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ABSTRACT

An experiment was conducted in pfteen 200-m? earthen ponds at the Asian Institute of Technology, Thailand during
October 2003 to June 2004. The objectives of the study were to assess effects of different nitrogen fertilization regimes
on tilapia production, to assess effects of different fertilization regimes on pond water quality, to quantify nutrient
budgets, and to analyze the cost and return for psh with different fertilization regimes and supplemental feed. Ponds
were stocked with sex-reversed male Nile tilapia (Oreochromis niloticus) of 10812 g in size at a density of 3 psh m=2.
Urea and triple super phosphate were applied to all ponds at rates of 28 kg N and 7 kg P ha! wk! until psh reached
100 g in size. Supplemental feeding was then provided at 50% satiation level, and nitrogen fertilization was adjusted
for different treatments while phosphorus fertilization was kept unchanged for all ponds. Five nitrogen fertilization
rates were used as treatments with three replicates each: 0%, 25%, 50%, 75%, and 100% (control) of 28 kg N ha! wk,
giving 0, 7, 14, 21, and 28 kg N ha! wk, respectively.

Average survival of Nile tilapia ranged from 79.2% to 85.7%, without signipcant differences among treatments. Mean
weight, mean weight gain, daily weight gain, and net yield were signipcantly higher in the 75% N treatment than in the
0% N treatment, while no signipcant differences were observed among the other treatments. There was considerable
natural reproduction in all ponds and a variable biomass of recruits produced. There were no signipcant differences in
gross and net yield of combined adult and recruited tilapias among treatments. Estimated nutrient inputs showed that
fertilizer was the major source of nitrogen and phosphorus, accounting for 63.63675.23% of N and 65.64071.84% of P in
different treatments. Nutrients from pelleted feed represented 24.77836.37% N and 28.16834.36% P. Harvested tilapia
incorporated 16.40022.02% N and 12.11816.27% P of the total inputs from both fertilizer and feed, without signipcant
differences among all treatments. All treatments resulted in negative revenue due to poor tilapia growth. However,
there were indications that reduced fertilization rates improved culture conditions. Further research should be con-
ducted using better tilapia seed to pne-tune the nitrogen fertilization rate.

INTRODUCTION al., 1990; Diana et al., 1991; Knud-Hansen et al., 1991; Ed-
wards et al., 1994; Lin et al., 1997). Research has also been

Nile tilapia (Oreochromis niloticus) is commonly pro- done with different combinations of fertilizers and feeds
duced in semi-intensive culture in Southeast Asia using (Diana et al., 1994; Milstein et al., 1995). However, almost
fertilization to increase primary production (Boyd, 1976; all research aiming to optimize supplemental feeding rates
Diana et al., 1991). There is voluminous literature avail- has been conducted in ponds with pxed fertilization rates.
able for optimization of fertilization rate in psh ponds Few experiments have been done on optimizing fertiliza-
applied with inorganic or organic fertilizers or their tion regimes in fertilized ponds with supplemental feeds.
combinations as the sole nutrient inputs (Hickling, 1962;
Boyd, 1976; Boyd and Sowles, 1978; Olah, 1986; Green et Diana et al. (1994) determined that the feeding rate of
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50% ad lib was optimal in ponds fertilized at a pxed rate
of 28 kg N and 7 kg P ha* wk1, and Diana et al. (1996)
also determined that the initial addition of supplemental
feed at 50% ad lib once psh reached 100 g is the most
cost-effective way to produce large tilapia. While this
fertilization rate is recommended when fertilizer serves
as the sole nutrient input for Nile tilapia culture in the
tropics (Knud-Hansen et al., 1991), the nutrients may be-
come excessive in ponds with supplemental feeding, as
substantial amounts of nutrients are also released from
feeding wastes to pond water for phytoplankton produc-
tion (Lin, 1990; Lin and Diana, 1995; Yi et al., 1996; Yi and
Lin, 2001; Yi et al., 2003). The natural foods in fertilized
ponds increase efpciency of supplemental feeds signip-
cantly as indicated by lower feed conversion ratio (FCR)
(Diana et al., 1994). Thus, it is ecologically and economi-
cally important to maintain adequate production of
natural foods in fed ponds with balanced nutrient inputs
from both external fertilization and internal wastes. The
rate of external fertilization should be adjusted accord-
ing to the amount of nutrients derived from feeding.
This will result in more efpcient utilization of nutrients,
better water quality, lower production cost, and reduced
nutrient load in pond efyuents. This study was conduct-
ed to optimize nitrogen input in Nile tilapia ponds with
supplemental feed. The specipc objectives were to:

1) Assess effects of different nitrogen fertilization
regimes on tilapia production;

2) Assess effects of different fertilization regimes
on pond water quality;

3) Quantify nutrient budgets in tilapia ponds with
different fertilization regimes and supplemental
feed; and

4) Analyze the cost and return of psh production in
tilapia ponds with different fertilization regimes
and supplemental feed.

METHODS AND MATERIALS

This experiment was conducted using a randomized
complete block design in 15 200-m? earthen ponds at

the Asian Institute of Technology, Thailand, for 237 days
from 20 October 2003 to 14 June 2004. Prior to the start of
supplemental feeding, urea and triple super phosphate
(TSP) were applied in all ponds at rates of 28 kg N and

7 kg P ha't wk1. Once the stocked tilapias reached about
100 g, supplemental feed was applied at 50% satiation
level using commercial yoating pelleted feed (crude pro-
tein 30%). Nitrogen fertilization rate was then adjusted
in different treatments while phosphorus fertilization
rate was kept unchanged for all ponds throughout the
experiment. There were pve nitrogen fertilization rates
as treatments with three replicates each: 0%, 25%, 50%,
75%, and 100% (control) of 28 kg N ha* wk, giving 0, 7,
14, 21, and 28 kg N ha* wk!, respectively.

Prior to the start of the experiment, all ponds were

drained completely and dried for two weeks. Pond
bottom soil was sampled from each pond to determine
lime requirement (Boyd, 1990). Ponds were limed with
quicklime (CaO) at an average rate of 40 kg pond.
Ponds were then plled with water from a nearby canal to
a depth of 1 m, and were fertilized with urea and TSP at
rates of 28 kg N and 7 kg P ha! wk for two weeks prior
to psh stocking. Sex-reversed male Nile tilapia pnger-
lings of 10812 g in size were stocked at a density of 3 psh
m-2in all ponds. Pond water level was maintained at 1
m by topping up weekly to replace losses due to seepage
and evaporation.

Satiation feeding rate was determined for each pond by
estimating the total amount of feed consumed during
one hour in the morning (090081000 h) and one hour

in the afternoon (150061600 h) on every Monday. The
50% of satiation feeding rate for each pond was used
from Wednesday to Sunday, while no feed was given on
Tuesday.

Column water samples, collected biweekly at 090061000
h, were analyzed for total alkalinity, total ammonium ni-
trogen (TAN), nitrite-nitrogen (NO,-N), nitrate-nitrogen
(NO,-N), total Kjeldahl nitrogen (TKN), total phospho-
rus (TP), soluble reactive phosphorus (SRP), chlorophyll
a, total suspended solids (TSS), and total volatile solids
(TVS) by using standard methods (APHA et al., 1985;
Egnaetal., 1987). Dissolved oxygen (DO), pH and tem-
perature at three different depths (25 cm below water
surface, middle, and 25 cm above bottom), and Secchi
disk visibility were measured biweekly in situ just before
taking water samples. Diel measurements for DO, pH,
and temperature were conducted monthly at the three
different depths at 0600, 1000, 1500, 1800, and 0600 h
next morning.

Budgets for nitrogen and phosphorus were calculated
in the pve nitrogen fertilization regimes based on inputs
from water, stocked psh, fertilizers, feed and sediment,
and outputs from harvested psh, discharged water, and
sediment. Sediment samples were collected with 5-cm
diameter plastic tubes from the top 10 cm of each pond
before initial pond plling and after psh harvest. TN and
TP in feed samples of each batch, sediment samples and
psh samples at stocking and harvest were analyzed us-
ing methods described by Yoshida et al. (1976).

During the experiment, approximately 15% of the initial
tilapia stock from each pond was sampled by cast net,
counted, and bulk weighed monthly before the start of
supplemental feeding and biweekly during the rest of the
experimental period. All psh were harvested on 14 June
2004 after 237 days of culture. Daily weight gain (g psh™
d1), gross and net yields (t ha! year?) were calculated.

A partial budget analysis was conducted to determine
economic returns of tilapia cultured at different nitro-
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gen fertilization rates during the experiment (Shang,
1990). The analysis was based on farm-gate prices for
harvested psh and current local market prices for all
other items in Thailand expressed in US dollars (US$1
= 40 baht). Farm-gate price of harvested adult tilapia
was pxed at $0.50 kg™ (2008350 g) and for the recruited
tilapia at $0.125 kg™ for size below 50 g. Market prices
for pngerlings of sex-reversed Nile tilapia ($0.02 piece™),
urea ($0.178 kg1), TSP ($0.298 kg1) and feed ($0.48 kg1)
were applied to the analysis. The calculation for cost of
working capital was based on an annual interest rate of
8%. The proptability for different nitrogen fertilization
regimes was compared in terms of total variable cost
(including cost of urea, TSP, feed, and cost of working
capital), gross revenue (from selling tilapia), net return
(gross revenue-total variable cost).

Data were analyzed statistically by linear regression
and two-way analysis of variance (Steele and Torrie,
1980) using SPSS 11.0 statistical software package (SPSS,
Chicago, USA). Differences were considered signipcant
at an alpha level of 0.05. All means were given with N 1
standard error (SE).

REesuLTs

Average survival of stocked tilapia (adult tilapia) ranged
from 79.2% to 85.7%, without signipcant differences
among treatments (P > 0.05; Table 1). During the prst
139-day period of fertilization alone, tilapia growth

was slow with mean daily weight gains of 0.5780.66

g psh't day, requiring almost pve months for psh to
reach about 100 g. After feeding started, tilapia growth
increased to 1.63-2.08 g psh™! day! (Table 1; Figure 1).
Daily weight gains were not signipcantly different
among treatments during the periods before and after
feeding started (P > 0.05), however, mean daily weight
gains calculated from the entire period were lowest in
the 0% N treatment, intermediate in the 25%, 50%, and
100% N treatments, and highest in the 75% N treatment
(P < 0.05; Table 1). At harvest, tilapia reached 251.3,
271.5, 295.3, 306.3, and 292.3 g in 0%, 25%, 50%, 75%, and
100% N treatments, respectively (Table 1). Mean weights
at harvest and mean weight gains were lowest in the 0%
N treatment, intermediate in the 25%, 50%, and 100%

N treatments, and highest in the 75% N treatment (P <
0.05), while net and gross net yields were not signipcant-
ly different among all treatments (P > 0.05; Table 1). Feed
conversion ratio (FCR) ranged from 0.77 to 1.03, and no
signipcant differences were observed among treatments
(P >0.05).

In this experiment, large numbers of tilapia recruits were
harvested from all treatments, ranging from 233 to 1,601
psh pond! (Table 1). Total number, mean weight, and
total weight of the recruited tilapia were not signipcantly
different among treatments (P > 0.05; Table 1). When

the adult and recruited tilapia were combined together,

there were no signipcant differences in both gross and
net psh yields (P > 0.05), and FCR reduced to 0.70380.90,
without signipcant differences among treatments (P >
0.05; Table 1).

Proximate compositions of inputs, sediments, and psh
are presented in Table 2. In all treatments, fertilizers
were the dominant external inputs of nitrogen and phos-
phorus, followed by pelleted feed (Tables 3 and 4). Ap-
plication rates of nitrogen fertilizer signipcantly affected
total nitrogen input to the pond. Total nitrogen input in
the 75% and 100% N treatments were signipcantly high-
er than that in the 0% N treatment (P < 0.05), however,
total nitrogen input in the 25% and 50% N treatments
were not signipcantly different from other treatments (P
> 0.05; Table 3). At the end of the experiment, nitrogen
output in efyuent water for the 100% N treatment was
signipcantly higher than that in the 0% and 75% N treat-
ments (P < 0.05), while nitrogen output in efyuent water
in 25% N treatment was signipcantly higher than that in
the 0% N treatment (P < 0.05) but not signipcantly differ-
ent from that in all other treatments (P > 0.05; Table 3).
Nitrogen content in sediment at harvest was signipcant-
Iy higher in the 75% and 100% N treatments than in the
0% N treatment (P < 0.05), and nitrogen content in the
75% N treatment was also signipcantly higher than that
in the 50% N treatment (P < 0.05). However, there were
no signipcant differences in nitrogen content in sediment
among the 0%, 25%, and 50% N treatments at harvest (P
> 0.05; Table 3). About one-fourth of total nitrogen input
was not accounted for. Compared to the 0% N treatment,
additional nitrogen input from fertilizer did not result in
signipcant nitrogen outputs or gains in tilapia (P > 0.05;
Table 3), however the 100% N treatment did produce
signipcantly higher nitrogen losses in efyuent water than
the 0% N treatment (P < 0.05; Table 3).

Due to the signipcantly lower content of phosphorus in
mud, total phosphorus input was signipcantly lower in
the 0% N treatment than in the 50%, 75%, and 100% N
treatments (P < 0.05; Table 4). At the end of culture peri-
od, total phosphorus output and gains in harvested psh
were not signipcantly different among treatments (P <
0.05). Phosphorus losses in both efyuent water and sedi-
ment were not signipcantly different among treatments
(P > 0.05). A large portion of the total phosphorus input
to the system was unaccounted for in all treatments, but
without signipcant differences among treatments (P >
0.05; Table 4).

The estimated nutrient (N and P) inputs showed that
fertilizer was the major source of both nitrogen and
phosphorus, accounting for 63.63875.23% N and 65.648
71.84% P in different treatments, while nutrients from
pelleted feed represented 24.77636.37% N and 28.160
34.36% P. Harvested tilapia incorporated 16.40622.02% N
and 12.11016.27% P of the total inputs from both fertil-
izer and feed, without signipcant differences among
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treatments (P > 0.05; Table 5). Efyuent water at harvest
contained 1.6992.63% N and 1.7282.59% P of the total in-
puts from both fertilizer and feed. Losses of nitrogen and
phosphorus in both efyuent water and sediment were
not signipcantly different among treatments (P > 0.05;
Table 5). Unaccounted nitrogen and phosphorus ranged
from 60.86% to 72.12% and from 48.95% to 72.45% of the
total inputs from feed and fertilizer, respectively, and
was not signipcantly different among treatments (P >
0.05; Table 5).

Final and overall mean values of water quality parame-
ters indicated that different nitrogen fertilization rates in
ponds with supplemental feeding did not have signip-
cant effects on water quality parameters except overall
mean values of nitrate nitrogen (Table 6). Temperature
and pH ranged from 24.0 to 35.8AC, and 6.50 to 9.65,
respectively, throughout the experimental period. DO
concentrations at dawn yuctuated at levels higher than 1
mg L during the fertilization alone period, but de-
creased dramatically to lower than 1 mg L™ after feeding
started and remained low during the rest of the experi-
mental period in all treatments (Figure 2). Total alkalin-
ity showed increasing trends over the culture period

in all treatments, without signipcant differences in the
pnal values (P > 0.05; Table 6; Figure 2). Concentrations
of all forms of nitrogen yuctuated largely throughout
the experimental period in all treatments (Figure 3), and
all values except overall mean of nitrate nitrogen were
not signipcantly different among treatments (P > 0.05).
Overall values of nitrate nitrogen tended to be higher

in treatments with higher N fertilization rates (P < 0.05;
Table 6). TP and SRP concentrations yuctuated irregular-
ly over the experimental period, with similar trends for
all treatments (Figure 4). Concentrations of Chlorophyll
a, TSS and TVS showed an overall increasing trend in all
treatments towards the end of the experiment (Figure 5),
but there were no signipcant differences among treat-
ments (P > 0.05; Table 5).

The simple economic analysis showed that all treatments
gave negative net returns, without signipcant differences
in total variable costs, gross return, or net return (P >
0.05; Table 7). Feed cost represented about 70% of total
variable cost in all the treatments. The 75% N treatment
resulted in highest added return and ratio of added
return to added cost.

DiscussioN

Tilapia growth was poor as indicated by daily weight
gains of 0.5780.66 g psh™* day* in the fertilization alone
period and 1.6382.08 g psh™! day! in the supplemental
feeding period in all the treatments. The growth during
the fertilization alone period was much less than those
(around 1 g psh day™) in other studies (Diana et al.,
1994; Diana et al., 1996; Thakur et al., 2004), while the
growth during the supplemental feeding period was

also much less than those (around 3 g psh! day) in
other studies (Zonneveld and Fadhli, 1991; Green, 1992;
Diana et al., 1994; Diana et al., 1996; Thakur et al., 2004).
Tilapia took 139 days to reach 100 g in the present study;,
compared to 80 days in an earlier study under the same
stocking and fertilization conditions (Diana et al., 1996).
The poor tilapia growth during the fertilization period
was probably due to poor tilapia seed quality and the
poor response to pond fertilization resulting in low
primary productivity evidenced by the low concentra-
tions of chlorophyll a in the present study compared to
other CRSP studies. Another likely cause leading to poor
growth performance during both fertilization alone and
supplemental feeding periods was the large number of
recruited tilapia. Reproduction of the stocked psh should
have had a negative effect on psh growth rate as it

costs energy, which otherwise could have been used for
muscle growth, and also leads to increased competition
for food.

In the present study, many growth parameters of the
originally stocked tilapia were highest in the 75% N
treatment and were signipcantly higher than those in
the 0% N treatment but were not signipcantly different
from those in the 25%, 50%, and 100% N treatments.
These results indicate that nitrogen fertilization rate
during the 50% satiation feeding is necessary to enhance
the production of natural foods but 100% fertilization or
28 kg N ha* wk'! may exceed nutrient requirements to
support growth of tilapia. However, the effects of differ-
ent nitrogen fertilization rates (258100%) on psh growth
performance was not obvious in the present experiment,
thus further research should be conducted using better
tilapia seed to pne-tune nitrogen fertilization rate.

In the present study, fertilizer contributed more than
twice the nutrients (N and P) added through feed. Fish
incorporated about 20622 % N and 123816 % P of total
input nutrients through feed and fertilizer. Comparable
nutrient recovery in harvested tilapia was reported

by Thakur et al. (2004) but slightly higher values were
reported previously for hybrid tilapia (Siddqui and Al-
Harbi, 1999). Larger concentrations of nitrogen were de-
posited in pond mud in the 100% treatment, indicating
that this fertilization rate might be beyond the require-
ment to support good algal growth. All ponds were
fertilized with the 100% nitrogen level for almost half of
the culture period; the residual effect of nitrogen added
to the ponds during the fertilization alone period might
have obscured the results of lower fertilization during
the fed period. Therefore, it is important to conduct
experiment to optimize nitrogen fertilization rate under
more controlled conditions. In the present study, a large
portion of nitrogen and phosphorus inputs could not
be accounted for in outputs. The unaccounted nitrogen
might have been lost from the system by ammonia gas
volatilization and/or denitripcation in the sediments
(Boyd, 1990). Unaccounted phosphorus is also likely
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to result from sediment sampling procedures, as water
discharge for harvest prior to taking sediment samples
may have caused the loss of phosphorus.

The negative net returns found in all treatments were
caused mainly by the low price for the small size of
harvested tilapia, which did not reach 500 g and a pre-
mium price. With the better quality of sex-reversed male
tilapia, culture of Nile tilapia at 50% satiation feeding in
fertilized ponds should be proptable (Diana et al., 1996).

ANTICIPATED BENEFITS

In many Asian countries, the addition of supplement
feeds into fertilized ponds has become popular for
tilapia production. This is the prst experiment to de-
termine optimal rates of nitrogen fertilization to tilapia
ponds with supplemental feeding. The pnal results of
this study may provide an alternative culture practice to
tilapia culturists in the region and allow them to achieve
higher economic return. It may also lead to a more
environmentally friendly culture practice by reducing
nutrient loading through pond efyuents. The results will
be used by AIT outreach and country extension agents to
advise farmers of better culture practices.
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