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   A  10-min irradiation with  red  light (R) of  
`Grand

 Rapids] lettuce (Laciuca sativa

L.) seeds  lncreased respiratory  rates  (QP2 and  ec02) over  thosc  of  far red  (FR)-
irradiatcd seeds  xvithln  2 to 3hr. Diflbrences in respiration  betwcen R-  and  FR-
irradiated

 seeds  became rnore  proneunced  with  time. The  respiration,  in darkness
at  250C, of  seeds  air  dried after  germinatien promoting impregnation treatments  with

1.0 mM  GA3+O.5  m"f  kinetin in acetone  was  stimulated  slightly  by the  6th hour after
planting and  markedly  by  the 12th and24th  hour. Results with  seeds  in GA3-I-kinetin
dissolved in water  were  similar.  ABA,  which  inhibits germination and  seediling  growth,
preventcd stirnulation  in respiration  of  light-induced seeds.  ABA  also  repressed  res-

piration when  used  with  GA3+kinetin, The  germination  and  growth  retardant,

isopropyl N-(3-chlorophenyl) carbamate  (CIPC), did not  aflEct  the  respiration  of  eithcr

R-  or  FR-treated seeds,  A  compai'ison  of  the  effects  of  chernical  and  light/ treatments
on  respiration  indicate that  chemical  and  photocontrol mechanisms  are  not  idcntical.

    Relationships between respiratiQn  and  seed  vigor  have  been reported  fbr
many  crops  (9, J3; 14, f7). Lettuce seed  respiratioii  was  promoted by light treat-
mentvs

 premotive to gerlpinat.ion (4, 7) and  inhibited by germination  inhibitors (3).
   

Lignt
 
responses

 ot  seeds  may  be influenced by temperature  (J5) and  by
treatment  of  the seeds  with  cytokinins,  gibberellin, abscisic  acid  (5) and  coumarin

(B). Khan  (5) proposed  that, in seeds,  cytokinins  permit GA3  activity  in the

presence of  ABA.

   Use of  organic  solvents  (a 10, 11) permit impregnation  of  dry lettuce seeds

with  germination  stimulators  and  inhibitors prior to imbibition. Although it has
been suggested  that  organic  solvents  and  the chemicals  they  carry  do not  reach

ernbryo  tissues (1, 16), light-requiring lettuce seeds  impregnated with  GA3  germi-
nated  in darkness whereas  others  impregnated  with  ABA  fai]ed to germjnate  in
light (6),
   Germination of  light sensitive  seeds  may  be either  initiated or  prevented by
light. The  far-red absorbing  form ofphytochrome,  Pf,, initiates germination and

the  red  absorbing  form, Pr, prevents germination  (2), We  report  the  ellfects of

   Abbrcviations: ABA,  abscisic  acid;  CI?C,  isopropyl N-(3-chlorophcnyl) carbamate;  GA3,
gibbcrellic acicl; R,  red  light, 6eO-660 nrn;  FR,  far-red light, 700-750 nm.
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Ptr and  Pr actions  and  ofgerrnination  promotors and  inhibitors on  rcspiration  of

`Grand
 Rapids' lettuce seeds.

                        Materials  and  methods

    Seeds of  lettuce (Lactzaea sativa  L., cv. Grand  Rapids) stored  at  
-180C

 in sealed

glass jars at  about  8%  seed  moisture  were  used  throughout,

    Respiration was  measured  sequential}y  with  a  Gilson diffbrential respirometer

for up  to 24 hr after  the  start  ofimbibition.  Results are  expressed  as  ptl 02 uptake

or  C02  evolution  hrLi 100 seed's-i-,  Specific conditions  ofvessel  size, amount  of

solution  and  number  of  seeds  per vessel,  temperature,  aeration,  etc.,  are  given with

the  appropriate  figures and  tables, Seed  numbers  from  25 to 100 per reaction

vessel  and  vessel  size  (e.g., 5- or  15-ml) did not  infiuence apparent  respiratory

rates  of  Iettuce seeds,  and  02  content  of  the fiasks was  not  allowed  to  decrease by

more  than  5%  of  the  original  concentration.  Because  radicle  emergence  started

between  the  12th and  l6th hour, rcadings  on  the light-promoted seeds  werc  nQt

usually  madc  beyond the  12th hour.

    Germination  was  tested  on  replicates  of  50 or  100  seeds  per petri dish. Thc

seeds  were  planted on  two  filter papers with  7.5 ml  water  or  test solution.  Ger-
minatiQn  was  scored  after  28 and  48 hr at  200, 220 or  25aC. Germination in the

respiratory  vessels  was  scored  at  the  25th hour. Seeds wereheldintotaidarkness

except  cluring  specified  light treatmcnts.  Seeds were  irradiated with  red  light (R)
at  ambient  temperature  (about 250C), The  light was  frem 2.44-in, slimline,  T8

cQol-whitc  fluorescent lamps filtered through  2 layers of  red  cellophane.  The
broad  band  R  radiation  (6eO-660nm) at  seed  levcl of  1 m  was  O.6mW  cm+2.

For irradiation with  far-red (}rR) at  ambient  temperature,  light from three  300-

watt  incandescent fiood lamps  was  filtered by  2 layers each  ofred  and  blue cellophane
and  10cm  ofwater.  The  broad band  FR  (700-750nm) radiation  at  seed  level
of  1 m  was  e.75 mW  cm-2,  In cxpcriments  given in Tab]es 2 and  3 unfiltered

fluorescent light of  about  430Iux  wa$  u$ed  intermittently for about  20%  of  the
 .trme.

    Seeds were  impregnatcd for 4hr  with  1.0mM  GA3+O.5mM  kinetin, O.2M

ABA,  and  O.2M  ABA+1.0mb!  GA3+O,5mM  kinetin in acetone  according  to

Meyer  and  Mayer  (IO) and  Khan  (6). The  seeds  were  then  decanted and  air-

dried overnight.  In some  tests aqueous  solutions  of  GA3, kinetin, and  ABA  were

added  to the petri dishes or  respiration  vessels.

                          Results  and  discussien

    Seeds given continuous  R  during the first 3hr  of  imbibition had greater
respiratory  rates  than  did seeds  given 5 min  of'FR  at  the  end  ofa  3-hr dark  imbibition

(Table 1), Likewise, seeds  given continuous  R  during the first l2 hr ofimbibitlon

had greater respiratory  rates  than  those  ofthe  dark centrols  (Table 1). The  above

results  show  a  definite promotive eflect of  R  on  seed  respiratory  rates  4 to 5 hr
after  the start  of  imbibition. This is well  in advance  of  rad'icle  emergence,  which

was  not  evident  until  after  12 hr. The  increase in respiration  of  R-treat¢ d seeds

agrees  with  results  of  Hagen  et  al,  (4) fbr 02  uptake.i
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TLa.
 b.1-e 1 bzXryence of li.aht treatments on  respiratonyy rates of Grand Rapicts lettuce (Lactuca sativa  L.) seeds              = -...                      t tt---tt ttt

    Hr after  planting . 
OxY'g'En.!;p-take (p`1 oE'ttFri loo seeds7i)'  

"-
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                                          Air 
"-

 Air                                      '                                       tt ttt -                                                            tttt- ttt tt
...".. .-.".-- ..--  .-..r. --  .(-O.'3.h-,-R.)E.m--. -tt-3..hr.dark,'S'illinFR5T'
    4-5 34 28

    6-7 29 22

    8-9 31 21

    Germination, 48 hr 99%b  3%
 t ttt-t- t         tt                tt                   tt ttttttt-t tt                              ..-......tt.....-.....                                               -t tttt -tttt t                                                            t ttttt-tt t                                                                     ..--m.tt .....
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    l2.5-13.5 38 31 
'-

    I4.5-l5.5 47 36

    16.5-l7.5 53 39

    Germination, 48 hr 99%b  51%
     '       ...- ..
"
 Each s-ml vessel  at  2ooa 

'c5EI.I'llnEa
 o.s'lll'1 H2o  in'd'2//'seeds on  a-p'ipelJ'ti-ng.  i'a7th' a'"Fe meafis  oi

5reps,b

 Gerrr)ination on  filter papers in petri dishes at  20eC, with  same  light conditions  as fbr respiraLion,
Means  are  of3  reps  of  50 secds  each.
C

 Each  15-ml vessel  at 200C contained  O,5mL  H20  and  50 seeds  on  a paper ring.  Data are  means
of  5 reps,
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Respiration
 as  C02  evolution  ofR- and  IIR-treated Grand Rapids lettuce (Lactuca sativa  L.) seeds.

Seed$ were  imbibcd  in water  and  given IO-min R  or  FR  at  2.5 hr. a02  evolution  was  measured  
at

hourly intervals between 4 and  I2hr  after  wetting.  Each  15-rnl fiask contained  O.4ml  H20  and

100
 
seeds

 on  a  filter paper ring.  Measurements  were  at  220C in air  or  in leO%  02, Data  points
are

 
means

 of4  replicate  samples,  
--A--,

 R  in 100%  02; -e-, R  in air;  ---y?---, FR  in IOO%
02; ----*---, FR  in air,
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Table
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l}V7uence
 of imprqgnation with chemicals  that promote and  inhibit germination en  respiratien  of Grand
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  Control, notreatment  33 41 B6 48 22 34 31 34 34 
''
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pregnation treatments
 were:  acetone  control,  1.0 mM  GAs+O,5  mM  kinetin, O.2 M  ABA,  and  e.2 M

ABA+l,O.mtsi
 GA3+O.5  niM  kinetin. Data are  means  of  one  experiment  of  3 replicates  (light) and

two  experiments  of  3 replicates  each  Cdark).
b
 Unfiltered fluorescent light of  abeut  430lux 20 percent of  the time,

for 
a
 possible slight  stimulation  at  12 hr in light (Table 2). Acetone slightly

mcreased
 .crermination  in darkness and  did not  aflect  the  response  of  thc seeds  to R.

The  respiration  ofseeds  impregnated  with  O.2M ABA  was  the same  as  for controls
                                                       ''Table
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b
 Concentrations were  1.0mM  GA3, O.5mM  kinetin, and  O.2M  ABA.

:,Ee.:dagsi,.th.e :.eXplr,:M,.ekar ,"..zs.kF 
"i;E'2,exB,gs.'f

 kz,L"tes.:tt.Xeg,t･ r.sfi.'`f'L::,,w,h le ,?",yr,:::e.'.:.l`ght of

d
 Seeds in Petri dishes were  exposed  to 2 min  R  after  about  3 hr dark imbibition and  he]d at

 250(],
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Table 4 1njluence of 30mom CIPC  on  respiration  of Grand Ropids lettuce (Lactuca sativa  L.) seeds  unde'r

germiuation promotive (R) and  inhibiting (FLR) conditions

  Oxygen  uptake  (ps1 02. .h. r-I  IOO  seeds-1)a  -.'e'o'fit':n-uous
 FR  O-2.5'hr; Continuous  FR  O-2.5 hr

      10-min R

Hr  after  planting H20 CIPC

ng41484944555299%4641504744535299

 
0/.

H20

     4

     5

     6

     7

     8

     9

    10Germination,

 48 hrb

CIPC

46404143e44141

 6e/.

48424244S54442

 30/o

b' Each  1s-ml fiask at  22oa conta'lnEa"61-ilfil-H2o  and  1oo sceds  ofi  p'5Per rings.-'  Dat5  arc  means  of

5 replicates  for FR+R  and  of  4 replicates  for FR.
b
 Secds, 100 per Petri dish, were  gerniinated on  blotters with  9 ml  H20  at  220C. Seedling growth

was  inhibitcd 
'abeut

 50%  by 30 ppm  CIPC;  germination  at  24 hr was  inhibited by CIPC,

in Iight and,  except  for l2-hr, in darkness. No  germination eccurred  up  to 25 hr

(Tables 2 and  S). However by 48 hr, germination  was  the  same  as  for the controls
in darkness and  enly  16%  lower than  that  of  controls  for R-treated seeds,

    In agreement  with  the R-treatments, chemicals  promotive  to germination
increased respiratory  rates.  In contrast  to R-treatments, chemical  treatments

enly  slightly  increased respiration  by 6 hr and  efllicts were  not  well  defined until

12 hr. Although both R  and  chemical  promotors  stimulated  respiration  by 6 hr

and  well  before germination, it is not  clear  whether  the  gi'eater delay after  treatment

in eflt}cts with  chemicals  indicates a  diflerent site  efaction,  delay caused  by chemical

diffusion to active  sites, or  the  inability ofseeds  te express  differences in respiratory

metabolism  before 6 hr.

    !n aqueous  O,2 M  ABA  solution,  no  ffermination  occurred  at  250C during the

48-hr tes{ period in either  light or  darkUness (Table 3). The greatcr inhibitory

effect  on  germination ef  ABA  in aqueous  solution  compared  with  that  of  the  im-

pregnatien treatment  may  indicate either  that  the impvegnation treatment  only

brings the  test chemical  to the  euter  seed  tissues as suggested  by  Anderson  (r) and

Triplett and  Haber  (I6) or  that  ABA  in impregnated seeds  is diluted by  excess

water  in the substrate.  However, impregnation with  ABA  did suppress  germination
over  the period respiration  was  rneasured.  ABA  used  with  GA3+kinetin  also  sup-

pressed their promotion  ofrespiration  (Table 2) and  germinatien (Table 3). In

48  hr, the  dark germination  of  seeds  impregnated with  ABA+premoters was  the

same  as  the light germination  of  ABA  impregnated  seeds  and  was  not  promoted  by
R. Germination of  seeds  in aqueous  solutions  of  GA3+kinetin  and  ef  ABA  was

similar  to that of  seeds  with  the corresponding  impregnation treatments, that  is

respiration  (data not  shown)  and  dark germination  (Table 3) were  stimulated  by
GA3+kinetin  and  inhibited by  ABA.

    It has been suggested  that  phytochrome  (Pfr) acts  by derepressing an  lnactive
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gene, and  that nQ  stable  intermediate or  product mediates  between Pfr and  gene
dercpression (8, I2). Experiments  by Mann  and  Jordan (l2) showed  that  R  did
not

 promote Grand  Rapids lettuce germination  above  dark controls  (about 3091o)
when  the gerrnination inhibitor, isopropyl N-(3-chlorophenyl) carbamate  (C!PC),
was  present. CIPC  presumably blocked the action  of  Pfr on  gene                                                            derepression,
With the  abeve  mechanism  we  would  not  expect  a  general diflerencc in metabolism
(e.g., in respiratory  rates)  between  R  and  control  seeds  in the presence of  CII'C.
However, when  seeds  imbibed  under  FR  in water  or  in 30 ppm  CIPC  were  given
10 min       R  at            2.5 hr, CIPC  hacl no  pronounced  efTk]ct on  02  uptake  of  either  R-
stimulated  or  FR-inhibited seeds  (Table 4). The  failure of  CIPC  at  germinatien-
delaying concentrations  to suppress  the R  stimulation  of  respiration  weuld  appear
to contradict            the               abeve  mechanism,

    Germination has eccurred  by 24･ hr, so  diflerences in respiratory  rates  betbv'een
the various  treatments  by this tirne may  be  the  resu]t,  rather  than  the  cause  o4  the

eflect.s eR  germination. Diflerences in respiratery  rates  at  12 hr or  earlier  precede
germination, although  metabolic  processes Ieading to radicle  protrusien have started.
Efll]cts of  the germination-stimulating GA3+kinetin impregnation  t.reatments
on  respiration  are  evident  by 6 hr but are  not  well  defined before 12 hr, In contrast
R  treatments  stimulated  iespiration  within  2 to 8 hr after  expo$ure.  This diflbrence
between chemical  and  light treatments  indicates that the  mechanisms  by which  they
cont,rol  ,germination  mlght  not  be identical, In both cases,  hQwever,  eflects  on
respiration  eccur  well  in advance  of  germination respons(,t,

   The  authors  thank  Mrs. Dorothy  Humphrey,  Ms, Susan Maxon,  and  Ms.  Carla Mora  for
technical  assistance.
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