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. Introduction

In the prev1ous reports (Yu et -al, 1962), it was pointed out that: “the
turning pmnt between short day and long day effects for the gshort day rice
variety. Wan tze (#fF) was between the light period of 12 and 125 hours. That

- for the short day rice varieties Iwata- Asahl(%EHEHEI), Shinriki (7)) and Shuang-
'chlang %Bﬁ) was between the light period of 12 and 13 hours. Also they
~pointed out that the floral bud initiation of the variety Shuang-chiang was

delayed: whvn the dark period was interrupted by light. The nearer the turmng‘

point, the mote marked was the effect of the light break.

~In this paper, results will be presented on the dl‘ffer’entlation of the growing

’poi.nts of the first tillers in a short-day rice variety as affected by various com-
~ binations of light periods and dark periods of different duration. Such a study
“is aimed at the further understandmg of the turning pomt between short day
: and long day effects in short day varieties of rice. ’

“Prior to this experlment a prehmlnary experiment was conducted in 1954

' The short day rice varlety Shuang—chlang was grown contmuously in a short
day of ‘8 hours and the size and degree of differentiation of the: growmg Points

of three plants were determined every day. Durmg the expenmental period,
the temperature was 29.234-059°C. The results thus obtalned are shown in
Table 1. ‘

It was found from microscopic observation that the growmg point. of " the
variety Shuang chiang had definitely arrived at an early stage of differentiation

.{1) This is a report of a series of photoperiodic studies on.rice done jointly with Prof C.J.

Yu of ‘Department-of Botany, National Taiwan University, Taipei, Talwan
2) - Instructor, ‘Department; of Botany, Natlonal Taiwan Umversxty
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of branch prlmordla of the first order or even had reached the mlddle stage on .
the 7th day of short day treatment. Tt was dlso found that the growing pomt
o had deﬁmtely ,,started to differentiate effectlvely on the 4th day of the treatment.

Table 1 The size of the growmg pomt of short day varlety “Shuang-

Days of Lﬁngth (mm) '7 - o

e | e | ézzz‘::f;np* e
1 0.097:£0.024 0.100::0.019 0.067:£0.016 0.065+0014 - -
2 0101£0.020 e 007240015 .
3 0.106:£0.020 | 00730011
4 0.121:£0.020 0.082:4:0.009

5| 0130+0.027 0.084::0.015
6 0.152:0, 069 : 0.093:£0.031
7 10.193::0.058 0.111:£0.024
8 0.229::0.107 0.156::0.083
9 | 0452::0.222 0287:1:0 143
012740023

) , day hght ‘was used in the day tlme and 1200 Watte electrlc

. lbs were used du ng the mght The hght mtens1txes recexved by plants under o
Hicial hght were determmed as follows: 7 - >

" ‘Average - nghest Lowest -
nght 1ntens1ty at the top of the plant 1257 8c 25 f,c., e
- nght 1nten31ty at the base of the plant 908f c. e o
ot g darkness were covered by a dark box made of asphalt pap

- : October 21. ’I‘he temperature dr rmg the perwd f treatment'
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treatment was completed, the plants were dug up and the growing points of their first
tillers were collected and preserved in 50% ethyl alcohol.

Experimental resuits

The length and width of the growing points preserved in 502 ethyl alcohol
were measured and the results are shown in Table 2. The mean sizes are

expressed graphically in Figure 1.

#3715

i

Fig. 1. The mean size of the growing point of short day variety
“Shuang-chiang” in relation to various combinations of
light-periods and dark-periods.

At the start of the treatments, the length or width of the growing points
of the first tillers was invariably below 0.069 mm. The growing points of plants
which had been grown in continuous light for 14 days increased very little in
size. They were on the average 0.074 mm long and 0.065 mm wide. They were
still vegetative.

From Table 2, it can be seen that the duration of light period had marked
effects on the floral bud initiation of the short day variety of rice. The growing
points were largest under the 12-hour light period with an average of their
mean length and width at 0.153 mm. The next largest were those under the
8-hour light period with an average of their mean length and width at 0.124 mm,
followed by those under the 4-hour light period with an average of their mean
length and width at 0.109 mm. The smallest were those under the 16-, 20- or
24-hour light period with an average of their mean length and width at 0.092 mm,
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- The duration of the dark period also markedly affected ﬂoral bud. d]fferentla-
tion. - After the experxmental period of 14 days, tha size of the growing pomts,

Vbased on the average of their mean length and width, was 0.070 mm under’ the

24-hour light period and varied between 0.091 t0:0.132 mm, dependlng on the
length of ‘the period. The differences between continuous light and any. of the:
treatments with.a dark period were significant at 1% level, Among the dark
periods, the 12- hour dark penod demonstrated the largest difference from the
24-hour llght perlod followed by 16 20 8, 24 and 4 hours in that order

Table 3. The s1ze of the growmg point of rice under ﬁfteen
" combinations of light and dark periods Whlch stimulate
floral’ differentiation of the growing point,

e Light and dark The size Of ) S i
Order period growing point |- Differentiation Stagef
: S (hr)~ (mm) § :
i " , o | A middle stage of the differentiation of -
. ! 12 12 ‘0'279 } o branch primordia of the first otder
2 12--8 0.176** \ PRRERT
"3 8-24~ 0158+ |
T4 816 0.157** ' g
~ 5 20 . sk | An early stage of the dlfferentlatlon
o 8 0 . 0.144% 3 of branch primordia of the first
6 , 12-20 0.139%* order. .
7 4-8 0.135** |- :
8 412 0.128%*
9 12167 ] 0_120**1
10 16-24 | - 0108%%y -
*12 =4 105% - | P : : :
: T »0,105‘ > "~ A-stage of bract primordia increase.
13 4-20 . |. 0103* S o : -
14 12-24 0.101* : SR
e - foo12-4 ) ooz00% ]| '; Comi

i ,and * - Showing sxgmﬁcant difference as compared w1th ‘the plant. under the 24—hour

hght period ‘at 124 and. 5% level. respectively.
t:According to Aklmoto and Togam (1939)

il

,f'Among the dlfferent combmatlons of hght perlods and dark perlods, the
combmatlon of a 12—hour hght-perlod Wlth a ‘12 hour dark—perlod caused the
growmg pomts to grow Iargest The average size Was 0279 mm ThlS treat-

men.t also gave the largest degree of ﬂoral bud d1fferent1atlon. ’ The growmg

pomts had reached the SO- called mlddle stage of the d1fferent1at1on -of branch

kprlmordla of the ﬁrst order (Akimoto. and Togari, 1939).  The dlfferences in

average size of the growing pomts between this. combination “and all others
wers significant at 1% level. - Fourteen other combmatxons could also induce
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differentiation of the groWing points, causing them to form the primodia of the
floral buds. T_he average size of the growing points was between 0.100 and-
0179 mm under those treatments. The duration of light periods and dark
pe’riods in the 15 effective combinations and the size of the growing points
and ‘their degree of dlfferentlatlon ‘under ‘those combmatlons are shown in
kTable 3 ~-

" The 15 effective combinations can be arranged according to the duratlons
of light perlods and dark periods as shown in Table 4.

Table 4. The distribution of 15»effecvt1ve combmatlons in the various
combinations of light periods and dark periods. (The number
indicates the order of effectiveness.)

~Tight-period (At , 7 ~ )
‘ ' . 4 8 12 16 20 24
‘Dark-period (hr.)\ . | ) ‘ ‘ B ‘
f 4 : 12 - 15 — - -
12 8 11 1 T -
16 = 4 9 — - -
. 20 SR E 5 | 6 = ==
o4 — 3 14 10 — —

The following results may be noticed from Table 4.

a). As far as the duration of light period is concerned: : ,

i) When the light period was 16 hours long, floral bud initiation could be
- induced to some extent in a 24~hour .dark period ‘in the experimental period of
14 days, but could not be induced at all when the dark period was shorter
than 24 houts. , , .

. 11) ‘When the light penod was 20 hours or -longer, floral bud 1n1t1at10n
could not be induced within the exper1mental period under any of the dark
perlods used in this experiment, i. e, up to 24 hours in length.

iii) - The optimal photoperiod was 12 hours. When the photoperiod was 12
hours, floral bud initiation could be induced under any of the dark perlods
tested 'in-the experiment. The degree of differentiation varied with the length ,
of the dark period.” As mentioned before, floral bud initiation: was- most strik-
ingly Promoted by the combmatlon of a 12-hour lxght perlod plus a 12 hour
dark-permd” \ .

“iv)y ‘When the light period was 8 hours long, floral bud initiation could
only be induced within the»experlme‘ntal period under a dark period of 12 hours
or’ r'nore.? ‘But a dark period of 16 hours or longer ‘was more effective ‘than 12
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hours. ~ : «
v} 'When- the" 11ght perlod was 4 hours long, ﬂoral bud initiation could not :
‘be induced within the experimental period by a dark perlod of 16 or 24 hours.
‘8.and '12-hour dark periods were most effective. : ~
b) As far as the duration of dark period is concerned ;

Floral bud 1mt1at10n could be induced in the experimental penod under
dark periods of all the different durations as specified in the present experiment
as long as they were combined with light periods of appropriate durations. But
combinations with the 4-hour light period. were the least effective in photo-
periodic induction. ) : . :

\ Discussion
~Hamner (1940.)‘ su'bjected soybeans (Glycine max) to a 16-hour dark period
combined, with various photoperiods. He found that 7 cycles induced the for-
matlon of floral buds when the light period was shorter than 18 hours. No
floral buds were formed when the light period was longer than 20 hours. Also,
when the length of the light period was. 16 hours, the formation of floral :buds :

was not induced by 7 cyeles: when the dark period was 10 hours or rshorkter.
Floral:buds were formed when the dark period was 101,’§Vhours or longer.

Thus Hamner suggested that in the ,ksoybean,' a substance A was formed in

the light and a substance B in the dark. A substance C »Wo‘uld;be formed when
A and B in a certain ratio due to a suitable combination of light period and
dark per1od This substance € would induce the formation of floral buds. .
, In examining Hamner’s experunental results it is clear that floral bud'
. formatlon occurred in soybeans when the dark Pel‘lﬂd;W?S longer than the lrghtv ,
period or when they were about equally long. - When the dark period was shorter ‘
than the hght period there was a minimal length of ‘the dark perlod which still
caused floral induction. If the dark ‘period was shorter than the minimal one,
no floral bud formatlon would take place (For example, When the light period-
.was 16 hours long, no: ﬂoral bud would be formed when the dark. penod was
: shorter than 1044 hours). : o St :
T In short, in Hamner’s experiments, the dark perlod was fixed at 16 hours .
and the duratlon of the light period was varied; or alternately, the light penod,
was fixed at 16 hours long and the length of the dark perlod was varied.  His
experimental results indicated that the light period was as important as. ~thef'
dark period for the formation of substances which induced ﬂoral bud 1n1t1at10n
Accordmg 1o the results of the present ‘experiment with rice no floral bud
1n1t1atlon could be induced durmg the experimental period When the 20- or 24-
hour light period was combined with any one of the dark perlod of various
duratlons While the combmatlon of 12-hour hght per1od plus 12-hour dark,, ~
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period was the most effective one in photoperiodic -induction, the combiﬁatioﬁ ,
of 24 hour hght period @lus 24-hour dark perrod which has the same ‘ratio of
»f,hght perrod to dark perlod could not induce ﬂoral bud 1n1t1at10n Therefore,
Hamner’s hypothesis that substance 'A and B are formed in’ the hght period
and dark perlod respectively; ‘and that they combine to form a substance ‘¢
‘which induces floral bud initiation depending on the proper ratlo does not seem
to apply to ‘the short day varrety of ‘rice. - S : S ’ff{i
' From the foregomg experlmental results two poss1ble 1nterpretat10ns cone
cernmg the photoperlodrc induction of the floral buds of nce may be suggested‘
First, the substance which induces floral bud initiation is fornmd in ‘the ‘dark
period.. If the dark perlod is too short, the substance will not be formed in
‘adequate amounts If the hght per1od is too long, the substance formed m the
'dark perrod may be destroyed Second a precursor of the substance Whlch
mduces ﬂoral bud 1n1t1atron is formed in the llght perxod and its transformatlon
takes place in the dark perlod If the dark per1od is ‘too  short or the hght
perlod is too long, the time for transformatlon ‘may become 1nsutﬁc1ent

To sum up, dxsregardmg both assumptlons, when the dark perlod is too
~ short or the light perlod is too long, the substance which 1nduces ﬁoral bud
mrtlatlon will not be* formed or will be formed very slowly and w111 not
’accumulate to the extent necessary for the 1nductlon, and therefore ﬂoral bud
‘mltlatlon farls to take place or it takes place but slowly.
,‘ Lang and Melchers (1943) observed that floral initiation could be 1nducedu
by a supply of carbon compounds when the long day plant Hyoscyamus was'
, grown under short day condltlons Tashima and Imamura (1953) ‘and Tashima
(1953) were able to. 1nduce ﬁoral bud 1n1t1at10n by the same means in the short :
day plant Pharbztzs nil and 1n the long’ day plant Raphanus sativus grown ‘under
continuous dark conditions. The light petiod had no effect when carbori dioxrde;
 was removed acc0rd1ng to Parker and Borthw1ck (1941), -and Harder, Bode ‘and
Wltsch (1944) - All these observations-seem to suggest that the llght permd i
essentral for the formation of the precursor ‘(a carbon’ compound) of the ﬂoral

- bud formatxou substance. In other words, of the two 1nt°rpretat10ns concernmg

. ,photoperlodlc induction as mentloned above, the second one is the more plausi- :

: ble The combmatlon of a 12-hour light period with 'a 12-houf dark- penod

was the most’ effectwe in promotrng the formation” of the precursor of theé ﬂoral L

bud format1on substance and the transformatlon of ‘the former into the latter
in the short day‘ varrety of rice. It also seems évident from ‘the experlmental
: results that the best comblnatlon of light perlod and dark period is the actual
12 hours of hght perlod plus 12 hours dark: perlod and ‘that this comblnatlon
cannot be replaced by other combmatlons thh the same ratxo of hght and
darkness ‘ g S e
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.~ Furthérmore, according to the results obtained previously the short day
varieties of rice:can Stﬂl head,  although very late, under 24-hour: contlnuous_
illumination (Yiiiand Yao, 1962 and unpublished data). Therefore, the atithor
believe ' fhat the most appropriate dark period as needed. by the short day
varieties of Trice ‘essentially speeds up “the transformatlon of the: precursor into
floral bud formation substance to the maxxmal extent, but - that - ‘such a
transformatlon is not necessarrly 1mposs1b1e in the light period.

" By comparing the results ~of the present experiment with those of the

- prehmmary'one (see Table 1), it was found that the floral bud initiation was
generalilyu slower in the present experiment than - in  the preliminary omne. jAs

far: as the degree of floral bud initiation is concerned, the growing points with
an average size of 0.279 mm on the 14th day under the most effective treatment
of 12:hour. light plus 12-hour darkness 1n the present -experiment are compar- -
able to those between the 8th day with an average size of 0.193 mm and ‘the

9th day with an average size of of 0.369mm in the preliminary experiment.

The growing pomts with an-average size of 0158 mm "on the 14th day under
the treatment of 16-hour dark perlod plus 8:hour -light  period in the Ppresent
experiment are about comparable to those between the 6th day with an aver-
age: s1ze of 0152 mm and the 7th day with an-average size of 0192 mm in the
prehmmary expenment The author believes that this difference in ‘the rate of

" floral bud initiation is due to the temperature factor. The prehmmary expe;rr-
- kment was conducted from May to July when ‘the temperature was hlgh (29 23:!:

054°C) whlle the present expenment was conducted in October When ‘a lower
temperature prevalled (21. 20:&:1 60°C) It has been recognlzed hy a number of :

'WOrkers “that temperature will: influence the effect of short - day treatment or

more specifically, . low temperature will: cause a delay in the effect of short day

treatment. Th1s was first. reported by Hamner and Bonner (1938)., In this

c0nnectlon, rice is certamly no exceptxon as demonstrated by the expe i ‘ental

et

Summary

: 1 By subJectmg the Formosan short day var1ety Shuang-chrang to all

possuble combmatmns (36) of hght perlods and dark perlods of 4, 8,12, 16 2
, and 24 hours duratlon respectlvely, it Was found that the most effectxve com-

bination for inducing floral bud initiation in this varlety ‘was a 12-hour dark
period plus a 12- hour light period. This indicates that the combmatlon of a
light period and a ddrk period which is similar to that of the turning point,
is more éffective than any of the other combinations ‘of light and dark ‘periods.

2.-.0n the basxs of these experimental results, Hamner’s experiments and :

deductlons were discussed. Doubts were cast on the va11d1ty of  Hamner's
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hypothesis for rice. Because of insufficient experimental results, other hypotheses
related to the substance inducing the formation of floral buds were not discussed:

3. By comparing “the results of the prese‘nt“ experiment with ' those of
preliminary. ones, it was found that low temperature wotuld suppress the -effect
of short day teratment in rice.
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