a.m. a.ln. 
1.00-2.00 

p.m. 

In thermostat 

6.00-7.00 10.00-11.00 
a.ln. a.m. 

Cintrol 

---c---
I 

p.m I ____ :<.m. 

'ri~:miditYI~~I~I~1 D ~I~I~I~I~I B I c A I B I c I-~) B ) ; I-~-I-~FI~I-; I c 1_ 

p.m. 
'CI 1.00 0 0 0 16 7 16 

OJ 1.30 0 0 0 0 0 0 Ei 
0 

2.00 0 0 ,.S 0 0 0 0 16 
,.Q 2.30 0 0 0 0 0 0 
Ul ... 

3.00 0 0 0 0 0 0 28 28 36 '" ~ 3.30 0 0 0 0 0 0 0 0 0 0 
q::i 

""' 4.00 0 0 0 0 0 0 0 0 0 
0 ... 4.30 0 0 0 0 0 0 0 0 0 
'" 5.00 0 0 0 0 0 0 0 0 0 8 12 15 .:0 

S 5.30 0 0 0 0 0 0 0 0 0 0 0 0 
iZ; 

'rotal 0 0 0 16 7 1G 28 28 36 8 12 15 16 

A = Natmal 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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The places in 

TABLE 27-(ConcludecZ) 

Experiment 4 
(July 25, 1929) 

which heads In shed on tIle experimental plot In dark room 
were put 

Time at 6.00-7.00 10.00-11.00 1.00-2.00 6.00-7.00 which heads 
were cut a.m. a.m. p.m. a.m. 

~itY 
1.'ime . AIBlclAIBlc AlBic AI Blc 

.-0 

'" i5 
0 

~ 
rn ,.. 
C) 

~ 
0 

q:l 

""' 0 ,.. 
'" 'S 
'" :z; 

p.m . 
1.00 
1.30 0 

2.00 0 
2.30 0 

3.00 0 
3.30 9 0 0 9 0 0 

4.00 5 14 8 8 13 19 
4.30 1 7 4 0 0 0 

Total 15 21 12 17 13 ]9 0 

A=Natural state of humidity. 
B = The air in the bottle is saturated with moistul·e. 
C = The air in the bottle is made dry. 

0 0 

0 0 
0 0 

0 0 

0 0 

10.00-11.00 
a.m. 

AlBic 

0 0 0 
5 1 0 

9 3 3 
8 10 14 

0 0 0 

22 14 17 

In thermostat 

1.00-2.00 6.00-7.00 10.00-11.00 
p.m. a.m. a.m. 

AlBic AlBic AlBic 

9 10 8 II 0 0 

9 10 8 11 0 0 

Control 

16 

4 

20 

~ 
-oJ 
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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 p.m. 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 1 p.m. and 2 p.m. bloomed 
at 3 p.m. This shO\\"s 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 
a.m. and between 1 and 2 p.m. every head bloomed, but when changes 
took place between 6 and 7 a.m. the blooming varied according to days. 
As shown in Table 27, on July 16 and 18 blooming occurred 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 a.m. on July 25th was 22°C. 
These were almost the same as the temperature in the dark room which 
"'as 21°C. On the days (July 16, 18), when blooming occurred 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 fact 
shows that on the days "'hen 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. SU:lDfARY 

1. Experiments were conducted all the blooming of oats and the 
control of the time of blooming by the yariation in temperature and 
humidity. 

2. Blooming alld the time of blooming" can be controlled hy chang
ing temperature, but can not be controlled by changing humidity. 

3. "\Vhen the heads ill 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 Imrer temperatm'e than that at 
the time they are cut, they can be made to bloom 2 hours earlier than 
the natural blooming time. 

5. By adjur,ting temperature oats can be made to bloom on days 
when no blooming occurs under the natural conditions. 

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 calcium chloride. 
"\Vhile there is no difference with regard to the time of blooming under 
those states of humidity, when the time of blooming arrives the heads 
in the 3 different humidities all bloom and if no blooming occurs it is 
the same in all three humidities. 

III. Physiological studies on the Blooming of Oat Flowers 

The writer found as the results of his observations al1d experiments 
given in chapter II, that variations in temperature have an intimate 
relation with blooming, and from this fact it follows that there must 
also be a wry close relation between the s\\"elling of the 10dicuJes which 
is the direct cause of blooming and variations in temperature. In order 
to determine \\"11et11er the variatl011s of temperature are the direct cause 
of the s\wl1ing of the lodicules or not, the writer studied on the relation 
bet\ycen the opening and closing of stomata and also the relation behnel1 
blooming" and absorption of water by the plant. Further, the \\Titer 
:-:tuc1ied on the relation bet\wen the morphological and chemical changes 
of the lodicnles at the time of hlooming 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 Sto))/ata 

and Temperat1cre, 1I1lmidity and Blooming 

Materials and ?lIethod 

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 eobaltchloride 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. 'fhe degrees 
of the opening and closing ,vere 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 haye parallel 
relation with temperature and humidity. Regarding such parallel rela
tion between the environmental factors and transpiration BlUGOS and 
SCHANTZ(3) 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 bet,,·een 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 
1Yater by Plants 

The results of the experiment reported in the previous section have 
shown that when temperature rises and stomata open , .. ider and the 
transpiration from plants increases more and more, plants absorb more 
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'fABLE 28. Relation between the opening aneZ closing of stomata and 

tempe1"Gtnre, humidity ancl blooming 1928 

Length of time in seconds required for I Temper-deep standard colour to change Hn- Time of 
Date Time to lights tandard colours ature midity bloom-

I II III Average 
(C.) (%) ing 

47 31/60 
0 

..;l 9.30 a.m . 48 9/19 45 17/20 47 4/ii 26.5 75 
... 10.30 a.m. 43 9/10 46 9/10 41 3/5 44 2/15 27.6 66 OJ 

,t:J 11.30 a.m. 51 7/10 47 9/10 69 3/10 56 9/10 27.7 71 3.00 is 
'" 1.30 p.m. 77 3/5 73 9/10 75 75 1/2 28.2 69.5 p.m. ..., 
p. 
IV 2.30 p.m. 78 2/5 76 1/4 77 1/10 77 1/4 26.9 74 w 

I I 3.00 p.m. 80 2/5 84 3/5 88 3/10
1 

84 1/10 26.0 80 
I· ---

! 10.00 a.m. 61 64 I 63 7/10 62 17/30 ~7.2 68 
1/101 .,; 11.00 a.m . 52 1/10 52 53 1/5 52 7/15 27.4 65 ... .12.00 a.m. 46 7/10 41 1/4 45 9/10 45 11/60 28.0 65 OJ 

,.0. 
I 54 3/4 4/5 I 63 7/10 60 11/12 67.5 3.00 S 1.00 p.m. 60 27.6 

OJ I p.m. ..., 2.00 p.m. 67 1/5 67 7/20
1 

69 1/10 68 19/60 27.0 70 p. 
Ol 

3.00 p.m. 80 1/2 80 3/4 . 77 3/20 79 11/15 ~5.5 80 w 
i 4.00 p.m. 96 1/5 82 1/5 ! 90 1/5 89 59/60 24.5 86 

-- ---
<0 10.00 a.m. 70 7/10 70 1/4 71 7/10 70 53/60 27.0 74 ... 11.00 a.m. 61 3/20 58 1/4 64 9/10 61 13/30 26.7 76 Ol 
,t:J 

7/10 1/2 4/15 2.00 S 12.00 a.m. 63 62 69 3/ii 65 25.9 78 
Ol p.m. +' 1.00 p.m. 62 2/5 67 4/5 71 4/5 68 8/15 26.0 77.5 p. 
Ol 
w 2.00 p.m. 75 81 7/10 70 9/10 7;' 9/10 26.0 78 

---
..: 10.00 am. 67 9/10 71 1/10 67 68 1/3 37.5 67 
... 11.00 a.m. 60 1/10 71 7/10 58 63 4/15 28.6 60 
Ol 

12.00 a.m. 66 1/3 70 1/10 70 2/5 68 2/3 29.0 54 ,.0. 3.00 S 1.00 p.Ill. 70 1/3 69 1/10 69 2/5 69 1/3 30.0 48 p.m. Ol ..., 
P. 2.00 p.m. 66 7/10 65 1/4 69 3/;' 66 11/60 30.4 51.5 Ol 
w 

3.00 p.m. 74 3/5 76 9/10 75 3/10 75 3/5 38.3 62 
---

10.00 a.m. 102 2/5 92 3/5 100 1/10 98 11/30 19.0 52 
<Xi 

12.00 a.m. 101 1/10 101 3/5 102 2/5 101 7/10 19.0 59 ... 
Ol 1.00 p.m·. 1"- 7/10 125 3/5 125 3/10 125 7/15 20.2 58 ,.0. ",'3 3.00 S 2.30 p.m. 163 1/10 155 9/10 161 3/5 160 1/5 19.9 54 p.m. Ol ..... 
p. 3.30 p.m. 198 1/4 191 2/5 178 9/10 189 31/60 19.0 59 Ol 
w 

4.00 p.m. 247 2/5 277 271 3/5 265 4/15 67 18.2 

c;i 9.30 a.m. 166 2/5 165 7/10 169 2/5 167 1/6 18.3 59 
~l 1.30 a.m . 112 110 9/10 ... 110 7/10 111 1/5 18.8 55.5 
Ol 12.30 p.m. 106 9/10 108 4/G 108 17/20 lOG 51/GO 19.6 58 3.00 q::l 

S 2.00 p.m. 158 2/5 154 1/4 158 3/10 156 5D/60 18.5 62 p.m. Ol ..... 
3.00 p.m. 137 3/5 131 4/5 111 126 11/15 19.0 63 p. 

Ol 
w 4.00 p.m. 145 144 3/5 147 :)/4 145 43/60 17.8 70 
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water from the earth. But from this fact alone it can not be asserted 
that the increase of water has a direct relation ,,,ith 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 tl18 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 not 
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 not 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 



TABI,E 29. Compar1'son of the blooming in the bottles which contain some water with blooming in others 
wMch contain no water 1lnder different lwmidities in shed and in room of low temperat1lre 

Experiment 1 (July 16, 1929) 

heails were put In shed on the expenmental plot In room of low temperature In thermostat Places in which I' I 

10.00-11.00 I 1.00-2.00 6.00-7.00 10.00-11.00 11.00-2.00 1-6-.0-0---7-.0-0----,1-1-0-.0-0---11-.-00-1 Control Time at which 
heads were cut 

Humidity 

Time 

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

A l±I~1 B I C I A I B I C A I B I C A I B I~I~I~I~IA I-n I C j-:-I n I C I_ 

I p.m. I, I I 1 I I ' I I I 

0.30 II r-
I I' a! 11.00 II, 

s::: o 

• I '1 2 2 3 I 
II ...~. : ~ . . I '[ . 'i 

060 ! 

I 0\ 0 ;\ 1 0 0 
:B 
ro ,.. 
'" :;:; 
o 

'R 
'H 
o 

'" '-' p 
S 

~ 

I I i 
1.30 I II : 

2.00 i Ii 
I 

2.30 I II 

3.00 

3.30 

I I 
IIi 

I ' 
II! 

I , 
4.00 I II 

I 
Totalf II 

001 6 200 

8 8 8 
7 10 9 
100 
200 

" 0 I 0 2 0 I 0 0 0 0 0 0 0 10 17 10 
o 0 0 0 0 I 0 0 0 0 13 10 10 
6 ,11 12 7 10 16 7 7 0 0 0 0 
o 7 3 0 12 3 5 4 0 1 0 0 
036050056 
o 4,7 0 5 0 9 211 

11 14' 18 9 15 ] 6 7 12 61 3( SiS 10 S S 10 17 10 
o 11 i10 0 17 3 14 6 11 0 !l, 6 11 10 9 14 10 10 

A = N atuml state of humidity. I = The bottle which contained some water. 
B = The air in the bottle is saturated with moisture. 
C = The ail' in the lJottle is made dry. 

II = The bottle which contained no water. 
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'l'ABLE 29-( Continued) 

Experiment 2 (July 18, 1929) 

Places in which In shed on the experimental plot 
I 

In room of low temperature In thermostat heads were put 

Time at which 6.00-7.00 10.00-H.OO 1.00-2.00 6.00-7.00 10.00-11.00 ].00-2.00 6.00-7.00 
heads were cut a.m. anI. p.m. a HI. a.m. p.m. a.m. 

~ 'rime AI Blc AlBic AIB:c AlBic AIB!c AlBic AI Ble 

"" Q) 

S 
0 
0 

;Q 
OJ 

" Q) 

~ 
0 

"1:1 
'I-< 
0 

" '" ,to 

S 

" Z 

p.m. I I 
1.00 II 

1.30 I 
II 

I 

I 
2.00 II 

I I 2.30 
II 

I 6 0 0 9 0 0 7 0 0 3.00 II 0 0 0 0 0 0 3 1 " 
I 6 15 15 1 22 Hi 0 9 5 3.30 II 0 9 0 0 16 10 0 10 5 

1 0 0 4.00 I 0 0 0 0 0 0 
II 0 1 2 0 1 1 0 0 0 

Total I 12 l:'i 15 10 22 16 7 9 5 
II 0 10 2 0 17 11 3 11 7 

A = N atmal state of humidity. 
B = The ail' in the bottle is saturated with moistmc. 
e = The air in the bottle is made dry. 

0 21 4 3 7 2 
0 1 1 0 0 1 

3 3 0 8 9 8 
0 3 1 0 4 1 

20 15 14. 

I I 
10 ]0 8 

15 1 1 
I I 

! 
I I 10 ]0 0 

i I 

i I I 
I 

I 
I 

i I 
! I 

! 
I 

I 
3 5 4 I 11 I 16 10 21 30 I 15 
0 4 2 0 4 2 20 30 8 

1= 'I'he bottle which contained some water. 
JI = '1'he bottle which contained no water. 

10.00-11.00 
a.m. 

AlBic 

I 
I 

I 
I 

I 
I 

! I 
i 

I 

Contro: 

17 

I 

I 
17 

Ul 
>-l 
q 
tJ 
H 
i:'j 
Ul 

Q 
Z 
>-l 
iIi 
i:'j 

ttl 
r 
Q 
Q .... 
H 

S2 
o 
o 
"'J 
Q 

'" >-l 
hJ 

S 
::;1 
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>d 
Ul 
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TABLE 29-(Continned) 
Experiment 3 (July 23, 1929) 

Places in which. I 
heads were put In 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 6.00-7.00 110.00-11.00 1.1.00-2.00 I 6.00-7.00 10.00-11.00 I 
heads were cut a.m. a.m. p.m. a.m. a.m. p.m. a.m. a.m. COlltrol 

~ A I B I C A I B lOA 1 B 1 C A I B I C A I B 1 c 1-: !-;~I AlB lOA 1 B 1 C 

1 
o 
~ 
,.0 

00. .... 
<l) 

~ 
o 

'+1 

""' o 
.... 
'" 
~ 
i<'< 

p.m, I I 
1.00 II 

I 1.30 , II 

{l.00 -I 
II 
I 

2.30 I II 

3.00 I 
II 

I 3.30 , II 

4.00 I 
II 

I 4.30 , II 

I 
5.00 I II 

I 5.30 , II 

I 
Total' II 

I --- --_. 

! I I I I 1 I a a a 161 7 16 
i I! 1 ' I' I a 0 0 14 14 14 

I I: I I I ~ I 0 0 0 011 0 0 
• I , ., '000000 
: ~ I. 000 000 

I 
I'" 000 000 
I 000 000 

I I iOOO 000 
. 1000 000 
i 000 000 

a 0 a a 0 0 
o a 0 0 a a 
a a a a 0 a 

I 000 000 

I 
000 000 
a a a 0 0 0 

I 1'000000 

\ 
iOOO 000 
.000000 

1

'000000 
! I 0 a 0 16 7 16 
I i I 0 0 O' 14 14 14 

28 I 28 I 36 
43 31 27 
o 
o 
o 
a 

a 
o 
o 
o 

a a 
o 0 

a 
o 
a 
o 
o 
o 

000 
000 
000 
000 

28 28 36 
43 in 27 

8 I 13 I 15 
15 3 6 
o 
o 

o 
o 

o 
o 

8 I 12 I 15 
15 3 6 

A == Natural state of humidity. I == The bottle which contained some water. 
B == The air in the bottle is saturated with moisture. 
C= The air in the bottle is made dry. 

II == The bottle which cOlltailled no water. 
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TABLE 29-(Ooncluded) 

Experiment 4 (July 25, 192D) 

Places in which In shed on the experimental plot In room of low temperature In thm'mostat heads were put 

Time at which 6.00-7.00 /10.00-11.00 1.00-2.00 600-7.00 110.00-11.00 1.00-2.00 6.00-7.00 
heads were cut am. a.m. p.m. a.ll1. p.m. p.m. am. 

~I A I B I~\ A I B Ie AlB Ie AlBic AlBic AI Blc AlBic 
p.m. Ii I I 

I 
! 

I I I 0 0 0 1.00 

I~ I I I 0 0 0 I , I I I : 
I 

I 0 0 0 5 1 0 130 I ! 
0 0 0 0 1 0 '0 II , , I 

0 

I 

, 

I 
I 1'1 1 I 0 0 0 9 3 3 0 2.00 I I 
I 

0 II I I 
I 

0 0 0 1 3 9 
;0 

I i 0 0 0 8 10 14 I 

'" 2.30 , ,.. II 
, I 0 0 0 5 4 4 Q) i I r; I I i I I I ! 0 0 0 0 0 0 0 3.00 , 

'+1 II I 
o i 0 I 

I : 0 0 0 10 0 o I .... 
I 

I 
0 

3.30 Ii 9 0 0 9 ! ! ,.. II 0 0 0 0 o 0 I 
OJ 

"S 4.00 
I 5 14 8 8 13 19 

::l II 0 14 5 10 10 15 
Z I 1 7 4 0 0 0 9 10 8 

4.30 II 0 6 12 0 5 1 

I 

19 11 14 

Total 
I 15 21 12 17 13 19 0 0 0 22 14 17 9 10 8 

II 0 20 17 10 15 16 0 0 0 16 8 13 19 11 14 
- ------ ----- --------

A = Natural state of humidity. I = The bottle which contained some water. 
B = The air in the bottle is saturated with moisture. 
C = The air in the bottle is made dry. 

II = The bottle which contained no water. 

10.00-11.00 
a.m. 

A I B Ie 

11 0 0 
2 0 0 

11 0 0 
2 0 0 

Control 

16 

4 

20 

-

Ul 
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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 a,,·ay. 

3. Changes in the Forms of the Loclic1lles at the Time of Blooming 
of Oats and thei1' Relation to TClnperatttre 

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 (Sec. 2. 
Chap. 1.), the lodicules in the order of blooming on the day were chosen 
and put intQ use. 

'fhe 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 1. 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 2.11mm. 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 yellmvish 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 HACKEL(7) 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 1. 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 tll.; time of blooming. ,Vhen 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 
if it were cut by a knife. Cracks are also sometimes produced in other 
parts of the lodicules. Such cracks are not made on the days when 
the environmental conditions are not favourable. Fluid is secreted 
from these cracks. This fact led the writer to have doubt whether the 
appearance of cracks has anything to do with the closing of flo,vers and 
led him to study this point more in detail. 

(iii) Forms of lodicules of oats after closing 

The form of the lodicules after the closing of a flower is shown 
in Fig. 8, Plate 1. The part which swells most when blooming occurred 
sinks and two or three folds are made horizontally. 

Length 
(mm.) 

% 
Width 
(mm.) 

% 
Thickness 
(mm.) 

% 

TABLE 30. The size of lodic1tle 

(Averaged value of 50 J-loc1icules) 

4~ hours H hours Beginn:ing 1 hour after before before 
blooming blooming of blooming blooming 

2.1645 2.1647 2.0702 1.9600 

100 100 96 91 

0.7845 0.8231 1.4295 1.0736 

100 105 182 137 

0.4598 0.5081 0.8835 0.6690 

100 111 192 146 

1 hour after 
flower 
closing 

].9290 

89 

0.9741 

124 

0.5335 

116 



Time 

Temperature (0.) 

Length (mm.) 

Width (mm.) 

Thickness (mm.) 

'rABLE 31. Relation between the changes in the form of lodicllles and 
temperat1tre on J1tly 4, 1930 

9.00 I 10.00 11 00 12.00 1.00 1.30 I 1.45 2.00 2.30 

I 

3.00 

I 
3.30 

a.m. a.m. am. m. p.m. p.m. p.m. p.m. p.m. pm. p.m. 

18.0° 118.80 19.8° 20.2° 20.6° 20.8° 21.0° 20.6° 19.7° 194° 19.0° 

- 2.1750 - 2.1825 - 2.1825 - - 2.0550 2.0700 1.9200 

- 0.7725 - 0.7800 - 0.8175 - - 1.3875 1.1100 0.9300 

- 0.4500 - 0.4800 - 0.4875 - - 0.9150 0.7500 0.5925 

(Averaged 10 Lodicules) 

TABLE 32. Ohanges in the weight of lodicules before and after the thne 

of blooming in 1930 

I 
4.00 

I 
4.30 

p.m. p.m. 

18.9° 18.8° 

- 1.8525 

- 0.8325 

- 0.5025 

H homs before H hours before I Beginning I- I hoUl" after I 1 hour after the 
blooming blooming blooming flower closing 

.-

Weight (mg.) 0.49 0.53 1.07 0.82 0.58 

% 100 108 218 167 118 

(Averaged 50 Lodicules) 
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The foregoing statement deals only with the outer forms of the 
lodicules before, during and after blooming respectively. 'fable 30 shows 
the measurements of the lodicules at each stage of blooming. 

'fable 30 indicates that prior to blooming almost no changes can be 
recognized in length and when blooming begins the lodicule has a 
tendency to become shorter by degrees. Suppose the length of the lodi
cule 4t 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 occurs 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 occur 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 occur 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 v.eight as perceived 
while the changes are going on. 

As shown in Table 32, in ","eight, 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 4t 
hours before blooming, it becomes more than twice as heavy. 

4. Chemical Changes in Lodicnle 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 

ZUDELljEL/ 42l NAKAO(30) 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 which is caused 
by these sugars. 

NAKAO stated that the materials which cause turgidity are sngars 
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. 

)Iaterials and Methods 

The ,niter made an experiment on the qualitative reaction of 
reducing sugars by using Benedict's reagent(31) 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 increases 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 lodicule 
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 



'f ABLE 33. Res1llts of experiments on the qualitative reaction of reducing j'n the lodic1lles of 
oats before, during and after blooming in 1930 

I 

~ 
8.30 9.00 9.30 10.00 10.30 11.00 11.3012.00 12.30 1.00 1.30 2.00 2.30 3.00 3.30 4.00 4.30 5.00 5.30 Time of 

Date 
a.m. a.m. a.m. a.m. a.m. a.m. a.m. m. am. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. blooming 

.June 30 

July 1 

.July 2 

.July 3 

.July 4 

July 5 

T(l) 23.4 25.1 
8(2) + + 

T 20.0 <H) " ,:;", ....... 
8 + + 

T 22.0 2:1.0 
8 + + 

T 19.4 21.8 
S + + 

T 17.6 19.0 
8 + + 

T 19.8 20.0 
8 + + 

(1) T=Temperature (C.) 
(2) 8 = Degree of deposit. 

23.0 
+ 

24.0 
+ 

22.8 
+ 

---- ----
25.4 26.6 25.0 . 
+ + ++ 

23.5 23.8 23.3 23.2 
+ + + + 

2ii.2 25.2 27.8 26.4 
+ + + + 

23.4 22.9 22.6 33.8 22.5 20.4 
+ + + + ++ ++ 

++ 

17.8 19.8 20.0 
+ + + 

21.0 21.3 21.3 
+ + + 

25.0 245 24.3 24.0 2.00 p.m. 
++ ++ ++ ++ 
++ ++ ++ + 

22.0 21.0 20.5 20.0 2.30 p.m. , ++ ++ ++ ++ 
++ ++ ++ ++ 

+ + 
26.4 27.6 26.4 25.8 26.0 2ii 8 25.4 25.0 4.:10 p.111. 
+ + ++ ++ ++ ++ ++ ++ 

++ ++ ++ 
+ 

19.8 19.6 16.8 15.0 1.ilO p.111. 
++ ++ ++ ++ 
++ ++ ++ ++ 
+ + 

19.5 19.8 ]9.2 18.6 18.0 2.00 p.111. 
++ ++ ++ ++ ++ 
++ ++ ++ ++ ++ 

+ + 
21.8 21.0 20.8 19.8 ]9.0 2.30 p.111. 
+ ++ ++ ++ ++ 

++ ++ ++ ++ 
+ 
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sugar made use of the" Beltrand" method, using 100 lodieules at each 
period. ,.As glucose is the chief constituent of reducing sugar, the writer 
taking the whole reducing sugar found in this 'way a;; glucose, deter
mined its quantity in one lodicule at each period. Table 34 shows the 
results thus obtained. 

'fABLE 34. ReS1tlt of quantitative analysis of reducing sugar in a 
lodicttle* of oats obtained before, during and after blooming 

period in 1930 

Before blooming In the process of After blooming 
(2-3 hours) blooming (l-H hours) 

--------

Glucose (mg,) 0.0147 0.0673 0.0392 

0/0 100 450 260 

(An aver3ge of 100 lodicules) 

.As shown in Table 34, the quantity of glucose 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 enormollsly 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 
,,-ith 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. 

Jl.Iethods 

Two crushed lodicules "'ere 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. ReS1tlt of expm'iment on the action of d-iastase ,in the lodic1lles 
of oats obtained before, during and after blooming in 1930 

Jul. 25 

26 

27 

28 

Aug. 1 

2 

3 

20 

22 

23 

Before blooming 

More than 3-H H-~ 
3 hours hours hours 

--+ 

In the process of 
blooming 

After 
blooming 

i!! Blooming Non-bloom- After 
hour flower ing flower closing 

+++ 
+++ 

+-+ 

+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

+--

+--

+--

--+ 

( -) 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 everyone 
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 next day 
was taken and the action of diastase in it was investigated, the results 
being that everyone of them was negative. 

Again, there are lodicules which show positiye 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. SUMlIIARY. 

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. But 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. Its decreases during blooming, but both its width and thickness 
increase 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 do,,'n 
from its highest point of the day. 

S. 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 redncing 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. VIRYIIJLE and F. OBATON (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 ,,'ell as their fall and ac
c'ordingly blooming does not take place during rainy or cold ,"eather. 
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 bebveen 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. GOLDS}1ITH (1925) ,,,ho 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. 1 .. 0\" temperature makes 
some flowers close and high temperature has the same effect on others. 

In summarising various 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, ,,,ind and other factors have no direct relation to it. 
Investigators differ in their opinions as to which of these factors, light, 
temperature and humidity, is the most important of alL 

KORNICKE (1885) obseryecl that the blooming of cereal flO\\'ers oc
{mrred in a small number on a clear day and came to the conclusion 
that strong sunshine hinders the opening of flowers. AKK\IlNE (1914) 
stated that light has no direct connection ,dth the blooming of rice 
flowers. NAKAO (1911) stated that a part of ,veak reflected rays help 
flowers to bloom. NOGUCHI (1929) stated that orange rays urge fiO\yers 
to bloom sooner than others followed by yello,yish rays, and that it is 
due to their stimulation that flowers are urged to open. 'rhis 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 flO1\'ers is caused 
by the transmission of this stimulation. 

C. E. LEIGHTY (1924) observed that most of the i1'heat 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. WOI,~'E (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, 6.670 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(21) that Avena strigosa, Avena balbata and 
Tt'itic1lm aegilopoides under observation in Sapporo did not bloom 
during daylight, but opened after sunset, from about 8 to 9 p.m. Now 
his fur·ther observations and experiments recounted in this paper show 
that light has nothing to do with the blooming of Avena sativa also. 
The blooming of oat flowen: occurs in rainy weather just like that of 
rice flmver does as reported by AKEllUNE (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 fact often in the process of his 
experiments. When 'vater was poured on the panicle from a watering 
pot, the opening of flowers occurred 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. 

KOBAYASHI (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 
NOGUCHI'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'. KonNICKE (1885) states that 
dnring night and morning ,,,hen temperature is low the blooming of 
wheat flowers is delayed. 

RnIPAu (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. AKEMINE (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 occurred 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 occur 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 on the variations of temperature. It 
varies also considerably according to the day, the earliest being 12: 45 
p.m. and the latest 5: 45 p.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. 
NAKANO (1929) and ISEDA (1930) observed that in rice flowers most 

blooming occurred when temperature was rising and a little occurred 
when temperature was falling. Just the opposite conditions of tempera
ture 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 decrease 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 discmised aboye the writer ascertained that blooming of 
oat flowers depends mostly upon temperature, especially its decreasing 
Yariations. Therefore the writer desires further to discuss what the 
action of the variation of temperature has to do ,yith the physiology of 
blooming. 

HACKEl, (1881), RDIPAU (1882) and AKElIIIXE (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. ZUDELLEL (1910) 
studied reg-arding the physiology or swelling of the lodicules and he 
proyed that the lodicnle-cells contain highly permeable materials. 
NAKAO (1911) states that the ;;welling of the lodicule is caused by the 
marked increase of turgidity. This increase of turgidity is caused by 
the change of disaccharoid into mono-saccharoid in the lodicule cells. 
The closing of flowers is caused by the protoplasmic membrane of the 
lodicule cells degenerating' into permeative nature and the sugars which 
caused swelhng 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 ,yriter has observed that the variations of tem
perature affect blooming directly. From this fact it can be considered 
that the swelling of the lodicule has an intimate relFltion with the varia
tions of temperature. According to the writer's experiment, the lodi
cules do not s,Yell 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 
maXll1lUm. 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 s,relling of the lodicules in rice 
flower:-l. 'rIle writer conducted experiments on sugars 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 increase rapidly in the cells of the lodicule 
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it can be easily imagined that action of enzyme is in progress III tiJis 
case. According' to the writer's experiment on tll is point. j 11St heforf' 
blooming, when temperature begins to come dmnl 
point, the action of enzyme makes its appearance. 
remarkable at the time of blooming. 

Conclusion 

from its maximum 
The action is most 

The blooming of oat flowers, as recognized by many inYestigators, 
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, hO"'ever, some cases in which no blooming takes place 
throughout the "'hole day even in the flo,wring period. These facts are 
considered, according to the observations, to be due to yarious meteoro
logical factors particularly to the yariations 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 '\Titer'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 according 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 ,yhiclt is 
caused by the fall of temperature. 

The writer has made various studies in order to determine \y11ic11 of 
these causes of blooming, the variation of temperatnre 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 telllperatlll'P. IIp 
failed, however, in controlling' them by adjusting' humidity. 

This fact has led the writer to the conclusion that the most effectiye 
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. ,]'herefore it can 
be considered that blooming takes place when it becomes unnecessary for 
a plant to take in a great quantity of ,Yater. 
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The chemical ehanges 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 caused 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 canses the change of the matter 
in the lodicule cells and water is accumulated in them, the result being 
that the lodicules swen up and blooming takes place. 

The writer desires to express his heartiest thanks to Professors 
Masao AKEMINE, 'fetsn SAKA11URA and Torao 'fESHIMA, for invaluable 
·suggestions and kind advices given him during his research work. 'fhe 
writer also desires to express here his deep gratitude to Professors 
Takajiro }t[INAlIII, Kazuhiko 'l'OKITO and Yuzo HOSHINO for their con
tinual encouragement. :B'inally, he acknowledges his debt to Keijiro 
YOSHIDA and others who helped the writer in his experimental work in 
the field. 
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Fig. 1. 

Fig. 2. 

Fig. 3A. 

Fig. 4A. 

Fig. 5A. 

Fig. 6. 

Fig. 7. 

]'ig. 8. 

EXPLANA'fro.:\ OF PLA'fE l. 

(A-rena sativa L.) 

Floral organ. 0, oyary s, style f, filament 

a, anther I, 10c1icu1e 

Cross sec tion of the spikelet. 

d, outer g1ume v, inner glume 

1, lodicule f, filament 

0, onuy 

Fl'ont yiew of the loc1icule before blooming. 

Back view of the lodicule nt the time of blooming. 

Fl'ont view of the 10<1i(,111e nt the time of blooming. 

Back view of the lodicule at the time of blooming. 

Lodicule with a cmck jn it. 

]'ront view of the lodiculc after the closing of a flower. 

B shows the lateral view of A and C the dorsal vicw of B. 
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8.00 9.00 10.00 10.30 11.00 11.30 12.00 12.15 
a.m. a.m. a.m. a.m. a.m. a.m. p.m. p.m. 

--------------
T.(I) - 26.9 25.8 28.2 28.3 28.3 28.1 28.5 

Jul. 11, 1927 H.(2) - - - - - - - -
B.(S) 

T. - - 27.0 27.2 27.4 27.8 28.4 27.8 

" 
12, 

" 
H. - - 68 72 72 69 69 69 
B. 

T. 25.2 24.6 26.6 26.2 27.0 25.0 25.4 24.9 

" 
13, 

" 
H. 78 82 75 82 72 78 82 82 
B. 

T. 21.1 19.8 22.2 23.0 23.0 22.8 22.4 21.4 

" 
14, 

" 
II. 85 100 95 90 90 90 90 90 
B. 

- T. 19.6 21.1 22.4 24.4 24.8 25.8 26.6 24.2 

" 
15, 

" 
H. 100 95 100 82 86 86 86 86 
B. 

T. 24.8 26.6 27.2 27.0 28.2 28.1 27.4 27.8 

" 
16, 

" 
H. 86 79 75 75 75 72 75 75 
B. 

T. 22.6 232 25.4 25.~ 25.1 25.4 25.4 25.0 

" 
17, 

" 
H. 100 95 86 86 DO 86 86 90 
B. 

T. 19.8 20.4 20.7 20.5 20.3 21.0 20.8 21.0 

" 
18, 

" 
H. 95 100 95 95 100 100 100 100 
B. 

T. 20.6 22.0 22.2 22.1 22.6 24.6 24.6 24.8 

" 
19, 

" 
H. 100 90 90 95 DO 95 82 82 
B. 

T. 20.2 21.4 24.5 24.0 23.8 2R.7 23.4 23.5 

" 20, 
" 

H. 89 85 78 74 78 82 77 81 
B. 

T. 20.6 22.0 23.0 23.2 23.0 22.9 22.9 22.9 

" 
21, 

" 
H. 100 90 86 85 81 90 86 86 
B. 

T. 21.0 24.4 25.6 26.0 25.8 25.8 24.6 24.6 

" 
22) 

" 
II. 90 86 78 78 82 82 82 82 
B. 

T. 19.2 20.0 21'2 21.8 21.2 21.5 21.8 ')<'<) 
~{..j.-

" 
23, 

" 
H. 89 100 80 81

1 

85 85 81 85 
B. 

0 (l)-T - Tempel'ature (C .) (2)-H ~ HUlllldlty ('10). 
(3)-B=Number of flowers opened. 

ApPENDED 

(Number of experi 

12.30 12.45 1.00 1.15 1.30 
p.m. p.m. p.m. p.m. p.m. 
----------

28.0 ~8.~ 29.0 29.0 28.5 
- - - - 63 

28.2 :28.9 28.2 27.8 28.4 
69 69 69 72 72 

24.1 23.6 23.6 23.2 23.0 
86 90 90 90 90 

17 24 

22.4 20.8 20.1 20.6 20.9 
90 89 95 90 90 

1 1 

23.6 24.6 24.0 24.2 24.8 
86 90 86 90 86 

1.'8 

28.2 28.4 29.8 30.0 29.8 
75 75 73 70 67 

24.2 :24.2 24.6 24.4 24.4 
DO DO 90 90 95 

3 

21.0 21.2 21.4 21.4 21.7 
100 100 100 100 100 

23.0 23.9 23.2 23.1 23.8 
82 74 81 81 82 

.':9 1.'8 89 36 

23.2 23.2 22.9 33.9 22.4 
81 81 81 81 81 

22.9 22.9 22.9 22.8 22.6 
86 86 86 86 86 

25.6 26.2 26.0 27.3 27.3 
82 713 82 79 79 

22.0 22.2 22.1 22.3 22.6 
81 85 81 81 81 



TABLE 1. 

mental-plants 10) 

1.45 2.00 2.15 2.30 
p_m. p.m. p.m. p.m_ 
~-------

27.0 26.6 26.4 26.0 
72 72 75 75 

28.8 28.8 29.0 29.0 
69 69 69 60 

22.9 22.7 22.3 21.9 
90 95 100 95 
13 3 ,P4 6 

21.0 20.9 20.7 20_6 
90 90 90 95 

,']0 171 JC) 

24.4 35_0 25.0 35.0 
86 86 86 95 
15 90 47 3 

39.0 29A 27.0 26.3 
72 69 79 75 

1 30 

24.5 25.4 24.7 24.2 
95 86 90 90 

6 60 14 

21.5 21.4 21.6 21.4-
100 100 100 100 

24.0 24.2 24.2 22_8 
82 78 78 77 

6 5 48 

22.0 22.0 22.6 22A 
85 85 86 81 
20 40 9 80 

22A 22.0 :n.8 21.2 
90 90 no n5 

20 ,egg 

27.0 27.0 27.2 27.2 
79 79 79 79 

22.0 22.6 23.2 22A 
90 81 81 77 

STUDIES ON TI-IE BLOOMING 01<' OAT FLOWERS 

2.45 3.00 3.15 3.30 3.45 4.00 4.15 4.30 4.45 5.00 
p.m. p.m. p.m. p_m. p.m. p.m. p.m. p.m. p.m. p.m. 
----------------~---

26.0 26.4 28.5 28.6 27.9 28_2 27,4 27.8 28.? 27.4 
75 75 66 66 72 72 75 75 72 75 
/J.CJ 1 .PO 9 8 9 

28.6 28.2 28.0 28_8 28.4 27.5 27.6 26.7 26_3 26.1 
69 69 72 72 69 72 75 75 71 78 

15 ·47 17 7 

21.5 21.1 20.9 210 20.9 20A 20.0 20.0 20.2 20.4 
95 100 95 95 100 100 100 100 100 100 

6 

30A 19.8 19.9 19.5 20_2 20.4 20.3 20.0 30.0 19.8 
95 95 95 100 95 95 95 95 95 n5 

25.8 25.8 26.4 2G.O 26.2 25.5 26.8 26.8 26.0 25.3 
91 82 78 83 82 82 79 83 82 82 

4 17 6 

26.2 25A 25.2 24_9 24.1 23A 22.8 22_8 23.0 22.5 
82 82 82 86 90 90 90 90 90 90 
.P1 31 81 12 .9 7 

24_1 24.1 24.1 24.2 24.6 24.2 24.8 24.4 24-.2 24.0 
90 90 95 90 90 90 no 90 90 90 
16 11 6 

21.4 21.4 21.4 21.0 21.5 21.6 21.6 21.8 21.7 21.6 
100 100 100 100 100 100 100 100 100 100 

2~.6 2~.5 22.1 23.2 21.6 20.8 20.8 20.6 20.6 20.8 
81 81 85 81 85 90 85 85 90 90 
1.9 4 

24.0 24.4 24_6 24.2 24- 2 24_2 24.2 23.6 23.4- 22.2 
82 78 78 78 78 78 78 82 81 85 

8 

21.1 21.1 21.1 20_6 20A 20.2 19.9 20.0 21.0 20.0 
95 n5 D5 95 95 95 95 100 n5 100 

3 

27.0 27.0 26.6 26.3 26.2 25.6 25.6 25A 25.2 25.4 
79 79 83 82 82 78 82 82 82 82 

10 .9 21 11 1.P 4 

22.6 22.7 22.2 22.2 22.2 22_6 22.2 22.2 22.2 21.8 
77 77 81 81 77 77 81 81 81 81 

3 .P 

5.15 5.30 
p.m. p.m. 
--~-

26.7 27.2 
75 72 

26.1 25.8 
78 78 

19.8 19.6 
100 100 

19.4 19.4 
100 100 

25.2 25.2 
86 86 

22.7 22.6 
90 90 

23.9 23.9 
95 95 

21.4 21.2 
100 100 

20A 20.2 
89 89 

21.4 20.8 
90 90 

20.2 20.2 
95 95 

25_2 24.6 
82 86 

21.8 21.8 
81 77 

5.45 
p.m. 
--

26.5 
75 

25.5 
78 

19.1 
94 

19.4 
100 

25.0 
82 

22.7 
86 

23.7 
90 

21.0 
100 

19.6 
95 

20.4 
89 

20.2 
100 

24.6 
90 

21.0 
80 
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6.0 o 
p.m. 
~-

25. 
8 

25. 
8 

18. 
9 

19. 
10 

24. 
8 

21. 
9 

23. 

1 
2 

o 
2 

6 
4 

4 
o 

5 
2 

8 
5 

4 
'i 9, 

21. 
10 

19. 
10 

19. 
9 

20. 
9 

24. 
9 

20. 
8 

o 
o 

o 
o 

8 
5 

4 
5 

8 
o 

5 
5 
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TABLE 1-

8.00 9.00 10.00 10.30 11.00 11.30 12.00 12.15 12.30 12.45 1.00 1.]5 1.30 
a.m. a.m. a.m. a.m. a.m. a.m. 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 26.0 26.0 26.4 27.0 27.2 28.0 27.8 
Jul. 24, 1927 H. 90 85 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 28.2 

" 
25, 

" 
H. 90 86 82 74 75 72 68 68 65 69 69 66 66 
B. 

T. 23.2 23.8 24.7 24.2 25.4 26.1 26.2 26.2 26.0 26.0 26.2 26.3 26.4 

" 
~6, 

" H. 77 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 

" 
27, 

" H. 78 74 78 78 75 75 75 72 72 66 72 72 69 
B. 

T. 24.4 26.2 27.8 26.6 27.0 :?7.2 27.6 27.6 27.8 28.3 27.6 27.8 27.2 

" 
28, 

" 
H. 82 78 72 72 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. 71 71 71 68 68 66 66 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. 95 90 86 82 82 86 82 82 82 82 82 82 86 
B. ,p 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 75 79 75 75 
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 72 72 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, 

" H. 100 95 79 87 90 90 91 86 91 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. 82 82 79 75 75 75 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 

" 
5, 

" 
H. 86 83 75 72 72 75 72 72 72 72 76 75 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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( 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 
m.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. 
------------------------------------

26.6 26.8 26.6 26.4 25.9 25.4 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 72 72 65 68 67 72 71 71 74 74 78 82 82 86 86 81 86 

4 9 tJ7 .P /3,9 4 1 

27.6 27.5 27.3 27.0 26.5 26.7 27.2 27.5 27.3 26.8 26.4 25.5 25.'; 25.2 24.6 24.3 24.1 23.9 
69 68 75 72 71 72 72 72 72 75 75 74 78 78 86 86 86 90 

21 36 8 

26.6 26.8 26.9 27.0 27.0 26.8 26.6 26.2 26.4 25.4 25.2 25.2 25.0 24.8 24.3 24.0 23.8 23.5 
68 68 68 68 68 68 72 71 75 74 74 74 78 74 78 78 82 78 

8 ,'89 9 l,P 

27.6 28.0 27.4 27.5 27.2 26.8 26.5 27.0 26.2 26.4 26.6 25.6 25.4 25.4 25.4 25.4 25.4 25.0 
72 72 62 68 72 72 71 78 75 75 75 78 78 82 82 82 82 82 

loP 5 13 1 

27.0 26.7 26.5 27.0 26.8 26.4 27.0 26.8 26.8 26.4 25.8 25.6 26.0 25.4 25.4 24.6 24.4 24.6 
68 72 75 68 71 75 68 68 72 71 71 75 75 74 78 78 78 82 

7 ,p 6 4 5 2 

27.0 27.4 27.0 26.2 26.8 26.4 26.2 26.0 258 25.5 25.5 24.8 25.0 24.9 24.2 24.2 24.0 23.2 
68 68 62 65 68 71 71 68 71 74 74 78 74 78 78 82 78 90 

9 5 4 5 1 

27.8 27.8 27.6 27.6 27.4 27.4 27.0 26.4 26.3 26.0 25.4 24.8 24.4 24.4 24.6 24.4 24.4 22.2 
69 69 72 69 72 68 72 71 75 75 78 78 82 78 78 78 78 100 

4 8 5 7 3 3 

24.6 25.2 25.2 24.8 25.0 25.0 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 78 82 82 82 82 82 86 86 86 86 86 90 !oJ 0 90 90 90 90 
2 2 3 .P 1 

27.6 28.0 28.0 28.5 29.0 28.6 28.2 28.6 27.8 27.8 28.6 26.9 26.5 25.6 25.4 25.0 24.8 24.4 
72 69 69 69 66 69 69 69 63 72 72 75 78 78 82 82 82 82 

6 ,p 10 6 13 1 

28.3 28.0 27.8 27.6 27.0 26.2 263 26.0 25.8 25.8 25.8 25.4 25.0 25.0 24.8 24.8 24.6 24.2 
75 72 75 75 75 78 82 86 86 91 91 95 100 100 100 100 100 100 

1.P 7 1 1.9 1 

28.0 28.4 28.4 29.0 28.6 28.8 28.6 27.2 26,8 26.4 26.4 25.2 25.2 24.8 24.8 24.2 23.8 23.4 
79 79 79 76 76 76 76 79 79 82 82 90 95 95 90 95 95 95 

13 6 5 

28.6 28.6 28.4 28.0 27.8 27.8 27.5 27.3 27.2 27.0 26.6 26.4 26.2 25'9 25.9 25.0 24.6 23.2 
72 69 69 72 72 72 72 72 75 72 75 75 75 78 78 82 86 90 

5 .P 1 4 4 1 

27.8 27.8 27.8 27.6 27.6 27.2 27.0 26.5 26.2 26.0 26.0 26.0 25.4 25,6 25.2 25.0 25.0 25.0 
75 75 75 75 75 79 82 82 86 86 86 86 86 86 86 86 86 86 

6 3 3 3 

25.8 26.0 26.0 25.8 25.6 25.0 24.6 24.8 24.6 24.2 24.2 23.8 23.6 22.8 22.6 22.6 22.6 22.4 
82 82 82 82 82 82 86 82 82 82 82 86 86 95 95 95 90 90 

,9 4 3 2 .PI 
g 1 ,9 
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8.00 9.00 10.00 10.30 11.00 n.30 
a.m. a.m. a.m. a.m. a.m. a.m. 

----------
T. - - - - 25.4 25.6 

Aug. 17, 1927 H. - - - - 78 78 
B. 

T. 23.6 24.2 23.6 23.6 24.2 24.2 

" 
18, 

" H. 90 82 86 90 86 86 
B. 

T. 24.0 25.4 26.4 27.2 26.6 27.8 

" 
19, 

" H. 90 82 82 75 83 7f) 
B. 

T. 22.~ 23.8 25.6 26.3 26.2 27.2 

" 
20, 

" H. 85 70 68 65 68 62 
B. 

'1'. 22.0 24.6 25.8 26.6 26.8 27.0 

" 
21, 

" II. 81 74 71 68 68 62 
B. 

T. 23.0 24.2 24.8 24.4 24.8 26.:2 

"" H. 90 86 82 90 86 78 " --, " B. 

rl'. 23.0 23.0 24.7 24.8 24.6 24.6 

" 
23, 

" II. 77 77 71 71 78 75 
B. 

'1'. 18.4 18.4 18.2 18.2 18.2 ]9.0 

" 
:24, 

" H. 94 100 100 100 100 100 
B. 

T. 21.8 22.1 21.6 23.4 23.8 23.6 

" 
25, 

" H. 85 85 90 81 82 82 
B. 

'1'. 20.6 21.8 23.4 24.0 24.8 25.4 

" 
26, 

" II. 100 100 81 78 74 71 
B. 

'1'. 19.6 20.0 20.4 20.6 20.4 23.6 

" 
27, 

" H. 100 100 100 100 100 95 
B. 

T. 20.6 20.8 22.4 23.0 23.8 23.6 

" 
28, 

" H. 100 90 85 77 74 73 
B. 

T. 20.2 21.0 2:2.0 22.8 23.0 23.4 

" 
29, 

" H. 85 76 77 73 69 73 
B. 

T. 19.2 18.4 18.6 19.2 19.2 19.0 

" 
30, 

" H. 100 100 1.00 100 100 100 
B. 

12.00 12.15 
m. p.m. 
----

26.1 26.5 
78 78 

24.4 24.6 
82 82 

~7.6 28.2 
79 75 

26.8 26.(; 
ti5 65 

37.6 27.6 
66 66 

26.8 25.4 
79 82 

26.2 26.6 
7] 65 

19.0 19.0 
100 100 

24.4 24.4 
78 82 

25.4 25.4 
71 71 

22.0 22.6 
90 90 

23.4 23.0 
73 73 

23.8 23.2 
74 73 

18.8 18.8 
100 100 

ApPENDED 

(Number of experi 

12.30 12.45 1.00 1.15 1.30 
p.m. p.m. p.m. p.m. p.m. 
--- ... ------

26.4 26.6 26.4 26.8 26.6 
75 75 75 75 75 

24.8 25.0 25.0 25.0 25.0 
82 82 82 82 82 

27.6 27.9 28.3 28.4 29.3 
75 75 72 72 72 

26.6 26.4 26.4 26.9 26.8 
65 62 65 72 68 

27.4 27.6 27.8 28.0 28.0 
59 ti2 63 63 63 

24.8 24.8 24.6 24.8 25.0 
82 80 86 86 82 

27.4 26.2 26.0 25.8 26.1 
65 65 68 68 71 

19.2 19.0 19.2 19.4 19.4 
100 94 100 100 100 

25.0 24.4 24.6 24.2 24.3 
74 78 78 82 78 

25.6 25.2 ,,- <) 
'-'Vol... 25.6 25.8 

71 74 71 71 68 

22.8 23.0 23.0 23.2 23.4 
90 90 90 86 81 

23.6 23.7 23.7 24.0 24.2 
74 78 74 74 74 

22.6 22.6 22.8 22.8 23.2 
73 73 77 81 73 

19.6 19.6 19.6 19.8 19.4 
100 95 100 100 100 



'fABLE 2. 

mental-plants 55) 

STUDIES OX 'l'IIE BLOOMIXG OF ONt' FJ,OWEHS 

1.45 2.00 2.15 2.30 2.4513.00 3.1,;1 3.30 3.45 4.00; 4.15/4.30 4.4i'15.00 5.15 5.30 5.45 6.00 
p.m. p.m. p.m. p.m. p.m"p.m. p.~ p.nL p.m~~~m'IP.m~~.m. ~).I~ p.m. p.m. p.m. p.m. p.m. 

"6 - "'6 6 26 6 06 6 "6 4 "(' 0 ,,- 9 ,,- 6 'r n ,,- 41 0 - -I "-,, "4 ~I "4-.... .0 _. ........... .... ). -d. _d. ,"",d.' __ ;>. .... ' ) •. ) -;).,- ... . I ... .:) 

75 7':2 7':2 7':2 7] 7':2 71 71 71 71 71 74, 78 78 
591 16, 15 43 23 13 11 

24.9 24.8 24.8 ':24.6 24.7 ':24.8 ':24.6
1 

24.:; 24.51 :!4.(j 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 ,'?5 9 10 4 39' 14 _11 4 10 2 ,,,] 

28.8 ::!8.8 28.8 29.6 39.2 39.6 29.4 28.4 37.8 27.6 27.5 26.9 26.6 25.6 25.6 %.6 25.0 24.0 
76 69 69 70 76 76 72 75 75 75 79 

16 .'2,,? 
79 79 82 82 82 86 86 
61 61 16 6 

26.9 26.9 2;).9 2i,6 ":i 2 25.0 24.6
1 

24.6 24.81 24.8 24.0 23.8 24.0 24.0 23.6 23.0 23.0 23.0 
68 68 65721 - 74 74 74 78, 74 78 78: 82' 82 82 86 86 90 90 

28.0 28.6 27.8 2:: 2:: 27~: 2;';!2:';;1' 27~~i 27~'~ 26.2 25.7 2;,.4
' 

24.8 24.8 24.2 24.0 24.0 
63 63 60 63 63 66 6.) 7D "/,), -,.) 75 82 82 86 86 86 86 86 

1 8: 181 15 19 9 

24.4 24.4 25.0 24.4 24.0 24.6 23.6 23.2!24.1123.8 24.4 23.81 24.0 24.2 24.2 24.2 
86 86 86 86 90 86 89 95 90 90 90 90', 90 90 95 9;; 

44 .'29 18 14 16
1 

,P
i

.'2 lt I 

34.0 

(1)1 
23.8 (1) 

25.0 26.7 26.7 26.2 25.6 25.4 25.6
1 

2;,.1 26.11 26.2 25.8i 26.2: 25,61 2;).2 2;,.0 24.8, 24.61 24.4 
78 78, 78 67 68 68 68 68 67 7~1 ~4: ~! 74 (iSI 71\ 7;'1, 78 74 

1 741 54: 111 N6i .. '.~ 4 I 

20.0 19.7 19.4 ]9.4 19.3119.2 ]9.4' 19.1: 19.3: 19.2 ]9.6 19.4 19.(i 19.5 19.4 19.4 19.4 19.2 
95 95 95 94 941 94 94 94: 9~ i 94 100 ] 00

1 

9" 94 94 94 94 94 

2,1.8 24.4 24.6 23.7
1 

25.2, 23.6 24.0 24.11 23.G
1 

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 82

1 

81 81 81 86 8f) 90 90 

f:?' 4'':'1 96 73' 43: 39i I ' I 
25.6 24.9 24.5 24.3 24.212,LlI24.1: 24.6~ 2:J.n! 23.91 ~:J.81 2:l.G ~'l.4_ 23.0 22.6 22.G 2::!.4 ~2.0 

71 71 7] 7] 74i 74 741 74' 78178 8~ 78 811 86 80 8li 8;) HO 

I 
I I 371 18! 14, 4 ,,,] ! I 

23 6 "~4 "~6 03 6 on 11i "n 01 "0 n ".) nil "0 6: 0_".,") "" J "1 n
l 

"1 8- q] 8 "J 4 "I 4 "1" "] 0 
86 ~.~~ -'86 ~. 86 -i~GI ~·~o ~!jbl ~-9bl -~9~i -9:J ~ioo -9fi; ~ 951- 95 ~ 95 ~ 9i, - 9~1 - 93 

"3 6 ')3 8 "3 4 "n" _').0 .• ') ,,0 1 On" ,)0 8- 00 11 ,,0 0 _"_').6'- "" o! "1 8' "I" "1 n "I - "1 "I ·_°0.8 
- 74 ~ 74 -'74 ~'~4 '74 -74

1 
-'~8 ~'~8! -"81! -'~6 80 -~90! - 90

' 
~9;~ ~ fib ~ fi~ ~ fi;~, 9:; 

.'23 48 44 .'29 46
1 

.18
1 

,P6l 18
1 

6 5 1; : 

::3.G 23.3123.4 22.4 2:!Ai22.4, 22.2 22.l' 22.0' 22.0 21.8 21.4-1 21.0) 20.4 20.0 20.0 19.8 19.8 
77 73 77 77 87471_ ~07i ~~I 18

0
1: 7~i 717 81 80; 7Gi 89

1
, 95 95 93 9;) 

.'2 u .. II "~i _[ I 

19.6 19.7 19.6 19.4 19.0 19.:: ]9.0\19.0\ 19.d 19.4 10.6i H).(i 10.81- 10.61 19.6 19.4 10.3 19.1 
100 100 100 100 100 100 1001 1001 100

' 
100 100: 1 OO~ 05 1001 100 100 1001 9;) 

I I 1 I I 
---------------- - ----~-- - -- - - --------~---
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TABLE 2-
--- ------- - ----- ----------

i ! 8.00 9.00\10.0010.30 n.oo 11.3012.0012.1512.3012.45 1.00 
1.1

5
1

1
.
30 

I _ .J a.m. a.m. a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. p.m. p.m. p.m. 
-------- ---------- ----

rll. 17.8 21.0 20.8 21.4 ~~.6 23.4 22.4 23.2 23.8 32.6 2~.4 22.4 23.6 
A ug.31, 

" 
H. 60 57 66 69 72 72 80 75 76 72 55 79 76 
B. 

'1'. 20.2 20) 0) 
w.~ 23.8 24.8 24.8 24.4 24.4 25.'2 25.4 26.0 26.0 25.8 25.7 

s Cp. 1, 
" 

H. 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 ~5.~ 25.0 25.0 25.2 25.6 25.0 24-.8 

" " 1-1. 80 73 73 70 70 7J 67 67 67 64- 56 56 56 -, " B. 

'1'. 16.2 16.4 16.4 16.6 ]6.6 15.6 15.4 ] :i.4 15.4 15.4 liD 15.3 15.4 

" 
3, 

" 
H. 88 88 88 89 89 94- 88 94 94 94- 6'1 67 67 
B. 

'\'. 18.6
1 

19.8 22.0 23.0 19.8 20.6 20.4 20.4 19.8 20.0 19.5 19.8 20.0 

" 
4, 

" lI. 89 80 66 60 7"2 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 

" 
G, 

" H. 68 66 60 63 63' 63 64 72 81 77 81 70 63 
B. 17 

'1'. 17.6 19.8 21.6 21.6 33.6 33.6 23.8 34.4 24.0 34.6 25.6 25.4 25.2 

" 
G , 

" 
H. 84 76 73 73 70 74 74 67 74 74 67 67 74 
B. 

T. ]9.8 ~2.4 23.0 32.8 23.2 23.6 23.8 23.6 23.8 23.6 23.8 23.8 33.6 

" 7, 
" H. 85 77 73 81 77 78 78 74 74- 74 74 74 78 

B. 

T. 16.2 18.2 31.0 31.0 32.4 23.2 24.0 :33.6 24.2 23.8 23.6 23.0 24.2 

" 
8, 

" H. 88 84 80 80 77 77 74 70 70 73 67 70 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 

" 9, 
" H. 84 85 80 85 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 ]9.8 19.9 19.6 ]9.6 19.6 19.2 
." 10, 

" H. 89 84 89 85 85 76 85 85 85 85 89 89 94 
B. 

rJ~. 19.6 20.0 30.8 21.2 31.4 23.2 24.2 25.1 25.4 25.1 25.0 25.2 25.4 

" 11, 
" 1-1. 100 100 100 95 95 90 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 33.6 33.6 22.4 22.6 

" 
]n w, 

" 
H. 89 95 95 90 77 81 70 66 66 66 66 66 66 
B. 

rr. 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. 

I 
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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 4.1514.30 4.4515.0015.15 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. p.m. 

------

22.8 22.2 21.81 21.8 21.3 21.4 20.6 23.8 23.6 23.4 22.8 22.8 23.0 22.4 23.1 30.0 19.8 
76 72 69 65 66 62 63 60 60 59 GO 58 60 59 62 63 63 

50 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 7 10 8 1.'3 

25.0 24.4 24.6 23.6 24.0 23.4 23.2 22.8 22.8 22.2 22.2 21.7 :l1.4 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 
67 70 67 74 74 73 73 77 73 77 81 80 80 85 

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 

1.'3 .'38 8 4 6 3 3 

23.4 23.0 22.6 24.0 23.2 23.2 22.:} 21.2 20.8 20.8 21.2 :11.6 21.4 21.2 
63 63 66 58 57 57 59 62 65 58 65 59 58 58 

4 1 3 2 

25.8 26.4 26.4 26.0 25.2 25.6 25.6 24.4 24.8 24.6 23.2 23.0 ~g.2 22.0 
68 68 68 68 71 75 75 75 74 74 78 77 81 81 

3 3 5 2 1 

23.4 23.2 23.2 22.6 22.6 22.6 22.S 22.6 22.2 22.0 21.8 21.2 20.8 21.0 
74 73 63 73 73 73 73 7,'l 73 73 77 76 80 80 

8 6 8! 6 4 2 

23.0 23.7 22.2 23.0 24.~ 23.8 23.2 23.4 22.8 22.2 22.0 21.4 20.8 20.2 
73 78 73 77 70 74 74 77 77 81 81 85 80 90 

7 4 4 

21.6 22.0 21.6 21.4 21.3 21.4 21.4 21.4 21.2 21.4 21.~ 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 

19.2 193 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 26.2 25.0 24.4 23.8 23.5 23.6 33.2 22.6 22.3 22.0 21.8 
79 79 72 75 74 74 74 78 78 77 86 86 86 86 

36 35 11 13 7 3 2 

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 6D 69 68 72 72 72 72 65 72 76 75 

19 10 16 5 I 

21.0 20.5 20.6 20.5 30.0 20.0 19.9 19.7 19.7 19.8 19.6 19.4 19.3 19.2 I 

68 68 72 68 68 72 72 72 76 72 72 75 71 75 j 

5 4 1 1 1 
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Sep. 11, 1937 

12, " 

13, " 

14, " 

15, " 

16, " 

17, " 

18, " 

19, " 

20, " 

~1, " 

22, " 

23, " 

24, " 

aneIlI :msoxoo 

ApPENDED 

(Number of experi 

I
S.OO 9.0010.0010.3011.00 ll.3011z.00 1:3.1512.30 12.45 1.00 1.15 1.30 

a.m. a.m. a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. p.m. p.m. p.m. 

'[' -1196 000' "OS 01 0 014~1"4') "-1 '0-4 0-1 ')-0 0-" '-'-4 . ...... ~. i-J._ ..... , _n) • ...:.......... ...t.>. _v. .....). ....D. ....v.... ....D. 

:: 100 100 100 95 95 90

1

' 86 86 86 86[ 86 86 86 

T. 19,2 20.2 20.1 20.6 2~.3 :33.6 22.7 22.6 22.6 2~.6 ~2.6 22.4 22.6 
H, 89 95 95 90 77 81 70 66 66 66 6q 66 66 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

'['. 
II. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

rr. 
H. 
B. 

15.6 16.9 19.0 19.2 19.3 19.6 20.3 20.6 20.4 20.6 21.0 20.9 21.0 
88 S3 84 80 75 72 7:3 72 72 72 68 72 68 

15.6 17.8 17.8 17.8 19.0 20.0 1!J.8 30.4 20.4 20.4 30.6 :31.0 20.7 
94 84 89 89 80 76 72 76 76 72 68 65 65 

19.8 21.0 22.;) 23.7 22.9 23.4 23.8 23.6 23.4 23.8 23.2 23.4 23.0 
85 80 77 77 70 70 74 70 70 70 73 73 66 

18.8 20.0 22.0 22.2 21.6 21.4 23.2 22.0 22.9 33.9 24.0 24.2 
89 80 73 69 81 76 81 81 77 74 70 74 

23.5 
70

1 18.4 17.5 17.8 18.9 18.4 18.7 18.4 18.6 18.6 18.5 18.5 19.0 
84 94 94 89 941 89 89 89 89 84 79 80 

19.4, 
801 

14.3 16.8 18.8 19.8 20.3 19.8 19.2 19.3 19.8 19.4 19.4 19.2 19.2 
94 89 89 85 85 80 89 89 85 89 89 89 89 

18.8 ::n.4 22.0 :U.4 21.2 19.0 19.0 20.2 20.2 20.8 21.2 22.2 21.2 
89 80 81 80 80 89 94 84 85 85 85 81 85 

16.8 ] 8.2 19.6 20.6 20.8 22.2 21.8 21.~ 21.4 2~.0 23.2 23.0 23.2
1 89 70 72 6~ 65 59 59 62 68 59 60 51 49 

16.2 17.8 19.3 20.0 19.7 19.2 18.8 18.4 
69 63 60 58 61 63 67 63 

13.4 15.4i 17.1 
8~ 78 79 

13,J 16.8 
87 79 

11.6 
87 

17.8 18.7 
75 67 

17.2 17.4 
70 74 

19.6, 19.~ 
;')8' 67 

18.J 19.0 
71 71 

18.ii 
67 

19.2 
67 

12.2 14.8 16.8 18.2 18.6 19.8 19.8

1

' 20.4 
87 73 66 67 67 68 64 61 

19.6 19.:1 18.2 
68

1 

67 70 

18.8; 1!l.2

1

' 19.3 
70

1 

70 67 

19.6 19.8, ] 9.6 

2J:: 2]1' 20:: 
55 61 61 

17.8 18.~ 
67 67 

I 
1!J.3i 18.8 

70; 70 

20.21 20.J 

68

1 

64j 

20.6' 20.4: 

6;')1 64
1 



I 
i 
I 
I 

i 

I 

'l'ABLE 3. 

mental-plants 30) 
I 

i 1.45 2.00 2.15 2.30 

~ p.m. p.m. p.m. 

! 26.8 27.0 27.2 26.2 

i 79 79 72 72 
I 

! 
~2.7 22.6 33.7 22.4 

66 66 66 69 

21.0 20.5 20.6 20.5 

! 
68 68 72 69 

31.0 21.2 21.2 20.8 
68 65 65 65 

23.6 22.1 22.4 23.0 
73 77 77 73 

23.2 22.4- 22.0 21.8 
73 73 73 77 

33 ,'&0 

19.5 20.0 20.0 19.9 
75 76 80 68 

Ifl.O 19.0 19.2 19.8 
83 83 83 85 

30.4 20.6 :JO.3 20.3 
80 80 89 80 

68 6 55 

23.1 22.8 23.8 23.0 
49 47 54 54 

18.1 17.2 17.1 16.8 
67 79 74- 74 

19.4 19.4 18.6 18.2 
70 70 70 70 

31 

3004 20.8 20.6 20.6 
65 65 64 64 

20.4 20.4- 20.~ 20.2 
64 64- 64 68 
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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. 

25.0 24.4 23.8 23.5 23.6 23.2 22.6 22.3 22.0 21.8 
75 74 74 74 78 78 77 86 86 86 

:? /? 8 1 1 

31.8 21.5 21.0 20.8 20.6 20.8 21.0 20.2 19.6 19.3 
69 68 72 72 72 72 65 72 76 75 
1 6 38 

20.2 20.0 19.9 19.7 19.7 19.8 19.6 19.4 19.3 ]9.2 
68 72 72 72 76 72 72 75 71 75 

3 18 5 ,,& 

20.8 20.8 30.6 20.5 20.4 20.4 20.4 20.2 19.9 19.6 
65 75 68 68 68 72 68 72 76 80 

,,& 32 9 3 

22.2 22.0 ~2.0 21.8 21.8 3] .a 2l.3 21.2 21.0 20.8 
77 77 77 77 81 76 80 80 80 85 

136 .'86 4 3 

21.6 22.0 22.7 22.8 21.6 21.3 2l.2 20.8 20.0 19.4-
73 73 63 63 69 68 65 65 72 80 

6 ,'&3 

19.3 19.2 18.7 18.2 H.9 17.4 17.0 16.9 16.7 16.3 
80 80 75 79 79 83 83 83 83 83 

20.0 20.0 20.2 19.0 19.2 19.2 19.0 18.6 18.6 18.4 
85 85 85 94 89 84 89 89 89 90 
56 9 44 83 18 S 

20.0 21.0 20.0 19.6 20.4- 20.0 19.0 18.5 18.2 17.8 
85 80 85 85 80 80 89 79 84- 79 
36 18 3 

22.2 22.2 22.3 22.3 21.8 21.4 20.8 20.7 20.4 20.2 
51 53 5] 48 51 53 53 58 68 61 

25 13 16 25 23 1.'& 

16.2 15.2 14.2 13.4 13.3 13.q 13.3 12.9 12.8 12.6 
78 83 88 94 94 94 87 94 94 94 
1 : 

18.4 18.2 17.6 17.6 17.4 17.2 17.8 17.7 18.0 17.6 
70 70 75 75 74- 74 84 75 79 75 
31 ,,&1 ,'&0 13 6 :g 

20.4 20.2 20.0 ]9.6 19.3 19.3 19.4 19.4 19.0 18.8 
68 68 64 72 75 7l 71 71 75 80 

1 14 1~ 7 3 
I 
I 

19.8 19.6 19.4 19.6 19.0 19.~ 18.8 18.4 18.0 17.8 
64 61 63 64 68 6~ 71 71 75 75 

10 80 88 17 2 
I 
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TABLE 3-

I 
8.00 9.00110.00 10.30 11.00 11.30 12.00 13.15112.30112.45 1.00 1.15 1.30 

a.m. a.m. a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. p.m. p.m. p.m. 
- ---- ------

'1'. 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 H. 87 7'2 69 74 75 71 71 67 67 63 69 71 67 

B. 

T. 13.4 14.6 15.9 17.1 18.0 18.0 18.4 18.7 ]9.0 19.4 19.7 19.9 20.0 

" 
26, 

" 
H. 87 78 78 74 75 70 63 67 67 71 71 7] 64 
B. 

T. 16.6 ]8.8 20.4 30.2 20.8 20.6 31.2 21.2 21.2 20.8 20.6 21.2 21.4 

" 27, 
" 

H. 78 75 6·1 64 65 65 62 58 58 62 62 65 58 
B. 

rr. 15.8 19.0, 20.6 21.2 21.3 22.2 22.6 22.6 22.6 :n.8 22.0 22.3 22.6 

" 28, 
" 

H. 94 67 68 65 6~ 6~ 66 63 63 62 66 66 63 
B. 

'1' . 15.;) 18.8 20.8 30.8 21.0 21.4 21.6 21.6 31.4 21.8 21.8 21.4 21.4 

" 
29, 

" 
H. 78 80 68 68 65 62 59 59 58 6:l 59 65 62 
B. 

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. H4 H4 84 7fJ 80 80 72 72 6H 6H 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.~ 23.0 22.6 
o ct. 1, 1927 H. 88 84 76 7'2 73 73 73 73 73 73 77 73 73 

B. 

T. 18.6 1H.O 18.6 18.8 18.6 18.8 IH.2 19.2 18.6 20.0 20.2 20.0 20.2 

" 
2, 

" 
H. 80 80 84 84 84 80 SO 80 SO 80 SO 81 77 
B. 

T. 16.8 18.6 20.6 19.6 20.0 20.2 19.4 19.4 20.2 30.6 21.2 21.6 22.0 

" 3, 
" 

H. 94 84 76 79 76 76 89 80 89 85 SO 81 77 
B. 

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 22.4 

" 
4, 

" 
H. 88 72 65 66 65 59 58 65 66 68 68 66 62 
B. 

T. 14.4 18.0 21.0 21.6 20.8 19.8 19.6 19.8 2(\.8 21.2 21.4 20.6 21.( 

" 
5, 

" 
H. 88 70 76 69 7'2 76 76 80 72 72 72 76 76 
B. 

T. 14.2 17.4 21.0 21.4 22.4 22.6 '2'2.3 22.2 22.4 22.0 22.4 22.6 22.8 

" 6, 
" 

H. 63 62 58 58 5H 60 59 62 59 66 66 66 66 
B. 

T. 15.2 18.4 '21.0 21.1 21.4 22.:3 21.6 22.8 23.3 33.2 23.6 23.2 23.0 

" 7, 
" 

H. 94 89 76 72 76 72 80 73 73 73 70 73 73 
B. 

T. 16.0 19.0 21.0, 21.0 21.6 21.6 21.8 2U 21.6 21.4 21.4 21.2 21.4 

" 8, 
" 

H. 100 71 65 65 66 62 62 65 66 65 65 65 65 
B. 

I I . ------- - -- -- --~--------- ---
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( Continued) 

1.45 2.00 2.15 2.30 2.4513.00 3.15 3.30 3.45 4.0°14.15 4.30 4.45 5.001 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. 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 
71 71 71 71 71 71 17 71 71 71 70 74 79 79 

,p 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 

7 60 22 1 0 4 

20.2 21.2 21.4 21.2 21.1 20.4 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 t!4 36 15 5 

23.:: 23.0 23.4 22.6
1 

22.4 21.6 21.6 21.6 21.2 21.0
1 

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 

1 9 7 10 16 7 3 

:n.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 80 80 76 80 80 84 84 84 89 

1.P .'2 4 7 6 

22.4 22.6 22.4 22.0, 21.8 21.9 21.2 21.6 21.0 20.6 20.6 20.2 20.0 -
73 73 73 77 80 77 77 77 85 80 80 85 85 -

31 0 N 
,. f .'27 ,PO 6 

19.8 ]9.8 19.6 19.6 19.4 19.4 19.0 18.6 18.2 18.0 17.8 17.6 17.4 -
76 76 76 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 J9.8t 19.6 19.2 - -
76 76 76 76 80 80 80 80 80 80 84 89 - -

33 .'24 8 ,P4 19 10 

22.2 21.6 21.0 20.6 20.6 20.2 19.6 19.4 19.4 H).O; 18.4 18.0 17.6 -
62 62 65 65 72 72 68 71 75 

671 70 
79 79 -

4 15 ,Pi 3J. ,P8 10 3 .'2 

21.4 21.8 21.6 21.4 21.4 21.2 20.0 20.8 20.6 20.4, 19.8 19.2 - -
76 59 59 53 55 55 01 55 58 

581 {i4 
61 - -

,p ,Pi 19 17 .PO 

23.0 22.4 22.2 21.4 20.6 20.2 20.0 20.5 21.2 '20.4, 19.0 18.8 18.6 -
06 66 69 72 80 85 85 80 80 

~rg 
80 84 -

27 14 ,p 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 85 90 8'~1 80 

89 89 -
5 1.'2 26 17 

21.8 21.4 20.8 20.6 20.5 20.0 19.6 19.4 19.2 19.0

1

18.8 18.0 - -
66 65 68 68 72 72 72 71 7[5 75 80 80 - -

.'27 .18 .11 3 
I 

------- ----- ---- - -----
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TABLE 3-

8.001 ".o,,~.OOIIO.30i;;o-oll;';l' ;01;2.1~ 12.30
1".45 1.00 1.15 1.30 

a.m. a.m. a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. p.m. p.m. p.m. 
------- ------------------

T. ]5.0 H.D 15.8 16.4 16.8 17.6 18.0 ]8.0 18.4 18.4 18.8 19.0 19.1 
Oct. 0, 10~7 H. D4 !J4 88 88 83 84 79 70 79 75 80 75 75 

B. 

'1"'. ]5.4 18.~ ]8.8 1D.4 20.4 1D~6 19.6 ]9.4 19.5 19.4 18.2 18.0 17.6 

" 
10, 

" 
II. 73 63 67 6:1 G4 72 G4 63 60 54 59 59 56 
B. 

T. D.8 11.6 13.~ 1:\.8 14.1 1404 1:'i.'2 ]5.4 1;,.4 14.6 15.0 1504 15.6 

" 
11, 

" 
T-I. 80 76 76 G8 68 68 68 68 68 68 68 64 64 
B. I 

I 
'1'. 7.5 6.8 D.O D.81 11.8 11.2 12.8 12.2 12.8 U.8 n.s lOA 10.0 

1·) H. 78 8;3 74 6D
1 

70 70 76 71 69 66 76 74 74 
" 

~, 

" 

13.61 

B. 

T. 10.4 11.6 U.2 12.6 1:1.8 12.8 13.2 13.;'5 13.5 11.4 11.8 11.8 

" 
13, 

" 
H. 80, 81 81 76 77 76 8:2 82 76 81 81 76 76 
T. 

D.6i 13.~ T. ] 2.6 13.6 11.2 13.6 14.6 13.8 13.0 14.7 14.8 15.0 14.4 

" 
14, 

" 
H. 801 7] 71 76 81 77 68 68 67 64 64 64 63 
B. 

T. 11.0 11.4 13.4 14.2 14.8 14.2 14.9 14.4 14.4 14.0 13.3 ]3.6 12.4 

" 15, 
" 

H. S1 75 82 77 78 68 73 77 68 68 76 Sl 93 
B. 

T. 7.4 10.6 13.8 14.6 ] 504 1;i.8 1504 16.2 16.2 15.8 15.6 16.0 17.6 

" 16, 
" 

H. 78 S7 68 73 68 65 6D 69 69 74 78 78 70 
B. 

T. 7.'2 8.6 10.6 U.8 1'2.2 1:l.8 13.-1 13.6 13.4 13.6 13.4. 13.0 12.4 

" 
17, 

" 
H. 100 100 100 03 87 87 8~ 88 82 77 76 76 81 
B. 

'1'. 9.2 13.;3 14.4 14.4 15.1 15.8 IG.2 16.2 16.0 16.2 16.0 16.2 16.4 

" 
UJ, 

" 
H. 7D 81 68 68 64 67 65 61 (l5 58 61 65 ;3S 
B. 

'r. 8.8 13.G 16.2 1;,.8 16.6 1604 17.0 16.8 1604 16.4 16.4 16.4 16.4 

" 
20, 

" 
H. 74 77 73 69 74. 69 70 66 65 65 69 74 74 
B. 2 2 

I 
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(Contimwd) 

1.45 2.001 2.15 2.301 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. p.m. 
------------------------------------

19.2 19.1 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 84 89 84 84 89 -

17.2 17.2 16.8 ] 6.4 16.4 15.8 15.2 15.0 15.1 14.4 14.0 13.4 -
66 66 62 61 61 58 ;37 60 60 59 59 63 -

D 3,6$ .'34 .'31 9 11 3 

];3.8 16.4 ] 5.4 15.6 15.2 15.8 14.4 14.4 14.8 13.4 11.S 11.4 -
64 58 60 63 63 63 58 62 62 66 66 65 -

9.0 8.6 9.6 10.0
1 8·°1 9.8 8.8 9.4 8.8 8.6 8.4 8,4 -

79 86 86 80 
8°1 

80 80 80 79 79 79 85 -

11.0 11.0 12.6 12.6 12.8 12.8 1:!.:2 12.0 11.8 n.o 12.4 13.0 13.4 
81 81 81 82 76 76 82 76 76 76 81 81 87 

13.4 14.2 14.0 14.8 15.2 1;":>.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 n.8 11.8 - - - - -
I 87 82 87 87 87 87 D3 93 - - - - - I 

16.4 16.0 15.6 14.6 J4.4 14.2 13,(; 12.6 12.0 11.8 11.6 11.0 -
74 74 69 68 72 68 68 76 76 81 81 87 -

1 1 

12.3 12.2 12.8 12.6 12.0 n.8 11.6 ItO 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 72 - -

1 15 7-i 15 16 .'35 15 1.'3 5 

16.6 16.2 16.0

1 

16'°116.0116.0 16.9 16.0 15.4 15.0 14.8 14.8 -
69 69 69 78 69 78 83 88 88 88 88 88 -

1 1 
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I 1
6

.
30 7.00 

a.m. a.m. 
! 

'1' . 19.5 20.5 
Jul. 11, 1928 H. 95 92 

B. 

'1' . 19.5 20.0 

" 
12, 

" 
1-1. 95 95 
B. 

'1'. 16.5 17.2 

" 
13, 

" 
H. 100 95 
B. 

T. 18.8 20.5 

" 
14, 

" 
H. 86 82 
B. 

T. 20.8 22.0 

" 
15, 

" 
H. 86 81 
B. 

T. 21.0 21.4 

" 
16, 

" 
H. 97 95 
B. 

'1'. 19.2 19.4 

" 
17, 

" 
H. 97 96 
B. 

T. 18.5 20.8 

" 
18, 

" 
H. 100 87 
B. 

T. 17.5 18.5 

" 
19, 

" 
H. 94 87 
B. 

T. 18.7 19.8 

" 
20, 

" 
H. 87 86 
B. 

T. 17.4 18.5 

" 
21, 

" 
H. 90 86 
B. 

T. 15.2 16.0 

" 
22, 

" 
H. 99 94 
B. 

T. 22.2 23.0 

" 
23, 

" 
H. 75 77 
B. 

T. 20.5 21.0 

" 
24, 

" 
H. 88 87 
B. 

GnCEr Mrf'OXOO 

8.00 9.00110.00 10.30Ill.OO 
a.m. a.m. a.m. a.m. a.m. 

--------
22.0 25.8 26.8 27.3 ~7.4 

87 76 68 68 68 

21.5 23.5 25.3 26.0 26.4 
85 80 71 69 65 

19.7 ~1.8 24.:1 25.7 26.7 
83 79 67 63 62 

22.8 23.1 24.0 24.5 25.5 
76 73 70 71 68 

22.2 23.4 ~5.;) 25.4 24.8 
79 76 78 71 74 

21.5 22.0 22.2 22.5 22.5 
95 94 94 93 92 

19.8 21.5 24.7 24.5 25.1 
97 90 78 78 75 

24.0 25.0 24.0 24.5 23.5 
74 72 76 75 75 

20.0 20.6 22.4 22.4 22.4 
80 74 68 68 70 

21.2 22.0 23.5 23.4 23.5 
74 71 67 69 68 

20.5 22.6 24.0 24.5 25.0 
~" I~ 76 69 65 65 

20.0 23.0 25.0 25.5 26.2 
80 71 65 49 62 

24.0 24.7 25.8 25.7 26.0 
70 70 64 62 61 

21.8 23.0 23.0 23.4 25.1 
82 76 76 74 72 

ApPE~DED 

(Number of experi 

ll.30112.00 12.30 1.00 1.15 1.30 
a.m. m. p.m. p.m. p.m. p.m. 
----
~7.5 28.1 28.1 28.5 27.7 26.6 

67 6:? ,i9 59 67 70 

26.8 27.0 27.0 ~7.0 ~6.5 26.5 
6~ 61 62 62 62 63 

27.3 28.0 28.0 27.3 27.2 27.3 
56 55 ;)6 59 59 57 

26.0 26.2 26.5 26.3 26.2 26.5 
66 66 67 6G 66 66 

25.0 24.5 26.3 26.8 2G.1 26.5 
74 74 69 67 70 70 

22.3 22.0 22.1 22.1 22.1 22.0 
94 97 96 96 96 96 

25.7 25.5 24.4 ')9 () 
... 0._ 22.0 21.4 

76 72 83 88 79 92 
260 

23.0 22.7 no -.... .::....u 22.5 22.5 22.5 
79 80 8] 81 81 82 

5 

22.4 22.8 23.0 23.5 23.5 23.0 
68 65 60 63 63 63 

24.3 24.8 25.2 25.5 26.0 26.5 
70 66 63 63 61 61 

26.0 26.8 27.4 27.5 27.4 26.6 
60 55 52 53 56 70 

27.6 27.8 28.7 28.7 29.3 29.3 
60 56 54 52 51 51 

26.4 25.5 26.0 26.3 26.6 26.6 
60 63 60 57 57 57 

25.0 23.7 25.4 25.0 25.7 25.4 
73 76 70 63 68 70 

------ --.--
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TABLE 4 

mental plants 15) 

1.4 5 2.0 o 2.15 2.30 2.45 3.00 3.15 3.30 3.451 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. p.m. 

----

25.4 25.0 25.0 24.6 23.8 23.3 23.0 23.1 22.8 23.7 - 2~.5 - 22.8 - - -
71 74 73 74 79 83 80 81 81 80 - 81 - 81 - - - -

1 1 1 1 1 

26.4 26.0 26.0 25.3 25.0 24.6 24.1 23.4 ~~.5 22.0 20.7 20.7 - 20.2 - - - -
63 63 62 66 67 74 73 76 81 82 87 88 - 87 - - - -

3 24 5 10 iii 

28.0 28.0 28.3 28.4 28.0 27.5 27.8 27.4 27.2 27.5 27.2 27.5 27.5 26.7 25.7 25.3 24.5 -
54 56 52 52 5C 56 52 54 59 37 60 [)7 58 62 63 63 73 -

1 3 16 19 31 25 

26.7 26.4 26.5 27.0 27.0 27.0 27.6 27.2 27.5 27.0 26.5 26.3 26.4 26.2 25.4 25.4 25.4 24.5 
66 67 66 67 65 66 65 66 65 65 67 68 67 70 70 70 71 74 

65 140 8 

25.7 25.7 25.4 25.0 ~5.7 24.7 24.4 24.0 23.6 23.5 23.6 23.4- 23.0 22.7 22.7 23.0 - 23.5 
72 73 74 74 74 74 75 78 79 79 80 80 81 81 81 81 - 81 

3 70 81 68 69 20 5 

22.0 22.3 21.8 21.8 22.2 22.3 22.0 22.2 22.6 23.6 24.0 24.0 24.0 24.1 24.0 23.4 22.7 22.5 
96 95 96 OD 08 97 97 95 97 88 84 84 83 82 82 84 87 88 

2 1 8 2 2 1 

21.6 "" -~_.U 20.7 20.4 19.8 20.0 20.0 20.0 20.2 20.0 20.0 20.2 20.3 20.3 20.1 20.0 20.0 20.0 
84 91 93 93 95 95 93 94 93 96 95 94 93 93 94 94 95 94 

100 146 1.'10 50 70 9 4 

22.5 22.3 21.3 21.1 20.9 20.5 20.6 20.5 20.6 20.5 20.5 20.4 20.5 20.4 20.0 20.0 19.9 19.7 
79 81 83 84 82 84 83 83 83 84 82 85 82 83 84 85 85 85 
7 45 183 147 105 14 9 

23.0 22.5 22.7 22.5 22.7 22.5 ~2.2 22.0 22.1 21.9 21.5 21.4 21.4 21.2 20.7 20.5 20.7 19.7 
61 65 69 66 66 66 66 70 71 72 71 76 76 76 78 80 82 82 

23 68 7,'1 108 70 70 57 'i'N .. / 7 4 

25.8 26.4 26.7 27.0 26.7 26.7 26.3 25.8 2;;.3 24.7 24.7 24.5 24.3 24.0 24.3 23.5 23.2 23.2 
61 60 61 58 67 66 65 68 71 72 73 73 72 73 72 76 75 75 

,'1 10 19 37 168 1.'13 135 51 13 6 

26.3 25.8 25.5 25.~ 25.7 25.5 26.0 26.0 25.9 26.0 25.5 25.1 25.3 24.7 25.0 24.6 24.6 24.0 
70 72 73 70 7'2 71 72 72 70 70 71 72 72 75 73 74 76 77 

3 5 12 21 46 40 115 70 60 20 

29.3 29.3 29.4 29.5 29.2 29.0 29.0 29.3 29.2 29.2 29.2 29.2 28.7 28.3 27.6 27.5 27.0 26.5 
51 -" 47 47 46 46 47 47 47 49 47 48 52 52 56 56 58 58 D~ 

,'10 45 55 53 71 10 

26.4 !)6.1 26.5 27.2 26.5 26.5 26.5 26.4 26.2 26.5 26.3 26.0 25.0 25.0 24.8 24.5 25.4 25.0 
57 56 56 5;') 55 55 56 56 G6 56 58 58 60 60 62 62 62 68 

9 4 51 56 68 7,'1 ,'16 14 

24.6 35.0 25.0 24.9 25.0 25.0 25.0 24.5 24.7 24.7 25.0 9- 9 _u.~ 25.0 25.5 24.2 23.5 23.0 22.5 
71 63 69 69 68 69 67 69 69 70 65 68 69 72 74 77 86 80 

16 35 17 36 33 8 4 
-- .~ 
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'rABLE 4-

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 
p.m. ::t.m. a.m. a.m. ::t.m. a.rn. p.m. p.m. m. p.m. p.m. p.m. p.m. 

------------------------
T. 21.7 22.5 23.4 23.5 24.2 24.0 24.7 25.0 24.7 25.7 23.5 26.0 27.0 

Jul. 25, 1928 H. 76 78 72 71 69 69 69 65 68 62 6G G4 59 
B. 

T. 19.1 20.5 23.5 26.2 28.2 28.2 28.6 28.0 2D.O 29.7 2D.7 30.5 30.5 

" 
26, 

" H. 89 77 77 60 50 50 66 56 47 44 46 44 42 
B. 

T. 23.0 24.0 25.7 2G.5 26.8 27.0 27.3 28.0 28.0 27.5 28.0 27.8 28.4 

" 
27, 

" H. 80 70 69 GG 68 G8 66 G4 65 G3 G2 61 60 
B. 

1'. 23.5 24.0 25.5 26.6 27.7 27.5 28.0 28.0 28.4 28.5 28.3 28.6 29.0 

" 
28, 

" H. 78 77 71 69 66 67 65 G4 G1 61 62 60 59 
B. 

'1'. 22.8 23.9 24.9 23.5 25.4 26.0 26.7 27.2 27.6 27.6 27.0 27.0 27.5 

" 
:29, 

" H. 80 82 72 71 71 68 6ii 65 63 66 66 66 65 
B. 

'I'. 22.6 23.0 23.5 24.4 ~4.5 25.0 35.4 35.5 25.5 25.7 2;i.0 26.0 24.9 

" 
30, 

" H. 84 80 81 76 73 69 70 69 69 71 73 73 74 
B. 

T. 22.0 23.5 24.3 26.3 26.9 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. 20.0 22.4 24.0 25.5 27.7 27.0 27.7 '.27.7 27.3 28.0 28.8 29.3 29.8 
Aug. 1, 

" H. 89 73 65 57 50 50 49 46 48 46 42 41 38 
B. 

1'. 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 

" " " H. 84 78 63 55 55 52 52 51 48 45 45 45 47 -, 
B. 
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( Continned) 

1.40 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. ll.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. 
------------------------------------

2(;'5 26.2 26.2 25.9 26.0 25.7 25.5 26.3 25.5 2il.6 25.7 2il.3 25.0 24.8 24.6 24.0 23.9 23.2 
60 (j4 63 63 63 65 66 ·66 64 66 64 64 65 66 67 69 70 73 

2 1 3 6 10 20 ,'10 16 8 

30.2 31.2 30.5 30.0 30.2 29.7 30.0 29.7 29.4 29.0 29.2 26.0 25.5 24.6 24.3 '23.8 23.8 23.7 
44 40 42 43 44 46 46 47 49 48 50 66 69 72 74 75 75 76 

45 3,P 19 2 

28.4 2S.~ 28.4 28.1 28.5 28.8 28.2 28.4 27.8 27.7 28.0 26.9 26.6 26.7 26.4 2il.7 24.9 24.4 
60 63 61 62 59 GO 60 GO 63 64 61 65 66 67 68 73 76 78 

65 15 18 14 4 1 

. 28.5 ~8.5 28.;3 28.0 28.0 27.5 27.2 27.5 28.0 28.2 37.5 27.8 27.0 27.0 27.0 26.4 25.8 25.0 
59 60 60 60 GO 62 62 63 64 61 63 61 65 65 65 68 70 71 

34 ,PO 7 1 3 ,p 3 18 6 6 

27.5 26.5 27.1 :::7.3 27.3 27.0 27.2 26.G 26.1 26.0 26.0 25.5 ~5.;) 25.2 24.5 24.4 24.0 24.0 
6il 66 66 64 64 6f, 65 66 li7 67 67 68 69 71 74 74 78 77 

8 34 ,P7 86 18 ~ 8 .> 

25.0 2;;.1 25.8 2;;.8 25.4 ~3.G 2;;,4 ~5.5 23.0 ~3.G 26.0 ~5.5 24.8 24.5 24.3 24.0 23.9 23.8 
73 73 70 72 72 74 74 75 75 73 71 74 74 77 77 79 78 79 

3 8 14 4 17 1.'1 1 10 6 ,'3 

26.0 ~.).4 25.;) ~;).5 26.5 26.5 2;"5.5 25.3 25.4 24.7 25.0 24.7 24.5 24.0 23.8 23.7 23.5 23.0 
;:>8 ;;8 58 ,,6 il4 5:1 ;')u 56 58 61 6] 63 64 66 67 69 68 71 

.r; 3 1 1 13 3 4 

29.5 29.0 29.0 28.8 28.5 28.5 28.;; 28.5 28.5 28.2 28.1 27.0 26.4 2G.::: 2G.l 25.5 25.0 24.5 
40 43 43 44 43 43 46 46 46 46 46 49 50 51 -0 

D~ 49 55 60 
,p 3 7 3 

28.5 28.5 28.3 28.0 28.0 27.8 27.6 26.8 ~6.5 26.0 26.0 ~5.2 25.0 24.4 24.0 - 23.6 "" -.... 0.u 

46 46 46 46 47 48 ·18 ill 53 52 ;,)2 il4 5fj 55 57 - 58 59 
,p 1 
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ApPENDED 

(Number of experi 

I
ii' j' I ., -I I 6.30 7.001 8.001 9.00;lo.0011o.30111.00111.30i12.00112.30 1.00 1.1u 1.30 

1 a.m. a.m. a.m., a.m. ,a.m. a.m. a.m., a m., m. p.m. p.m. p.m. p.m. 
-----------:-------'-- --'--:--'--'--1----,--,-- ----

T. 20.5 31.0 23.71 25.5: 26.8 26.6
1 

27.0 27.2 27.7, 37.7 37.6 27.5 27.6 
Aug. 11, 1928 ~: 89 87 79

1 

78

1 

65 66 64 64' 6~ 62 63 63 62 

20.0 20.5 2Ui 24.61' 26.7' 27.5 27.7 27.3\28.0 27.5 27.3 37.5 27.5 T. 
12,,, H. 

B. 

T. 
13,,, H. 

B. 

'1'. 
14,,, H. 

B. 

T. 
16,,, H. 

B. 

T. 
17,,, I-I. 

B. 

T. 
18,,, I-I. 

B. 

T. 
19,,, H. 

20, " 

~1, " 

B. 

'1'. 
n. 
B. 

'l'. 
II. 
B. 

79 841 64[ 68 64 57 57 59j 56 57 58 58 60 

23.0 24.0 2;:;.0, 2;;'3 23.5 36.4 26.5 26,;'" 25.5 35.0 25.4 25.G 25.6 
76 68 69 67 66 63' 60 63[ 69 71 68 69 68 

30.0 21.4 33.0124.5 24.8 24.5125.0 26.0 36.0 36.0 3G.0 36.0 36.0 
86 72, 611 63 65 60 56 G8 58 58 58 58 

33.5 24.0 35.4\[26.1, 26.5 27.0 27.2 27.6 28.0 37.6 27.5 28.6 28.0 
81 79 72[ 67 64 63, 63 65 62 63 63 60 61 

22.5 23.0 24.6

1

26.0 26.8 2;}.;,127.2 27.0
1
, 27.6 38 0 28.4 38.0 27.4 

80 79 72 67 65 66' 64 64 66 64 61 64 65 

24.5 25.4 26.5 26.2 36.2 27.8
1
! 28.7 29.) 29.3 29.3 30.2 29.3 29.0 

77 74 70 72 75 65, 63 ;}71 ;}8 59 55 58 59 

24.5 24.8 26.2 37.3 27.8 28.5128.6 28.8 28.8 28.8 29.5 29.6 29.8 
71 68 61 66 ;}8 57 56 ;}4 53 53 50 50 48 

23.0 26.0 28.8 29.5 31.5 32.0 32.0 32.0 32.8 30.4 30.8 :n.o 32.0 
74 64 53 55 48 49 47 49 47 53 52 51 49 

'I 23
8

'''1- 23.8 26.5 28.2 29.4 29.8 30.1 30.5
1 

30.0 288 28.4 28.4 28.1 
81 71 65 60 59 57 57 57 60 63 64 73 

'1'. 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 
q.) 
-.J .... , " 

~3, " 

~4, " 

25, " 

H. 93 87 79 70 .65 60 63 65 64 64 65 64 65 
B. 

T. 20.0 21.2 24.2' 25.5 35.7 26.7 25.5 26.2 26.0 27.4 26.9 26.9 25.3 
H. 89 83 71 66 68 56 69 62 64 59 60 63 68 
B. 

rr. 
JI. 
B. 

'l'. 
H. 
B. 

22.0 22.7 24.0 
90 87 86 

20.8 2].8 23.5 
97 89 82 

23.2 24.4 
93 84 

25,J 26.7 
741 72 

25.0 25.7 26.0 25.5 25.3 25.5 25.4 
71 68 68 66 66 63 68 

27.4 29.0 29.5 29.4 29.0 27.5 26.2 
68 63 59, 59; 60 70 69 

25.0 
74 

i !, 
-----'-------~-.....:-.- ------------

26.01 

73i 
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TABLE ;) 

mental plants 15) 

1 • 1 
1.45 2.0°1 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 
. m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. I p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m . 
---- ------------

p 

27.5 26.5 ~7.0 26.8 26.6 26.6 ~6.3 26.0 26.0 26.6 27.0 26.7 27.0 26.7 25.9 25.5 25.4 25.0 
63 66 64 66 62 65 67 68 66 60 56 56 :35 55 57 60 61 63 

1 .9 ,9 ,9'1 'I 1 

27.2 2U 27.0 27.0 26.4 26.5 ~6.0 2(;.5 26.3 24.6 24.0 24.4 24.4 24.7 25.0 25.0 25.0 24.5 
60 59 59 60 63

1 
66 66 60 60 - 64 64 63 60 58 (;2 60 64 

1 
13 9 5 3 

26.2 26.2 26.2 26.21 36.2 ~5.;) 2;}.0 24.8 24.2 ::4.0 24.0 23.7 23.0 23.0 22.8 23.0 22.5 22.5 
67 67 (j4 66' 66 69 73 74 75 77 77 73 79 78 78 76 80 79 

::;).::;1 ::6.0 

1 ,9,6j 17 1 

::5.6: 26.0 25.8 2;).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 
68 56 ;")5 58 55 57 65 60 65 64 67 69 71 72 71 72 72 79 

.'3 9 14 14 1.2 8 

27.5 2G.4 25.8 25)3 25.7 2G.4 25.0 25.~ 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 72 - - - -

.9 17 15 13 1.'3 4 1 

27.G 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 71 70 

1 6 3 3 13 10 5 

28.8 ~9.~ 29.0 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 59 60 60 60 60 59 59 60 61 63 62 63 65 66 67 68 

1 3 1,9 19 14 4 

29.G 29.3 29.0 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 
47 GO 48 48 48 47 46 45 45 45 46 45 46 47 47 48 51 51 

1 10 .94 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 
49 49 53 53 53 54 53 50 -Q 55 60 60 63 64 64 67 59 G7 u_ 

1 16 3,9 18 3 

28.0 28.5 28.5 28.5 28.4 27.9 27.5 27.0 26.3 26.0125.8 25.8 25.7 25.8 25.8 26.0 26.0 25.7 
65 64 64 64 65 68 69 71 76 78, 82 82 83 82 83 81 82 83 

27) 27.4 

.9 5 4 ,6],1£] 181 ,9 1 

28.0 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

1 

70 70 68, 66 69 70 73 72 73 73 72 75 76 80 
6 3 3 14 14 10 4 3 

26.5 26.0 25.4 "6 71 "601 "60 25.8 25.5 25.5 25.4

1

24.5 24.1 24.5 24.1 23.8 23.5 23.4 23.0 ...... 1, ... 1°_ .... ). 

61 64 66 641 63 63 63 67 68 67 71 70 69 70 71 69 69 73 

09, 14 
16 8 4 

24.5 24.5 24.3 24.0 24.2 23.8 "ij 6 "3- 23.6 23.8 24.0 24.9 23.8 23.5 23.6 23.4 23.2 23.0 _<0 I-"D 
77 80 79 78 77 82 82 81 83 79, 81 70 82 82 84 75 88 90 

3 1 3 4 
11 _ 1 

0:- 8 ".- J ,,- 0 26.1 26.4
1 

26.0 26.0 26.5 26.4 24.5 24.4 24.5 24.5 24.0 24.0 24.0 26.1

1

2D.7 -"761-'~61 ~ui7 73 71 73 70 70 73 72 75 77 76 75 73 72 77 77 
! ,9 /3 ,PI 6 ,9 

- .- _. 
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TABLE G-

----1--- - -~.30!-;~00!8.~~r;.001110.0~!1~.30!11l.~~!11l:;;){~-.~0!112.3~1 1.00)1.15 1.30 
____ :\ ____ ,a.m. a.m. a.m'la.m. a.m.la.m. a.m. a.m. m. p.m. p.m. p.m. p.m. 

22.0
1 

24.0125.01 26.0128.0 27.0
i 

27.7
1

28.41

1

28.5 29.0 29.4 29.1 28.5 T. 
Aug. 26, 1928 H. 

B. 

'1'. 
31,,, H. 

B. 

T. 
Sep. 1,,, H. 

B. 

T. 
3,,, U. 

B. 

T. 
4,,, n. 

B. 

T. 
5", H. 

B. 

'1'. 
6,,, I-T. 

B. 

'1'. 
7,,, II. 

B. 

T. 
8,,, n. 

B. 

'1'. 
n,,, H. 

B. 

T. 
10,,, H. 

B. 

T. 
11,,, H. 

B. 

'1'. 
1~,,, H. 

E. 

13,,, H. 
B. 

90 81 81 67 60 62 59, 55 54 52 52 54 52 

22.5 23.0 22.5, 23.0 24.0 24.0i 24.2 24.01 24.0 23.9 23.8 24.2 24.2 
-I - 95 96

1 
96 98! 96 96 97 96 98 

18.6 18.7 19.J 19.3!20.0 20.2120.4 21.0 21.7/ 22.0 22.1
1 

22.0 22.0 
100 100' 99i 99

1 

100 98

1 

98 95, 901 90 89

1 

89 92 

22.4 22.4!25.4' 26.21' 27.0 26.6
1 

27.3 27.0 27'°126.6 26.41 26.3 26.5 
90, 90, 7(j' 73 74 77 75 75 75 76 78 78 80 

I : ' I I 
; iii I 

22.0 22.6, 25.0: 26.5\ 27.3 27.6
1
' 28.1 27.7 28.0 28.8

1 
28.5 28.3 28.3 

9,; 94 88 75 72 66 70 701 69 68 69 75 70 

23.5 24.0
1

! 24.81125.9127.2 27.J 27.4 27.8
1

28.0 27.3127.6
1 

27.5 27.5 
82 83 82 751 68 68 65 64' 65 (j8 68 ·67 70 

24.5 25.0 25.4 27.2 27.0 27.0 26.7 26.5125.9 26.0126.0\ 26.3 26.4 
86 86 83 75 74 74 76 78 78 78 78 78 78 

09.:~i,' ')9.0 09.6 30.4!30.7 21
8
.7
4 

218'~ 228'~'11 26
7
'03 27

6
'75 28

7
.0
1 

28(j:6
0 

- ~ - - 30.4 
u • 571 54 52 48 50 Gl 

1 
21.4 23.4, 24.6; 2G.3

1 
27.0 26.5 26.2 26.4 26.5 26.8 27.4 26.8 26.8 

'. 811 6f) 68 ()1 59, 64 69 G6
1

1 (j3, 651 63 68 70 

, I 'I '/ j i 
, " ,I I I : 
: 18.8

1

1 19.2! 21.5, 22.71 24.GI25.31 26.3 26.0: 25.9 26.0! 26.51 26.2 26.0 
, 91 9~1 90, 86' 75 73 68 70i 701 68

1 
69 66 68 

Iii i I: 
, 22.71 22.7 23.;; 23.9 23.7, 24.0 24.0 24.3, 24.0 249·'o'12G8.47 25

8
.6
4 

25
8
.7
4 , 95 93 89

1 

88' 911 90 89 91\ 90 

119 5 "0 5 0'] 6' "3 41 "5 5 259 25.5 25.0 25.0 24.5 24.0 23.9 24.0 i 95 ~ 891--73

1 

~'73! - 69 62 62 65 64 69 69 72 72 

1 19.2 19.0; 19.1, 19.5i 21.4 22.0 22.7 23.1 23.5 33.1 22.3 22.0 21.7 
I 87 89

1 

91) 89, 79 90 74 69 64 67 67 69 74 

I I i I 
];o~ 1;06: 2~~1 2~~1 248~12~~ 248~ 2~~ 2~~ 

I , i 
I I 

~2.5 3~.8\ 23.0 2~.8 
90 97 95 97 

1 
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(Continued) 

-----o-~----c_---------------------- ----,-----,-

1.45 2.00 2.15 2.30 2.45 3.00 3.15 3.30 3.4,51 4.QOI 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. p.m. 

:28.5 28.1 27.8 27.8 27.7 27.8 27.0 26.5 26.5 '26.51 26.6 26.5 26.6 26.5 26.5 26.5 26.0 26.0 
56 59 57 60 61 60 63 66 68 70 72 70 69 70 73 70 70 70 

.'3 7 .'3 1 

24.3 24.0 24.0 24.0 24.0 23.8 
96 97 96 98 98 99 

- 23.8 
- 99 

22.0 21.6 21.5 2l.il 21.0 21.0 
92 94 94 96 97 98 

- 21.0 
- 98 

26.6 26.5 
77 76 

27.6 27.2 
74 74 

27.0 27.0 
70 70 

26.5 26.0 
78

1 

82 

27.4i 26.9 

701 74 

26.6 265 
73 74 

25.4 25.0 25.0 24_8 
84 86 86 88 
511 

26.3 25.0 26.0 25.5 
82 84 83 84 

113 

261 25.:") 25.2 25.0 
74 80 81 81 

412 

26.2 26.0 26.3 26.6 26.4 26.4 26.3 26.5 
76 78 75 75 77 77 78 75 

.'J 1 6 4 7 1 

~9.9 30.4 30.0 28.9 28.4 28.3 28.2 28.6 
53 52 57 61 63 62 64 63 

27.4 28.0 27.0 26.7 27.0 ::nO 26.4 26.2 
68 72 70 69 69 70 70 72 

8 .'J 

- 23.9 - 23.5 
- 98 

-20.71 
- 100! 

- 100 

- 20.6 
- 99 

25.5 25.51 - 24.0 
89 88' - 90 

.'3 I 

,,- 3 ,,- 31 
,,- O' "4-

~u861 ~u86' _u86 1 ~ 8~ 

.'31 .'3
1 

11 
24.8' 24.5 24.4i 24.4 

831 86i 85' 85 

31 ·'31. 

"~:i "81
1 = 2~i 

27.9, 27.9 27.5 27.4 
651 68 1 65 71 ; 61' .'3 

25.4 25.0 - 25.2 
75' 81 - 76 

26.0 26.0 25.6 25.5 
68 70 71 72 

25.3 
75 

25.3 25.2 
74 71 
1 1 

25.3 25.3 25.0 25.0 24.5 
68 67 69 69 69 

1 4 1 

- 23.5 
- 99 

- 20.5 
- 100 

- 23.9 
- 90 

- 24.5 
89 

- 24.0 
- 88 

- 24.3 
- 85 

- 26.5 
- 76 

- 24.7 
80 

- 2-1_0 
80 

25.4 25.5 25.5 25.5 25.5 25.5 25.5 25.4 25.3 ~5.4 25.0 25.0 - 24.5 
83 82 83 83 83 83 84 83 85 I 83 87 86 - 89 

.9 1 gil 

24.0 23.7 23.6 23.8 23.9 24.0 23.8 2:l.7 23.6
1 

23.5
1 

- 23.0 
72 73 75 72 72 72 71 72 74 74 - 76 

413 

;11.5 21.5 21.5 21.6 21.5 21.5 21.6 21.8 
74 75 77 79 71 77 76 78 

22.6 22.5 22.5 22.5 22.5 22.5 - 23.0 
, 99 100 100 99 99 99 - 95 
.'35121 

21.5 2L2 21.0 21.0 
80 80 

75

1

, ,,8: 
- 95 1-

- 22.5 
- 78 

- 20.6 
- 83 

- 22.7 
83 

- 23.2 
- 98 

- 20.3 
- 100 

- 23.5 
- 92 

- 24.0 
- 90 

- 24.0 
88 

- 24.0 
- 88 

- 23.5 
- 75 

- 22.5 
- 100 
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'l'ABLE 5-

6.30 7.00 8.00 9.0010.00 10.30 11.00 11.30112.00 12 .. 30 1.001 1.15 1.30 
a.m. a.m. a.m. a.m. a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. p.m. 

---- ---- ----

1'. 19.3 19.2 20.5 22.5 23.7 23.8 24.4 25.0 25.5 26.0 25.0 .,- -... O.D .,- -
~D.D 

Sep. 14, 19~8 II. 95 98 95 90 88 86 82 79 72 78 77 77 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. 94 89 81 76 74 80 74 73 73 73 74 71 73 
B. 

T. ]6.7 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. 92 76 84 77 69 67 68 67 59 55 60 60 69 
B. 

T. - ]6.6 17.5 18.0 18.4 19.0 19.5 19.0 19.0 19.0 19.3 18.5 188 
17, " 

H. 
B. 

- 67 66 64 61 58 57 59 57 57) 58 56 58 

rr. 11.0 11.8' 13.4 16.8 19.0 18.9 18.6 18.4 19.0 19.4 20.2 20.0 19.8 
18, " 

H. 89 83 83 70 52 53 60 58 59 55 58 ;36 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 
19, 

" 
H. 87 85 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. 97 87 84 78 75 78 7;) 73 73 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. 97 96 74 95 89 77 74 73 70 68 66 64 65 
B. 

T. 11.2 11.6 13.5 15.8 18.3 18.7 185 188 19.5 19.6 19.6 19.8 19.6 
22, 

" 
H. 88 88 87 72 59 66 63 56 57 58 55 53 56 
B. 

T. 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 

" 
23, 

" 
H. 94 89 87 90 93 94 92 92 93 91 90 87 87 
B. 

T. 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 
24, 

" 
H. 97 100 100 98 91 92 85 88 77 80 75 76 77 
B. 

T. 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 
25, 

" 
H. 
B. 

80 88 82 77 100 87 83 79 76 72 75 74 76 
1 1 

T. 10.8 11.5 13.6 14.1 15.7 17.3 18.5 17.2 17.2 17.4 17.5 17.5 17.5 
26, ,. H. 68 64 62 66 57 56 50 54 57 54 55 54 55 

B. 

T. 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 

" 
27, 

" 
H. 66 61 55 54 47 44 42 42 43 42 40 40 40 
B. 

-- -- : -- -------- - -- --- -----
: -------
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(Continued) 

1.45 2.001 2.15 2.30 2.45 3.00 3.15 3.30 3.4514.00 4.15 4.30 4.45 5.0015.15 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. p.m. 

256~ 25
i
i 25i~ 2~~ 248i 2~~ 248~ 2~~ 2~~ 2~~ 238~ 238~ 238! 238~1--

25.3 25.7 25.5 25.4. 25.0 24.0 23.~ 23.5 23.': 23.~ ~ :2 - 22] 
68 70 69 70 73 77 76 76 77 80 -- -- -- 80 

:3 3 4 1 

21.0 20.0 20.6 20.6 20.0 19.8 19.6 19.7 19.2 19.0 -- 18.7 -- 18.4 
67 75 70 70 70 70 71 71 73 74 -- 74 -- 73 

1 

19.0 18.7 19.2 18.9 18.8 18.8 18.5 18.7 - 18.5 -- 18.5 -- 17.6 
57 56 59 76 67 59 56 57 -- 59 -- 59 -- 63 

3 

20.0 19.6 20.0 199 19.7 19.7 19.5 19.0 18.9 18.6 -- 18.2 -- 17.6 
53· 53 52 54 56 57 53 59 60 60 -- 67 -- 72 

1LP 8 4 fJ 11 

15.5 15.5 15.3 15.2 15.2 ] 5.4 15.3 15.3 15.2 15.2 15.2 15.1 -- 15.2 
88 8~ 87 88 88 88 90 90 92 90 89 90 -- 88 

24.3 24.0 24'1 24.0 23.0 22.5 22.5 22.0 22.1 22.4 -- 22.0 -- 21.0 
64 64 68 67 72 70 66 71 71 68 -- 71 -- 80 

7 fJ fJ 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 

18.518.5 18.2 18.5 18.7 19.0 18.7 18.5 18.2 17.8 17.7 17.8 
60 62 63 64 63 63 64 63 67 70 73 75 

1 1 

15.7 15.5 15.5 15.5 15.5 15.3 15.3 15.2 15.6 14.5 14.2 14.0 -- 14.0 
87 90 94 90 92 90 90 92 92 90 95 96 -- 96 

20.5 20.5 20.8 20.0 20.0 20.0 19.9 19.6 19.4 19.3 19.2 19.4 -- 19.0 
80 80 77 81 81 81 82 83 85 86 87 85 -- 89 

1 3 7 8 5 111 

20.6 19.9 ]8.5 18.5 17.7 17.6 16.8 16.2 16.7 16.5 16.0 15.8 -- 14.8 
77 76 76 75 75 61 67 65 61 64 67 67 -- 73 
1 ,p 

17.5 17.5 17.5 17.5 17.5 17.5 17.5 
55 55 55 56 58 55 54 

19.3 19.4 19.2 19.0 18.7 18.5 18.3 
40 41 37 37 42 43 42 

4 

17.5 17.7 
58

1 

54 

18.11 18.0 
421 43 

17.5 17.5 17.4 
55 55 54 

17.5 17.3 17.0 
47 47 49 

- 16.5 
-- 59 

- 16.0 
57 
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I 

6.30 
n:m. 

T. 11-.0 
Sep. 28, 1928 H. 79 

B. 

T. 16.0 

" 
29, 

" 
H. 88 
B. 

T. 10.0 

" 
30, 

" 
H. 82 
B. 

T. 8.0 
Oct. J, 

" 
H. Dl 
B. 

T. -
• J H . -

" 
~, 

" B. 

T. -

" 
3, 

" 
H. -
B. 

T. -

" 
4, 

" H. -
B. 

T. -

" 
[) 

" 
H. -, 
B. 

6.30 
am. 

T. 16.0 
Ju[. 4, 1929 H. 88 

B. 

T. 15.0 

" 5, 
" 

H. 80 
B. 

i 
T. 15.2 

" 
6, 

" 
H. 98 
B. 

T. 1fi.2 

" 
7, 

" 
H. 98 
B. 

OHeIll ::InSONOO 

7.001,8.0019,oollo.0011o.30In.00!1l.30112.00 12.:30 1.00 1.l['i1.3O 
O.m. a.m. a.m. a.m. a.m. a.m. I a.m. m. p.m. p.m. p.m. p.m. 

----,--
16.01 1601 15.61 16.5[17.8! 18.8 18.5118.5 18.5 18.5 18.7 18,7 

79 701 h9 74 701 621 (141 64 62 64 63 63 

21.212~01 22.01 22.0 16.0 17.0 19.0 19.2 21.0 18.7 19.0 20.0 
90 87 69 62 58 57 58 55 56 7'-5 72 67 

10.1i 12.2 D.O 14.41 14J 14.5 13.6 14.0 14.0 14.5 14.0 14.0 
78, 67 6il 60 62 69 6iJ 65 65 60 65 65 

8.41,J '3.01 14.7! 15.5 15.9110.2 16.3 16.4 16.5 '16.2 16,3 
94 72 76 631 55 47 50 49 46 47 47 45 

16.0118.0 20.0\ 21.'[21.5 21.41 21.0 19.i:i 20.4 21.0 20.G 20.6 

74/ Ii: (i31 5: ' u3' G6' ,..49 
52 53 55 52 G5 

13.4 14 . .) 18.8 19.~ 19.3119.3 10.7 IG.5 15.8 16.5 17.G 18.G 
81 78i 58 56 63 56 42 76 69 72 68 56 

11.0 13.5 10.0 10.51 11.7 9.9 11.2 13.0 13.0 13.7 13.5 1:{.7 
74 64 94 94 79 100 84 87 75 64 62 58 

8,0 9.2 12.0 14.6 14.8 15.3 15.8 15.5 16.0 16.3 ,16.3 16.0 
G9 72 63 53 52 49 50 53 51 51 ' 50 53 

I 
ApPEXDED 

(Number of experi 
1 

7.00 8.00 ;~~I ~O~~I~~!~I:~\~O;~;~~~ 12.00 12.30 1.001.15 1.30 
a.m. am. m. p.m. p.m. p.m. p.m. 

------1---- ---'-

16.2 17.6 17.3 19.2 I - 18.5 18.4 19.2 - 19.2 -I 18.4 
88 86 87 83 - 03 - 74 83 85 - 83 

- lfi 6 15.9 16.3 1(;.2 16.2 16.4 16.3 16.6 16.0 
! - 16.0 

- 98 95 94 93 90 90 88 86 89 - 90 

- 16.1 16,4 16.6 16.8 17.0 16.9 16.8 17.1 17.3 - 17.1 
- 95 93 94 92 91 91 91 91 92 - 92 

15.4 16.2 16.6 16.9

1

18.9 17.8 18.6 ,18.6 18.5 18.7 - 17.6 
98 90 88 94 84 91 01 78 77 90 - 82 

1 
I ---
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(C ontimleCZ) 

1.45 :.?00'12.15 2.30 2.4513.0013.1~13.30~ 3.45[' 4.001 ~.liiI4.3~14.4;j'16.00 5.15 5.30 5.45 6.00 
~m.p.m.pm.~pm.pm.pm.\~.I~.~~.~·~m.pm.p~~p~.~. 

18.7 UJ.7' 18.6 18.5 18.5 18.71 ]8.91 19.0 18.8! 18.6118.0117.01 -117.0 

: 071 67 73 74 72 69 67 73 621 64! 741 69[ -I 83 

20.n; 30.8 2L3 20.7 20.5 20.5 20.4 19.9, 19.G: 19.3
1 

-I 18.5 - 17.6 
: 57'1 60 57 56 50 50 5~ 521 53

1

1 52i -' 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 68 64 64 60 65 68 69 69 

16.5116.2 16.0 16.1115.8 15.7 15.6 15.4 15.3115.0 14.5 14.0 - 13.0 
46, 45 45 43, 56 47 49 47 49, 59 5~ 55 - 59 

, 21.0120.8
1 

21.4 21.51' 21.5 21.0 21.0120.0 19.0,iI19'31 19.2 - 17.5 -
, 53: 54\ 5~ 53[ 62 62 4~1 471 4~ 50, 54 - 56 -

19.0118.7 18.5 18.0118.4 18.0 18.':1 19.0 19.~119'61119'5 19.0 18.0 17.4 
56 55 59 58 61 68 67 1 63 561 60 57 58 63 66 

; 13,J 14.2 13.8 13.4 14.0 13.8 12.8 12.6113.0112.51 - 12.8 - 1Ll 
57 57 57 60 60 61 591 61 59 69 - 651 -I 78 

, i I I 
15.6! 15.5 15.0 15.0 - 13.7 

551 55 57 58 - 36

1 I 

,TABLE 6 

mental plants 15) 

1.45 2.00 2.151 2.30 2.4513.00/3.1513.30 3.4514.0014.1514.301 4.4515.00 5.15 5.30 5.45 6.00 
p.m. p.m. p.m~ly .. m. p.m.IP.m. p.m"p.m. p.m. p.m. p.m. p.mJp.m"p.m. p.m. p.m. p.m. p.m . 

. - 19.6 -= 19.41-=1' 20.21-=119.8 -=~ 19'6!-=-=11~ 20.2 19A 
-, 85 - 871 - 81 - 83 -; 831 - - - 81 85 

= irS: = l'~:1 = If;;1 = 16.11 ~ l~i: = 1~!1 =,1'.: = J5q~ = ".: 
- 16.8

1 

- 16.8

1 

- 16.81 - 16~:1 -I 16.6 - 16.6

1 

- 16.2 - 15.8 - 15.8 
- 93 - 93 -- 931 - 94 - 93 - 93 - 93 - 98 - 98 

I 

17.8 17.9 18.0 -117.4 1(1.8 -I - 17.21,16.4117.6117.9, -1 17.21 - - - 15.8 
8~ 79 78, - 82! 93 - -: 79

1 
92i 82! 78

1 

- 83

1 

- - - ,9:1 

----------------~-~--- ---- ---- --~- ---
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TABLE 6-
-~ - - - ----- --~ 

_. ------._--- ._--- ----

I 
16.30 7.00 8.00 9.00110.0010.3011.0011.3012.0012.30 1.00 1.15 1.30 
a.m. :t.m. a.m. :t.m. a.m. a.m. a.m. a.m. m. p.m. p.m. p.m. p.m. 

------------------------

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 76 

B. 

T. 14.6 16.4 19.6 22.0 - 21.2 22.2 22.6 22.5 22.0 21.0 21.6 21.4 

" 
9, 

" 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 

" 
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.'1 26.2 26.1 ~6.9 27.0 26.4 
." 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 

" 
I') 
~, 

" II. 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 ::84 28.1 28.6 30.2 30.0 29.3 

" 
13, 

" H. 91 94 79 69 72 75 72 68 69 68 57 58 59 
B. 

T. - - 21.8 22.4 22.8 22.9 23.2 23.3 24.0 24.4 24.6 - 24.3 

" 
14, 

" H. - - 96 92 92 92 91 91 90 88 88 - 89 
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 

" 
15, 

" H. 100 88 84 75 70 69 67 66 66 59 60 65 55 
B. 

'L'. 22.8 26.2 29.1 31.0 31.4 - 26.8 26.3 26.2 26.6 28.8 28.4 28.6 
." 16, 

" H. 84 73 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 85 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 

" 
19, 

" H. 87 81 60 63 69 - 52 - 49 55 58 56 54 
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. 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 18.5 19.1 184 18.6 17.8 17.9 17.9 17.4 - 17.2 - - - 16.3 

76 74 76 75 75 72 77 76 78 71 71 8] - 80 - - - 76 
1 20 13 .'3 1 

20.6 21.0 20.8 21.2 22.0 20.7 20.6 20.6 20.1 20.3 - 20.0 - 20.0 - - 18.0 -
72 70 72 69 58 71 71 76 76 67 - 79 - 79 - - 87 -

10 18 36 .'39 6 '/ 1.'3 

22.6 22.7 22.9 23.4 22.6 22.8 21.0 21.6 22.0 22.0 22.1 21.7 - 19.4 - - 18.8 18.6 
73 71 70 69 70 66 73 74 77 72 71 72 - 80 - - 86 88 

6 7 79 26 57 4 

26.6 26.4 26.5 26.1 25.9 259 25.6 26.4 26,4 Q- ~ .... D.0 24.9 24.6 24.4 24.5 24.4 22.9 - 21.8 
64 66 68 66 67 68 70 67 68 71 72 72 72 73 72 80 - 82 

1 .'3 1 .'83 91 34 11 7 

29.8 29.4 29.8 29.6 30.0 29.4 29.3 2!l.1 29.0 28.6 28.1 28.0 27.7 27.5 27.4 27.3 27.1 26.7 
53 56 55 55 55 57 59 60 64 59 46 62 65 66 65 66 68 69 

2 1 66 77 59 74 16 

28.6 28.1 28.0 27.8 28.0 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 64 (''J )- 65 64 63 63 64 65 65 65 . 65 65 67 67 

,'8 1 4 .'8 6 79 1.'80 68 42 8 4 

24.3 24.2 24.2 24.1 24.0 23.7 23.4 23.0 23.~ 22.8 22.1 21.8 21.1 20.4 - 20.2 - 20.0 
92 92 90 89 90 91 92 92 91 93 94 96 95 95 - 96 - 98 

5 49 .'87 .'89 4.'8 3 4 .'8 .'8 

32.4 - 32.6 32.0 30.9 29.7 28.4 27.0 27.3 269 26.8 27.5 27.9 26.6 - 27.4 - 26.2 
55 - 53 60 64 70 71 74 74 73 74 73 79 74 - 71 - 71 

1.'88 153 74 54 ,Pl 4 

28.0 27.8 27.8 28.4 29.2 29.0 28.2 26.6 25.4 25.4 25.2 25.5 - 23.8 - 22.6 - 2~.4 

68 69 69 71 67 66 70 72 80 81 78 77 - 83 - 88 - 88 
,'88 91 36 19 

I 
I 

32.0 318 30.2 - 29.6 293 29.3 29.2 29.2 29.6 29.2 28.6 28.6 28.6 28.6 28.0 27.8 27.6 
53 55 58 - 59 59 59 59 59 59 59 59 60 59 60 61 64 64 

32 31 .'88 57 10 19 

25.4 26.4 27.0 25.8 25.2 24.6 24.4 24.0 24.0 24.2 - 25.0 - 23.4 - 23.2 - 22.6 
70 65 50 51 54 55 58 59 59 58 - 56 - 64 - 65 - 72 

49 31 5.'3 38 11 7 

26.0 26.4 26.4 26.2 26.2 25.8 26.2 26.0 26.0 25 .. 2 25.2 0- () .::..v ..... 25.2 25.2 - 24.6 - 24.0 
52 52 52 54 54 55 56 56 58 59 61 61 61 61 - 65 - 71 

10 3 3 50 70 40 16 
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ApPEXDED 

(~umber of experi 

1 
6.30 7.001 8.00 1. 9.001,10.0010.30111.00111.30/12.0012.3°/1.00 1.15 1.30 

a.m. a'm. a.m. a.m. a.m. a.m. a m. a.m. m. p.m. p.m. p.m. p.m. 

------:--T-.-+1-9-.0 19.2 19.8: 21.4 22.0 -=i 23.6 23.6 ~4.4 26.4 ~5.4 24.8 ~4.0 
Jul. 22, 19~9 H. 96 96 91 86 84 -I 77 77 74 68 70 73 75 

B. 

T. 20.8 2~.0 2~.2 23.2 23.0 22.0, 21.6 21.0 20.6 20.4 20.4 20.4 20.4 
23, " 

24, " 

27, " 

28, " 

29, 11 

30, " 

31, " 

Aug. 4, " 

7, " 

8, " 

9, " 

10, " 

H. 100 94 9,1 90 94 98'1 98 98 100 100 100 100 100 
B. ~ 

T. 19.4 19.8 20.'2 21.6 23.8 248 258 26.:2 26.0 26.4 26.6 26.8 25.8 
H. 100 98 96 90 79 80! 76 73 69 75 77 77 78 

B. 1 
T. 31.0 21.8 23.8 2;'3.:2 26.5 28.4 :28.4 28.8 28.2 :28.0 284 27.8 28.0 ii: 96 96 881 96 9~ 76

1 

76 76 79 77 77 80 80 

T. - - 29.4 -I 30.2 - 30.8 - 31.4 31.8 31.8 
H. - - - - 70 - 66 - 69 - 62 62 62 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
H. 
B. 

T. 
IJ. 
B. 

- 24.6 23.4 - 28.4 - 29.2 - 31.2 - 31.8 31.0 31.2 
- 85 81 - 74 - 73 - 64 - 6:2 66 63 

~:?9 23;4 
98 88 

19.0 31.9 
89 71 

- 25.6 
- 82 

24.6
1 

27.0 
69 fi8 

28 6 30.4 30.6 30.0 30.6 - 30.2 ::;0.4 29.6 
63' 54 56 59 50 - 56 58 60 

26.6 27.6; 28.0 - 29.0 29.4 29.4 29.2 29.6 
60 58i 60 - 56 54 53 54 55 

23.:2 24.2 28.0 31.2 32.4 32.2 31.61 31.8 31.4 31.0 31.0 31.4 31.4 
88 88, 74' 54 59 60 581' 61 60 63 65 62 62 

18.0 18.8 19J 1981 20.21 20.6
1 

20.8, - 21.0 - ::n.8 - -

100 91 871 771 91, 85
1 

83
1 -I 83 - 76 - -

'~;i ";: e:~:i '~:, "7; :::i 29":1 :::1 ",,:1 ::: 31;: :H;; 31.8 

''iii ";3 '~gl :,,;:1316;; 3~il 3O"~1 "6! :"i:I29"!I29i~ "6: 2~;1 
20.2 22.01 2:\.8 25.4 27,J 28.4 29.2

1 
:28911 ::9.0 -I :28.5 28.3 28.2 

100 94 86 81 721 67 62 64 65 -I 64 63 65 

19.6 23.? ::6.4 ::7.8

1

' 28.9

1

29.9 30.3 30.:2 27.6 25.912:3.5 26.9 27.41 
87 8" 64 56 54 51 49 49 57 72 66 67 59 

---~~-'-------' ---~-------
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TABLE 7 

mental plants 10) 

1.45 2 . .00 2.15 2.30 2.45 3 . .0.0 3.15 3.30 3.45 4.00 4.15 4.3.0 4.45 5 . .0.0 5.15 5.3.0 5.45 6 . .0.0 
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. p.m. 
------------------------------------

23.2 22.8 22.6 22.5 22.6 22.6 22.6 23.2 23.8 23.8 23.6 24..2 25 . .0 23 . .0 - 21.4 - 22'0 
79 82 82 83 82 83 84 82 81 88 81 81 74 8.0 - 81 - 86 

1 6 10 6 9 1 3 

2.0.4 2.0.4 2.0.4 2.0.4 2.0 . .0 2.0.0 20.0 19.6 - 19.6 - - - - - - - 19.6 
100 100 98 100 1.00 100 100 1.00 - 100 - - - - - - - 100 

9 10 2 2 2 

25.8 26.0 25.8 26.0 26.'2 26.6 26.9 26.8 26.2 35.0 24.2 23.8 23.4 22.8 - 22.2 - 21.8 
80 82 77 83 78 75 80 78 77 83 85 84 8,1 88 - 94 - 94 

1 1 1 ,tg 96 77 ",,,, 
Iv"" 5 2 :I. 

29.0 29.2 28.8 28.6 28.0 27.2 26.0 24.6 24.2 24.4 - 23.6 - 24:.0 - 23.8 - 23.4 
76 73 77 77 85 92 96 96 96 95 - 96 - 94 - 94 - 94 

51 7 9."J 34 ,CJO 8 

31.6 31.6 31.4 32 • .0 31.6 3104

1

314 31..0 31 . .0 3.0.8' 31..0 3.004 30.4 29.8 28.4 28.4 28.2 27.8 
62 60 59 62 63 62 65 64 65 64 64 70 66 68 73 74 73 76 

5 30 60 48 2."J 

30.8 30.8 3.0.6 31.4 31.2 30.4' 30.0 31.4 31.4 31.4 30.8 3.0.8 30.0 29.6 29.3 28.8 28.2 27.2 
67 67 66 56 57 62 64 68 56 59 67 68 68 69 72 70 76 79 

1 12 86 67 

29.8, 29.8 29 . .0 28.8 28.4 28.4 28.4 28.2 28 . .0 27.8 27.2 26.8 27 . .0 25.8 - 26.4 - 26.4 
59 6.0 6:21 6.0 62 

63[ 
6.0 6.0 64 65 66 69 69 69 - 75 - 73 

I 
3 36

1 

491 36 381 14 4 
i 

29.'~1 ~9A 294 29.6 29.(l 29.4: 29.5 29 . .0 29.2i 29 • .0 29 • .0 29.61 29.4 29.6 29 . .0 286 28.2 2i.8 
53: 53 54 61 57 54' 54 56 59 59 59 59 57 59 6.0 59 6.0 65 

I 
29J 29.: 

3 l.'E 61 6 

31.4 31.4 31 . .0 3.0.2 3.0 • .0 29.8
1

3.0 . .0 30.4 3.0.8 29.6 29.4 29.6 29.2 29.6 28.8 29 . .0 
62 2] 

68

1 

69 69 69 72 66 67 73 74 73 1 74 7.0 75 73 76 75 

23 . .01 

1 10 

- - - - - - 23.6 - - - 21.4 - - - 20.6 
- 71 _I - - 721 - - - 75 - -~ - 96 - - - 89 

I 
, 

31.6: 31.5 31.2 3.0.6 31.2 31.0 30 . .0 3.0.4 30 . .0 3°ci!! 3°ci! 29.8' 29.9 29.6 29.0 28.8 28.6 28.4 
58 61 60 59 58 62 63 63 63 66 64 66 67 7.0 71 71 

24·.0124.1 

3 l.CJ ,CJ6 13 

29 . .0 28.2 36.7 26.8 24.8 24..4 24.4 23.9 23.6 23.3 - 22.8 - 22.8 - 22.8 
62 68 75 76 85 88 87 88 87 85 87 89 - 88 - 88 - 89 

3 6 15 9 8 4 ,CJ 

28.5 28.2 28.4 28.6 28.3 28.2 28.0 27.7 27.6 27.4 27.2 27 • .0 27 . .0 26.8 26.8 26.3 25.9 25.8 
65 65 59 56 6.0 61 60 63 64 62 65 68 68 69 70 7.0 70 71 

5 3 10 13 6 16 ·4 

27.6 27.6 27.6127.41 27.2 27.1 27 • .0 26.8 ~7.0 26.8, 26.6 26.4 25.8 Q- - 25.5 25.1 25 . .0 24.6 ~D.D 

62 67 65 68

1 

68 70
1 

64 68/ 66 
6GI 

66 68 7.0 72 72 73 84 7G 
,CJ3 f!6 12 0 5 ! u 
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I 
6.30 7.00 8.00 9.00 10.00 10.30 

a.m. a.m. a.m. a.m. a.m. a.m. 
--------

T. 20.2 23.8 25.1 26.2 26.6 26.3 
Aug. 11, 1929 H. 89 74 72 69 68 64 

B. 

T. 18.0 21.0 22.9 23.4 25.9 26.0 

" 
12, 

" 
H. 89 80 7;"1 74 62 61 
B. 

T. 17.6 - 23.6 25.0 25.4 25.6 

" 
13, 

" 
H. 93 - 66 60 61 57 
B. 

T. 20.2 - 22.7 2il.O 23.4 23.8 

" 
14, 

" 
H. 83 - 72 73 74 72 
B. 

7.00 8.00 9.00 10.00 10.30 11.00 
a.m. a.m. a.m. a.m. a.m. a.m. 

----------

T. 14.8 17.8 19.2 20.5 20.9 21.2 
Sep. 20, 1929 H. 90 76 59 59 46 40 

B. 

T. 13.'2 16.8 19.5 22.6 22.5 21.6 

" 
21, 

" 
H. 66 65 57 43 4~ 50 
B. 

T. 8.2 14.1 15.4 15.8 16.6 17.0 

" 
22, 

" 
H. 91 55 50 51 49 46 
B. 

T. 9.0 12.0 16.2 18.7 18.6 18.8 

" 
23, 

" 
H. 85 77 62 58 61 62 
B. 

T. 13.8 16.4 18.8 20.0 20.3 20.5 

" 
24, 

" 
H. 75 67 65 61 61 63 
B. 

T. - 18.4 18.7 19.7 19.4 19.6 

" 
25, 

" 
H. - 68 73 71 69 73 
B. 

T.· 11.6 16.0 17.2 18.8 19.2 19.2 

" 
26, 

" 
H. 86 74 71 63 62 60 
B. 

T. 12.6 15.4 17.6 18.4 18.6 18.4 

" 27, 
" H. 89 76 68 58 55 55 

B. 
I 

11.00 11.30 
a.m. a.m. 
----
26.9 26.6 

64 66 

26.8 26.8 
62 59 

25.6 26.0 
57 50 

23.2 -
77 -

11.30 12.00 
a.m. m. 
----

21.2 21.4 
43 40 

21.0 20.2 
52 66 

17.4 18.2 
45 46 

19.2 19.2 
62 62 

20.2 20.2 
61 61 

19.5 20.1 
75 72 

19.8 20.2 
62 59 

19.1 18.9 
52 55 

I 

TABLE 7-

12.00 12.30 1.00 1.15 1.30 
m. p.m. p.m. p.m. p.m. 
----------
26.8 27.0 26.0 25.6 25.2 

63 60 61 62 66 

26.6 26.6 26.4 - 26.9 
59 59 58 - 58 

26.0 25.9 24.7 24.8 24.9 
51 51 59 58 54 

23.8 24.8 25.2 - 25.8 
72 69 68 - 67 

ApPE~DED 

(Number of experi 

12.30 1.00 1.15 1.30 1.45 
p.m. p.m. p.m. p.m. p.m. 
----------

21.5 22.7 23.0 :H.8 22.0 
39 40 40 37 44 

19.4 17.2 16.4 - 16.1 
51 86 93 - 95 

18.0 18.0 18.:l 18.4 18.4 
46 45 43 45 45 

19.6 19.6 19.8 19.5 19.4 
60 60 57 57 59 

2].5 21.2 - 21.0 21.0 
53 51 - 52 48 

21.2 21.6 22.0 21.0 22.0 
63 56 58 62 61 

2].0 21.0 20.8 20.6 19.8 
56 56 53 53 53 

- 19.2 19.0 19.4 19.1 
- 52 54 56 56 

I 
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( Continued) 

1.4512.0012.1512.3012.45 3.00 3.1513.3013.45 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. p.m. 
---------- ------

25.2 9:'"" ') .... ~) ..... ~5.2 0- " _v._ - 24.8 24.2 24.0 23.8 25.0 - - - 24.0 - - - 21.8 
66 68 66 68 - 69 72 72 74 70 - - - 72 - - - 84 

13 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 30 ,'23 16 12 ,'2 

- 238 23.8 23.6 23.1 09 ') 
.... £).- 23.2 23.2 23.0 22.8 22.6 22.4 - 21.6 - 21.4 - 21.3 

- 60 60 63 64 63 65 65 65 68 65 66 - 71 - 72 - 71 
19 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 23.9 - 23.4 - - - 23.0 
64 64 68 63 67 66 71 75 75 74 77 76 - 79 - - - 80 

.'28 16 6 3 
I 

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. p.m. 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 - - - 53 
1 1 

15.4 - 15.4 - 15.4 15.4 - - 154- - - - 14.6 
93 - 93 - 90 86 - - 88 - - - 67 

[2 3 
I 

18.4 18.0 18.2 17.7 17.8 17.6 17.6 176 17.6 - 17.0 - 16.0 
46 47 47 47 47 49 49 49 49i - 50 - 55 

I 
I 

i I 19.'3 19.2 19.2 188 18.6 184 18.2 18.2 17.6\ 
, 

17.4 16.6 - -
! 58 58 60 59 59 61 61 61 61! - 51 - 54 

9 5 ,'2 3 I 
i 

I 20.8 20.8 20.6 20.6 20.6 20.4 20.2 197 194, - 18.2 - 17.8 i 
53 53 fl5 56 57 57 57 59 60' - 63 - 66 I I 

12 4 3 S 1 
I 

22.6 24.0 23.8 22.2 22.6 23.0 22.8 22.4 22.5 - 21.4 .- 20.6 
58 58 48 55 54 54 54 57 57 - 59 - 77 

10 1 1 I 

-' 20.2 19.2 19.0 18.8 - 18.0 17.8 17.6 - - 16.2 -
55 57 56 60 - 58 64 68 

, - 77 -
4 5 6 14 1 2 -I -I 

! 

18.8 18:~1 18:~ 185 18.4 18.2 18.0 175~1185~1 
I -

=1 =1 
-

55 [lVI vv 54 50 50 54 - -

I 
1 1 17 4 [2 

i I ----- - ----_. -- _._--
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'fABLE 8-

1 

7.00 
1 

Ll.ooln.3o 12.00112.30 1.00 J.1d ].30 1.45 8.00 9.0010.00110.30 
a.m. a.m. :l.m. a.m. a.rn. a.m. a.ln. m. p.m. p.m. p.m·lp·m. p.m. 

--------
22.61 22.0 

------

21.8121.8 

--
T. 14.0 18.4 20.1 21.~ 21.8 22.~ 21.7 21.8 ~1.8 

Sep. 28, 1929 H. 87 67 63 54 47 51 53 57 59 57 59' 09 59 
B. 

T. 15.0 17.6 19.2 20.2 20.6 20.8 2l.'2 21.4 19.8 19.6 19.8 19.3 18.6 

" 
29, 

" 
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. 84 77 74 66 62 62 6'2 65 57 59 58 50 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 
Oct. 1, 

" 
H. 88 86 77 6:2 59 - 57 5G 51 45 471 53 56 
B. 

T. 9.'! 12.2 15.8 18.4 17.8 18.9 19.6 21.0 21.0 21.0 ~1.2 21.5 21.7 
" H. 91 77 74 68 64 63 59 60 ii7 57 57 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 

" 
4, 

" 
H. 94 92 87 76 74 71 75 77 73 81 79 79 

,,':1 
B. 

T. - 16.6 18.0 17.4 19.4 20.3 21.2 21.0 21.3 21.2 21.2 21.2 

" 
5, 

" 
H. - 73 74 8H 81 73 73 68 68 63 63 65 66 
B. 

T. 13.2 15.8 15.8 17.2 17.6 18.8 18.8 20.2 21.4 21.2 20.2 20.5 20.6 

" 
6, 

" 
H. 85 7'2 81 80 8: 74 74 73 61 76 72 72 72 
B. 

I I 
'l'. 13.6: 14.5 15.4 17.8 18.0 18.2 18.5 18.4 18.6 18.8 19.0 19.0 19.21 

" 
7, 

" 
H. 100 95 90 76 76 78 72 72 73 73 74 74 74: 
B. I 

I 
T. 16.2 16.6 16.3 17.3 17.0 17.2 17.3 17.0 ]8.0 - 17.8 - - , 

" 
8, 

" 
H. 100 98 98 73 76 82 84 78 - 8'! - 88 -
B. 

I 
T. 10.8 12.4 14.1 16.3 16.4 16.9 17.1 17.91 16.8 16.6 16.7 16.8 -

I 
" 9, 

" 
H. 89 82 85 62 63 ' 67 60 "I J7 

59 72 6'2 -

I 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 13.7 - - -

" 11, 
" 

H. 86 62 58 57 59 60 6~ 64 64 60 - - -
B. 

i T. 10.6 11.3 10.7 12.6

1

12.2 12.4

1 

- 13.6 14.2 13.9 - 14.1 -I 
" 

I:?, 
" 

, I1. 86 84 92 82 89 82 - 80 67 75 - 71 -
I B. 
I I 



STUDIES ON THE BLOOMING OF OAT FLOWERS 335 

(C ontin1wd) 

2.00 2.15 2.30 2.45 3.00 3.15 3.30 3.45 4.00 4.15i 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. 

---- -1-
22.0 22.4 22.1 32.5 21.6 21.4 21.3 21.1 20.9 - - - 18.0 

61 58 58 58 58 59 61 62 65 - - - 79 
CiC) v .• 7 

18.1 18.0 17.7 17.5 17.1 - - 16.6 16.~ - - - 15.1 
74 78 78 80 80 - - 88 88 - - - 88 

4 17 8 .':I 

14.7 14.8 14.6 14.8 14.1 - - - - 13.4 12.1 - -
57 58 57 58 57 - - - - 66 65 - -

16.1 16.6 16.3 16.6 16.6 16.4 16.3 16.0 15.9 - - - 14.9 
51 53 51 54 57 57 53 59 59 - - 84 

1 3 1 ,~/ 

19.J 19.2 ".'1 22

.

1 21.7 :H.7 21.5 ~0.8 20.6 20.5 19.8 18.0 17.1 
52 5:2 52 50 49 49 57 58 64 671 69 76 78 

.':17 1.'1/ .':I 

19.61 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 89 - - - 91 

21.5121.6 

3 5 4 

21.1 21.2 21.0 20.8 20.6 20.5 20.3 - - - 18.6 
67 1 63 65 65 66 66 68 79 79 - - - 87 I 

20.81 20.8 

1,'2 /8,'8 .':11 .':I 

20.0 19.8 19.8 - - - 19.0 - - - 18.9 
70 70 72 69 69 - - - 76 - - - 76 

4 

19.0 19.1 19.0 18.9 19.0 19.0 19.'2 19.3 19.2 - 18.6 - -
74 73 71 73 74 76 74 77 86 - 98 - -

- - - - 14.6 - 13.4 - 12.0 - - - -
- - - - 97 - 98 - 08 - - - -

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 65 63 71 77 - 81 

g .':16 2,rg 14 10 10 6 
.':II 

- 14.5 - 14.5 14.2 - 13.5 - 13.2 - - -
- 67 - 69 77 - 79 - 80 -

] 
- -

12.2 - 10.9 - 12.0 - 11.0 - 8.6 - - -
69 - 78 - 67 - 66 - 71 - - i - -

J 14.6 - 14.4 - 14.1 - - - 12.8 - - -
67 - 65 - 69 - - - 7~ - -i - -

, 
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TABLE 8-

7.00 8.001 9.00 10.00110•30 11.00In.30 12.00 1::'.30 1.0011.1511.30 1.45 
a.m. a.m. a.m. a.m. a.m. a.m. a.m. m. D·m. p.m. D.m. p.m. p.m. 

------------ -1-1-
T. 7.8 9.2 9.4 11.2 12.0 12.4 - 12.6 12.6 13.0 - 13.2 -

Oet. 13, 1929 H. 94 85 74 81 77 72 - 82 87 84 - 82 -
B. 

'1'. 11.8 14.0 16.0 16.5 17.0 17.5 16.4 16.3 17.2 17.4 - 17.4 17.4 

" 
14, 

" 
H. 81 73 71 69 68 66 69 71 71 68 - 66 68 
B. 105 89 

T. 12.4 12.9 12.7 12.7 12.6 12.0 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 13.6 14.'2 14.9 14.6 15.0 - 14.4 - 14.4 -
" 

16, 
" 

H. 87 72 62 55 61 58 59 59 - 61 - 58 -
B. 

T. 8.0 8.? 8.4 9.1 - 11.4 - 18.'2 18.4 18.0 - 18.4 -
" 

17, 
" 

H. 97 100 97 97 - 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 59 - 57 - 57 - 57 -
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. 

----------------------------_ .. ----

13.0 - - - 12.2 - - - 11.8 - 12.0 - -
84 - - - 92 - - - 92 - 92 - -

17.2 17.0 17.0 17.0 16.6 16.6 16.3 - 15.6 - 15.0 - 13.4 
68 69 73 83 86 88 72 - 81 - 76 - 82 
38 7 ,'24 17 4 6 ,c: 

11.9 - 13.4 - 12.6 - - - 11.4 - - - -
85 - 57 - 59 - - - 81 - - - -

14.6 14.4 14.5 14.3 13.8 - - 13.0 - - - - -
59 59 58 59 62 - - 65 - - - - -

1 3 

19.6 - 19.2 - 19.2 - 19.2 - 18.0 - 16.8 - -
64 - 60 - 60 - 60 - 59 - 63 - -

14.9 - 14.8 - 14.5 - - - - - 12.2 - -
61 - 65 - 65 - - - - - 79 - -

16.0 15.9 16.0 16.0 15.8 - 15.7 - 14.6 - - - -
61 71 65 64 64 - 71 - 72 - - - -
14 3 7 15 9 3 


