
Phuket mqrine biological Center Special Publication22:27-30 (2000)

PHOTOSYNTHESIS OF MANGROVES AT AO SAWI_THI.JNG KHA,
CHT]MPIION, TIIAILAIID

Pipat Patanaponpaiboonu and Sasitorn Poungparnr

IPlant Ecologt Research Unit, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
2 Aquatic Resources Research Institute, Chulalongkorn University, Bangkok 10330, Thailand

I.BSTRACT

Rates of photosynthesis were measured for 4 species of mangroves at Ao Sawi, Chumphon, in
January 2000. The species were Samae ?.haao (Avicennia alba Bl.), Taatum thale (Excoecaria agallocha
Linn.), Faat daeng (Zumnitzera littoreaYoigf), and Prong khaao (Ceriops decandraDingHou). A portable
photosynthetic system (model LCA-3) was used for the photosynthesis measurements. l. alba showed

the highest of maximum photosynthetic rate, followed by L. littorea, E. agallocha and C. decandra,
respectively. Light response curves for each species indicated that E. agallocha and C. decandra, with
their low light saturation points, were shade plants. A. alba and Z. littorea had higher light saturation
points, a characteristic of pioneer species in plant communities. Relationships befween photosynthesis

and the intercellular CO, concentration were inversely linear in all 4 species. The photosynthesis performance

of these minor mangrove species is comparable with that of more dominant species, such as Rhizophora
apiculata and R. mucronata. These data can be used to estimate primary production and amount of CO,
uptake by these species.

INTRODUCTION

Net primary production is the part ofthe gross

primary productivity that remains after some of
this material is used in respiration (Whittaker e/

a1.,.1975). Clough and Attiwill (1982) suggested

that net primary productivity of mangroves could
be estimated from measurements of
photosynthesis and respiration by individual leaves

or small branches. Thus, the measurements of
photosynthetic rate are basically needed to estimate

net primary production of mangrove. Clough et

al. (1982) noted that there was very little
information on the magnitude or variation in net
primary productivity by mangroves. In Thailand,
only a few measurements of mangrove
photosynthesis have been done and for only some

major species (Aksornkoae et a1.,1993).
This study emphasizes the photosynthesis of

some minor mangrove tree species at Ao Sawi,
Chumphon. The approach is to develop a database

of photosynthesis of mangroves in Thailand for
estimate the potential of carbon dioxide uptake of
mangrove forests in Thailand.

METHODS

Study site
Mangrove forests at Thung Kha Bay, Sawi,

Chumphon province were selected. The stahds of
Samae h,haao (Avicennia alba Bl.), Taatum thale
(Excoecaria agallocha Linn.), Faat daeng
(Lumnitzera littorea Voigt) and Prong khaao
(Ceriops decandra Ding Hou) are located at 10"

29'N and 99" l0'E.
Photosynthetic measurements

The photosynthetic measurements of all4 tree

species were done in January 2000. The mature

and healthy leaves located at the top ofthe canopy
were selected to measure photosynthesis. A
portable photosynthetic system model LCA-3 and

a Parkinson leaf chamber for broad leaves were

used. The measurementof photosynthesis was spot

checked by the change ofphoton flux density. Leaf
temperature, photon flux density, transpiration rate,

ambient CO' intercellular CO, and stomatal
conductance were also recorded.
Analysis

Light response curves for the four species
were plotted and then fit by the quadratic function
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(Clough, 1998). The maximum photosynthetic
rates were then calculated. The relation between
photosynthetic rate and intercellular CO, was also
analyzed.

RESULTSANDDISCUSSION

Photosynthetic rates
Light response curves of all 4 species are

shown in Figure l. The solid line represents a least-
squares fit to a quadratic function. The maximum
photosynthetic rate was highest in l. alba 

-17 
.87

pmolm-2s-r. For Z. littorea, E. agallocha and C.
decandra' rates were 17.38, 14.23 and 6.98
pmolm-2s-r, respectively (Table 1). The
photosynthetic rates of these mangroves are
comparable to common tree species but lower than
herbaceous plants (Clough et al.,1982). The
highest maximum photosynthetic rate was found
in A. alba. This is not surprizing as it is a pioneer
species in mangrove forests so it tends to grow
faster than other species.

Table I The calculated maximum photosynthetic
rate of 4 species using equation in Clough (1998)

Species maximum photosynthetic f
rate

(pmol m-2 s-r)

Avicenniaalba
Excoecaria agallocha
Lumnitzera littorea
Ceriops decandra

The maximum photosynthetic rates of A. alba
and L. littorea were 17.87 and 17.38 pmolm-2s-r,

respectively, which are higher rates than measured
for A. marina (15.71 pmolm-2s-t) but very similar
to rates for R. mucronata (17.88 pmolm-2s-t)
(Puangchit et al., 1997). Differences and
similarities in rates among these species are
probably related to the different seasons and
environments in which the photosynthetic rates

were measured. The maximum photosynthetic rate

of C. decandra (6.98 pmolm-zr-t)was close to the
maximum photosynthetic rate for Ceriops
australis (6.13 pmolm-2s-') studied by Clough

(1998) at Hinchinbrook Channel, Australia.
From the light response curves, E. agallocha

and C. decandra responded to light changes
similarly. Photosynthetic rate increased with
increasing photon flux density and reached a
maximum photosynthetic rate of about 500
pmoh-2s-r. It could be concluded that the light
saturation point of E agallocha and C. decandra
were both about 500 pmolm-2s-r. Their low light
saturation points reflect the fact that they are slow
growing plants. Cheeseman et al. (1991) reported
that mangrove species having low light saturation
points would be slow growing or stress tolerant
plants.

On the other hand, light saturation points of
A. alba and L. littorea were about 700-750
Fmolm-2s-t which is close to the light saturation
point of Avicennia marina (800 pmolm-'?s-')
measured by Attiwill and Clough (1980). It is
consistent with the $owth of A. alba wder natural
conditions. A. alba is a pioneer species in open
areas with strong sunlight. It is common at the
seaward front of mangrove forests.
Relation between photosynthetic rate (A) and
intercellular CO, (Ci).

A-Ci curves of the 4 species are shown in
Figure 2. It is clear that photosynthesis of these
mangroves is adapted to change in intercellular
COr. In this study, every species showed an
inverse linear relationship between photosynthetic
rate and intercellular COr. The study of the
relationship between photosynthetic rate and
intercellular CO, of Bruguiera parviflora by
Cheeseman e t al. (199 l) found that photosynthetic
rate and intercellular CO, were inversely linear and
highly significant (r = -0.58, p < 0.0001).

Moreover, Cheeseman et al. (1991) reported
that intercellular CO, at a concentration of 150 mL
L-r maximized the photosynthetic rate. When the
concentration of intercellular CO, was close to
ambient, the photosynthetic rate was minimal.
From A-Ci curve of ,4. alba and L. Iittorea, the
maximum photosynthetic rate is at 150 pL L-tof
intercellular CO, concentration. E agallocha and
C. decandra showed maximum photosynthetic rate
at 170 and 220 FL L-t of intercellular CO,
concentration, respectively.
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Figure 1 Light response curves of Avicennia alba
littorea Voigt and Ceriops decandra Ding Hou.
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Figure 2 Relationship between photosynthetic rate and intercellular CO2 for the 4 species studied.
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CONCLUSIONS

All 4 species are minor species in most
mangrove forests, but their photosynthetic
performance is comparable to or higher than that
of major species such as Rhizophora apiculata
and R. mucronata (Puangchit et al., 1997). lt is
evidence that these minor species may play an
important role in CO, uptake and net primary
production. However, comparing the effi ciency of
CO, uptake rate per ground area, the amount of
CO, uptake by the major species is greater than
that of minor species because of higher stand
density.

Light response curves for A. alba and L.
littorea are typical pattems for pioneer species,
butC. decandra and E. agallochaare shade plants.
The relationship between photosynthetic rate and

intercellular CO2 is inversely linear for all four
species.

This study was designed to investigate the
efficiency ofmangrove forests in CO, uptake; more
factors need to be studied, suc-h as canopy
structure and leaf area index. Nevertheless, our
data can be used to estimate primary production
and amount of CO, uptake by these mangrove
species.
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