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Zusammen/asswng 
Es wird eine Methode  beschr ieben,  welche die Messung 

yon t~hotosynthese  oder  A t m u n g  k le ins ter  Objekte ,  zurn 
Beispiel  e inzelner  MoosblXttchen,  er laubt ,  mi t  einer  Ge- 
nau igke i t  im Bere ich  yon 10 -3/~1. Die ve rwende te  Appa-  
ra tur ,  die eine st~tndige B e o b a c h t u n g  des Objek tes  ge- 
s t a t t e t ,  ist nach  dem Pr inz ip  des Di f fe ren t ia lkapi l la ren-  
r e sp i romete r s  gebaut .  Das zu un te r suchende  Objek t  be- 
f indct  sich in e inem h~ngenden  Tropfen ,  ohne d i rek ten  
K o n t a k t  mi t  der  Carbona tpuf fe r l6sung ,  die als CO~- 
Quelle  d ient .  Mit  Hilfe e iner  K o n t r o l l k a m m e r  und eincr  
besonderen  A u s w e r t u n g s m e t h o d e  lassen sich durch  T e m -  
p e r a t u r s c h w a n k u n g e n  ve ru r sach te  Feh le r  ausgleichen.  

The Dependence of Photosynthesis on the 
Arrangement of Chloroplasts 

Li t t l e  a t t e n t i o n  has so far  been given to the inf luence 
exercised on pho tosyn thes i s  by  the  a r r a n g e m e n t  of 
chloroplas ts ,  a l t hough  it  has been es tabl i shed t h a t  the 
d i f fe ren t  posi t ions occupied  by  the  chloroplas ts  in the 
p lan t  cell  are no t  w i thou t  effect  on the  a m o u n t  of ab-  
sorbed l ight  ene rgy  (SCHANDERL and  KAEMPFEWF 1, 
ZURZYCKI2). To expla in  in w h a t  way  the  a r r a n g e m e n t  of 
chloroplas ts  modif ies  the  ra te  of pho tosyn thes i s  the  
course  of pho tosyn thes i s  wi th  s imul t aneous  obse rva t ion  
of ch lorop las t  pos i t ion for 3 species, :$Iougeotia sp,, 
Funaria hygrometrica and Lemna trisulca, was inves t i -  
ga ted  wi th  t he  aid of t h e  m e t h o d  descr ibed in the 
foregoing  repor t .  

The  change  f rom weak  l ight  to darkness  causes in the  
cells of Lem~m or Funaria a t r ans i t i on  of ch loroplas t s  
f rom a f l a t  pos i t ion  (cpistrophc) to  t he  side cell  walls  
(apostrophe) .  Rcsp i r a t i on  t akes  place at  an unchanged  
rate  all the  t ime  the  leaf is in darkness .  The  m o v e m e n t  
of the  ch loroplas t s  to apos t rophe  is not  connec ted  with  
any  measurab le  change  in the  ra te  of respi ra t ion .  

The  d i sp l acemen t  of chloroplas ts  f rom apos t rophe  to 
a f lat  pos i t ion in weak  l ight  had  an inf luence on the ra te  
of pho tosyn thes i s ,  The  ass imi la t ion  is at first  m a r k e d l y  
lower, qu ickens  af ter  some t i m e  and reaches  a c o n s t a n t  
va lue  a f te r  15-30 rain, The  t ime  when the  change  of 
ass imi la t ion  ra te  takes  place corresponds  fa i r ly  well 
wi th  the  t i m e  when chloroplas t  a r r a n g e m e n t  changes.  The  
re la t ion  be tween  ass imi la t ion  and the  chloropla~st ar- 
r a n g e m e n t  is e x t r e m e l y  well  vis ible in t he  case of 
AIugeotia. In  th is  a lga  it is possible in t he  dark  to  kee t) 
both  t he  f la t  and profi le  posi t ion of the  chloroplas t .  
F igure  1 shows the  course of pho tosyn thes i s  in the  same  
alga f i l amen t s  when  the  ob jec t  is i l l umina ted  wi th  l ight  
430 lux  af te r  a da rk  period.  In one case the  chloroplas ts  
are in a flat,  and in the  otheI  in a profi le  posi t ion.  

Very  s imi lar  changes  in pho tosyn thes i s  m a y  be 
observed  when  tile ch loroplas t s  m o v e  in weak  l ight  to 
ep is t rophe  f rom a prof i le  posi t ion caused p rev ions ly  by  
s t rong  l igh t  (parast rophe) .  

Vv'hen the  chloroplas ts  are in epis t rophe ,  s t rong  l ight  
causes the i r  qu i ck  m o v e m e n t  to a profi le  posi t ion,  The  
ra te  of pho tosyn thes i s  does no t  change  dur ing  the  whole 
t ime  the  s t rong  l ight  acts.  The  ra te  of O 2 p roduc t ion  is 
the  s a m e  in t he  first  m i n u t e  when chloroplas ts  are  st i l l  
in a f la t  pos i t ion  as a f t e r  30 min,  when  all of t h e m  are 
a l ready  in pa ra s t rophe .  

Th is  p h e n o m e n o n  m a y  be exp la ined  by  the  l ight  cu rve  
of pho tosyn thes i s  and  the  cu rve  record ing  ch loroplas t  
a r r angemen t .  The  l ight  in tens i t ies  which  cause para-  

1 H. SCHANDERL and W. KAEMPFERT, Planta 23, 700 (1933). 
2 ,]. ZURZYCKI, Acla Soc. Bot. Pol. 22, 299 (1953), 

s t rophe  lie wi th in  the  range  of l ight  in tensi t ies  which  
have  no fu r the r  inf luence  on photosynthes i s .  The  move -  
m e n t  of ch loroplas t s  f rom a f la t  to a profi le a r r a n g e m e n t  
is a lways  c o n n e c t e d  wi th  a change  of l ight  absorpt ion ,  
bu t  such a change  inf luences the  ra te  of pho tosyn thes i s  
only in low l ight  in tensi t ies  when  l ight  is t he  l imi t ing fac- 
tor  (G6RsKIa). In  s t rong  l ight ,  the  d i sp lacement  of the  
chloroplas ts  has  no such influence.  
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Mugeolia sp. Total lenght of filaments approximately 53 tmn. Light 
430 lux (belore in darkness). --*-- chloroplasts in darkness in fiat, 
--o-- in profile position. Upper curve" The change int he mean area of 
chloroplast expressed as percentage of cell areas. Lower curve: The 

oxygen production or consumption in 10 -3 /tl in time. 

Fo r  all 3 i nves t iga t ed  species the  shape  of the  l ight  in- 
t en s i t y -pho tosyn thes i s  cu rve  shows some re la t ion  to 
the  ch loroplas t  a r r angemen t s .  As long as the  pho to -  
syn thes i s  ra te  increases p ropor t iona l ly  to the  l ight  in- 
t en s i t y  the  ch loroplas t s  are  in ep is t rophe .  Fu l l  pa ra -  
s t rophe  is r eached  a p p r o x i m a t e l y  in those  l ight  in tens i -  
t ies in which a fu r the r  increase of i n t e n s i t y  has no in- 
f luence  on pho tosyn thes i s .  J .  ZuRzYCKI 

Laboratory o/Plant Physiology, Jagellonian University 
Cracow, Poland, November 3, 1954. 

Zusammen[assung 
Der  Z u s a m m e n h a n g  zwischen Ch lo rop las t ens te l lung  

und Pho to syn the se  wird durch  gle ichzei t ige  Messung 
des Gasaus tausches  und Reg i s t r i e rung  der  Chloroplas ten-  
s te l lung un te r such t .  Die Bewegungen  der Chloroplas ten  
in Dunke lhe i t  haben keinen Einfluss  auf  die A t m u n g s -  
intensi t / i t .  Die Bewegungen ,  welche im schwachen  Lich t  
zur Vergr6sserung der  Assimila t ionsf l / iche  f t ihren (Be- 
wegung  der  Chloroplas ten  von  Prof i l s te l lung ,  he rvor -  
gerufen durch  Dunke lhe i t  oder  s ta rkes  Licht ,  zur  Fl/i- 
chens te l lung) ,  b r ingen  eine S te ige rung  der  Assimila-  
t ions in tens i t / i t .  Dagegen  schre i te t  die P h o t o s y n t h e s e  im 
s t a r k e n  L ich t  mi t  unver / inde r t e r  In tens i t [ i t  fort .  Sie ist  
unabh'~ingig yon  den gle ichzei t ig  ve r l au fenden  Chloro- 
p las tenver lage rungen .  Die Ergebnisse  werden  auf  Grund  
des Min imumgese tzes  d iskut ier t .  

1 F. GORSKI, Acta Soc. Bot. Pol. 22, 1 (1953). 


