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INTRODUCTION 
In Cambodia, fish provide a main source of protein and essential nutrients of daily diet for millions of 
people, especially for the poor households in rural areas and also contribute to the national economy. Fish 
account for more than 75 percent of people’s animal protein intake (Ahmed et al. 1998; So Nam and 
Buoy Roitana, 2005). The national fish consumption rate is an average of 23-31kg capita-1 year-1 (So Nam 
and Nao Thuok 1999). Fish consumption and export are mainly supplied by fish catches from inland 
waters. Since wild fish catches have dramatically declined from year to year due to illegal and overfishing 
and fish demand has also increased in response to rapid population growth, the aquaculture sector has 
been promoted in the country. 
 
Eighty percent of aquaculture production comes from cages and pens in Tonle Sap Great Lake, Tonle 
Sap, Mekong and Bassac River systems (Mekong River Commission 2002).  The commercial species 
cultured in cages include the river catfish Pangasianodon hypophthalmus and giant snakehead Channa 
micropeltes. Raising fish in ponds and paddy fields is less developed in Cambodia (MRC, 2002), 
contributing about 15-20 percent of total aquaculture production. Since 2005, small-scale aquaculture has 
been jointly promoted and supported by the government, NGOs, and international agencies (e.g. JICA, 
PADEK, AIT, etc.) for the poor and in the areas far away from natural water bodies, which lack fish 
consumption. The small-scale cultures are mainly in ponds, rice fields, and integrated fish farming with 
livestock and vegetables. The main species cultured in those systems, particularly in ponds, include 
Tilapia, Chinese carp, Indian carp, and some indigenous species (e.g. silver barb, walking catfish, river 
catfish). Currently, pond culture has increased in number and may play an important role in aquaculture 
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development throughout the country in the future. Pond characteristics, physical, chemical and biological 
factors, interact in pond ecosystem as well as the organisms being culture (Egna & Boyd, 1997). Water 
quality in fish ponds is a major factor determining the production of fish (Egna and Boyd, 1997). 
Evaporation and seepage contribute to the water losses from the pond, resulting in higher densities of fish 
in the pond which can lead to various water quality problems (Egna and Boyd, 1997), causing stress to 
fish or direct mortality and lowering the production per cycle. The studies of pond characterization, water 
quality, nutrient cycling, and water use in pond aquaculture have been done in many parts of the world. 
For example, in the neighboring countries like Thailand and Vietnam, many studies in the field of 
aquaculture have been done and their aquaculture sectors have rapidly developed. So far Cambodia’s 
aquaculture is less developed because of lack of research and study has been conducted and lack of 
experts of this field. So, it is necessary to conduct research on physical, chemical, and biological 
characteristics of aquaculture pond during growth out since it may contribute to aquaculture development 
in Cambodia. 
 
The purpose of this experiment was firstly to evaluate ponds in Southern Cambodia for their physical, 
chemical, and biological characteristics during a growth-out period from June to October 2012. 

METHODS AND MATERIALS 
This experiment was carried out at Freshwater Aquaculture Research and Development Center 
(FARDeC), Prey Veng, Cambodia, from June 15 to October 15, 2012. The experiment was conducted in 
twelve 300 m2 earthen ponds with an average depth of 1m using the Gift tilapia Oreochromis niloticus 
(Annex A). 
 
Three treatments were allocated in twelve earthen ponds to test effects of different feeding inputs. The 
first treatment was the application of chemical fertilizers alone (Urea 46%N and DAP 18%N, 46%P), the 
second treatment was the application of pellet feed alone (commercial Tilapia feed), and the third 
treatment was the combination with both chemical fertilizers and pellet feed (feeding 50% satiation of the 
second treatment).   
 
Fingerlings of the Gift tilapia both male and female (average 2.5g size) were stocked at 2 fish m-2 in all 
earthen ponds on 15 June 2012. During the experiment, average weights of gift tilapia were determined 
monthly in each pond. Twenty fish were randomly sampled by seine net for determining average weight 
and immediately returned to the water in each pond. Gift tilapias in every pond were harvested, counted, 
and bulk weighed on 15 October 2012 after 120 days of culture. Growth (g fish -1), mean weight gain (g 
fish-1), daily weight gain (g fish -1 d-1), specific growth rate (%), gross yield (kg pond-1per 120 days), and 
extrapolated gross yield (kg pond-1 year-1) were calculated. 
 
The ponds were fertilized weekly with urea and di-ammonium phosphate (DAP) at 4 kg N and 1 kg P ha-1 
d-1 (with approximate-calculated amount of 1.47 kg of urea and 1.0 kg of DAP pond-1 for one week of 
application), suspending in a porous bag in the middle of the pond within the top 25 cm of the water 
column. Initial pond fertilization took place one week prior to stocking fish. Water depths in the pond 
were regularly maintained at 1.0 m throughout the experiment by adding water weekly to replace seepage 
and evaporation losses. The pond water depths, seepage, and evaporation, including rainfall, were 
recorded on a weekly basis. Evaporation pan with 150 cm diameter and 50 cm depth was used to estimate 
water loss to evaporation. Evaporation loss from the pond was calculated by multiplying level of water 
loss in evaporation pan with its coefficient of 0.75 (Boyd, 1990). Staff gauge was installed in each pond 
to monitor water level change in weekly basis. Seepage was estimated by taking the difference between 
water level changes in water depth and evaporation loss. Since rainfall was negligible during sampling 
period of the first five weeks of the experiment, rainfall was assumed zero. 
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Floating pellet feed containing 35% crude protein was introduced to fish at feeding rate of 8% of fish 
body weight per day from stocking until one month period, and then, in the second month until harvest, 
feed composition and feeding rate were adjusted to 25% crude protein and 3% of body weight, 
respectively. Fish was fed two times a day at 0900-1000h and 1500-1600h. Total amount of feed added to 
each pond was recorded for estimating food conversion ratio (FCR). 
  
Composite water samples were collected from the entire water column near the two ends and the center of 
the pond weekly at approximately 0800h.  Then samples were mixed in a plastic bucked and 1 liter 
sample was taken as a representative water sample and sent to water laboratory for total Kjeldahl nitrogen 
(TKN), total phosphorus (TP), and chlorophyll a analyses. Analyses were done for TKN, TP and 
chlorophyll-a at laboratory using standard methods (Clesceri L.S et al., 1998). Then at 1400h on the same 
day, composite water samples were collected again for alkalinity, ammonia (NH3), nitrite (NO2), and 
nitrate (NO3) analyses on site using test-kits (Manufacturer: sera GmbH made in Germany and Azoo 
made in Taiwan). All water samples were collected every five days after fertilization. At the second water 
sampling, Secchi disk visibility was measured using a Secchi disk, while temperature, dissolved oxygen 
(DO) and pH were measured with a 2-ch. DO/pHMeter DOP-5F (Kasahara Chemical Instruments Corp.). 
Diel measurements for temperature, DO, pH, and alkalinity were conducted monthly at three depths (25 
cm below water surface, middle, and 25 cm above bottom) in each pond at 0600h, 1200h, 1800h, 2400h, 
and 0600h at regular time. DO was also measured weekly at dawn (0600h) in each pond. 
 
One-way ANOVA was used to test the effect of the treatments on mean values of fish yield, growth, 
survival, including changes in water quality between treatments and overtime with SPSS (version 16.0) 
statistical software package (SPSS Inc., Chicago, Illinois, USA). Differences were considered significant 
at an alpha of 0.05.  

RESULTS 
Survival of gift tilapia in ponds ranged from 46.2 to 84.3% (Table 1), with the highest in pond applied 
fertilizers then feed, and the lowest in pond applied fertilizers alone; and there were significant 
differences among the treatments. Survival was significantly lower in fertilizer treatment than the other 
two treatments (P<0.05, Table 1), while for both the other treatments it was similar (P > 0.05). Tilapia 
growth was significantly greater with fertilizers plus feed treatments than the other two treatments 
(p<0.05), showing only at first month of sampling period (Figure 1). However, growth was not 
significantly different among the treatments in the second and third month of sampling (p > 0.05). At 
harvest, while at harvest tilapia growth was significantly higher only in fertilizer plus feed treatment than 
in the fertilizer treatment (Table 1; Figure 1), while that for feed treatment was similar among other two 
treatments (p>0.05). The highest growth was seen in fertilizer and feed treatment (149.6 g fish-1), and the 
lowest in just fertilizers (87.2 g fish-1, Table 1). Gross yield of pond gift tilapia in ponds ranged from 24.6 
to 73.6 kg pond-1 per 120 days; and significantly differed among the treatments (p<0.05, Table 1), with 
the highest value in the fertilizers then feed (73.6 kg pond-1per 120days), the lowest in the fertilizer 
treatment (24.6 kg pond-1per 120days), and intermediate in the feed (55.9 kg pond-1 per 120 days). 
 
Mean daily weight gains and specific growth rate (SGR %) in fertilizers combined feed treatment were 
significantly greater than those in the chemical fertilizer treatment (p<0.05, Table 1), while there was not 
significantly different between feed with other two treatments (p> 0.05, Table 1).  
 
The feed conversion ratio was significantly better in fertilizers plus feed treatment than that in the feed 
alone (p<0.05, Table 1). 
 
As shown in Table 2, pond water depth, evaporation, and seepage losses did not significantly differ 
among the treatments (p>0.05); and half of water quality parameters showed no significant differences 
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among treatment which included dissolved oxygen at dawn, pH, alkalinity, ammonia chlorophyll a and 
Secchi disk visibility (p >0.05); and other half of water quality parameters showed significant differences 
among treatments, including temperature, dissolved oxygen at 1400h, total Kjeldahl nitrogen, total 
phosphorus, nitrite, and nitrate (p < 0.05). Mean values of temperature in the fertilizer treatment were 
significantly lower than those in other two treatments (feed and fertilizers then feed, both did not 
significantly differed). Temperatures were also significant differences and fluctuated over culture period 
for all treatments. Mean temperatures ranged from 28.7- 33.6oC (Table 3), 28.3-32.7 oC (Table 4), 28.8- 
33.6 oC (Table 5), and 29.0-33.8 oC (Table 6) for overall mean, fertilizers, feed, fertilizers then feed 
treatments, respectively. Mean dissolved oxygen at dawn (0600 h) did not significantly differ among the 
treatments (p > 0.05); while it was significant at 1400 h only between feed and fertilizers then feed 
treatments (significantly higher; p <0.05, Table 2); and both DO at dawn and DO at 1400 h were 
significant differences (p<0.05) and fluctuated over culture period for all treatments (Figure 2 & 3). Mean 
dissolved oxygen at dawn and at 1400 h, respectively, ranged from 1.0 -2.7 mg l-1; 4.3-8.7 mg l-1(Table 
3), 0.8-2.9mg l-1; 4.3-10.8 mg l-1 (Table 4), 0.9-2.6mg l-1; 3.7-6.8 mg l-1 (Table 5), and 1.0-2.6mg l-1; 4.0-
10.9 mg l-1 (Table 6) for overall, fertilizers, feed, and fertilizers then feed treatments, respectively. 
Nutrient concentrations, TKN, NO3 and TP, were significantly lower in the feed treatment than other two 
treatments (p<0.05, Table 2). NO2 was only significantly lower in the feed treatment than in fertilizers 
(P<0.05). TKN and TP also significantly differed and fluctuated over culture period for all treatments 
(p<0.05, Figure 4 & 5). Mean values of TKN and TP, respectively, ranged from 1.0-6.1mg l-1; 0.6-2.7mg 
l-1  (Table 3), 1.3-7.8mg l-1; 0.8-2.8mg l-1  (Table 4), 0.4-3.6mg l-1; 0.2-1.2mg l-1  (Table 5), and 0.8-9.3mg 
l-1; 0.6-3.9mg l-1  (Table 6) for overall, fertilizers, feed, and fertilizers then feed treatments, respectively. 
Chlorophyll-A concentrations and Secchi disk visibility were not significant among the treatments (Table 
2). 
 
Mean values of pH and alkalinity did not significantly differ among the treatments (p> 0.05, Table 2), 
while they were significantly different and fluctuated overtime for all treatments (p<0.05). Values of 
Alkalinity at the beginning of the experiment were significantly higher than those at the end (p< 0.05, 
Figure 6).  
 
Mean values of pH and alkalinity, respectively, ranged from 5.1-8; 44.8-79.1mg l-1  (Table 3), 4.7-8.4; 
40.3-85mg l-1  (Table 4), 4.8-7.4; 40.3-80.6mg l-1  (Table 5), and 5.8-8; 44.8-85mg l-1  (Table 6) for 
overall, fertilizers, feed, and fertilizers then feed treatments, respectively. 

DISCUSSION 
The results of the present study indicated that fertilized ponds supplemented 50% satiation feeding had 
significant influence on the growth rate, survival and production of pond tilapia, compared to non-feeding 
ponds. Although growth rate and survival of tilapia for fed-only treatment and fertilizer plus feed 
treatment were similar, the production and food conversion ratio of tilapia in fertilized ponds with 
supplemental feeding were significantly better than those in fed-only ponds. The present study supports 
the results reported by (Green, 1992; Diana et al., 1994; Yi & Lin, 2001; Waidbacheret al., 2006; Liti et 
al., 2005; Thakur et al. 2004). Diana et al. (1994) demonstrated that feed and fertilizer combination was 
more effective in the production of O. niloticus than fed-only treatments and attributed the better growth 
of tilapia to high abundance of natural food and improved water quality. Green (1992) also presented 
results indicating that food conversion ratio was better in feed and fertilizer combination than fed-only 
ponds. In this study, although the production of tilapia in non-feeding pond (fertilizer-only) was 
significantly lower than that in fed-only pond which is probably because of low survival rate in the non-
feeding, the growth rate for both treatments was similar. This may be supported by findings of Yi & Lin 
(2001), indicating that natural foods were abundant and important to growth in non-feeding ponds. 
Waidbacher et al. (2006) quoted that fertilizer plays two major roles in semi-intensive production of 
tilapia: it improves fish nutrition through stimulation of natural food (Schroeder et al., 1990), and 
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dissolved oxygen levels through photosynthesis, while ammonia levels are reduced through assimilation 
by phytoplankton (Boyd 1990). De Silva (1993) indicated that natural food contains high-quality protein, 
which ranges between 55% and 60% on dry weight basis, but less energy content. Utilization of natural 
food of tilapia may decrease with increasing availability of artificial feed, giving higher FCR in the 
treatment (Yi & Lin, 2001). Combination of fertilizers supplemented feed at a lower percentage of 
satiation makes tilapia more efficient at utilizing natural foods and nutrients (Green, 1992; Diana et al., 
1994, 1996; Yi & Lin, 2001). Diana et al. (1994) and Yi & Lin (2001) reported that feeding rate could be 
reduced by 50% of satiation level which resulted in low FCR, good growth and yield performance, high 
economic return, and potential for growing to greater size. This was also realized in the present study.  
 
Growth value of tilapia under fertilizers plus feed treatment in the present study was 1.2 g fish-1d-1, which 
realizes lower growth rate than the values of 2.11 g fish-1d-1(Yi & Lin, 2001); 3.10 g fish-1 d-1 (Diana et 
al., 1996); and 1.8 g d-1 (Thakur et al. 2004), might be due to the low abundance of natural food to 
supplement tilapia growth in such ponds as reflected by lower concentration of chlorophyll a for all 
treatments in the present study, caused by clay turbidity from weekly addition of water for replacing 
seepage and evaporation losses. In the experiment, water was supplied by pumping directly from Mekong 
River during flooding season which clay turbidity presented in the water. Another reason for lower 
growth rate in the study, since tilapia were stocked both male and female, was reproduction. Tilapia might 
also use some of energy for their reproduction in the present experiment. The reproduction of tilapia had 
been seen at the second month of fish sampling when size reached 30-50g. However, the growth rate is 
slightly higher than the values of 0.64 g d-1(Waidbacher et al., 2006); 0.34 g d-1 (Liti et al., 2005) in 
Kenya; and 0.74 g d-1 (Naggar et al., 2008) in Egypt under fertilization plus feeding. Net annual fish 
yield (7210 kg ha-1 yr-1) of tilapia under fertilizer plus feed treatment in this study was lower than the 
yield range (8400 and 11,600 kg ha-1 yr-1), and (10,400- 17,200 kg ha-1 yr-1) stocking at 3 fish m-2 
reported (Diana et al., 1994; Thakur et al. 2004) in a fertilizer and supplemental feeding combination feed 
at 50% ad libitum. The present yield was comparable to the values of 7272 kg ha-1 yr-1; 8856 kg ha-1 yr-1 
in fertilizer plus feed treatment reported by (Green et al., 2002; Liti et al., 2005, respectively); and higher 
than the values of 6800 kg ha-1 yr-1 (Naggar et al., 2008); and 4284 kg ha-1 yr-1(Waidbacher et al., 2006).  
 
Major physical, chemical and biological parameters measured during the study expressed in the favorable 
range for Tilapia culture. Mean value of evaporation loss was 3.5 mm day-1 in the present study which is 
in the ranges of 2.7-6.3 mm day-1 (Gross, 2000; Verdegem et al., 2006); and 1.7-6.0 mm day-1 reported by 
(Yoo & Boyd., 1994) for ponds in the USA, depending on location and temperature. Verdegem & Bosma 
(2009) reported evaporation loss from ponds was in average of 4.2 mm day-1 (1,500 mm yr-1), which is 
comparable to the present study. Green & Boyd (1994) indicated that high evaporation is due to a 
combination of high solar radiation, low humidity and stronger winds. Mean values of seepage losses 
ranged 2.7-4.5 mm d-1which was lower than that in the ranges of 5-10 mm day-1 for a combination of 
bottom percolation and lateral seepage losses (Boyd, 1994). While Boyd (1982) reported the range of 0-
90 mm day-1, Verdegem et al. (2006) reported seepage loss on average was 5.5 mm day-1(2000 mm yr-1). 
Mean values of major water quality parameters in this study were comparable to those reported by (Yi & 
Lin, 2001; Thakur et al 2004), except chlorophyll a concentration was lower, might be due to the presence 
of clay turbidity or suspended solid in replacement water every week. 
 
In conclusion, this study revealed that pond with fertilization plus supplementary feeding (50% satiation) 
was the most effective feeding for optimization of production, feed conversion ratio, and growth 
performance of tilapia culture for semi-intensive system or small-scale aquaculture.  
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Table 1. Growth (g fish-1), yield (kg pond -1 120d-1; kg pond-1 yr-1), survival (%) and FCR, SGR (%) of Gift Tilapia 
stocked in 300-m2 pond during the 120 day grow-out under the three treatments. 

Performance Measures Treatments 
Fertilizers (n=4) Feed (n=4) Fertilizers+ Feed(n=4) 

STOCKING    
Density (fish m-2) 2 2 2 
Total Number (head) 600 600 600 
Total Weight (kg pond-1) 1.5 ± 0.0 1.5 ± 0.0 1.5 ± 0.0 
Mean Weight (g fish-1) 2.5 ± 0.0 2.5 ± 0.0 2.5 ± 0.0 

HARVEST    
Total Number (head) 277 ± 19a 504 ± 47b 506 ± 26b 
Total Weight (kg pond-1) 24.6 ± 3.6a 55.9 ± 3.5b 73.6 ± 3.7c 
Mean Weight (g fish-1) 87.2 ± 6.9a 113.0 ± 9.5ab 146.9 ± 11.9b 
Mean Weight Gain (g fish-1) 84.7 ± 6.9a 110.5 ± 9.5ab 144.4 ± 11.9b 
Daily Weight Gain (g fish-1 d-1) 0.7 ± 0.1a 0.9 ± 0.1ab 1.2 ± 0.1b 
Gross yield (kg pond-1120d-1) 24.6 ± 3.6a 55.9 ± 3.5b 73.6 ± 3.7c 
Gross Yield (kg pond-1 yr-1) 73.7 ± 10.8a 167.6 ± 10.4b 220.8 ± 11.2c 
Net Yield (kg pond-1 yr-1) 69.3 ± 10.8a 163.2 ± 10.4b 216.3 ± 11.2c 
Gross Yield ( kg ha-1 120d-1) 818.3 ± 119.8a 1862.5 ± 115.2b 2453.3 ± 124.0c 
Gross Yield (kg ha-1 yr-1) 2455.0 ± 359.4a 5587.5 ± 345.6b 7360.0 ± 372.0c 
Net Yield (kg ha-1 yr-1) 2310.0 ± 359.4a 5440.0 ± 345b 7210.0 ± 372.0c 
Total feed amount (kg) --- 117.6 ± 0.0a 58.8 ± 0.0b 
FCR --- 2.2 ± 0.1a 0.8 ± 0.1b 
SGR (%) 3.0 ± 0.1a 3.2 ± 0.1ab 3.4 ± 0.1b  
Survival (%) 46.2 ± 3.1a 84.0 ± 7.8b 84.3 ± 4.3b 

 (41-53) (67-99) (72-92) 
Mean (± SE) values with different superscript letters in the same row were significantly different among treatments 

(P < 0.05); n= number of replicated ponds.  
 
 
Table 2. Water depth, seepage and evaporation losses, including water quality parameters measured weekly in the 

pond at 1400 h (except DO at dawn; 0600 h) during 120- day grow-out under different treatments.  
Parameters Treatments 

Fertilizers (n=4) Feed (n=4) Fertilizers+ Feed(n=4) 
Pond water depth (cm week-1) 4.4 ± 0.3 5.3 ± 0.4 5.7 ± 0.5 
Evaporation (cm week-1) 2.5 ± 0.0 2.5 ± 0.0 2.5 ± 0.0 
Seepage (cm week-1) 1.9 ± 0.3 2.8 ± 0.4 3.2 ± 0.5 
Temperature (oC) 30.7 ± 0.1a 31.6 ± 0.1b 31.2 ± 0.2b 
DO (mg l-1) 6.9 ± 0.7ab 5.5 ± 0.4a 7.9 ± 0.7b 
DO at dawn (mg l-1) 1.4 ± 0.1 1.5 ± 0.1 1.8 ± 0.2 
pH 7.1 ± 0.3 6.7 ± 0.2 7.3 ± 0.2 
Alkalinity (mg l-1 as CaCO3) 56.9 ± 1.0 57.7 ± 1.5 55.3 ± 0.9 
TKN (mg l-1) 4.5 ± 0.5a 1.4 ± 0.1b 4.1 ± 0.1a 
NH3 (mg l-1) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
NO2 (mg l-1) 2.4 ± 0.4a 0.3 ± 0.2b 1.4 ± 0.4ab 
NO3 (mg l-1) 34.2 ± 4.7a 0.8 ± 0.2b 23.8 ± 3.6a 
TP (mg l-1) 2.0 ± 0.3a 0.5 ± 0.1b 1.3 ± 0.1c 
Chlorophyll- a (µg l-1) 36.0 ± 5.5  20.9 ± 2.7 46.0 ± 10.1 
Secchi Disk Visibility (cm) 24.2 ± 3.5 27.0 ± 1.6 22.3 ± 1.8 
Mean (± SE) values with different superscript letters in the same row were significantly different among the 
treatments (P<0.05); n= number of replicated ponds. 
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Table 3. Overall mean values (n=12) of water quality parameters weekly measured at 1400 h (except DO at dawn) during the culture period. 

Parameters 

Overall (n=12) 

Culture Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

*Temperature(oC) 29.3 28.7 30.9 30.3 32.2 31.0 30.7 31.5 31.6 33.6 32.9 30.8 32.8 30.7 30.7 30.5 31.2 

*DO (mg l-1) 6.9 6.6 6.8 6.9 7.3 7.2 8.4 5.5 6.7 8.2 8.7 5.7 8.7 6.4 4.3 6.9 6.8 

*DO (mg l-1) dawn --- --- --- --- 2.7 2.2 2.0 1.0 1.6 1.3 1.7 1.2 1.4 1.6 1.0 1.2 1.3 

*pH 7.7 7.5 8.0 7.5 6.5 7.0 6.9 --- 6.7 7.1 7.3 5.1 --- --- --- 7.4 --- 

*Alkalinity (mg l-1) 76.0 59.7 79.1 62.7 61.2 56.7 59.7 58.2 53.7 47.7 55.2 55.2 50.7 49.2 47.7 44.8 44.8 

*TKN (mg l-1) 1.0 3.4 1.6 1.8 1.1 3.3 3.6 5.6 1.9 3.2 3.7 3.9 6.1 4.9 4.9 5.2 1.9 

NH4 (mg l-1) 0.4 1.0 0.8 2.0 1.8 1.0 0.7 0.7 0.9 0.6 0.5 1.0 0.4 0.4 0.4 0.2 0.3 

NO2 (mg l-1) 0.9 0.9 0.9 0.9 1.3 1.3 1.0 2.0 1.6 1.4 2.4 1.4 1.8 1.4 1.7 0.2 0.7 

NO3 (mg l-1) 15.0 15.0 14.6 15.8 9.2 10.8 15.0 27.9 27.5 24.6 21.7 29.6 23.8 23.8 21.7 8.3 17.5 

*TP (mg l-1) 0.7 0.9 0.6 0.7 1.2 1.7 1.0 1.2 0.9 0.8 1.1 2.3 1.5 1.9 1.4 2.7 1.1 

*Chlophyl a(µgl-1) 38.2 29.2 26.8 31.8 39.5 36.9 25.6 63.0 28.4 50.6 59.5 21.7 29.2 45.7 30.4 17.7 10.6 

*SDD (cm) 43.7 28.2 22.8 24.0 22.2 20.0 23.5 19.0 26.1 23.4 23.6 21.0 22.0 20.9 24.9 25.0 26.6 

Parameters marked with an asterisk (*) had significant differences among the time periods. 

 N= number of ponds   

 T= treatment 

 SDD= Secchi disk depth (visibility) 
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Table 4. Mean values (n=4) of water quality parameters in fertilizer treatment (T1)  weekly measured at 1400 h (except DO at dawn) during the culture period. 

Parameters 

T1 (N=4) 

Culture Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

*Temperature(oC) 29.0 28.3 31.0 29.8 31.2 30.2 30.1 31.0 31.0 32.7 32.5 30.4 32.6 30.4 30.4 30.3 30.6 

*DO (mg l-1) 7.3 6.6 7.0 6.8 7.7 8.3 8.0 4.3 5.8 8.8 7.7 5.5 10.8 5.7 5.1 5.1 6.9 

*DO (mg l-1) dawn --- --- --- --- 2.9 2.1 1.4 0.8 1.0 1.6 1.5 1.1 1.2 1.5 1.0 1.3 0.8 

*pH 8.0 7.8 8.4 7.8 6.0 6.8 6.7 --- 6.8 7.6 7.4 4.7 --- --- --- 7.6 --- 

*Alkalinity (mg l-1) 76.0 58.2 85.0 62.7 49.2 62.7 53.7 62.7 53.7 40.3 49.2 58.2 53.7 58.2 49.2 49.2 44.8 

*TKN (mg l-1) 1.3 5.7 2.8 4.2 1.5 3.8 4.9 7.8 3.2 5.2 5.8 3.8 6.7 5.6 5.8 6.5 2.0 

*NH4 (mg l-1) 0.5 1.9 1.8 4.0 1.8 0.4 0.6 0.9 0.8 0.6 0.8 0.5 0.6 0.5 0.6 0.3 0.3 

NO2 (mg l-1) 2.5 2.5 2.5 2.5 2.5 1.8 2.6 3.5 3.0 2.3 4.3 1.0 4.3 1.3 2.3 0.6 1.0 

NO3 (mg l-1) 40.0 40.0 40.0 38.8 21.3 21.3 30.0 43.8 52.5 52.5 37.5 25.0 43.8 36.3 33.8 11.3 25.0 

*TP (mg l-1) 0.9 1.2 0.8 1.2 1.9 2.3 1.7 2.3 1.7 1.5 2.3 3.1 2.8 3.5 2.8 3.5 0.8 

Chlophyl a(µg l-1) 46.0 34.3 35.9 40.9 61.1 37.4 22.3 63.1 30.7 51.6 56.3 24.0 28.2 35.4 25.8 13.6 10.0 

SDD (cm) 42.5 26.3 23.3 22.8 21.3 15.8 21.8 21.8 24.5 26.5 24.8 18.3 26.3 17.3 23.8 25.5 19.0 

Parameters marked with an asterisk (*) had significant differences among the time periods. 

 N= number of ponds   

 T= treatment 

 SDD= Secchi disk depth (visibility) 
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Table 5. Mean values (n=4) of water quality parameters in feed treatment (T2)  weekly measured at 1400 h (except DO at dawn) during the culture period. 

Parameters 

T2 (N=4) 

Culture Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

*Temperature(oC) 29.5 28.8 30.8 30.6 33.0 31.8 31.7 31.8 32.5 34.3 33.6 31.2 33.1 31.0 31.0 30.7 31.5 

*DO (mg l-1) 5.9 5.3 5.5 5.6 5.7 5.6 6.1 5.3 4.7 6.8 6.1 5.1 6.4 6.7 3.7 3.9 6.3 

*DO (mg l-1) dawn --- --- --- --- 2.6 2.0 2.0 1.2 1.5 1.2 1.3 1.1 1.4 1.9 0.9 0.9 1.1 

*pH 7.0 7.0 7.4 6.8 6.3 7.1 6.8 --- 6.4 6.5 6.8 4.8 --- --- --- 7.4 --- 

*Alkalinity (mg l-1) 67.1 62.7 80.6 53.7 71.6 62.7 67.1 58.2 58.2 58.2 67.1 53.7 49.2 40.3 44.8 40.3 44.8 

*TKN (mg l-1) 0.8 1.5 0.5 0.5 0.5 1.4 0.7 0.9 0.4 0.5 1.5 3.6 2.4 3.0 2.2 3.2 1.0 

NH4 (mg l-1) 0.3 0.4 0.4 0.0 0.6 0.8 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 

NO2 (mg l-1) 0.0 0.0 0.0 0.0 1.3 1.3 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 

*NO3 (mg l-1) 0.0 0.0 0.0 5.0 0.0 3.8 0.0 0.0 0.0 0.0 0.0 1.3 0.0 1.3 0.0 0.0 0.0 

*TP (mg l-1) 0.5 0.4 0.4 0.2 0.5 0.9 0.5 0.3 0.2 0.2 0.5 1.2 0.8 0.7 0.5 0.6 0.5 

*Chlophyl a(µg l-1) 11.3 16.9 13.9 10.2 12.8 8.9 5.9 10.4 11.0 76.5 36.0 13.2 19.8 57.3 22.4 19.8 9.9 

SDD (cm) 45.0 26.3 25.5 26.3 27.3 28.0 28.8 22.0 31.3 27.8 24.5 25.3 22.3 24.5 25.5 25.6 24.0 

Parameters marked with an asterisk (*) had significant differences among the time periods. 

 N= number of ponds   

 T= treatment 

 SDD= Secchi disk depth (visibility) 
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Table 6. Mean values (n=4) of water quality parameters in fertilizer plus feed treatment (T3)  weekly measured at 1400 h (except DO at dawn) during the culture period. 

Parameters 

T3 (n=4) 

Culture Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

*Temperature(oC) 29.3 29.0 31.0 30.5 32.5 31.0 30.5 31.8 31.8 33.8 32.7 30.9 32.8 30.7 30.8 30.5 31.4 

*DO (mg l-1) 7.6 8.0 7.8 8.4 8.5 7.6 10.9 7.1 9.6 9.0 12.2 6.7 8.9 6.8 4.0 4.2 7.6 

*DO (mg l-1) dawn --- --- --- --- 2.6 2.5 2.5 1.0 2.4 1.1 2.2 1.3 1.6 1.5 1.0 1.2 1.9 

*pH 8.0 7.8 8.0 8.0 7.1 7.2 7.2 --- 7.1 7.3 7.7 5.8 --- --- --- 7.2 --- 

*Alkalinity (mg l-1) 85.0 58.2 71.6 71.6 62.7 44.8 58.2 58.7 49.2 44.8 49.2 53.7 49.2 49.2 49.2 44.8 44.8 

*TKN (mg l-1) 0.9 2.9 1.5 0.8 1.3 4.6 5.3 8.0 2.2 3.8 3.4 4.3 9.3 6.1 6.7 5.8 2.8 

NH4
 
 (mg l-1) 0.4 0.8 0.4 2.0 3.0 1.9 1.4 1.3 1.9 1.1 0.6 2.1 0.5 0.6 0.5 0.4 0.8 

*NO2 (mg l-1) 0.0 0.1 0.0 0.3 0.0 1.0 0.5 2.6 1.8 1.8 3.0 1.8 1.3 2.8 2.8 0.1 1.1 

*NO3 (mg l-1) 5.0 5.0 3.8 3.8 6.3 7.5 15.0 40.0 30.0 21.3 27.5 62.5 27.5 33.8 31.3 13.8 27.5 

*TP (mg l-1) 0.9 1.1 0.7 0.8 1.3 1.9 0.9 1.0 0.8 0.9 0.6 2.5 0.9 1.6 0.9 3.9 2.0 

Chlophyl a(µgl-1) 57.4 36.4 30.6 44.4 44.6 64.6 48.5 115.4 43.4 23.6 86.3 28.1 39.8 44.3 43.0 19.7 12.1 

*SDD (cm) 43.5 32.0 19.5 23.0 18.0 16.3 20.0 13.3 22.5 16.0 21.5 19.5 17.5 21.0 25.5 24.0 26.8 

Parameters marked with an asterisk (*) had significant differences among the time periods. 

 N= number of ponds   

 T= treatment 

 SDD= Secchi disk depth (visibility) 
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List of Figures 
 

Figure 1. Changes in mean weight (growth) of tilapia during culture under three treatments. 
 
 

Figure 2. Changes in dissolved oxygen content of pond water at 1400 h during culture in each treatment. 
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Figure 3. Changes in dissolved oxygen content of pond water at dawn during culture in each treatment. 
 

 
Figure 4. Changes in total Kjeldahl nitrogen during culture in each treatment. 
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Figure 5. Changes in total phosphorus during culture in each treatment 
 
 
 

Figure 6. Changes in alkalinity during culture in each treatment. 
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Figure 7. Changes in pH during culture in each treatment. 
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1. Pond preparation (drying)  
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2. Liming (agricultural lime CaCO3)  
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3. Fertilization (suspending in a porous bag in the middle of the pond) using Urea and DAP 
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4. Measuring water qualities (DO, pH and temperature) using DO/pH meter 
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5. Water sampling and measuring (water quality) using Test-kits 
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6. Feeding 

  



 92 

 

 
7. Measuring evaporation (evaporation pan) 
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8. Experimental pond-site 

  


