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   Pri;nary leaf segments  of  1l-day-old seedlings  of  barley (Hbrdeum vuigare  L, cv

IB  65) were  floated on  distilled water  in darkness at  25CC to induce senescence.  This
stress

 
inducecl

 agingi  bTings significant  loss in the  total  content  of  pigments, preteins
and  nucleic  acids  <DNA, RNA)  of  the leaves and  of  chloroplasts  iselated from the
senescing

 leaves. Of  ihe  three  macromoleculat'  compenents,  RNA  content  of  the
isolated chloroplasts  was  found most  susceptible  to stress-induced  aging.

   
Loss

 of  DCPIP  HIII activity  of  the isolated chloroplasts  could  be correlated,  in
a  general way,  with  the ]oss of  pigments, proteins and  nueleic  acids  of  the leaves and

chloroplasts  iselated from them.  Howevcr,  during the stress  period, the ability  of

difft]rent exegenous  electron  donors like MnC12  and  diphenylcarbazide (DPC) to feed
electrons

 to Photo System II (PS II) was  found to be diflbrent. MnC12  supported

photorecluction  of  DCPIP  only  up  to the fourth day, whercas  DPC  sustained  its abiHty
to donate electrons  up  to the seventh  day of  incubation of  the  leaves in darkness. These
results

 suggest  a  sequential  alteratien  of  thc sites  in the electron-transport  chain  between
H20  and  PS  II reaction  centers  of  chloroplasts  during dark-induced senesccnce.

Kinetin not  only  prevented the loss of  pigments and  proteins during senescance,  but
also  preserved the  {ntegrity of  the electron-transport  chaln.

    Photosynth ¢ tic capacity  of  mature  green leaves is known  to declinc with
advance  in age  (3). Less in the total  chlorophyll  and  protein content  <J9) as  well

as.
 
the

 disorganization of  the  structure  of  the  chlorop]ast  membranes  (6) tog¢ ther
with  the reduction  in ability  of  photosynthetic C02  fixation have been reported

(10). The  structurai  changes  in the  chloroplast  during senescence  begin with  a

gradual clisintegration of  the  stroma  lamellae, fo11owecl by the  disruption of  the
grana  stackings  (6, Il), The  efll]cts  of  aging  on  the  functionai characteristics  of

isolated chloroplasts  have also  been reported  (7). Recently, the  loss ofHill  activitv

during aging  of  cucumber  lcaves has been observed  (8). Although  the  general
phgnpvieRology  of  senescence  induced aiterations  of  some  of  the  photosynthetic
activities  is known, vcry  little is known  about  the specific  sites of  these alterations

or
 the  sequence  of  events  which  occur  during these  phenomena, Furthermore

the efllect ef  growth-regulators, which  in general retard  the  process of  senescencg

(19), on        the  chloroplast  structure  and  function has not  been well  characterized,

   Abbreviations: 
"iCA,

 trichloroacetlc  acid;  BSA,  bovine serum  alburnln;  DCPIP,  .P.,6-dich]oro-
phenol indophenol; DPC,  diphenylcarbazide; PS I, photosystem  I; PS II, photosystem  II,
i-
 I" this commuulcution  

`aging'

 and  
Csenescence'

 are  used  interchangably,

                                  82e
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    In this  report,  we  have  attempted  to  characterize  the changes  in photosynthetic
ability  of  barley chloroplasts  caused  by $tress-induced  senescence.  The  eflect  of

kinetin, a  weli  known  plant-growth reguiator,  on  photosynthetic activities  ofchloro-

p]asts has also  been studied,  Here, we  report  some  spccific  sequential  alterations

in the site(s)  {br thc  cntry  of  electrons  between  H20  and  PS II reaction  centers  of

the  photosynthetic apparatus  during the  dark stress  period. The  eflect  ofkinetin,

which  seems  to protect these  site(s) from dark-induced aging,  is also  described.

Materials and  methods

.

    Bariey CIforcieum vuigare  L, cv  IB 65) seeds  were  germinated in petri plates
fitted with  soaked  filter sheets  at  250C, under  continuous  illumination (2,500 lux).
Full>,･ expancled  primary leaves of  1 1-day-old s¢ cdlings  were  selected  fbr experiments,
Tcn  pieces of  7 cm  long leaf segments  were  cut  off  firom the  apex  and  were  figated
en  l5 ml  of  doubie distilled water  with  or  without  5e "M  kinetin (Serva, Germany).

The  pctri plates were  covered  and  kept in darkness at  250C for 7 da>Js. Several
sets  ef  replicatcs  were  always  maintained  unless  mcntioned  otherwise.  Sampies
were  removed  at  24 hr intervals and  useCl  Ibr assavs,                                             J

Estimation of leof Pigments
    Pigments were  extracted  in cold  80nf6 acetone  in darkncss. 

r]rhe
 amount  of

chlorophyll  in the  extracts  were  estimated  according  to Arnon  (1). The  carotenoid

content  was  cstimated  spectrophotometrically  from the  same  extract  (14).

Ijolation of chloroPlasts

    The  chloroplasts  were  isolated t'rom 40 to 50 Ieaf segments  by homogenizing
them  in a  prechilled Waring  type  blendor with  ice cold  bufller, at  maximum  speed

fbr 20 sec,  The  homogenizing  medium  contained  O,4M  sucrose,  O.OI M  EDTA-

Na2  and  O.l M  phosphate  builbr (pH 7.8). 
'I'he

 hornogcnate was  squeezed  through

16 layers of  cheese  cloth  and  the filtrate s･sras centrifuged  at  500xg  for 1 min  in a

clinical  centrifuge,  The  supernatant  was  again  centrifuged  at  l,OOOxg tbr ten

min  and  the  pellet was  collected  by  suspending  it in a  rninimal  volume  of  homoge-

nizing  medium.  Chlor()phyll was  assay,  ed  according  to Arnon (I). All operations
were  carried  out  at  40C  and  in clim green light.

Estimation of nucleie  aciils

    Both DNA  and  RNA  contents  of  the  leaf segments  and  isolated chloropiasts

were  determinecl according  to Cherry (5). The  sample  was  homogenized  in

cold  methanol.  The  methanol  insoluble residue  was  washed  first with  cold  O,2 M

HC]04  <-20eC); then,  Nvith  co]d  ethanol  and  finally with  ethanol-ether  (2 : 1,

vlv).  The  resu]ting  residue  was  suspended  in O.5 N  KOH  and  was  incubated at

370C  in water  bath fbr 16hr. The  alkali-hydrolyzed  RNA  wa$  centrifuged  and

the  supernatant  was  kept fbr estimation  of  total RNA.  The  total RNA  was  esti-

mated  spectrophotemetrically  after  neutralizing  the  excess  ol"  alkali.  The  residue

was  extracted  with  59,A HCI04  at  700C fbr 40 min.  The  hydrolyzed DNA  in the

supernatant  was  removed  and  the  pH  was  ad.iusted  to  7,O and  again  estimated

spectrephotometrically  (5),
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Estimation of'Protein
    All protein in the  leafhomogenate  was  precipitated with  5%  TCA,  dissolved
in

 O.5 N  NaOH  and  thc  total  amount  of  protein was  estimated  accorcling  to Lowry
et al. (15). BSA  (Sigma, fraetion V) ivas  used  as  standard.

Afkasurement of DC:PIP-thlt reaction

    T"he photoreduction of  DCPIP  (dichlorophenol indophenol) was  measurcd

spectrophotoinetrically  as described below, The  chlorop]ast  sample  was  illuminated
for 30see with  saturating  (N7× 104 ergs  crnLi  sec"i)  white  light. The  light source

was  a  800-watt prejection lamp. The  incident beam  was  passed through  a  water

and  a  C.S,3-69 cut-off  filter to eliminate  infira-red lighL. The  reaction  mixture,

with  a  final volume  of  3 ml,  contained  chloroplasts  equivalent  to IO--l5 ptg Chl;
DCPIP,  15AM;  KCI, iOOmM;  MgS04,  O.1mM, and  10mM  phosphate  bufftir,
adjusted  to pH  6.8. The  bleaching ofDCPIP  due to photoreduction  was  measured

at  605 nm  as described by Mohanty  et  al. (17). The  concentration  of  exogenous

electron  donors such  as manganous  chloride  (MnCl2) and  diphenylcarbazide
{DPC) whcm  used,  were  3 mM  and  O.5 mM  respectively.  The  stock  solution  ofDP(]

was  made  daily in methanol.  The  final concentration  of  methanol  in th ¢  reaction

mixture  did not  exceed  29!., and  the methanol  at  this concentration  had  no  effhct

on  the  DCPIP-Hill  reaction,  Chloroplasts "rere  isolated in a  medium  without

EDTA,  when  MnC12  was  used  as  an  electron  donor for DCPIP  reduction.  Whcn
DPC  was  used  as  the  electron  donor, the  reaction  mixture  contained  6 mM  instead
of  IO mM  phosphate bufller,

                                Resalts

    The  visible  symptom  of  a.cring  induced  by dark stress  in detached barley leaves
was  the  gradual yelloNNTing of  the  leaf. Kinetin prevented the  appearance  ol'' thc

yel]ow colour,  as  the leaf segments  treated  with  it remained  green even  7 da}rs at'ter
incubation           (clata not  shown  here). The  control  leaf segments  became  almost

yellow by the seventh  day  ofincubation.  Thus,  for ali eur  experiments,  the  lcafL
segments  were  treated  fbr 7 days.

I. Piginent contenis

    The  ioss of  chlorophyll  and  carotenoid  began at'ter just 24･ hr of  incubation of'

the leaf segments  fioated on  distilled water  in darkness, Both pigments  showed

a  steady  decline throughout  the  experimental  period of7  days <Fig. 1), However,
the  percentage of  loss of  chlorophyll  with  time  was  higher than  that of  carotenoid

(Fi.cr. 1). [I]his is also  ¢ vident  from  the  estimation  of  the  ratio  ol' total carotenoid
to chlorophyll,  Thcse  results  suggest  that  the degradation of  carotenoid  is less
eompared  with  that  of  chlorophyll.  Fig. 1 also  shows  that Ieaves treated  with

50"M  kinetin did not  show  any  significant  decline in the  levels ol' chlorophyll.

The  kinetin treated  sample,  howevcr,  showed  a  slight  (99/,') increase in the level
of  pigment up  to the  fifth day  of  clark incubation.

    The  carotenoid  contcnt  of  the  kinetin-treated sample.s  showed  a  sligh,t increasc
both absolutely  and  coTnparecl  to  the  chlorophyli  content  after  about  the  fourth
day of  incubation, However, the  extent  of  increase in this ratio  of'  carotenoids  to
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               Fig. 1. Fig. 2.

Fig. 1. thdinge,r in thepigmenis  q]" detacfted bartay teaves incubated in darknessfor f- de.Ts iti Levater or in 50 st"･i
kinetin. The  initial (zero time)  values  for chlorophyll  (1,1 rngtg  i'resh weight)  and  for carotenoid

(O.25 mgYg  fresh weSght)  were  s¢ t equal  to leO per cent,  Each  point represents  an  average  ofvalues

for five experiments.

Fig, 2. enan,ges in tfte levet qf'Protein and  nucleic  acids  ofthe detached barlay Zeaves incitbated in ddrkness.tbr

7 days in rvater  or  in 50 psM kinetin. The  values  of  initial (zero time)  measurements  of  controis  (protein
S5 mgtg  fresh welght;  RNA  1.25mgfg  fresh weight;  DNA  95 

,tigfg
 fresh weighi)  were  set  equal  to

100 per cent,  Each point represents  the average  of  five experimcnrs.

chlorophylis  is much  less than  that  of  the contro].  The  cause  of  the  slight  increase
of  chlorophyll  content  in the  kinetin-treated samples  incubated  in darkness is not

clearly  knoN-rn. The  results  shown  in Fig. 1, confirm  earlier  observations  by other

worlcers  (22) that  thc  loss of' chlorophyil  and  carotenoid  is the  characteristic  of  leaf
  'agmg.

2, ananges in the level of nucleic  acicis  andProteins

    The  changes  in the total protein, DNA  and  RNA  centent  in both  untreated

controls  (incubated with  distilled watcr)  and  kinetin treated  leaves are  $hown  in

Fig, 2. In the  controis,  the  level of  protein, RNA  and  DNA  showed  a  continuous

decline throughout  the period of  incubation. However,  the  rate  of  decline in
the  content  of  DNA  is appreciably  slewer  than  the  rest.  As  shown  in Fig. 2, the

decline in the  content  of  DNA  is insignificant in the  kinetin-treated leaves, The

protein content  of  kinetin treated  leaves suflhred  a  ]oss of  about  30%  by the  end

of  the dark-incubation period, The  total RNA  content  began te  decline after  the

fourth day in the kinetin-treated leaves and  showed  a  sharp  decline after  the sixth

day. The  loss of  DNA  in the  control  sample  by the end  of  the  seventh  day  is
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                Fig. 3. Fig. 4.

Fig, 3. C]}angcs in the Protein and  nucleic  acicts  of the dsolated chloroptasts.  The  leaves were  incubated
in

 
darkness

 for 7 days in water  or  50"M  kinetin. The  initial (zero) values  fbr 100%=T-2,6mglmg
(.]hl fbr protein; 200 nglmg  Chl fbr RNA  and  IOs{gtmg Chl for DNiX. Each  peint represents  the

average  of  five determinations.
Fig.

 
4,
 Changes iiz the rates  ofDCI'IP Photoreduction witk  or witheut  exogenous  donors tiy chloroptasts  isolaied

vfrom detached senescing  barlep, ieaves incubated in cinrkfor  7 chnys in te,ater or  treated teJith 50 siM kinetin; initiaJ
((ere time) rate  ropresenting  IOO9" =b-4  pfmotes DCPll' red!tcedtnzg  enllhr ueJith H20  as  electren  donor. Each

point represents  the average  of  determinatiens of  five experimen('s.

approximately  35-40  
0/',

 of  the  initiaHevel; however, roughly  65-709,S ofthe  protein
and  RNA  were  lost by  the  same  time.  AIso, the  extent  of  the  loss of  chlorophyll

is roughly  thc same  (65--7e%) by  the  end  of  the incubation period.

    Fig. 3 shows  the  variatiens  in the  content  ofnucleic  acids  and  protein ofchloro-
plasts isolated frorn leaf segments  incubated  with  and  without  kinetin, as  a  function
of  the  dark-incubation period. The  amount  of  DNA  remained  unaltered  both
in kinetin treated  and  untreated  samples,  However,  the RNA  content  ofthe  ch]oro-

plasts isolated from the  water-floated  leafsegments began to decrease after  the  second

day of  incubation and  continued  to decline till the  fourth day. The  Ioss of  RNA
during this  period is about  50%  of  the  original,  After the fourth day, thc  further
ioss of  RNA  is insignificant. Kinetin treatment  prevented the  loss of  RNA  up  to

the  fourth day after  which  a  drop of  about  40%  was  noticed,

    The  ]oss of  TCA  precipitable protein of  the chloroplasts  in the  control  leaf
segments  was  slow  and  gradual. Approximately 600f6 of  the protein was  degraded
by  the  end  of  the seventh  day, while  the  kinetin-treated samples  suflered  a  Ioss of

protein roughly  to  the  extent  of  309,6 during the  same  period.
    The  DNA  centent  of  the chloroplasts  expresscd  on  a  unit  basis of  chlorophyll

from kinetin-treated ancl  untreated  samples  remained  about  the same  for the

entire  period of  incubation (Fig. 3). Thus, it seems  that  in the  untreated  saTnple,

the Ioss of- DNA  from the  plastids is not  significant,  Here it is important  to  note
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 that
 
the

 chlorophyll  content  of  tbe untreated  leaves does not  remain  constant,  but
 
decreases with  time  in dark incubation as  shown  in Fig. 1.                                                        The  kinetics of  the

 
loss

 
ofchloroplast

 DNA  in untreated  sampies  (Fig, 3) if expressed  in terms  of  fresh

ill'<i
hot
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would
 
appear

 much  more  severe  than what  is shown  in Fig, 3.                                                             However,  the

 general 
trend

 
of.the

 time-dependent  alterations  in the  contents  of  chloroplast  protein
 

and  RNA  remain  almost  the  same  as  shown  in Fig, 3. Thus, the results  shown  in
 Fig. 3 give fair rcpresentation  of  the  relative  extent  of  tlic losscs in the  contents  of'

 
chlQroplast

 RNA  and  protein during stress-inducecl  aging,

 that the loss of protein from leaves is about  7oo/, of  the inltligiSairrt)toeurerittiantgtL)e 
iieOntde

 
of

 
third

 day (Fig. 2), while  the  chloroplasts  lost 25--2e9,S of  the initial level by the
 same

 time  (Fig, 3), The  tirne course  ofdegradation  of  RNA  in the  leaves and  the

 isolated chloroplasts  in the untreated  sample  seem  to be parallel.

 3, Mtl  reaction

     The  time  course  of  the  decline in the  rate  of  DCPIP-Hill  reaction  bv the

Xiioso,pg,%";ga:2ie,rm,ot},g,o,m,cww,Las,g,k,i6me,,`rf,zt,:d,,5eax:s.isg.h:;;':,'?1.F.ig'g
 .(floated

 
on

 water)  showed  a  gradual dccline till thc seventh  day of  incubation,

 
.rhe initial rate  of  DCPIP  reductien  in chloroplasts  isolated i'rom kinetin-treated

kesv,zg.r?.m,gig.eS.,.u".'liz",gL.d.tlk'`P,F,f`iih.xxa.n8,,`t,C,:c.k'7jeS..2/j.g.ktg}1.Eal',e.u:.iPY.･i
 
reduction

 of  JI]!CPIP was  observed  with  the appl{catien  of  exogenous  donors like

 
MnCi2

 
and

 diphenylcarbazide (DPC) to the  reaction  mixture,  Hofovever, the

 ability  of  these donors to donate  electrons  Ibr the  photoreduclion  of  DCPIP  was
found to be dependent on  the stage  of  dark-stres$-induced senescence  of  the Ieaves
floatgd

 
on

 water.  A  fast decline in the  abiiity  of  MnCI2  to support  DCPIP  Hill-
react}on

 
was

 
noted

 after  just 24hr of  incubation. MnC12  could  support  Hill-
rftaction

 and  bring about  an  enhancement  in the rates  ofphotoreduction  ofDCPIP

till the iburth day, after  which  it became completely  ineflbctive. On  the  other
hand,

 DPC  could  eflectively  support  Hill reaction  till th ¢  fourth day  after  which

a
 
steady

 
decline

 was  observed.  However,  unlike  MnC12,  DPC  was  found to support
DCPIP

 recluction  and  bring about  an  enhancement  in the rates  ofphotoreduction

ofDCPIP
 
over

 that of  the  samples  where  H20  served  as  electron  donors, tili the
last day of  incubation.

    
It
 is to be noted  that the progressive decline in the  rate  of  photoreduction

ofDCIIIP
 
by

 
chloroplasts

 during dark incubation ofleaves  would  appear  much  more
sev.ere

 
if
 the  rates  are  expressed  in terms  of  fresh weight  of  the  tissuc, rather  than

unit
 
weight

 
of

 the chlorophyll  as  shown  in Fig. 4, However,  the  kinetic patterns
of  the  losses in the Hill activity  would  remain  very  similar  to the one  shown  in
Fig. 4.
        

In
 
contrast

 to the case  of  the control  chloroplasts,  thc ability  of  DPC  to

ixp.P.o,rM.hs,gn.hg:,z･;d,g.aM,?･:,g)C,.{iS,,",:'Xisipc,/;2",,re,.m,gi:ge,,al,rg,o.st,,""i.h;:"{:g
Icaves

 .treated 
with  kinetin. But  the  rate  of  MnC12  supported  DCPIP

reduction  by the chloroplasts  isolated f'rom kinetin treated  Ieaves, showed
 
aPhsYg?N;
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and  gradual decline. The  rate  decreased by about  10%  ofthe  initial value  by the
third day and  thcn  a  subsequent  decrease ol' another  le%  was  noted  by  the last
day of  incubation.

    It is, however,  interesting to note  that the  rate  ofloss  of  ability  ofboth  the  exo-

genous donors to promote DCPIP  reduction  is much  faster compared  with  that  of

water  during dark-stress-indiiced $enescence  (Fig, 4), and  that there  is a  temporal
difllerence between  the  two  exogenous  donors in their ability  to support  high rates
of  photoreductioR of  DaPIP  by  the  chloroplasts.

                               Discussion

    Decline in the total content  of  chlorophyll  and  nucleic  acids  (RNA and  DNA)
is the usual  symptom  of  aging  ef  plants. Similar trends  were  also  observed  in
our  experiments  with  detached  barley leaves kept in dark, suggesting  a  close  simi-

larity between stress-induced  senescence  and  the  normal  aging  process of  ieaves
attached  to plants. Chloroplasts isolated from the  leaves at  cliilerent times  of

dark incubation showed  the  saine  major  symptoms  of  senescence.  We  observed

that the degradation of  macromolecules  was  suppressed  by  the  application  of

kinetin, a  well  known  inhibitor of  senescence  in plants as  reported  by ethers  (18,
20).

    A  gracluai decline in Hill activity  with  the  dark-incubation time  has also

been observed  (16). How ¢ ver,  the  decline in Hill activity  seems  to be correlated

w･ith  the Ioss of  chlorophyll,  pratein and  RNA  contents  of  the  incubated leaves
(Fig. 1, 2, 3). Of  all the  macromolecular  components  of  the chloroplasts,  RNA
scemed  to be' most  susceptible  in str¢ ss-induced  aging  (Fig. 8>. Even  kinetin
cQuld  not  preservc the  RNA  content  of  the chloropiasts  after  the fburth day  of

dark treatment.  It is interesting to note  that decline in the amount  ofchloroplast

protein is very  small.

    The  most  interesting finding of  this investigation is the  difllerential eflectiveness

of  the  two  exogenous  electron  donors in sustaining  electron  transport  during  stress-

induced  senescence,  Manganous  ion cou]d  sustain  high rates  of  photoreduction
efDCPIP  by isolated chloroplasts  only  up  to 24 hr, after  which  the  rate  of  photo-
reduction  declined very  fast, while  DPC  could  support  a  high rate  of  DCPIP  Hill
reaction  up  to 4 da}rs, after  which  a  fast d ¢ cay  in the  rate  was  observed.  It is known
that both Mn2'  ions (13) and  DPC  (21) feed e]ectrons  to  PS  II. But Mn2t  ions
stop  supporting  DCPI?  reduction  after  the  fourth day, while  DPC  would  sustain

Hill reaction  activity  till the  seventh  day ofincubation,  These  observations  suggest

that  these  two  exogenous  donors probably  feed in at  different sites  in the  electron

transport  chain  between H20  and  PS  II reaction  centers  ancl  that  dark-stress-induced
senescence  causes  a  sequential  disruption in the  function of  these  sites. AIternatively,
it is possible that this diflerential behavier may  be indicative of  the degree of  alter-

ation  in the  integrity of  the 02  evolvin.cr  system.  It has been shown  that  addition

of  Mn2'+ ions can  restore  the oxygen  evolving  system  damaged  by  mild  treatment

er  due to partial loss of  endogenous  manganese  (Mn2+) from  chloroplasts  (4, 12).
Stress-induced senescence  may  cause  the  loss ol'  endogenous  Mn2+  and  thus  the
additioii  of  MnCI2  to the chloroplasts  may  eff}:ct the  restoration  of  the oxygen
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evolving  capacity,  The  inability of  exogenous  Mn2+  to support  DCPIP  photo-
reduction  after  the fburth day of  incubation may,  thus, irriply complete  loss ef

endogenous  Mn2+,  which  is involved in photo-oxidation of  water  (4). It has also

bcen shown  that  a  severe  loss of  endogenous  manganese  (Dv{n2+) may  cause  loss
of  this ability  ot  restore  (4, 9). However,  this aiternative  appears  unlikely  in our
case  from  the observation  that both DPC  and  MnC12  stimulate  photoreduction
ofDCPIP  by the  ch]oroplasts  isolated from fresh leaves (initial day ofincubation)

to about  thc  same  extent  (Fig. 4), even  though,  loss of  endogenous  manganese

(Mn2+) in these preparations is expected  to be minimal.  This indicates that

enhancement  of  photoreduction  of  DCPIP  by addition  of  manganese  (Mn2+) is
mostly  due  to the feeding of  electrons  by Mn2+  ion$ as in the  case  of  DPCI  the

latter is known  to bc a  specific  ele.ctroii  donor to PS  II (21).
    Furthermore,  even  though  both  MnC12  and  DPC  stimulate  DCPIP  Hill reactaon
by  roughly  about  thc  samc  extent  on  the  first day  ef'  incubation, their abilities  to

support  this photoreduction  begin to decline at  diflerent times,  which  indicates

that  these two  exogenous  donors may  not  bc acting  at  the  same  site, Thus, our

results  confirm  and  amplify  the  earlicr  suggestions  (2, 16) that  Mn2+  ions and

DPC  feed clectrons  at  two  diflttr¢ nt  sites  and  that  stress-induced  aging  brings about

a  sequential  loss of  these sites  fbr the entry  of  Mn2+  ions and  DPC  to feed electrons
to  PS  II, As  DPC  supports  DCPIP  reduction  till the  last day  of  incubation, it is

possible that  DPC  may  feed at  a  site  close  to PS  II reaction  center,

    The  ability  of  both the  exogenous  electron  donors te reduce  DCPIP  with

almost  identical eMciency  throughout  the  period ofincubation  in the  leaves treated
with  kinetin, suggests  that  the  possiblc role  ofkinetin  is to protect the integrity of

the  sites  between  H20  and  PS  II reaction  centers  during the  dark-stress period,
even  though  the kinetin treatment  did not  insure complete  preservation of  the

content  of  protein and  RNA  of  the  chloroplasts.
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