
Similar DEM model was also developed for evalualing 
phosphorus rcquircmenl of oi! plam (Muralidharan and 
Biddappa, 1992), This approach appears lo be simple and 
less time consuming rather than conducting field experi­
ments. which would take otherwise such a long period lo 
arrive the potassium requirement o f the crop. Apart from 
that the increasing cost of fertilizers warrants their judicious 
application and usually the application of the arbitrarily rec­
ommended dose of fertilisers would not be in accordance with 
the requirement of the palm. The proposed model aims at 
maintaining the soil potassium fertility level at 80 ppm of 
available potassium. Although in the oil palm, this has nl|)t 
been established either through field experimentation <r 
through exhaustion, this was established for the coconut 
through long  term  field experim entation at CPCR^. 

tragod (CPCRI. 1985). "nicsc results of the coconut havft 
utilised for the oil palm, since the nutrient requirement: 

of these two perennial oil paints are closely comparable (Ochs 
1977). «

The DEM for potassium was plotted for evaluating the 
buffering capacity (p"/4<"). Srinivasan and Biddappa (1990 
also used nutrient buffering capacity for evaluating the nu­
trient requirement in cardomom soils. Since the buffering 
capacity wa^ closely related to the rate of potassium diffu­
sion and other availability parameters, it could be used in the 
compulation o f potassium requirement. It may be stated that 
this factor would be a consunt for a given soil under standard 
conditions. The model was based on the recovery of added 
potassium, which was 80 per cent in the present study. The 
fertilizer experiment (Nair and Sreedharan. 1982) conducted 
so far in the oil palm growing tracts of southern Kerala have 
not given any conclusive evidence so as to evolve critical limits 

fcfrtr " i^ o r nutrients. In the absence o f computer models ati 
jate viata from field experiments, this model, which has

taken into account the response and reaction of the soil to the 
added fertilizer may be considered most suitable for potas­
sium scheduling for oil palm on the basis of soil test data. 
Thus, the present arbitrary recommendations of 1200g K^O 
per palm per year for the oil palm grown in south India can be 
modified by using this model.

4. Conclusion

The TKR model computed based on the DEM would 
fmd applications among the oil palm cultivators. Thus, de­
pending upon the purchasing power o f the oil palm cultiva­
tors the soil available potassium status can be maintained to 
any desired level by supplying the indicated amounts of K^O 
in the table.
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DROU G H T INDUCED PHOTO OXIDATIVE STRESS AND IN H IBITIO N IN PHOTOSYNTHESIS IN HEVEA 
BRA SIU EN SIS \  - r -  •
Jam es Jacob , A nnam alai Nalh^an K  and N ataraja K N 
Rubber Research Institute of India, Kottayam-686 009

Abstract'. The effects of severe drought stress on leaf photosynthesis and photosystem II (PSIl) activity were studied in Hevea 
brasiliensis. Drought inhibited leaf photosynthetic rate at any given light intensity and ambient CO, concentiadon. The quantum 
yield of CO, assimflaiion and in viw carboxylation efficiency were inhibited by drought stress. The quantum yield of PSSII 
activity and coefficient of photochemical quenching of chi fluorescence decreased and the coeflicient of iwnphotochemical quenching 
of chi fluorescence increased in the stressed leaves. Diversion of more photosynthetic electrons away from carbon to oxygen 

I) reduction led to oxidative damage of PSll and loss of total soluble proteins as well as proteins^ociated «ith PSII. It is con­
cluded that drought induced oxidation strees lead to senescence as indicated by loss of chlorophyll. *'*

A-.



1 . In troduction  r:

Natural rubber tree, Hevta brasiUensis, is one o f the 
most important plantation crops o f Kerala. About one quar­
ter o f the cultivable land in Kerala is occupied by this crop. 
The imjpact o f  natural rubber cultivation on Kerala’s economy 
is substantial (1). -

Plantation crops are mostly perennial in nature, and 
therefore, are exposed to seasonal unfavourable environmen­
tal extremes such as drought almost every year. The long 
term impact o f  drought stress on crop productivity can be 
substantia] in a plantation species like Hevea (2). Certain 
rubber growing regions of KeraU are prone to moderate to 
severe drought stress.

— Several key physiological parameters are adversely af* 
fected during environment strees. Photosynthetic carbon 
assimilation rate is panicularly sensitive to drought stress 
(3). Drought stress is generaly accompanied by high tem­
perature and high sun light intensity (2) which aggravate 
the drought induced damage to photosynthetic apparatus. 
(4»5). When the carbon assimilation capacity is decreased, 
the light energy absorbed by the leaf can be excessive which 
results in the over exciution o f chlorophyll molecules. This 
affects the photochcmical aptivity alters the fluorescence 
emission by the chlorophyll pigments (6). Excess lighl can 
becomc inhibitory to the photosynthesis when the plants arc 
under severe stress (7). Drought suess ts also known to af­
fect the biochemical composition and activities o f some pho* 
tosynihctic enzymes in ihe leaf (8). Degradation o f vital 
thylakoidal proteins such as the Dl protein associated with 
PSII reaction ccntre causing inhibition o f P5II activity and 
photosynthetic oxygen evolution (9) arc also rcporfed.

An imbalance between photosynthclic electron trans- . 
port (ie PSII activity) and photosynthetic carbon assimila­
tion can lead to the production o f reactive oxygen spccies 
(10). The various species of reactive oxygen species (ROS) 
such as O j. HjOj and several free radicals (FR) resulting 
from the harmful reactions triggered by ROS with cellular 
conslitucnts such as membranes causes photooxldatlve stress 
leading to further inhibition o f photosynthesis (5), Quan* 
tum yield o f PSII activity ( I I )  and damage to PSII reaction 
center (12).

In the present study we report the results of the water 
deficit stress mediated changes in photosynthclic carbon as­
similation and photooxidatlve' damage to PSII activity in 
Hevea leaves.

2. M aterials and M ethods

Young poly bag grown Hcvca plants were used in the 
present study exccpt for one experiment where mature field 
grown Hcvca trees were used to study the chloroplastic pro­

tein profile on an SDS-PAGE in relation to photosynthetic 
oxygen inhibtdon and chlorophyll contents. Water stress was 
created by withholding the irrigation to the poly bag.grown 
plants at the Rubber Research Institute o f India. Kottayam. 
Leaf photo^'nthetic rates (A) were determined using a por­
table photosynthesis system (Li 64(X>, LiCor, Lincoln, Nc- *' 
braska, USA) at different photosynthetic pHoton flux densi­
ties (PPFD) and leaf intercellular CO^ concentrations (Ci) 
which was obtained by altering the CO^ concentration in 
the ambient air present in the photosynthetic measurement 
cuvette (13). An asymptoUc function (y=a*(l-c^*)+c) was 
fitted between* the dependent variable (A) and the indepen­
dent variable PPFD or Cl to study the photosynthetic re­
sponse (0 light and CO,, respectively. This function gave 
excellent co-efficient of determination for both the light and 
COj, response curves in every measurement (r> 98%), ex­
cept for the light response curves studied with severely 
drought stressed leaf. The initial slopes o f the A/PPFD re­
sponse cuH'e (defmed as the apparent quantum yield for CO, 
^sim ilation ^c) and the A/Ci response curve (defined as 
the carboxylation efficiency C£) were calculated fron linear 
regression analysis( 13). ,

In vivo PSII activity was measured using a pulse am­
plitude chlorophyll fluorescence measurdment system (PAM 
Walr, Germany) as described el.se where (14). Analyses of 
the photochcmical and nonphotochemical quenching o f chi 
fluorescence, calculation of photosynthetic electron trans­
port rate (ETR) and estimation o f clcctron transport rate 
used for processes other than carbon reduction (ETR*) we 
given in detail else where (15), The photosynthetic oxygen 
evolution was measured on excised leaves diskj at approxi­
mately 500 |i mol  ̂s ' PPFD using a Clark-type oxygen elec­
trode (Hanzatech. UK) in the gas phase. ^

Mature trees grown with and without irrigation dur­
ing sum m er in the extremely drought prone region o f 
Dapchari in the North Konkan region were used to extract 
intact chloroplast, thylnkolds and stromal protein (16). Leaf 
protein and chlorophyll contents were estimated (17,18). 
Comparable amounts of protein were loaded on a gel and 
the proteins present in intact chloroplast, thylakoids and 
stroma were separated elecirophorclically (19).

Independent t lest was done to compare the statistical 
differcncc between the control and drought treatment.

3. Results and Discussion

As PPFD increased leaf photosyniBe^tic rate (A) in­
creased following an asymptotic function in the irrigated 
control plants (Fig 1 A). The lighl saturated photosynthetic 
rate (A^,) and apparent quantum yield for COj assimilation 
(<J)c) were higher in the irrigated control than the stressed 
(Fig. lA). In the water stressed plants A showed an Initial



Increase with PPFD followed by an dccline in A at high 
PPFD which resulted In negative values of A

Table I. Effects of drought stress on chi fluorescence, PSII 
activity and chlorophyll and soluble protein contents in 

Hevea brasiUensis. (n=6-10).

Parameter Water
stressed

Control
(Irrigation)

tTest
P

Fo (Relative units) 745 590 <0.05
Dark Fv/Fm 0.41 0.79 <0.01

(low light) 0.38 0.78 <0.01
•tippHChigh light) 0.16 0.32 <0.01
q^ (low light) 0.65 0.74 <0.05
q^ (highlight) 0.41 0.45 NS
~ , (low light) 0.53 0.21 <0.01

(highlight) -  0.74 0.54 <0.05
ETR* (high light) 
(jx mol m-2 s-1)

36 12 <0.01

Photosynthetic 0^ 
evolution (rel. Units)

2.7 4.3 <0.05

Chi a (mg/g frwi.) 2.1 2.9 <0.01
Chi b (mg/g fr.wt) 0.63 1.7 <0.01
Sol. protein 
(mg/g fr.wt)

25.5 37.5 <0.01

The reduction in the (|>c and high light induced inhibi­
tion in A at the leaf level was reflected in the quantum yield 
of PSII activity in the water stressed plants. The maximum
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potential quantum yield of PSII activity (determined as a 
ratio o f variable to maximum fluorcsccnce Fv/Fm in the dark 
adapted state) showed a significant reduction in the water 
deficit leaf (Table 1). The reduction in the dark Fv/Fm was 
mostly due to an increase In the minimum fluorescence yield 
Fo in the dark adapted state which indicated a severe dam­
ages to PSII. As expected the ({)PSII decreased with increase 
in PPFD, but the extent o f decrease was greater in the water 
deOcIt plants than the control. Inhibition in the 4>PSII activ­
ity would lead to an inhibition in the photosynthetic O, evo­
lution by the water deficit leaf as compared to the irrigated 
one (Table 1).

Water deficit leads to a greater inhibition in the photo­
chemical quenching (q^) of chlorophyll fluorescence at high 
PPFD. This indicate that more number o f PS II reaction 
center remained in the closed state in the water deficit leaf. 
The coefficient o f nonphotochemical (qj )̂ quenching was 
large in the water deficit leaf at low and high PPFD, but the 
difference was small at high PPFD. The large q^ is a mecha­
nism of dissipating the excess excitation energy absorbed 
by the chlorophyll moIccules (15). However, simultaneous 
measurement o f A and PS II activity indicates an excess of 
excitation energy present in the system in relation to the 
carbon reduction capacity of the mesophyll. This is evident 
from the increased diversion of photosynthetic electrons away 
from carbon reduction to other reductive processes (table. I).

The response of A to Ci indicate a substantial loss in 
the carboxylation efficiency of drought stressed leaf as indi­
cated by the reduction in the initial slope and CO, saturated
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Fig. 1. Response of leaf photosynthesis to PPFD (A) and leaf cellular COj concentration, Ci (B) in control (open drcle) and drought 

stressed (closed circle) Hevea Plants. Each point is a mean of six to ten measurements and SE is shown.



A in the drought stessed leaf (Fig. ̂ B). The reduction in the 
carboxylation efficiency indicate an inhibition induced ac> 
tivity o f the primary carboxylating enzyme Rubisco which 
also catalyses the photorcspiraiory pathway. Under normal 
conditions in a species like Hevea a substantial amount 
o f excitation energy (ie photosynthetic electrons) will be uti­
lized for the photorespiration and other process such as re­
duction of nitrates and sulphur etc. But under drought con­
dition it is unlikely that the excess photosynthetic electrons 
would be used for these above process which are known to 
decrease in drought stressed plants. Hence most of the elec­
trons which are in excess after utilization in the Calvin cycle 
end up in the reduction of molecular Oj which is present in 
large concentrations at the vicinity o f chlorophyll. This will 
lead to production of several species o f active oxygen spe­
cies such as Oj, HjOj and *0H  causing oxidative stress (10). 
If the factors causing the oxidative stress are vciy strong (eg 
severe drough) and the capacity o f the cell to scavenge the 
free radicals and active oxygen species is impaired, the ccils 
will start to degrade and scnescence w’ill set and hcncc there 
will be degradation o f proteins and loss o f chlorophyll as 
observed in this study in the stressed leaves (Table 1).

The PSII reaction center and antenna proteins are sen­
sitive to extreme environmental conditions like temperature, 
high light and drought (4). Our results indicated a com­
parative loss of PSII proteins in the range of 25-27 kDa« 
most likely representing the light harvesting chlorophyll 
protein complex (LHCP) in the drought stressed plants 
(Fig.2) which could be attributed to the oxidative stress re­
sulting from diversion of photosynthetic electrons to mo-

Fig. 2. SDS-PAGE proicin profiles of intact chloroplasl (lanes 2- 
4), ihylakoid membranes (lanes 5-7) and slroma (lanes 8-10) 
from plants grown without irrigation (2.5,8). rcstricicd irriga­

tion (3.6.9) and full irrigalion (4,7,10).

lecular Oj. The same may be responsible for the degrada­
tion in chlorophyll and soluble proteins in the drought 
stressed plants,

4. C onc lu sion

The following conclusions can be drawn from the 
present investigation

1. Drought strees inhibits the mesophyll capacity to fix CO^ 
more than PS II activity and photosynthetic electron 
transport rale.

2. This imbalance results excess excitation energy in the 
system leading to oxidative stress.

3. Loss of PS n  proteins, chlorophyll and soluble proteins 
in the leaf may be the result o f the degradativc reactio 
resulting f r o m 0x5- , ^
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