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Abstract: A feeding trial was conducted to determine tilapia (O. niloticus Linn, 1758) survival and growth under a plant-based feeding
regime of fresh aquatic macrophytes (two duckweed: Lemnaperpusilla (Torrey, 1843), Spirodelapolyrrhiza (L.) Schleid., and one
aquatic fern: Azollapinnata (R.Br.). A diet of crushed snails (Pomaceacanaliculata) served as Control. After eight months of culture,
tilapia fed with A. pinnata, S. polyrrhiza, L. perpusilla and Control exhibited survival rates of 59.20, 46.40, 39.60 and 34.20,
respectively. Best tilapia growth rates were recorded with S. polyrrhiza and A. pinnatamacrophytes that had corresponding higher crude
protein levels than L. perpusilla. Chi-square values at x20.95, v=2 (5.9<34.6) and x20.95, v=3 (7.81<70.43) indicated that tilapia could utilize
aquatic macrophytes per se; however, poor growth (0.46 and 0.52g/day) and survival rates (34.20 – 59.20%) were observed due to varied
crude nutrient profiles of the macrophytes. Tilapia fed with crushed snails in the Control showed highest mortality (65.80%) and
smallest average wet weight value (112.28g/fish) when compared to those reared in the three macrophyte-stocked ponds.

Keywords: aquatic macrophyte, earthen pond, tilapia

1. Introduction
This study evaluated the survival and growth of Nile tilapia
fry fed duck weed (L. perpusilla, S. polyrrhiza), aquatic fern
(A. pinnata) or crushed snails (P. canaliculata Lamarck)
under extensive system. Experimental design and
methodology were patterned after the single trial (no
replicate) 150 day duckweed feeding experiment on tilapia
juveniles done by El Shafai et al. (2014). El Shafai’s
fishponds used treated and untreated anaerobic sludge
blanket reactor (UASB) sewage water as well as freshwater.

Crude nutrient profiles of dried L. perpusilla samples were
compared with published profiles of Lemna minor
(Chakrabarti et al., 2018), S. polyrrhiza (Russof et al., 1980)
and A. pinnata (Roy et al., 2016). L. perpusilla biology and
proximate composition were presumed to be similar to that
of L. minor (www.cabi.org>isc>datasheet). Both are the
smallest Lemnaspecies (1.5 – 4.0mm leaf diameter) thriving
in Southeast Asian rice fields.
2.2 Statistical design
Tilapia survivor values were subjected to chi-square tests to
determine: Ho[1] if the percentage of survivors was similar
in the three macrophyte compartments, and Ho[2] if the
percentage of tilapia survivors was similar among the
control and macrophyte compartments.

2. Materials and Methods
2.1 Experimental set-up
Four (4) 300m2 x 1m rain-fed, earthen ponds were used for
this study. No water replacement was undertaken, similar to
the settled sewage pond El Shafai et al. used to grow
duckweed and tilapia. Ponds were fertilized using processed
chicken manure broadcast at a rate of 50Kg each, allowing
gradual decomposition for one month. Three ponds were
stocked with duckweeds L. perpusilla, S. polyrrhiza and
aquatic fern A. pinnata at a rate of 250Kg each to serve as
starter culture for macrophyte self-proliferation (daily
infusion of fresh macrophyte into the ponds was not
provided thereafter). The fourth pond serving as the control
pond was devoid of any aquatic macrophyte species hence a
daily input of crushed snails was providedad libitum as
tilapia food source.
Five hundred (500) pieces of size 14 (1.90g/pc) Nile tilapia
were distributed to each pond. After eight culture-months
tilapia were harvested, total wet biomass, average final wet
weights, survival, mortality and growth rates were
determined.

3. Results and Discussion
Tilapia biomass and survival
The four ponds combined yielded 107Kg Nile tilapia after
eight (8) culture-months. Wet biomass (Kg) varied among
the compartments: highest biomass values were measured
from the S. polyrrhiza and A. pinnata compartments while
lowest were obtained from the L. perpusilla and control
compartments (Table 1). Tilapia cultivated in S. polyrrhiza
and A.pinnata compartments were larger (8 vs.9 fish/Kg)
and heavier (162.50 vs.142.50g) than tilapia in the L.
perpusilla and Control ponds. Growth rates of tilapia in S.
polyrrhiza and A.pinnata ponds were faster than those in the
L. perpusilla and Control ponds.
Tilapia survivor numbers in the three macrophyte-infused
compartments were distinct at x20.95, v=2 (5.9<34.6).The
largest tilapia cohort was obtained in the S. polyrrhiza
compartment (294 individuals/500 initially stocked) while
the lowest were in the L. perpusilla and Control
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compartments at 198 and 171individuals, respectively
(Table 2).

mortality of 51.6% (Table 2). Tavares et al.(2008) observed
impeded growth in tilapia that subsisted on pure duckweed
diets per se. El Sayed (1992) noted that a sole diet of A.
pinnata diminished tilapia growth and increased carcass
moisture. Solomon and Okomoda (2012), Fasakin et al.
(1999), Olayini and Oladunjoye (2012), Hassan and
Edwards (1992) limited duckweed inclusion rates to 5, 10,
25 and 30% dry weight for tilapia diets, respectively. In
contrast, Talukdar et al. (2012) recommended an inclusion
of fresh duckweed at 50% total body weight of fish in
ponds.

Tilapia survival rates were highest for S. polyrrhiza followed
by A. pinnata, L. perpusilla and Control (59.20, 46.40, 39.60
and 34.20%, respectively). Nonetheless, average survival
rate in the four compartments was poor (44.85%).
Significant chi-squarevalue at x20.95, v=3 (7.81<70.43)
indicated that macrophyte infusion in ponds served as a
source of nutrients that boosted tilapia survival. Absence of
aquatic vegetation and reliance of tilapia on natural pond
food in the Control compartment resulted in the smallest
biomass (19Kg) and size of tilapia (142.50g).

By consuming fresh macrophytes tilapia could not
adequately meet protein and lipid levels at 37 and 7%,
respectively (Tacon, 1987) (Table 3).

Tilapia consumption of predominant macrophyte diets in
Ho[1] resulted in slow growth (Table 1) and an average

Table 1: Growth and survival of tilapia, this study
Specific
Relative
Total Wet Average Initial Average Final Survival Absolute Growth
Growth Rate3 Growth Rate4
1
2
Biomass (Kg) Weight (g)
Weight (g) Rate (%) Rate (g/day)
(%)
(%)
[A] Control (crushed snail)
19.2
1.9
112.28
34.2
0.46
1.7
24.21
[B] A. pinnata
29.2
1.9
125.96
46.4
0.52
1.75
27.18
[C] S. polyrrhiza
37.5
1.9
126.69
59.2
0.52
1.75
27.37
[D] L. perpusilla
22.4
1.9
113.13
39.6
0.46
1.7
24.39
Compartment

n.b.
1

SR = Nf x 100%
Ni

2

AGR = (Wf-Wi)
days

3

SGR = (ln Wf-ln Wi) x 100%
days

4

RGR = Wf – Wi x 100%
Wi x days

Table 2: Tilapia survival and mortalities, and chi-square comparisons among the three macrophyte and the control ponds
[A]
[B]
[C] S.
[D] L.
Ho [1]
Ho [1]
Ho [2]
Ho [2]
Control
A. pinnata polyrrhiza perpusilla
Total
(%)
Total
(%)
survivors
171
232
296
198
726
48.4
897
44.85
mortalities
329
268
204
302
774
51.6
1, 103
55.15
Totals>
500
500
500
500
1, 500
2, 000
For Ho [1] x2 = 34.6; x20.95, v=2 (5.9<34.6), the percentage of tilapia survivors was not similar in the three macrophyte compartments.
For Ho [2] x2 = 70.43; x20.95, v=3 (7.81<70.43), the percentage of tilapia survivors was not similar among the control and macrophyte
compartments.
Compartments>

Table 3: Proximate composition of macrophytes versus O.
niloticus and P. canaliculata
Crude
S.
A.
L.
O.
P.
Nutrient
polyrrhiza1 pinnata2 perpusilla3 niloticus4 canaliculata5
(%)
Protein
29.1
24.6
19.5
37
12.2
Ether
4.5
3.8
4.8
7
0.4
extract
Fiber
8.8
9.3
14.3
3
3.2
Ash
15.2
15.9
15.4
Nitrogen
Free
42.4
46.4
46
40
6.6
Extract
Dry
5.1
8
13
Matter
References:
1
Rusoff et al. (1980)
2
Roy et al. (2016)
3
This study
4
Tacon (1987) for O. niloticus juveniles
Nurjanah et al. (2019) for P canaliculata meat

Table 4: Eaa amino acid requirements of Nile tilapia as %
of dietary protein and % in total diet (in brackets), along
with eaa % values of macrophytes and P.canaliculata diets
in this study.
Amino
S.
A.
acid polyrrhiza1 pinnata2
Arg
5.3
5.9
His
2.2
2.1
Ile
3.8
4.5
Leu
6.9
8.4
Lys
4.3
4.7
Met +
Cys

0.8

(Met, 1.4)
(Cys, 1.6)

Phe + (Phe, 3.8) (Phe, 5.4)
Tyr (Tyr, 3.1) (Cys, 3.6)
Thr
3.5
4.7
Val
4.4
5.5
References:
1
Rusoff et al. (1980)
2
Roy et al. (2016)
3
Santiago and Lovell (1988)
4
Ghosh et al. (2018)
5
Chakrabarti et al. (2018)

L.
O.
P.
minor5 niloticus3 canaliculata4
3.06
4.2 [1.2]
9.1
0.89
1.7 [0.5]
1.6
2.04
3.1 [0.9]
4.1
4.13
3.4 [1.0]
8.2
2.68
5.1 [1.5]
6.8
(Met,
(Met, 2.7)
0.86)
(Met, 1)
[Met, 0.8]
(Cys,
(Cys, 0.8)
(Cys, 0.5)
0.38)
(Phe, 5.5)
(Phe, 2.57)
(Phe, 4.3)
[Phe, 1.1]
(Tyr, 1.90)
(Tyr, 4.5)
(Tyr, 1.8)
1.92
3.8 [1.1]
4.7
2.66
2.8 [0.8]
2.1
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Due to low protein levels in fresh aquatic plants, tilapia
needs to consume substantial amounts to satisfy their eaa
and energy requirements. Fresh duckweed could yield 92%
water (Leng et al., 1995; Goopy and Murray, 2003), hence
feeding would be a long process for tilapia. Blue tilapia
could consume 117.87% of fish body weight in fresh L.
minor within 48 hours to meet energy requirements (Heaton
and Rodgers, Jr., 2017). A consumption rate of fresh L.
minor per 50% total body weight of O. niloticus and other
freshwater fish reported by Talukdar et al. (2012). The
carrying capacity for O. niloticus stocked in a fertilized pond
with abundant aquatic vegetation could amount to as much
as 3 tons/hectare (Diana et al., 1992). Hence the
300m2macrophyte ponds in this study could have yielded
90Kg of tilapia.

5. Future Scope

Most essential amino acid (eaa) levels of macrophytes and
snail meat used in this study were above tilapia levels
(Rusoff et al., 1980; Roy et al., 2017; Ghosh et al., 2018;
Chakrabarti et al., 2018; Santiago and Lovell, 1988).
However, lower lysine and methionine levels were observed
in macrophyte diets (Okomoda et al. 2012) (Table 4).

References

Macrophyte digestibility by tilapia enzymes is also impeded
by cellulose and crude fiber mingling in plant nutrients
(Pinandoyo et al. 2019), anti-nutritional factors (ANFs) (e.g.
phytates and anti-trypsin inhibitors) (El-Sayed, 2004) and
non-palatable plant substances oxalic acids, phenolic
compounds, tannins and saponins (Goopy and Murray 2003;
Okomoda et al. 2012; Sonta et al. 2019). Non-palatability of
duckweed by tilapia could be reduced by maintaining good
water quality in recirculating systems (Utami et al., 2018).
Phyto-remediative capacity of duckweeds could regulate
phosphorus levels (Chismadha et al., 2019) or reduce
harmful chemicals in sewage (El-Shafai et al.2004).
Preferential issues of different macrophytes by tilapia result
in selective feeding behavior that influences growth rates
and survival (Wee, 1991). Hassan and Edwards (1992)
observed preferential feeding of Nile tilapia on L.
perpusillaover S. polyrrhiza. Nile tilapia likewise
manifested a high consumption rate for Elodea Canadensis
and partial preference for S.polyrrhiza (Setlikovaa and
Adamek 2004). Heaton and Rodgers, Jr. (2017) noted
preference of blue tilapia for L. minor over other aquatic
plants.

4. Conclusion
Overall, factors of low protein levels, ANFs, non-palatable
plant substances, high water content of fresh macrophytes,
and selective feeding behavior of tilapia towards duckweed
and water fern species resulted in high mortality, small sizes
and slow growth rates of tilapia observed in this study.
Removal of macrophyte oxalic acids, phytates and antitrypsin inhibitors through chemical treatment would not be
feasible for small tilapia farmers. A mixed formulation
consisting of commercial feed and at most 25% fresh
macrophytes would improve tilapia growth and survival as
opposed to a 100% macrophyte diet, consistent with the
observations of Gaigheret.al. (1984).

This study provides an insight into the practice of organic
fish farming. In organic tilapia farming, where feed inputs
are derived from the natural pond ecosystem, restrictions
(e.g. non-utilization of GMO substances, low stocking
density, non-use of synthetic chemicals, low total protein
input in the culture system at 25% maximum) (Dube and
Chanu, 2012; Philippine National Standard, 2016) have
lengthened tilapia culture to reach marketable size of 250
grams. Nonetheless, higher priced organic tilapia have led to
the creation of a niche market accepted by health-conscious
consumers.This study recommends conducting feasibility
and cost-benefit studies to determine acceptable prices for
organic tilapia.
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