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Introduction

It has been known from the studies of various investigators including the
present authors that based on the response to daylength, rice can be divided
into two groups, daylength sensitive and daylength nonsenitive. Investigators
in the past usually cqmpared the heading dates of daylength sensitive vrieties

‘grown under short day and natural conditions and derived the accelerated rates
‘6f heading of “these varieties (Fuke ‘1931, Suenaga 1936). However, the day-

length under natural conditions is in a state of gradual change, and when it

is used as control for the same variety in the same  season, the accelerated

rate of heading so obtained may represent the degree of heading promotion of
a variety under short day conditions. These rates do not indicate the definite
daylength sensitiveness of ‘a certain variety; nor do they treveal the differences
among various varieties as to their daylength sensitiveness.

The purpose of the present study is to find a stable value Whlch definity

'fepresents the daylength sensitiveness of a variety and which. can be used. for

comparison among d1fferent varieties regardmg their daylength sen31t1veness

Materlals and Methods

{ 1 ). Varieties

185 varieties were used in this study A descr1pt10n of these varieties 1s
presented as follows: '

S . . oo No. of |Catalogue :
Variety classification and-origin, v\arieties No. Remarks
Taiwan. Ponlai varieties (Taiwan 26 1-26 Preserved varieties of Taiwan
developed Japonica type varieties)|. : Agricultural Research Institute
Japanese varieties 28 2754 Introduced by €. J.o Y1 in 1956
‘Taiwan Native varieties 25 o 5579 | Preserved varieties: of ‘Taiwan
(Indica type varieties) : Agricultural Research Institute
Mainland varieties 42 80-121 | Preserved varieties of Taiwan
: ; : : Agricultural Research Institute
American and Southeast Asian 15| 122-136 Pre‘*erved varieties of Taiwan
varieties Agricultural Research Instltute
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(2 ) Experimental dates, sites and local davlength and temperature.

The present study was conducted in 1957 in Taiwan Agrictultural Research
Institute at Taipei (25°02’N latitude and 121°31’ longitude), where the longest
day is June 22 (daylength 13 hr 42 m) and the shortest day s December 22
(daylength 10 hr 35 m).

In Talwan, partlcularly in the north two crops of rice are usually grown
between January and July and between July and December, respectively. - During
the first crop, the daylength gradually 1ncreases from 11 -hours in January to
about 13 hours 30 minutes in mid- -July. Durlng the second crop, the daylenthg
gradually decreases from 138 hours 30 Inlnutes to about 11 hours in mid-Novem-
ber. - Temperature changes from low to high during the first crop and from
ﬂhlgh to low durmg the second crop Thus, the mean daxly temperature in the

d’vegetatxve growth and head ~forming stage (from Apr11 to June) is genera]ly
Jower durmg the first crop than during the second crop, Whlle the mean dally
temperature in the period from head forming stage, through heading stage up
to ripening stage is higher during the first crop than during the second crop.
k.,Because of these temperature patterns, the duration required to attain ripeness

to flower is longer in the first crop than in the second, ‘while the: duratmn

‘between floral differentiation and heading is slightly shorter in the first crop
“than in the second. Such a phenomenon is specially niarked in those varieties

which have relatively longer basic growth periods and are daylength insensitive.’

( 3\) Treatments -

 There were three treatments: (a) Short day, nine ‘hours of daylight from

8 a.m. to 5 p.m. and the rest of the day in the dark ‘room; (b) long day, mne
'hours of dayhght and the rest of ‘the day . exposed to light from 200 watt
tungsten lamps, making a total of 24 hours of light, and the average intensity

of the lamp light which the rice plant received was 40 foot candle; (c) Natural
‘conditions.

(4 ) Culfﬂring,, management and recording.:’

Seeds Wefe germinated by soaking before planting. The seeding dates

of the fiirst and second crops were February 19 and kJuly 28, ~respectiveiy.’

Seedlings “were transplanted after . the emergence of the fifth leaves. The
transplanting ‘dates of the firstand second crops were April 3-and ‘August 14,
feSpectivelsr. The area of pot was 1/200,000 ha. Three seedlings of a variety
were transplanted “in one pot. ~ All seedlings were grown under 24 hours

photoperiod, and as soon as. growth vigor was restored, experimental treat-

‘ments were started. The starting date of treatments was April 20 for the

first c¢rop and August 19 for the second crop.
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© .+ All management . practices were in ‘accordance . with the experimental
‘routine for rice in Taiwan.: T EORRR CRR S :
The heading date of each plant: was recorded."

: Results
The heading dates (average of three plants) of different varieties undergo-
ing various photoperiodic treatments were converted into the number of days
between the beginning of treatment and the onset of heading. 'THe :detailed
fécords‘ are listed in Appendix, while some of the results are extracted as
shown in the following table. ‘

Table 1. The days requived from the beginning of treatwient to the: beginning
of heading under different daylengths and index of daylengtih sensitiveness
for different rice varieties—an abstract from the appendix.

: First Crop Season | Second Crop Sezson
Catalog S L
e, Variety Photoperiod i odex Photoperiod: i
" onr [oane [ Natwral " onr [aene | gl |
54 Murasaki-Daikoku 29.6-1.-32.0 32.8 048 | 373 | 30.3| 327 0:49
73 | ChinLiw 560 536/ . 564 | 051| 60.3| 583 55.0 0.51
60 | Chiai-Kotzu . 580 | 600/ 610 | 049 | 656 710| . 67.1 048
33 | Fuakoku 240 403 233 | 037|313 59.6| 223 0.34
85} ~Sinchiang-Tsaotao 2 8.0‘ 43.0 30.1: ‘0.39~ 163550 226 11023
35| Eiko : 266 | 476| 3L5 | 036 286 | 646 266 | 031
38| Rikuu No.20 | 240 733 353 | 025| 3301515 355 | 0.18
o7 | Li-Ku-Tsao 330 770 — | 030| 350| 776/ 5.8 | 031
76 | Ya-Mu 4231176 1213 | 026|320 *| ed0 | *
68 | ShuiChin-Chung | 2901380 1629 | 017|250 | *| 607 *
136 | ‘Macan-Bonet 493 |k ol B1E | 86.7° *
B = no record * no heading’

1.. A comparison of ‘the'__num]}e,r of days from seeding to  heading between the
first and second crops grown under natural conditions. - e
-+:In'1957, a considerable number. of varieties grown under natural conditions
‘had similar number of days from seeding to heading during both the first and
“second crops (Examples are varieties 54, 73, 60 and 38 as shown.in the above
table). Some varieties had slightly longer periods from seeding to heading
‘during the first crop than during the second crop (EXamples are varieties 33,
35,:85, etc:) A fewhvariet‘ies showed great differences in this respect between
‘the first and second -crops. These latter varieties' did not head until after
Aug;usfin the first crop, yet required much, shorter periods to start 'heading
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;during‘ the:~second crop (Examples are varieties 76 and 68). For ,detailed' results
please refer to Appendix. The distribution of headin‘g, dates of experimental
varieties grown underpnatural conditions during  the /ﬁ:'rst'and :second crops is
shown in Figure 1. '

: F;g 1 The dtstrlbutlon of heading dates of experlmental variéties grown under natural
S conditions during the first and second crops ir 1957.
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. First crop Feb, 19, 1957, “Apr. 3, 1957,

‘Seeding ~ Second crop. July 28, 1957. . Transplantmg ~Aug. 14, 1957.

- It is suggested that the var1et1es plotted on the right side of Figure 1 ,
‘are daylength sens1t1ve ones Tt is difficult to ascertain Whether the varieties

. ,plotted on the left 51de of Flgure 1can all be con31dered as daylength 1nsenS1? ‘

. t1ve ones

- 2 The variation of the mtmber of days from seedmg to headmg of dzﬁ‘erent

j varzeizes under 9~hour and 24~h0ur light permﬂs

When dlfferent varieties were exposed 1o 9~hour l1ght perlod durmg the
first and second crops, there was some varlatlon m ‘the number of days from
o ,/seedlng to headmg betWeen the two crops However, a posmve correlat;on

. between crops always ex1sted (r= 0859**)' : : : :
Under 24~hour hght period during the first crop, most varieties had already

. ,’headed before ]uly 24 while 25 varieties did not head until after July 26.

:Durmg the second crop, most Varletles completed their headmg ‘before No- -

. »'Vember 30, ‘While a part of the varieties were Tlate'in ‘heading or failed to

head The latter varieties had longer basic growth perlods, and when they_
~ encounted lower temperatures durlng the later stage of growth, they became
. even slower in headmg The distribution of the heading dates of experlmental'k
‘,t1es grown under 24-hour hght period durmg the two crops is shown in
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Figure 3. By eliminating the varieties which headed later than ‘in November
or failed to head due to temperature effects, the correlation between the first
and second crops of the heading dates of various varieties under 24-hour light
period was found highly significant (r=0.925%%).

Fig. 2. The distribution -of .the heading dates of rice varieties grown under 9-hour light
period during the first and second crops.
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In Figure 4 is shown the correlation between the 9-hour and 24-hour light
periods of the heading dates of varieties grown in the first crop. The number
of days from seeding to heading of a part of the varieties did not seem to be
affected at all by the length of light periods. However, there were 39 varieties
which had a relatively short duration between - seeding ‘and heading under 9~
hour light period and a significantly prolbnged one under 24~hour light period.
By comparing Fig. 4 with Fig. 1, Wé,can see that the distribution of heading
dates of different varieties is rather similar. Thus we may consider those
with short growth period under 9-hour photoperiod and long  growth period
under 24~hour photoperiod as highly dayleﬁgth sénsitive varieties, which were
marked with circle in Figure 4. ' o '
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-Fig. 3 The dlstrlbutlcn of ‘heading - dates ‘of rice varieties grown under 24-hour: light

. period durmg the first and second crops in 1957.
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I‘lg 4 The dlstnbutlon of heading dates of rice varieties grown under 9-hour and 24-hour

light periods in the first crop in 1957
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The distribution of heading dates of different varieties grown under 9-hour
and 24~hour light periods in the second.crop is shown in Figure 5. “The ex-
perimental varieties and methods ‘are the same-in the first crop. Probably be:
cause of the difference in the temperature during the two crops, the distribution
of ‘headihg dates in Figure 5'is rather haphazard; making it imi)ossible’to dif-
ferentiate the highly d‘aylength»sensitive varieties.

Fig. 5.+ The diétribution of heading dates of rice varieties grown under 9-hour and 24-hour’

light periods during the second crop: in 1957
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Discussion
1 Index of daylength senszz‘weness :

In the section on experlmental results and the append1x, we have hsted theA
number of days from the initiation of treatment to the onset of headmg of
exper:mental varxet1es grown under 9—hour and 24—hour llght periods and
natural cond1t1ons durmg the two crops We have also calculated the correlar
tion coefficient between crops and among hght treatments. An 1nd1cat0r capable :
of showing the degree of response of different varieties to daylencth is yet to
be derived. ‘ . :

By a careful study of the experlmental data, we can see that under 9——hour
(short day) and 24<hour (long day) light Qenods, some varieties had equal or
~ almost "equal number of days from the beginnining of treatmont to the onset




z‘vanetles showed conslderable dxfferences among them, ,
degree of difference varying with wvarieties. Smce ‘unlike the daylength .

: f‘nnder natural cond1t1ons the 9-hour and 24—hour daylengths are fixed, we

be }~1ndex respectmg the degree of response of different varretxes to
’ . daylength,may he derwed from ‘the number of days between the begmmng of - ’
 treatment and the beginning of heading of varieties under %-hour and 24-hour
~ daylengths. The index we suggest is as follows (Cf. Hara, 1930):

t I~~=*f*5“.%f)_
o k";Ic,,* mdex of photopermd (daylength) sens1t1veness :
a= number of days from the begmnmg of treatment to the begmmng of '
headmg under 9—hour daylength ‘of- a varlety , : '
b= number of days from the begmmng of treatment to the begmmng of'f'
\ headmg under 24~hour daylength of the same var1ety

For those var1et1es Wlth no response to daylength the a and b Values are

o equal or nearly equal and therefore the 1ndex equal to 05 or is close to 05

, ,'f“FO these varieties responswe to daylength "'hea value is smaller than the b, L

e and therefore the 1ndex is smaller th, 05, When the var1et1es have'f, 1
erent degree of response to d"' ngth the dlfferences between the a and, ,

iffe H De ""ensﬁwely reﬁected 1n thef - ,
ex. In other Words, the more sensrtlve a Vartety 1s to the daylength the o

aller Wlll be the a value, and the blgger erl be the b value, and thus the,
ex will be far smaller than 0.5. -

,For short day plants W1th cr1t1cal daylengths, 1e, plants Wh1ch cannot[

k, ﬂoral dlfferen‘uatmn when daylength exceeds a certam lnmt b = o, and .

a can apply ktowongbday plants In long day]y
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2. The applications of the index of daylength sensitiveness.

The indices of day-length sensitiveness were calculated from the experi-
mental data in this study as shown in Table 1 and in Appendix. A careful
studyréveals that the indices of a number of varieties have a continuous
distribution. The correlation between the two crops of the indices of various
varieties is shown in Figure 6. : ‘ : '

Fig. 6. The correlation between the two crops of the indices of daylength sensitiveneSS_
.-of various varieties.
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* The asterisk indicates that the following varieties, a11 of which were grown under
‘a 24 hour photoperiod did not head before the end of thig 1nvestlgatlon, and $0°10 mdex
is given for them.

From the varietal d1str1but10n on the bas1s of the 1ndex and the posmon
of mode in the d1str1but10n as shown in Figure 6 we may d1v1de our: experi-
mental varieties into two groups, daylength sensitive and daylength insensitive.
Based on the differences in response between the two crops, the daylength

~sensitive group can further be subdivided into three subgroups, daylength
slightly sensitive, daylength sensitive and daylength very' sensitive, - These
subgroups are marked with symbols in Figure 6. From Figure 6, the indices
of different groups in the two crops and the number of var1et1es belongmg to:
different groups are calculated as shown in Table 2.
~ With the mean index of daylength sensitiveness in Table 2 as center and
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 Table 2. The distribution of the index of daylength sensitiveness of varieties -
of daylengih"sens'itivefqnd daylength insensitive groups in the two crops.

Pirst crop"‘; el ‘Second crop
| yariefes | MmdexMxs | JRRL [ Index Mas
I Nonsensitive group | 86 04734003, | 86 . | 045740033
- 11 Sensitive group k ' S
_a) Slightly sensitive | 55 0.40220.034 | 47(9) | | <0.337+0.028
b) Sensitive 37| 024140042 20(16) | <0.23040.046
©¢) Very semsitive 2 el e e

- * The number in parentheses répresent varisties the indices of which were not calculated.
f‘] A part of the varieties in both groups Ila and IIb failed to head under 24- hour light
- ,"perlod in- the second crop, and so: their indices of daylength sensitiveness cou]d not
" be calculated; . In actual fact their indices should be smaller than those listed in the
. “table. All varieties of group Ilc failed to head under 24:-hour light ‘period durmg the
',two crops, and so their mdlces of daylength sen51t1veness could ‘not-be listed.

. standard deviation as 11m1t the demarcatlon lme between the 1nsens1t1ve group
o and the three sensitive subgroups could -he drawn ‘as a sohd circle shown m,

,,"Fxgure 6. The number of varieties w1th1n the circle is 68:27% of the: total;
e ,perlmental varletles Based on the dlstr1but10n frequency of the index of
" "daylength sens1t1veness, there can be seen a peak ‘at 026—0 28, 0.38-—-0.40 and
' 7,0 46--0.48 respec‘uvely m the first crop and a peak at 0:22--0.24, 0. 32--0.34 and

0 "—-0 46 respectwely in the second crop. If such peak is taken as the mode
ind in - turn, the mode 1s used as the center a s1m1lar class1ﬁcat1on can
o generally be obtamed '

3 The variation in the number of days from the begmmng of ‘treatment to the
. egmnm of headmg of varzetzes in dzﬁ’erent groups classzﬁed accordmg the‘
ﬂmdex of daylength sensztweness , , o :
In Table 3 is shown the variation in the number of days from the beginn- ,
';mg of treatment to the begmmng of headmg of var1et1es m the daylength

: Table 8. The variation in the number of a’ays from the begmmng of treatment'
o "’"to ;the be' knmng of headmg of va'metzes in the daylength msensztwe
o group and the three daylength sensitive groups grown una’er E

' o dzﬁ'erent photogbemods

Flrst crop e Second crop

A : ghour | 24hour | Natural 9—ho:ur | 24-hour. Natural
- | photoperiod| photoperiod condltlon photoperiod] ‘photoperiod | condition.

49.792&15.33. 57.68:£19.41 52.68:1:14.36 58.67419.07| < 60.97::22.84 52.78::14.87
o ;471.463: 14,60 | 71.37£14,63|61.12:+ 16.55|49.30:£17.15 > 88. 374-28,85| 55.72£17.91
134,00 7.87 [114.44449.76 84.30::44.86 36 004:10.86 >114 7425, 82 51»;5,4,:!: 13.21
5415061 % —~  |soessiLer) ' : 149
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insensitive group and the three daylength sensitive groups grown under: d1f-
ferent photoperiods during the. two crops. ,

From Table 3, it is possible to compare the number of days from thé
beginning of treatment to the onset of heading of different-groups of varieties
grown under different photoperiods. For varieties of group 1 (daylength
insensitive ‘group), these should not have been variation among different photo-
periods. In Appendix, we may also be able to find such -varieties-as having
no variation among different photoperiods. However, since we were not able
to . control all possible effects caused by the prolonged photoperiod and also
since classification of groups may not have been adeqate where groups I and
Ila varieties were in nearly continuous distribution, the mean duration from
the beginning of treatment to the beginning of heading of our group I was
about 10 days longer under 24 hour photopermd than under 9-hour photoperiod
during both crops.

In group 11 (daylength sensitive group), the éffects of daylength on heading
were very ‘marked.  Besides, such effects varied with crop seasons.  During
the: first ‘crop, the mean difference in the period from the beginning of. treat-
ment to the beginning of heading between 9-hour and 24-hour photoperiod was
24 days in group IIa, 79 days in group IIb, and at least more than 235 days
in group ITc.. The group Ilc varieties under 24-hour photoperiods did not head
even by January 31 of the following year. During the second crop, the same :
mean- difference was over 36 ‘days in group Ila, over 79 days in group IIb, and
over 107 days in group Ilc. :

Durmg both crops, the duration of growth period under natural condmons
was shghtly shorter ‘than under 9-hour and 24-hour daylengths in group I

varieties and was between 9-hour and 24-hour daylengths in group II varieties.:

4. ‘The correlatzon"pf the number of days from treatment to headmg of dzﬁ’erent :
Jgroups of varieties under 9-hour and 24-hour daylength. ‘

(a) Group I (Daylength insensitive group)

Out of our experimental varieties, there were 86 belonging to thlS group
The index of daylength sensitiveness varied from 0.509 to 0.437 in the first
crop and from 0.492 to 0.422 in the second crop. During the two crops, the
numbetr of days from the beginning of treatment to the beginning of heading
‘of ‘each variety under 9-hotur daylength was very close, with a correlation
coéﬁicient' of »=0.859** (see Figure 2). These figures may be considered as
the basic number of days of growth of the respective varieties. The majority.
of Group I varieties had a slightly longer duration ‘between treatment and
heading under 24-hour daylength. In the first crop, the mean ‘increase:in
' kduratlon was 7.89 days. “The greatest 1ncrease in duration, however, did not
result in more than 0.27 times of the basic number of days .of growth (see
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Table 3). In the second crop, owing to the lowering temperature, the difference
in ‘the_number of days from the beg‘inning;o“fftreatment to ft‘heubeginning of
heading between the 9-hour and 24-hour photoperiods became longer, with a
mean of 11.29 days. The biggest difference still did not result in more than

- 0.38 times of the basic number of days of growth. Again, during both crops,

the growth periods of all varieties under 2 1-hour daylength were generally
'unlform in duratlon (see Figure 2). e Coahinai
By arranging the number of days from treatment to heading of this group
of varieties under 9- -hour and 24-hour daylengths in the same crop, the results
are shown in Flgures 7 and 8 o G
'Fig 7. The ‘correlation’ between 9-hour and 24-hour daylength of the number of days

from the begmmng of treatment to ‘the beginning of headmg of Group I varletles,,
in the ﬁrst crop, 1957,
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Fromr;Figures 7 and 8, it can be seen that Group I varieties had no response:
r ,],01‘ neariy no response. to daylength. - The differences in the number of days
~ from treatment to heading among varieties were mainly due to ‘genes con-
admg date (Yao and Yu, 1963) T hat the varretles generall"y tendeds’i/




Jan,; 1969 Yii-—~Photoperi0dic Studies 6ng Rice @ 63

Fig.:8. The correlation: between 9-hour and 24-hour daylengths of the number of days
from the beginning. of treatment to the beginning ¢f heading of Group I varieties
' in the second crop, 1957.
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(b)  Group Ila (Slightly sensisitve group)

Out of our experimental varieties, there were 56 belonging to this group..
During the first crop, all varieties were able to head under 24-hour photoperiod,
yet the mean heading dates was 23.91 days later under 24-hour photoperiod
than under 9-hour photoperiod.- During the secondk crob, the varieties with
shorter basic growth period already headed before temperature became too
low for heading. The differences in the duration of the growth period of these
varieties between 9-hour and 24-hour photoperiods were relatively small (larger
than in: Group. 1). - “However, the varieties with longer basic growth periods;
having been prolonged in their growth under 24-hour photoperiod, encounted the
lowering temperature, and thus headed even later or failed to head at all. As
a result, the difference in the duration of ‘growth period between 9-hour and
24-hout ‘photoperiods became as great as more than 88.27 days:  Upon examing
the:growing points-of those varieties which had not headed on the 120th day
after the beginning of treatment: (December. 16), we found:the floral-buds had
all differentiated in varying degrees. . On the 150th day after treatment, there
were still O varieties which had not headed. It the varieties which failed
t6 head because of longer basic ‘growth periods and the encounter of low
temperature were eliminated, then the duration of growth period.of the Group
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ITa varieties was longer under the 24-hour photoperiod than under the 9-hour
photoperiod to a certain limit, - That is,,the increase in duration under 24-hour
photoperiod was 0.78 times during the first crop and was 1.33 times during the
second “crop. The correlatioon between 9-hour and 24-hour déylengths of ‘the
number of days of growth of Group Ila. varieties in the two crops are shown
in-Figures 9 and 10. )

Fig. 9. The correlation between - 9-hour and 24-hour daylengths of the number of days

from the beginning of treatment to the beginning of heading of Group Ila
varieties in the first crop, 1957.
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The  characteristic ‘of this group of varieties is the substantially smaller ,

index of daylength sensitiveness in the second crop than in the first crop.
However, a careful study of Figures 9 and 10 would indicate that the smaller
index in the second crop was mainly caused by the varieties with longer basic
growth periods which previously had a slow down‘in growth under 24-hour
photoperiod ‘and- further  delayed their growth upon the encounter of low
temperature. In other words; during the second crop, the b value in the formula

of “the-index of daylength sensitiveness was affected not only by the 24-hour

photoperiod “but -also by the temperature factor, As b value increased, the
index became smaller, '

(¢) - Group b (Sensitive group) ,

Out of our experimental varieties, there were 37 belonging to this group.
During the first: crop, the index of daylength sensitiveness was 0.241--0.042.

L
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Fig. 10. -The .correlation  between 9-hour and 24-hour daylengths of the: number of days
from ‘the beginning - of treatment to the beginning  of heading of Group IIa
varieties in: the second crop, 1957.
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The number of days of growth under 24-hour photoperiod was 1.33 to 3.00
times greater than under 9-hour photoperiod. It was 6.33 times gfeater in.a
part. of varieties. ‘During the second: crop, since about half of the varieties
failed to head under 24-hour photoperiods, the actual index of daylength sensi-
tlveness Was smaller than 0.23:£0.046 as listed in Table 2. The correlations -
between 9- hour and 24-hour. daylengths of the number of days from the begmmng
of treatment to the beginning of heading of Group IIb varieties in the two
crops are shown in Figures 11 and 12,

From F1gure 11, the correlation coefficient of the duration of growth period
between 9-hour ‘and . 24-hour -daylengths in the first crop was calculated as
0,722 **,"In - other words, in the first crop, ‘the -durations of growth under
24-hour daylength, although prolonged, still maintained rather marked proportion
to that under 9-hour daylength. In the second crop, however, owing to the
high daylength sensitiveness coupled with low temperature effects, these appeared
almost no correlation of the number of days of growth between 9-hour and
24-hour daylengths. :

(d) Group IIc (Very sensitive group)

Out of our experimental varieties, there were only two varieties belongmg
o this group. : Both headed only under-9-hour daylength- in“two crops, while
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Fig: 11, “The correlation between 9-hour-and 24-hour -daylengths of the number of days
from the beginning ‘of treatment to the beginning of heading of ‘Group IIb
-varieties in the first crop, 1957.
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Fig. 12. "The correlation between 9-hour and 24-hour daylengths of the numer of days:
from the beginning -of treatment to the beglnnlng of headlng of Group IIb
var:etle'; in the second crop,-1957.
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both failed to head under 24-hour daylength in two crops. In Group Ilb; a
part of varieties did not head under 24-hour daylength in the second crop, yet
all headed‘ under 24-hour ' daylength in the first crop, although their growth
periods were quite prolonged.* On the other: hand; ‘all ‘plants: of Group Il¢
vdrieties including  the first and second crops grown:under 24-hour daylength
died ' out - in - February of 1958 under natural conditions: “Therefore, the index
of: daylength sens1t1veness of these varieties in two cropsis 0 or very nearly 0.

5. Comments on the factors affecting the growth period of rzce

From what: have been descrlbed above, we can see that the durations of
the period from the beginning of treatment to the beginning of headmg under
short ‘day and long day conditions were equal or near equal in a part of
varieties, ‘and were unequal in st111 another part of var1et1es their degree of
unequality varying with individual varxet1es Under long day condltlons during
the second crop, a part of varieties Were also obv1ously adversely affected by
low temperature

We have prov1ously suggested that in daylength 1nsens1t1ve varxetles, head
ing date is entirely controlled by “heading date genes” (Ausschusszeitengen) and
the hybrid between early maturing varieties and late maturing varieties clearly
demonstrated the behaviour of quantitative inheritance (Yao and Yu, 1963)
We have also pointed out that at optinum temperature, the daylength 1nsens1t1ve
var1et1es would demonstrate the shortest growth perrod wh1ch we con31dered
as the basic vegetative growth perlod Th1s basic per1od would vary among
the d1fferent daylength insensitive var1et1es (Yu and Yao, unpubhshed) Such
varietal drtferences should have been caused by the _varying numbers or com-
binations of headmg date genes, However at low temperature the vegetatlve'
growth perxod of these var1et1es generally became proportlonately prolonged,
Therefore, the growth perlod of daylength insensitive varieties must be con-
trolled by two factors, (a) “headmg date genes controllmg the basic vegetatlve
growth period, (b) temperature
.. Among -our experlmental var1et1es. a few headed W1th1n 30 days under
9- hour daylength An extreme “example is Norln No. 11 which headed 16.3
days after treatment under 9-hour daylength and 133 days after treatment
under 24-hour daylength This means its floral initiation must have taken place :
long before the begmnmg of treatment, However, all plants were under 24-hour
daylength before treatments were started. There can be no doubt that this 1s
a daylength insensitive varrety. Moreover, this is also a varlety w1th a very
short basic vegetative growth period.

For the daylength sensitive varieties, -we have also pointed out that their
growth period was controlled by “heading date genes” and “photoperiodic genes”
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(Photoperiodizitatsgen, Yii u. Yao, 1957, 1968) “and that the latter genes were
epistatic tothe former :genes (Yii it Yao 1957): It is known from the present
study that temperature adversely affected photoperiodic response, and that the
~longer the basic vegetative growth period was, the more marked the tempera-
ture effects would be. Our present experimental results seem to demonstriate
clearly the complex effects on the duration of vegetative growth period of
daylength ‘sensitive varieties: by the following three factors, (&) basic number
: ~of-days of vegetativek growth as controlled by “heading date genes”, (b) “photo-
periodic genes , and (c) temperature. As to the var1eta1 differences in the

response to daylength reflected by the index of daylength sensitiveness, further -

studles are. needed to determme whether these are due to quahtatrve or quan-
t1tat1ve dlfferences in photoperlodlc genes,

o In Japan, Asakuma (1958) also cons1dered the bas1c Vegetatrve growth hablt
'the sensitivity to daylength and the sens1t1v1ty to- temperature of daylength
sensitive varieties. However their temperature and other envrronmental factors
‘were drfferent from those in Tarwan Also, no 24-hour daylength treatment
was mcluded is his expenment Therefore, it is not p0531ble to make com-
parlsons between hrs and our results.

Summary

( 1) 185 rice var1et1es of dlfferent origins were treated under short daylength
(9 hour) and long daylength (24 hour)’ durmg the ﬁrst and second crops in 1957,
The number of days from the ‘beginning of treatment to the begmnmg of
headmg of each varlety was recorded

(2) An index of daylength sens1t1veness was suggested and could be
calculated from the followmg formula ‘ . ‘

I=— Number of days of vegetative growth under short day (9 hr.) :
Number of days of vegetative growth under short day (9 hr.) +i
Number of days of vegetatwe growth under long day (24 hr.).

This index was taken as a standard for ]udmg the daylength sensxtlveness of
, dlfferent varieties; . o - o , . :
: (3) Based on the index of daylength sensmveness, 185 exper1menta1
Var1et1es ‘were d1v1de mto two groups, daylength msensmve and daylength
sensrtlve. The latter group was further divided into three subgroups, shghtly
sens1t1ve, sens1t1ve and very sens1t1ve ;

{4) The factors controlhng the. growth perrod of daylength 1nsens1t1ve
and daylength sens1t1ve varretres were briefly d1scussed




Jan, 1969 Yi—Photoperiodic Studies on Rice =~~~ " 69

koA kW B AR
V. #FARBRAEGLARER

F % % oM B

(9/hFp) REHE (2U1F) T S8 B BIrERa B bl g FLE o

AR TERBBAH-RHREQUMS) TEEHR
JLBMARE » T DUHIRHUR A A L BRI ARG IR o

- S (9 /1) TR HC i
2. (EEEIRELL o) FA R LB g R

3. TEESHECEMIR S S TR 0y 185 BRI 5 FOLE R SRR X

2 AL HES BIEEE S B REESSTE
' 4. fERSHRXRCERBIE - %@@@m@méﬁﬁmgm,%m%mmﬁ%c'

Literature Cited

'ASARUMA, S, Ecological  studies of heading of rice, I, 1. (in Japanese with Eng. sum.)
. Proc, Crop. Sci. Soc.; Japan, 27, 61-66, 1958.

“FUKE, Y. Onthe short day ‘and illumination treatments in rice, referrmg Specmlly to
the time and duration of treatment.” (in Japanese with Eng. Sum.) Jour Imp. Agric.
Expt'l Sta. 1, 263-286. 1931,

HARA, 8., On the influence of the length illumination upon the growth and heading time
of rice plants. (in Japanese) Jour: ,Korean,Agr Exp. Sta., 5, 223-249, 1930.

Journal of Agronomy), 32, 99-110, 316-330, 347-356, 431441, 495-520, 1936.

beim Reis, Bot. Bull. Acad. Sinica 4, 140-162, 1963.
Y6, C.J.u. Y. T. Yao, Uber. d1e Vererbung der Ausschusszeiten beim Re1s, Jap. Jour
Genet. 32, 179-188, 1957.

Y8, C.J.u. Y. T."YAO, ' Genetische Studien Beim Reis. 1IL. ‘Uber die Vererbung der Photo- ;

periodizitiit, Bot. Bull. Acad. Sinica 8, 364-389, 1967.
Y0, C.J. and Y. T, YAO, Studies on the relation: of température to growth duratlon in
certain day:length insensitive varieties of rice. (unpublished).

1. FeB4EDIBRER R 185 /KSR » ZE195TE I —FHE = SREBEHE

SUENAGA,; J. Studies on photoperiodism in rice. {(in Japanese) Taiwan Noji-ho (Taiwan .

SYAO, Y. T uw. C.T., YU. Biometrische  Studien iiber die Vererbung -der Ausschusszeiten = @~




70 : " Botanical Bulletin of Academia Sinica. - Vol. 10

AN

Appendix
The classification of rice varieties according to the indices of their photosensitiveness* (Continued 1 )
First Crop Season =~ . ; Second Crop Season
Variety : ‘ Photopericd S Igﬁ‘z‘of’f - Photoperiod Igg‘;’t‘;f
otour | oanour | NESET] Sem5l | gions | ganons | Somal | Sensl: 4
Group 1. . ‘ *
34 Norin No. 11 L 163 133 | 180 | 056 206 %50 | 164 0.45 .
44 Norin No. 15 : 226 | 226 265 0.50 263 | 343 | 241 0.43
© 138 A-13 (Chabo) 233 236 23.0 0.50 27.3 380 | 207 0.42
144 H-25 I o= 26.0 32,0 - 336 | 333 30.6 0.50
46 Norin No. 20 , 28.3 273 | 208 | 051 176 210 | 275 0.46
140 A-58 S . | 286 | 38L3 313 048 | 310 |- 370 32.0 0.46
30 Wase-Nishiki ‘ 20.6 30.0 314 050 | 240 30.6 319 | 044
29 Ishikari-Shirage 206 | 320 | 321 | o048 | 320 42,6 36.8 0.43
54 Murasaki-Daikoku | 206 | 320 | 328 | o048 | 373 39.3 327 0.49
139 A-32 (Furenbozu) 30.0 323 | 280 0.48 56.0 39.0 30.3 0.59
142 C-19 (Daikoku) 30.0 323 34,0 0.48 34.0 35,6 30.6 0.49
141 °A-73 : 22.0 33.3 313|040 18.6 25.6 21.3 0.42
149 N-45 (EzomOtiéata-Murasakiine) "29.0.° 34,0 340 | 046 | 280 40.0 | 242 041
143 H-9 (Ezokamairadzu) | 308 34.0 37.3 0.47 49.3 38.0 35.8 0.56
83 Lushihtsao 323 35.6 42.0 048 | 373 49.0 43.7 0.43
36 Hoko e 320 356 | 365 | 047 | 410 50.0 40.8 0.45
148 N-11 (Hokozima) | 80 | 30 | 85 046 | 300 453 | 282 0.40
34 Shive : 336 | 383 | 363 047 416 | 496 | 448 0.46
32 Tominishiki e | 83 | 308 | 845 | o044 | 403 | 513 40.5 0.44
. 147 N-1 (Akage) | 320 | 403 3L5 | ot | 206 216 24.1 0.49
31 Minamisakae ‘ 31.6 406 34.9 0.44 36.6 | 483 37.0 043
145 H-52 \ 1 26 410 | 256 | 039 590 | 530 — | o053
27 Tomoe'nishiki 330 | 440 | 349 | 043 | 473 61.3 43.0 044
80 Nan-te-hao : 400 | 493 | 487 045 | 470 63.3 56.2 0.43
28 Tomoemasari 35.6 496 359 0.42 513 64.6 4.2 044
88 Sha-tiao-tao 38.0 496 54.0 0.43 40.6 42.3 411 0.49
50 Hokoku No. 1 453 53.6 50.3 0.46 53.0 706 59.6 043
73 Chin-liu 560 53.6 56.4 0.51 60.3 58.3 55.0 0.51 \
21 Nungshih No. 4 58.6 56.3 52.6 0.51 62.3 81.3 546 | 043 2
39 Rikuu No. 20 37.6 58.0 46.9 0.39 473 743 42.8 039 £
61 Lkung-pao 54.0 58.6 56.3 0.48 61.0 6.6 59.5 0.48 %
%86 Shenyang-hsien 36.0 59.0 42.0 038 | — — - L ,
87 Hei-tu No. 4 55.3 59,0 56.9 0:48 59.6 63.3 57.8 048
20 Chungnung-peng No. 389" 56.0 59.0 55.4 0.49 67.6 88.6 537 | 043
103 Heili-ku , 60.3 59.0 64.7 051 | 546 63.3 56.3 0.46
105 Che-chang No. 5441 35.0 59.6 60.2 0.37 57.0 65.0 55.7 0.47
19 Kaohsiung No. 53 560 | 596 | 551 | 048 | 650 | 816 | 539 | o4
2 Nung-yii No, 2092 , 61.3 506 | 604 0.51 723 | 803 | 508 047
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Appendix
(Continsed 2)

y

First Crop Season” Second ‘Crop-Season : ’
Vatiety ~ 'Photoperiod Igﬁi’fo?f Photoperiod Igﬂi’t‘o"f
o 9-nour | 2-hoir | afEEL | SR | 9hour | athour | DEIGTAL| Senel
60 Chiai-ko-tzu 58.0 60.0 61.0 0.49 65.6 71.0 671 048
40 Kamenoo No, 4 433 60.3 469 0.42 56.0 79.3 487 041
42 Norin No, 1 4.0 616 46.6 0.42 56.3 84.0" 495 {7 040
41 Hatounishils 386 | 620 437 0.38 52.0 70.3 451 | 043
65 Taichung-pai-chueh 62.3 62.0 63.7 0.50 69.6 76.3 623 | 048
57 Ti-chiao-wu-chan 556 62.3 59.7 0.47 57.3 703 | 606 | 045
91 Chochou-tao 396 62.6 4756 0.39 72.3 94.0 520 | 043
55 Taipei-wiuchueh 55.3 63.0 616 0.47 66.3 72.0 67.6 | 048
99 Chung-chien No. 28 410 63.6 60.7 039 54.6 63.0 569 | 046
63 Taipei-Tuan-kuang-hualo 576 63.6 60.1 048 50.3 76.0 633 | o4
4 Taipei No. 127 616 63.6 614 0.49 68.0 806 56.0° 046
92 Kuanyin-chan No. 16 67.0 64.0 — 0.51 58.0 69.0 587 | 046
56 Hualien Liuchou 62.0 64.6 646 0.49 65.6 783 665 | 046
23 Taitung No. 16 61.0 65.0 539 0:48 69.6 85.3 585 | 045
*77 Chien-lo L 65.0 i = 68.3 763 679 | oA
3 Taipei No. 8 61.6 65.6 60.8 0.48" 69.0 82.3 589 | 046
8 Taichung No. 150 57.0 66.0 500 | 046 63.6 80 | 58 | o048
161 No. 7134 56.6 66.6 57.2 0.46 60.3 027" | 579 | 039
1 Nung-yii No, 1805 - 57.3 66.6 58.9 046 | 750 796 576 | 049
6 Hsinchu No. 50 60.0 66.0 589 0.48 75.0 843 | so1 | o047
108 Chung-nung No. 4 61.3 66.6- 63.7 0.48 67.0 67.3 500 | 050
112 Chung-hsiang No. 33-1 83 67.0 65.7 0.40 55.0 75.3 585 | 042
58 Taichung-wu-chien No. 2 640 67.0 65.4 0.49 67.0 76.0 70.8 047 o
81 Ya-erh-ho : 60.0 67.3 60.6 0.47 65.0 77.0 172 | o046
: '6'4;Pai-mi-fen 64.0 676 65.2 0:49 67.6 74.0 686 048
66 Taipei-Hsia-chiao-liuchou 61.0 686 | 657 0.47 663763 68.6 046 -
13 Chia-nung yii No. 242 66.3 68.:6 59.3° 0.49 93.0 896 630. | 051
15 Chia-nung-yli No. 478 58.3 69.0 57.9 0.46 71.0 86.3 58.6 0.45
70 Han-chung 545 69.0 709 0.44 72.0 78.6 794 | 048
9 Kuang-fu No. 401 61.3 69.6 60.8 0.47 74.3 84.6 59.0 047
185 No. 9783 56.0° 70.0 64.7 0.44 54.0° 6.0 52.2 039
22 Nungshih No. 4 ‘640 70.0 57.9 048 60.6 826 56.5 046
7 Taichung No. 65 62.0 710 58.7 0.47 776 80.3 596 | 049
62 Taitung-wu-chan 63.3 710 66.3 047 65.6 783 722 | 046
168 No, 7164 ‘ 65.0 71.0 615 047 78.3 97.3 584 | 045
18 Kaohsiung No. 27 60:6 716 611 0.46 77.6 85.3 630 | 048 ,
14 Chia-nung-yit No. 280 63.6 71.6 50.8 0.47 756 88.3 599 1 048
11 Chia-nan No. 8 , 63.0 723 61:3 0.47 73.6 85.3 6L2 | 046
17 Kaohstung No. 22 666 7380 | 626 | 048 776 89.6 682 | o046
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Appendix
(Continied 3)
e First Crop Season Second ‘Crop Season
Variety 'Photoperiod ‘ 1;?;2@# Photoperiocd Igg‘;’t‘of’f ;
. o-nour. | 2a-hour | NELATAl | Sensh | onour | pe-hour | Nafural | sensi &
95 Kaohsiung-yii No. 73 ‘ 62.6 74.0 617 0.46 72.0 87.0 68.0 0.45 .
5 Hsin-nung-yii No. 17 62.6 75.0 61.4 0.45 783 84.6 59.7 | 048 §
12 Kuang-fu No. 1 _ 66.3 756 62.1 0.47 97.0 94.3 64.9 051
10 Chia-nan No. 2 ' 73.0 76.6 67.2 0.49 73.0 86.6 69.0 0.46
130 Ark Fortuna : 626 715 76.4 0.45 77.0 1133 67.7 | 040
24 Nan-kai-yii No. 2 64.0 79.3 61.8 0.45 77.0 95.0 604 | 045
157 No.7il4 ; 54.0 80.0 | 765 0.40 74.3 93.0 73.0 0} 044
176 No. 7243 710 82.3 795 | 046 120.0 128.0 770 | 048
165 No. 7156 | 600 | 830 — 0.42 ~ ~ |
152 No. 7101 61.0- 85.0 62.0 0.42 82.3 1186 733 | 041
193 Century Patna No. 52 89.3 91.7 780 0.49 783 117.7 721 | 040
 Group Tla. ‘
48 Norin No, 34 23.0 25.0 317 048 20.3 38.0 201 | 085
137 A-5 (Akamura) 26.0 326 30.0 0.44 20.6 466 189 | o031
146 H-59 25.6 35.0 28,0 0.42 27.0 51.0 20.8 035
33 Fukoku 240 | 403 | 283 | 037 | 33 | 6 | 23 | o034
85 Sinchiang-Tsaotao 28.0 43.0. 30.1 039 16.3 55.0 22.6 0.23
- 84 Ningshiao-Hsiaotao 30.0 47.0 317 0.39 30.3 59.3 26.6 0.34
35 Eko 26.6 47.6 315 | 036 28.6 64.6 26.6 031
53 Daikoku ; 333 52.0 — 0.39 40.0 720 | 370 036
37 Bansei-Eko ; 31.0 53.0 34.9 0.40 33.6 71.3 26.2 032
45 Norin No. 17 37.0 57.0 459 0.39 47.0 796 | 467 037
89 Tzu-chin-ku 4 4.0 59.0 514 043 46.0 80.6 516 | 036
95 Chung-nung-yii-li-ysao 336 600 | 627 0.36 343 62.6 509 | 035
154 No. 7108 : 350 | 6.3 53.4 0.36 37.6 74.0 47.0 0.34
96 Chung-kuei-ma-fang-hsien 386 613 64.0 0.39 386 69.0' 4757036
174 No. 7227 ~ 58.0 616 60.2 0.48 68.3 * 56.8 *
93 Mao-tzu-tou : 370 62.0 = 0.37 32.0 67.0 | 488 0.32
107 Wan-li-hsien 35.3 62.6 62.3 0.36 36.0 746 506 0.38
132 PTB No. 16 40.0 62.6 584 | 039 37.0 606 | 503 0.38
195 Cody : 34.0 63.3 - 0.35 41.0 113.0 35.5 027 9
100 Fu-chin-huang 38.0 63.3 69.0 0.38 336 70.6 53.9 0.32 %
98 Chung-chien No. 2. : 35.3 64.6 66.0 0.35 36.6 700 | 529 | 034 o
128 Blue Bonnet V 58.0 64.6 75.8 047 683 | 1520 764 | 031
124 Cofusa 50.3 65.6 640 | - 043 68.3 * 775 *
101 Shui.pai-tiao 33.6 66.6 65.3 034 | 340 | 640 532 | 035
104 Tsao-ho No. 4 43.0 67.3 62.2 0.39 46.0 780 568 | 037
. 133 Indedsal Llinoy =~ 40.0 68.0 59.0 0.37 34.0 693 | 510 | 033
04 Shengli-heien ‘ 413 | 680 62.0 0.38 39.3 76.0 542 | 034
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Appendix
(Continued 4)
First Crop Season Second Crop Season
Vé.riety Photoperiod I’;ﬂz’éb?f Photoperiod Igg(e)i(o?f
| 9-hour | 24hour | NAlER | sendl | o-hour | aehour | FATMEl | SRER

102 Tung-kuan-pai No. 18 — 69.0 — — 38.0 22.3 58.5 0.32
110 Chianghsi No. 3613 486 69.3 — 0.41 37.0 80.6 57.4 0.31
16 Kaohsiung No. 18 56.6 69.3 57.8 0.45 513 113.0 49.1 “0:31
172 No. 7220 L 47.0 70.3 57.7 0.40 51.3 88.0 529 0.37
111 Tliang-Tapaiku - 373 71.6 80.3 0.34 36.0 84.0 59.1° 0.32
166 ‘No. 7157 55.3 74.0 — 0.43 67.0 1236 60.3 0.35
69 Pai-chues-ko 47.0 75.0 74.0 0.38 48.0 77.6 60.7 0.38
50 Pan-tien-tzu 57.0 77.0 704 *| 043 630 | 1077 | 662 | 037
167 No. 7163 55.6 77.3 64.9 0.42 66.3 123.6 617 0.35
182. No. 7269 60.0 73.0 635 0.43 41.6 79.6 57.3 0.34
153 No. 7107 53.0 78.6 65.8 0.40 58.3 119.0 66.2 0.33
159 No. 7126 58.3 79.0 65.3 0.42 53.0 101.6 60.8 034
160 No. 7127 56.6 79.3 65.0 0.42 56.0 100.3 604 0.36
156 No. 7113 56.3 80.3 66.4 0.41 54.6 113.0 585 0.33
181 No. 7267 63.0 80.3 63.5 0.44 — 117.0 61.8 =
173 No. 7224 55.3 80.6 70.3 .41 75.6 147.0 81.6 0.34
164 No. 7154 68.3 81.0 -~ 0.46 816 * 83.2 *
106 Chung-nung No. 34 54.0 815 73.2 0.40 57.0 122.0 66.1 0.32
2169 No. 7165 49:6 83.0 62.9 0.37 55.6 103.3 60.8 0.35
171 No.. 7186 51.0 84.0 73.6 0.38 56.3 109.0 68.0 034

155 No. 7111 54.3 85.6 65.0 0.39 59.0 * 64.1 ¥
175 No. 7237 68.3 86.0 84.0 0.44 82.0 * 52:6 *
180 No. 7252 68.3 83.6 86.5 0.44 73.0 1485 92:1 0.33
122 Improved Blue Bonnet 67.0 91.0 80.4 0.40 52.3 83.6 49.8 0.38
179 No. 7251 65.3 91.3 — 0.42 67.6 * 75.4 *
178 No. 7248 70.3 93.0 —_ 0:43 78.3 * 87.7 *
158 ‘No, 7121 63.6 99.0 82.0 0.39 77.0 o 95.0 *
170 No. 7184 62.0 100.0 79.7 0.38 53.0 93.6 59.4 0.36
183 No, 7270 70.3 107.0 92.6 0.40 79.0 * 879 *
163 No. 7151 59.0 - - - 66.3 145.5 70.0 0.31

Group IIb. ‘ :

118 Paichueh-hsiao-yu-chan 28.6 70.0 86.7 0.29 25.0 796 46.9 0.24
113 Che-chang-chung-hsien No. 1 30.6 71.3 39.5 0.30 38.6 135.0 35.8 0.29
119 Lungnan-shuangchiung-pai” 286 73.0 — 0.28 30.0 84.3 486 0.26
38 Rikuu No. 20 24.0 73.3 35.3 0.25 330 | 1515 355 018
116 Che-chang No. 9 20.0 75.3 98.0 0.28 27.3 79.3 47.3 0.26
*82 Yungan-fen-lung-tsao 35.3 75.3 51.5 0.29 — — —— —
49 Aikoku No. 1 25.0 77.0 33.7 0.25 32.6 126.6 35.9 0.20
97 Li-ku-tsao 33.0 77.0 — 0.30 35.0 77.6 51.8 031




: (Conﬁnued;5)¢

R itz

Flrst Crop Seat*on e ‘Second CrOp'Seajsbny o

Norlety. - e Iggg’goof Photoperiod

f Natura] sensi:: Natural .
, 9hour }24 hour COIIdlt!On tiveness 9fhour ,24ih°‘?f condxtlon,_' i

330 | 795 491 0.29 356 nis | o 08
300 796 80 | o 25.0 980 | 45
363 813 50.0 031 37.0 903
‘800 81.3 = 027 296 | 1273
343 8.3 740 | 028 3.0 | 023
30 | 893 | - 0.28 306 | 963
336 | 940 425 0.26 - 25:0
320 | *es6 | o8 025 | 390
290 980 | 1293 | o023 | 353
306 990 | 1300 | 024 | 330
383 | 993 86.7 028 | 370
296 | 1010 597 | 02 | 360
290 | 1026 70 | o022 | 360
310 | 1030 | 694 | o023 | 576
336 | 1057 | 428 | o024 | 380
313 | 1083 | 122 | om 315
318 | 126 | 489 | 02 | e
ms7 | owes | om0 | o |
363
43'.0
B0
:30;3 e
716
610
S 4L3
73
32.0
523

ach group are. arranged in the order of th\. davs from the begm mg 0,
g of headmg under 24 hour photopermd in the first crop, .






