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Reproductive Development of  Higher Plants as
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   The  effbct  of  brassinolide (BR) on  the  reproductive  development  of  higher plants
was  investigated using  three  difTerent experirnental  system.  Direct application  of  BR

to the  staminate  inflorescence of  Lia7LL aylindrica induced bisexual and  pistillate fiewers,

and  eventually  caused  the inflorescence to dcvelop into a  shoot  that was  similar  to the

main  shoot.  Howevcr,  the activity  of  BR  on  this sex  medification  was  inferior to that

of  N6-bcnzylaminopurine.

   BR  slightly  hastened the  flowering of  nonvernalized  radish  plants, RaPhanus sativus

cv.  Miyashige-sofuto, whereas  no  such  effect  was  observed  in vernalized  plants. GA3

premoted  flowering both in nonvernalized  and  vernalized  plants.
   BR  had no  activity  to induce flowering in a  short day plant  Peritla 

.frutescence
 under

noninductivc  conditions.
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    BR,  a  plant growth-promoting  steroid  isolated from rapeseed  pollen (Grove et  al.  1979),

has been tested  for its biological activities  in comparison  with  auxin,  gibberellin ancl  cytokinin

(Katsumi 1985, Gregory and  Mandava  1982, Mandava  et  al. 1981, Sasse l985, Wada  et  al.  1981,

Yopp  et al. I981), Howevcr,  no  data have  so far been reported  for its effect  on  the  reproductive

development in higher plants, except  that  the  growth  of  pellen tube  in vitre  was  found to be

promoted by a  synthetic  24-epimer (Sasse 1985).

    Using  three  diflerent experimental  systems,  the  effects  of  BR  on  the  reproductive  develop-
ment  ofhigher  plarits were  examined  in cQmparison  with  other  plant hormones, Ltofla aytincfrica
was  used  to examine  the  eflbct  ofBR  on  sex  modification,  since  the staminate  flower of  this plant
changes  sex  expression  by  hormone  treatment  (Takahashi et  al.  I980). Raphanus and  Peritla

plants were  used  fbr testing  the  eflktct  ofBR  on  fiower induction, since  they  have  been  well  studied

for their flowering behavior  as  a  typical  long day and  short  day  plants, respectively  (Suge and
Rappaport  1968, Suge I984).

Materials and  Methods

    Sex empression  ofstaminate irij7orescence in Lufl}a cylindrica  Seeds of  Lofa  -)tincth'ica Roem  cv.

Futo-hechima were  imbibed overnight  in water  at  room  temperature  and  sown  into 7.5 cm

plastic pots filled with  Kureha  Engei Baido (Kureha Chemicals, Tokyo, Japan), a  commercial

soil  mixture  for growing seedlings  of  horticultural plants, containing  O.5 g N, 1.5 g P and  O.5 g K

   Abbreviations: BR, Brassinolidei BA, N6-benzylaminopurine.
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per kg. Seedlings with  fu11y expanded  cotyledons  were  transplanted  into 15 cm  plastic pots
filled with  the same  soil and  grown  in a  greenhouse.

    Experiments  were  started  when  plants had reached  the 6-leafstage. Watering  and  other

handlings including nutrient  supply  were  done  according  to ordinary  cultivation  practices.

    In Ltofa] q,tinch'ica, the  diflbrentiation of  fiower buds  usually  was  not  detected in the cotyle-

donary, first and  second  nodes,  while  higher nodes  bore a  staminate  inflorescence, and  still

higher nodes  bere both a  staminate  inflorescence and  a  pistillate flower on  each  node.  Thus,
in the present experiment,  lateral organs  in the  cotyledonary,  first second  and  third  nodes,  if any,
were  removed  at  their initial stage,  and  the staminate  inflorescences which  developed on  the

4th, 5th and  6th nodes  were  used  for the  

'treatment
 and  evaluation.  The  main  stem  was  cut

just above  the  6th node  before application  of  chemicals.

    BR  was  directly applied  to the  staminate  infiorescence using  a  piece of  absorbent  cotton

(1 × 1 cm)  which  had  been immersed in a  solution  of  three  diffbrent concentrations  of  BR,
O.Ol pagfml (2.08× 10-5 M),  O,1 psg/ml (2.08× 10-  ̀M)  and  1psgfml (2.08× 10-3 M).  The  piece
ofabsorbcnt  cotton  was  placed on  an  undeveloped  staminate  inflorescence. BA  at  a  concentra-

tion  ofO.05  pg/ml  (1.I6x 1O-4 M)  was  also  used  fbr comparison,  because this agent  was  reported

to  have  potent activity  to modify  sex  expression  in this experimental  system  (Takahashi et  al.

1980).

    Treatment  was  started  at  the  6-Ieaf stage  and  repeated  three  times  at  two-day  intervals.
Six plants werc  used  for each  treatment.  Experiments  were  conducted  during the  period from
April through  September,  1984. Maximum  and  minimum  temperatures  during the  experiment

were  35 and  l80C,  respectively.

    Eeowering of vemalized  and  nonvernalized  radish,  Raphanus  sativus  cv.  Mi7ashige-Sofitto-The
Miyashige-Sofuto  cultivar  of  radish,  Raphanus sativus,  was  used  as  test material  in this experiment,
because flewering behavior of  this variety  has been  extensively  studied  (Suge and  Rappaport
i968),

    Seeds were  imbibed for two  days at  room  temperature  in water  contained  in petri dishes,
and  vernalized  5 and  10 days at  5eC. For nonvernalized  plants, seeds  were  imbibed  at  room

temperature  fbr two  days prior to the  end  ofthe  vernalization  treatment,  thus  providing seedlings
of  approximately  the  same  size  and  appearance  as  the vernalized  ones.  Seedlings from both
lots ofseeds  were'planted  in 15 cm  plastic pots, 5 plants per pot, and  grown  in a  greenhouse under
natural  day length conditions.  Twenty  days  after  planting both the  vernalized  and  non-

vemalized  plants were  divided into two  groups of  10-20 plants each  and  $ubjected  to chemical

treatments.

    The  temperature  of  the  greenhouse was  not  controlled  except  during winter  when  it was

heated to maintain  the air  temperature  above  13eC. Experiments  were  conducted  during the
period from August, 1984 through  February, 1985. Temperature$ ranged  from 13 to 30eC
during the  experiment.

    BR  (1 pag/ml, 2.08× 10'3 M)  or  GA3  (O.1 ptgfml, 2.89× 10'4 M)  was  applied  to the  apex  of

plants three  times  a  week  as  50 "1 solution.  Application ofchemica]s  was  dene a  total of8  tirnes

in plants vernalized  for IO days and  21 times in plants vernalized  for 5 days as  well  as  in non-
vernalized  ones.

    Ftoweritrg of Perilla frutescence ver  crispa  under  nonintthtctive conditions-Seeds  of  Peritta.fi'utescence
ver crispa  cv,  Chirimen-Aejiso, a  short  day plant, were  sown  in a  plastic box  fi11ed with  a  1 : 1
mixture  6f sand  and  vermiculite.  When  the seedlings  were  about  5 cm  tall, they were  trans-

planted into 7.5 cm  plastic pots fi11ed with  the same  mixture,  one  plant per pot. They  were

grown  under  24 hour  photoperiod in a  green-house in which  temperature  ranged  from 20 to
30eC. Natural  day  light was  supplemented  with  fluorescent and  incandescent lamps for ob-
taining  the  noninductive  cenditions.  When  p]ants reached  the 6-leafpair stage,  the  main  stem
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was  cutjust  above  the 6th node,  All leaves and  axillary  buds were  removed  except  for one  pair
at  the 6th node,  befbre BR  application.

    BR  was  applied  directly to the cut  surface  of  the  main  stem  with  a  piece of  absorbent  cotton

(1 × 1 cm)  which  had been immersed  in BR  solution  (1 psg/ml, 2,08 × 10-3 M),  Treatment  was

repeated  twice  at  two-day  intervals. The ability  to  induce flower in axillary  buds was  evaluated

at  the  6th node.  In the  same  experimental  system,  grafting ofinduced  leaf onto  the  cut  surface

of  the main  stem  caused  production  of  flower inflorescence in axillary  buds, whereas  noninduced

leaf did not  (Suge 1984). Thus, if the chemical  applied  to the  cut  surface  has the  ability  to

induce fiowering, the axillary  buds will  develop into inflorescences, Five plants were  used  for

each  treatment.  Experiments  were  conducted  during the period from May  through  September,

l984.

Results

 
'
 Sex empression  ofstaminate it!i7orescence in Lufu  cylindrica-BR  application  to the  staminate

infiorescence on  the  4th, 5th and
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Table  1 Sex expression  et' flowers in staminate  inllorescence o(' Lt£t7ii ayiindrica as  influenced  by  BR  andter  BA

Chemlcal  and

concentratlon

  (ltglml,>

Staminate flowers Bisexual and  pistillate flowers
          Number"  in the  inflorescence from

4th node  5th node  6th nodeTotal4thnode  5thnode  6thnodeTotal

ControlBA

 O.05BR

 1BA

 O.05+BR  1

55l54436 "266029 53306036 15271164IOI o13o5 o18oH o12410 o43426

a

 Total  number  in 6 ptants.

10-5 M)  {data not  shown).  The  twe  eflbctive  concentrations  of  BR  gave  essentially  the  same
results.  Deformed flower buds characterized  by abnormally  developed sepals  were  frequently
observed  in the  inflorescences treated  with  the  higher concentration  ofBR  (Table 1, Fig. 1 and  2).
    BA, on  the  other  hand, induced these sex  modifications  in all the  inflorescences tested
(Table 1, Fig. 1). Several transitional  sex  types  induced by BR  application  are  shown  in
Fig, 2D. The  tops  of  these  inflorescences developed into shoets  that  were  similar  to the main

shoots. Sex modification  in the  staminate  inflorescences was  hardly aflected  by removal  ofmain

Fig.  2 Sex medification  of  fiowcrs in the staminate  inflorescences o[' LiElfLi cytindiica cv.  Futo-hechirna as  influenced
by BR.  A-C:  Pistillate and  biscxual  flowers induced by BR  treatment  are  shown  by large arrow.  In one  of

them  (B>. petal was  rernovecl  (br the  coi]venience  ol' the photograph. Srnal] arrows  indicatc  abnormally  developed
sepals.  D:  Examplcs  of  clifferent steps  of  sex  expression  under  the influence ofBR,  AII petals were  removed  for
the convenience  of  the  photograph.
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Table 2 F]owering and  growth  of  Rophanus sativus  as  influenced by BR  and  GA3

Vernalization
  ol' seed

  (Days)

Chemicals
 app]ied  

"

Days  to  first
 anthcsi$

Plant height at
thc time  of  first
  anthesis

   (cm)

Final number
 of  leaves

Final plant
 height
  (cm)

o

5

10

ControlGA3BRControlGA3BRControlGA3BR155.9±5.3

131.7-1-4.3*
146.0± 3.3*

142.6± 4.2

126.9±, 3,7*
l42.9+3.5

47.3 ± 1,3

44.5± 1.3*

44,6± 2,1

70.1 ± 8J

127.0±  7.5*

61.5± 3,7

60.7±  6.8

124A ± 10,8*

69.3±  5.8

36.5±  6,1

40.9 ± 2.9
38.8±  4,7

32,1± 1.7

31.3± 1.4

32.7± 1.6

32.5± 3.7

2Z8.i 1.4

29.9± IA

10.7± O.6

10,9± O.6

10,7± O.6

116.4± 11.2

152.8± 13.0*

107.6±  9.0

106.1± 17,2

154.3±  8.4*

114.0± 10.7

97.3± 16.3

83.0± 6,9*

8L6 ± 11.1*

*  Significantly diflbrent from control  at  p<O.05.
"
 GA3  at  O.1 i"glml and  BR  at  1 siglml,

shoet  alene,  as  indicated in the controls  ofTable  1 and  Fig, 1, Combined  application  ofBA

and  BR  did not  give an  additive  eflect  on  the  sex  modification.

   Ftowerin,g of vernalized  and  nonvernalized  radish  Plants-Under the  present experimental  con-

ditions, even  nonvernalized  plants flowered eventually,  although  vernalization  treatment  of

seeds  clearly  promoted  fiowering,
   As shown  in Table  2, GA3  decreased the  number  ofdays  to the  first anthesis  in all  vernalized

Fig. 3 Growth of  Peritla plant  as  influenced by B]1,

Increase in leaf blade size,  petiole length, internode

length and  latera] bud  length is evident  in ]3R treated

plant. A: nontreated  control  plant, B: BR-treaicd

plant.

NII-Electronic  Mbrary  
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and  nonvernalized  plants, although  the degree of  promotion  was  greater in nonvernalized  plants
than  in vernalized  ones,  Plant height at  the  time  ofthe  first anthesis  was  aaso  increased by GA3
treatment,

 However, no  significant  change  was  detected in the  final number  ofleaves  (Table 2).

    BR  also  hastened the  first anthesis  in nonvernalized  plants, but the eflect  was  slight  and  no

such  effect  was  seen  in vernalized  plants. BR  did not  induce increase ofplant  height. Evident
leaf epinasty  was  observed  during thc  period of  BR  application,  but normai  leaf orientation
was  recovered  when  the BR  treatment  was  discontinued. Final stem  height was  decreased by
treatment  either  with  BR  or  GA3  in plants vernalized  for IO days (Table 2),
    FVowering of Perilla frutescence ver  crispa under  noninductive  conditions-BR  did not  induce
flowering in Peritta, a  short  day  plant, under  noninductive  conditions,  although  it prometed  the

growth  ofleafand  lateral shoot  as  well  as  that  ofinternodes  (Fig. 3). Petiole length of  control

and  BR-treated  plants were  3.43± O,08 and  7,l3± O.28 cm,  respectively,

Discussien

     In Loja  aytindrica, sex  expression  of  fiowers in the  proximal to distal parts of  the  BA-treated

 staminate  infierescence changed  according  to the order  of  flower$, from  staminate  to biscxual

 and  pistillate flowers and  finally to fbliage leaves (Takahashi et al, 1980), BR  was  also  fbund

 to induce sex  rnoclification  in the  staminate  inflorescence, as  does BA,  but the  activity  ef  BR  was

 lower than  that ofBA.  Sex modification  by BR  treatment  was  induced  only  in the upper  most

 node  located just below the  cutting  site  of  the  main  stem,  whereas  BA  treatment  induced sex

 modifications  in all three  nodes  (Table l), as  described elsewhere  (Takahashi et  al. 1980),

 Combined  application  of  BA  and  BR  gave no  additive  effect  on  the sex  modification  and  induced

 abnorrnal  development  in the  flewer organs  such  as  the sepals.

     BR  promoted  flowering only  slightly  in nonvernalized  radish  plants, and  this promotion

 
was  not  seen  when  plants were  seed-vernalized.  On  the other  hand, GA3  promoted  flowering

 not  only  in nonvernalized  but also  in vernalized  plants, As the  final number  ofleaves  were  net

 decreased significantly  even  in GA3-treated plants, the  promotion  of  flowering in this experiment

 might  be due to the hastening of  growth  and  not  to the  efllect on  the development  of  flowers.

     Kopcewicz (1970) reported  that  flowering in the  cold-requiring  long day plant Cichorium

 intybus L, grown  under  noninductive  conditions  was  induced  by estradiol-17  and  estrone.  GA-

 treated  plants started  flowering eariier  and  were  characterized  by elongated  stems,  whereas

 plants treated  with  estrogens  started  flowering 10 days later and  had less elongated  stems.

     As  nonvernalized  plants of  the  same  radish  variety  did not  flower in other  experiments

 (Suge and  Rappaport  1968, Suge  1977), the  present materials  might  have  been  partially
 vernalized  under  the  present  growing  cenditions,

     BR  did not  show  any  activity  in inducing  flowering in a  short  day  plant Perilla under  non-

 inductive conditions,  although  it promoted  the  growth  ofleag  lateral sheot  and  internode (Fig. 4).

 The  reason  why  BR  had  axpositive  efll:ct on  the  fiowering ofa  long day plant, Rophantts sativus,

 whereas  it gave no  such  eflbct  on  that ofa  short  day  plant, Perilta.frutescence, remains  unclear.

     Flowering  of  short  clay plants was  reported  to be inhibited by an  inhibitor ofsteroid  bio-
 synthesis,  although  attempts  to remove  the inhibition by normal  steroidal  metabolites  have been

 unsuccessfui  (Bonner et al. 1963). Increase ofsteroidal  metabolites  was  reported  at  the time  ef

 onset  of  fiowering in several  plants including Perilla (Kopcewicz 197l, 1972a, b). It is interesting

 to note  that  BR  was  isolated from  pollen and  has been  fbund  to have  a steroidal  structure,

 The present study  failed to show  any  significant  relationships  to the hypothetical flowering

 hermone. More  detailed experiments  are  needed  before the  role  of  BR  in the reproductive

 development  can  be established.
'
 BR  has been  known  to interact with  auxin  (Yopp et  al. 1981, Katsum[  1985), so  the  possi-
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bility that  BR  exerts  its eflect  on  flowering through  

'an
 interaction with  endogenous  auxin  cannot

be neglected.

I would  like thank  Teijin Ltd. for supplying  BR  sample.
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