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Jiiatured ieav^s o f brasiUensis were used to examine tfae xelittionship'between excess 
excitation energy and senescence o f ^ e n  leaves experiencing stress. From simutlaneous 
nicasiireTnents o f  rfelorophyU fluorcsceuce and gas exchtmge by leaves, the rate of 
pholoQutfaetic caiton assimilation (A) and the laie o f in vivo electron transport across 
{tetosystan n  (J) u-eredetenainaL Rate o f idujtosyn&etic electrondivosion away from the 
caibon reducti<»i <J*), presmnaUy for oxygen reduction leading to the production o f reactive 
species o f oxygen (ROS) and free radicals (FR) were edimated. Both A and J increased and J* 
decreasol when intact leaves were exposed to elevated concentration o f CO, and all these 
parameters increased at h i ^  light intensity. But A  and J decreased and J* increased when the 

Jecvcs^Ken aaeified>io die leaf A  v a s  j n ^  and i*  was less at elevated CO2
cnarenrration. A n inotase in J* in plants with injured roots was observed which led to an 
inhibition m the quantum yield ofPSlI activi^ and was related to ageii^as mdicated by a lo ss  
o f chlOTDpl^ content o f  the leaf Green leaves experiencmg stress  ̂increased diversksa of 
electrons away from carbon to oxygen under conditions of high light intensity hastens leaf 
senescence, possibly through the-prodoction d f  destnictive ROS and FR. Significance of the 
light environment inside a  Hevea canopy vis-a-vis leaf aging is. discussed in the context of 
unfavorable environmental co n d id o Q S.

IN T R O D U C T IO N
P ro d u c tio n  o f  oxygen  an d  exc ited  

e le c tro n s  th ro u g h  h y d ro ly s is  o f  w a te r by 
photosystem  II (PSII) in the presence o f  light 
(photolysis) is the first step in the conservation 
and conversion o f  solar energy into a  form which 
can be used foi* biological process. M olecular 
oxygen and light are essential to sustain aerobic 
life as we see it today. The life saving oxygen 
molecule is also implicated in various destructive 
reactions leading to degenerative process such 
as diseases, ageing, etc. ( ^ l l i e ,  1997; Nooden 
et a i,  1997). In the case o f  green plants, sun 
light, the ultimate source o f  energy for all living

OTganisms and thus, the sustainer o f  life can be 
iiann& l to  plants under certain situations (Barber 
and Anderson, 1992).

Q u ite  ^  la rg e  p ro p o r tio n  o f  
photosynthetic electrons (o^ten m ore than 40- 
50% ) are utilized by C^ plants for jw^ocesses 
o th er than pho tosyn thetic  carbon  reduction  
through Calvin cycle (Valentini e td .,  1995) such 
as reduction o f  nitrate, sulphate, etc. M olecular
O2 can also ac t as an alternative acceptor o f 
p h o to sy n th e tic  e le c tro n s . U n d e r n o rm a l 
conditions, plants have the capacity to effectively 
avoid the production o f  reactive oxygen species
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(ROS) or scavenge them i f  they are produced in 
the system (Asada, 1992).

U nder unfavorabFe co n d itio n s , fo r  
example, a deficiency in P nutrition (Jacob and 
Lawlor, 1993), capacity o f  the mesophyll cells 
to reduce carbon is inhibited much more than the 
c a p a c ity  o f  th e  c h lo ro p h y ll to  p e rfo rm  
photochem ical reactions. T his results in the 
availability o f  large num ber o f  excited electrons 
which are in excess o f  what is required to reduce 
carbon through C alv in  cycle. M ost o f  these 
“excess” electrons find their way to m olecular 
o x y g en  w h ich  is  p re s e n t in v e ry  h ig h  
concentrations in the vicizrity o f  PSII leadingto 
the production o f  ROS and free radicals (Price 
and Hendr>', 1991). PFants experiencing abrotfc. 
stress to shade, h igh CO  concentration, etc. win 
resuh in a decrease irt d ie  number o f  etectrans 
d iv e rted  aw ay from  p h o to sy n th e tic  ca rb o n  
reduction and thus reduce the production o f ROS 
and PR. In the present investigation, siimihaneQus 
m e a su re m e n t o f  p h o to s y n lh ^ tc  ca r iio n  
assim ila tion  an d  m  vivo  PS U  actxvfty w ere 
m o n ito re d  to  e s tim a te  the. d iv e rs io n  o f  
p h o to s y n th e tic  e le c tro n  aw ay  from  
photosynthetic carbon assim ilation h r mature 
leaves o f  //ereaexperiencing.stress.

M A TER IA l-S AN D M E T H O D S
O ne y e a r  o ld  polybag grow n Hevea 

brasiiiensis plants- were used in th e  first set of- 
experiment. Fully expanded mature leaves were 
excised from the plants and the rate o f  loss o f 
CO2  assimilation (A) and photosynthetic electron 
transport across PSII (J) w ere sim ultaneously 
monitored exposing the leavesto normal ambient 
temperature, 500 nmols.m  .s'^  photosynthetic 
flux density and three different ambient CO2 
concentrations viz. 200, 3 5 0 ,7 0 0  ppm. Carbon 
dioxide exchange rate was determ ined using a  
portable photosynthetic system ( U  6400, LICOR, 
USA). Photosynthetic electron transport rate was 
determined based on the principle o f  chlorophyll 
fluorescence with the help o f  a PAM FTuorimeter 
(PAM 2000, WALZ, Germany) and the number
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o f  electrons diverted for oxygen reduction (J*) 
was calculated as described earlier (Jacob, 1996; 
Jacob and Lawlor, 1993).

In a  second set o f experiment, the roots 
o f  one year old polybag grown RRII 105 plants 
w ere carefully pruned to cause injury to the 
plants. A set o f  plants with root injury was kept 
at low light intensity (roughly 150 pm ol m«2 s- 
1) and another set under full day light. Both the 
set o f  plants were irrigated to keep the le a f water 
status saturated. Root injured plants kept in the 
open, sun and shade conditions were monitored 
for their A and J and estimated J* as mentioned 
above b e s id e s  the le a f  ch lo rophy ll co n ten t 
(Amon,^ 1949), periodically, as an indicator o f  
leaf ageii^.

R E S t lU S  A N D  D ISCUSSION
As expected, exposing intact leaves to 

elevated  C O 2  concentration  (C3 )  led  to  an 
increase in the  rates o f  photosynthetic  CO2  
assim ilation (A ) and photosynthetic elcctibn  
transport r ^ e  through PSII ( i )  and a  decrease, kv 
the number o f  electrons used £or reduction o f  
m o le c u la r  o x y g en  (J* )  (F ig . 1). R a te  o f  
photosynthetic CO assimilation, J and J* were 
greater at h igh  ligSt than ^  shaded conditions 
(Fig. 2). When the leaves were excised, along 
with the time, there was a progressive decline in 
A and increase in J* (Fig 3A,B). In the excised 
leaf, A was more and J* was less a t elevated^Ca, 
at any given time. From these results it was 
evident that in a leaf which is under progressive 
drying, there is more diversion o f  electrons for 
reduction o f  molecular oxygen than for carbon 
a s s im ila tio n . T h is  is in d e p e n d e n t o f  the  
concentration o f  chlorophyll in the leaves.

From the above results a hypothesis can 
be drawn that the i n c h e d  diversion o f  electrons 
aw ay from carbon  presum ably to  m o le c u la r  
oxygen would lead to production o f  ROS and F R ; 
which hastens leaf senescence. I f  this is true, a 
faste r rate o f  ageing can  be expected  under 
conditions o f  a low CO2  concentration and high
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light intensity which result in the production and/ 
or diversion o f  m ore electrons to  oxygen in a 
stressed lea f

A bov£ hypo thesis  :was tested in the 
second experim ent w here a  root injury w as used 
as an experim ental tool to create stress and thus 
induce ageing o f  m ature leaves in plants kept at 
two different light intensities. But the leaf water 
status did not vary betw een the light and shade 
treatments. Root pnm ing led to  an  increase in J* 
for the fu-st couple o f  days after the initiation o f 
the treatment (Fig. 4A ). Results showed that the 
injured plants kept in full sun light had more 
num ber o f  electrons diverted aw ay from carbon 
and  less quantum  y ie ld  o f  P S ll activity  (as 
determined by the ratio  o f  maximum to variable 
iluorescence, Fv/Fm  in  d ark  adapted state) dian 
their coimterparts kep t under shade conditions 
(Fig. 4  A,B)- ̂  increased diversion o f  electrons 

.away £ tu n  carbon isduction  led  to an  inhibition 
in the quantum yield o f  PS H sctivit>’in die injured 
plants k ^ t  i s  open s o i l  M ore diversion o f  
electron; during th e  firs t coup le  o f days after 
causing the roo t injury led to  faster ageing of 
leaves as indicated  by a loss o f  chlorophyll 
content in the plants k ep t in  &U sun light (Fig. 
4C). Rate o f  lAotosyTithctic dec tron  transpon 
came tQ a  m inim um  s  a  result o f  ± e  enhanced 
loss in chiorophyll concentration in the  plants 

. kept under sun light by the fifth day. Increased 
inhibition in the PS II quantum yield was strongly 
re la ted  w ith  le a f  ag in g  as stud ied  from  the 
chlorophyll content (Fig. 5).

T hus the resu lts t r f  tiie present study 
proves that excess l i^ th a s te h s  leaf aging process 
in Hevea brasiliensis plants experiencing root 
in ju ry . A g in g  is  s e t  in  b y  d iv ertin g  m ore 
photosynthetic  e lec tro n s  aw ay from  carbon 
reduction to  m o lecu lar oxygen which in turn 
produces ROS and FR  that inhibit the activity o f  
PSn and deplete le a f  chlorophyll content In this 
context, it m ay be observed that inhibition in the 
leaf photosynthetic capacity and increased rate 
o f  leaf senescence w ere recorded in mature Hevea
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Fig. 4. Changes in the rate ofefectroa transport used for processes other than reduction o f carboB{J*), 
maximum poteatial quantum yield o f PSn (Fv/Fm) and leaf chlorophyll content in Hevea plants 
kept In open tun (open circles) and shade (closedcircles) after root pruning
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Fig. 5. CcmiatioD bem «* l<af chlorophyll con­
test u d  the Baxmvai potential quantam 
fidd of PSn (Ft Tb ) in aging leaves of 
f in e s  plants t t e  r»ot pruning

trees $ e v c t d n n ^ v t coocomitaiit
w ith M l  inic3si$>* 3  the field (De vakumar
e to L  1 9 9 ^ ?T D \iC 2 5  jh ad e  to  Hevea plants 
eidwr b}’ .^rowm^ .c 7 r^  ioch  as l)anana in  the  
early may h es  o s ^  management practice
w hen th e  en v iro tu n e s ta i c o n d itio n s  are 
im&vomaUe. i n  a mamre plantatioo, xoutuai 
ffaa^tig isf tbe low ff caoopy tesves vrmrid take 
care, to  scene e S e n t  ifae prcfcJcm o f  excess light 
dunzsg snnnner. A voidii^ interception o f  high 
amounts o f  ̂ t  by leaf oovem ent or reducing 
the lig h t absorption b j’ the le a f  by  increased 
reflectance w ill help to  reduce the  **excess 
electron k ad ” on  the top canopy leaves during 
adverse ^^Tather condiiiops. However^ once the 
{^otos>iubetic electrons are produced in &e leaf 
in  ex cess  o f  th e  re q u irem en t fo r  ca rb o n  
assim ilatko, diere will be increased production 
o f  ROS and FR w l^ h  « ill  hasten leaf aging 
depending up on the capacity o f  the plants to 
scavenge ibem,
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