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Abstract-Seaweed as one of the export commodities and potential to be developed is C.fragile because it has a fairly high
nutritional content as a source of vegetable protein, minerals, and vitamins, and has a high Fe content. A very important factor in
supporting the success of seaweed cultivation is the depth of planting and the proper maintenance container when the seaweed is
cultivated. This study aimed to analyze the effect of different cultivation depths on the growth of C. fragile. This research used a
container in the form of a bag made of bamboo and nets. Then analyzed the growth and content of carotenoids. This study was
designed using a Randomized Block Design (RAK) which consisted of 3 treatments with 3 replications each. As treatment is the
use of depths of 40 cm, 80 cm, and 120 cm. The results showed that different depths had a significant effect (P<0.05) on the
growth of C. fragile seaweed. The best cultivation depth for the growth of C. fragile seaweed is 40 cm.
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l. INTRODUCTION

Seaweed as one of the export commodities is a source of foreign exchange for the country. The need for world seaweed has
increased, and the volume of world seaweed exports throughout the period (2010-2014) increased by 8.15% per year (ITC, 2015).
The world's need for seaweed is projected to continue to increase every year, this is due to the many industries abroad that have a
high demand for seaweed raw materials such as the cosmetic, food, and pharmaceutical industries (Hikmah, 2015).

One of the seaweeds that have the potential to be developed is C. fragile because it has a fairly high nutritional content as a
source of vegetable protein, minerals, and vitamins. This type of seaweed contains 15.6% protein, 7.1% fat, and 1.4% total fiber
(Ghazali et al. 2018).

One of the most important factors in supporting the success of seaweed cultivation is the right planting depth. The depth of
planting seaweed needs to be considered because the depth will affect the growth of seaweed. The depth of planting seaweed
needs to be considered because the depth will affect the growth of seaweed. The depth of planting is related to the amount of
penetration of sunlight which plays a very important role in the photosynthesis process. C. fragile cultivation in the area is still not
managed so seaweed production is still low. In this regard, to increase seaweed production, it is necessary to apply new
technology with the use of bags in seaweed maintenance. Marine algae bags can improve the quality of marine algae and are a
solution for farmers to increase the selling value of marine algae.

Cultivation of C. fragile seaweed has not been cultivated because its thallus is easily broken by the influence of currents, so
it is necessary to conduct a cultivation trial using the bag method. Based on the description above, it is necessary to research the
effect of different water depths on the cultivation of C. fragile seaweed on the growth and quality of C. fragile with the bag
method.

I1. METHOD

This research was conducted in September-October 2021, Punaga Village, Mangarabombang District, Takalar Regency,
South Sulawesi as the location for C. fragile. Analysis of the carotenoid content of C. fragile was analyzed at the Laboratory of
the Faculty of Animal Husbandry, Hasanuddin University, Makassar. The map for the location of C. fragile is shown in Figure 1
below.
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Figure 1. C. fragile Location Map
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The C. fragile seaweed seeds used in this study came from Takalar Regency, South Sulawesi. C. fragile seaweed seeds were
selected which were still fresh with green characteristics, and not mushy. After sorting, the seaweed seeds are then weighed. The
following container used in this study is a bag made of bamboo and net with a bag height of 10 cm and a width of 8 cm, mesh size
of 0.5 cm (Figure 2).

Figure 2. Research container

Seaweed was reared for 45 days. The initial weight of seaweed was the same in each treatment, namely 50 g/container each,
with a distance between bags of 50 cm. Harvesting is done when the seaweed is 45 days old after planting. The arrangement and
layout of the treatment containers are random and can be seen in Figure 3 below.

K1 5] K3 | K2 40
50 cm
|
K3 K1 K2 80
K1 K2 K3 120
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Figure 3. Research Scheme of C. fragile Seaweed Cultivation

The experimental design used in this study was a Randomized Block Design (RAK). This study consisted of 3 treatments
and each treatment had 3 replications, thus there were 9 experimental units. The treatment being tested is the depth of cultivation
treatment, namely:

1. Treatment A = depth 40 cm
2. Treatment B = depth 80 cm
3. Treatment C = depth 120 cm

Daily Growth Rate. Measurement of the growth rate of seaweed by lifting it from the container and then washing it with clean
water to remove mud or dirt attached to the seaweed and placed on a tissue for 3-5 minutes to obtain the actual weight, then the
seeds were weighed using an electric scale. Measurements were made by weighing the seaweed every week. The daily growth rate
measurement was calculated using the following formula (Fortes, 1981):

LPH = Ln (Wt/Wo) t x 100

Information :

LPH : Daily weight growth rate/day (% day)
Wo . Initial seedling weight (0 days)

Wt : plant weight after t days

T : Longplanting (days)

Carotenoid content. The number of carotenoids is estimated to be present in the thallus using the Kirk method Shahidi et al.
(1997) The carotenoid content is calculated by the following formula:

_ A4BOXV
T E1% 1cm X B

Information:

C : total caratemoid pigment concentration (ppm)

\% : extract volume (ml)

E : absorbance coefficient of 1% standart in aseon and in 1 cm cuvette tube
B : weight of the extracted sample (g wet weight)

Water quality. Water quality parameters measured during the study included temperature. which is measured by a thermometer,
pH or degree of acidity is measured by using a pH meter, Salinity is measured by a hand refractometer, Light is measured by a lux
meter, and current is measured by a Kite current. Each water quality parameter is measured twice a week, in the morning and
evening at 08.00 and 15.00 WITA.

To determine the effect of cultivation depth on the daily growth rate and carotenoid content of C. fragile, an analysis of
variance was carried out. If the treatment gives a significant effect on these parameters, then proceed with further test W-Tuckey
as a tool for statistical analysis using SPSS version 16.00. The water quality parameters were analyzed descriptively based on the
viability of C. fragile.

I1l. RESULTS
Daily growth rate
The results of the analysis of daily growth variance at each depth treatment can be seen in Table 1.

Table 1. Average daily growth rate of C. fragile seaweed at different depths by bag method

Depth Daily Growth Rate (%) + Stdv
40 cm 1.31+0.018
80 cm 1.26+0.05°
120cm 1.2240.03"

Information: Different letters in the same column indicate a significant difference between treatments at the 5% level (p < 0.05).

Based on the results of the analysis of variance showed that the depth treatment had a significant effect (p>0.05) on the
daily growth rate of C. fragile. W-Tuckey's further test results showed that C. Fragile at a depth of 40 cm was significantly
different from the treatment at a depth of 80 cm and 120 cm, while the depth of 80 cm was not significantly different at a depth of
120 cm. The highest results were obtained in treatment A by 1.31% and the lowest in treatment C by 1.22%.
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Carotenoid Content
The results of the analysis of the variance of carotenoid content at each treatment depth can be seen in Table 3.
Table 3. Average carotenoid content C. fragile seaweed at different depths

Depth Carotenoids (%) = Stdv
40 cm 6.05+1.01»
80 cm 4.28+0.632
120cm 5.59+0.98=

Note: Different letters in the same column indicate a significant difference between treatments at the 5% level (p < 0.05).
Based on the results of the analysis of variance, it showed that each depth treatment had no significant effect (p>0.05) on
carotenoids

Water Quality Parameters
The average results of water quality measurements during the study can be seen in Table 3 below.

Table 3. Water quality parameters of C. fragile at different depths using the bag method
Parameter Range
370-1014 x 100 Cd

Light 345 - 945 x 10 Cd
Salinity 27 — 30 ppt
Temperature 28-33C

pH 6-7

Current 0.18 - 0.28 m/s

IV. RESULT

The results of the analysis of variance showed that the depth of cultivation had a significant effect (p<0.05) on the daily
weight growth rate of C. fragile seaweed. The highest daily growth rate of C. fragile was obtained at a depth of 40 cm (Table 1).
Sunlight is an important factor for seaweed growth. The difference in light intensity received by seaweed at different depths
causes different growth rates. The daily growth rate at a depth of 40 cm was the best weight growth during the study. This is
because, at that depth, C. fragile seaweed is closer to the surface of the water so that the sunlight received is better and has a better
effect on growth (Sugiarto et al. 1978)

In addition, environmental factors, namely temperatures of 28-33° C (Table 3) affect the growth of seaweed. Indriani and
Sumiarsih (2003), suggested that the growth of seaweed is influenced by environmental factors for its growth in the form of
nutrients obtained from the surrounding water by diffusion through the wall of the thallus. Another factor that can affect the
growth of C. fragile seaweed is the current 0.18-0.28 cm/s (Table 3) which is relatively stronger at a depth of 40 cm. This is
following the opinion of Amin et al. (2005) that currents play an important role in seaweed growth because currents carry
nutrients needed by seaweed. The greater the movement of water, the faster the growth of seaweed, the current range of 20-40
cm/s is a suitable range for seaweed growth (Sulistijio, 2002). The greater the movement of water, the greater the diffusion of
nutrients so that the metabolic process is accelerated, thereby increasing growth. The movement of water that empties water near
plants causes the process of entering nutrients into plant cells and releasing metabolic products smoothly (Sulistijio, 2002).

The high content of carotenoids (Table 3) can be influenced by the intensity of light received by seaweed which is greater at
a depth of 40 cm so the carotenoid content in seaweed is also high at that depth (Tabri, 2019). The development of the carotenoid
content of K. alvarezii seaweed along with the development of the content of chlorophyll a. This is caused by carotenoids which
are accessory pigments that can protect against damage to chlorophyll a. Chlorophyll cannot accumulate when the synthesis of
carotenoids is inhibited, such as beta carotene (Gantt and Cunningham, 2001).

Water quality is one of the factors that influence the success of seaweed cultivation. Seaweed growth and quality are
influenced by environmental factors such as light, salinity, temperature, acidity (pH), and currents. The results of light
measurements in the study of C. fragile in the range of 370-1014 showed indications of growth every day. The difference in light
intensity affects the growth rate. This shows that light has a role in the growth of C. fragile because the light is a provider of
energy for the continuity of photosynthesis (Widodo and Suadi 2006). Light intensity is a limiting factor in the photosynthesis
process, the greater the light intensity, the photosynthesis process can run well (Susilowati et al 2012).

Salinity is one of the important factors that can affect the survival and growth of organisms. The range of salinity obtained
during the study was relatively high, ranging from33-54 ppt. The salinity range obtained during the study was 27-30 ppt.
according to the Directorate General of Cultivation (2015), seaweed cultivation has a feasible range of cultivation ranging from
28-35 ppt. Guo (2014) stated that the optimal salinity range for the growth of C. lentilifera was 25-33 ppt and Burhanuddin (2014)
suggested that Caulerpa racemosa seaweed could grow well at salinities ranging from 25-35 ppt. According to Seob et al. (2010)
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algae can experience slow growth if the salinity is too low (less than 15 ppt) or too high (more than 35 ppt) from the salinity range
that is suitable for their habitat for a certain time. Differences in salinity will affect physiological and biochemical mechanisms
because the process of changing osmotic pressure is closely related to the role of cell membranes in the nutrient transport process.

Based on the data obtained, the temperature of the seawater during the study ranged from 28-33°C, this range is still
considered feasible to support seaweed life. Syamsuddin (2014) states that in seaweed cultivation, the proper temperature is
around 26 — 33°C. While Novianti et al. (2015) the growth of seaweed C. lentilifera was good at temperatures ranging from 27-32
°C. High-temperature environmental conditions can cause the rapid growth of seaweed because it can accelerate photosynthetic
activity. But it can also cause damage to enzymes and the destruction of seaweed thallus if the temperature is too high while the
temperature is too low, the biochemical activity in the thallus can stop.

The range of degrees of acidity (pH) during the study ranged from 6-7, this range value is still suitable for the growth of
Codium sp., this is following what Supit (1989) stated that most grasses like the pH range of 6.8-9.6 so that the pH is not a
problem for growth. While according to Yuliyana et al. (2015) argues that the pH range in the growth of C. lentilifera seaweed is
7.7-8.3. Anggadireja (2006) stated that the ideal pH in seaweed cultivation has a range of 6-9. Whereas Ruslaini (2016) that the
best pH value for the growth of Gracilaria verrucosa seaweed ranged from 6-9.

The results of current velocity measurements that have been carried out in the C. fragile seaweed cultivation area
obtained values ranging from 0.18 to 0.28 m/s. Differences in current speed can be caused by tidal currents or wind and waves.
Currents have an important role in the growth of seaweed. If the current is too slow it will interfere with the absorption of
nutrients in the waters, besides that a slow current will have an impact on the epiphytes that grow attached to the seaweed so that
they can become competitors in getting nutrients (Arisandi, 2012). Parenrengi et al. (2012), stated that a good current velocity for
seaweed cultivation is 0.2-0.4 m/s. In a nutrient-rich location, a slow current velocity of about 10 cm/sec can support good
seaweed growth.

V. CONCLUSIONS
The growth and carotenoid content of C. fragile at different depths showed that the best cultivation depth for growth was
40 cm with a value of 1.31 + 0.01% and a carotenoid content of 6.05 + 1.012. So C. fragile has the potential to be cultivated at a
depth of 40 cm.
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