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Abstract: Maximum Sustainable Yield (MSY) concept was applied to investigate about its applicability in order
to assess the potential ability of Gracilaria edulis as phytoremediation agent. Strategy to design a high
efficiency of sustainable phytoremediation system is addressed in this paper. Tank cultivation of G. edulis was
conducted in tank filled with shrimp pond water for six weeks. The active and inactive biomass for vegetative
propagation was numerically partitioned and modified logistic model was consisted of active biomass for
propagation. It was clearly confirmed the high applicability of modified logistic growth model (R =0.980) when2

239.2g of biomass was defined as inactive for propagation. According to the result, MSY was 0.68g/day at
12.02g of active biomass under the experimental condition. The simulated logistic model for biomass growth
pattern has well employed with the experimental data (R =0.986). According to these results, it is remarkable to2

consider propagative portion of biomass to assess the behaviour of phytoremediation agent and to consider
MSY concept on G. edulis. The results revealed the significance to propose a sustainable phytoremediation
system by this approach, which can be focused on the management strategy to retain maximum efficiency of
the system. Thereby, it is suggested to consider three parameters, such as, active biomass ratio, intrinsic growth
rate and self growth inhibition effect as strategies to design a sustainable phytoremediation system.
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INTRODUCTION byproducts [13]. On this context, we have focused on

In Southeast Asian countries, intensive shrimp propagation to improve excess nutrient of shrimp pond
farming has been rapidly increases to  meet  the  demand water in this study.
of   food    production    for    human  consumption [1]. The concept of phytoremediation in the integrated
The intensive shrimp cultivation potentially causes system is to absorb targeted pollutant by plants and
environmental impact such as eutrophication [2, 3] and harvest  the  surplus biomass or its tissue from the
consequently cultivated shrimps are susceptible to system. Here, the term surplus refers to excess
diseases [4]. In this perspective, integration of seaweed recruitments    and    growth   over  natural mortality
cultivation in aquaculture wastewater is considerable as during a unit time [14]. Thereby, growth rate such as
an advanced approach, in which seaweed act as a biofilter specific  growth  rate or relative growth rate were
to assimilate  the  excess  nutrient  from  the  wastewater assessed in the prior studies and the capability for
[5, 6]. Besides that seaweed has potential to offer as an nutrient absorption has been discussed [5, 6, 12].
alternative source of raw material for phycocolloid agar, Considering  the context of these researches, a
human food and animal feed [7-9] and its biomass hypothesis has been shared that the efficiency of a
resources has the potential to produce biofuel [10]. phytoremediation system is attained when the biomass
Accordingly, screening to find appropriate species has performed higher growth rate which absorbs excess
been conducted. Hence, Gracilaria is known as an nutrient and generate hydrocarbon. Thus, nutrient uptake
appropriate  species  for   its   high   propagation  ability rate could be dependable on genetic property of the
[5, 11, 12] and potential to produce economic valuable applied species.

phytoremediation system development by Gracilaria
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However, the harvesting rate is also being inevitable branches [17-19], where the maldistribution of apical cells
factor that affect the growth rate of a phytoremediation performs heterogeneous propagation of thallus biomass.
agent, as plant-itself is independent dynamic of living Accordingly, the propagative and inpropagative thallus
system. This definition for self dependability of biomass was numerically partitioned in this research, as
phytoremediation agent has likely to be apart from the follows:
prior researches. Accordingly, maximum sustainable yield
(MSY) concept [15] is highlighted in this study. Once a W  = W  – W , (1)
phytoremediation agent has been chosen, harvesting rate
could be the most important controlling factor to design Where W  is total biomass, W  is active biomass for
a phytoremediation system. Hence, the aims of this study propagation and W  is inactive biomass for propagation.
were to investigate about the applicability of MSY Hereby, it is assumed a negative effect of self growth
concept and to assess the potential ability of G. edulis as inhibition of biomass for the propagative biomass as
a phytoremediation agent. Then strategy to design a high follows:
efficiency of sustainable phytoremediation system is
addressed. (dW /dt)|W = f(W ), (2)

MATERIALS AND METHOD Where the left side of equation is standardized growth

Materials: Gracilaria edulis was selected as a function of the existing biomass is simply written as
phytoremediation agent, as this species naturally grows logistic model [15] as follows:
in canals around the shrimp cultivation pond in Johor
Bahru, Malaysia. Besides that, this species has been f(W ) = a – bW , (3)
widely cultivated around India for agar production [16].
Tank cultivation of G. edulis was performed under Where a and  b  are  positive  constant,  respectively.
controlled conditions in environmental laboratory of From  equation   (2)   and  (3),  growth  rate  is  explained
Universiti  Teknologi   Malaysia.   Healthy  thalli  of  the as  multiple  functions  between  active  biomass  itself
G. edulis were collected at the Brackishwater Culture and its negative effect of self growth inhibition, as
Research Centre, Gelang Patah, Johor (1°26’ 21.5”N and follows:
103°34’ 55.2”E) in a canal of natural growth, downstream
of shrimp cultivation pond. After collection, G. edulis was dW /dt = W  (a – bW ). (4)
transported to the laboratory in a polystyrene box filled
with brackish water. In laboratory, the G. edulis was This is concave down parabola formula of growth
washed under running water and cleaned of epiphytes. rate, which has maximum growth rate of a /4b (g/day) at
The water sample used in this experiment was brackish b/2a (g) of active biomass. This equation can be solved
shrimp pond water. It was collected from the shrimp pond by separation of variables, as follows:
of the same research institute and transported to the
laboratory. The experiments were conducted over a period
of six weeks. Three tanks of 36 L volume were used for (5)
cultivation. The species were maintained in controlled
conditions of light intensity (1000  lux),  photoperiod Where W  is initial biomass for propagation at t= t .
(12:12 L: D cycle), temperature (28-30°C) and provide This modified logistic model was investigated based
constant aeration. A total of 240g of G. edulis was hung on equation 3 by least square method for experimental
by using  1   mm  nylon  lines  and  20  cm  submerged. data for W . Then the propagative portion of the biomass
The tanks were weeded twice a week. One fifth of the total is chosen from the highest R  coefficient of determination.
volume of water in the tanks was exchanged with fresh Average value from triplicates experimental data was used
shrimp pond water once per week. The seaweeds were for the analysis. From this investigation, parameters such
blotted on paper towel to remove excess water, weighed as growth rate (a), self growth inhibition effect (b) and
(fresh weight) and restored back to the tanks [12]. maximum growth rate (a /4b) are extracted, respectively.

Analytical Model: Gracilaria has a cylindrical and highly effect for growth rate, the effect of the continuous
complex multiaxial thallus organization. In the body, apical harvesting is formulated from the equation 2 and 3, as
cells are usually visible at the dense of tapered tip of follows,
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(dW /dt)|W  = (a – bW ) – h, (6)a a    a

Where h is harvesting rate (h>0). This can be rewritten as:

(dW /dt) = W  (a – bW ) – W h, (7)a   a   a   a

Where stable existing biomass represents the boundary
condition of sustainable harvesting.

Then, next equation:

W h = W  (a – bW ) (8)a   a   a

explains production of surplus biomass as crop from the Fig. 1: Growth pattern of active portion of biomass for
system at every one unit time. By this equation, MSY is vegetative propagation, which was numerically
a /4b at W  = a/2b. partitioned by equation 1. 2

a

RESULTS

Result of laboratory experiment showed that maximum
biomass achieved was 260g, which accounted for 20.8g
increase in biomass within six weeks and the growth
pattern shows a sigmoid curve (Figure 1). Figure 2 shows
the R coefficient value of linear regression model with2 

equation 3 along the numerically partitioned various data
of inactive biomass (W ) by equation 1. The trend of Ri

2

performed unimodal peak where inactive biomass was
239.2g where the highest R  coefficient of determination2

was 0.980. The 98.0% of difference in standardized growth
rate on active biomass, such as (dW /dt)|W , was explained Fig. 2: Detection of optimum active biomass. Ra a

by logistic model (equation 3 and Figure 3). coefficiency value was calculated by equation 3
Simultaneously, parameters such as a and b were 0.113 for experimental data and the most optimum
g/day and 0.0047 g/day for a unit biomass, respectively. modified logistic model was selected, when the

Figure 4 shows the result of growth rate (dW /dt) inactive biomass was 239.2g. a

against its active biomass (W ). The trend of the growtha

rate had peak at intermediate active biomass and it was
simulated by equation 4 and then the result was
overwritten in figure 4 (R =0.922). The simulation2

explained the 92.2% of the difference in growth rate. From
the result, the peak of the growth rate, i.e. MSY was 0.679
g/day at 12.02g of active biomass under the experimental
condition. At this point, standardized growth rate was
calculated by equation 3 as 0.056g/day for 1g of active
biomass in the experimental condition. Thereby, growth
rate was 0.0028g/day for 1g of total biomass (W ). On thet

other hand, from the result of optimum a and b detected
above, biomass growth pattern was simulated as shown
in figure 1 by equation 5. The simulation has explained Fig. 3: The trade off relationship which caused by self
growth pattern of active biomass as 98.6%. growth inhibition of its biomass. 
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Fig. 4: The concave down parabola function of growth harvestable surplus agent during a unit time [14].
rate, which peak is MSY.  However, the significance of modification of logistic

DISCUSSION partitioning   for  propagative  portions of  biomass

According to the prior empirical studies for model is not applicable (R = 0.0003), but after taking into
Gracilaria species, efficiency and feasibility for nutrient account the active biomass for propagation, the modified
removal have been assessed as potential logistic model was highly applicable (R = 0.980).
phytoremediation agents. Buschmann et al. [20] depicts According to the significance, this study is remarkable to
high efficiency for ammonium removal up to 90% in a tank identify the needs to consider the propagative portion of
cultivation of Gracilaria chilensis using fish effluents, biomass to assess the behaviour of phytoremediation
that has permitted a biomass production of 49 kgmG agent that follows a logistic dynamics and MSY concept.2

yearG  and an agar production of 1.2 kg mG  year G , with  In this study, the MSY was 0.68g/day at 12.02g of the1        2  1

improved agar quality which is able to remove 50% and active biomass under the experimental condition. At this
90-95% of the dissolved ammonium, in winter and spring, point, 1g of active biomass produced 0.056g/day surplus
respectively. Jones et al. [6] investigated the combined biomass, i.e. 5.6% of maximum daily growth rate has
efficiency of a three-stage system for treating shrimp evaluated for active biomass. However the growth rate
pond effluent, which consist of sedimentation, oyster was 0.0028g/day, i.e. 0.28% of daily growth for total
filtration and finally absorption of nutrients by G. edulis biomass (W ), in reality. This less growth is considered to
in a controlled laboratory experiment. be occurred by lack of treatment of G. edulis for seedlings

This  study  has  achieved  87% of its total NH to enhance their vegetative propagation. Thus, because4

uptake   within    first    hour.    However,   these  studies the modified logistic growth pattern was highly significant
do  not  consider  the  concept  of  MSY  for  harvesting (R = 0.980), it is clearly indicated as strategy to consider
of phytoremediation agent. Considering this gap, our three parameters, such as, active biomass ratio (W /W ),
experimental tank cultivation of G edulis has significantly intrinsic growth rate (a) and self growth inhibition (b) to
pointed out a new perspective, because it has obviously design phytoremediation system. By this point of view, it
exhibited concave down parabola function of growth rate required to investigate about conditions and parameters
(R =0.922). This result reveals that the most productive, that affect on these three parameters in future studies.2

i.e. the highest efficiency of nutrient uptake by seaweed
biomass was performed by intermediate biomass of CONCLUSION
seaweed employing the MSY concept (R =0.980). These2

results clearly indicate the high applicability of logistic Experimental tank cultivation of G. edulis was
model and MSY concept to design a sustainable conducted to investigate on applicability of logistic model
phytoremediation system. and the concept of MSY to assess the potential ability of

The concept of MSY has been mainly introduced in phytoremediation agent. The biomass data was
fisheries based on an isolated fish population whose numerically partitioned into active and inactive portion for
growth follows a logistic dynamics [21] in order to perform vegetative propagation and then modified logistic model

maximum   sustainable   harvest   as   the   target  reference
points to sustain the resources [14, 22]. MSY is the
equilibrium between surplus biomass production and
harvested biomass, where the amount of seaweed
biomass is stable, when surplus biomass is continuously
removed [15]. According to this character, MSY could be
one of management goals in order to facilitate the
optimum harvest rate of a sustainable phytoremediation
system. Our result indicates that this model can be
employed to consider strategy of harvesting rate of
phytoremediation agent that uptake the targeted
pollutant, as it can represents the maximum potential of

model was only elucidated by the optimum numerical

(Figure 2). If this modification is not considered, logistic
2
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was  consisted  with  propagative  biomass.  The  result 6. Jones, A.B., W.C. Dennison and N.P. Preston, 2001.
showed the high applicability of the modified logistic Integrated treatment of shrimp effluent by
model (R =0.980) and MSY (R =0.922). MSY was clearly sedimentation, oyster filtration and macroalgal2    2

detected as 0.68g/day at 12.02g of active biomass under absorption: a laboratory scale study. Aquaculture,
the experimental condition, which was 5.6% of daily 193: 155-178.
maximum biomass growth rate. But it was 0.0028g/day and 7. Besada,   V.,    J.M.    andrade,    F.    Schultze   and
0.28% for total biomass, respectively. Based on the J.J. González, 2009. Heavy metals in edible seaweeds
results, MSY concept is highly significant for G. edulis commercialised for human consumption. J. Marine
and will be significant to produce sustainable high Systems, 75: 305-313.
efficiency phytoremediation system by  MSY.  Thereby, 8. Luning, K. and S. Pang, 2003. Mass cultivation of
as modified logistic model was highly applicable seaweeds: current aspects and approaches. J.
(R =0.980), it is clearly indicates the  strategy  to  design Applied Phycology, 15: 115-119.2

a phytoremediation system is to consider the three 9. Capo, T., J. Jaramillo, A. Boyd, B. Lapointe and J.
parameters, such active biomass ratio (W /W ), intrinsic Serafy, 1999. Sustained high yields of Gracilariaa t

growth rate (a) and self growth inhibition effect (b). (Rhodophyta) grown in intensive large-scale culture.
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