
Mangroves are halophytic plants growing
along the tropical and subtropical coastline of
the world. These plants grow under extreme
environmental conditions such as high salinity,
temperature and radiation (Ball and Critchley
1982, Bjorkmann et al. 1988, Moorthy 1996).
As a result, the mangrove plants exhibit poor
photosynthesis and stunted growth. Factors
affecting the photosynthesis of mangroves has
been little understood (Ball and Farquhar
1984, Clough 1985, Ball et al. 1988,
Bjorkmann et al 1988, Kathiresan and
Moorthy 1993, 1994) especially dependence of
photosynthesis on the photosynthetic pig-
ments. Arnon (1949) has categorized chloro-
phylls as chlorophyll-a and b. Kathiresan and

Kannan (1985) have postulated that photosyn-
thesis of mangroves is dependent on chloro-
phyll a/b ratio. The photosynthetic pigments
are also known to be present in free forms or
embedded in the protein complexes of chloro-
plast membranes (Thornber 1975).
Krivosheeva et al. (1991) quantified the bound
form of chlorophylls viz., reaction centre (RC)
and light harvesting complex (LHC) chloro-
phylls in pine species, based on their localiza-
tion. Further, they have also compared the
photosynthetic efficiency of the plants with the
content of RC - chlorophylls (Krivosheeva et
al. 1991). So far, several studies have been
made on the relationship between chloro-
phylls-a,b and photosynthetic activity. Yet,
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Abstract: Photosynthetic pigments are localized in protein complexes of chloroplast membranes and their role
in photosynthesis has long been established but their efficiency has not been measured in many species. The pho-
tosynthetic efficiency of four rhizophoracean mangroves, Rhizophora apiculata, R. mucronata, Bruguiera cylin-
drica and Ceriops decandra was studied in randomly collected propagules from Pichavaram mangrove forest
(southeast coast of India) by estimating the concentration of photosynthetic pigments in protein complexes of
the thylakoid membrane. Reaction centre chlorophyll (RC-chl) was maximum in B. cylindrica and minimum in
R. mucronata. Of the total amount of chlorophylls, RC-chl constitutes about 50%. The light harvesting complex
chlorophyll (LHC-chl) was highest in C. decandra and lowest in R. mucronata. Net photosynthesis was found
to be higher in B. cylindrica and lower in R. mucronata with the respective CO2 fixation of 20.52 and 10.83 µmol
m-2s-1. A positive correlation was obtained between RC-chl and net photosynthesis. The stomatal conductance
to CO2 influx was also found to be high and low in B. cylindrica and R. mucronata respectively. We refer the
chlorophylls present in the reaction centre and light harvesting complex as “ membrane bound chlorophyll” and
propose to use this as an index for measuring the productivity of mangrove species.
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studies relating the presence of chlorophylls in
protein complexes of chloroplast and net pho-
tosynthesis have not been made on mangroves.
Hence, this paper analyses the relationship
between compartmentalization of chlorophylls
and their role in photosynthesis of rhi-
zophoracean mangroves.

Propagules of Rhizophora apiculata
Blume, R. mucronata Lamk., Bruguiera cylin-
drica (L.) Bl. and Ceriops decandra (Griff.)
Ding Hou., belonging to the family rhi-
zophoraceae were randomly collected from the
Pichavaram mangrove forest (11- 27’N; 79-
47’E), located in southeast coast of India.
Healthy propagules were planted in poly-bags
containing estuarine soil and allowed to grow
in an open environment (temp. 28 ± 2- C; light
intensity 1800 µmol m-2s-1) for 90 days. Plants
were irrigated with estuarine water having a
salinity of 15 g.l-1 for Rhizophora sp.
(Moorthy, 1996) and 8 g.l-1 for Bruguiera and
Ceriops sp. (Naidoo 1990). After 90 days, con-
tents of photosynthetic pigments were extract-
ed from leaves with pre-chilled 80% acetone
(Arnon 1949). Chlorophyll content in the light
harvesting complex (LHC-chl) was estimated
from the content of chlorophyll-b, since it pre-
sents only in the LHC. The content of chloro-
phylls present in the LHC of photosystem - II
and the content of chlorophyll-a, are in the
ratio of 1:1 (Nordenkampf and Lechner 1988).
Based on these, content of chlorophyll-a in the
reaction centres of the photosystem-I and pho-
tosystem-II, was estimated. Net photosynthesis

and stomatal conductance were determined by
using Li-Cor 6200 portable photosynthesis
system. All the analyses were subjected to sta-
tistical treatments and the expressed values are
average of five replicates.

Photosynthetic capacity can be estimated
first to an approximation by measuring the
chlorophylls (Greenberg et al. 1992). Hence,
photosynthetic pigments present in the protein
complexes of reaction centre (RC) and light
harvesting complex (LHC) of chloroplast were
quantified and the results are presented in
Table 1. Of the four mangrove species studied,
reaction centre chlorophyll (RC-chl) was the
maximum in Bruguiera cylindrica and mini-
mum in R. mucronata. The ratio between the
levels of the RC-chl and the total chlorophylls
was 49.2, 52.3, 48.7 and 48.2% respectively in
R. apiculata, R. mucronata, B. cylindrica and
C. decandra. It is interesting to note that R.
mucronata recorded the lowest RC-chl with
the highest ratio of RC-chl/total chlorophylls.

The content of RC-chl was found to have
a high positive correlation with the photosyn-
thetic efficiency of mangrove species. The cor-
relation coefficient between the RC-chl and
assimilation rate was 0.994, 0.779, 0.967,
0.988 with the regression equations of assimi-
lation rate (X) = 3.33 + 17.36 x RC-chl (Y), x
= 16.5 + 6.80 x Y, X = 21.19 - 21.59 x Y, X =
18.67 - 12.94 x Y for R. mucronata, C. decan-
dra, R. apiculata and B. cylindrica respective-
ly. Similar reports have been made earlier in
mangrove species, such as R. apiculata, R.

TABLE 1

Levels of different types of chlorophylls in four species of mangroves

Species RC – LHC- Bound Free Bound / Free
chlorophyll chlorophyll chlorophyll chlorophyll chlorophyl

(mg. g-1 FW) (mg.g-1 FW) (mg.g-1 FW) (mg.g-1 FW)

R. apiculata 0.489 ± 0.01 0.252 ± 0.02 0.745 ± 0.03 0.251 ± 0.02 2.98 ± 0.15
R. mucronata 0.404 ± 0.06 0.189 ± 0.01 0.598 ± 0.08 0.189 ± 0.01 3.13 ± 0.12
B. cylindrica 0.694 ± 0.12 0.366 ± 0.07 1.061 ± 0.20 0.365 ± 0.07 2.92 ± 0.12
C. decandra 0.573 ± 0.04 0.302 ± 0.02 0.877 ± 0.06 0.311 ± 0.02 2.82 ± 0.23
‘F’ value 5.32* 5.70* 2.42* 1.91NS 0.352NS

Values are mean ± SD; * Significant; NS- Non significant
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mucronata and Avicennia marina (Kathiresan
and Moorthy 1993, 1994, 1994a) and pine
species (Krivosheeva et al. 1991). Higher con-
tent of chlorophyll in reaction centre might
enhance the light - induced photosynthetic
activity of the chloroplast, thereby high energy
transfer (Moorthy and Kathiresan 1993) and
energy production could be assumed.

Chlorophylls present in light harvesting
complex (LHC-chl) varied from 0.3160 to
0.1884 mg g-1 with the maximum content in C.
decandra and minimum in R. mucronata. High
content of LHC-chl reflects the better organi-
sation of light harvesting complex in the thy-
lakoid membrane as these chlorophylls act as a
structural component (Dahlin 1988) which
results in enhanced light trapping efficiency
(Lam et al. 1983). Eventhough, there was a
significant variations in the content of LHC-
chl, the ratio between LHC-chl and total
chlorophyll was insignificant among the man-
groves species. In all the species, nearly 25%
of the total chlorophylls were found to be
localized in light harvesting complex.
Rhizophora apiculata, R. mucronata, B. cylin-
drica and C. decandra were determined to
contain 25.6, 24.2, 25.6 and 25.6% of LHC-chl
respectively.

Reaction centre and light harvesting com-
plex are the two important structural proteins
of the thylakoid membranes. Pigments present
in these complexes are effectively used by the
plants for photosynthetic light harvesting
(Goodchild et al. 1972) and energy transfer
(Moorthy and Kathiresan 1993). Hence, we
propose that, chlorophylls present in these
complexes may be referred as “protein - bound
chlorophylls”. Of the four rhizophorcean man-
groves studied, the level of the protein-bound
chlorophyll was the maximum in R. mucrona-
ta (76.5%) and the minimum in C. decandra
(73.8%). The present results reveal that nearly
75% of the total chlorophylls are compart-
mented either in reaction centre or light har-
vesting complex and the remaining 25% are
present as free pigments. The content of bound
chlorophyll was found to have a high correla-
tion with photosynthetic efficiency of man-

grove species. The correlation between the
protein-bound chlorophylls and assimilation
rate was 0.999, 0.977, 0.952, and 0.958 with
the regression equations of assimilation rate
(X) = 2.546 + 13.16 x bound chlorophyll(Y),
19.23 + 1.30 x Y, 7.95 + 3.6 x Y, 17.64 - 7.52
x Y in R. mucronata, C. decandra, R. apicula-
ta and B. cylindrica respectively.

Chlorophyll a/b ratio is an index for deter-
mining the photosynthetic efficiency of the
mangrove plant system (Kathiresan and
Kannan 1985). But, in this study, we claim that
ratio between the bound and free forms of
chlorophylls can be used as an index for deter-
mining the photosynthetic efficiency of the
mangrove species. Bound to free chlorophyll
ratio ranged from 3.14 to 2.82 with an insignif-
icant variation. High ratio was recorded in R.
mucronata and low in C. decandra. This high
ratio of bound to free Chl could also be due to
presence of less chlorophylls in PS-I, PS-II and
LHC complexes. Statistical analysis (correla-
tion co-efficient) for each species revealed that
there was in general, a significant variation. In
R. apiculata, no correlation was found
between photosynthetic productivity and pig-
ments. However, in R. mucronata and B. cylin-
drica there was a significant positive correla-
tion between net photosynthesis and bound
chlorophylls (0.99) and bound to free ratio in
R. mucronata (0.98). Kathiresan and Kannan
(1985) found a significant productivity and
chlorophyll a/b ratio. This prompted us to
measure the net CO2 fixation of the four
species. B. cylindrica and R. mucronata had
net CO2 fixation of 20.52 and 10.83 µmol
m-2s-1; whereas R. apiculata and C. decandra
have recorded 10.62 and 9.625 µmol m-2s-1

(Fig. 1). Stomatal conductance to CO2 was
also maximum in B. cylindrica and R.
mucronata while R. apiculata and C. decandra
showed the minimum among the four species
(Fig. 1). Bruguiera cylindrica had higher
stomatal conductance where the net CO2 fixa-
tion was also high. It is concluded from the
present study that the chlorophylls present in
reaction centre and light harvesting complex
could be referred as “membrane-bound chloro-
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phyll”; and also could be used as an index to
measure the photosynthetic productivity of
mangrove species.
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Fig. 1. Net photosynthesis and stomatal conductance levels
in Rhizophora apiculata, R. mucronata, Bruguiera cylindrica
and Ceriops decandra.
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