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: Introductioﬁ

It has been recognized that ‘there "is 'a cr1trca1 daerngth for short day' e
plants. Floral bud dlfferentlatron is not supposed to.take place when the day~ :
length exceeds a certam limit (Garner, 1933) However, results of experiments

‘conducted in Taiwan with certam short—day rice varieties have indicated that .

“the daylength sensitive VarletleS grown as first crop did head even under Iong .

. _day COIId]thIlS and in contmuous hght although the1r headmg dates were»f
markedly delayed. Grown asa ‘second Crop, some varletles fajled to head under'

Iong-day condrtzons, but ﬂower pr1mord1a were 1nvar1ab1y 1n1t1ated Hence 11:; :

appears that a critical daylength does not ex1st in"‘the short day varieties of‘
rice in Talwan From: the results of different daylength treatments, the authors -

have been able to determlne the turmng pomt between the short-day and long-
day ‘effect. - This report will deal wrth some stud1es on turnmg pomts in several
,short day Varletres of ‘rice.

' Materials and Methods

The rice varieties used in the Ppresent studies ‘include three native ‘Varieties
cultlvated as second crop in Taiwan, Shuang-Ch1ang (%’I@, Hs1a Chiao- Ko-Tze
("FH*M&H% and Wan Tze (§Eﬁ), all of which belong to the subspec1es Indica,

“and two Japanese varieties, Iwata-Asahi (@EEIEHEI) and Shinriki (@), both. of
which belong to the subspecies Japonica. These five varieties. have been de-
‘ finitely proven to be short-day varieties by a number of preliminary tests.

According to natural Circurnstances and recovery of plant growth, day]eng’ch

(1) Professor and Instructor, Department of Botany, National Taiwan University; ’Parper
: ’I‘alwan, Republic of China. :
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. ;treatments were begun within 10 days of transplantation or seeding. Each

treatment prov1ded 8 hours of natural sunhght and additional hours of art1ﬁc1al
llght was provided by using ZOOW tungsten lamps as supplementary light in
‘ the dark room when ar photoperlod of ‘more than" 8 hours “was ‘required. = ‘The
"'g‘ht mtens1ty averaged 15. 77+4.62 and 11.90--1. 91 foot-candles to the apex:

- and the base of the plants respecuvely The pots were set on the ra111ng-carts i
vte fac;litate movement out of the controlled daylength room at 8:00 a.m. and

back into the room at 4 p.m. each day. :
For each treatment, one or two pots with three plants each was used
hence eagh figure in the followmg tables represents the average ~of three to
six plants. : : -
'_ The methods of eulture followed the general cultural pract1ces for r1ce 1n

Talwan The site of the studies was Ta1pe1, Taiwan.

Least s1gn1ﬁcant difference was used as a criterion to determme the turmng
~ points between the short-day and long-day effect. - Hartley’s sequential ‘method

of testing (Snedecor, “1957): was also calculated lately for comparlsons and
‘ d1scuss1on..

Results and Dlscusswn ot SRR

© During the second Crop season of 1950 two var1et1es, Shuang-Ch1ang and .
Hs1a-Ch1ao Ko-Tze, ‘were. ‘placed under daylengths of 8,12 and 16 hours. A :
g control plot. of ‘each var1ety was placed outdoor as an 1ndlcato" of the effects
: :of natural daylength The experlmental results are shown in Table 1. -

Table 1‘ The number of days (average of six plants each) requlred from
the beglnmng of treatment until headmg for two short day Var1et1es :
~of rice under dlfferent daylength during the second crop season, 1950.

Seeding: R I 1152 27
“Transplantation Aug. 7
Beginning of Treatrnent‘ Aug. 14

i Daylength (hrs'.) R ; e o £
- Variety - ‘ = ' 8 - - 16 ] Control
= Shuang-Chlang, ; : ’;?" 2T 80 | >w S 51 S
" Hsia-Chiao-Ko-Tze : }i w29 | >u 52

L.S.D. ¢4 between photopeniods = 3.183
L S. D. 61 between photoO riods== 5841

The results presented in Table 1 mdlcate that photoperrods up to and
1nclud1ng 12 hours were effective as short day in' these two  varieties. When
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the hght per1od was extended to 16 hours, the headmg of both varletres W&Sv L
’ markedly delayed. . ‘ ol v
v The natural daylength of the second crop season in Ta1pe1 has a gradual‘
~change (Yit and Yao, 1957) starting from July 20 to December 31 ‘and the
".light-period shortens from 13:32 hours to 10:36 hours day by day. The days

“from the beginning of treatment to heading of control pots, therefore, _were

apparently influenced: by the natural daylength and intermediate between 12- :
" hour’s and 16-hour’s. ;

“As judged by Ieast s1gn1ﬁcant differences, . the- turning point betWeen the
short-day and Iong-day effects is: somewhere between 12 and 16 hours.” -
' Since the 1nterva1 between photoperiods of 12 and 16 hours appeared to be
too wide to allow an accurate determma‘aon of the turning - point, the same‘

experrment was repeated during the ﬁrst crop season -of 1951, usmg smaller
~ mtervals between photopenods The results obtamed are presented in Tab]e 2.

Table 2. ‘The Number of days (average of six plants’ each) requlred from
: the begmmng of treatment until headmg of two short- day var1et1es
of rice under different photoperiods during the first crop season, 1951. :
. o ’ Seeding i Mar. 27

" “Transplantation ‘ Apr, 21

o Beginning of Treatment  May. 1

\ B " PR - K :

. . Daylength (hrs.) : ; : . : ‘ ; P
Variety e 8 12 13 | 14 | 15 | 16 |Control
Shuang-Chiang : : 33 . {34 . 54 >90 - 90 >90 1 >90

~ Hsia-Chiao-Ko-Tze i 32 | 3 | 52 | >9% | >0 | >0 | >%

L. S.D. ¢45 between photoperiods= 1.324
L.S.D. g1 between photoperiods=2.006

“Table 2 shows' that the same varieties again demonstrated a short-day effect
under light periods of up to 12 hours for the first crop season of 1951. The
; hééding dates were markedly ‘delayed when the photoperiod was 13 hours.
Heading time is even more delayed under light 'periods of 14 ‘hours and longer.
Judging by the least' significant differences, the turning point between the
short-day and long-day effect “for the two Varieties falls between 12 and 13
hours. = As there is a gradualy change' frorn short-day ‘to fongéday Conditions
during the first crop season at ‘Taipei, these two var1et1es demonstrated the
' ~long-day effect under ‘natural condmons

: Durmg the first crop season of 1954, the authors renewed the study of ﬁ'this
problem; since the responses-to daylength of the varieties Shuang-Chiang and
: Hsia-Chiao-Ko-Tze were rather similar, only one of them, Shuaﬁg-Chiang ‘was
used while two short-day Japanese varieties Iwata-Asahi and Shinriki were
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,mcluded for the first time. The expenmental des:gn and the results obtamed v
are shown in Table 3 and Figure 1. : :

Tabyle 3. The ‘nuymber‘ of days (average of three. plants each):
‘reQuifed from the beginning of treatment until-heading for
threev short-day var*eties of rice under different photoperiods
during the first crop-season, 1954. . v
Seeding ‘Feb. 15

Transplantation Mar. 20~
Begmmng of treatment “Mar. 26

‘Mean squares

Daylength T R I : ) for - - .
(hrs.) | 80[12.0/125/13.0( 13,5 | 14.0 | Control Treat- Indi. [F Valuel D
ment Sl :

. Variety : ‘ i
. \ i : ’ theans viduals

Iwata-Asahi *  |48349.0 54.0/57.0/ 703 | 840 |. 61.3 | 57994 | 219 |26496*+ 119
. Shinriki 45.7/48.0/55.0,59.7) 76.0 | 89.0 | 633 | 76618 | 911 | 8410%* 249

Shuang-Chiang  |53.7/57.0/81.5/77.0/ 1040 | 147.0 | 137.0 |3540.90 | 253.20 | 13.98*% 12.94

L.S.D. d05- between. photoperiods=-7.991" %% Bignificant at 125 level.
‘L.S.D. 0.1 between photoperiods=10.718 e

: 140 $mered IWATA ~ASASHI ‘?
[ % = X SHINRIKI :
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Fig. 1. The number of :days required from: the beginning of: treatment
until heading for three short-day varieties of rice under different
photoperlods durmg the first crop ‘season, 1954

The data presented in Table 3 and Fxgure 1 show that photopenods of 12
hours and shorter act as short-days in all - three varieties. A photopermd of~} :
12,5 hours slightly delayed the headmg of the two Japanese varieties in com-
par1son with a 12-hour photopenod but the headmg tlme of Shuang Chxang,
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- native Vanety of Talwan, was cons1derably delayed in'a12.5 hours photopermd ;

As judged by the L. S.D. o005 and the L.S.D. o1, a 125 hours photoperrod dg
~ a short-day for the two Japanese varieties while it is' a long-day for Shuang- -
Chiang. In other words the turning point between ‘the short-day and long-day
effect for Shuang-Chlang is between 12 and 125 hours The two Japanese
varieties headed slightly later under a 13- hour than under a125-hour photoperrod :
but the dxffer,ence is not significant. If the results obtained Wlth photoperrodse
of 12 and 13 hours-are compared directly, then the difference for variety Iwata-
Asahi just  exceeds the 594 1evel, while that’ for variety: Shinriki ‘exceeds the
1% level, ‘Therefore,; the turnmg pomt between the short-day and long-day
~ effect for the Japanese Varretles can be considered to lie between 12 and 13 hours.

It can be concluded from F and D values, excluding the results of natural o
daylength as shown in Table 3, that the turning point between short-day and ¢

Iong-day effect is between the light-periods of 12- and 12,5 hour forall three -
‘varret1es Apparently the’ testing hypothesis by computmg a difference; D,

which is 51gn1ﬁcant at 5/ level is more powerful than the use of Ieast srgmﬁ-
cant difference.” :

Ph@toperlods of 13 ‘hours and longer very marked]y delay the headmg ofi o
all ‘three varieties. :

Durmg the second crop: season of 1954, one more Taxwanese short day 'ﬁ'
variety, Wan- Tze, was included 1n the experrment along with the three varletres '
used durmg the first crop Season. D1rect seedmg was used 1nstead of trans-
'~p1ant1ng to ehmmate any pos51ble effect of transplantatron Two photoperrods,

- 16 hours and continuous l;ght Were added to the treatments The experrmental
i results are shown in Table 4 s ,

’I‘able 4 The number of days (average of three plants each)
requlred from the beginning of treatment “until headmg of
four short-day varieties of rice “under different daylengths

S > during the second crop season, 1954,

Seeding -~ uly. 22
Begmnmg of treatment Aug. 11

Mean squares
i for B B :

| Treat--|Indi- |F Value “D:

“ment. vidu- s

means als

Iwata-Asahi . |37.3 325 353 47.7 |607 807 |90.0{1247 |307 3,177.14 2948 | 107.70% 3.08
Shinriki  |34.7120.7367| 47.0 |723 905 | *| - * |420/ 199750 7.03 | 251.80% 101
Shuang-Chiang |257)25.7|3L.7) 53.7 |93.7123.7 | * | * |56.717,647.0824.98 | 707.01%% 336
Wan-Tze  [2552473871183 | *| * | *| * |770/ 5152309408 | 5476+13.22 °

Daylength
(hrs )

o 80[12:0/125 13.0 [135] 14.0 160 240
Variety : : . :

, ,(Co,ntrol‘ ,

* Did not head until December 16, 1954 but ‘the flower bud was drfferentrated
** Significant at 12 level. -
: L S.D; g5 between. photopenods— 8465 : : ! : o s o
L.S.D. pi between photoperiods=11.243 1 S : : b
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The results have been presented in graph1cal form in Figure. 2.
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Fig..2. The number of days required from’ the beginning of treatment until -
the headmg of four short-day varieties of rice under -different day-
lengths. during the sécond crop season, 1954.

: The least significant difference for the testing of d1fference between treat-',
ment means obtained in the results of second Crop; 1954, is 8.465 at 5% level
or 11.243 at 1% level. Usmg these values as criteria, the turmng point between
the short-day and long-day effect for the three var1et1es, Iwata-Asahi, Sh1nr1k1 ,
and Shuang-Chiang, is found between 125 and 13 hours and the Varlety Wan-
Tze lies between the 11ght-per10ds of 12 and 125 hours. :
' Snedcor s F and D values haVe also been presented in Table 4.  'The results
for natural day-length were. again excluded from the calculations.
" Based on these calcula‘aons, the turnmg pomt for variety Iwata—Asahr
' should be between 125 and 13 hours, while that for the other three varieties
should be between 12 and 125 hours ' :
Usmg photoperiods longer than 13 hours, 1t was found that the longer: the
: photovperiod, the more significant was the delay of the heading dates of all four
" varieties. Vanety Wan-Tze did not head when the photoperiod was 13.5 hours
‘or longer. A 16-hour photoperiod or contmuous light prevented the heading of
varieties Shinriki and Shuang-Chiang. Nevertheless, When the growmg points
of the three varieties which failed to head were exammed they were invariably
found to have formed flower pr1mord1a Among the three varieties the. degree
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of dxfferentlatron was mrost advanced in Varlety Shmrlkl, in thch dszerentzatrony

© had progressed as far as a complete ear. Drfferentratzon was less advanced m"

varlety Shuang—Chrang and least advanced in varlety Wan-Tze. ‘Thus, the failure

of the three varieties to headdurmgthe second crop season may be attributed '

to the imitial delay in the differentiation  of ‘flower primordia under Nv'long-da‘yf

" conditions ‘and the subsequent low. temperatures which prevented the furtherr'

development of the inflorescence. In Eguti’s (1937) words, “the ear emergence”
of these varieties is suppressed in long-day conditions, but “the -differentiation

- of ﬂower primordia” is not completely 1nh1b1ted Cho (1930) has reported a

similar phenomenon in short-day varletres of rice ‘grown under long-day con-:
ditions: ;

On the- ‘basis of the number of days requlred from the bedlnmng of treat-r
ment until heading under a 13.5-hour photoperiod during the first and second :
crop seasons of 1954 and the degree of differentiation of the apex of those
varieties: Which failed' to head, the four varieties can be arranged 1n the foIlowing‘

order of decreasing sensitivity to long-day conditions (Photoperiods of 12.5 hours :

and 'longer)' Wan-Tze is most sens1t1ve, followed by Shuang-Chuang, Sh1nr1k1, '
and Iwata-Asashi in that order .
Supposedly the different response of the'foregoing Vari'eties to photoperiods :

-~ Jonger than the;idaylength which constitutes ‘-the turning point may be attriyhuted

to genetic differences. There may be 'much: variation in degree of sensitivity

among rice varieties. ‘ A i o ;
Two reports by Japanese Workers dealt with s1m1lar studles, but neither

one d1scussed the turmng point. - By exposmg five var1et1es belongmg to d1ffer-'

ent Japanese geo ecolog1cal d1str1cts to daylengths of 7,9, 11,12, 13 14, 15 and
17 hours and ‘nattiral day-length M1yabayash1 (1944) found that var:ety Bozuv,‘
was day neutral and that the optimal photoperlod of Var1ety Kuhe1 No 2 was '
9 to 12 hours, Whlle that of the Var1et1es Ginbozu, Shlnr1k1, and Kyushu No 8
was. 9 ‘hours: Accordmg to the authors calcu]atron, the turnmg point for the -
Varlety Kuhei No. 2 is between 12 and 13 hours Whﬂe that for the other three =

varletles is between 9 and 11 hours M1yabayash1 stated that for all varieties,
with the exceptlon of the day»neutral ones, the vegetatlve growth per1od was

- shortest when ‘the photoperiod was. opt1ma1 but that the vegetat:ve growth

period ‘would gradually incredse in length when the photoperlod is ‘somewhat. :
longer than the optimal one, and that the vegetatlve period would be greatly e
prolonged when: that duration of the: photoperwd exceeded a certam hmlt ,

-Motinaga and Kuriyama: (1954) treated 20 varieties from different regions :

~of Asia  with photoperiods of 105, 11. 5 and 125" hours Their results are

snmmarlzed in 'Table 5.
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Table 5 The effect of photopermd on the duration of the vegetative growth
. perlod of a number of dlfferent rice varletres (After Mormaga 1954).

o Vegetatlve growth ‘period m days :
Variety Navttriféevgﬁ(;%yof . kunder dlfferent photopenod (hrs) ’
: L ; ‘105 | 15 | 125
_ Emata Yin A 31-32 0 Buma | s | B | o8
. Myac 104 L Burma 73 78 e
. Heemati  Ceylon 82 80 | s
Kokumawi B-1l |  Ceyln = | 78 a | =
. Fukoku S ' o ,(Japan 46 43 45
Norin No. 20 Japan | 5 52 | s
Norin No. 18 ~  Japan el 58 6l
CPb16 . India 88 | mus | —
T-100 St ‘India | B4 | 58 | .83
GEB 24 B -~ India |7 T 144
Gendjah Ratgi : S Indonesia - - ‘ 140 i 11890 141
Bak | Indonesia 133 188 | o1et
‘Brondol Putih 277’ 1 Indomesia | 156 163 | 182
Tiina Indonesia . | 106 | 122 | 144
. Skrimankoti < Indonesia "~ 75 o 114 : .
Acheh Puteh  Malaya | 116 | 130 | 149
 Siam 20 \ | Malaya | 80 | 104 =
Ravang = Vietnam 83 o107 s
Samo' : Vietnam 61 73 108
Panai | Pakistan | 7 | 7 | 110

Accordmg to the authors ]udgement the turnmg pomt is between 105 and,k

115 ‘hours for varieties Kokumaw1 B-11, Ptb 16, GEB 24, Tjina, Acheh Puteh Slam
29, Ravang and Samo The turmng point: is between 115 and 125 hours for
‘var1et1es Emata Ym A31-32, Miyac 104 T 100 Baok Brondol Putlh 277, Skr1‘
: mankot1 and Patnal, Whlle for the other var1et1es, the turmng pomt 1s over
125 hours or the Var1et1es are day- neutral o : :

‘ It seems that the turning pomts found by the Japanese Workers have a
tendency to be shorter than those obtamed by the authors in Tarwan The
cause of such drscrepancres has to be the sub]ect of further studres

' Summary o

1. 'Tn Taiwan, the vegetative growth period of short-day rice varieties
pIanted under long-day condition during the first crop season was markedly

prolonged but all’ var1et1es flowered. When the’ same" varieties were planted

under long-day conditions durmg the second cropkseason, somie failed to ‘head;

e
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but flower pr1mord1a Were 1nvar1ab1y d1fferent1ated The authors concluded
therefore, that the short-da;r rice var1et1es cu1t1vat1ed m Ta1wan do not possess
a critical day length, but that there is a turnmg pomt between the short-day
and long-day effects , : e ‘

2. ‘The turning pomts determrned for the var 1et1es used in the experlments'”y '
have been summanzed as follows: :

S -Daylength: (hrs.) .
Variety = - T ;
e First crop = . ..Second crop
 Shuang-Chiang ’ Sl rze1zs | 12025
Hsia-Chiao-Ko-Tze - 1201300 |
CUShinrikio o , C120-125 o 1202195
Iwata-Asahi S | 120-125 | 1257130

3. The exper1menta1 results obtained by the Japanese Workers on short-w' v

wvarieties from different regzons of Japan and other parts of Asia have furmshed
turmng points which in terms of photoperrod are generally shorter than those o
found by the authors in exper1ments conducted in Talwan ' .

: Acknowledgement :

The authors wish to éxpress their best thanks to Dr. H: W. Ll, Dr HIJ
Ketellapper and Dr. C. E DeVol for their kmdness to read the _manuscript. '

s Literature, Cited *

CHO, S.  On the inﬂuence of day length and lisht mt'ensltyﬁ caused by 'obstructlon and

- night illumination upon the growth of ‘rice; plants (1), (In Japanese) Agr. & Hort. .

51 1059-1066, 1930. 3
EGUCHI, T..- On the effect of day]ength before and after ﬂower bud 1n1tlatlon (m Japanese).
Jour. Hort. Soc. 8: 1-71, 1937. ‘
GARNER, w. W Comparative responses of long- day and short- day plants to relatlve length'
“ofiday and night.  Plant Physiol, 8: 847-356, 1933, : ;
I\’IIYABAYASHI Ti Earliness and lateness of rice varieties and thexr optlmum and crltlcal '
: daylength (in Japanese). Proc. Crop. Sci. Sec. Jap.-15: 194-196, 1944, i
MORINAGA, T, and  H. KURIYAMA Somie experiments -on - the photopemod:sm in rice.
' Studies on Rice Breedmg (A separate volume "of “the: ]ap Jour. Breeding 4): 35-63, £
: 1954 ’
SNEDECOR, G. W. Statlsucal Methods, DD. 251-253 1957
YU, C.J. and Y.T. YAO. Ueber d1e Vererbung der Ausschusszelten belm Rels ]ap jour
Genet. 32 179-188; 1957




® Bot’anical, Bulletin of Academia Sinica ~ Vol.2

kA i o & B R
1 %ﬂaﬁmﬁ&ﬁzﬁaﬁxﬁ&aﬁﬁ%ﬁm%‘
FoRE R Ao

i Garner fifi (1933) ) ABRAR (Daylength) RIS » BT
B (Critical daylength) o s/ H 4% (Short day plant) s #2H BB Rk
: ﬁ?‘F BN RREBATERSE ‘Iﬁﬁ%‘%fﬁ S e S G hPEH KR REE R
REET  Rfe 24 /NRRIE FARRET 0 SCHRNEEBETIEE - WHRREHA o £ T 1 ST
'Iiﬂyk?é‘nnﬁﬁﬁaﬂk 5T » BB R 0 T HAERBE AL o MRS SmHE
KRS GRS > 4% Garner F’%H@)ﬁ%t@ “RRSLH %z” ﬁ‘ﬁﬂﬁ%ﬁ#@j‘rﬁiﬁ%ﬁéﬁﬁﬁ% -
. ﬁﬁﬁ%ﬁ%ﬁo '
o e Bf"‘é’ﬁ% Tﬁﬁlﬁ%ﬁ %ﬁ%_%@jﬁﬁa%mﬂa . ﬂaj:%ﬁazf:m
' %ﬁ%@%ﬁa‘ﬁ% » FE RS T T e 12 /DReH B 13 /MREH B2 o
PEEE R —S B AT RIS / ?Eﬁ%ﬁﬁ%@%& 12 /MR R B 2R HRE
%ﬂt‘%@ﬁééﬁ@ » BEFE - BONDIETS o : '
W%%Eﬁﬁ%ﬁ%ﬁﬁ%%ﬁﬂ% A Least Slgmﬁcant leference %n Hartley s
Sequentlal Method » fEF#EE + RELERENERME






