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1.
 The seeds  of  A/asturtium patustre DC.  do net  germinate,

        
either

 
in

 
the

 
Iight

 or  darkness,  at  various  cvnstant  temperatures,

        but require  for their  full germination  a certain  perioci of  a  Iow

        
temperature

 (b") applied  immediately  after  Iight irradiation,

        
These

 
results

 indicate the existance  of  at  laast two  processes,

        
a
 
light-dependent

 process  and  a low ternperature-requiring  process,

        
in

 
the

 
initiation

 
of

 germination  ef  At'asturtiufn seeds.  Experi-

       mental  evidence  indicated  further that  the  light exposure  causes

       two  different processes  in the seed  germination.

         
2.

 
When

 a dark  period  nt  23" was  inserted between  the  light

       irradiation and  the  low  temperaturc  treatment  the  germjnation

       
was

 
suppressed,

 The  inhibitoryeffect  ofthe  inserted  dark  peried

       
at

 
230

 
was

 eliminated  by a short  irradiati'on during  the  elarkness
       (light-break･),

         3. Prolonged  exposure  of  Nasturtiuin seeds  te any  concentru-

       
tion

 
of

 gibberellin brought about  no  gerrnination  when  exposure

       was
 given  

"in
 complete  darknes$.  The  germination  was  prometecl

       only  when  light irradiation was  applted  to the  seeds.  A  shert

       application  of  gibberellin at  a  fairly high  concentration  was,

       however,  remarkably  effective  for the  germination  even  in the

       darkness,  and  the  gerrninatien was  inhibited as  the  gibberellin

       application  was  lengthened.  It was  censiderecl  that gibberell{n

       could  substitute  for the comblthed  effect  of  light  irradiat.ion 'and

       low temperature  treattnent  to induce  the  germination  of  Arasturtiu}n

       seecl$,  and  that  gibberellin was  inhibitive towarcl the  reactions

       fellowing the  above  treatments  which  induced  the  germination.

    In recent  years the  effects  of  gibberellin treatment  on  plants have
received  much  attention.  Various  aspects  of  these problems  were  sum-    'marized

 by BRiAN  (1}, and  STowE  and  YAMAKi  {2, 3) in their recent  re-
views.  There  are  rnany  seeds  which  require  cold  temperature  treatment,
exposure

 to light, or  some  other  factor(s) for their  germina-tion. It has
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been  known  that these  requirements  are  eliminated  or  replaced  in certain

cases  by the action  of  gibbere}lin (4, .8},
   FuJii et al, (5) have  shown  that a  fairly high  concentration  of  gib-

berellin was  favorable for the  induction of  germination  in Sedtim seeds,

but unfavorable  for the  development following the  induction of  gerrnination.

   On  the  other  hand, many  workers  investigated the interaction between

light and  temperature  on  seed  germination (9, Jl). The  data reported

hitherto show  that the  pattern of  interaction differs according  to the

kind of  seeds  used.  Seed germination  of  some  Ruvaex was  greatly stimu-

Iated by changing  only  the incubation-temperature from  20o to  30o or  200

to 5e (10). IsiKAwA and  IsHiKAwA  (i2) reported  that  in the  seeds  of

Eisholtzia germination  was  not  induced at various  constant  temperatures,

irrespective of  whether  they  were  kept in the  light or  darkness, It was

shown  that, fer their full germination,  a  certain  period of  low temperature

(5o) immediate}y  after  the Iight irradiation is necessary.  These  studies

seern  te open  a  new  avenue  ef  approach  to  the  elucidation  of  the  process

of  germmatlon.
   The  present  study  aims  at  analyzing  the  process of  germination  into

its intermediate  processes. It is hoped  that these experiments  will  de-

monstrate  some  of  the details of  the  interaction between light and  tem-

perature  in the  mechanism  of  seed  germlnation.  The  effect  of  gibberel-

Jin upon  these  interrnediate processes  also  forms  a  subject  of  this  study.

                    MATERIAL  AND  METHeDS

   The  experiments  were  carried  out  with  the  seeds  of  Nasturtium

palustre DC. cellected  in October 1959  at  Kehriyama, Fukushima  Prefec-

ture. The  sample  of  gibberellin was  generously  supplied  by  Dr. Y, Mu-

RAKAMi  ef  the  National Institute of  Agricultural  Science.

    The  methods  used  were  simi]ar  to  these  previously described for

Nigella seeds  by IsiKAwA  <9). As  light source,  a standard  cool  white

fiourescent larnp was  used.  A  definite intensity of  irradiation was  ob-

tained by  regulating  the distance from the light source  to  the  irradiated

PETRi dish. Temperature  was  usually  contrelled  at  23o unless  otherwise

described.
    A  definite amount  of  gibberellin was  added  to the autoclaved  agar

solution  just before solidification,  On  O,7-O.8%  agar-bed,  in which

gibberellin was  dissolved in various  concentrations,  a filter paper  wet

 with  corresponding  gibberellin soiution  was  placed directly, and  the seeds

 were  disseminated  on  it.

    When  short  exposures  to gibberellin were  made  in the  germination

 process, the following procedures  were  taken.  A  sheet  of  filter paper,

 on  which  the seeds  had  been  pre-soaked  with  water,  was  placed between

 four sheets  of  dried filter paper  to  remove  the humidity  surrounding  the

 seeds,  and  then  in darkness the former paper  with  seeds  was  transferred

t
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onto  a  PETRi dish contaipig  t'he indicated concentration  of  gibberellin,
and  exposed  to  gibberellin for various  time  periods, After  the  gihberel-
lin treatment, the seeds  were  washed  in running  water  for 5 mi,nutes

under  a  blue iight (fiuorescent Eigftt fittered through  six  iayers et  tlarK
b]ue cellophane),  and  then  allowed  to gerrninate  on  a nen-gibberellin-

cont,aining  agar-bed  in darkness, In ail experiments,  two  lots, each  con-

taining 100 seeds,  we;"e  
+.ested.

 (Jnder our  experimental  conditions,  all

the seeds  empleyed  were  found to germinate  uniformly.

                            RESULTS

Sensit:･"viiji of spdie.ds t,o iight fogXoec,ed by low temaPeraSgt7'e

   In a  preliminary  experiment  not  rep, redttced  here it was  confirrned

that r]ot  only  the Iight but also  a  I,ow temperaturetrEatment  irnmediately
a'tter  irradiation is necessary  for inducing the gerinination  ef  Nasturtium

PagusXre DC.

   To  observe  the sensitivity  to Iight immediately  followed by a  low

terv.]-peratur-e (50) ., th.e se.edS  were  first. irradinted for 2tt hr w. itln th.e light

of  1500 rux after  various  times  of  imbibition in clarkness, and  exposed  to

5o in darkness  for 24 hr immediately after  the irradiations. The  per-
centage  of  ger'minatien  jncreased vv'ith the increase of  iTnbibition-time

priorto  irradiation until  it reached  a rriaximum  value  (80%) after  about

4 days of  imbibition, and  decreased  gradually a±ter 7 days 'i'vith
 further

increase in the imbibition time. Conseqtiently, the sub$equent  experiments

were  perfermed  on  seeds  witr, 5 day  imbibition.

Interaction betzveen light ir}'adiatlon and  low temperature treatTnent

   To  observe  the interaction between  light irradiation and  low  tem-

oerature  treatrnent,  the. following experiments  were  perfermed.  After 5

kt'tys ef  dark imbl,bition at  23', the seeds  were  irradiated witln  light of
l500 lux for various  periods of  t{me  and  then  were  kept ai 5' for various

durati<)ns. The  seeds  were  allowed  to germinate  ip. darkness at  23o for 5
days after  the  treatments.  CI"he efiiectivenesL.  of  tnne lightperiod, at'ter  iow

te"ipe.rature--treatmerS  for 6hr, increased markedly  with  the  length of

iL,radiat.ioe time  up  to  24hr, and  then  decreased  as  the  time  of  light ex-

posure  vvas  fu'i'ther 1iengthened (Curve A  in Fig. 1),･. This decrease  of

percentage  o'f gt'rmination due to the  prolonged  exposure  to Iight, how-
ever,  was  eliminated  wit･h  Ionger application  of  lour temperature  (so).
When  the low  temperature-treatment  was  appiied  for 24 hr, the  maximum

germination percentage  (92%," was  maintained  for 72hr (Curve C  in
Fig. 11). The  experimental  results  outlined  Rbove  rnay  be taken  as  in-

dicating that the process of  gerrriinatiGn  of  Nasturti"m  seeds  snvolves  the
t'olliowing successive  phases  :

  -.･Light-dependent  l rocess---.Lew  teiTiperature-requiriig  p!"ocess
     -"(Reactions)---,Germination

RefeT'ences p sv'
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   In the next  experiment,  various  durations of  darkness at  23o were

inserted between  light (1500 lux) and  low tempe,rature (50} treatments.
                                  Several lots of  Nasturtium seeds
                                  were  irradiated for 24hr  with 1oo

                       c  light of  15eO lux after  5days  of
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   1. Effect on  germination  of  irradia-
   (with 1500 lux light) of  various  dura-
    followed  by  low  temperature  treat-
ments  lasting for 6hr  <curve A), 12hr
(curve B,) and  24hr  (curve C.),

   flowering of  long-day  plants.
   In another  experiment,  the seeds

    for 24hr  and,  after  the  intervenmg
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Fig. 2. Effect of  insertion  of

dark  incubation  at  230 between  a
24hr  light period  and  low  tempe-
rature  treatment  lasting for 6hr
(A) and  24hr  (B).

  dark imbibitien and  were  re-

  turned  to darkness at 23o. After

  dark  periods  of  various  durations

  at  230, they  were  exposed  to 50

  for6er  24hr. It was  found that
  as  the  duration  of darkness be-

  tween  the light irradiation and

  low  temperature  treatment  was

  increased, the promoting  effect

  of Iow-temperature treatrnent

  decreased  linearly to disappear

  eventually  (Fig. 2), These  data
  indicate that the darkness at  23"

  inserted between the light and
  Iow  temperature  treatments  was

  inhibitory to germination,  an  ef-

  fect which  might  be compared

  with  that  of  the dark peried in

were  irradiated with  light of  15eO
'
 dark  periods at  23o  of  various

  

:.g
 

<-.Ieg

 

  

 

   TIME  IN HOUR$  AFTER  START
     OF  DARK  PERIOD  AT  230

Fig. 3. Effect on  gerniination  of  a

10 min  light-break given  at various

times  in the  24hr  dark  periocl at

230 inserted  between  light and  low
temperature  treatments.
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 duratiens which  were  interruPted

 the  low temperature  for24hr. A

 10-minute  light-break was  given
 ny+  tTnv:ft--n ;:-n-  .J....-. 1                      1 ." t

 
aL

 valtuub  L"ltelj  uulmg  Lne  aarK

 period. The  results  obtained

 showed  that  the  germination  of

 IVasturtium seeds  was  affected  by

 the light-beak during the dark

 period  in a  way  sirnilar  to that ob-

 served  for the germination  of  Be-

gonta  seeds  and  tor the  fiowering
of  Iong-day  plants. The  light-break
was  mest  effective  when  given
at  about  the  3it4 point  of  the dark

period (Figs. 3 and  4)

EtTl?ct of  aihhpvpllion  nm  'iJim 
rrn"n"ndL

 
w u o.-vv.-..-.v  vlF vFv  6Vl  lf;-

nation

   To  make  clear  the interactiGn
between light irrediation and  gib-
berellin treatinent, the  following
experiments  were  performed.
irradiated for 24 hr in the  presence
lin. The  experimental  results

   Gibbereliin brought a

plete darkness. The  germination
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5 days  of  imbibition, seeds  were

 
various  conceiitrations  of  gibberel-
  are  shown  in Fig. 5.
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were  subjected  to light irradiation. A  similar  phemonenon  has already

been reported  for KalanchoD  (J3) and  Begonia  seeds  (14). The  effectiveness

of  gibberellin on  germination  response  of  Nasturtium  seeds  was  highest

at 251ipm, but  it was  not  observed  at  100Ppm  (Fig. 5). The  fact that

gibberellin induced the germination  of  Nasturtium  seeds  only  when  the

light irradiation was  applied  to the seeds  indicates that gibberellin might

act  as  a  substitute  for the  low  temperature  treatment  (5o). SuppQrt
was  given to this inference also  by the  experiment,  in which  the  seedS,

after  5 days  of  dark  imbibition, were  irradiated for 24hr  and  immedi-
ately  thereafter exposed  to 25 or  100PPmgibberellin  for various  durations

at  23o. The  effectiveness  of  gibberelrin t'reatment in induc-ing germina-
tion increased at  first and  then  gradually  decreased as  the  time  of  gib-
berellin application  was  lengthened (Fig. 6).

   As  will  be seen  in the  figure, the maximum  percentages  of  germina-
tion  in the  treatment  with  25 and  100ptm  gibberellin were  67.5%  with

48 hr exposure  and  85%  with  24 hr exposure.  The  decrease in germina-
tion  percentage  with  longer  applications  of  gibberellin may  be due to

the inhibition of  reactions  following the  treatment  which  induces the

germination,  a phenomenon  which  has also  been reported  for Sedum

seeds  (5).
   To  observe  the  interaction between light irradiation and  a  short

application  of gibberellin, the seeds  were  irradiated, on  the  5th day of

dark imbibition, with  the light of  1500 lux for various  period  and  then

                                 expesed  to 100tlpm  gibberellin for
  loo   -

80

gev
 oo

i'40i
 20

oL-.-
   O 24 48 72

    TIME  tN HOURS  OF LIGHT  )RRADIAT!ON

Fig, 7. Effects of  various  lengths of

light irradiation before  gibberellin treat-
ments  lasting for 6hr (curve A), 12hr

(curve B)  and  24hr  (curve C).

   rn the next  expenment,  vanous

inserted between  light irradiation and

  various  durations  (Fig. 7). In

  the case  of  gibberellin treatrnent

  lasting for 6hr, the effectiveness

  of  the light period  on  germination
  increased with  the increase of  ir-

  radiation  time  up  to 24hr, and

  then  decreased  as  the  irradiation

  was  further lengthened (Fig. 7).
  This  decrease of  germination  per-

  centage,-  however, was  not  ob-

  served  in the seeds  which  were

  treated with  gibberellin of  leO

  ppm  for 24hr. The  rnaximum

  germination  percentage  (85.5%)
  which  was  attained  by irradiat-

  ing for 24 far, was  maintained  for

  the  experimental  period  which

  lasted for 72 hr.
durations of  darknes$ at  239 were

  a  short  application  of  gibberellin.

y
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The  experiments  were  performed  in the same  way  as  with  the low tem-

perature  treatment.  Several lots of  Nastu･rtiz{m seeds  were  irradiated for
24hr  with  light of  1500 lux. After dark periods  of various  durations,

thev  were  exposed  to leObPm  gibberellin  for 6hr. As  the duration of

darkneess between  the  ]ight irradiation and  the  gibberellin treatment

was  increased, the effect  of  gibberellin in promoting  germination  decreased
linearly and  finally became  zero  (Fig. 8), The  coTnplete  loss of  ,ff.ib-
berellin-effect occurred  when  the intervening dark period la$ted about

50hr, These  experimental  results,  together  ",ith  those  of  the similar

experiments  with  the low temperature  treatment,  may  be assumed  to

in[licate that gihherpMn  c2n  si]hstitute  for  lnw  temnprnture  treAl'ment' '' ' '' o"'"  ""M  "'" '-"""''  "'  '' ""'s'"'""'  ""'""""

(5') after  the light irradiation.

   Noteworthy  was  the fact that even  a  short  application  of  gibberellin
at a  fairly high  concentration  was  remarkably  effective  for the  gennina-
tion in darkness,  In faet, when  the seeds  were  exposed  for various  dura-
tions  to  gibbe'rellin at  various  concentrations  after  4 days  of  imbibition,

the  effectiveness  of  gibberellin treatment  increasecl at  ilist, and  then
tt+Atirgimllv  Aihpt-n-itrtA  trv;+1- +Tin  ;"r++.nettn  n; nv".iic."TA -;tn-n  tDiwvn  A ;n
61UUU"11J  LLLLILaOLU  VVILil  LliL  i"LtLaOL  Vi  LuYIJUOUtL  LIIIIL  LL.UJ  VL  JL  IES

Fig, 9)'. These  results  indicate that gibberellin could  substitute  also

for light to  induce  the  germination  of  Aiasturtium seeds,  and  that  the

higher the  concentration  the more  pronounced  was  the  gibberel]in
effect.
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 Fig, 9. Effect on  germination  of  a  shurt  apptication  of  gibberelkn  at  cenccntra-

 tions  of  500 (curve A),  100 (,ctirve B), and  25f]pm <curve C)

   A$  may  be seen  from  Fig. 9, gibbereilin at  a  concentration  of  2o- PP'i･n
gave  very  low germination  percentages,  even  if the  exp ¢ sure  time  w;i$

                                                 Roferences  p. 86
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lengthened. It may  be noticed,  however, that the effect  of gibberellin
was  remarkably  enhanced  when  the seeds  were  irradiated with  light
before the gibberellin treatments  (Figs. 6 and  9).

   Similar results  were  ebtained  in the case  of  gibberellin exposure

before light irradiation. Although  the  seeds,  which  had been exposed

to gibberellin of  100mpm  for 4 days of  imbibition, gave  only  a smal!

                          TABLE  I

     
'Et7feet

 en  germination  of light irradiation ofer  gibberellin  treatment

   Light  irradiation was  giyen  on  the 4th clay of  imbibition  in the  presence  of

   lgOmpm  gibberellin.

Length  of  light
irradiatien (hx)

Lengths  of  gibberellin
  exposure  (days) Germination (%)

G

1234 57.036.528.514.0

6

1234 71.073.066.067.0

24

1234 ssLo53.564.059.0

germination  percentage  in the dark (labout 14.0.rf), the percentage  increased
remarkably  when  the light was  applied  immediately after  the  gibberellin
treatment  (Tabre I).

                         DISCUSSION

   The  interaction between  light and  temperature  on  seed  germination
has been investigated by  many  workers  (8-11). The  results  obtained

were  multifarious,  indicating the diversity of  the  patterns  ef  interaction
in different kinds of  seeds.  The  germination  of  IVasturti"m seeds  was
not'  induced at  various  constant  temperatures,  irrespective of  whether
they  were  kept in the light or  in darkne$s. It was  shown  that, for
their full germiriation, a  certain  period of  losv temperature  immediately
after  the light irradiation is necessary.  These  results  show  the existence

of  at Ieast two  steps  (a Iight-dependent process and  a  low temperature-
requiring  process) in the germination  response  of Nastttrtium seeds.  The
effectiveness  ofthe  light applicatien  rapidly-increases  at  first and  then
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decreases with  the  prolongatien  ef  irradiatien time, the  decrease being,
however,  eliminated  with  longer application  of  row temperature.

   On  the other  hand, a  dark incubation at  23e inserted between  the
                                                            '
Iight irradiation and  low temperature  treatment  is inhibitory to the

germination,  The  germination  percentage,  hewever, is increased if the
dark period  is interrupted with  a  short  period of  irradiation, Thus, the

processes  occurring  during the inserted dark  periods resembles  those  in
the flowering of long-day  plants.

   In analogy  to the mechanisrn  assumed  for the flowering process  of

leng-day plants, the germination  mechanism  of  Nasturiium  seecls  rnay  be
pictured  as  follows:a  dark  period at  230 tends to destroy the changes

which  have taken  pl･ace in the preceding  light period, bu't if the light

period is extended  beyond  a  certain  limit, further changes  take place,
which  are  different from  the dark-period-effect at  23",

   From  the analysis  of  the germination  response  of  Nasturtium  seeds,

we  can  disti'nguish fQur interrelated processes:  ['I) a  light-dependent
process;  (II) alow-temperature-requiringprocess;  (III) adarkprocess

antagonistic  to  the  light orocess:and  rlV} a  lnw-intensitvIightDrocess    u Lt;  t- t,･  "UL

antagonistic  to the dark process. If the antagonistic  relation･ships  are

expressed  by  dotted iines, the  sequence  of  the  processes  in .rVastzfrtium

seeds  can  be illustrated, in analogy  to those assumed  for tlowering (J5),
by the fol}owing  scheme  :

                ---I----,II--(Reactions;/---,Germination

                    ;1
                   Iil
                    ?
                   IV

    Naturtiblm seeds  share  with  Kalanchole' (13J and  Begonia  seeds  C14) a

property  of  being unable  to  gerniinate in complete  darkne$s  after  pro-
longed  exposure  to gibberellin of any  concentration;  germination  occur-

ring  only  when  the seeds  are  irradiated with  light. NAGAo  et  al.  (J4)
have  suggested  that  the  action  of  gibberellip might  substitute  for the

lutter part of  the  Iight action.  Gibberellin is most  effective  tor t'he

germination  of  Nasturtium  seeds  at  25PPm,  but inh,ibitory at  aconcentra-

tion of  100ppm.  Thus,  the  effect  of  gibbereHin  upon  germination  has
two  aspects,  inhibiting a:d  stirnulating,  A  short  application  of  gibberel-
lin at  a  fairly high concentration  is remarkably  effective  for the germina-
tion  even  in darkness,  but the  germination  is inhibited as  tlie time  of

gibberellin application  is lep.gthened. It is corisidered  that  gibbere]lin
can  substitute  for the coupled  effect  of  light irradiation and  low  tempei'a-

ture  treatment  to induce the  
.ffermination

 ef  Nasturtibfm seeds  and  is in-

hibitive to  the reactions  following the treatments  which  induce the germi-
nation.

lee.ferenccs p. so'



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

 86 T. FUJII  AND  S, ISIKAWA  Vol,2(1961)

    On  prolonged  treatment  with  gibberellin in the dark, the inhibitive

 effect  of  gibberellin on  the development outweighs  the promotive  one  en

 the induction of  germination,  with  a  result  that no  gerrnination is brought

 about  at any  gibberellin concentration.  It is, however, conceivable  that,

 if the seeds  are  irradiated with  light, they  are  induced to germinate

 because the promotive  effect  of  gibberellin of  25･PPm  is enhanced  by Iight,

 The  fact that 100 PPm  gibberellin does not  induce germination  even  under

 the condition  of  light irradiation may  be interpreted as  being due to its

 strong  inhibitory effect  upon  the development following the germination-
 ifiductive stage.
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