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Effects of different substrates on the growth and composition
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ABSTRACT: The growth and composition of periphyton in low saline groundwater (5 ppt) were evaluated using 5
different substrates: split bamboo poles (SBP), green shade net (GSN), high density polyethylene (HDPE) sheets, low
density polyethylene (LDPE) sheets, and polyvinyl chloride (PVC) pipes). The effect of substrate type, submersion time,
and depth was evaluated. The average submersion depth of all the substrates was maintained at 88.27 cm, and this
trial was conducted for 60 days. Chlorophyll a, dry weight, ash, ash free dry weight, and periphyton diversity were
analyzed. The growth of periphyton in terms of chlorophyll a value on different substrates has revealed a higher mean
value for bamboo substrate (6.82±2.79 µg/cm2), followed by green shade net, HDPE, LDPE, and PVC with values of
5.24±2.27 µg/cm2, 4.64±2.06 µg/cm2, 4.51±2.08 µg/cm2, and 3.10±1.57 µg/cm2, respectively. The mean values
of dry weight recorded were 1.81±0.78 mg/cm2, 1.65±0.70 mg/cm2, 1.29±0.56 mg/cm2, 1.32±0.57 mg/cm2,
and 0.78±0.45 mg/cm2 for SBP, GSN, LDPE, HDPE, and PVC substrates, respectively. In all substrates, there was
a significant difference observed in the development of periphyton over time (p < 0.05). There was no significance
(p > 0.05) observed in Chlorophyll a value with depth in all 5 different substrates.
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INTRODUCTION

Saline groundwater is unsuitable for any traditional
agriculture practices, and the non-utilization of this
saline water will cause secondary salination and water-
logging condition with poor water quality [1]. Pump-
ing of this saline water and its evapo-transpiration
in the landlocked area will lower down the water
table to a safer root zone of the plants. This evapo-
transpiration is economically viable through aquacul-
ture practice along with income generation [2].

The term ‘periphyton’ has been defined by differ-
ent authors; according to Wetzel, it is the microfloral
community living attached to the surface of submerged
objects in water [3], and this does not include fun-
gal, bacterial, protozoan, and other attached animal
components attached to the substrate. The German
word ‘aufwuchs’ means plants and animals that encrust
hard surface, including all the organisms that are
attached to or move upon a submerged substrate but
do not penetrate it, whereas Reid et al and Wetzel have
referred to periphyton as the total assemblage of any
sessile or attached organisms on any substrate [4, 5].
There are different terms used by different authors
to refer to the unattached organisms and the mobile
or creeping organisms associated with periphyton as
‘euperiphyton’ and ‘pseudoperiphyton or metaphyton’,

respectively. Azim et al have coined the universally
accepted definition for the term ‘periphyton’ as the
entire complex of attached aquatic biota on submerged
substrates, including associated non-attached organ-
isms and detritus. Thus, the periphyton community
comprises bacteria, fungi, protozoa, phytoplankton,
zooplankton, benthic organisms, organic detritus, and
a range of other invertebrates and their larvae [6].

In many water bodies, the contribution of the
periphyton community to production is greater than
that of the phytoplankton. In a study that compared
the primary productivity of a turbid and clear lake, phy-
toplankton were found to account for 96% of the total
annual production in the turbid lake while epipelon
contributed 77% in the clear lake. The contribution
of periphyton to annual primary productivity is as
high as 1 kg C/m2. The high value of periphyton
productivity is found in coral reef system with values
in a range of 1–3 g C/m2/day, and the highest value
of periphyton production is reported in acadja systems
(7.9 g C/m2/day), which is 4.5 times higher than that
of the lagoon phytoplankton community [6]. In tradi-
tional aquaculture, strategies are adopted for reduc-
ing inputs and increasing efficiencies of aquaculture
production through optimization and exploitation of
the phytoplankton-based food web. The periphyton-
based food web offers possibilities for further optimiz-
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ing input utilization in extensive and semi-intensive
aquaculture ponds.

To enhance periphyton production, hard sub-
strates can be used in the pond’s euphotic zone. Any
materials that provide surface area can be used in
aquaculture ponds to support periphyton growth. The
new primary production and benthic secondary pro-
duction of the attached communities fostered by the
artificial substrate support the new food web, a part
of which ends up as fish biomass [7]. Quantitative and
qualitative growth of periphyton on substrates depends
on factors like (i) submersion time, (ii) substrate type,
and (iii) light intensity. Periphyton-based aquaculture
is widely tested in freshwater farming, marine, and
brackish water farming, but its use is only limited to
shrimp and abalone [8]. The present study is the
preliminary assessment of the feasibility of the peri-
phyton growth using different substrates in low saline
groundwater. In this study, the most suitable substrate
for better periphyton growth and composition for low
saline farming culture system was evaluated.

MATERIALS AND METHODS

Experimental design

The experiment was carried out in 5 tons of out-
door cement tanks using 5 ppt saline groundwater.
The tanks were treated with chlorine and filled with
groundwater, and 10 days before the erection of the
substrate into the cement tanks, the tank water was in-
oculated with 10 l of plankton-enriched water from fish
culture tanks and fertilized with urea (12 gm/appli-
cation) and triple superphosphate (8 gm/application)
once in every 2 days. Five different substrates were
used in this experiment: (a) 4 cm width split bamboo
poles, (b) 10 cm width green shade net (1 mm-mesh),
(c) 10 cm width low density polyethylene (LDPE)
sheet, (d) 10 cm width high density polyethylene
(HDPE) sheet, and (e) 1 inch Polyvinyl Chloride (PVC)
pipe. Throughout the experimental period, the mean
submersion depth of the substrates (±SE) was main-
tained at 88.27±0.15 cm. The 5 different substrates
were fabricated as strings with 10 units each using a
head and foot rope. For vertical positioning of the
substrate in a circular cement tank, the foot rope was
provided with molded cement stones as sinkers, and
the fabricated substrate strings were placed inside the
3 circular cement tanks with vigorous aeration.

The periodical analysis was done from the peri-
phyton samples for dry matter (DM), pigment concen-
tration (Chlorophyll a), ash free dry matter (AFDM),
and autotrophic index (AI) every 10 days following the
standard methods [9]. From each tank, a substrate was
taken from the 5 different stringed substrates (3 bam-
boo, 3 green shade net, 3 LDPE, 3 HDPE, and 3 PVC),
and 2×2 cm2 samples of periphyton were taken at
every 3 different depths (10, 40, and 70 cm). The
area was scrapped carefully using a scalpel blade to

remove all the periphyton without affecting (visually)
the substrate [10, 11]. After sampling, the substrates
were replaced in their original position, marked, and
excluded from subsequent sampling.

Sample analysis

Water temperature, pH, and dissolved oxygen were
measured daily at 8.00 am using YSI professional
handheld multi-parameter kit at the water depth of
20 cm. Salinity was checked before the erection of
the substrate and at every 10-day interval. Chlorophyll
a content from the collected periphyton sample was
determined following standard methods [9]. Upon
removal of the periphyton from the substrate, the
sample was immediately transferred to labeled tubes
containing 10 ml 90% acetone, sealed, and transferred
to the laboratory and stored in a refrigerator overnight.
In the next morning, the samples were homogenized
for 30 s in a tissue grinder, again refrigerated for 4 h,
and centrifuged for 10 min at 2000–3000 rpm. The
supernatant was carefully transferred to 1 cm glass
cuvettes, and absorbance was measured at 663, 645,
and 630 nm using a spectrophotometer. One sample of
the 2 collected samples was used for the determination
of total dry mater and ash content of the periphyton
sample. The sample was collected in pre-weighed
and labeled aluminum foil piece, dried at 105 °C in a
hot air oven for 1 h until constant weight, and kept
in a desiccator. The dry matter was transferred to a
muffle furnace, ashed at 450 °C for 6 h, and weighed.
Dry matter, ash free dry matter, and ash content were
determined by weight difference.

Taxonomic analysis of periphyton was done in
2×2 cm2 periphyton samples collected at the depth
of 25 cm from different substrates. Samples were
collected periodically for analysis once every 10 days
after the erection of the substrate. The periphyton
sample was suspended in 50 ml distilled water and
preserved in 5% buffered formalin in sealed plastic
vials. After vigorous shaking, 1 ml of the preserved
sample was transferred to Sedgwick-Rafter cell (S-R
cell) divided into 1000 squares. Ten squares were
randomly selected for the identification of the algae
using an inverted Microscope. Taxa were identified
using keys from Manual of Freshwater Biota by Datta
Munshi et al [12]. The water sample was also deter-
mined for plankton once every 10 days by filtering 5 l of
water from the circular tanks; samples were taken at 2
different locations of the tank using 45 µm plankton
net and preserved in 5% formalin. Further analysis
of the taxa was performed the same as described for
periphyton.

Statistical analysis

The assumption of chlorophyll a data from different
substrates was checked for its normality and homo-
geneity using Shapiro-Wilk and Levene Statistics, re-
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spectively. ANOVA test was performed for the vari-
ables from different substrates and evaluated for its
significance in submersion depth, submersion time,
and substrate type using SPSS 25.0 statistical anal-
ysis software. Dry matter, ash free dry matter, and
autotrophic index for different substrates depending
on time and depth were also analyzed for their sig-
nificance using one-way ANOVA. The substrate wise
plankton taxonomic classification was analyzed using
Kruskal Wallis non-parametric one-way ANOVA, and
day wise plankton taxa were analyzed by one-way
ANOVA using SPSS 25.0 statistical analysis software.

RESULTS

The plankton composition among all the substrates
was observed to be dominated by only 3 differ-
ent groups belonging to Bacillariophyceae, Chloro-
phyceae, and Euglenophyceae. There was a significant
difference observed in the number of algal periphyton
in different substrates (p < 0.05). The mean values of
overall algal composition were observed to be highest
in the split bamboo substrate (9589 cells/cm2), and
the lowest value of 3981 cells/cm2 was observed in
the green shade net. The multiple pairwise compar-
isons of substrates for individual genera have shown
significance for some pairs of substrates (Fig. 1ab).

Chlorophyll a, dry matter, and ash free dry mat-
ter have varied significantly among submersion time
according to ANOVA results (p < 0.05). The growth of
periphyton was observed with the highest mean values
of chlorophyll a (7.1±0.23 µg/cm2) during 60 days of
sampling. The lowest mean value was observed during
10 days of sampling (1.64±0.06 µg/cm2), followed
by an increase during 20 days (2.74±0.15 µg/cm2)
and 30 days (4.39±0.18 µg/cm2) of sampling. The
mean values were observed to be almost the same
for 40 days (6.43±0.23 µg/cm2) and 50 days
(6.48±0.28 µg/cm2) of sampling. Submersion time
was found to have a significant influence on the growth
of periphyton (Fig. 2).

The multiple compassion test of Tukey’s HSD
(Tukey’s Honestly Significant Difference test) proved
that there is a significant difference between differ-
ent days of sampling in the values of chlorophyll a
development (p < 0.05), whereas there is no signifi-
cant difference observed in chlorophyll a between the
comparison of 40 days with 50 days (p > 0.05) and
60 days (p > 0.05) of sampling. The mean value
of chlorophyll a was high at 10 cm depth of the
substrates (5.08±0.28 µg/cm2), and the mean values
were 4.81±0.26 µg/cm2 and 4.69±0.25 µg/cm2 at
40 and 70 cm depth of the substrates, respectively.
The Post Hoc multiple comparison tests using the
chlorophyll a value of different substrates at different
depths revealed that there is no significant difference
(p > 0.05) observed in the values obtained at different
depths from different substrates.

Among all of the 5 different substrates used for the
study, Tukey’s HSD test showed the chlorophyll a value
on different substrates has revealed the highest mean
value for bamboo substrate (6.82±2.79 µg/cm2), fol-
lowed by green shade net, HDPE, LDPE, and PVC with
values of 5.24±2.27 µg/cm2, 4.64±2.06 µg/cm2,
4.51±2.08 µg/cm2, and 3.10±1.57 µg/cm2, respec-
tively. The Tukey’s HSD analysis using SPSS in mul-
tiple comparisons has shown a significant difference
between substrates, and bamboo has significantly dif-
ferent when compared with the other substrates (p <
0.05), whereas there is no significance observed in
multiple comparisons between green shade net and
HDPE (p-value 0.607), green shade net and LDPE (p-
value 0.421) sheets and in the comparison between
LDPE and HDPE sheets, the p-value was > 0.05.
The dry weight values obtained from the different
substrates were almost normally distributed, and the
homogeneity test of variances showed values higher
than 0.05. There is a significant difference observed
in the dry weight values of periphyton obtained from
different substrates. The highest values were recorded
in SBP, and the lowest value was observed in PVC.
The means of ash, AFDW, and AI (Table 1) varied
significantly based on substrate type (p < 0.05).

The inland low saline groundwater in Ecuador
used for post larval rearing of shrimp resulted in low
survival, and analyses revealed low potassium con-
tent [13]. The inland saline groundwater does not
have the same ionic composition as seawater [14].
In the present conducted trial, though there was no
chemical modulation of water, the major water quality
parameters (pH, salinity, and alkalinity) were observed
to be at optimal levels throughout the study period.

DISCUSSION

The development of layers on a clean substrate is
initiated by the deposition of dissolved organic sub-
stances, mainly amino acid and mucopolysaccharides
[15] followed by bacteria and diatoms. Algae are very
diverse and cosmopolitan. There are approximately
26 000 algal species described in 24 classes [16]. In
pond habitat, the periphyton taxa are dominated by
Bacillariophyceae, Chlorophyceae, Cyanophyceae, Eu-
glenophyceae, zooplankton, and invertebrates, and in
estuary and sea, the periphyton taxa is dominated
by Bacillariophyceae, Chlorophyceae, Cyanophyceae,
Rhodophyceae, and Phaeophyceae [6]. In low saline
groundwater conditions, the colonization of periphy-
ton varied from substrates, and the maximum colo-
nization was observed in split bamboo substrate com-
pared to the other substrates used in the present
study. In all the substrates, the periphyton taxa were
dominated by Bacillariophyceae, Chlorophyceae, and
Euglenophyceae. In all of 5 different substrates, the
periphyton taxa were dominated by Euglenophyceae
under low saline groundwater conditions in circular
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Fig. 1 (a) Pairwise comparison of substrates for different plankton genera: a. Achnanthes; b. Cylotella; c. Nitzschia;
d. Ankistrodesmus; and e. Euglena. (b) Microscopic morphology of periphytic plankton: a. Achnanthes; b. Cylotella; c. Nitzschia;
d. Ankistrodesmus; and e. Euglena.
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Fig. 2 Impact of submersion time on the growth of periphyton in terms of chlorophyll a.

Table 1 Periphyton biomass in different substrates.

Substrate Dry weight Ash AFDW AI
(mg/cm2) (mg/cm2) (mg/cm2)

Split bamboo 1.18±0.78 0.63±0.29 1.18±0.49 169±32.6
Green shade net 1.65±0.70 0.58±0.26 1.07±0.44 204±55.5
HDPE sheet 1.32±0.57 0.45±0.19 0.87±0.37 189±65.0
LDPE sheet 1.29±0.56 0.45±0.20 0.84±0.35 189±65.8
PVC pipe 0.78±0.45 0.27±0.16 0.50±0.29 154±51.6

The paired t-test of DW has shown significant difference among all substrates, except for the comparison between HDPE
and LDPE; there was no significance observed. Pared sample t has shown significant difference among all the substrate in
the periphyton ash content (p < 0.001), AFDW, and AI whereas there was no significance observed between the substrate
HDPE and LDPE for ash (p = 0.766), ash free dry weight, and autotrophic index (p > 0.05).

Table 2 Periphyton quantity and quality observed by different authors in different aquatic systems.

Reference Aquatic system Substrate Periphyton Quantity Periphyton Quality
(mg/cm2) (µg/cm2)

Azim et al [21] Fresh water Bamboo, Kanchi, Hizol DW: 2–5 Chl a: 2.8–12

Azim et al [21] Fresh water Bamboo, Glass slides DW: 0.9–2.6 Chl a: 2.8–12

Signor et al [29] Fresh water Fibre glass, Acrylic, Wood, DW (summer): 0.07–0.13 nd
Ceramic, Glass, Black Plastic DW (winter): 0.067–0.095

Keshavanath Fresh water Bamboo , Ambay, Leucaena nd Chl a: 39.59
et al [28]

Rai et al [31] Fresh water Split bamboo, Whole bamboo, DW: 0.027–0.043 nd
Banana midrib, Plastic bottle

Khatoon et al [32] Brackish water Bamboo, PVC pipes, Plastic nd Chl a: 0.01–0.1
sheets, Fibrous scrubber,
Ceramic tiles

Richard et al [8] Marine pond Wooden pole, Fibre glass, DW: 1.5– 8.8 Chl a: 0.4–0.6
Mosquito screen, Garden net AFDW: 0.2–4.5

Guarientao et al [30] Coastal lagoon Plastic ribbon, Green and AFDW: 0.8–5.6 Chl a: 0.12–0.44
Senescent leaves of Thypa

Present study Low saline Bamboo, Green Shade Net, DW: 0.7–1.8 Chl a: 3.1–6.8
ground water HDPE sheets, LDPE sheets AFDW: 0.5–1.1

and PVC pipes

nd: no data, DW: dry weight, AFDW: ash free dry weight, Chl a: chlorophyll a.
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cement tanks.

The periphytic algal biomass increases exponen-
tially through colonization and growth and reaches
a peak with submersion time [17]. The AFDW and
chlorophyll a value increases exponentially according
to the periphyton colonization model developed by
Hoagland et al [18] and Steinman [19]. The de-
velopment of periphyton biomass on the 3 different
substrates was more or less similar during the 3 weeks,
at this point, and reached the peak [20]. In the
investigation conducted in low saline groundwater, the
growth of periphyton was observed as an exponential
with time in all 5 different substrates on par with the
results obtained by Azim et al [21, 22] in freshwater.
According to Kirk [23], the intensity of light and the
spectral composition have a considerable impact on the
quality and composition of flora and periphyton with
the change in depth. In contrast to this in the present
study, the periphyton composition in 3 different depths
(10, 40, and 70) was observed to have different values,
but there was no significant difference observed statis-
tically in all 5 different substrates.

Richard et al [24] observed a variation in the
dry weight, ash, ash free dry weight, chlorophyll a,
and pheophytin a concentration based on the different
substrate types used. Biodegradable materials are
found to be more effective in periphyton growth than
synthetic substrates based on the study conducted
between bamboo and PVC tubes [25]. The same has
been reported in the estuary with higher recruitment of
epifauna on plywood than on fiberglass or Aluminium
substrate [26]. The present study also proves the
previous results of higher values of DW, ash, AFDW, and
chlorophyll a in bamboo substrate compared to those
in green shade net, HDPE, LDPE, and PVC substrates.
Bamboo is recommended as a substrate for periphyton
growth because of its ability to produce high-quality
periphyton, its availability in tropics, ease of use, and
durability [27]. The results from this study prove that
even under low saline groundwater conditions, bam-
boo substrate has better periphyton growth compared
to the other substrates used in this study. The periphy-
ton quality assessment based on chlorophyll a observed
in low saline groundwater was found to be on par
with the chlorophyll a values observed from different
studies in freshwater [19], and the higher values of
chlorophyll a were reported in bamboo [28] (Table 2)
as it was observed in the present study with higher
periphyton growth in bamboo substrate compared to
the other substrates. In contrast, Richard et al [8] have
reported higher levels of dry matter and chlorophyll a
on meshed substrates (mosquito net and garden net)
than on smooth substrate (wood and plywood). The
chlorophyll a values observed by different authors in
the brackish, coastal lagoon, and marine waters were
very less compared to the values documented in fresh-
water and in the present study (Table 2).

Dry weight obtained in the present investigation
was also observed to be the same as reported in fresh-
water systems by other authors. The AFDW values
were observed to be at less quantity than the values
reported by Richard et al [8] and Guarientao et al [30].
Considering the taxonomic composition of periphyton
in low saline groundwater in the present study, only 5
genera of planktons were observed from the 3 groups,
whereas Azim et al [22] have documented 29 gen-
era from 6 groups of planktons, and Rai et al [31]
have documented more than 40 genera from 6 groups
of planktons in fresh water-based substrates. This
fewer species diversification in low saline groundwater
reported is due to the impact of salinity as a limit-
ing factor in controlling the growth of microalgae at
lower salinity as reported by Khatoon et al [32], and
groundwater does not meet the necessary osmotic re-
quirement of the cultured organisms. In groundwater
with salinity of 30 ppt, mortality of cultured algae
and shellfish has been reported in Delta area of South
Netherlands [33] due to the deviation in the ionic
composition (chloride, sulphate, bicarbonate, sodium,
magnesium, calcium, and potassium) compared to
that of seawater. The lack of organic inputs such as
fertilizers and feed as a source of nutrients in a culture
system also limits the growth of plankton in the system.
The results from the present investigation have proved
that growth of quality periphyton is possible in low
saline groundwater for adoption in low saline aqua-
farming, and it also has proved that under low saline
condition, bamboo as a substrate performs better in
the production of good quantity and quality periphyton
compared to the other substrates used in this study.

Based on this study, the growth and composition
of periphyton in low saline groundwater conditions
using different substrates have been evaluated, and
this study proves the growth of periphyton in low
saline conditions. Hence further studies are essen-
tial to combine substrate-based aquafarming in low
saline groundwater for the adoption of aquaculture to
enhance fin and shellfish production in inland areas
with saline groundwater lands as an alternative for
agriculture.
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