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Abstract
A study was conducted to assess the effects of fertilization alone (T 1), supplementary feeding alone (T 2) and combination of
fertilization plus supplementary feeding (T 3) on periphyton species composition, quantity and quality. Sex-reversed
Oreochromis niloticus fingerlings were stocked in earthen ponds one week after initial pond fertilization. Urea and Diammonium
phosphate (DAP) fertilizers were applied in pond water at weekly intervals at a rate of 3 and 2 g/m2, respectively. Fish were fed
feed containing 25.1% crude protein at 5% (T 2) and 2.5% (T3) of fish body weight daily. The results show that the ponds under
combination of fertilization plus supplementary feeding (T 3) had higher periphyton biomass (47.35 ± 7.64 g DM/m2), crude
protein content (11.40 ± 0.16%) and organic matter content (OM) (25.47 ± 0.28%). The periphyton from ponds under fertilization
alone (T1), had the highest ether extract content (1.84 ± 0.07%) and ponds treated with supplementary feeding alone (T 2) had
higher phosphorous content (0.48 ± 0.0 mg/L). The body of fish cultured in ponds under T 3 had higher CP (69.14 ± 0.33%) and
OM (96.65 ± 0.16%) contents while those reared under T 1 had higher ether extract content (18.33 ± 0.19%) and ash content
(4.78 ± 0.1%), suggesting a positive relationship between algal quality and fish muscles. In addition, fish growth rate increased
as the periphyton quantity (biomass and OM) and quality (CP and phosphorous) increased. The study also revealed five classes
of phytoplankton (Bacillariophyceae, Chlorophyceae, Cyanophyceae, Euglenophyceae and Zygnematophyceae) and three
classes of zooplankton (Eurotatoria, Heterotrichea and Oligohymenophorea). In general, both phytoplankton (algae) and
zooplankton were more abundant in ponds under T 3 than in ponds under the other treatments. It is concluded that the combination
of fertilization plus supplementary feeding (T3) produces higher periphyton quantity, quality and species composition and thus
promotes higher fish growth rate compared to feeding alone and fertilization alone treatments.
Keywords: algae, growth rate, nile tilapia, proximate chemical composition, zooplankton,
1. Introduction
Fish growth performance is a function of the genetic make up
and exogenous factors, particularly nutrition and
management [1]. Fish grown in ponds can be fed
supplementary feeds or natural food produced through
fertilization [2, 3]. Fertilizer application in pond water supplies
essential nutrients, especially nitrogen (N) and phosphorous
(P) which are the most limiting nutrients for algae
(phytoplankton) growth in freshwater ecosystem [3].
Moreover, the addition of supplementary feeds in pond water
increases nitrogen and phosphorus contents from the
decomposition of uneaten feeds which, in turn, results into
higher quantity of plankton community in the pond
ecosystem [4]. The concentration of plankton in the water
column determines the amount of periphyton (phytoplankton
and zooplankton attached into the substrate). Phytoplankton
and zooplankton stabilize the aquatic ecosystem and
minimize the fluctuations of water quality through
photosynthesis, respiration and assimilation of ammonia [5].
In addition, periphyton supply some important enzymes that
improve the utilization of the supplemented feed, thus
increase feed utilization efficiency [6].
The quantity and quality of periphyton improves fish growth
rate and biochemical composition of the fish [7]. The
periphyton quantity and quality can be manipulated through
fertilization and management of water quality [8]. The quality
of algae (phytoplankton) is influenced by the concentration

of nitrogen (N) and phosphorus (P) in pond water, rather than
energy (carbon). The presence of carbon (C) in the cell wall
of algae lowers digestibility of periphyton [9,10]. The major
component for algal growth is nitrogen due to its function in
the structural composition of cells and functional proteins
such as enzymes in algal cells [11].
Lipids from natural food are the imperative nutrients for fish
as they contain essential fatty acids (EFAs) and energy which
are required for fish growth and healthy tissue maintenance.
In changes in nitrogen affect the availability of essential fatty
acids which includes docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA). These essential fatty acids must
be provided in the diet because they cannot be synthesized by
the fish body [12, 13, 14]. Also, zooplankton as a constituent of
natural food has been reported to contain high crude protein
and lipid contents which are important for fish growth [15].
Biomass and community composition of the periphyton
differs depending on nutrients availability, water quality and
grazing pressure caused by other aquatic organisms (top
down effects) [2, 3]. Higher plankton quality and biomass in
ponds may lead to improved fish growth performance [2]. The
presence of high quality natural food in a fertilized pond
production system is vital for fish growth, because the
availability of high quality natural food in pond water
minimizes the dependence on supplementary feed, hence,
reduces the production costs and increases profit. This is
desirable, especially for smallholder farmers who have low
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capital [16].
A study done in Egypt to assess the effect of supplementation
of fertilized ponds cultured with tilapia showed that the
combination of supplementary feeding plus fertilizer
application results into more plankton abundance and species
composition than fertilization alone or feeding alone [2,16]. In
Tanzania, the information on the effects of inorganic fertilizer
application and supplementary feeds on periphyton quantity,
quality and species composition is lacking. This study,
therefore, was conducted to assess the effects of inorganic
fertilizer application alone, feeding alone and their
combination on perphyton quality, quantity and their
influence on fish muscles biochemical composition.
2. Materials and Methods
2.1 Description of the study location
The experiment was conducted in earthen ponds for 180 days
at Kilosa district, Tanzania. Kilosa district lies between
latitude 5o 55S and 8o 53S and longitude 36 o30E and
37o30E. The area of experiment is subject to seasonal
flooding and characterized by poorly drained soils with black
cracking clays during the dry period. The district receives
rainfall between October and May with the mean annual
rainfall ranges from 800 to 1400 mm [17].
2.2 Management of ponds and fish
The experiment was conducted in nine earthen ponds, each
with an average area of 177 m2. The treatments were
fertilization alone (T1), supplementary feeding alone (T 2) and
the combination of fertilization plus supplementary feeding
(T3), each treatment was replicated three times. Urea and
Diammonium phosphate (DAP) fertilizers were applied at
weekly intervals in ponds under treatments T 1 and T3 at the
rate of 3 g and 2 g per m2, for Urea and DAP, respectively.
Sex-reversed Nile tilapia fingerlings with weight ranging
from 0.7 to 1.1 g were collected from Ruvu fish farm and
stocked seven days after initial pond fertilization at a stocking
density of 3 fingerlings /m2. Feeding in treatments T 2 and T3
was done twice per day using a diet containing 25.1% crude
protein (CP). Fish were fed at the feeding level of 10% and
5% of the fish body weight (FBW) for T 2 and T3,
respectively, for the first two months. Then the amount of
feed was reduced to 5% and 2.5% for T 2 and T3, respectively,
for the last four months of the experimental period.
2.3 Fish sampling and growth rate determination
Fish were sampled biweekly using a net with 1 mm mesh size.
A random sample of 30 fish was taken from each pond and
each fish was individually measured for body weight (g) and
length (cm), using a portable digital weighing balance and
board fixed with a ruler respectively. After taking
measurements the fish were released back into their
respective ponds. The growth rate (GR) was calculated using
the following formula [18, 19]:

Where: GR is growth rate
2.4 Determination of chemical composition of fish carcass
At the end of the experiment, three fish from each pond were
collected, put in the ice box and transported to a
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laboratory and stored in the deep freezer at -18 oC. Then, the
fish were thawed at room temperature, cleaned, eviscerated,
filleted and deboned [20, 21]. The fish were dried at 60 oC for
24 hours. The dried fish samples were homogenised by
grinding in the motor to an average sieve size of 2 mm, and
then put in glass bottles for dry matter, ash, crude protein and
ether extract determination [22]. Crude protein (CP) was
determined by Kjeldahl method [22, 23, 7, 24]. Ether extract was
determined by the Soxhlet extraction method [22, 24].
2.5 Periphyton quantity, quality and community
composition analysis
Eight nets, each with 20 µm-mesh size and an area of 1250
cm2 were placed (fully submerged in water) in each pond for
periphyton to attach. After every two months, the nets were
taken out from the water and scrubbed to collect algae and
zooplankton. Four ml of the periphyton solution were taken
and preserved in 4% concentration of formalin solution for
species composition identification. In the laboratory 10 µL of
the periphyton sample, in dupblicate, was taken by using a
pipette and placed in the neubor chamber slide for
enumeration by using microscope at 10x magnification. For
each treatment the number of zooplankton and phytoplankton
were determined and expressed as a mean number of taxa [25].
The rest of the scrubbed periphyton samples were allowed to
settle and the water was decanted to concentrate the
periphyton. Samples were put in 500 ml bottles, transported
in an ice cool box to a laboratory and stored in deep freezer
at -18oC for laboratory analysis. In the laboratory periphyton
samples were centrifuged at 3000 rpm for 10 minutes, then
dried in an oven at 60oC for 24 hours for biomass and
proximate chemical compositions analysis [26, 22]. Duplicate
sub-samples, each weighing approximately two grams, were
taken and burned for 3 hours at 550 oC and digested in 6
Normality of HCL for phosphorous determination using
Spectrophotometer analysis. The absorbance of the samples
and standard solution were read in the Spectrophotometer at
the wavelength of 420 nm [27].
2.6 Statistical analysis
Data were analysed by using R Studio software version 3.5.0
(2018) [28, 29]. Before the analysis of variance, the data were
checked for normality and transformed whenever necessary
to increase error homoscedasticity. One-way ANOVA was
used at 5% significance level to assess the effect of treatment
on periphyton quantity (biomass, DM, OM), quality (CP, EE,
and Phosphorous) and fish body chemical composition. Post
Hoc analysis was done by using Duncan's new multiple range
test to determine the significance of the differences between
treatment means when the treatment had significant effect. In
addition, correlation was used to determine the relationships
between periphyton proximate chemical composition and
fish growth and muscles proximate chemical composition
values. Multiple regression analyses were used to assess the
relationship between periphyton proximate and fish growth
performance. The model for multiple regression analyses was
as follows:
Where: = Response (fish growth rate) = The intercept of the
regression line on Y axis kth partial regression coefficient
(slope),, ··· = kth predictor variable [periphyton proximate
chemical composition (i.e. Biomass, CP, EE and
phosphorous)] = error term
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3. Results
3.1 Periphyton Biomass
Results on biomass of periphyton found in the ponds under
different treatments are shown in Fig. 1 and Fig. 2.
Periphyton biomass differed significantly (p < 0.05) among
the treatments. The ponds subjected to combination of
fertilization plus supplementary feeding (T 3) had higher mean
periphyton biomass (47.35 ± 7.64 g DM /m2) than those under
feeding alone and fertilization alone (Fig. 1). However, the
means of periphyton biomass between ponds under
fertilization alone (34.64 ± 3.21 g DM /m2) and feeding alone
(33.76 ± 2.43 g DM /m2) did not differ (p > 0.05). The mean
periphyton biomass from the ponds under the combination of
fertilization plus supplementary feeding treatment increased
as the experimental time increased while for the other
treatments periphyton biomasses decreased toward the end of
the experiment (Fig. 2).
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Abundance (Fig. 3). The phytoplankton classes found in the
experimental ponds, with the number of recorded genera in
bracket, were Bacillariophyceae (2), Chlorophyceae (3),
Cyanophyceae
(9),
Euglenophyceae
(4)
and
Zygnematophyceae (1) (Fig. 4). The dominant genera in each
class were as follows: Frustulia and Nitzschia spp. for
Bacillariophyceae, Closterium sp. for Chlorophyceae,
Anabaene, Microcystis and Planktothrix spp. for
Cyanophyceae, Phucus sp. for Euglenophyceae and
Staurastrum sp. for Zygnematophyceae. Among the
phytoplankton classes in the present study, Cyanophyceae
had the highest abundance in all treatments while
Zygnematophyceae class was only observed in ponds under
the combination of fertilization plus supplementary feeding.
The zooplankton classes observed in the present study, with
the number of recorded genera in bracket, were Eurotatoria
(2), Heterotrichea (2) and Oligohymenophorea (4) (Fig.5).
The dominant genera observed under each class were Lecane
sp. for Eurotatoria, Spirostom sp. for Heterotrichea,
Carchesium and Lembadion spp. for Oligohymenophorea.
Heterotrichea was observed in ponds under the treatments
that included either feeding alone or combination of
fertilization plus supplementary feeding. Heterotrichea
exhibited significantly higher abundance in ponds under the
treatment for combination (T 3) than in ponds under feeding
alone (T1) (Fig.5). In general, the ponds under the
combination of fertilization plus feeding showed the highest
abundance of zooplankton, followed by those under feeding
alone (T2) and fertilization alone (T 1) (Fig. 5).

Fig 1: Comparison of periphyton biomass (Mean ± se) in ponds
under fertilization alone, feeding alone and combination of
fertilization plus supplementary feeding”

Fig 2: Variation in periphyton biomass (Mean ± se) over time in
ponds subjected to fertilization alone, feeding alone and the
combination of fertilization plus supplementary feeding

3.2 Periphyton species community composition and
abundance
Results for community composition and abundance of
periphyton species from ponds under fertilization alone,
feeding alone and the combination of fertilization plus
supplementary feeding are shown in Fig. 3, Fig. 4 and Fig. 5.
The results show that there was significantly higher
phytoplankton abundance than zooplankton abundance (Fig.
3). The ponds under the combination of fertilization plus
supplementary feeding had higher number of both
phytoplankton and zooplankton than the ponds under the
other treatments. The ponds under feeding alone treatment
showed the lowest phytoplankton abundance while those
under fertilization alone treatment had the lowest
zooplankton

Fig 3: Phytoplankton and zooplankton abundance in ponds under
fertilization alone, feeding alone and combination of fertilization
plus supplementary feeding

Fig 4: Phytoplankton abundance in ponds under fertilization alone,
feeding alone and combination of fertilization plus supplementary
feeding
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Table 1: Proximate chemical composition (Means ± se) of
periphyton from ponds under fertilization alone, feeding alone and
combination of fertilization plus feeding
Treatments
Fertilization
Feeding
Combination
alone (T1)
alone (T2)
(T3)
DM (%)
96.27 ± 0.06a 96.37 ± 0.08a 95.38 ± 0.10b
CP (%)
8.97 ± 0.22c 10.68 ± 0.25b 11.40 ± 0.16a
OM (%)
23.23 ± 0.33b 24.78 ± 0.41b 25.47 ± 0.28a
EE (%)
1.84 ± 0.07a
1.43 ± 0.08b 0.97 ± 0.05c
P (mg/L)
0.35 ± 0.01c
0.48 ± 0.0a
0.41 ± 0.0b
 ٭abc= Means with the same superscript letter in the same row are
not significantly different (p > 0.05).
Proximate
composition

Fig 5: Zooplankton abundance in ponds under fertilization alone,
feeding alone and combination of fertilization plus supplementary
feeding

3.3 Periphyton proximate chemical composition
Table 1 summarises the mean values for proximate chemical
composition of periphyton collected from ponds under
fertilization alone, feeding alone and combination of
fertilization plus feeding. Periphyton from the ponds
subjected to the combination of fertilization plus feeding had
significantly (p < 0.05) higher CP (11.40 ± 0.16%) and OM
(25.47 ± 0.28%) contents while periphyton from the ponds
under fertilization alone had the least CP content (8.97 ±
0.22%). The difference in OM content of periphyton in the
ponds under fertilization alone (23.23 ± 0.33%) and those
from ponds under feeding alone (24.78 ± 0.41%) was
insignificant (p > 0.05). The periphyton ether extract (EE)
contents differed significantly (p < 0.05) among the
treatments (Table 1). The highest periphyton EE value (1.84
± 0.07%) was observed in periphyton from ponds under
fertilization alone (T1) while the lowest value (0.97 ± 0.05%)
was observed in periphyton from ponds under the
combination treatment (T3). The highest phosphorous (P)
content was observed in the periphyton from ponds under
feeding alone and the lowest was found in periphyton from
the ponds under fertilization alone (T 1)

(a)

3.4 Relationship between periphyton quantity, quality
and fish growth rate
Table 2 present the regression of fish growth rate on
periphyton biochemical composition. The results show that
the growth rate of fish reared in the ponds under fertilization
alone, feeding alone and the combination of fertilization
plus supplementary feeding was influenced by periphyton
biomass and biochemical composition.
Table 2: Regression of fish growth rate on periphyton biomass and
proximate chemical composition
Periphyton
Partial coefficient of
pse
variable
Regression (b)
value
Biomass
0.019882
0.003899 0.001
CP
0.110326
0.019560 0.001
EE
-0.025346
0.062457 0.687
Phosphorous
1.518757
0.711005 0.038
Note: CP=Crude protein, EE=Ether extract, se = standard error.

Fish growth rate was positive and significantly (p < 0.05)
correlated with periphyton biomass, organic matter, crude
protein and phosphorous, (Fig. 6 (a), Fig 6 (b), Fig. 6 (c),
but was negatively correlated with dry matter (Fig. 7 (a) and
7 (b), Table 2). Periphyton EE content did not influence (p =
0.687) fish growth rate (Table 2).

(b)
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(c)
Fig 6: Relationship between O. niloticus growth rate and periphyton quantity (a) Biomass (b) Dry matter and (c) Organic matter

(a)

(b)

Fig 7: Relationship between O. niloticus growth rate and periphyton quality (a) Crude protein (b) Phosphorous

3.5 Fish body proximate chemical composition
Results for proximate chemical composition of Nile tilapia
are shown in Table 3. Fish body proximate chemical
composition values differed significantly (p < 0.05) among
the treatments. Fish grown in ponds under fertilization alone
had significantly (p < 0.05) lower percentage of DM (91.20
± 0.59%), OM (95.22 ± 0.11%) and CP (66.43 ± 0.45%) than
those from ponds under feeding alone and the combination of
fertilization plus supplementary feeding.
However, the differences in DM (%), OM (%) and CP (%)
contents of fish cultured under feeding alone and
combination of fertilization plus supplementary feeding were

not significant (Table 3). Furthermore, fish body composition
from fertilization alone treatment (T 1) had significantly (p <
0.05) higher ash (4.78 ± 0.11) and ether extract (EE) (18.33
± 0.19) contents than the fish from the feeding alone (T 2) and
combination of fertilization plus supplementary feeding (T3)
treatments. The percentage of ash content in fish carcasses
did not differ (p > 0.05) between the fish cultured under
feeding alone (3.58 ± 0.23) and combination of fertilization
plus supplementary feeding (3.35 ± 0.16), but EE (%) content
differed significantly between fish under feeding alone and
the combination of fertilization plus supplementary feeding
(Table 3).

Table 3: Proximate chemical composition (Means ± se) of O. niloticus muscles cultured in earthen ponds under fertilization alone, feeding
alone and the combination of fertilization plus supplementary feeding”
Treatments
Fertilization alone (T1)
Feeding alone (T2)
Combination(T3)
DM (%)
91.20 ± 0.59b
93.31 ± 0.75a
94.70 ± 0.27a
CP (%)
66.43 ± 0.45b
68.22 ± 0.35a
69.14 ± 0.33a
b
a
OM (%)
95.22 ± 0.11
96.42 ± 0.23
96.65 ± 0.16a
Ash (%)
4.78 ± 0.11a
3.58 ± 0.23b
3.35 ± 0.16b
EE (%)
18.33 ± 0.19a
16.10 ± 0.04b
14.47 ± 0.25c
Means with the same superscript letter in the same row are not significantly different (p > 0.05), Note: DM=Dry matter, CP=Crude protein,
EE=Ether Extract, se=standard error.
Proximate composition

3.6 Influence of periphyton chemical composition on fish
body chemical composition
Results shown in Table 1 and 3 indicate that, periphyton
crude protein and ether extract content influenced fish body

crude protein and ether extract. The increase of the
periphyton chemical composition (CP and EE) led to the
increase of the same chemical composition contents in the
fish body.
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4. Discussion
4.1 Periphyton biomass
The higher periphyton biomass observed in ponds under the
combination of fertilization plus supplementary feeding than
those under other treatments might be contributed by
utilization of nutrients, especially phosphorous and nitrogen
from both feeds and fertilizers applied in the ponds [30, 2]. In
most cases phosphorous and nitrogen are limiting nutrients [9,
10]
, but very important for promoting algae productivity and
high algal biomass. This implies high primary productivity
hence, high fish growth. The application of fertilizer together
with the decomposition of uneaten feeds and fish excreta in
the combination, promotes periphyton growth, hence, high
biomass production [23, 31, 29]. Periphyton species community
composition and abundance
4.2 Periphyton species community composition and
abundance
The highest periphyton abundance were recorded in ponds
that received both fertilizers and supplementary feed,
suggesting that the availability of additional nutrients from
the decomposition of leftover feeds might have contributed
to the high abundance of plankton [32, 16]. Ponds subjected to
the treatment of combination of fertilization plus
supplementary feeding had higher abundance of
Cyanophyceae and Zygnematophyceae than the ponds under
the treatment of either feeding alone or fertilization alone.
This perhaps was because of the nutrients enrichment from
both fertilizer application and decomposed leftover feeds.
This is in agreement with the findings elsewhere [33, 16] who
found that, pond manuring increases the abundance of
Cyanophyceae and total phytoplankton abundance than
feeding alone.
Furthermore, the high abundance of Cyanophyceae in all
treatments in the current study could be due to its tolerance
to a wide range of environmental conditions and because of
its toxicity. Studies have indicated that fish feed selectively
on other algae rather than cyanobacteria [34, 35, 36]. However,
other studies have shown that Nile tilapia has the capability
to select Cyanophyceae as food in addition to
Bacillariophyceae, Chlorophyceae and Euglenophyceae [2].
In the present study, ponds under feeding alone had less
abundance of phytoplankton than the ponds under
fertilization. It is well known that, more diversity and higher
abundance of phytoplankton is found in the fertilized ponds
compared to unfertilized ponds.
Pond fertilization enhances the availability of natural food for
fish growth [21, 37]. The high abundance of zooplankton in the
ponds under feeding alone and the combination of
fertilization plus supplementary feeding was probably
contributed by the presence of uneaten feeds in the pond
water [2]. Other researchers have shown that the presence of
organic fertilizer increases the availability of zooplankton [38,
37]
. It has been reported that pond water containing the
combination of uneaten feeds and inorganic fertilizer has
higher zooplankton abundance than those with uneaten feeds
or applied with fertilizer alone [16].
4.3 Periphyton proximate chemical composition
Higher periphyton crude protein (CP %) and organic matter
(OM %) contents observed in the ponds subjected to the
combination of fertilization plus supplementary feeding
probably was influenced by the high abundance of
zooplankton observed in those ponds. Previous studies have
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shown that zooplankton are rich in protein while
phytoplankton contains more lipid [15]. The periphyton CP
content obtained in this study was within the acceptable range
from 9 to 32% CP [29] while the OM content was lower than
the range between 46 and 60% reported by other studies [39].
The lower periphyton OM content (but higher ash contents)
observed in the present study might be caused by high sand
content in the pond water. During the experimental period,
the pond water had a lot of suspended particles, especially
during the rainy seasons which, in turn might have attached
to the nets, and were collected together with periphyton
during sampling.
Low dry matter (DM %) content for periphyton collected
from the ponds under the combination of fertilization plus
feeding compared to those collected from other treatments
may be due to differences in species composition among the
treatments. The lower periphyton DM content may also
suggest high moisture content of those periphyton [40]. The
higher EE content for the periphyton from the ponds under
fertilization alone than those from other treatments may be
caused by more light penetration due to low turbidity. This is
because Secchi disk reading value was high in the ponds
under fertilization alone, implying that light penetration was
high [23]. Light promotes photosynthesis, thereby increases
lipid content of the algae as an energy source. Also, lipid
content can be influenced by pond culture condition (i.e.
water quality parameters) [23]. Lipid or ether extract content
in the present study was slightly lower than the value of 2 5% observed in marine algae [41] and extremely lower than
the value of 18% which has been reported in aquaculture
periphyton composition [23]. This variability might be
contributed by differences in species abundance and
environmental among the treatments [23, 42].
Periphyton from the ponds under fertilization alone had lower
phosphorous content than those from the other treatments
probably, was due to less uptake of phosphorous from the
surrounding. The availability of nutrients in the algal cell may
be influenced by the quantity of nitrogen (N) and
phosphorous (P) in the surrounding environment [43]. The
source of nutrient in the ponds under fertilization alone was
only fertilizer, whereas in ponds under the combination of
fertilization plus feeding, nutrients were contributed by both
fertilizer and the left-over feeds present in the ponds.
4.4 Relationships between periphyton quantity, quality
and fish growth rate
Results in the present study show positive and significant
relationships between fish growth and peripyton quantity
(organic matter and biomass) and quality (crude protein
content). The strong positive relationships between
periphyton biomass, CP and OM contents with fish growth
rate suggests that biomass, CP and OM are important factors
for fish growth. This is because CP is a crucial nutrient
responsible for growth and as the percentage of CP increases
the growth of the fish increases [40]. Studies have shown that
fish growth and body composition is reliant on feed
composition and availability [44, 7, 45, 46]. Moreover, it has been
shown that high OM in the periphyton constitutes important
nutrients for fish growth [40]. The increase in fish growth rate
as periphyton phosphorous content increased may be due to
the availability of both artificial feeds and/or fertilizer which
increased the amount of nutrients (including phosphorus)
which is important for algae growth and hence, fish growth.
It is well known that fish growth rate is influenced by the
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amount of phosphorous present in the feed [7, 45,46]. Presence
of phosphorous in the fish muscles enables the formation of
energy (ATP) for growth and carrying out different body
activities [47, 43].
4.5 Fish body proximate chemical composition
Crude protein and fat contents are the major nutrients which
are used to define the nutritional status of the fish [48]). Crude
protein (CP %) content was higher in fish cultured in ponds
under feeding alone and the combination of fertilization plus
feeding. The high CP content found in the carcasses of fish
cultured in ponds subjected to the treatments which involved
feeding of diet is consisted with the findings of previous
studies. Previous studies reported that when fish consume
more supplementary feeds their body crude protein content
also increases because the formulated feed which is offered
to the fish has high CP content [1, 21]. The crude protein
content of the feed used in this study was in the range of 25 30% CP which is ideal for tilapia. Also the crude protein
contents (CP %) of the fish carcasses for all three treatments
fall within the range reported in previous studies elsewhere
[49, 24]
. Fish body lipid or ether extract (EE) content
significantly differed among the treatments, with the highest
value being observed in fish cultured in ponds under
fertilization alone. The high lipid content in the fish carcasses
may be due to the high consumption of phytoplankton and
zooplankton. Studies have shown that high consumption of
natural food (plankton) may results into high lipid content in
the fish muscles [1, 21]. The range of the fat content values
observed in the present study is similar to the values of fat
content which have been obtained in Nile tilapia cultured
under pond system [50, 51].
Fish raised in ponds under fertilization alone had higher ash
content than the fish in other treatments. The ash content of
the fish body may be influenced by the type of the feed used
and minerals availability in the water column [52, 24]. In the
current experiment fish reared under fertilization alone solely
depended on natural food available in the ponds, which
probably consisted of higher proportion of minerals,
especially during the rain seasons where most of the ponds
had a lot of suspended organic matter. Ash content of the O.
niloticus flesh obtained in this study falls within the range of
1.76 - 3.83% reported for tilapia species [53, 51].
4.6 Influence of periphyton chemical composition on fish
body chemical composition
Results have shown that, periphyton chemical composition
(EE and CP contents) influenced fish body chemical
composition (EE and CP contents) since there was a positive
correlation between periphyton and fish chemical
compositions. Previous studies have shown that fish growth
and body biochemical composition may be influenced by
chemical composition of the feed fed to the fish [1, 21]. In
addition, it is reported that the body of fish which consume
natural food accumulates more fat while those fed
supplemetary feed accumulates more crude protein [1, 21].
5. Conclusions and Recommendations
From the results, it can be concluded that, the ponds under
combination of weekly fertilization plus supplementary
feeding using half of the required feed (2.5% of fish body
weight) had the highest periphyton quantity (biomass,
organic matter), quality (crude protein) and species
abundance, which promoted high fish growth rate. The study
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also revealed a positive relationship between fish body
proximate chemical composition and periphyton proximate
chemical composition.
It is recommended that further study should be done in
different locations and seasons and essential amino acid and
fatty acid composition of both periphyton and fish should be
analyzed.
6. Acknowledgement
Aquafish Innovation Lab is highly acknowledged for
financial support which enabled this research to be done.
Also, the authors acknowledge the assistance of the
laboratory technicians of Department of Animal,
Aquaculture and Range Sciences (DAARS) at Sokoine
University of Agriculture and Tanzania Official Seed
Certification Institute (TOSCI) during sample analyses.
7. References
1. Shailender M, Suresh BC, Krishna P. Effect of
fertilization and artificial feed on the growth, condition
factor and proximate composition of Indian major carp,
Catla catla (Hamilton). International Journal of Research
in Fisheries and Aquaculture. 2013; 3(3):57-62.
2. Abdel-Tawwab M, Abdelghany AE, Ahmad MH. Effect
of diet supplementation on water quality, phytoplankton
community structure and the growth of Nile tilapia,
Oreochromis niloticus (L.), Common carp, Cyprinus
carpio (L.) and Silver carp, Hypophthalmichthys
molitrix (V.) polycultured in fertilized earthen ponds.
Journal of Applied Aquaculture. 2007; 19(1):1-25.
https://doi.org/10. 1300/J028v19n01
3. Priyadarshini M, Manissery JK, Gangadhara B,
Keshavanath P, Harrison C. Influence of feed, manure
and their combination on the growth of Cyprinus carpio
(L.) fry and fingerlings. Turkish Journal of Fisheries and
Aquatic Sciences. 2011; 11:577-586.
4. Ssanyu GA, Rasowo J, Auma E, Ndunguru M.
Evaluation of plankton community structure in fish
refugia acting as Oreochromic niloticus propagation and
nursery units for rice/fish trials, Uganda. Journal of
Aquaculture Research and Development. 2011; 2(4):2-7.
5. Thakur DP, Yi Y, Diana JS, Kwei Lin C. Effects of
fertilization and feeding strategy on water quality,
growth perfomance, nutrient utilization.and economic
return in Nile tilapia (Oreochromis niloticus) ponds.
Aquaculture CRSP 22nd annual technical report, Pathum
Thani, Thailand, 2004, 15.
6. Jhingran VG. Fish and fisheries of India. Hindustan
publishing corporation, Delhi, India, 1991, 954.
7. Job BE, Antai EE, Otogo GA, Ezekiel HS, Inyang-Etoh
A. P. Proximate composition and mineral contents of
cultured and wild tilapia (Oreochromis niloticus)
(Pisces: Cichlidae) (Linnaeus, 1758). Pakistan Journal of
Nutrition. 2015; 14(4):195-200.
8. Gatenby CM, Orcutt DM, Kreeger DA, Parker BC, Jones
VA, Neves RJ, et al. Biochemical composition of three
algal species proposed as food for captive freshwater
mussels. Journal of Applied Phycology. 2003; 15:1-11.
9. Sterner RW, Hessen DO. Algal Nutrient limitation and
the nutrition of aquatic herbivores. Annual Review of
Ecology and Systematics. 1994; 25(1):1-29.
10. Sterner RW, Elser JJ. Ecological stoichiometry: the
biology of elements from molecules to the biosphere.

76

International Journal of Fisheries and Aquatic Research

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Princeton University Press, Princeton and Oxford, 2002,
330.
Barsanti L, Gualtieri P. Algae anatomy, biochemistry
and biotechnology. CRC press Taylor and Francis group,
USA, 2006, 301.
Tidwell JH, Coyle S, Bright LA. Effects of different
types of dietary lipids on growth and fatty acid
composition of Largemouth Bass. North American
Journal of Aquaculture. 2007; 69:1-8.
Kaiser MF, Aboulela H, El-Serehy H, El-Din HE. Heavy
metals contamination of a Mediterranean coastal
ecosystem, eastern Nile delta, Egypt. Turkish Journal of
Fisheries and Aquatic Sciences. 2012; 12(4):743-749.
Roy SS, Pal R. Microalgae in aquaculture: A review with
special references to nutritional value and fish dietetics.
In: Proceedings of Zoological Society, Kolkata, India,
2014. https://doi.org /10.1007/s12595-013-0089-9.
Kar S, Das P, Das U, Bimola M, Kar D. Culture of the
zooplankton as fish food: observations on three
freshwater species from Assam, India. Aquaculture,
Aquarium, Conservation and Legislation. 2017;
10(5):1210-1220.
Abdel-Warith AA. Effect of fertilization sources with
artificial feeding on growth performance, water quality
and returns of monosex Nile tilapia (Oreochromis
niloticus) reared in earthen ponds. Egyptian Journal of
Aquatic Biology and Fisheries. 2013; 17(2):91-104.
Kajembe GC, Silayo DSA, Mwakalobo ABS, Mutabazi
K. The Kilosa District REDD + pilot project, Tanzania.
A socioeconomic baseline survey. International Institute
for Environment and Development (IIED), London,
2013, 33-34.
Opiyo MA, Githukia CM, Munguti JM. Growth
performance, carcass composition and profitability of
Nile tilapia (Oreochromis niloticus L.) fed commercial
and on-farm made fish feed in earthen ponds.
International Journal of Fisheries and Aquatic Studies.
2014; 1(5):12-17.
Khalafalla MM, El-Hais AEM. Evaluation of Seaweeds
Ulva rigida and Pterocladia capillaceaas dietary
supplements in Nile tilapia fingerlings. Journal of
Aquaculture Research Development. 2015; 6(3):1-5.
https://doi.org/10.4172/2155-9546.1000312
El Shehawy SME, Gab-alla AA, Mutwally HMA.
Proximate and elemental composition of important fish
species in Makkah central fish market, Saudi Arabia.
Food and Nutrition Sciences. 2016; 7:429-439.
Zahid A, Khan N, Nasir M, Ali MW. Effect of artificial
feed and fertilization of ponds on growth and body
composition of genetically improved farmed tilapia.
Pakistan Journal of Zoology. 2013; 45(3):667-671.
AOAC. Official methods of analysis. Eighteen edition.
Association of Official Analytical Chemists (AOAC),
Washington DC, America, 2006, 201.
Agwa OK, Ibe SN, Abu GO. Biomass and lipid
production of a fresh water algae Chlorella sp. using
locally formulated media. International Research Journal
of Microbiology. 2012; 3(9):288-295.
Kwikiriza G, Barekye A, Aheisibwe AR, Byakora E,
Tibihika P. Comparative growth performance and
proximate nutrient composition of three local strains of
Nile tilapia (Oreochromis Niloticus L.) collected from
different locations in Uganda. Fisheries and Aquaculture
Journal. 2017; 8(3):1-5.

www.fishjournals.com

25. Dimowo BO. The phytoplankton species composition
and abundance of Ogun river, Abeokuta, Southwestern
Nigeria. International Journal of Aquaculture. 2013;
3(2):4-7.
26. Golueke CG, Oswald W. Harvesting and processing
sewage-grown algae. Water Pollution Control
Federation. 1965; 37:471-498.
27. APHA. Standard Methods for the Examination of Water
and Wastewater, 18th edition. American Public Health
Association, Woshington DC, America. 1992; 69:11161119
28. Horton NJ, Kleinman K. Using R and Studio for Data
Management, statistical analysis and graphics. Journal of
Statistical Software. 2015; 68(4):1-7.
29. Tortolero RAS, Cavero BAS, Brito JG, Barlaya G, Perar
K. Periphyton-based Jaraqui (Sema prochilodus
insignis) culture with two types of substrates at different
densities. Turkish Journal of Fisheries and Aquatic
Sciences. 2016; 16:347-359.
30. Hietala J, Vakkilainen K, Kairesalo T. Community
resistance and change to nutrient enrichment and fish
manipulation in a vegetated lake littoral. Freshwater
Biology. 2004; 49(12):1525-1537
31. Gilles S, Fargier L, Lazzaro X, Baras E, De Wilde N,
Drakides C, et al. An integrated fish–plankton
aquaculture system in brackish water. Animal. 2013;
7(2):322-329.
32. Abdel-Hakim NF, Al-Azab AD, Allam HYH, Toulan
AE, El-Wahsh MH. Studies on fertilization sources with
artificial feeds on productivity of earthen ponds stocked
with different fish species. Egyptian Journal of Aquatic
Biology and Fisheries. 2013; 17(1):35-53.
33. Begum M, Yeamin HM, Abdul WM, Faruque AZ,
Jahangir AM, Shah MR, et al. Effects of iso-nutrient
fertilization on plankton production in earthen ponds of
Bangladesh. Pakistan Journal of Biologocal Science.
2007; 10(8):1221-1228.
34. Paerl HW, Huisman J. Blooms like it hot. Science. 2008;
320:57-58.
35. Bellinger EG, Sigee DC. Freshwater algae identification
and use as bioindicators. Blackwell publishing, WileyBlackwell, Chichester, UK, 2010, 271.
36. Kouassi T, Adon PM, Komoé K, OuattaraA.
Cyanobacteria from a shallow Reservoir in Côte d’
Ivoire. Journal of Biodiversity and Environmental
Sciences. 2015; 7(5):136-149.
37. Mosha SS, Kang’ombe J, Jere W, Madalla N. Effect of
organic and inorganic fertilizers on natural food
composition and performance of African catfish (Clarias
gariepinus) fry produced under artificial propagation.
Journal of Aquaculture Rresearch and Development.
2016; 7(8):433-441. https://doi. org/10.4172/21559546.1000441
38. Rahman MA, Rahman MS. Effects of artificial feeds on
production of fishes in polyculture. Bangladesh Journal
of Fisheries Research. 1999; 3(2):165-172.
39. Leloup M, Nicolau R, Pallier V, Claude Y, Geneviève F.
Organic matter produced by algae and cyanobacteria:
Quantitative
and
qualitative
characterization.
Environmental Sciences. 2013; 25(6):1089-1097.
40. McDonald P, Edwards R, Greenhalgh JF, Morgan C,
Sinclair L, Wilkinson R, et al. Animal nutrition (7th ed.).
Cambridge University press, USA. 2010; 665pp.

77

International Journal of Fisheries and Aquatic Research

www.fishjournals.com

41. Montgomery WL, Gerking SD. Marine macroalgae as
food for fishes: An evaluation of potential food quality.
Environmental Biology of Fishes. 1980; 5(2):143-153.
42. Narasimman S, Murugaiyan K. Proximate composition
of certain selected marine macro-algae form mandapam
Coastal region (Gulf of Mannar), southeast coast of
Tamil Nadu. International Journal of Pharmaceutical and
Biological Archives. 2012; 3(4):918-921.
43. Whitton R, Le Mével A, Pidou M, Ometto F, Villa R,
Jefferson B, et al. Influence of microalgal N and P
composition on wastewater nutrient remediation. Water
Research. 2016; 91:371-378.
44. Mitra G, Mukhopadhyay PK, Ayyappan S. Biochemical
composition of zooplankton community grown in
freshwater earthen ponds: nutritional implication in
nursery rearing of fish larvae and early juveniles.
Aquaculture. 2007; 272:346-360.
45. Simhachalam G, Kumar NSS, Rao KG. Biochemical
composition and nutritional value of Streptocephalus
simplex as live feed in ornamental fish culture. Journal
of Basic and Applied Zoology. 2015; 72:66-72.
https://doi.org /10. 1016/j.jobaz. 2015.01.007.
46. Mateen A, Ghaffar A, Abbas G, Ferrando S, Gallus L.
Body composition and fatty acid profile of Carps under
the influence of rice polish and pond fertilization.
Pakistan Journal of Zoology. 2016; 48(5):1263-1267.
47. Paes CRPS, Faria GR, Tinoco NAB, Castro DJFA,
Barbarino E, Lourenço SO. Growth, nutrient uptake and
chemical composition of Chlorella sp and
Nannochloropsis oculata under nitrogen starvation.
Latin American Journal of Aquatic Research. 2016;
44(2):275-292.
48. Oduor-Odete PM, Kazungu JM. The body composition
of low value fish and their preparation into higher value
snack food. Western Indian Ocean Journal of Marine
Science. 2008; 7(1):111-117.
49. Kumar V, Akinleye AO, Makkar HP, Angulo-Escalante
MA, Becker K. Growth performance and metabolic
efficiency in Nile tilapia (Oreochromis niloticus L.) fed
on a diet containing Jatropha platyphylla kernel meal as
a protein source. Journal of Animal Physiology and
Animal Nutrition, 2011, 96:37-46.
50. Abdel-Hakim NF, Ammar AA. Effect of restricted
feeding on growth performance and pond productivity of
monosex Nile tilapia (Oreochromis niloticus) reared in
earthen ponds. In: Proceedings of the 2nd Global
Fisheries and Aquaculture Research Conference, Cairo
International Convention Center, 2009, 665-681.
51. Olopade AA, Taiwo LO, Siyeofori OS, Bamidele N.
Comparative study of proximate composition of Nile
tilapia. Journal of Faculty of Food Engineering. 2016;
15(2):117-122.
52. Jabir MD, Razak SA, Vikineswary S. Nutritive potential
and utilization of super worm (Zophobas morio) meal in
the diet of Nile tilapia (Oreochromis niloticus) juvenile.
African Journal of Biotechnology. 2012; 11(24):65926598.
53. Jim F, Garamumhango P, Musara C. Comparative
analysis of nutritional value of Oreochromis niloticus
(Linnaeus), Nile tilapia, meat from three different
ecosystems. Journal of Food Quality, 2017, 1-8.

78

