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Coconut (Cocos nucifera L.), a perennial
plantation tree crop with a single apical growth point,
puts forth leaves in succession which forms regular
whorls. In adult palms annually 12 to 14 leaves are
produced and the number of leaves on the crown in a
standing crop varies from 20-40 depending upon the
variety, nutrition and environmental factors. However the
leaves contributing to the production of spadicesare only
12-14 (Menon and Pandalai, 1958). Senescence is the
final stage in the life span of aleaf and leads to death /
abscission. In coconut, progressive senescence is seen
by which the oldest leaf shed first which takes nearly 2
to 2 %2 yearsfrom primordial initiation. Extensive reports
are available on physiological and biochemical changes
during leaf maturity /senescence of crop plants (Leopold,
1980; Thompson et al., 1998). In coconut variations in
leaf water potential (Voleti et al., 1993) as well as
variationin photosynthetic characteristics (Naresh Kumar
and Kasturi Bai, 2009) among |eaves of different maturity
stages arereported. Ramadasan and Jacob Mathew (1987)
reported that once the leaf is fully unfolded there is no
change in leaf area and dry weight. However no reports
are available on the biochemica changes especialy in
the enzyme activities scavenging the reactive oxygen
species produced during the leaf maturity/senescence.

A study was conducted in CPCRI, Kasaragod
during 2009 to understand physiol ogical and biochemical
changes occurring in coconut leaf of different
physiological maturity. Fifteen years old West Coast Tall
(WCT) cultivar of growing under rainfed conditionswas
the material for the studies. Leaves of different maturity
stages starting from spindle (non chlorophyllousyoungest
leaf), first (fully unfolded), 6%, 11", 14" and 20" were
destructively sampled from five palmsfor the observation
each palm treated as single replication. The observations
were carried out during the month of September just after
the cessation of monsoon i.e., non-stress condition where
soil and atmospheric parametersare congenia for coconut
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growth (Kasturi Bai et al., 1988). Soil moisture content
on dry weight basis ranged between 7.2 and 10 %.
Physiologica parametersviz, net photosynthetic rate (P, )
and stomatal conductance (g,) were recorded using
Infrared gasanalyzer (ADC, LCA-4, UK.) as per method
standardized by Rajagopal et al. (2000) and total
chlorophyll content was estimated by the method of
Arnon (1949). Physiologica parameters were recorded
only in the leaves with chlorophyll (i.e., 1% to 20" |e&f).
Bio chemical parameters viz., lipid peroxidation- LP
(Hesth and Packer, 1968) and related enzyme activities
viz., super oxide dismutase-SOD (Beauchamp and
Fridovich, 1971) and peroxidase- POD (Kar and Mishra,
1976), were estimated as per the standard procedures
with slight modifications as suited to coconut
(Chempakam et al., 1993). The data was statistically
analyzed using SPSS (Version10.0) 1999 package.

Theresults(Table 1) revealed significant variation
in net photosynthetic rate (P,) with leaf maturity. Just
after the leaf expansion, thereisan increase in P, rate to
the tune of 38 % and remained relatively steady until a
decline (50 %) by 20" |leaf stage. Stomatal conductance
(9,) on the other hand remained more or |ess steady up to
the 14" |eaf stage and reduced significantly by 20" |eaf
stage. Tota chlorophyll content also showed an increase
from 1% leaf to 14" leaf and decreased by 20" |eaf.
Attainment of maximum P, capacity at or prior to full

Table 1. Physio-chemical changesin coconut leaf at different maturity stages
(Mean for 5 palms)

Parameters Pnrate gs Total chlorophyll
/leaf no. (wmol m2.s?) (mol m2.s) content
(mg.g*f.wt)
1st 462 020 0.74
6th 6.37 021 161
11th 6.10 021 1.99
14th 6.08 023 191
20th 326 0.13 181
CD (P=0.05) 041 0.01 031
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leaf expansion has been observed in cashew (Balasimha,
1991). Flore and Lakso (1989) related the ontogenic
decline in leaf P to the declining sink demand for
assimilates. However, in coconut since each leaf axil
subtends a bunch of different maturity stage, the sink
demand is always higher. Recently Naresh Kumar and
Kasturi Bai (2009) observed significant variation in
photosynthetic characteristics in different shapes of
coconut canopy as well as between leaves of different
maturity stages under irrigated and rainfed conditions.
In silverbrich, Oleksyn et al. (2000) observed decrease
in photosynthetic rate after the leavesarefully developed
but the rate of decline was found to vary due to growth
habit or growth environment.

It has been suggested that with the decrease in
photosynthetic rate the photosynthetic electron flux to
O, will increase, resulting in the increased production of
reactive oxygen species which include superoxide
radicals, hydrogen peroxide, hydroxyl radicals etc. and
are extremely damaging to cell wall lipids, proteins and
pigments unless they are rapidly scavenged within the
chloroplasts by the activities of antioxidative enzymes
(Asada, 2006). Inaerobic cells, the enzyme SOD protects
cells by converting the superoxide radicals to hydrogen
peroxidewhile catal ase and peroxidase convert hydrogen
peroxide to water and molecular oxygen. But during
maturity/senescence, the balance between production and
elimination will get disturbed. The observations in
coconut revealed arapid increaseinthelipid peroxidation
from spindle leaf to the first leaf and thereafter steady
increase (Fig.1). Simultaneously with theincreaseinlipid
peroxidation, there was decrease in the enzyme activities
viz., SOD and POD. Increased lipid peroxidation and
decline in anti oxidant enzyme activities have been
reported as the possible cause of leaf senescence in
different plantsby variousworkers (Dhindsaet al ., 1981,
Hurng and Kao, 1994; Prochazkova et al., 2001).
Negative correlation between anti oxidant enzyme
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Fig.1. Changesin SOD, POD and LP during leaf maturity stages
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activities and lipid peroxidation has been reported in
coconut by Chempakam et al. (1993). The negative
correlation observed between SOD and LPin the present
study (Fig.2) corroborate with the above finding. In the
present observation high SOD activity was observed in
the spindle leaf and showed decrease with the maturity
of the leaf. On the other hand, POD activity decreased
from spindleto 11" leaf and increased with leaf maturity.
POD has been implicated in plant senescence by virtue
of itsability to oxidize 3-indole acetic acid (Parish, 1968).
Higher increase in the activity of this enzyme during
development and senescence has been reported in
Cajanus (M ukherjee, 2003) thus corroborating with our
observation in coconut. Variations in individual anti
oxidative enzyme activities have been reported by various
workers (Kanawaza et al., 2000; Shrivalli and Khanna-
Chopra, 2001). Chlorophyll degradation due to lipid
peroxidation isknown to occur (Heath and Packer, 1968)
and the decline in chlorophyll content in coconut with
leaf maturity can be attributed to the lipid peroxidation
in the chloroplast membranes.
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Fig.2. Correlation between SOD and lipid peroxidation (L P) in coconut (Each
point represents mean of five observations)

From the foregoing it can be concluded that in
coconut physio- chemical changes take place with |eaf
maturity. Naresh Kumar and Kasturi Bai (2009) reported
decrease in photosynthetic rates beyond 10" month |eaf
maturity even after providing radiation at saturating
levels. In a source limited crop like coconut (Naresh
Kumar and Kasturi Bai, 2009) during adverse climatic
conditions, vegetative growth gets priority over
reproductive growth which will affect dry matter
production and yield. Thisis mainly because increasein
LAI will shade the lower leaves making them parasitic
to other leaves. Actually the main purpose of |eaf
senescence isto enable nutrient recycling from the aging
leaves to the developing tissues. This catabolic process
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requiresenergy and as suggested by Oleksyn et al. (2000)
this may be provided by the ATP generated by the
senescent leaves via respiration. It is estimated that in
perennial plantation crop, 75 % of the photosynthate are
lost through respiration which otherwise would have been
diverted for economic produce (Corley, 1983). This
implies that proper management of leaves in the crown
is highly crucial for optimizing the productivity of
coconut palm.
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