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   Growth  of  segments  ol' embryonic  axes  and  cotvledons  excised  fretn dormant  or

nondorrnant  cocklebur  (.rknthium penn,wlvanicum Wallr.) secd$  and  COz  and  C!,IH4
production in these  segments  were  cxarnined  in relation  to the efflects  of  temperature,
C02  and  C2H4.  Both  the nondormant  axes  and  cotyledons  grew  even  at  Iow  tem-

peratures below 230a, but the dormant ones  failed to  grow. Thcre  was  only  little
diflbrence in the  C02  cvolution  between  the nondormant  and  dorinant ones,  but both
the axis  and  cotyledon  segments  from the dormant  seeds  exhibited  iittle or  no  C2Ha
productivit>t, unlike  the nondormant  ones,  at  Iow tcrnperatures.  HoweN,er, a  high
temperature

 of  33eC  caused  rapid  extension  growth  and  C2H,1 preduction even  in
dormant  axes  and  cotyledons,

   The  
inability

 of  dormant  axes  and  cotyledons  to  grow  disappeared completely

in the  presence  of  C2H4  at  fairly Iew concentrations.  Removal  of  endogenous  C02
and  C2H4 reducccl  the growth  in both axes  ancl  cotyledons,  while  exogenous  COz
mainly

 enhaced  axial  growth  although  exogenous  C2H4 strongly  stimulated  thc growth
of  both organs.  Regardless of  the dormant  status,  however, rnaximum  growth  of  these
ergans  occurred  when  C2H4 was  given together  with  C02,  We  suggest  that  dormancy
in

 cocklebur  seeds  is due to the lack of  growing  ability  in both organs,  caused  by thc
lack

 of  C2H4  productivity in beth dormant  axes  and  coty]edens,  particularly in the
former,

    
By  actually  measuring  the thrust fbrce resulting  from a  germinating  whole

cocklebur  seed  and  that from  an  excised  growing  embr"yonic  axis  of  the  seed  under

both
 anaerobiosi$  and  aerobiosis,  Esashi and  Leopold (8) demonstrated that rupture

ofthe  see       d coat  on  seed  germination occurs  when  restraint  imposed by  the  $eed  coat

was  overcome  by  the  thrust  developed  by both the  embryonic  axis  and  cotyledons

which  were  growing passively or  actively.  Based  on  a  significant  difference in the
measured  total thrust between the small,  upper  and  large, lower cocklebur  seeds,
we  documented that the  inability of  the  after-ripened  small  seeds  to germinate at
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seed  coat  (8).
 . 

A
 
number

 ofpapers  (4, 5, 7, 18, 2a 30, 34) have reported  that seed  dormancy
disappears

 whcn  the seed  coat  or  testa was  punctured  or  removed,  whereas,  many
others  (1, 2q  27, Sl)                have stated  that the  embryonic  axes  of  some  plants grow  when

                              707
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excised  from  their nondormant  seed,  but fail to grow  when  excised  frorn their

dormantones. Thus seed  dormancy has roughly  been divided into two  categories:

embryo-dormancy  and  coat-imposed  dormancy  (S3). The  after-ripcned  small  and

the freshly harvested cocklebur  seeds  may  be said  to be under  coat-imposed  and

embrye  dormancy, respectively,  since  the naked  embryonic  axes  from the  former

grew  but those frem  the latter did not  (32),
    On  the  other  hand, both dormant and  nondormant  but impetent small

cocklebur  seeds  have  been  known  to be able  to germinate under  incubation at

elevated  tcmperaturcs  (15, 28). We  have  also  found that  exogenously  applied

C2H4,  particularly in combination  with  C02,  not  only  breaks the dormancy  but also

reduces  the impotency of  the  after-ripened  small  seeds  (16). Moreover,  the  C2H4

production of  dormant  seeds  was  far less than  that  of  nondormant  ones,  and  that  of

impotent small  seeds  was  only  half that  of  potent large ones  (J5), indicating that

germination failure in both  dormant  and  impotent  seeds  may  be due to repressed  and

inferior C2H4  preduction, respectively.  However,  C02  was  found to act  diffbrently

with  C2H4  in seed  germination  (10). We  studied  the  growth  responses  of  axis  and

cotyledon  segments  excised  from  dormant  and  nondormant  large cocklebur  seeds

to  exogenous  C2H4  alld  C02,  as  well  as  the  C2H4  and  C02  production from these
organs,  at  different temperatures  in light to learn more  about  the  mechanisms  of

seed  dormancy and  germination,

Materials  and  methods

    Lower, large seeds  of  cocklebur  (Xdnthium pennEJ,tvanicum Wallr,), selected  for
uniformity,  were  used  throughout  the  experiments.  They  were  excised  at  3 mm

below the tip ofthe  embryonic  axis  for separation  from the  cotyledonary  part, which
was  divided in halfprior to water  imbibition. The  resultant  axial  and  cotyledonary

segments  were  each  detached from the fragment efseed  coat  after  imbibitiQn of4  hr
fbr the  axes  and  6 hr for the cotyledons,  washed  several  times  with  tap  water,  rinsed

twice  with  distilled water,  and  then  blotted befbre their initial fresh weights  were

measured,  The  degrees o{'their  extension  growth  were  expressed  as  percent increase

in fresh weight,  and  all the  results  were  averages  of3  replications  of  12 segments  per
lot, represented  by  a  typical  one  of  at  least 2 to 4 separate  experiments.

    For growth  assay  alone  (Fig. 1, 8 and  9), the  segments  were  placed on  two

Iayers of  filter paper  wetted  with  2.5 ml  distilled water  in a  100-ml Erlenmeyer
flask, to which  one  or  two  side  vessels  containing  1.5 ml  2.5 N  NaOH,  O.25 M  Hg-

(CI04)2. or  both  were  attached  to trap  endogenously  evolved  C02  and!or  C2H4.
Necessary volumes  of  C02  and  C2H2  to give their indicated concentrations  in the
flasks were  syringed  through  a  rubber  stopper  fitted on  the  fiask or  side  vessel,  but
in the  experiments  on  C02  eflbct,  an  excess  of  C02  was  added  as  needed  to maintain

the  same  02  tension  in each  flask as  that  in air. For measurement  of  evolvecl  C02
and  C2H4,  the  segments  were  arranged  on  a  sheet  (4× 4cm)  of  filter paper
moistened  with  i.O mi  distiijed water  and  iined in a  22-ml viai,  to which  one  or  two

side  vessels  containing  the  C02  andfor  C2H2  absorbents  were  fitted, Gas samples

were  analyzed  using  an  activated  alumina  column  on  a  Hitachi gas chromatograph

(Model 063-5050) equipped  with  a  flame ionization detector for C2H4  and  activated

charcoal  column  on  a  Gaschro-Kogyo  gas chromategraph  (Model KOR-70)  with
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a  thermai conductivity  detector for C02,. All manipulations  were  carried  out  under
dim room  iight except  fbr incubation period in the  darkened  thermostats.

                       Results  and  dis¢ ussion

Sagmentgrowth: Growth  of  preimbibed  axis  and  cotyledon  segments  incubated at

130,
 230 and  330C  is shewn  in Fig. 1. Just as  the  breaking ofdormancy  in cocklebur

seeds  and  the potentiation ofgermination  in the nondormant  small  seeds  are  aided
by high temperatures  (15, -P8), segments  ofboth  the axes  and  cotyledons  responded

readily
 to the increase of  temperature  with  increased extension  growth, regardless

ef  the status  of  dormancy. Data  in Fig. I further indicate the  {bllowing  facts:

    First, at  a  temperature  of230C,  although  the embryonic  axes  excised  from  the
nondormant  seed  grew, the  axes  from thc dormant  seeds  failed to, and  the results
agreed  with  those  obtained  by  M･rareing and  Foda  (32). Second, if isolated from
dc,rmant seeds,  not  only  the  excised  axes  but the exciscd  cotyledons  also  failed to
grow  at  230C while  the cotyledons  of  the nondormant  seeds  could,  These  results
clearly  indicate the cause  efseed  dormancy in this plant ro  be in the  inability of

both the  axis  and  cotyledons  to grow at  normal  temperatures,
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Extension
 groLvth in resPonse  to temperature of the gmbtvonic  axis  and  eotytedbn  sagments  excised.frone

ddi'rr,itant
 
diiti

 n'ondotvzani  cucklebur  seeds.  In one  iot at  S3CC, fiasks were  il'ttcd with  side  vesseEs  containing

both NaOH  and  Hg(CI04)2  soiutions.

Fig.
 2. C02  eevoltttion in dormant and  nonclormant  axial  sagments  in response  to temperature. The  amounts  of

endogenously
 cvolved  C02  were  measured  at  the  tirne  intervals of4,  6 and  8 hr for 330, 230 and  l30C,

and
 
the

 
data

 were  shown  as  the mean  rate  of  C02  evolution  at  the  mid  points  of  these  intervals,
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Tablel  C02evolution of dormant and  nondbrmant  cotytedonaw  sagments

Temperature
   {oC)IS28

33

Incubation time

    {hr)O-48

 e-2424-48O--2424--48

         in response  to temperature

COigygJ-u.t2g-n.SiaLI097gLg'r-fr-i-w--tJtiltL.l

Dormant

 2.659.4115.

 I5

  13,55

  19.04iii

 each  indicated period,

Nondormant

3.029.

 3419.
 1017.

 7522.10

Data  are  given as  the  mean  C02  evolution  rate

    Third, as  indicated in the previous paper  (8), growth  ofembryonic  axes  occurred

earlier  than  that  of  the cotyledons  at  all  tested temperatures,  suggesting  that

generaHy  the axis  begins to act  earlier  on  rupture  of  the  seed  coat  than a  pair of

cotyledons  does, Very rapid  axial  growth  at  high temperature  seems  to favor an

explanation  for a  normality  of  germination  behavior under  higher temperatures,
at  which  the seed  coat  is broken  only  at  the  axial  end  ofaseed  (10).
    Last, the  faster extension  growth  of  the  nondorrnant  cotyledons  at  330C  was

slightly  rcduced  when  endogeneusly  evolving  C02  and  C2H4  were  both trapped  by
NaOH  and  Hg(CI04)2  solutions  from  the ambient  atmosphere  within  the fiasks.
Evolution of C02: C02  evolution  ofthe  axes  and  cotyledons  ofa  diffl rent  dormant

status  were  examined,  and  Fig. 2 gave the  results  for the isolated axes  while  Table
1 that fbr the  cotyledonary  s¢ gments.  In both  organs,  C02  evolution  during the

initial period ofincubation  rose  with  tempcrature  increase regardless  of  the  dormant

staxe,  and  diflbrences between  the  nendormant  and  dormant  on ¢ s were  not

significant,  At the low temperature  of  13eC, both organs  did not  increase their
C02  production during the incubation period. At 330C, however, the  C02  produc-
tion increased strikingly,  particularly in the  axcs,  with  incubation time  regardless

ofthe  dormant  status.  In contrast,  at  230C, the  C02  production increased only  in

the nondormant  ones.  These results  suggest  that  there  might  be an  ordinary

respiratory  process common  to both  seeds  by which  C02  was  emitted,  and  that  at

230C the  nondormant  seeds  could  either  exchange  this process for another  respiratory

pathway  which  was  closely  associated  with  the commencement  ofaxis  and  cotyledon

enlargements  or  add  another  one  to this, while  the  dormant  sceds  remained  in a

dormant state  because ofthe  failure to  make  such  changes  !n their respiratory  systern,

Since the presence of  02  during the  initial phase of  the  pregermination  period is
not  indispensable for cocklebur  seeds  to germinate (16), the ordinary  respiratory

process may  proceed  depending weakly  on  02  or  in anaerobiosis,  as demonstrated
by De  la Fuente and  Nicolas (6) with  Cicer arietinum,

Evogution of C2,"4 : C2H4  evolution  in excised  embryonic  axes  was  hardly detected
during the initial period oflncubation  even  at  the  higher temperature  of33eC  (Fig.
.R.), Thereafter, the  C2;..:fA4 product:xiity in the  nonderu.iTa.nt  axes  rapidly  lncreased
Tvvith

 time and  reached  maximum  after  l3 to 14 hr, flJ)llowed b'y a  subsequent  decline.
CzH4  production from  the  dormant  axes  began to rise  with  a  lag period of  about

10 hr, which  coincides  with  the delay of  their  grewth  at  330C in Fig. 1. Lowering
the incubation temperature  of  the nondormant  axes  caused  a  decrease of  the  C2H4
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Fig.
 
3,
 C!iH4 evolution  in derniant and  nondennant  axial  sagments  in re.EPortse to teniperature, Except for a

24-hr interval at  ISOC, thc  other  details are  as  given in Fig. 2,
Fig.

 
4.
 C2H4 evolutien  in dormant and  nondermant  cetytedenamp)  segments  in response  te temperature. The

ameunts
 of  endogenously  evolved  C2H4  were  measured  every  24 hr at  various  temperatures,  Other

details are  as  given in Fig. 2.

production with  an  increase in the Iag period. More  important, however, no
dormant
        axial  segments,  unlike  the  nondormant  ones,  exhibited  any  pronounced
C2H4  production at  230C, where  they  failed to grow  (Fig, 1).

    C2H4  evolution  from cotyledonary  segments  at  diflbrent temperatures  was

almost  the  same  as  those  ofaxial  segments  (Fig. 4),
the  C2H4  productivity in the cotyledons  was  

also
 
mucftieisnt

 
aCnOd2dPertOedctUaCbtleOnla(tFeigt'h2a)fi

that in the  axis,  Thus the  growth  of  the  axis  and  cotyledons  in a  seed  seems  to be
stimulated  by endogenously  evolved  C02  and  C2H4  especially  from the axis,  which
consequently  leads to  breaking of  the  seed  coat.  Not only  the  dorrnant axes  but
also  the  dormant  cotyledons  did not  produce  C2H4 at  230C as  well  as  at  130C, at

which     their  extension  growth  did not  occur.

ELZ7lects
 of C2H4 on  axis  and  cotyleclon growth: Stimulation of  germination  in both

dormant
 or  impotent  seeds  of  cocklebur  by exogenously  applied  C2H4  (f4 J6),

may
 be due to the stimuiation  of  growth  of  both the axis  and  cotyledons  within  the

seed.

      This.possibility may  be supported  by a  relevant  finding that  the  initial growth
of  embryonic  bean axes  is stimulated  by exogenous  C2H4 (I2), Next, axial  and
cotvlednnArv  gecrmFntq  pynJ"prl  "-finn An.mrin+  AnA  v.---ll------t ----i- ii i
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to
 grow  at  230C for 14 and  60 hr, respectively,  in the presence ofvarious  concentra-

tions of  C2H4  (Fig. 5).

   The dormant axes  and  cetyledons  were  notably  incapable of  growing  in the
C2H4-free air, although  the  nondormant  ones  could.  Enlargement of  dormant
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Fig, 5. Dose-respense ourves  ofC2H4 in extensiongrewth  ofaxial and  cotyledbnav,  segments  excised-from  def'mant

and  mondormant  cocklebur  sealy.  Axia! and  cotyledonaTy  segrnents  were  ineubated at  2SCC  t'or 14 and

60 hr untilweighing,  Flasks for no-C?H4  were  fitted with  aside  vessel  containing  Hg(CI04)2 solution,
Fig. 6. Dose-response curves  of C02  in extensien  growth and  C2fa  evoiution  of dornzant and  nondermant  axial

segments.  They  were  incubated at  2S"C  for 12 hr. Flasks for no-C02  werc  fitted with  a  side  vessel

containing  NaOH  solutien,  and  in lots for C02  concentrations  above  3%,  the  calculated  volumes

of  02 were  syringed  into each  flask as  needcd  to maintain  209', 02  tension.

axes  and  cotyledons  as  well  as  nondormant  ones  was  paralleled by an  increase of

C2H4  concentration  in air,  except  that  the  C2H4  promotion in the nondormant

axes  was  slightly  lowered  at  higher concentration  above  l 
,ul/liter.

 Interestingly,

the dormant axes  and  cotyledons  were  much  more  sensitive  to C2H4  than  the  non-

dormant  enes,  and  this promotion was  saturated  at  a  concentration  as  Iow as  O,3

pt1/liter C2H4,  These  data clearly  indicate that  the  occurrence  ofseed  germination
by C2H4  is a  result  of  C2H4-induced increase of  axis  and  cotyledon  enlargements.

opects of C02  on  axis  and  cotyledbn  grozvth: Exogenously applied  COz  sometimes

promotes  stem  (3, J3, 20) and  coleoptile  elongation  (11, 19), suggesting  that  stimula-

tion  of  seed  germination by exogenous  C02  (2, 29) may  be associated  with  its

accelerating  eflbct  on  both the axis  and  cotyledon  enlargements.  On  the other  hand,
exegenous  C02  is also  known  to stimulate  C2H4  evolution  from seeds  during  a

pregermination period (9, i6). Therefore, we  examined  the  eflbcts  of  C02  on  the

enlargement  and  C2H4  productien at  a  diffbrent dormant state  at  230C.

   As  shown  in Fig. 6, the  dormant  axes  did not  grow  at  all in the  CO2-free  atmos-

phere, while  the nondormant  ones  did. And  the nondormant  axes  grew  more  than
:-  LL..  AA..---L  ..-..- ...:lt :"..-nn":m--  nn-nnmL"n;: fi.nn -t r-A  lt.  .."L- . L..:.-N
11L  LLIV  UUIIILaliL  UIIU))  VVILII  111UICablllg  UUIIUCIILIaLIUIIli  Ul  UV2)  LIIU  UPLIiLiUIU  UCIIIg

about  I and  IO%  for the nondormant  and  dormant axes,  respectively.  Correspend-
ing to these respopses,  C2H4  production from the  isolated axes  was  increased by
exogenous  C02,  except  for 30%  C02  in the nondormant  ones.

   Rljven and  Parkash  (25) reported  that  C02  stimulates  the  germination  of
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Fig. 7. Dose-respense cttreves of C02  in extension  growth and

C2H4evolutionofdermantandnondermantco(yledenanyvsegments.
Except for the incubation times  of 24 hr for C2H4  analysls

and  72hr  for weighing,  other  conditions  the same  as

those  in Fig. 6,
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fenugreek seeds  but has no  ethct  on  their  cotyledon  enlargement.  Similarly, the

growth response  of  cotyledons  to exogenous  C02  was  not  as  great as  that of  axes

 (Fig, 7). In any  case,  the  degree ef  growth promotion in the  dormant axes  and
cotyledons  by C02  was  much  lower than  that by C2H4  (Fig. 5), and  C02  applieation
at  1 to
      

lO%
 produced about  2 times  as  much  C2H4  as  the  C02-free atrnosphere  (Fig.

7).
 

Thus,
 the question arese  whether  C02  itseifstimulates the growth  ofthe  organs

or  causes  this eflect  by accelerating  the  C2H4  production. To  answer  this question,
the  next  experiment  was  designed,

 
7'Yamping

 en.dogenousip  evolved  C02 and  C2H4:  Various  C02-  and  C2H4-trapping
treatments  in  combinations,  as  shown  in Table  2, were  conducted.  Growth  ofboth
organs

 was  greatly reduced  by the inclusion of  NaOH  or  Hg(CI04)2,  the  degree
being further increased in the  presence ofboth  and  more  striking  in the dormant than
nondormant  ones.  In the  presence of  both absorbents  the dormant axes  and
cotyledons  failed to grow normally,  unlike  the  nondormant  ones.  These  data make
evident  that  the growing  activities  ofboth  organs,  especially  the  dormant  ones,  de-
pend  upon
          thg endogenous  C2H4  and  C02  and  that  the occurrence  of  relatively
large

 growth ]n  the  dormant embryonic  axes  and  coty]edons  in the control  (no
addenda)  is probably  due to the accumulation  of  endogenously  evolved  C02  and
C2H4  within  the vials.

    The growth-promQting  eflbcts  of  added  C02  and  C2H4 were  also  reduced  in
the  presence of  Hg(CI04)2  and  NaOH,  respectively,  the  degree being greater in the
dgrmant ones.  These facts indicate that not  only  C2H4 but also  C02, which

stimulates  C2H4  production (Fiff. 6 and  7>. has a  sDecifie  a.c.ticn  {.n eAMginff  thp  ;nit;Al
extension  growth ef  the  axes'anVd  cotyled6'ns.  yiuSrther, the results'gi'v'M5'iOin Tabie--i
Sca2gHbcre4S;aatl?grrO?hgaeX
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Efacts
 on  axis  and  cotyledon  growth ofC02 and  C2H4 in combination:  Recently, C2H4
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Table 2 ilfibcts of C02 and  C2H4 absorbents  on  the growth of axial  and  cotyledonaty  sagments  fiom dormanl
and  nendermant  cocklebur  seeds  and  on  their C02- and  C2H4-stimulated growth

    
'"'-'-'--'-'

 

"'-'-"""'
 

't''A.e,
 

'M''M''"-""''
 c6't'yreab-n-$'I[IJJ[L

                 Dormant  Nondormant  Dormant Nondormant

   
Tretttment

 
--F-}v

 %.y  Fw  
r%

 o'f 
'
 iew 

''t',-f.
 o'tJ- 

"FVv'
 

'%-6'f

               increase control  increase control  incrgase cg.n. .f!g.1" increase-c.pnt-tol

No  addenda

NaOHHg(CI04)2

NaOH+Hg(CI04)2

1% C021%
 COz+Hg(CI04)2

1 pdlliter C2H4

17. 5%10.22.72.I22.

 85.S30.8

  l y3/Iiter C2H4+NaOH  23. 4

Fresh weight  increments were
cotyledons  at  23eC.

100581512ISO3017613721.2%18.

 615,812.624.017.

 725.823.

 9

1008875591138412211328.5%17.612.57.139.817.453.

 245,6

100624425l4061187I60

measured

57. 9%5e.350.246.758.255.172.468.

 1

1OO87878110195125U8

after  incubation for 16 hr for the  axesand  72 hr for the

was  found to act  synergistically  with  C02  in causing  seed  germination in some

plants (9, 16, 21, 22). The  results  in Table 2 suggest  that  maximum  growth of  the

excised  organs  will  be achieved  in the presence of  both C02  and  C2H4, In the

experiments  given in Fig. 8 and  9, these  segments  were  allowed  to  grow at  130 and
230C  under  various  treatments,  including 1 palfliter C2.H4 plus 30/o C02･

   As shown  in Table  2, both  axes  and  cotyledons  excised  from dormant seeds

 70=)-60'=O50m)x40t[lE3oK.20REioUz

  oO
 24 4B 72O  6 12 18 24

          TIME  (hr)

         Fig. 8.

 60As.--50H=otu

 40)$30wt

 201:10
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----- ND, NaOH+HgCCtO`)2
-e- D, NaOH+Hg{C[OL)2
-1-ND, 3'/e C02 tlpU{ C!H,
mn-D, 3V, C02  .lpiL  CIHL
-i- ND, 3evo C02
-A- D, 3.tb COI
--ND,  1"lr[ C2HL
-v- D, 1FLIL C2H4

-i/i,klii
(i2iit,--tTe ....v.. .-."..,

23e c

'w.

.

   .A

   :.7/
o

evg........."o
O 24 48 72 96O  24
         TIME  (hr)

        Fig, 9.

48

Fig. 8. Growth responses  of dermant and  nendormant  axial  sagments  to C02  and  C2H4 opPlied sirrgly  or  in

combinatien  at 130 and  23eC. Details for treatments  are  given in the  figure: D, dormant and  ND,
nondormant.

Fig 9. Grotvth responses  ofdermant and  nendbrmant  cotytedenav,  segments  to C02  and  C2Il4 tmpiied  singly  er in

combination  at  130 and  230C, Details for treatments  are  given  in the  figure: D, dormant  and  ND,
nondormant.
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Table
 3 opcts ofC02 (a%) vn  C2H4 evolution  in axial  and  cotytedenaty  sagments.fi'om

derrnant cocklebur  seeds

Organ

Axes

Cotyledens

715

dormant and  non-

Temp.
 (.C>

 IS

23

13

23

Iricubation
time  (hr)

 O-2424-48

 O-1212-21

 O-4848-72O-2424-48

C2E!.4 evglutio''fi'Illl/Z/.iO. O'u.l-g fr', v"{.Xhr)LL'

Dormant  Nondormant

.;-po2..
 0. 002

 O. O08

 O.O14

 O.076

 O. O02

 O. O08

 O. O03

 O. 048

+C02 -C02O.

 027O.

 062O.125i.284O.

 OIOO.

 037O.

 029e.

 I65

+C02

O.O02O.

 O09O.

 026O.194O.

 O03O.

 O09O.O14O.

 113

O.030O.067O.

 1561.

 588e.o13O.041O.048O.

 218

Via]s for no-C02  were  fitted with  a side  vessEl  containing  NaOH  sollitio-nJ'i  ata  are  

'given
 
as

 the
mean  C2H4  evolutaon  rate  in each  indicated period.

were
 nearly  incapable of  growing even  at  23"C when  the  absorbents  for C2H4  and

C02  were  both included, whereas,  as  shown  in Fig. 8 and  9, maximal  extension

growth  was  obtained  regardless  of  incubation temperature  when  C2H4 was  given
together  with  C02. In the nondormantsegments,  however, this combination  effect

was  found only  in the  axes,  the  growth ofcotyledons  depending  mainly  upon  C2H4.
Furthermore, this C02  action  was  not  seen  in the dormant  axes  incubated at  130C,
and

 
centrarily,

 as  already  shown  in Table 2, the  dormant cotyledons  were  influenced,
though

 slightly, by a  concerted  action  of  C2H4  and  C02. Pessibly, therefore, the
abnormality

 of  the  C2H4-induced  germination-in about  the  half ef  the germinated
seeds,  the  seed  coat  was  broken at  the  cotyledonary  side  but not  at  the axial  end

(IO)-might result  from the  action  of  C2H4  on  the  extension  growth  of  both seed
organs.  That ls, of  the  critical  thrust accumulated  during a  pregermination  period,
only  one-third  or  Iess was  derived from  the  growing cotyledons  in the  nendormant

large
 seed,  but the  cotyledon  extension  stimulated  by exogenous  C2H4  might  con-

tribute
 
more

 substantially  to the  accumulation  of  the thrust, thus resulting  in the
abnormality  ef  the  C2H4-induced germination.

    On  the ether  hand, a  condition  with  no  absorbents  caused  detectable growth
of  dormant  axes  and  cotyledons  at  230C but not  at  130C. This growth failure in
control

 
seggeents

 at  130C may  be explainable  by the  extremely  low C2H4 productivity
at  13eC (Fig. 3 and  4),
C02  and  C2H4 evolution  as ofected ijpt C2H4 and  C02: Experiments in Table  3 were
earried  out  to examine  whether  reduction  of  the C02  action  at  13eC is associated
with

 
the

 
loss

 ofC02-stimulated  C2H4 production, As already  described in Fig. 6
and  7, both axes  and  cotyledons  evolved  much  more  C2H4, regardless  of  the  dormant
status  in the  nre.ge.nnp  nF2e/.  an.  2t  9Re"  k.i+  "n+  -+ iQorH  rr7L.."  ".  fiN. ].L.  ･
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 a  synergistic  interaction of  C2H4 and  C02  may  result  only  when  C02  can
stimulate

 
the

 C2H4 production. This possibility is supported  also  by our  previous

gli,d,i,-,7S,fig3&6h,a"g,,b.e.a,n.,kY,P8:?i`Xig,d.i,d..",?.8･.eihibit 
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    On  the contrary,  there was  no  enhancement  of  C02  production in the  C2H4-
treated  axes  and  cotyledons  independent of  incubation temperature  and  their

dormant  states  (data not  shown),  although  C2H4  increasedi respiration  in other

storage  organs,  such  as potate tubers (24) and  iris bulbs (14). Thus, the reduction
ofthe  C2H4  action  by  NaOH  inclusion (Table 2) might  not  be clue to the cancelling

of  the  C2H4-stimulated C02  production but to the  loss of  a  specific  action  of  endo-

geneus C02,

Conclusion

    There  was  a  significant  difflerence in growing  rate  between the axis  and  coty-

ledon segments  excised  from nondormant  and  dormant  cocklebur  seeds  (Fig. 1).
This difllerence was  further magnified  when  endogenously  evolved  C2H4  and  C02
were  removed:  Iittle or  no  growth  of  dormant  axes  and  cotyledons  occurred  at

temperatures  below 230C (Table 2, Fig. 8 and  9). Apparently, seed  dormancy
must  be distinguished qualitatively from  seed  impotency  (coat-imposed dormancy)
in which  an  axis  and  a  pair of  cetyledons  are  able  to  grow, but the  seed  is unable  to

germinate due to an  insuMcient thrust  to overcome  the seed  coat  restraint.  There-
fore, seed  dormancy  in dicot plants should  be defined as  a  phenomenon  resulting

{'rom an  inability of  both the axis  and  cotyledon  to grow, while  emergence  tfom
dormancy is a  process during which  these organs  regain  the  ability  to grow.
    In cecklebur,  C2H4  is very  effective  for potentiating the  impotent small  seed

for germination and  awaking  dormant non-after-ripened  small  and  large seeds  (15),
Even  at  ISeC exogenous  C2H4,  but not  C02,  caused  the dormant segments  ofboth

axes  and  cotyledons  to grow  and  improved the  growth  rate  in the  nondormant  ones

(Fig. 8 ancl  9). e2H4  was  l'ound to stimulate  the  initial growth  of  the axis  and

cotyledon,  giving the  seed  enough  thrust  to overcome  the  seed  coat  restraint.

    C2H4  evolution  from  nondormant  axes  and  cotyledons  increased with  an

increase of  incubation temperature,  but dormant axes  and  cotyledons  produced
little or  no  C2H4  at  temperatures  below 230C (Fig. 3 and  4). Similar to the results

with  peanut  seeds  (17), however, most  of  the C2H4  evolved  from  a  seed  came  from

the  axis  (Fig, 3 and  4, Table 3). Comparison ofFig.  3 with  Fig. 4 shows  that  C2H4

production from the  axis  preceeds that from  the  cotyledons,  Therefore, the low
C2H4  production in dormant seeds  is probably  due to the  extremely  low C2H4  pro-
ductivity in the axes.

    The  eflect ofC2H4  on  the extensien  growth  of  axes  and  cotyledons  was  saturated

at  a  concentration  ofas  low  as  O.3 gelliiter (Fig. 5), suggesting  that  C2H4  is a  trigger

for breaking dormancy in cocklebur  seeds,  Thus, dormancy  in thc cocklebur  seed

is a  status  in which  the  axis  and  cotyledons  are  prevented from  producing C2H4.

    We  have  proposed  the  possibility that  there  may  be two  processes for producing
C2H4  en  seed  germination: one  is the 02-independent process and  the other  the

02-dependent,  C02-stimulated one  (I6). As shown  in Table  3 and  Fig, 6 and  7,
the  enh.ancpvment  by  C02･  ef  the  growth ofdnvrmant  axes  and  n-otyiedons  was  net'  as

great' as  t'hat by C2H4, although  C02  promoted semewhat  the  production of' C2H4.
Furthermore, there  was  no  significant  difft]rence in C02  evolution  between  the

dormant and  nondormant  axes  and  cotyledons  during the  early  period ofincubation

(Table 1 and  Fig. 2). The$e  findings suggest  that  repression  ofa  process involving
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C02  evolution  is not  the cause  of  cocklebur  seed  dormancy,  which  appears  to result

from  repression  of  a  process influenced by C02., such  as  the 02-dependent CzH4-
producing  system.

    At  33eC, the  dormant axes  could  also  produce  C2H4  with  a  short  lag period
(Fig. 3). Therefore, the high temperatures  which  were  very  efllective  fbr awaking
dormant cocklebur  seeds  and  potentiating the  small  seeds  (15), may  supply  a

suMcient  thrust by releasing  the  seeds  from the  state  of  repressed  C2H4  production
rather  than  by increasing the  growth  rate  of  the  axis  and  cotyledons.
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