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ABSTRACT

In a pond system all integrated factors work as a whole in a holistic way. Each factor has a possibility to
cause some changes in the pond waters environment resulting in the level of suitability and productivity of
Gracilaria verrucosa. This study aims to analyze the suitability of land and environmental factors affecting
the productivity of Gracilaria verrucosa seaweed in a pond area. The research sample consisted of 161 ponds
which were systematically determined from 670 ponds. Environmental factors as observed variables include
pH, surface current, water transparency, turbidity, depth, dissolved oxygen (DO), N Ratio (fertilization),
salinity, pond substrate, water temperature, and wet basis of harvested seaweed per m2. The suitability
analysis was carried out based on the range of tolerance of seaweed growth towards environmental factors
which were grouped in three categories consisting of Category 3 (Suitable), Category 2 (Less Suitable), and
Category 1 (Not Suitable). The statistical analysis was done by employing multiple regression to determine
the effect of measured variables on productivity. The results indicated that the measured variables in the
dry season were nearly in less suitable and not suitable category compared to the rainy season which
tended to be in suitable category. The average measurement result of seaweed wet basis per m2 in the rainy
season was also higher than the result in the dry season. The overall environmental factors observed affected
the productivity of seaweed (Gracilaria verrucosa) with a contribution of 73.6% in the dry season and 97.6%
in the rainy season. The most dominant environmental factors affecting the productivity of Gracilaria verrucosa
in the dry season were water temperature (26.8%), depth (22.6%), and DO (22.5%), while in the rainy season
were fertilization (25.2%), DO (24.0%), and water transparency (18.6%).
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Introduction

Indonesian marine waters are tropical waters that
are rich in seaweed germplasm resources, thus sea-
weed commodity is one of the most important and
developed marine products in Indonesian waters
(Sahat, 2013).
The potential area of seaweed cultivation in Indone-
sia is recorded at 1.1 million ha or 9% of the total po-
tential area of marine cultivation which is 12,123,383
ha with an estimated utilization rate of only 25%
(Ministry of Marine Affairs and Fisheries, 2016); in
2017 Indonesian seaweed production reaches 10.8
million tons (Ministry of Marine Affairs and Fisher-
ies, 2017). East Java Province is an exporter of Indo-
nesian seaweed with a contribution capacity of
56.02% (Sahat, 2013).

The types of Seaweed that are highly cultivated,
developed and traded in Indonesia are
Caraginophyte (Eucheuma spinosium, Eucheuma
edule, Eucheuma serra, Eucheuma cottonii, and
Eucheuma spp), Agarofit (Gracilaria spp, Gelidium spp,
and Gelidiella spp), and Alginophite (Sargassum spp,
Laminaria spp, Ascophyllum spp, and Macrocystis spp),
which become the raw materials of various indus-
tries since those types of seaweed are the source of
carrageenan (seaweed flour), agar, and alginate
(Sahat, 2013).

Gracilaria verrucosa belongs to one type of red al-
gae that can be cultivated in a pond (Suharyanto
and Muhammad, 2012). Jabon Subdistrict, espe-
cially in the north of Porong River, is the largest pro-
ducer of Gracilaria verrucosa seaweed in Sidoarjo
Regency, even in East Java with an area of 802,233
Ha. However, its productivity has not been optimal
due to the uneven growth of Gracilaria verrucosa in
all pond areas (field observation result).

This problem arises due to many factors, both
from the physical and chemical aspects of the pond
waters environment. Several studies related to
Gracilaria verrucosa in ponds have been carried out,
specifically related to pond waters conditions that
are suitable for productivity. Those studies cover
light intensity (Wedchaparn et al., 2015), turbidity
(Widyorini, 2010), water depth (De Oliveira et al.,
2012), water temperature (Mendes et al., 2012), wa-
ter transparency (Boyd, 1988), dissolved oxygen
(Jansi and Ramadhas, 2009), salinity (Nejrup and
Pederson, 2012), pond substrate suitable for
Gracilaria verrucosa productivity (Mulyaningrum et
al., 2015) and nutrients (Wedchaparn et al., 2015).

In a pond system each factor has a possibility to
cause some environmental changes, which directly
or indirectly affect the suitability of the pond waters
resulting in the productivity of Gracilaria verrucosa.
Thus, this study aims to analyze the suitability of
land and environmental factors affecting the pro-
ductivity of Gracilaria verrucosa seaweed in a pond
area.

Materials and Methods

This study was designed by employing a descrip-
tive exploratory approach and it was carried out in
the area of seaweed aquaculture ponds in Kupang
Village, Jabon Subdistrict, Sidoarjo Regency. The
type of seaweed that is cultivated is Gracilaria
verrucosa. The cultivation was performed by using
traditional sowing method or still relying on natural
conditions without involving special treatments in
its process. The study was carried out for 23 months
from January 2017 to November 2019.

Population and Sample

The population and sample of this research were
161 ponds which were systematically determined in
six clusters from a total of 670 ponds. Environmen-
tal abiotic factors as observed variables included
pH, surface current, water transparency, turbidity,
depth, dissolved oxygen (DO), N ratio (fertiliza-
tion), salinity, pond substrate, water temperature,
and wet basis of harvested seaweed per m2; each of
them was measured in four replications.

Tools and Materials

The tools used in this study were several measuring
instruments for physical and chemical factors which
became the research variables. The instruments
were Secchi disk for measuring water transparency,
digital thermometer for measuring water tempera-
ture, refractometer for measuring salinity, DO meter
(multi tester) for measuring dissolved oxygen, digi-
tal pH meter for measuring pH value, wooden ruler
for measuring water depth, floating ball and a stop
watch (modification of kite string) for measuring
surface current, and stack of sieves for measuring
sand content. Meanwhile, the information about the
amount of fertilizer given was obtained from the
interviews with the seaweed cultivators.

A quadratic frame of 1 x 1 m2 was also used for
seaweed sampling and table scale was used for
measuring the wet basis of seaweed.



1472 Eco. Env. & Cons. 26 (4) : 2020

Procedures

Mapping Pond Area

The study focused on the pond area in the north of
the Porong River since it could be planted seaweed
all year long. Mapping was carried out to find out
the pond area having seaweed plant. The area in-
cluded each pond and the ownership or seaweed
cultivator. Mapping was done by using a basic map
(satellite photos via Google in 2017) and field obser-
vation by using GPS. The results of GPS
georeferencing and digitization were then overlaid
by using the Opensource Quantum GIS Program
version 2.18 (QGIS 2.18) into a map of suitability
and productive potential areas of seaweed cultiva-
tion (Fig. 1).

seaweed which grew less than three months since
being planted (not harvested).

Then, sample collection was done by using Sys-
tematic Sampling in which determining the pond
locations was done by selecting the location that
could represent groups in each cluster. There were
161 ponds in the sampling locations out of a total of
670 ponds.

Sampling

The sampling process in this study was performed
by collecting the data on pond waters conditions to
determine the numerical character of the research
variables that have been determined. Then, the nu-
merical characters were measured randomly on
four sides of each of the ponds. Those were used for
repetitions.

The measurement was set at a distance of two
meters from the edge of the pond. Then, the abiotic
samples were measured randomly by using mea-
suring instruments on four sides of the pond. The
samples of abiotic components were pH, surface
current, water transparency, turbidity, depth, dis-
solved oxygen, fertilization, salinity, pond substrate,
and water temperature. Those were measured ran-
domly at sampling locations.

Biotic sampling for seaweed was done by using
the quadratic method with a square area of 1 x 1 m2.
Seaweed plant in the frame was taken along with its
root. Then, seaweed was drained on a stretch of
fishing net with a net mesh of 0.05 mm. The next
process was weighing to find out the biomass. Sea-
weed collection was also carried out on each side of
the pond which was determined randomly.

The biotic and abiotic samplings were performed
during the dry and rainy seasons.

Data Analysis

Suitability Analysis

 The data from the measurement of abiotic environ-
mental factors were analyzed for their suitability
based on the tolerance range of each factor grouped
in three categories, namely Category 3 (Suitable),
Category 2 (Less Suitable), and Category 1 (Not
Suitable).

Multiple Linear Regression Analysis

In this study, the independent variables were abiotic
factors in which the suitability class values were
transformed first from the ordinal scale to the inter-

Fig. 1. Homogeneity Map and Seaweed Cultivation Pond
Cluster in Kupang Village, Jabon Subdistrict,
Sidoarjo Regency. The Roman number indicating
the clusters: I = Cluster 1; II = Cluster 2; III = Clus-
ter 3; IV = Cluster 4; V = Cluster 5; VI = Cluster 6.

Determining Pond Clusters

Based on the homogeneity of the environment, sea-
weed pond area was classified into six clusters (Fig.
1). The determination of homogeneity was based on
field observation and information from the cultiva-
tors regarding the growth and yield of seaweed.

Determining Data Sampling Locations

Twentyfive ponds from each cluster were selected
to be the sampling locations. The determination of
pond samples could not be done randomly because;
(1) all seaweed plants did not grow at the same time
in all ponds, (2) some ponds were still in the land
improvement process, (3) some ponds still had the
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val by using Method of Successive Interval. While
the dependent variable was seaweed productivity
which is determined by wet seaweed biomass per
m2. The multiple linear regression model is de-
scribed with the following equation:

Y =  + 1 X1 + 2 X2 + 3 X3 + 4 X4 + 5 X5 + 6 X6

+ 7 X7 + 8 X8 + 9 X9 + 10 X10

Description:
Y = Dependent variable (Productivity)
X1-n = Independent variable (Abiotic Factor)
   = Constanta

1-n = Slope or Estimate Coefficient
The results of multiple regression analysis indi-

cated the value of Cumulative Contribution (R
square) and Relative Contribution (SR) of measured
variables on seaweed productivity.

Results and Discussion

Results

Analysis of Land Suitability and Environmental
Factors

The results of the suitability analysis of abiotic fac-
tors in three categories (suitable, less suitable, and
not suitable) based on the tolerance range (Table 1)
are presented on the suitability map in Fig. 2 – Fig.
11.

Based on Fig. 2, there was no significant differ-
ence between the degree of acidity (pH) in the dry
and rainy seasons. The suitability classification in
the dry and rainy seasons were in Category 2 and 3
respectively. In the dry season, the ponds that were
located around the mangrove forest and some
ponds in the southern part of the pond were classi-

Table 1.  Tolerance Range of Abiotic Environmental Factors

No Abiotic Factors Tolerance Range Suitability Class

1 Degree of Acidity (pH) 7.5 - 8.5 3 (suitable)
6.0 - < 7.5 2 (less suitable)
< 6.0 ; > 8.5 1 (not suitable)

2 Surface Current Speed (meter/minute) 0.2 - 0.3 3 (suitable)
0.1 - 0.19; 0.31 - 0.4 2 (less suitable)
< 0.1 ; > 0.5 1 (not suitable)

3 Water Transparency (m) > 0.5 3 (suitable)
0.3 - 0.5 2 (less suitable)
< 0.3 1 (not suitable)

4 Turbidity (mg/ L) 0 - 4 3 (suitable)
4 - 8 2 (less suitable)
> 8 1 (not suitable)

5 Depth (cm) 40 - 60 3 (suitable)
30 – 39.9 ; 60.1 - 80 2 (less suitable)
< 30 ; > 80 1 (not suitable)

6 Dissolve Oxygen/DO (mg/L) > 8 3 (suitable)
5 - 8 2 (less suitable)
< 5 1 (not suitable)

7 N Ratio (Fertilization) Rainy Season Dry Season
40 - 60 20 - 40 3 (suitable)
20 - < 40 10 - <20 2 (less suitable)
< 20 ; > 60 <10; >40 1 (not suitable)

8 Salinity (ppt) 28 - 30 3 (suitable)
25 – 27.9 ; 30,1 - 33 2 (less suitable)
<25 ; >33 1 (not suitable)

9 Basic Substrate (Sand Content) 25 - 30 3 (suitable)
15 - 24 ; 31 - 74 2 (less suitable)
0 - 14 ; 75 - 100 1 (not suitable)

10 Water Temperature (°C) 28 - 29 3 (suitable)
26 – 27.7 ; 29.1 - 30 2 (less suitable)
< 25 ; > 30 1 (not suitable)
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fied in category 2. While in the rainy season, the
ponds in the north (near the coast) and the forest
mangrove were classified in category 2.

The surface currents in the dry and rainy season
were relatively similar and the suitability classifica-
tions were in Category 2 and 3 respectively. Only a
few ponds in the southern part of the ponds were in
Category 1 (Fig. 3).

 Analogous to surface current, water transpar-
ency in the dry and rainy seasons was relatively

similar and the suitability classifications were in
Category 2 and 3 respectively. Only a few ponds in
the southern part of the ponds were in Category 1
(Fig. 4).

Based on Fig. 5, the suitability classification for
Turbidity in the dry season was more dominant in
Category 3 followed by Category 2. While in the
rainy season, the suitability classifications were in
Category 3, 2, and 1 for some ponds in the southern
part of the ponds.

Fig. 3. Map of Suitability Classification of Surface Current Speed. (a) Dry Season (b) Rainy Season.

Fig. 2. Map of Suitability Classification of the Degree of Acidity (pH). (a) Dry Season (b) Rainy Season

Fig. 4. Map of Suitability Classification of Water Transparency. (a) Dry Season (b) Rainy Season

(A) (B)

(A) (B)

(A) (B)
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Based on Fig. 6, the suitability classification of
pond depths in the dry and rainy seasons was more
dominant in Category 3 followed by Category 2 for
some ponds in the southern part of the ponds area.

Based on Fig. 7, the suitability classification of
Dissolved oxygen (DO) in the dry season in the
southern part of the ponds was in category 1. How-
ever, the classification in the northern area (near the
coast) was in Category 2 and the classification in the
ponds near the coast was in Category 3. In the rainy

season, the suitability classification for ponds lo-
cated in the southern part of the ponds was in Cat-
egory 2. Then, the ponds close to the shore was in
Category 3.

Based on Fig. 8, there was a major difference be-
tween the fertilization suitability classifications in
the dry and rainy seasons. In the dry season, it was
dominated by Category 1 and only a few ponds in
the southern part of the ponds were in Category 2.
In the rainy season, the suitability classification was

Fig. 5. Map of Suitability Classification of Turbidity. (a) Dry Season (b) Rainy Season.

Fig. 6. Map of Suitability Classification of Depth. (a) Dry Season (b) Rainy Season.

Fig. 7. Map of Suitability Classification of Dissolved Oxygen (DO). (a) Dry Season (b) Rainy Season.

(A) (B)

(A) (B)

(A) (B)
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dominated by category 3 and only a few ponds lo-
cated in the southern part of the ponds were in Cat-
egory 1 and 2.

Based on Fig. 9, the suitability classifications of
salinity in dry season were dominated by Category
1 and 2. In the rainy season, the suitability classifica-
tion for ponds near the coast was dominated by
Category 3. Meanwhile, the classification for ponds

close to the south was in Category 2. Only a few
ponds in the middle (near the river) were in Cat-
egory 1.

Based on Fig. 10, the pond substrate in the dry
and rainy seasons was relatively the same. The suit-
ability classifications were dominated by Category
2 and 3. In the rainy season, only some ponds in the
southern part of the ponds were in Category 1.

Fig. 9. Map of Suitability Classification of Salinity. (a) Dry Season (b) Rainy Season.

Fig. 8. Map of Suitability Classification of Fertilization. (a) Dry Season (b) Rainy Season.

Fig. 10. Map of Suitability Classification of Basic Substrate (Sand Content). (a) Dry Season (b) Rainy Season.

(A) (B)

(A) (B)

(A) (B)
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Based on Fig. 11, there were significant differ-
ences between the pond water temperatures in the
dry and rainy seasons. In the dry season, the suit-
ability classifications were more dominant in Cat-
egory 1 and 2. Only a few ponds in the middle of the
west bank (near the Elo River inlet) were included
in Category 3. In the rainy season, the suitability
classification was dominated by Category 3. Cat-
egory 2 was only found in the southern edge of the
ponds.

 From the measurement results, it could be re-
vealed that the productivity in each pond of the
study sample varied, both in the same and different
seasons. Seaweed productivity in the rainy season
was higher than in the dry season. In the dry season,
the lowest productivity was 4.70 ounces of wet sea-
weed per m2. While the highest productivity was
8.85 ounces of wet seaweed per m2. In the rainy sea-
son, the lowest productivity was 5.34 ounces of wet
seaweed per m2. While the highest productivity was

9.50 ounces of wet seaweed per m2. The results of
seaweed productivity measurement are presented
in Fig. 12.

Multiple Linear Regression Analysis

The results of multiple linear regression analysis
showed that each variable affected productivity (sig.
<0.05) for both in the dry and rainy seasons. The
cumulative contribution (R2) of the measured vari-
able on productivity in the dry season was 73.6%.
While partially, each component had an effect on
productivity; the sequential contributions from the
largest to the smallest were water temperature
(26.8%); depth (22.6%); DO (22.5%); fertilization
(18.5%); water transparency (15%); pH (13.75); tur-
bidity (12.8%); surface current (12.7%); substrate
(11.9%); and salinity (11.6%).

The results of the multiple regression analysis
indicated that the cumulative contribution (R2) of
the measured component to productivity in the

Fig. 11. Map of Suitability Classification of Water Temperature. (a) Dry Season (b) Rainy Season.

Fig. 12. Map of the Average Seaweed Productivity Measurement Results (biomass per m2) in Each Pond Sample. (a) Dry
Season (b) Rainy Season.

(A) (B)

(A) (B)
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rainy season was 97.6%. While partially, each com-
ponent had an effect on productivity; the sequential
contributions from the largest to the smallest were
fertilization (25.2%); DO (24.0%) water transparency
(18.6%); pH (17.9%); turbidity (16.6%); water tem-
perature (15.2%); surface current (13.0%); substrate
(11.3%); depth (10.8%); and salinity (7.5%).

Discussion

The measurement results of measured variables in-
cluding degree of acidity (pH), surface current
speed, water transparency, turbidity, water depth,
dissolved oxygen (DO), fertilization, salinity, basic
substrate, and water temperature indicated that the
values between ponds varied and there were some
differences between the dry season and rainy sea-
son. In the dry season, the measured variables were
close to the category of less suitable and not suit-
able. Meanwhile, the variables measured in the
rainy season were close to suitable class. Further-
more, the results of productivity measurements in
the rainy season indicated that the average of sea-
weed wet basis per m2 was higher compared to the
dry season.

 The results of the multiple regression analysis
showed that each variable affected productivity
both in the dry and rainy seasons. Cumulatively, the
effect of the measured variable in the dry season
was 73.6%, while the remining 26.4% was the effect
of other factors which were not measured in this
study. In the rainy season, the effect of cumulative
measured variables was greater than the dry season
which was 97.6%, while the remining 2.4% was the
effect of other factors.

Environmental factors having the most dominant
effect on the productivity of Gracilaria verrucosa in
the dry season were water temperature, depth, and
DO whose total contribution was more than 50%.
Whereas in the rainy season, the most dominant
environmental factors were fertilization, DO, and
water transparency.

The difference in the effect of each variable on
productivity in the dry and rainy seasons is caused
by the differences in sunlight intensity. In the dry
season, the intensity of sunlight is higher than in the
rainy season. Physically, the intensity of the light
entering the pond waters is affected by water trans-
parency, turbidity, and depth of the pond. Sunlight
entering the waters affects photosynthesis, respira-
tion, metabolism, growth, and reproduction

(Dawes, 1981). Sunlight that passes into the waters
will increase the water temperature.

In the dry season, the temperature has the high-
est effect. Since the ponds are located in an open
space with uneven water depths, the waters are ex-
posed to relatively high sunlight intensity causing
an increase in water temperature. The increase in
water temperature depends on the light passing the
waters, whose intensity is affected by water trans-
parency, turbidity and pond depth (Susilowati et al.,
2012). Temperature affects the solubility of the gases
needed for photosynthesis such as CO2 and O2;
these gases are easily dissolved at lower tempera-
tures than at high temperatures as a result the rate
of photosynthesis is increased by low temperatures.
As explained by Ruslaini (2016), a high temperature
will decrease the growth rate of Gracilaria verrucosa.
In addition, high water temperature can reduce the
dissolved oxygen (DO) and pH (Budiyani et al.,
2012). Water temperature also affects several physi-
ological functions of seaweed such as photosynthe-
sis, respiration, metabolism, growth and reproduc-
tion (Dawes, 1981). If the values of water tempera-
ture, salinity, and pressure of dissolved gases in-
crease, the solubility of oxygen in the water will
decrease (Wardoyo, 1981).

In the rainy season, the ponds get adequate wa-
ter supply from rain. While in the dry season, some
ponds tend to lack water that is indicated from the
depth. Depth is one of the determining factors in the
growth rate of seaweed; with the increasing depth
of the pond bottom, the circulation of oxygen and
the light penetration are lower (Kune, 2007). In
ponds whose depth is low, water temperatures tend
to be higher and the yellow color of seaweed tends
to be brighter. As explained by Gómez (2005),
macroalgae that grows at deeper depths usually
synthesizes more pigments to compensate for the
effects of low light availability. Increasing the pig-
ment concentration with depth is a strategy used by
algae to capture more light for photosynthesis so as
to optimize its metabolism (Morinho-Soriano, 2012).
Therefore, seaweed that grows at an appropriate
depth has darker color of blackish green.

In the rainy season, the water temperature tends
to be lower compared to the dry season. Besides,
raindrops falling on the surface of pond water me-
chanically cause aeration. The low temperature and
the presence of aeration cause high dissolved oxy-
gen in the rainy season. Dissolved oxygen in water
generally comes from photosynthesis by algae and
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diffusion from the air (Susilowati et al., 2014). In the
rainy season, Dissolved oxygen has a relatively high
effect on productivity compared to the dry season.
Dissolved oxygen level in water is affected by tem-
perature, water turbulence, water flow, waves, par-
tial pressure of gases in the atmosphere and salinity
(Jeffries and Mills, 1996).

Dissolved oxygen is needed in performing respi-
ration and decomposing organic matter by microor-
ganisms (Harvey, 1982). Dissolved oxygen is uti-
lized by all organisms in ponds for respiration
(Susilowati et al., 2014), this is followed by decreas-
ing pH and increasing ammonia and nitrite. Suffi-
cient oxygen in the pond can convert ammonia into
nitrate as a nutrient of seaweed with the role of
Nitrosomonas and Nitrobacter bacteria (Mangampa
and Burhanuddin, 2014).

Fertilization in the rainy season had the highest
effect compared to other measured variables. In the
dry season, fertilization gives the third biggest con-
tribution. In the rainy season, due to precipitation
and excessive water input, dilution of fertilizer con-
centration will occur and excess water will be flown
away from the pond. In the dry season, the optimal
limit of fertilizer concentration needed for Gracilaria
verrucosa growth is lower than the rainy season. Ex-
cessive fertilizer in the dry season results in the
growth of algae (Javanese: dadut) on the surface of
the thallus, thus inhibiting the process of photosyn-
thesis and reducing the quality of the seaweed (pro-
ductivity).

  Fertilization is not a factor caused by nature, but
it is from human activities. In this study, seaweed
cultivators determined the amount of fertilizer so
this process was very subjective. The amount of fer-
tilizer given into the pond is very dependent on
many subjective factors which are not measurable.
However, the presence of fertilizer in the ponds as
nutrients gives a significant effect on seaweed pro-
ductivity. Gracilaria sp. can grow quickly if the N-
content is high in nature (Yang et al., 2015). Nitrogen
is a major element for plant growth because it is a
constituent of proteins and nucleic acids, and thus
constitutes the whole protoplasm constituent
(Lobban and Harrison, 1994).

Seaweed is a strong absorber of inorganic nutri-
ents (Chopin et al., 2010). Gracilaria has a role as
phytoremediation which has a strong ability to ac-
cumulate Nitrogen so it is called as Nitrogen
Starved Gracilaria (Komarawidjaja, 2005). Thallus of
Gracilaria is able to absorb and accumulate Nitro-

gen and Phosphorus (Boyajian and Carreira, 1997).
Pramesti (2013) stated that the process of absorption
of nutrients in seaweed is carried out by osmotic
diffusion through all parts of the body.

Another measured variable that has an effect is
Turbidity. Turbidity is a condition caused by mud
and sand particles in the pond. This condition
mainly occurs in ponds near mangroves and the Elo
River. Mud on the mangrove forest is mixed during
high tides and carried away into the ponds. While
from the Elo River, mud particles also contain sand
carried away from the upstream (overflow from
Lapindo) especially during the rainy season. Tur-
bidity is a limiting factor for photosynthesis and
primary water production (Boyd, 1988), because it
can inhibit the penetration of light into water.

Thallus of Gracilaria needs a place to attach hold-
fast to the substrate. Sedimentation of particles can
be the part of the substrate. According to
Mulyaningrum et al. (2015), Gracilaria verrucosa
grows well in soil that has a composition of sand
and mud. This mud might be rich in nutrients trans-
located from the upstream part. Pond substrate con-
sisting of sand is very porous, so it cannot hold wa-
ter and nutrients (Hidayanto et al., 2004). However,
the substrate contained in pond waters must have
pores so that the flow of nutrients to holdfast occurs;
the absorption of nutrients is carried out through
the diffusion process (Sjafrie, 1990). Thus, muddy
sand is a suitable substrate.

Surface current is caused by wind and water cur-
rent entering the pond. On open and unprotected
ponds, the vegetation of its surface current tends to
be higher than those near mangrove forests or bor-
dering vegetation stands. Surface current that is too
fast on the pond can have a negative effect on sea-
weed because it can cause damage to the thallus and
cause plants to gather in one particular place. Sur-
face current in Gracilaria verrucosa cultivation is used
to clean plants, distribute nutrients, stimulate plant
growth through the forces/hydraulic forces of wa-
ter movement, and prevent large water temperature
fluctuations (Yuniarsih et al., 2014). In addition, sur-
face current also affects water aeration and stirring.
This water stirring aims to avoid large temperature
fluctuations (Trono and Ganzon-Fortes, 1988).

The growth of Gracilaria is also affected by the
water movement. If the water movement decreases,
its growth rate also decreases significantly (Ryder et
al., 2004). According to Soegiarto (1998), if the water
current is strong, the growth of seaweed will be
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faster because there is more diffusion of nutrients
into the thallus cell. Hurd (2000) also stated that in-
creasing the current to certain level can facilitate the
uptake of essential nutrients such as inorganic nitro-
gen and carbon dioxide. The composition of
Gracilaria verrucosa cortex cells is not dense, so that
nutrients and water easily pass following the low
surface current, pond water that has low current is
suitable for Gracilaria verrucosa seaweed
(Mulyaningrum et al., 2015).

The degree of acidity (pH) of pond water is
highly dependent on water input. A pond that gets
the input from the sea tends to have base condition.
Meanwhile, a pond tends to be acidic if it gets the
input from the river. If it rains, the degree of acidity
of pond water tends to decrease.

In a too acidic condition, toxic heavy metals will
have high mobility. If a water has high level of base,
it will disturb the balance between ammonium and
ammonia in the water. Changes in pH values are
also determined by photosynthetic activity and res-
piration in ecosystems. High photosynthetic activity
increases the pH concentration of the water; if the
concentration of seaweed respiration is high, it will
decrease the pH concentration of the water (Izzati,
2008)

Variations in salinity of pond waters can occur
due to differences in evaporation and precipitation.
Marine salinity is affected by rainfall. According to
Hurtado-Ponce (1994), salinity is positively corre-
lated with rainfall. Salinity is also related to water
temperature, if the water temperature rises 1°C then
the water salinity will increase by around 1.9%
(APHA, 1995).

Salinity that is too high or too low will interfere
the physiological process (Luning, 1990). According
to Choi et al., (2010) salinity plays an important role
in the growth and morphogenetics of seaweed be-
cause it is involved in the cell osmoregulation pro-
cess. Salinity affects physiological and biochemical
mechanisms, especially osmotic pressure which is
closely related to the role of cell membranes in the
process of nutrient transport and has a stimulating
effect on seaweed growth (Luhan and Sollesta,
2010). Salinity also greatly affects nutrient absorp-
tion, the higher the salinity the higher the nutrient
absorption (Wedchaparn et al., 2015).

All of the measured variables above are parts of
the pond system component that work simulta-
neously and interestedly. This is in accordance with
the opinion of Odum (1971) which stated that abi-

otic factors do not work partially but holistically;
they are interconnected and work in an integrated
manner as an ecological system. Therefore, it is im-
possible to determine pond productivity only by
one or several variables. However, it is necessary to
consider that the dominant factor will be the con-
troller in managing the productivity of Gracilaria
verrucosa in a pond.

In conclusion, the dominat land suitability classi-
fication based on measured variables in the rainy
season was in the Suitable category, while in the dry
season was in the Less Suitable category. The aver-
age productivity of seaweed per m2 in the rainy sea-
son was higher than in the dry season. All the envi-
ronmental factors observed (pH, current speed,
water transparency, depth, DO, fertilization, salin-
ity, substrate, and water temperature) had an effect
on the productivity of seaweed (Gracilaria verrucosa)
with a contribution of 97.6% in the rainy season and
73.6% in the dry season. The dominant environmen-
tal factors affecting the seaweed productivity in the
rainy season were fertilization (25.2%), dissolved
oxygen (24.0%) and water transparency (18.6%),
while the dominant factors in the dry season were
water temperature (26.8%), depth (22.6%) and dis-
solved oxygen (22.5%).
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