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                                Summary

  Changes  in the anatomical  and  phys{ological features of  expanding  leaves of  mango  (Mangijlera
indica I.., cv.  Irwin) were  examined  to identify the factors that control  photosynthetic activity
rclated  to leaf age.  Anthocyanin contcnt  increased before leaf enlargeinent  but decreased rapidly
as the  lamina expanded.  Immature  leaves soon  after  budbreak were  yellowish  green with  a small

amount  of  chlorophyll.  When  they  were  stained  with  4' ,6-diamidino- 2-phenylindolc (DAPI),
some

 
chloToplasts

 
fluoresced

 
redt

 whereas  others  weie  yellowish  in the same  mesophyll  tissues.

When  the leaf reached  almost  its maximum  area, the chlorophylt  content  began to incrcase
greatly. With increases in the chlorophyll  content  of  the lcaves, the  intensity of  staining  with

DAPI  increased. Stomata did not  differcntiate in the leaves soon  after budbreak. When  leaves
rcached  28.6 cmZ,  guard cells  of  stomata  appeared,  Green and  mature  leaves contained  highcr
concentrations  of  ribulose bisphosphate carboxylase-oxygenase,  as  detected by imrnunoblotting
after SDS-polyacrylamide  gel elcctrophoresis  than did young, immature lcaves. The  photosyn-
thetic rate  and  the ratio  of variable  to maximum  chrorophyt[  fluorescence (F.IF.) wcre

conslstently  loweT in young, irnmature leaves thun in mature  lcaves. Oxygcn  evolution  and  FvlFm
ratio  incTcased with  an  increase of chloTophyll  content  but FvfFm  incTcased much  fastcr duTing
rapid  chlerophyll  synthesis  at  the beginning of  leaf enlaigement  than later when  thc increase in
chlorophylldeceleratcd.

Key  Words:chloTophyll and  anthocyanin,  chlorophyll  fiuorescence (FvlFm), 4' , 6-
diamidino- 2- phenylindole (DAPI), mango  leaf, oxygen  evelution.

                 Introduction

  Mango  leaves turn  from  dark brown to green with  an

increase in area  after unfelding.  With  increases in leaf
aTea, anlhocyanin  disappears, chlorophyll  content  in-
creases,  and  the leaves become thick and  rigid. Taylor

(1970) describeti the leaf expansion  pattern of  mango

and  the concurrent  unatomical  changes  of  mesophyll

tissue. Tyagi and  Devi (1988) demonstrated that photo-
synthetic  activity  is Telated  to chlorophyll  content,  which

depends on  leaf thickness, Moreover, ]ight-responsc
curves  for the net  assimilation  rate  had a steeper  initial
slope  in leaves that developed in ful] sun  oT in 25%
shade  than those of leaves in 50%  and  75%  shade

(Schaffer and  Gaye, 1989a, b), We  reported  prcviously
that a causa]  relationship  exists  between photosynthetic
activity and  changes  in levels of  chlorophyll  and  antho-

cyanin,  as well  as  between photc}synthetic activity  and

thc RuBisCO  content,  in the leaves of  seedling  trees
from `Irwin'

 mango  (Nii et al., 1995). However, changes
in anatomjcal  and  physiological characteristics  have not
been studied in detail during leaf enlargement  and
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greening in the leaves of  
`Irwjn'

 mango.  The knowledge
en  anatomical  and  physiological changes  in the leaves
related  to lcaf age  should  contribute  te our  under-

standing  of  leaf functions.

  A  close  correlation  between F.!F,,, (F. =F.-Fo)  and

the optimum  quantum yield of the photosynthetic cvolu-

tion of  oxygen  has been found in many  plant species
(Krausc and  Weis, 1991). The determination of F, IF.
during the leaf develepment is important to understand

the degree of photoinhibition under  natural  conditiens

(ajOrkman and  Demmig,  1987; Castro et al., 1995;

Krause et al,, 1995). The  decline in quantum yield of

photosynthesis due to photoinhibition is accompanied  by
a corresponding  decrease in chlorophyl]  fluorescence

(Ogren and  Oquist, 1984; Demmig and  BjOrkman,
1987), Thcre aTe rnany  reports  in chlorophyll  fiuores-
cence  of  the leaves in fruit trces and  tropical forest trees

(Greer and  Laing, 1992; Layne and  Flore, 1993, 1995;
Castro et  al., 1995; Krause et al., 1995). Yamada  et al.

(1996) used  chlorophyl]  fluorescence to show  that

mature  mango  leaves are  tolcrant of  high temperatures.
Such adaptability  of  mango  may  be attributed  to their

tropical origin  where  high temperatuTes and  irradiance

prevail. Chlorophyll fiuorescence is a suitable  and  rapid

indicator in evaluating  plant adaptability  and  photein-
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hibition (ajOrkman and  Demmig,  1987; Sestak and

giffel, 1997); however, little is known  how  the ratio of

F.IF,,, depends on  changes  in leaf pigmentation in
`ITwin'

 mango  trees during leaf development.

  Our objcctives  in studying  the mange  
`Irwin;,

 were  to

monitor  (1) levels of  anthocyanin  aDd  chierophyll,

concurrcnt  to the accumulation  of  starch  and  ribulosc

bisphosphate carboxylase-oxygenase  (RuBisCO); (2)
thc differentiaLion of stomata  and  mesophyll  tissue; and

(3) Lhe oxygen  evolution  and  chlorophyll  fiuoresccnce

(F. IF,, ) during leaf enlargement  and  maturation.

Materials and  Methods

Plantmaterials

  Fiyc 8 yeaT-old  
"Irwin',

 planted in indiyidual boxcs

(80 liters) filled with  sandy  soil, were  placecl in a grccn
house at Meljo University. The length and  width  of  5

tagged leaves, approximately  3-5cm  long on  non-

fruiting currenL  shoots  per trec, werc  measured  daily at 9

a.m.  until thc  lcaves reached  their maximum  sizc. After
each  measurement,  the  leaf area  was  calculated,  using

the equation  Y=O.426+O,708X  (r2=O.997), where

Y=leaf  aTea  (cmZ) and  X=leaf length ×  width  (cm). The

measurements  were  conducted  from May  22 to July 5,

1996. During the experiment,  the daily maximum  and

minimum  temperatures in the green- housc were  31.9 =

5.5 ℃  (mean ± SD)  and  23,O ± 2,2 
OC

 , respectively,

Relative humidity changed  from 87%  to 6391,; light

intensity at maximum  sunlight  was  25%  less than the

outdeors.

  The  growth velocity  and  thc relative  growth rate

(RGR) ef  increase in leaf aTea  were  calculated  from  thc

following equations:  ve]ocity  =  (L2 - Li )f(t2 
-
 ti ); and

RGR=  (In L2 - In L: )/(t2 
-
 ti ), where  L] and  L2 arc lcaf

arcas  measured  at times ti and  t2 
,
 respectively,  and  t2 - ti

is the number  of  days.

Measurements  ofanthocyanin and  ch  lorophyll

  During thc leaf growth pcriod, leaves wcre  collectcd

periodically for pigment analysis.  Levels ef  anthocyanin

and  chlorophyi1  were  measured  separately  on  five leaf

discs (8 mm  in diameter). Anthocyanins were  cxtracted

with  10 ml  of  1%  HCI-methanol and  their transmittance

of  the cxtract  was  determined spectrophotometrically  at

500 nm.  Chlorophyll was  exlracted  with  100%  ethanol

and  quantified by the method  of  Wintermans and  De

Mots (1965),

Leofanatomy  and  observations  ofchloroplasts stained

  with  DAPI

  For anatomical  observations,  rnature  leaves wcre

collected  randomly  3 months  after  budbreak from the

middle  portion of  the shoots  and  graded  into six devel-

opmental  stages  according  to leaf color  and  lcaf size

(Fig. 1). The central  arca  of  the lamina was  excised  with

a razoT  blade and  fixcd in 4%  paTafoTmaldehyde and  1%

glutaraldebyde in O.1 M  cacodylatc  buffer (pH 7.2) and
stored  at 4 

CC

 until dehydration. Fixed spccimens  wcrc

dehydrated through a gradcd ethanol  series and  cm-

bedded in Technovit  rcsin  (Kulzer, Wehrheim, Ger-
many)  for obseTvation  iinder  light microscopy.  Scctiens

(1.5 pam) were  stained  with  mcthylene  blue and  I.v. 
-KI

solution  to follow mesophyll  dcyelopment and  starch

accumulation,rcspectively.

  To observe  the stomata.  thc ccntral  lamina was  fixcd

in 3%  glutaraldehyde und  1%  osmium  tctraoxidc  and

dehydTated thTough  an  ethanol  series  and  amylacetate.

The  specimen  was  further dehydrated in liquid COz

coatcd  with  gold, and  then  scanned  with  an elcctron

mlcroscope.

  For chloroplast  differentiation and  chlerophyll  accu-

mulation  in the mesophyll  ce]ls, palisadc and  spengy

tissues were  scparated  by gentle maccration  procedure
(Kuroiwa and  Suzuki ,1980).  Aftcr 2 to 3 hr, thc tissues

were  teased  apaTt  on  a slidc and  thc suspension  of  ce]ls

was  observed  with  a fluorcscence microscope,  ln those

chloroplasts  exhibiting  a face view,  the accumulation  of

chlorophyll  was  observed  with  a  ]ight microscope  using

thc fluorescent probe 4',6-diamidino-2-phenylindolc

(DAPI),

Electrophoresis for detection ofRuBisCO

  Segments  of  lcaves (O.5g fresh weight)  at  similar

dcvc]opmental stages  for antomical  obscrvation  (Fig.
IA)  were  homogenized in a mortar  (chilled with  liquid

nitrogen)  with  5 ml  of 50 mM  Tris- HCI buffer (pll 8.0)

containing  of  10 mM  ethylenediamine  Letraacctate

(EDTA), 10%  glycerol, O.2 M  NttCl, 49Z sodium  dode-

cyl sulfatc (SDS), O.02%  antifoam,  1 mM  phcnylme-
thylsulfonyl fluoride, 1 mM  N-ethylmaleimide,  and  591)
2-mcrcaptoethanol. The electrophoresis  wcre  performcd
as  described previously (Nii et al., 1995).

Measuretnentg ofch lorophylt fluorescence and  ox>,g. en

  evolution

  Chlorophyll fluoresccncc of  4 Lo 5 leavc$ at different

developmental stages  (Fig, IA)  was  measurcd  in situ as

follows: plants were  brought into the  laborator}, at 8:30

a,m.  daily and  their leaves wcre  kept in the dark for 30

min  te 1 hour at  23-25  
"C

 after  which  the initial and

maximum  fluorescence emission  with  Chlorophyll Fluo-

rometer  (PAM 101), Actinic Light Contro] (PAM 102),

and  Flash Trigger Control (PAM 103) (Heinz Walz,

Germany)  were  recerdcd.  All fluorescence yiclds were

measured  from the adaxial  surface  of  thc  ]eaf, Fluorcs-

cencc  was  exciLed  with  light (600-660 nm)  from a

pulse-emitting diode to obtain  Fo. Maximum  fluorcs-

cencc  yield, F,, , was  obtained  by thc app]ication  ef  a  1 -

sec  pulse of  saturating  light (3,OOO ftmol m':'s'])  to

elose  all reaction  centers  of photosystem IL. Variable

fluerescence, F, , iig'as calcu]ated  as  F,,, - Fo . Thc  intrinsic

or  maxima]  efficiency  of  photosystcm II was  calculated

as  F,, IF. (Ouzounidou et  al., 1995).
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uV W x y z

Fig. 1.  Typical  mango  leaves illustrating differences in leaf size  and  color  at  vaTious  stages  of  deve]oprnent

(A). Bar  
=
 5 cm.  Fluorescence  micTographs  showing  chlorophyll  after  staining  ef  mango  leaves with

DAPI  (B and  C). Mesophyll  tissue was  separated  by gcntle rnaceration,  leaf tissue was  tcased  apart  on

a slide,  and  the suspension  of  cells  was  examined  with  a microscope.  B, Immttture leaf (correspond to

v  in A) ; C, rnature  leaf (correspend to y in A)  . Bar  =  20 ptm.
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  One day after  mcasurcments  ef  chlorophyll  fluores-

ccnce,  the same  or  similar  age  leaves were  tcsted for

oxygen  evolution.  Leaf discs (10cmL'), excised  with  a

cork  borer, were  irnmediately placed in the chamber  and

illuminated with  actinic  light at  30 
"C

 under  a  C02

enriched  atomospherc.  Thc light intensity was  500  pt mol

m'2s-i  and  the wavclcngth  was  600  nm.  Oxygen

evolution  was  dctermined  with  a  Hansatech  LD-2

(Norfolk, UK)  leaf oxygen-electrodc  unit, as described

by Bj6rkman and  Demming  (1987).
            Results and  Discussion

  Immature young leaves soon  after budbrcak  were

yellowish or pale grcen (Fig. IA  u)  but bccame  choco-

late-brown (Fig. IA-v, w).  As  the leaf enlarged,  the

chocolate-brown  celor  faded (Fig. IA-x); when  the

leaf attained  maximal  size, the chocolate  co]or  disap-

peared complctcly  (Fig, 1A-y).  A  mature  leaf (Fig. IA-

z), which  was  collected  3 months  aftcr  budbreak, was

dark green and  became very  thick and  inflexible. Whcn
immaturc  young ]eaves were  staincd  with  DAPI, some

chloroplasts  fluoresced Ted,  whereas  ethers  fluoresced

yellowish or pale red  within  the same  mesophyll  paren-

Sci.) 68 (6) :1090  1098.1999. 1093

chyma  cells (Fig. 1B). The chloroplasts  in green gcaves

(Fig. IA-y) generally fiuorcsced Ted  (Fig. IC),

  In the very  young  leaves just after  budbrcak, Lhe

chlorophyll  content  diminished and  anthocyanin  in-

creased  (Fig, 2A). With the increasc in leaf area,  antho-

cyanin  di$appeared and  the chlorophyll  contcnt

incrcased concomitantly  (Fig. 2A). When  leaves ap-

proached their maximum  size, the ch]orophyH  content

increascd rapidly,  following a sigmoidal  growth curvc.

  RGR  (Fig. 2B) and  growth velocit)･ (Fig. 2C) of

increase in arca  of leaves wcrc  remarkably  high from 4

to 10 days after budbrcak. RGR  was  approxirnately  O.7

at the initial stage  of leaf en]aTgemenL  from 4 to 6 days

after budbreak, indicating that thc teuf area  cnlarged

more  than doubled in a  day. During  the pcriod of high

RGR,  leayes were  very  soft  and  hung vertical]y.  The

immaturc young leaves (Fig, IA-u, v)  after the loss of

bud scales  were  morc  or ]ess perpendicular to Lhc shoots,

but a  fcw  days later they rapidly  becamc fiaccid (Fig. IA

-w,  x).  When  the leaves had attaincd  almost  theiT

maximllm  size (Fig. IA  y), the>, began to turn green,
and  became rigid and  gradually assumed  a  horizontal

orientation.  Taylor (1970) rcported  that for the i'irst 7

"--E.Le.atPz-nvA

80

6e

40

20
 

o

Davs after  budbreak

   O.8
      B=･1>tE

 O,6ep

 O.4s-'SoU

 O.2,lGosec

 
-o.z

     O2468  10 12 14

         1)ays after  budbreak

  20

:,or1.:.

 10'i"-o=>efir.ckJ-

 
lo

    o

50

4e
 
,.

  :30
 .Y.

  :t,2o
 F

  2
  v10

o

50

60

  s70
 t

  
.:

   :･,8o..e.

  fi90

leo

2468le  12 14

 Davs after  budbreak

Fig. 2.  Changes  in leaf arca  (- ), and  in levcEs of  ch]oTophyll  (e ), and  anthocyanin  (O ) (A), re]utive  growth

rate  (RGR) of  leaf area  (B), ancl  growth velocity  (Y) oi' leaf area  (C) after  budbreak, RGR  
=
 (Inl.z- InLi )1

(t2 tL ) and  V=  (L2' Li )1(t2' ti ), where  I.i and  L2 aie  leaf areas  measuTed  at times  ti and  t2, rcspectively,

and  tz- ti is the number  of  days, Anthocyunin  content  is the transrnittance T%  at  500  nm.
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  PhotomicrogTuphs of  cross  sections  of  mango  ]eaves, showing  differences between immature (A and
(') and  mature  green leaves {B und  D) A  and  B stained  with  methy]ene  blue for observation  of  Ieat and

cutic[e  thickness C  and  D stained  with  I2 Kt solution  for obgervation  ot starch  accumulatjon  (arrows
point to starch  grains) Bar = SO Itm (A.C), ]OO "m  (B, D).

  16e

   o
    O 20 40 60 80

             Leaf  area  [em! ,/

  Rclatienship b¢ tween  [amina th]cknegs

durmg 3 wecks  ufter  budbreak

leo

and  leafarea

days after the loss of  bud  scales  Ieaves grew by  cell

division and  by cell enlargernent  for the next  7 days. Our
measurcments  on  

CIrwin'

 mango  confirms  that lcaf
enlargement  was  rapid  for 10 days after budbreak.

  In immature young leaves (Fig. IA-u), the mesophyll
tissue had not  clearly  djffercntiated into palisade and

spongy  parenchyma tissues, and  the cells weTe  stil] very

compact  with  littlc intercellular airspace  (Fig. 3A). With
increascd in leaf area,  the palisade cells, which  consisted

of  a  single  layer ef  cells,  elongated  longitudina]ly. As

the }eaf fully cxpandcd  (Fig. IA-z),  the cuticle  became

thick (Fig. 3B), and  thc lamina increased in thickness

(Fig. 4). Taylor (1970) described that extension  growth
of  mango  Ieaves was  complete  2 weeks  after budbreak
and  that the lamina contmued  te increase in thickness,

He  found a  lineaT increasc in dry weight  which  contin-

ucd  for at least the first 6 weeks  of  growth. Singh  and

Jha (1939) rcported  that the maximum  rate  of  phetesyn-
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Fig. S.  Scanning electrun  micrographs  of  sternata  on  thc ubaxial  side  of  diffeTent age  lcuves,

D  correspond  to u,  v,  x,  and  z in Fig. IA ; a, b, c,  and  d are  enlarged  parts er  A,

respectively,  Bar=  1OO "rn  (C, D), 50 ,um (A, B, c, d), 2- O gm  (a, b).

thesis in juvenile mango  leaves occurred  when  they

were  about  3 weeks  old. Hencc, mango  leaves are  mest

efficient  photosynthetical]y about  2 to 3 w ¢ eks  afteT

budbreak.

  Sections of  mesophyll  tissue accumulated  little starch

(Figs, 3C and  3D), Previously, Nii et al. (1995) reported

that mature  leaves on  8 year-o]d 
`Irwin'

 seedling

accumulated  more  starch  and  their chloroplasts  were

filled with  an  abundance  of starch  grains. Although  there

was  a  diffcrence in starch  accumulation  betwccn `Irwin'

and  its seedling  lcaves, our  analyses  showed  that during

the grecning of  mango  leaves, the photosynthetic rate

was  not  significantly  different betwcen the two  (unpub-
lished data). The difference in the starch  accumulution  in

A, B, C, and

B, C, and  D,

the chloroplasts  suggests  that photesynthates are ex-

ported moic  readily  from leaves of  grafted trccs.

  Stomatal guard cells wcre  not  found when  the leaf

$ize was  8.8 cmZ  (Fig. 5). When  the leaf area  reached

28.6 cm2,  many  fully differentiated stQmata  appeared

simultaneously.  Although the density of stomata  (units
per cm2)  was  high in young lcaves, the density of

stomata  was  much  lewer in mature  lcaves (Fig. 6).

  An  electrophorctogram  (Fig. 7) of  proteins separated

by SDS-PAGE  shows  that the levcl of L subunit  of

RuBisCO  varied  among  leavcs of  different ages.  In

immaturc  young leaves (Fig, IA-u,  v,  w,  x), which

contained  small  ameunts  of  chlorophyll,  RuBisCO  was

barely detecLable. The  level ef  RuBisCO  increased as
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 Fig,7, Electrophorctic gel shewjng  the array  Df  E<uBisCO

     during lhe  development  of  mungo  lcHves. Extracts of

     leaves were  subjcctcd  lo SDS-PAGE.  Gels were  staincd

     with  Coomassie bril[iant b]ue, An  cquul  volume  of

     extracted  sarnple  was  loadcd in each  ]une (from a to f

     eorrespend  to u  to z  in E;ig. 1A).  Numhers  on  thc  left

     indicate molecular  wcights  (MW) of  prc'stained protein
     standurds.  Arrow  indicates thc [, subunits  of  RuBisCO.

the leaves nirned  green (Fig. IA-y), Our rcsu]ts  show

that thc RuBisCO  contcnt  increased during the greening
proccss after  the ]eavcs attainecl maximum  size,  Hence,

thc immunoreactivc band in rnaturc  lcaves (Fig. 1A-z)

was  markedly  dense.

  Thcrc is a  c]ose  relationship  bctween the chlorophyll

content  of  ]eaves and  the cvolution  of  oxygen  (Fig. 8)
and  the fluorescence ratio  (F, /F.) (Fig. 9) in `Irwin"

mango  leaves. Young,  immature ]cayes had a  much

slowcr  photosynthctic rate and  a lower F. fF,, ratio  than

those  of  maturc  grccn leaves. Thc F,, IF. ratio incrcased

proporLionately to ch]orophyll  content  in younger leavcs.
The range  ef  F. /F,,, in immaturc, young leavcs was  O.5 -
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Fig. 8. Relationship between oxygen  evolution  and  chlurophyll

    content  of  different age  leavcs.
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 Fig.9. Rclationship betwccn ch]orophyll  fluorescence ratio

     (F,･ IF,,, ) und  chlorophyll  centent  ef  difierent age  leaves.

O.7; thc value  increased to O,8 jn mature,  green leaves.
With the further increases in chlorophyll  content,  its rate
of increase slowed  down. These  results  are  similar  to

thosc  described by BjOrkman and  Demmig  (1987). .

  EljOrkmaR and  Demmig  (1987) suggested  that for
unknown  reasons  the F. fF,. ratio increased initially with

an  increased chlorophyll  content,  but further increases in

chlerophyll  content  had little effect on  the F. fF,, ratio.

They also  describcd that the slightly  lower F.fF., ratio

of  the pale-grcen leaves may  reflect 1) incomplete
chloroplast  development and  2) chlorophyll  content

normally  found in fully deyeloped grcen leaves ef

vascular  plants had little effect on  the F,, !F,,, ratio.

  Scstak and  Siffel (1997) noted  that chlorophyll

fluorescence re]atcd  to leaf agc  differed among  plant
species  and  that their difference can  be larger in some

cases  than those induced by environmental  effects. In
Actinidia deticiosa F,, /'F. which  increased with  leaf agc
was  related  to increasing leaf diametcr (Greer, 1995),
whereas  in Cossypium hirsutum this ratio  declined with
leaf age  (Warner and  Burke, 1993). Krausc  et  al. (1995)
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illustrated that young  leaves responded  more  sensitively

to high light intensity than did maturc  Ieaves, as indi-
cated  by the prenounced decrease in F, IF,,, ratios  and  a

consistently  higher degTee of  photoinhibition in young
leaves.

  Immature lcaves of mango  Lrees contain  a  high con-

centration  of  anthocyanin  but during their cnlargement,

the anthocyanin  content  became dilutcd, while  the

chlorophyll  concentration  increased; concurrently,  the

leaves become  thick and  rigid.  Mohr  and  Drumm

Herrel (1983) and  Dillenburg et al. (1995) explained  that

censideTable  amount  of  anthocyanin  in young  leaves
may  form  only  when  necessary  as pretection from high
levels of  solar  radiation.

  The measurements  assessed  the devclopment of  the

leaves as functional photesynthetic organs  includcd the

leaf area,  development of  mesophyll  tissue, formation of

sLomata,  and  leaf chlorophyll  concentration.  tn conclll-

sion, leaves of  
`Irwin'

 mango  at  immature  young stages

contained  low levels of  chlorophyll  and  RuBisCO  eon-

tent which  increased as  the  leaf expanded;  concom-

itantly, the differentiation of  stomata  and  mesophyll

parenchyma cells.  The evoiution  of oxygcn  and  chloro-

phyll fiuorescence (F.fF,,) which  were  low in yQung
leaves increased markedly  with  age.  This incrcase is

attributed  to the combination  of  increase in leaf thick-

ness  (Krause and  Weis,  1991) and  cuticle  developmcnt

which  decreases photoinhibition in mango  lcaves,
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葉の 葉齢に 伴う細胞構造，デ ンプ ン と色素含量 な らび に 光合成活性の 変化
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摘 　　要

　 マ ン ゴー
　
‘
ア
ー

ウ ィ ソ に お け る葉の 光合成機能を 解析す

るた め の 基礎的 な資料 を 得 る 目的 で ，葉の 肥 大生 長 に 伴 う 形

態 学的 な ら ひ に 生理 学的変化 を調査 した ．展開直後の 葉は ク

m ロ フ ィ ル 含量．が 低 く，黄緑色を 呈 した ，葉 か 肥 大す るに つ

れ て ク ロ ロ
．
7 イ ル 含量 は

一
時減少し，そ の 後再 ひ 増加 した．

と くに 葉面積が 最大 に達 す る時期か ら の ク ロ ロ フ ィ ル の 増加

は 急激 で あ っ た．ア ン トシ ア ニ ン 含量 は，展開直後 は 時 的

に わす か に 増加 した が，葉面 績の 増加 と と もに 急 速 に 減少 し

た，DAPI 染色 法 に よ っ て 葉緑体を蛍光顕微鏡 で 観察 し た ．

そ の 結 果，未成熟葉 で は 細 胞 の 違い に よ って 葉緑体の ク ロ ロ

フ ィ ル か 赤 く励起 して い る もの と黄色に 励起 して い る もの な

ど が み られ．同 じ葉肉組織 に お い て 発達程 度の 異 な る葉緑 体

が モ ザ イ ク状態で 存在 した．葉の クロ ロ フ ィ ル 含量 が 増加 す

る に つ れ て．す べ て の 葉緑体 は 赤 く，強 く励起 さ れ た ．気孔

は葉 の 生 長初期 で は未分化の 状態で あ り，葉面積が拡大す る

に 伴 っ て 斉 に 分化 した．葉 の デ ン プ ン 蓄積は すべ て の 葉齢

で わ ず か し か 観察 さ れ な か っ た．Ribuiose　bisphosphate　car −

boxylasc　 oxygenase を SDS 　 PAGE に よ る 電気泳動法 に よ

っ て 比 較 した 結 果，未成熟 葉に 比 べ て 成熟葉 で 明 ら か に 高か

っ た．葉の ク ロ ロ フ ィ ル蛍光 （F、
〆F

［］、）と単位 面積当た りの 酸

素発 生 量 か ら葉 の 光 合成能力を検討 した．そ の 結果．両者 と

もに 成熟葉に 比べ て 末成熟葉 で 低か っ た ．葉の ク ロ ロ フ ィ ル

含量 と酸 素 発 生 量 との 問 に は 高 い 正 の 相 関関係 が 認 め ら れ

た．ク ロ ロ フ ィ ル 蛍光 （F、．tF、Z ）は ク ロ ロ フ ィ ル 含量 が 増加す

る の に 対応 して 増加 したが．ク ロ ロ フ f ル 含量 が ．．・
定以一．11の

値に 達 す る と ク ロ ロ フ ィ ル 蛍光（FげF、．）の 上昇 は ゆ る や か に

な っ た．
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