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Abstract

The purpose of this research was to study the growth performance and economic return of
sex-reversed male Nile tilapia in earthen pond cage culture with high density through the Internet of
Things Technology (IoT). The experiments were conducted with a completely randomized design,
carried out under three treatments each with three replications. The stocking densities were 30
fish/mS/cage (T1), 50 fish/m3/oage (T2), and 70 fish/mB/cage (T3). The research methodology
consisted of two stages. In the first stage, instruments for measuring dissolved oxygen, water
temperature, and closed-circuit television cameras were installed, and the aerator was controlled
through a smartphone using Internet of Things Technology (IoT). The second stage involved culturing
Nile tilapia with an initial mean weight at 40.83 g/fish in each treatment for 5 months. The findings
revealed that tilapia in T1, T2 and T3 exhibited mean weight growth rates of 442.38, 431.36, and
438.92 g/fish, respectively. The specific growth rate was found to be 1.59%, 1.58%, and 1.57% per
day. The survival rate was 88.33%, 84.67%, and 84.33% respectively. The result showed no
statistically significant difference at 0.05 level (p=0.05). However, the feed conversion ratios were
1.53, 1.63, and 1.64, respectively with a statistically significant difference at the 0.05 level (p<0.05).
Throughout the fish culturing process, real-time data on dissolved oxygen levels, water temperature,
aerator control, and pond images were accessible via smartphone using IoT. Finally, the cost of
culturing sex-reversed male Nile tilapia was found to be 60.21, 59.34, and 57.06 baht/kg with returns
rates of -0.33%, 1.22% and 5.16% respectively. In conclusion, cage culturing of tilapia using 10T in

earthen pond facilitates high-density fish culture, resulting in better yields and economic returns.
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Table 1. Operation testing of the system on real-time reporting of dissolved oxygen levels, water temperature,

images of pond and aerator control through smartphone using Internet of Things

Time Function of system controlled through smartphone
(number)
Dissolved oxygen Temperature Aerator control Real-time
levels images
1 v v v v
2 v v v v
5 v v v v
4 v v v v
5 v v v v
Operation rate (%) 100 100 100 100

* Operation rate (%) =

The number of times the system has functioned. x 100

The number of times the system has been tested.
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Table 2. Growth rate of tilapia (Oreochromis niloticus) cultured in cage earthen pond 5 months

Time (Months)

Weight (Grams)

30 (fish/m?)

50 (fish/m)

70 (fish/m?)

0" 40.83 +2.31

1" 122.86+2.75
2" 165.58+5.68
3™ 248.92+33.42
4" 353.13+22.49
5 442.38+21.03

40.83 +2.31
123.63+7.99
164.83+28.87
248.02+40.07
386.70+36.72
431.36+41.19

40.83 £2.31
126.37+£26.10
162.80+30.79
219.25x24.82
352.75x27.80
438.92+32.84

*NS, no significant differences (p=0.05) in the same row
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Table 3. Growth performance and feed utilization of tilapia (Oreochromis niloticus) cultured in cage

earthen pond with different stocking density for 5 months
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Growth parameters

Stocking density (fish/m®)

30 50 70
Initial length (cm) 11.71£ 0.49 11.71£ 0.49 11.71£ 0.49
Initial weight (g) 40.83+2.31 40.83 £2.31 40.83£2.31
Final length (cm)™ 26.47£0.42 27.01£1.96 26.63+0.40

Final weight (g)"™

Average daily growth (g/day)™
Specific growth rate (%/day)™
Survival rate (%)

Feed conversion ratio (FCR)

44238+ 21.03
2.68+0.14
1.59+ 0.03

e 88.33+2.89

1.53 £0.03°

431.36£41.19 438.92+32.84

2.60+0.27 2.65+0.22
1.57+0.06 1.58+0.05
84.67+1.75 84.33+ 2.56
1.63 +0.02° 1.64+0.05°

*Mean in the same row with different superscripts are significant differences (p<0.05).

*NS, no significant differences (p=0.05) in the same row.
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Table 4. Economic returns of tilapia (Oreochromis niloticus) culture in cage earthen pond for 5 months

ltems/cage Stocking density (fish/m®)
30 50 70
1. Cost (Thai; Baht)
Fish fingerlings1 360 600 840

Fish feed” 1,347.35+22.68
Depreciation cost’ 57.29
Electricity and fuel cost 258.05
Internet of things cost’ 92.50

Total cost 2,115.19+22.68
2. Fish production (Kg/cage) 35.14+0.90
Production cost (Baht/Kg) 60.21+1.13

3. Income (Thai ; Baht)

Total income from selling fish®

2,108.28+£54.10

Profit/cage® -6.90+38.81
Profit/Kg’ -0.21+1.13
4. Return on investment (%/cage) -0.33+1.85

2,234.59 £ 183.28
57.29
258.05
92.50
3,242.43+£183.28
54.78+5.27
59.34+2.32

3,286.85+316.01
44.42+132.96
2.36£2.16
1.22+3.98

3,189.35 +400.58
57.29
258.05
92.50
4,437.19+400.58
77.81£7.66
57.06+£0.47

4,668.57£459.54
231.38+60.46
4.14+0.37
5.16+0.88

Note: 1. Fish’s cost 4 Baht for one fish

2. Feed's cost for 27 Baht each kilogram

3. Cage’s depreciation from cage cost one cage 550 baht /48 months

4. Internet of things cost on one cage 1,110 baht /60 months

5. Market's selling price 60 Baht (Phetchaburi, Thailand)

6. Total income subtract with total cost on one cage

7. Total profit divide by total fish weight
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Table 5. Some major water quality parameters in earthen pond

Parameter Mean £ SD Range
pH 7.27+0.26 6.9-7.6
Temperature (°C ) 29.17+0.42 28.5-29.6
Dissolved oxygen (mg/L) 5.52+0.30 51-58
Total ammonia nitrogen, NH, (mg/L) 0.07+0.02 0.03-0.09
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