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Abstract

Petrus A. Wenno, Matheus Ch.A. Latumahina, Sven R. Loupatty, Agustina W. Soumokil, and
Endang Jamal. 2018. Growth, Biomass Production, and Carrageenan Yield of Kappaphycus alvarezii
(Doty) Cultivated in Deep Seawater of Saparua Bay in Central Maluku. Aquacultura Indonesiana, 19 (1):
28-32. Cultivation of Kappaphycus alvarezii has been carried out by inverted pyramid method in the deep water
of Saparua Bay. This study aims to analyze the daily growth rates (DGR), biomass productions (Y) and
carrageenan yields (YC) of the green and brown strain of K. alvarezii with different water depth by inverted
pyramid method in deep seawaters. K. alvarezii with an initial weight of 100 g were planted successively at the
water depths of 1, 3, 5, 7 and 9 m during four growing seasons that last for 49 days in every season. The results
showed that the highest daily growth rate and biomass production were on the green strain at the depth of 1 m
and brown strain at the depth of 3 m, which were 4.18% and 749.29 g/m2 then 4.19% and 754.51 g/m2,
respectively. Both of DGR and Y in brown strain was higher than the green strain at the surface layer. While the
highest carrageenan yield were on the green and brown strain at the depth of 9 m, which were 16.53% and
14.85%, respectively. Seaweed cultivation in deep waters has a positive impact on carrageenan yields in line
with the increasing depths while the growth rate and the biomass production can be achieved higher at the lower
depth.
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Introduction demand for seaweed in the future (Nayar and
Bott, 2014). An inverted pyramid method is
Seaweed cultivation in deep waters has not  developed from a hanging raft method (Wenno et
been an option, since shallow waters are still al., 2015) and a hanging long line method
available (Dahuri, 2012). However, the use of (Hurtado-Ponce et al., 1996), since both methods
shallow water in large and continuing scales can are less practical to apply to mass scale of
lead to the loss of nutrients (Teichberg et al., seaweed cultivation. The hanging raft method
2008; Xu et al., 2001) that will have an impact on  requires a number of PVC pipes and cement-sand
long-term harvests. mixtures for building the construction below the
Utilization of deep waters is important to  water surface. On the other hand, nylon ropes as
replace shallow waters utilization which continue  the main materials of the hanging long line
to increase following the increase of national method are sometimes tangled and lifted to the
target of seaweed production. Hurtado-Ponce et  water surface if there were a lot of waste at the
al. (1996) showed that the production of seaweed  cultivation site. An inverted pyramid method is
biomass in deep waters by hanging long line believed to overcome the weaknesses of both
method was lower than shallow waters on bottom  methods as a concerned in this research.
method. On this condition can cause shallow Seaweed production can be enhanced
waters more attractive than deep waters for through the expansion of cultivated area (Neish,
cultivation. But not all regions especially in some  2009), but the application of an inverted pyramid
parts of Eastern Indonesia which dominated by method can reduce shallow waters needed.
deep waters has sufficient shallow waters for  Hurtado et al. (2008) suggested that growth rates
seaweed cultures. Therefore, the use of deep affect the biomass and the carrageenan content.
waters for seaweed culture to replace shallow The objective of this study was to determine the
water should be considered to meet the increasing  daily growth rate, biomass production and
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carrageenan yield of K. alvarezii cultivated with
inverted pyramid method in deep seawaters.

Materials and Methods
Study Site

This research was carried out in deep water
of Booi Village, Saparua Bay of Central Maluku
district during April to August 2017. The activity
took place in deep seawater area which about 50 m
away from the coral reef edge or 150 m from the
coastline (Figure 1).

Seedling Preparation and Planting

Kappaphycus alvarezii were cultivated in
deep seawater area of Booi Village using seeds
from the Buru Island. Seeds were selected according
to Neish (2005), which was a young tip which still
quite sharp and in conical form were separated from

their parent colonies. The seeds were used with
the initial weight 100 g because in a previous
study it gives better growth (Wenno et al., 2015).
Each strain was grown at the depth of 1, 3, 5, 7
and 9 meters during four growing seasons that last
for 49 days in every season and the distance
between two consecutive seasons is 28 days. Setting
time for planting and sampling occurred in the
same day.

Farming Construction

Inverted pyramid developed from hanging
rafts (Wenno et al., 2015), and hanging long line
(Hurtado and Agbayani, 2002) (Figure 2). A main
frame (W x L = 12 x 12 m) was designed as
rectangular shape with the help of large diameter
nylon ropes that can accommodate as many as 36
small inverted pyramids (W x L = 2 x 2 m)
(Figure 2).
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Figure 1. Location of the experiment, Booi village (Arrow) at Saparua bay in Central Maluku
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Figure 2. A scheme of the inverted pyramid
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An inverted pyramid hangs on a small
rectangular frame (2 x 2 m) and becomes a
pyramid base at the top of construction. The
pyramid is composed by rectangular frame (2 x 2
m) that functions as a pyramid base at the top and
four ropes hanging from each corner of the
pyramid base. The lower end of the rope are
united and got a concrete weight so the joined
rope did not have to lose its appearance when
there is water agitation from outside.

Cultivation equipment requires anchors and
buoys to maintain their position on the water
surface. Buoy is very important, made from
styrofoam board (H x W x L =40 x 40 x 40 cm)
and have a buoyancy to lift the entire equipment
including the protective net to prevent herbivore
and drifting garbage. The main frame (W x L =
12 x 12 m) can accommodate as many as 36 small
inverted pyramid which are submerged below the
water surface. A buoy load becomes lighter as the
colony grows larger and has its own lift. Hanging
ropes of inverted pyramid is a main place to tie
seeds according to tie-tie technique (Msuya and
Salum, 2007).

Daily Growth Rate, Biomass and Carrageenan
Measurement

The weight of Kappaphycus alvarezii
measured each week and lasts for 49 days. Daily
growth rates (DGR) were measured and expressed
as the percent increase in fresh weight per day
(Hung et al., 2009):

DGR = [(Wt/ Wo) *'— 1] x 100

where:

DGR = daily growth rate

Wt = fresh weight (g) at day t
Wo = initial fresh weight (g)
T = time interval (7 days)

The production of biomass (Y) measured at
the end of research and expressed as fresh weight
per unit culture area (g/m?), and calculated with
the formula suggested by Hurtado et al. (2001):

Y = (Wt—Wo)

A
where:
Y = production of biomass (g/m?)
Wt = fresh weight (g) at day t
Wo = initial fresh weight (g)
A =area of 1 m? of culture basin.

The carrageenan yield performed as followed

(Hung et al., 2009).

YC = (WC/Wdw ) x 100

where:
YC = carrageenan yield (%)
WC = weight of carrageenan extract (Q)

Wdw = dried weight of analyzed thallus (g).
Data Analysis

Data was processed with Minitab 17. Daily
growth rate (DGR), biomass production (), and
carrageenan yield (YC) were analyzed in response
to the depths and strains using one way ANOVA.
Differences among treatments were analyzed with
two-way ANOVA. The level of significant is P<
0.05.

Results and Discussion

The result of data showed that strain and
depth of water affects daily growth rate (DGR),
biomass production (Y), and carrageenan yield
(YC). Both green and brown strains have little
effects to DGR and Y, but have different influences
on carrageenan yields (YC) (Table 1).

Table 1. The average daily growth rate (DGR), biomass production (Y), and carrageenan yield (YC) of
green and brown strains of Kappaphycus alvarezii

‘ ;t\;:'rgzii Depth(m) DGR (%/day) Y (g/m?) YC (%)
1 4.18+0.03* ) 749.29+10.55° ) 13.40+0.49'™
3 4.16+0.06%° 742.98+19.27¢ 14.08+0.34"
Green 5 3.96+0.05% ) 671.84+14.85% ) 14.74+0.40° )
7 3.81+0.04"") 629.19+12.52' ) 15.33+0.42°
9 3.69+0.05% " 593.46+13.69' ™ 16.53+0.422 )
1 4.11+0.08°™) 724.44+28.18° ) 12.61+0.42'™
Brown 3 4.19+0.09° <:> 754.51+32.19° “:1 13.57+0.269 ™)
5 4.11+0.08° 727.16+29.82% ) 13.52+0.38" ™)
7 4.00+0.08°") 688.03+27.82" 14.45+0.36°
9 3.86+0.07¢ " 642.47+23.72" ) 14.85+0.3¢

Note :

The same superscript letter in the same column indicates no significant difference (P>0.05).
(**) = higly significant; (*) = significant; (") = not significant
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The average DGR of green K. alvarezii was
recorded slightly lower than the brown strain.
The highest DGR of the green occurred at 1 m
(4.18%) and the brown at 3 m (4.19%). However,
the green and the brown showed the increase of
weight according to the decrease of water depth.
It means that the cultivation of plants can be
achieved higher at the lower depth. Following
Duncan’s test, both strains can be grouped to the
depths of 1, 3 and 5 m; depths of 5 and 7 m; and
depths of 7 and 9 m. These groups can be used to
determine condition of waters that may support
growth of seaweed in deep waters. The ANOVA
was conducted to determine the effect of water
depths to DGR, Y and YC.

Daily Growth Rate

The ANOVA result of DGR at green and
brown strains of K. alvarezii tends to decrease
according to increasing depths. The effectiveness
of photosynthesis at the surface layer of deep
waters is supported by the role of chlorophyll-a
as main pigment which dominates green plants
(Ishida and Green, 2002). It was also occurred at
the brown which showed an increase in DGR
inversely proportional to the water depth.

The DGR of green and brown strain showed
a significant interaction between strain and depth
(P< 0.05). The DGR of both strains tends to be
higher at the surface. Highest DGR of the green
occurred at a depth of 1 m (4.18%) and the brown
at a depth of 3 m (4.19%). These are related to the
density of colony (Hurtado et al., 2008) that leads
to rapid growth. Highest DGR is affected by the
interaction among sunlight, temperature and water
movement (Santelices, 1999), which is always took
place on the water surface. It is also suggested that
highest DGR at lower depth is associated with
water current (Harrison and Hurd, 2001; Santelices,
1999) and nutrient uptake (Barr et al., 2008).
According to Neish (2005), water movement at the
lower depth is turbulent therefore it reduces non-
mixed water thickness at the border layer (Neish,
2005). This can cause nutrients in the lower depth
to be absorbed faster than those at the higher depth.
Glenn and Doty (1990) reported that nutrients
uptake when they rapidly flow among the colony,
and absorb as much ammonium at a lower depth
and nitrate at a higher depth (Bracken and
Stachowicz, 2006; Taylor et al., 1998). The highest
DGR of the green at the lowest depth as indicated
in this study is influenced by solar radiation that
causes water movements (Neish, 2005). The highest
DGR of the brown strain at the depth of 3 m
(4.19%) was possibly due to the faster absorption

of nutrients by its thicker thalli than the thinner
thalli of the green.

Biomass Production

A biomass production (Y) of K. alvarezii is
affected by water depths. The highest Y of the
green occurred at a depth of 1 m (749.29 g/m?), and
the brown (754.51 g/m?) at a depth of 3m. The Y
relatively has the same pattern of change in
comparison to DGR based on the data used.

The highest Y is related to colony densities
(Hurtado et al., 2008) that affect circulation of
nutrients as it was to DGR. High Y is caused by
the utilization of bigger water column of deep
waters. The majority of seaweed cultivation that
already spread throughout the Indonesia waters
until now is rely on shallow water, meanwhile the
water column below the surface layer of deep
waters is relatively untapped. This may be a great
loss for Indonesia seaweed farmers if the deep
waters are not put to good use in the future. This is
in accordance with Hurtado and Agbayani (2002)
who reported that the Y obtained from seaweed
by utilizing water column in deep water is higher
than longline method applied on surface layer.

The Yield of Carrageenan

Unlike green strain, brown strain of K.
alvarezii has photosynthetic pigments which
dominated by phycobiliprotein and chlorophyll-b
that always increased according to depth (Ramus
et al., 1976). It can maintain photosynthesis rate
in deep waters by increasing phycobiliprotein and
chlorophyll-b ratio against chlorophyll-a. In this
research the YC of both strains increased with the
increasing depth. This finding was different to
Hurtado et al. (2008) that the increase of YC is in
line with DGR when cultivating in shallow water.
It is also against the finding of Hayashi et al.
(2007) that DGR is closely related to the amount
of carrageenan produced.

Conclusion

Kappaphycus alvarezii of green strain has
different characteristics to brown strain. Both of
DGR and Y in brown strain was higher than the
green strain at the same surface layer. Green
strain has an ability to produce more carrageenan
than the brown strain. It is important to analyze
factors affecting growth rate, biomass production
and carrageenan yield in deep waters, as well as
the possibility to use off shore territories as large-
scale cultivation area in the future.
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