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 1, Seecl germination  ef  Begz)nia Ela)ansiana ANDR,  was  investi-

gated  at 29eC.
 2. The  germination  was  induced  under  Ieng-dav  cenditions.

the  critical  daylength  being about  8 heurs. Exposure  to nt  least
2 or  3 cycles  of  long days was  necessary  for germins.tion. The
seeds  could  germinate  under  otherwise  norr-inductive  photoperiods,
when  the  dark  period  was  interrupted with  a  short  period  of Mu-
mination.  Thus  the photoperiodic  behaviour  of  Begonis  seeds  in

germination  is simirar  te that  of  typical long-day plants  in flowering.

 3. The  app]ication  of  gibberellin brought  about  no  germination
in complete  darkness, but markedly  reduced  the  critical  daylength
for germination,  even  1--minute photoperieds  being  inductive. The

germination  under  continuous  light was  also  iavoured by gibberellin
application.  The  action  of  gibberell;.n  in  germination  of  Eingvnia
seeds  may  be te  intensiiy the  light action  or  to subst{tute  for a

part  of it.

   While studying  on  the  pheteperiodism  in the  formation and  sprouting
of  aerial  tubers  and  in the, flowering  with  Bagonia  Evansiana  ANDR.,  it
was  found that the  germination  of  the  seeds  of  this species  is also

controlled  by photoperiods, The  photoperiodic  control  of  seed  germina-
tion has  been demonstrated  iii a number  of  ]ight-responsive seeds  since

it was  reported  by IsiKAwA  CI) and  BLAcK  and  WAREiNG  (2). Although
it seems  of  interest to compare  the photoperiodic  phenomenon  in germi-
nation  with  that in flowering, there have  been few  detail'ed works  on

the  former  as  yet, In the present  paper,  the  photoperiodic behaviour
in the germination  of  seeds  of  B. Evansiana was  studied  minutely.

   On  the other  hand, it has been reported  that the  light reqttirernent

for germination  of certain  light-sensitive seeds  is eliminated  by the

 
i
 Present  address:  Dept, of  Botany,  Hokkaido  University, Sapporo,

Refeft2nces P. 46  39



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

40 M.NAGAO,Y.ESASHI,T.TANAKA,T.KuMAGAIANDS.FuKuMOTO  Vol.1(1959)

action  of  gibberelllni (3>, and  that the photoperiodic  response  in fiower-
ing is also  affected  by GA  treatment  (4), It appears  therefore interest-
ing to investigate the effect  of  GA  on  the photoperiodically-controlled
germination  of Bagonia seeds.

                    MATERIAL  AND  METHODS

   Seeds  of  Begenia  Ebuansiana ANDR.  collected  in 1956 and  1957 were

used  fer the  experiments  in 1957  and  1958, respectively.

   About laO-250 seeds,  which  were  very  small  and  light, were  fioated
on  about  10 ml  of  distilled water  or  test solution  in glass tubes,  ca.  2cm

in diameter  and  ca.  4cm  in height. Three  te  .four tubes were  usually

employed  for each  treatment.  The  tubes were  placed  in black boxes

made  of  paper  board to keep them  ciark, the  Iid of the boxes' being taken

off  for the  illumination of  seeds.  Fluorescent  tubes  (Mazda 
``natural

daylight") were  used  as  light source,  seeds  being illuminated at' the

intensity of  about  750 lux. The  experirnents  were  carried  out  at' 290C.

   Germination was  counted  under  a  dissecting microscope  9 days  or

more  after  the start  of the experiments,  when  the germination  had

practically or  completely  terminated.

                           RESULTS

Light  Rt?quirement  for Germination
   Seeds  were  illuminated for various  periods immediately  after  sowing

and  then  kept in darkness for the remainder  of  the  experimental  period.

The  results  ef  three  experiments  carried  out  on  separate  days are  shown

in Fig. 1.
   Similar effects  of  illumination were  observed  in these  experiments,

altheugh  the  rnaximum  germination  percentages  were  different among
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      Fig,  1, Germination  percentages  of  seeds  exposed  to variotts  lengths

      of  illumination. A  and  C, results  after  9 days; B, after  12 days.

 ) The abbreviation  GA  will  be used  in this  paper.
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them.  No  seeds  germinated unless  they  were  exposed  to light at least
for 2 days, and  illumination of  3 to 4 days' duration was  suMcient  to
give the maximum  germination  percentage.

ELt71?ct of Dady  Photof,eptied en  Geimination

   As  shown  jn the above  experiments,  light is required  for the germi-
nation  of  Begonia  seeds,  It was  found in the following experiments  that

the  g,ermination is photoperiodically controlled.  In one  experiment,  the
seeds  were  exposed  to  various  lengths of  daily photoperiod  for 10 days
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        Fig, 2.
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(Fig. 2), and  in another,  they  were

subjected  to  6 cycles  of  photoperiodic

treatments  and  then  maintained  in

the dark for 7 days (ITig. 3>.

   Germination  was  observable  only

when  the photoperiod  exceeded  about

8 hours and  increased with  the
lengths of photoperiods. Photoperiods
of  12 hours or  more  gave  nearly

constant  germination  percentages.
Thus  the  results  sLig.crpust that  the  pho-
toperiodic response  in germination  of

Begonia  seeds  corresponds  to that in
fiowering of  long-day  plants,
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Fig,3. Germinationpercentagesof

seeds  exposed  to various  lefigths
of  photoperied  for6  days  and  then

kept in darkness  for 7 days.
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   period is interrupted with  tight.

 aerminate  even  under  4-hour photo-
hour  was  applied  in the middle  of  the
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da･rk period, 6.2 and  15.0 per  cent  germinati,on being obtained  after  IO

arid  12 days, respectively.  In the next  experiment,  the  seeds  were  exposed

to 6 cycles  of  7-hour photoperiod  and  subsequent  17-hour dark period

which  was  interrupted in the middle  with  various  lengths of  illumination.
The  seeds  were  then  kept  in the dark for 7days. The  results  are  shown

in Fig, 4. A  light-break of only  5 minutes  was  effective.
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Fig, 4. Effect on  germination  of  various  lengths  of  light.

interruptions given  in the middle  of  17-hour  dark  period.

                    The  following experiment  was  then
                carried  out  to determine the effect  of  the

                light-break in relation  to the  time  at  which

                it is given. The  experimental  conditions

                were  similar  to the above  except  that a
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Fig.5,  Effectongerrnination

of a  3e-minute  light-break

given at  various  times  in the

17-hour  dark period  of  each

of  6 cycles.

of  long-day plants by the  light-break

Minimptm  AJtzmber of Cycles Rkequifed for
   Seeds were  exposed  to 1 to 6 cycles

kept in darkness for the remainder-

results  are  given in Fig. 6.

   At  least 2 cycles  of  longer photoperiods  or  3 cycles  of shorter  photo-

periods  were  necessary  for germination,  The  gerrnination percentage'
increased with  the number  of  cycles  given and  nearly  reached  the  maxi-

rnum  by the exposure  to  5cycles. The  fact Phat at  least2days'  exposure

was  needed  for germination  in the  previous  experiments  in which  the

seeds  were  exposed  to single  photoperieds  (Fig. 1), is consistent  vvith

the present  results.

30-minute light-break was  given  at  various

times  in the dark period of  each  cycle.

As  shown  in Fig. 5, the light-break was

most  effective  when  given about  the  middle

of  the dark period.
   The  present  results  clearly  indicate

that the germination  of  Begtmia seeds  is

affected  in a  similar  way  to the fiowering

     given during  the  dark  period.

        Germinatien
       of various  photoperiods, and  then

      of  the  experimental  period. The

Refbrences P. 46



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlantPhysiologists

EFFECTS  OFPHOTOPERIODAND  GIBBERELLIN 43

g
 60F

g 4oE.zi

 20.'i'

f

     o
      O l 2 3 4 5 6

              NO. OF  CYCLES
Fig. 6. Relationof  germination  to the  numberof  cycles  ef

various  photoperiods.  Results of  separ2te  experinients.

Photoperiods,  <A) 2e  hours;  (B) 16 hours;  (C) 12 hours;
rnl  7  Anrive  Ae-lr  Thn-:nsl kn;nrT  :vt+nv+."H-n-T  ;-  -Ln  --t-.11.
kv]  l nwuJilt  utllJL  pL"uu  ULI]tg  ILiLL.ilUPLLU  111  Ule  tlllUULC

for 15 minutes.  Germinatien  after  10 days (A to C)- and

13 days (D).

Efact  of Gibbefellin on  Seed Germi･nation u･nder  Various Daily I'hotoperiotis
   The  effect  of  GA3  on  germination  in complete  darkness was  examined

first. No  seeds  germinated in the dark  during  10 days in GA  solutions

at  cencentrations  ranging  from  O.Ol to 1060 ppm.  This indicated that
GA  did not  

'serve
 as  a substitute  for light.

   TheB  the  experiments  were  carried  out  to determine  the effect  of  GA
on  the germination  of  seeds  receiving  various  photoperiods. In the

presence  of  GA  at  various  concentrations,  the seeds  were  illuminated
continuously  for IO days, or  they  were  given 7 cycles  of 8-, 5- or  2-hour
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       Fig, 7. Effect ef  gibberellin

       various  photoperiods.

3 Gibbereliin was  kind!y supplied  by the
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on  germination  of

500

seeds  tinder

Kyowa  Fermentation  Industries,  Tokyo.
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photoperiods  and  then  maintained  in the dark for 3 days. The  results

of  the experiments  carried  out  separately  are  summarized  in Fig. 7.

   Germination  under  continuous  light was  increased by  GA  application,

tbe cencentration  of  30 ppm  being the optimum,  It is to be noted  that,
in GA  solutions,  the  seeds  could  germinate  under  the  photoperiods  which

otherwise  induced no  germination,  ･the optimum  concentration  being 30

ppm  also  in this case,  The  result  is compared  with  the  fact that many

long-day  plants  are  induced to flower even  under  short-day  cenditions

when  they  are  treated with  GA  (4).
   Since it was  found  that the  critieal  daylength for germination  is
con$iderably  reduced  by GA  application,  germination  in 3e ppm  GA  under

the photoperiods  shorter  than2  hours was  tested in the same  way  as

the above.  In this experiment,  hewever,  the seeds  had  been allowed  to
imbibe  water  in clarkness for 6 hours before the photoperiodic  treatments

were  begun. (This procedure  was  adopted  in all the subsequent  experi-

ments.)  Table  I shows  that the seeds  germinate  well  even  under  1-minute

photoperiods.

                           TABLE  I

          Percentage  Gemination  of  SleecZs under  Short Rhot{ipetiocts

                 in the Presence of  30  ppm  Gibbereltin

Phetoperied  (minutes)
Expenment

e1 3 5 1030609012e

III o19.115.413,527.317.522.711.116.621.912,921.4  12.e

 - 19,7

ELtrbct of Gibberellin on  Geptminatoff of Seeds Given a  Singte Liglrt Ehrposure

of Various Dufatioms

   As  already  mentioned,  at  Ieast 2 days' illumination is required  for

germination  when  the light is applied  continuously.  On  the other  hand,

it was  shown  that the critical  daylength  for germination  is markedly

reduced  by the  action  of  GA.  Therefore  the follewing experiment  was

made  to test whether  the duration  of  single  light exposure  needed  for

                          TABLE  II

       Rercentage  Get?ninatien of Seects Ehrpased to Single Illaotqpen'eds in

              the Presence or  Absence  of  30 PPm  Gibberellin

Gibberellin

 (PPrn) 7mins

Duration of light expesure

l hr 5hrs  24 hrs 42 hrs 48 hrs 72 hrs

30o o o o o o

o o

7.2

 o

43,O14.4
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germination  is shertened  by GA  application.  Seed$  were  given single

photoperiods  of  7 minutes  to 72 hours in the presence  or  absence  of  30

ppm  GA,  and  then  maintained  in darkness. The  results  obtained  le days
afteiJ  thtt" $tart  unf tl'ic' experime'iiJL  are  shc)wn  in Table  II.

   While the germination  percentage  of  seeds  illuminated  for 72 hours
was  considerably  increased by GA  application,  no  seeds  germinated even

in the  presenceof  GA  unless  they  were  exposed  to light for 48 hours or

more.  The  results  suggest  that GA  does not  seem  to  reduce  the  length
of  illumination period  required  for germination,  although  GA  increases
the germination  percentage  if the seeds  are  given  a  light exposure

ef  necessary  duration.

th'nimum  Arumber of C:y,ctes of 1-Minute  Photoperia(is Rt?q"ired for Geptmi-
veation  ix, the Presence of 6ibberellin
   Seeds were  exposed  in the  presence  of  30 ppm  GA  to 1 to 7 cycles

of  1-minute  photeperiods  and  then  kept i'n darkness. Gerrriination was

counted  10 days after  sowing.  Germination began in the seeds  subjected

to  A cvcleg  nf  thp.  nhntnnpr{ndio  trpAfmpnf  r'PAhlp  TTII
   

' 'J "tT  -- t--- rJtU-tr--]U--v  --vu-L---LJb t-L-tJt-  ---1-

                            TABLE  III

      IIert;entage Getwt-tatien of  Sleects Exposed  to Vtiriuus Clycles of  1-ltdinute

              Phoiopef'iods in the Piesence of  30  ppm  Cibberellin

     No.  of  cycles  1 2 3 4 5 6 7

    %germination O U O.5 U.3 1.7 5.1 10.3

                   DISCUSSION  AND  CONCLUSIONS

    While  the  aerial  tuber  (5) and  the flower (6) of  Begnveia Evansiana
are  formed  under  short-day  conditions,  the seed  of  it germinates  in
response  to  long  days. Exposure  to cycles  including a  certain  minimum

photoperiod  is required  for germination.  The  germination  percentage
increases  with  the  length of  photoperiod  until  it reaches  the maximum,

which  is maintained  under  still longer photoperiods  and  continuous  light.
The  seeds  can  be induced te germinate  under  usually  non-inductive

photoperiods,  if the  long dark  period is interrupted  with  a  short  period
of  illumination, The  light-break is most  eiTective  when  given  near  the

middle  of  the  dark  period. All these  facts indicate that  the  photoperiodic
behaviour ot Begvmia  seeds  in the  germination  resembles  to that  of  long-
day  plants in She flowering,  This  is also  true  with  the effect  of  GA  to

be discussed later.

    Arnong  many  instance$ of  photoperiodic control  of  germination so

far recorded,  those studied  minutely,  are  only  few. BLAcK  and  WAREiN{;

 (2) and  BliNsow  and  voN  BREDoxv' (7) have investigated in detail the

photoperiodism  in germination  of  seeds  of  Betztla Pubesce}?s and  rcala･nchoe
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blosstbldiana, respectively,  and  demonstrated that  the  photoperiodic  behavi-

our  of these seeds  in germination  is similar  to that  of  long-day plants

in fiowering. Recently, IsiKAwA  and  YoKoHAMA  (8) also  reported  some

light-sensitive seeds  of  this type. -

   The  photoperiodic response  of  Begonia  seeds  was  markedly  modified

by GA  application.  After  the experiments  were  finished, EUNsow  and

VoN  BREDow  (7, 9) reported  similar  results  xKrith Kdlaeechce bgosseldiana.

The  GA  treatment  not  only  increased  the germinatien  of  Begonia  seeds

'uncler continuous  light, but also  reduced  considerably  the  criti,cal  daylength

for germination.  However,  no  seeds  germinated  in cornplete  darkness

even  in the  presence  of  GA,  and  the duration of  a single  light exposure

required  for germination was  not  shortened  by GA  treatment,  at  least

2 days' illumination being  necessary.

   The  above  results  show  that  GA  promotes  the  germination  only  when

photoperiodic treatments  are  applied  to the seeds.  Thus  the effect  ef

GA  may  be to intensify in some  way  the action  of  light given  periodically.

However, assuming  that, in Bagonia seeds,  light initiates some  process(es) ,

which  proceeds  under  light and  finally leads to germination,  the

action  of GA  may  substitttte  for the latter part of  the  light actien,

Since it has been known  that the light requirement  of  certain  seeds

such  as  of  Iettuce and  tobacco  is eliminated  by the  actien  of  GA  (3), it

may  be natural  to suppose  that the course.of  gerrriination of  Begenia

seeds
 also  involves some  process  whose  light requirement  can  be replaced

by GA. However, the  process  caused  by GA  may  probably  net  be the

same  as  that  caused  by  light, as  suggested  by Et:TNsow and  voN                                                       BREDow

 (7) and  Poi.jAKoFF-MAyBER et  al. (10), for the  germination  under  continu-

ous  light is also  increased by GA  application.

    It is noteworthy  that  GA  treatment  at  a  concentration  of  100 ppm

was  considerably  inhibitory to the germination of  Begeveia seeds  under

 continuous  light, since  it has been  known  in a  number  of  species  that

 GA  does not  inhibit the  seed  germination  even  at  fairly high con-

 centrations  {3, ID.  This  appears  of  interes-t when  considered  in con-

 nection  with  the fact that GA, which  is often  effective  in the breaking

 Qf  various  kinds of dormancy,  seems  to induce or  prelong  the  dormancy

 in the case  of  aerial  tubers of  Begonia  (l2).
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