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" ABSTRACT A laboratory based experiment was performed on leaves of the seagrass Halophiia
 ovalis to elucidate its photosynthesis versus irradiance (P-I) relationships. Plant samples were sourced
from a low water level seabed off the Teluk Kemang coast (2 © 30'N, 101 ° 45'E) in Negeri Sembilan,
Malaysia. Plants growing naturally from this area as well as those transplanted into indoor culture tanks
were studied. The oxygen evolution responses of the leaves based on parameters of leaf fresh weight
(FW), leaf surface area (Area) and leaf chlorophyll content (Chl) towards varying degrees of illumination
were recorded. A comparison between leaves from cultures with those from the wild showed that the
curve plotted for its respective values was lowered for the former based on FW and Area but
comparatively lowered based on Chl. The light compensation (Z.) value did not vary much between leaves
from the wild and leaves from the cultures (8-13 pmol m™ s™') while light saturation point (I} was in the
range of 268 - 275 pmol m™ s for leaves from the wild and increased to 290 - 293 umol m™ s for leaves
from cultures. Dark respiration values did not differ between wild and cultured leaves based on the
measurements calculated from the parameters stated (FW, Area and Chl). Calculations based on FW and
Area showed a higher light saturation (P} photosynthetic rate for cultured leaves but comparatively
lowered based on Chl. P, values between leaves from culture to that from the wild based on the
parameters of FW and Area were significantly different (p<0.05) but not based on Chl while the trends of
curves fitted between wild and cultured leaves were significantly different based on Area only (p<0.05).
The results collated in this study serve to add to the present knowledge of biclogical traits of H. ovalis
from Malaysia to further understand its importance in local waters.

ABSTRAK Satu ujikaji makmal telah dijalankan ke atas daun Halophila ovalis untuk menjelaskan
perkaitan antara kadar fotosintesisnya dengan faktor keamatan cahaya. Tumbuhan kajian diambil dari
habitat asalnya di perairan pantai Teluk Kemang (2° 30'N, 101° 45'E), Negeri Sembilan, Malaysia. Daun
daripada tumbuhan yang dikultur dan tumbuhan liar telah digunakan untuk kajian tersebut. Tindak balas
evolusi oksigen terhadap peringkat keamatan cahaya yang berbeza bagi daun telah direkodkan adalah
berdasarkan tiga parameter — berat segar daun (FW), luas permukaan daun (Area) dan kandungan klorofil
daun (Chl). Perbandingan nilai antara daun tumbuhan liar dengan tumbuhan vang dikultur dibuat
berdasarkan graf yang diplotkan. Graf menunjukkan keluk nilai yang diplotkan berdasarkan FW dan Area
adalah lebih rendah berbanding keluk yang diplotkan berdasarkan Chl. Tiada perbezaan ketara antara
nilai kompensasi cahaya bagi daun tumbuhan lar dan daun tumbuhan yang dikultur (8-13 pmol m? s).
Manakala nilai ketepuannya ialah 268 - 275 pmol m? ! bagi daun tumbuhan liar dan meningkat
sehingga 290 - 293 umo! m™ s bagi daun tumbuhan yang dikultur. Tiada perbezaan ketara bagi kadar
respirasi gelap antara daun liar dengan daun kultur mengikut pengukuran kadar respirasi yang dibuat
berdasarkan parameter yang dinyatakan (FW, Area dan Chl). Pengiraan berdasarkan FW dan Area
menunjukkan nilai kadar ketepuan cahaya fotosintetik (Pmax) yang tinggi bagi daun tumbuhan yang
dikultur tetapi lebih rendah jika dibandingkan nilai pengiraan berdasarkan Chl, Terdapat perbezaan ketara
bagi P, di antara daun vang dikultur dan daun lar berdasarkan parameter FW dan Area (p<0.03) tetapi
tiada perbezaaan ketara bagi P, yang berdasarkan Chl. Bagi plot yang dihasilkan, lengkung di antara
daun kultur dan daun liar hanya mempunyai perbezaan ketara berdasarkan Area sahaja (p<0.05).
Keputusan yang dicerap daripada ujikaji ini penting untuk memahami ciri-ciri A, ovalis dan kepentingan
rumput lant tersebut di perairan Malaysia.

(Seagrass, Halophila ovalis, Photosynthesis-irradiance curves, Shading)
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INTRODUCTION

Seagrasses grow in a variable environment that
may affect their proliferation and reproduction.
Environmental conditions fluctuate primarily
according to the availability of substrate,
nutrients and light. Responses are essential to
counter any changes in s relatively
unpredictable marine habitat as shown by plants
in artificial culture experiments. These responses
are very much inducible.

Seagrasses such as Cymodocea serrulata [17,
Cymodocea nodosa [2], Zostera capricorni [3],
Syringodium isoetifolium, Halodule uninervis and
Halophila  spinulosa [4] have demonstated
various changes in morphology from artificial
manipulations  of  various environmental
parameters. fn sifu nutrient manipulations on
Halodule wrightii [5] have also been shown to
elicit morphological differences from plants
growing in the same jurisdictions. Differing
manipulations  in  light intensity  levels
investipated upon natural growths of Posidonia
oceanica [6], Thalassia testudinum [7] and
Zostera marina (8] demonstrated that reduced
light was tolerable until its thresholds to photo-
acclimatize were crossed.

Light is one of the deterministic factors of
seagrass  proliferation  and  photosynthetic
capacities would also vary significantly within
the same species. Basic plant physiclogy
explains the fundamental role of photosynthesis
being the mechanism by which carbohydrates are
converted from atmospheric carbon dioxide and
water in the presence of photosynthetic pigments
and  light as an energy source, Oxygen is
produced as a  by-product, which is
approximately proportional to the whole
photosynthetic activity. It is thus a conventional
approach to estimate photosynthetic productivity
of any plant by the amount of oxygen evolved. In
seagrasses, a considerable amount of the oxygen
produced is transported to the tissues below-
ground (underground rhizomes and roots}. This
physiological process is of minor importance to
terrestrial plants. The sediment of seagrass beds
is usually anoxic and the oxygen supply of the
roots and rhizomes are dependent on an oxygen
flux from the shoots to the organs below-ground
[9). Hence, the oxygen available to the roots and
rhizomes is largely derived from photosynthesis.
This is conveyed by gaseous diffusion through
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internal gas spaces — lacunae - which extends
from the leaf to the root apices [10].

Various methods have been employed to measure
the oxygen evolved by seagrasses based on its
high diffusibility in aqueous media. Different
plant parts have been experimented upon. Some
studies were based on portions of leaf blades [11-
13], while others used single plant units - either
by placing sealed transparent chambers around
the photosynthetic leaves [14, 15] or by
measuring lacunal gas discharge from the base of
the erect shoot [16]. Methods approximating
photosynthetic rates from whole plant canopies
upon naturally cccurring seagrass beds were also
used [17, 18],

All the methods employed were aimed io
illustrate a plant’s productivity values - usually in
terms of photosynthesis versus irradiance (P-I)
relationships of the plant to light exposure,
whether of terrestrial or aquatic origin. The
relationship between plants’ photosynthesis and
their direct environment essentially endeavours to
elucidate the plant’s compensation  point,
saturation point and photoinhibition point,
although, the latter value is seldom investigated
for seagrasses [9)].

This study is thus intended to determine the range
of these photosynthetic values in addition to the
maximum photosynthetic rate, dark respiration
rate and photosynthetic efficiency of H. ovalis
from Malaysia - a common seagrass found
locally. This forms one of the most important
productivity values which could explain trends in
its basic biological demands for growth, This
aim is further expanded to compare these values
between plants growing naturally in the wild with
those cultured in light-controlled tanks. As a
continuation of previous studies on the effects of
light attenuation on H. ovalis [19, 20], the results
collated will be able to provide a better
understanding of the characteristics of this
seagrass in local environments in Malaysia,

MATERIALS AND METHODS

Plant material

Two types of plant samples were used for the
study - those growing naturally in the wild and
those originally collected from the wild and
transplated into culture tanks. Plants were
collected from a seagrass bed off Teluk Kemang
coast (2 ° 30'N, 101 ° 45'E) during low tide. For
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cultures, single sprigs of Halophila ovalis from
the same area were transplanted in baskets in
October of 2004 and placed in a 200 I capacity
tank. Aeration was provided to produce water
circulation. Scawater of salinity 30 psu was
obtained from the nearby sea. Natural sunlight
provided for the plants was reduced by a
commercially available shade cloth. The shading
resulted in light intensity attenuated to about 150
- 250 pumol m* s’ providing approximately about
10 - 15% of total light intensity outdoors. The
ambient temperature of the culture tank ranged
from 26.5°C — 29.0°C. Prior to the study, these
culture conditions had been maintained for
twelve months since October 2004.

Experimental mechanism

Leaves for the study were obtained and studied
within a few hours before performing the
experiment for plants in cultures while leaves
from wild plants were experimented upon within
twelve hours upon obtaining them from its
habitat. The time interval between removal from
the culture tank or original habitat was kept to a
minimal to reduce any physiological changes that
might have occurred within the leaf samples.
Leaves free from epiphytes were selected for the
experiment and placed in a 5 ml by volume
incubation chamber fitted to a Clark’s type
oxygen incubation electrode (Rank Brothers).
Oxygen evolved by photosynthesis from the
leaves incubated will diffuse through a thin
Teflon membrane below the incubation chamber
and is reduced at a platinum surface immediately
in contact with the membrane. The oxygen
produced is proportional to the light intensity
provided. The light intensity can be varied by
moving light source at different distances with
respect to the incubation chamber. Temperature
of the incubation chamber was monitored and
kept constant by flowing tap water. The ambient
water temperature ranged from 26.5°C — 29.0°C
but was controlled at one temperature during the
experiment in accordance to the environment at
the time the experiment was performed. Data
output was recorded by a potentiometric recorder
(Zipp and Konnen).

For wild H. ovalis, two leaves were placed in the
incubation chamber to produce detectable
responses. For leaves in culture, a single leaf was
sufficient for measurable responses since cultured
leaves had grown much larger in surface area
than those from the wild [19]. Five replicates
were performed from both types of leafl
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specimens, The light source was a strong halogen
bulb illuminated in increasing irradiance grades
from 30 pmol m? s to 400 umol m”? s, In its
natural environment, . ovalis is seldom exposed
to intensities greater than this range unless during
extreme low tides (mid-day light intensities is in
the range of 100 - 400 pmol m? s at submerged
depths of 4 and 2 m respectively). Light
intensities beyond this range were not used as a
precaution to prevent any internal photodamage
to the leaf. Futhermore, it had been shown that
exposures to high light intensities will result in
notable changes in the pH of the seawater
surrounding H. ovalis leaves [21]. 'The
photosynthetic rate was then calculated based on
leaf fresh weight, leaf surface area and
chlorophyll content.

Leaf parameters

For fresh weight, each of the leaves were dried by
blotting and weighed. The leaf surface area was
estimated by tracing its outline on a graph paper.
For calculating chlorophyll content, leaf blades
were minced and soaked in 5 ml of 80% acetone.
Absorbances of the extracts were then measured
in a spectrophotometer at 725, 664 and 647 nm
wavelengths [see 22]. Chlorophyll @ and b
concentrations were calculated from these
absorbances using the appropriate equations [23].

Graphical and statistical analyses

The results of oxygen evolution with respect to
its corresponding light irradiance level were then
plotted on graphs. These graphs plotted would
display a rectangular hyperbola shape of a
photosynthetic — irradiance (P-I) curve. The
conspicuous points to note are as foliows. Where
the curve crosses the light intensity axis, this
point is the compensation point - denoted as the
irradiance where gross photosynthesis equals
respiration and net photosynthesis is zero (Z).
Where the curve extends to cross the
photosynthetic rate axis, the dark respiration
point (Rgan) - designating the net consumption of
oxygen as a consequence of respiration in the
dark which is generally assumed to remain
constant in the light. The symbol « represents the
photosynthetic efficiency, i.e. the ratio between
photosynthesis rate and irradiance which is
approximately a linear function of irradiance. The
steeper the slope, the more efficient that plant is
to increasing levels of low irradiance. The plateau
formed at a higher irradiance level signifies the
light saturated rate (Pmax) the maximal
photosynthetic capacity of the leaf. The
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saturation point/saturation irradiance (f;) is given
as the intercept between « and the platean.
Theoretically, if the curve is extended beyond the
plateau, there will be a downward progression of
the slope; the intercept between this slope and the
plateau representing the photoinhibition point
(P1). However, this is rarely investigated for
seagrasses [9].

From the values obtained, the graphical trends
between the leaves from culture and those from
the wild are differentiated. The photosynthetic
values of the leaves will then be inferred. Figure
1 demonstrates the photosynthetic points of 7, 1,
Poax, Raar and o being described.

For statistical analyses (NCSS software package),
a Student’s T-test was used to assess the
significance of differences in photosynthetic
values between cultured and wild Halophila
ovalis leaves, Graphs of the P-I relationship were
plotted and the trends were assessed using
regression. A Monte Carlo method was used to
test the hypothesis that the curves fitted between
wild and cultured leaves were significantly
different.

RESULTS

Experimental photosynthetic light responses

The curves fitted showed that the P-I responses
varied between leaves from the wild with those
from cultures for all three parameters of leaf fresh
weight (FW), leaf surface area (Area) and leaf
chlorophyll content (Chl). Values plotted against
leaf fresh weight and leaf surface area (Figures 2a
and b respectively} showed that there was an
apparent elevation of the curve for the
photosynthetic rate of cultured leaves compared
to wild leaves (Figure 2c¢). Comparatively, the
curve based on leaf chlorophyll content was
slightly higher for photosynthetic rates of wild
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leaves than cultured leaves. The plots were fitted
according to Michalis-Menten kinetics trends
using non-linear regression ( > > 0.979 for all
curves) based on the equation:

P= [(Pmax)(l)]/(Km + 1)] - Rdark

where K,, is the arbitrary half-saturation constant
and 7 is the irradiance in pmol m™ s [following
24].

Using analyses of Student’s T-test, significant
differences between photosynthetic rates of wild
leaves and cultured leaves were observed at the
light intensity of 400 pmol m™ s only for
parameters based on Area and FW. Hence, P, is
statistically different based on Area and FW
(p<0.05). There were no significant differences
between the two types of leaves based on Chl.
The Monte Carlo test showed that the curves
between the two types of leaves were
significantly different for oxygen evolution rate
based by Area but not by FW or Chl

The values for [. and Ry are very similar
between wild leaves and cultured leaves based on
all three parameters of FW, Area and Chl
Comparatively, I, values increased by about 7.33
% (an increase of about 20 pmol m™ s™) for
cultured leaves. Pmaxy and photosynthetic
efficiency, o, values also differed according to
the base parameter. The largest difference for
P was observed from the photosynthetic rate
based on Area (cultured leaves increased by
23.65%) while the largest difference for o was
based on Chl (cultured leaves decreased by
11.38%). Table 1 summarises the photosynthetic
rates as inferred from their respective curves,
while Table 2 compares some photosynthetic
irradiance values (7. and I) of Halophila species.




1L

"9OURIPRIIT pUE S1El SISIqIAs010yd 1a9m1aq O11RI a1) $E pae[na[ed ‘Kouagye
uyeanges - ¥ 1010z st sisaqpuisolond jeu pue vonendsal syenbs sisayuAsojoyd
*31e 3301 03 sputod oY I, "dAINd (I-d) SIUBIPRL[-SISIYIUASOI0U] © JO UOIssFord [eons1oayy, [ aandSig

onayuAsoloyd am - o yrep o1 ur wonendsar woiy uafAxo Jo uotidumsuos 19U - ¥Ry aoueipeLn 5
$5043 2UUM DOURIPRL - 77 ‘018l oneyuisoogd [ewrxeur syl - Uy

Ausuarur B

v_.:w—um

TR

(9002} 6L — L9 (T) §T 2ous108 fo pouinoy uvrsdopopy




1-S W [owrd ; Ayisusyul 3yBiq

WB2M ysal] Jea] uo paseq soyer Mayiudsoloyy ez aandiy

0zo'0-
OvS 0lS 08F 0Sr 0zvr 06 09 0g¢e 00¢ 0.z 0¥ 0Lz 08L 051 0ZL 06 09 o0 o
S9AB3T aun}ny) v ”
SIABRDT PIIAA @ " 0200 1
m g
: 0r00
m 3
i 0900 3
m 5
i 0800 S
: e
_m ooro 3
; P
; 0ZL0
: orLo =
3
. =
18670 = 1 0910 "x
08L°0
0860 =
2 0020

WBrom ysayy yes) Aq 2jel dnayuhsojoygq

(9002) 61 — 19 :(2) §7 29u2195 fo jpUIROS uvisdoyopy




£L

"B2IE S0BLINS JBI| UO PISEQ SABI JRYIUASOI0YJ  'q7 2anS1y

,-S W jowr ; Aysuajul b

020000
OPS 0LS 08 0SP Ocv 06€ 09E 0E€ 00 0.2 OvZ OLZ 08L OSL 0ZL 06 09 OF O
SaARdT] 2AMYND v
SIARIT] PIIM ® 020000 %
S
.8
ovooo'o <
3
090000 &
(¢]
%
080000 &
3
oo0Lo00 @
s
021000 35
0860 = 0¥100°0 m
— e T 3
091000 =
o m-a\.\\\\m 081000
086°0 = 00Z00'0

evaie 9deuns jes| Aq ajes o3ayuhsoloyd

(9002) 6. — £9 (T) ST 2ouziog fo jrunos umsimyopy

<L




vL

JuLgu0d [[Aydororys Jest uo paseq soyer MPYASOIOYT ‘o7 2anfiy

-3 W jowrrl / frsusyug yBim

0L0000 0-
orS 0LS o8y oSt 0Z¥ 06€ 09¢ o0ge o00¢ 0.2 0¥Z 0Lz 081 0SL 0L 06 09 of 0
sanean aunyng v i

SSABOT DIIAA ® i 0L00000 .uﬂ

m 3

m :

! 0€0000°0 W...

m 5

; P

m o

; 05000070 AW..

“ 0
! 000000 m.;

9]

0860 = 2 =)

3

u-
............ 0600000 =

0860 = 2!
0LLOOO O

Jusiuod jlAydoiojya jeal Aq ajeq MBYuAsojoyg

(9002} 6L~ L9 :(2) ST 23u198 fo jpumor umsAn[oM




SL

(L2l V'S 1 ‘epuofg Jea| punoduiod $T0l Ay 09- 01 HuuvwaSus vpydomgy
[oz] V'S N ‘epuorg ape1q Jea| €0 (pasajur) 0OE-00¢ 08 nuosuyof vpydorory
[92] VS 1] ‘Bpuolg 3peq Jes] 0T (pauajul} 00Z-001 67 susieioap opydopry
[11] [3e1S] “1B[1Y JO J[ND ape[q Jea| ol 00€ 0F-0¢ vaoupndys ppydopory
[cz] BlEnsny ‘Alenisg Suiuue) $100YS 2joUMm z 00T or sipoao piydojory
(g1l BISQUOPU| ‘ISSMB[NS N0 Adoues juerd S1 Q0% € s1vao viydoppry
Aps suyy, BISAR[RI ‘UOSOI(] 1od ape[q yes| 0'1-§°0 £67-897 £1- 8 sijpao vpydopngy
1DUNOS AIVIOT QaSN LAV INVId Epﬂ_h_.mm_dmo U1 i SAIDAAS

"§UISa W3] pepeis 01 ainsodxs Aq vpydopry paros|as wody pasn ped juerd Supuodsaizon st pue (4 pue ’f) sanjea 2oUBIpRLN JneqIuAsOIoYd T gL

96Z000000°0 LS80000°0 06T €1 LE00000°0 amymy
%8E 11 - %88 - EdTA)
FEEC00000°0 968000070 297 6 0£00000°0 PIM TAydooqya yeay g
LE90000070 +FZ610070 £6T 01 $90000°0 amm)
%0191 + %59 CT + B3IE 50811NS 180] Ag
955000000 *95ST100°0 iz o1 $90000 0 PIlA
€0¥9000°0 +9L81°0 €67 g LS000'0 aamny
%%EETL + %SL'8 + WBrom ysayy Jea] Ay
61£9000°0 +STLTO £LT 3 LSGO00 PIIAA
muzw\wwm&n A% mu%ﬁmw_&n e | U T R | AANOS AVAT YILAWVEVd

¢ = N (S070>d “1893-T 5,U9pIIS) SAINI[ND WICLY SIABI] PUB P[IM

9 WOLY SIALA] UADMIDG SIDUSIIIP IULIYIUTIS S0P () HSUNSY "S3ALI[ P14 01 303dS21 (ILm payenoes SSAEI] PAINIIND JO 83181 UOUN]OAS UFFAX0 JO UOLIONPSY 10 UOLIPAS[D

U3 St pue ¥ g 307 S20URIIIIIP afwueoiad Ansusut yd 1ad IMeweied a%eq 9Anoadsar 53 woy a1er ansyuisoroyd se uaye AJuemIqIe Sty /¥BW se paje[nages ‘o ( L

YD B 50 Bw) Juswoo [Aydosofuyo yes; pue T eary o 20) Sw) ease sorLms pesf e | 8 50 Fw) ySiem ysay Jeo] -swatewered oseq sanpedser s AQ paInsesu yoea
21e ¥FW g pue HEPy "8 o [owt uL paInseaw o1 Y7 pue 77 ‘saana sandadsal J124) WOy PALIDJUL (san[ea X¥H g pue ¥7 ©7r PPy sajea onayiuksoroyd ay1zo Arewwing  Cf afqe

(9002) 6. — £9 {T) §T 2ousiag fo jpumor upisdopopy

YL




Malaysian Journal of Science 25 (2): 67 — 79 (2006)

DISCUSSIONS

It has to be noted that the method employed to
determine the rate of photosynthesis for
Halophila ovalis was wholly laboratory based
and that only the upper-ground leaves of the plant
were used for the measurements. Field-derived
photosynthetic ~ parameters  may  display
significantly  different values from those
determined from the laboratory [28, 29]. There
may be several reasons [see 9 for further
elaborations] for such discrepancies but chiefly,
laboratory incubation temperatures and pressures
are factors that have vital and immediate impact
on photosynthetic parameters [11, 30, 31], which
are usually not identical to in situ conditions.
More importantly, experiments on individual
leaves only reflect biological demands for that
plant portion only. The respiratory requirements
of the below-ground tissues will inevitably raise
the light compensation point for photosynthesis
in entire plants above that of the leaves only. For
instance, the light compensation point of entire
Halodule wrightii plants appeared to be 111 wmol
m? s7, much higher than the 22 pmol m? s’
determined as the light compensation for isolated
leaf segments [28]. To this effect, Table 2
summarises some data on the photosynthetic
irradiance values of several species in the genus
Halophila. The compensation and saturation
values of H. ovalis from Indonesia and Australia
[18, 25 respectively] studied at a whole-plant
level had been determined previously. There is
only a slight difference in /. values of H. ovalis
from the two locales but quite large a difference
in saturation values. Presumably, the main
variability would be the depth factor (hence in
terms of light attenuation). The other main abiotic
factor could be due to the effects of pressure on
photosynthesis, but it had been investigated that
pressure had no significant effect on Halophila
seagrasses [11]. If results from these studies are
inferred with values from Australia and
Indonesia, assuming that actual whole-plant 7,
value from Teluk Kemang is approximately about
that to these values, the supposed difference
would be around 20 - 32 pmol m? s'- an
elevation of almost 3 - 4 times to that of the 8 -
13 pmol m? s determined from this study. Thus,
it could be deduced that this increase in light
intensity is needed to provide the additional
energy needed to maintain  the non-
photosynthetic  portions of  the  plant,
Consequently, the energetic cost of sustaining
these portions is relatively quite demanding on
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energy production. On the other hand, there is
relatively a big difference when comparing the 7,
values between the three study sites from
Malaysia, Australia and Indonesia. Although
further confirmations need to be made, it ig
likely that the f; value recorded from this study is
higher to that on the scale of a whole plant
budget. It would be so since the value of 268 -
293 umol m™? s' produced the maximal
photosynthetic capacity of the leaf organ of the
plant only. It can also be said that this is the
optimal photosynthetic capacity of the plant since
no oxygen produced is transported for usage by
the non-photosynthetic below-ground organs.
After deductions from the utilisation of the
oxygen produced used by the non-photosynthetic
organs, this /; value of a whole-plant budgct
wotld be projected to be of a lower value. If this
was the case, the different locales have had a
pronounced effect on J, values rather than /.
Environmental parameters of nutrients or
sediment apart from light could be the causal
factors for these differences.

The graphical patterns of the photosynthetic
capacities of H. ovalis tend to vary as a result of
transplanting into cultures; the prima facie would
be due to the shading imposed, P-I investigations
of this nature where the plant was maintained
under different levels of light environment for a
particular time period is more commonly done on
algae [32, 33). The trend is similar - curves of
cultures preconditioned to low light tended to be
elevated in terms of weight but lowered in terms
of chlorophyll content. It is less common for this
type of preconditioning treatment approach being
applied to seagrasses. Some studies on Zostera
marina [34] and Posidonia oceanica [35] were
based on habitat depth difference or seasonality,
but as mentioned, other environmental conditions
must also be taken into due consideration.
Nevertheless, the findings are similar as well.

Studies investigating photosynthetic values of
scagrasses commonly use leaf weight - either
fresh or dry, leaf surface area and chlorophyll
content as the basal parameter. Additionally,
parameters such as plant growth [36] or carbon
production - measured directly or converted from
amount of oxygen produced [34] were also
employed in place of oxygen evolution. The
choice of parameter to be used basically depends
on the requirements on the overall physiological
aspects being investigated. In the case of the
effects of light reduction solely, the most
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appropriate base reference would be by
chlorophyll content.

Chlorophyll content which reside in the
chloroplast cells of the plant’s photosynthetic
portions is directly related to the amount of light
it receives. Essentially, it is linked with the
amount of the chlorophyll light harvesting protein
complexes within the leaves [37]. From Figure
2¢, the shape of the curves for leaves from the
wild and the leaves from cultures is very similar -
the progressions of the trends observed to be
parallel. This trend could be interpreted in that
the photosynthetic capacity of the plant is
proportional to the preconditioning treatment of
which the plant is exposed to. If the available
light is lower, correspondingly, the curve will
tend to be lowered as well or vice versa for
higher light treatments until a cut-off minimum
or maximum thresheold. respectively. The Py,
value is also lowered for treatments having lower
light availability. This is an important
phenomenon to note. For seagrasses living in a
light attenuvated and/or  deeper  natural
environment, the maximal photosynthetic rate
would still be lowered to a certain extent due to
the lowered light availability despite the
increased chlorophyll leaf content. From this
study, the decrease is not very large if P, was
based on chlorophyll content solely {a reduction
by 4.35% for H. ovalis leaves from cultures). But
in terms of photosynthetic efficiency, the
reduction in not very negligible. As can be seen
from Table 1, the photosynthetic efficiency (o)
between wild leaves and cultured leaves was
lowered by as much as 11.38%.

This is, of course, if the basal parameter was
analysed by leaf chlorophyll content only. The
trends from Figures 2a (FW) and 2b (Area)
presents a different predisposition compared to
Figures 2¢ (Chl) . Although there is a tendency
for the photosynthetic efficiency to be lowered in
terms of chlorophyll content, but in terms of leaf
weight and surface area, the trend is the opposite.
The curve for leaves from cultures is elevated
with respect to wild leaves. This is similar for
Piac based on FW and Area. Combining the
“[rends plotted from Figures 2a, b and ¢, it can be
Inferred that for leaves from cultures, the lowered
Pmax based on Chl was offset by a corresponding
Increase in P, based on FW and Area. In terms
Of' the photosynthetic capacity of the plant, the
Primary response to environmental light
reduction would be an increase in the production

of chlorophyll. A change in leaf morphology, i.c.
larger leat arca and increased leaf weight is a
secondary consequence. The likely reason for this
is that the plant will tend to acclimatise itself,
although to a limited extent, to the most similar
levels in high or low light situations.

The results collated from this study implied that
H. ovalis is very tolerant of low light conditions.
This is very much the trend for other Halophila
seagrasses (see Table 2). Based on the responses
to the P-I curve, H. ovalis can be classified as a
shade plant that has a high photosynthetic
efficiency - the slope of a is steep, with a
corresponding low [, and [, [38], Other lower
plants such as algae exhibit similar traits [32, 33}
Consequently, H. ovalis, and other Halophila are
more similar in these physiological aspects to
algae compared to terrestrial higher plants.

By observing the trends for the curves plotted,
the disparity in the P-I relationships is likely due
to the differences in light availability for
proliferation between plants in the wild and
plants in cultures.
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