
The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlantPhysiologists

Plant &CeZe  Physiol., 7 {1966)

DYNAMIC  ASPECTS  OF  WATER-RELATIONS
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Department  of Botany,  The  Hbbrezv Ube･iversity qf Jerusalem,  fsrael
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  Seed germination  of Hirsch,feldia inca･na was  found  sensitive  to sub-

strate  hydration, being progressively  inhibited in inereasingly high
levels of  hydration.  This phenomenon  was  analyzed  kinetieally. Water-
sensitivity  was  unaffected  by  light eonditions,  though  germination  was

promoted  by a short  irradiation and  to a  lesser extent  by eontinuous

irradiation and  inhibited by  darkness, Water-sensitivity was  greatly
modified  by  temperature.  Kinetics of  the germination  proeess (timing
of  maxirnal  sensitivity  to promotive  short  irradiation) were  unaffected

by  hydration.  but were  hastened by  temperatures whieh  modified  water-
sensitivity,  The equilibrium  level of  seed  moisture-eontent  was  strongly

dependent on  substrate  hydration,  which  also  deterrnined the kineties
of  water  uptake.  The level of  water  sensitivity  was  determined by
the hydration  or  temperature during t･he initial 8-16 hrs of  incubation.
GA  hastened the proeesses  of  germination  and  reduced  water-sensi-

tivity, the growth  regulators  Amo-1618, CCC, and  eoumarin  retarded

germinatien,  but only  the Iatter two  enhaneed  water-sensitivity,  It
was  concluded  that  the level of  germination  in each  eondition  was

deterrnined by its effeets  on  the  relative  rates  of  the germination
proeesses and  the build-up of  an  inhibition. It is suggested  that the
latter is due to effeets  of  hydration  on  the resistanee  t,o diffusion of

oxygen  into the seed  through  the  enelosing  mucilaginous  seed  eoat.

   The  physieal  and  chemieal  components  of  water  energy  of  the germination
substrate  exert  different effects  on  germination  responses  (1-4). Moreover,
the requirements  ef  the seed  for ample  water  for rehydration  of  its embry-
onie  tissues often  eonfiiet  with  its requirement  for eMcient  gaseous  exchange.

This is apparently  the  eause  fer the.phenemenon  ef  
`water

 sensitivity',  where

germination  is inhibited by  an  ovetiiabundant  supply  of  moisture  (5-11).
   The great majority  of  laboratory studies  on  seed  germinatien  are  carried

out  in PETRI-dishes, on  a  substrate  made  up  of  filter-paper or  agar,  mois-

tened with  some  standard  amount  of  distilled water  (or Bolution  made  up

  Abbreiiations: GA, gibberellic  aeid;  Amo-1618, 2-isopropyl-4 dimet-hylamino-5-meth-

yl-phenyl-1-piperidine earboxylate  methyl  ehloride;  CCC, Cycoeel, 2-ehloroethyltri-
methylammonium  ehloride,
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with  distilled water).  Yet, these moisture  relationships  are  rarely,  if at

all, eneountered  by the seed  in its natural  miero-environment  (12). Mereover,

PETRi"dishes are  not  gas-tight and  lose moisture  continuously,  This  exposes

the seeds  to a  gradual  increase in moisture  potential on  the ene  hand  (13),
and  to a decrease in the resistanee  te gaseous  exehange  between  the  embryo

and  the atmosphere,  on  the  other.  These  changes  are  vio!ently  reversed

with  eaeh  irrigatien, Sueh ehanges  may  have  profound  effeets  on  germi-
nation  (14-i6).
  The  studies  reported  below were  made  in order  to analyze  effeets  of

substrate  hydration  on  germination  responses  of  
`water-sensitive'

 seeds.

Preliminary studies  showed  that seeds  of  Hi･rsch,felclia i7tcana L, Lagrdz-

Fossat  were  suitable  for this purpose.

MATERIALS  AND  METHODS

  Fruits of  Ir. incana were  eelleeted  from their natural  habitat (roadsides)
in the Judaean  hillg, between June and  July, in 1963 and  1964. The seeds

were  extraeted  manually.  Different levels of  hydration were  obtained  in

two  ways.  One proeedure  (the 
`ladder

 teehnique') was  to  use  horizontal

steps  of  a  vertieal  zig-zag  strip  of  filter paper, The  filter paper  strip  was

'

Plate 1. System used  in studies  on  dynamie aspects  of  water  relations  in ger-
minatien,  Uprights, spacers  and  bolts are  made  of 

``Perspex''.
 Horizontal

supporting  wire  rnade  of  nylon  fishing line. Filter strip  is Whatrnan  No. 1.

Vertieal distanee between steps  
-2emm,

 steps  are  25x50mm,
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                            TABLE  I

  EW7ects of s･enbst･rate  hydration  en  ge･rminatio･n (filter pa･per-layer technique)

        Numb.er 
of

 
fiIter

 paper  
layers

 . 
Germination

 peree.n.Yagesa .

                   1 47± 4

                   2  61 ,.F6

                   3 64± 5

                   4 68± 5

                   s 77±9 .-.

  "
 Final pereenta.cres ±  standard  errer  at  260 in the light.

eertain  level of  hydration, inhibitory preeesses partieipate in the eentrol

of  germinat･ion, and  (b) that inereasing levels of  hydratien  result  in a  net

advantage  taken by  the inhihitory proeesses over  these  which  nermally  lead

to germination.  This eould  equally  resuk  from effects  ef  hydration on  the

build-up oE  the inhibition as  from  its effeets  on  the promotive  preeesses,

In order  to study  these possibllities, a  kinetie analysis  was  made  of  the

various  partial proeesses, in an  attempt  to identify those  whose  i'ate  was

hydration  dependent in sueh  a  way  as  to  result  in water-sensitivity.

Kinetic ana,lysis  of relationships  of Xigh･t resposcse,  tempera･ture response

and  2vater  sensitivity

   One  of  the time-dependent  phenomena  in the germination  of  ff. incasza
seeds  was  li.crht sensitivity.  The  response  te a  short  irradiation changed

with  time  of  ineubatien, rising  to a  peak  and  then dealining to zero.  The
maximal  response  to a  single  short  irradiation was  always  greater than  to

continuous  irradiation. Though  germination  in all eases  was  improved  with

deerease in substrate  hydration, the maximal  response  to a  single  short

irradiation oeeurred  at  the same  time  at  all  levels of  hydTation, about  12 hr
after  start  of  incubation (Fig, 2),

   Main effeets  of  time  of  irradiation and  of  degree of  hydration  on  ger-

mination  are  shewn  in Figs. 3 and  4, respeetively.

   The loss in respensiveness  to Iight with  increasing duration  of  dark-ineuba-

tion was  apparently  not  a  result  of  dissipation of  the photo-reeeptor. Thus,

transfers from darkness even  to eontinuous  irradiation had  a pregressively
lesser promotive  effect as  the initial darkness was  extended  longer than
ten hours  CFig. 5). Loss of  viability  was  also  not  involved, as  responsiveness

was  eompletely  regained  after  a  24-96hr drying period (over granulated
CaC12). These faets suggest  that loss of  respensiveness  resulted  from build-

up  of  an  unrelated  block to the overall  proeess of geTminatien,  whieh  was

Temovable  by dehydration.
   The  results  in F'igs. 2-5 do not  support  the possibility that the promotive
aetion  of  redueed  hydration is a  result  ef  hastening  the partial proeesses
of  geTmination  which  are  eoncerned  with  changes  in sensitivity  to light.
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Fig. 6, Elfeets of temperature  (solid lines, 260; broken lines, 200) and

of  substrate  1rydration (filter paper-layer  technique) on  germination

under  continuous  irrad{ation (horizontal lines) or  after  a single  short

irradiation applied  at  different times  during ineubation. Dark  eontrols

at  260 and  20U were  18, 31 and  32 percent,  and  4, 3 and  11 pereent, on

one,  three and  five layers of filter paper, respectively.

   The  effects  of  hydration were  strongly  rnedified  by temperature.  Dif-

ferenees in germination  due to substrate  hydration, which  were  quite marked

at  200, even  when  the seeds  were  irradiated at  time  of  maximal  sensitivity,

beeame  alrnost  negligible  at  26e, as  a result  of  the combined  promotion  of

temperature and  irradiation (Fig, 6).
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                   10o

Fig, 10. Germination of 
`hydration-

sensitive'  fraetion of  seed  population
at  20e (21% difference between  ger-
mination  on  one  and  five filter-paper-
layers) in eontinuous  irradiation, when
transferred  at  various  times  from  low
to high  hydration (solid line) and  viee

versa  (broken line)). Details in text,
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Reeiproeal transfers were  also  made  between a  low and  a high hydration
at  different times  during incubation. The  transfer from  low to high  hydra-
tion was  accomplished  by adding  water  to dishes eontaining  five layers of
filter paper, and  initially moistened  with  2ml  water.  The  amount  added

(1.3ml) was  caleulated  to provide  a hydration equivalent  to that of  a  single

layer moistened  with  2ml  water.  The  reeiproeal  transfer was  made  by
adding  fouT layers of  dry filter paper  underneath  a  single  layer, originally

moistened  by 2ml  water.  The  results  in Fig, 10 show  that most  of  the
determination of  final germination  pereentage  by the  lower degree  of  hydra-
tion oeeurred  within  four hours from start  of  imbibition, On  the other  hand,
the determination of  final germination  by  the  higher degree  of  hydration
did not  oceur  during the first four hours of  imbibition. After that initial
period,  final gerrnination  decreased progressively  with  increasing initial ex-

posure  to high  hydration.

  From  these results  it appears  that the requirement  fer low  hydratiQn in
these hydration-sensitive seeds  is of  relatively  short  duration, and  oeeurs

during the first four hours of  ineubation (low to high  hydration  transfer).
Whenthis  initial requirement  is denied to these hydration-sensitive seeds,

they  beeome  irreversibly inhibited (exeept by drying). This irreversibility
starts  after  the  first four hQurs  of  ineubation and  is not  reaehed  simulta-

neously  in all these seeds,  being completed  within  20 hr {i.e. over  a  period
of  16 hr, high  to low  hydration transfer).

Che･mieal regorlation  of 2va,ter-sensitivi.ty

  Other methods  were  tried to modify  the sensitivity  to hydration  by
selectively  affecting  the rate  of  one  of  the two  opposing,  time-dependent

proeesses. It was  found  that a  200ppm  solution  of GA  promoted  germination
both  in light and  in darkness, at  temperatures between 150 and  300. This
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                            TABLE  III

          Efilacts of GA  on  kinetics of germination,  as  i7z:lfztenceal

                    by tevee of substrate  hydration

                                         Germinationa

 Number of  fiiter Incubation  
'
 

'-

   paper  
iayers

 
medium

 (hSr} {%5hr) (;L)
L'

 
''1
 

'
 H,6' 

-
 19.0 

"'4.2
 

's7
± 2c

       1 GAb  16.5  3.7 95± 3

       3 H20  20.5 3.6 76± 8a

       3 GAb 18.0  5.4 96± 2

       5 H20  21.5  4.5 74± 4c

       5 GAb 19.0 5.6 97± 1

  ut Start, S, rhte  R, and  final percentages,  P, ai  20e under  Eontinuous irradiation.

  b 200ppm.
  c The  seeds  that  did not  germinate  were  transferred  to new  PETRi-dishes on

    1, 3 and  5 filter paper  layers with  GA  and  germinated  to 96, 95 and  95 per-

    eent,  respectively.

solution  eompletely  eliminated  all differenees in germination  pereentages  at

different levels of  hydration, but also  hastened  the onset  of  germination  in

all eases,  and  induced higher final pereentages  than  at  the most  favorable

levels of  hydration <Table III).
  Seeds were  ineapable of  germinating  at  200 in light under  a 75 mm  Iayer

of  water,  or  a  200ppm  solution  of  GA. When,  after  four days, the level

of  the supernatant  was  redueed  to 5rnm,  seeds  in GA  were  the only  ones

to germinate  (100%). The  seeds  from the water  treatment,  whieh  had not

germinated  within  four days of  reduction  ef  the level of  the  supernatant,

were  divided into equal  portions. One  was  transferred to a  200 ppm  solution

of  GA, the other  to water.  Only  the former germinated  (100%).
  In view  of  the modifying  aetion  of  growth  promoters,  sueh  as  GA, on

the sensitivity  to high  hydration, the  effects  of  two growth  retardants  and

of  a  germination  inhibitor were  tried, under  conditions  where  sueh  sensiti-

vity  was  low (260). The  growth  retardants  Amo-1618 and  CCC  are  both

known  to inhibit the biosynthesis of  gibberellin-like substanees  in the plant

(19, 20). However,  only  the latter eaused  the typieal sensitivity  to hydration,

while  the former eaused  inereasing inhibition at  progressively lewer Ievels

of  hydration <Tables IV, V). The  germination  inhibitor coumarin,  which

inereased hydration sensitivity  in Avena  fotua (11), also  eaused  the t･ypical

hydration-sensitivity in H. incana (Table V). This difference between the

effects  of  Amo-1618 on  the one  hand, and  CCC  and  coumarin  on  the other,  is

not  elear  at  present.

Kinetics of water  uptake  by the seed  as  afacted  by the hyclration of the
substrate

  The  uptake  of  water  during the imbibition phase  (i.e; before appearance
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TABLE  IV

on  germination,  as  tn

 substrate  hyarationfluencat

373

Germinationa onindicatednumber  of  filter paper  layers
Mediurn

1 3

H,OAmo-1618b    92 ±, 2

   70± 4

at  260 under

94± 254

± 4

 596

± 243

± 8

abiinal  percentag-e'gl'
1,OOO ppm,

ew"ectSof CCC  ana  cou7nari･n

of germinatio?t  (P}, ason zn

continueusirradiation,

  TABLE  V

ti?ne til･l onset  (S), Tate  (R) and  jZnat peo'centage
flue･nced b･y level of  substrate  h･ydration

Coneent-
 ration

 (ppm)

Germinationa onindieatednumber  of  filter paper  layer

1 3 5

s(hr) R{%fhr)P(%) s(hr)  R(%,ihr)P(%) s(hr) R(%ihr}P(%}

CCC

  o
 1i OO200

141718 7.14.02.5914541 141617 8.55.35.6975954 16]616

Coumarin
    o

   50

   100

152130 172429

9,6 94

7.0  74
5.7 60

14.5

 1.5

 1.9

988158 162438 13.1

 1.4

 1.8

928980  8,O

 1,2<1

968677

a
 At  26"

  1unaercontinuous. 1. /.
Il'I'ttarallen,

o £ visible  germination)  was  studied  by  1<inetic analysis.  Weighed  seeds  were

left to imbibe  at  differ'ent heights above  the water  table (ladder teehnique).

At intervals, seeds  were  carefully  removed  and  weighed.  As the seed  eoats

of  HL i･ncana become  mueilaginous  when  moistened,  eare  was  taken  during
weighing  to int･erfere as  little as  possible  wit,h  the water  held by the

mueilage.  Each  replicate  eonsisted  of  40 seeds,  and  four replicates  were

used  £or  eaeh  measurement  and  then  disearded. Water  uptake  at  all  heights
above  the water  table approached  saturation  after  8-12 hours from the start
of  imbibition, at  a  level whieh  was  direetly related  to the  height above  the

water  table (Fig. 11). Sinee water  uptake  eeased  at  about  the sarnetime  at

all  heights, but reached  different saturation  levels, it was  assumed  that at

these levels the water  potential ef  the seed  was  in equilibrium  with  that of

the substrate.  In this case,  the rate  at  whieh  hydiration approaehes  equili-
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