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Study on the incubation and nursing of two populations rainbow trout at
different stocking densities in a semi-closed recirculating water system for smart

agriculture using loT system
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Abstract

Rainbow trout (Oncorhynchus mykiss) is a freshwater fish that lives in cold water with a
temperature range of 12-25 degrees Celsius. The Royal Project Foundation, in collaboration with the
Department of Fisheries, has successfully studied its aquaculture since 1998. However, current climate
change has affected rainbow trout aquaculture, causing continuous and prolonged fish fry mortality.
This research aimed to study the application of the recirculating aquaculture system (RAS), a prototype
of smart agriculture based on the IoT system, for the hatchery and nursery of two all-female rainbow
trout populations with different chromosome numbers, namely 2N (diploid) and 3N (triploid), to solve
the problem of fish fry mortality. It was assumed that fish fry with different chromosome numbers
may respond differently to the recirculating aquaculture system (RAS).

The study was divided into two activities: Activity 1: Hatching of rainbow trout eggs at the eyed
stage from two populations for 30 days. It was found that the hatching rate of the 3N population was
97.02+0.23%, higher than that of the 2N population at 91.13+0.07%. There were 42,726 live eggs, more
than the 2N population with 39,387 live eggs. There were 1,625 atresic eggs, fewer than the 2N
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population with 4,147 atresic eggs. This was because the 3N population was stronger than the 2N
population, resulting in more live eggs and a higher hatching rate. The difference was statistically
significant (p<0.05). However, the weight and length of the newly hatched fish were higher in the 3N
population, but not statistically significant (p>0.05). After 30 days of incubation, the 3N population had
a higher survival rate (90.79%) than the 2N population (86.76%). As for the specific growth rate, the 2N
population (7.15+0.00%) had a higher specific growth rate than the 3N population (6.86+0.00%), while
the average weight and average length of the two populations were not significantly different (p>0.05).
Activity 2: Nursery of two populations of rainbow trout at different stocking densities in a semi-closed
recirculating water system for 90 days. It was found that the stocking density of 2,000 fish was the
most suitable for the nursery of rainbow trout because it resulted in the highest survival rate for both
the 2N population (94.07+0.15%) and the 3N population (93.87+0.60%). The specific growth rate,

average weight, and average length of all treatments were not significantly different (p>0.05).

Keywords: nursery system, rainbow trout, recirculating aquaculture system, smart agriculture
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Diagram of a semi-closed recirculating water system for smart agriculture using loT system
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Figure 1 Diagram of a semi-closed recirculating water system for smart agriculture using loT system
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o
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Table 1 Hatching results of rainbow trout fry from two populations

Parameter Duration (day)  Diploids (2N)  Triploids (3N) P
Egg size at eye stage (mm) 1 5.34+0.28 5.26+0.36 0.785
Number of live eggs (eggs) 7 39,387+1,426.45° 42,726+286.33*  0.026
Number of atresia eggs (eggs) 7 4,147+11.15° 1,625478.95° 0.014
Hatch rate (%) 7 91.13+0.07° 97.02+0.23° 0.020
Average weight of newly hatched fry (g) 8-14 0.11+0.00 0.12+0.00 1.000
Average total length (mm) 8-14 15.28+1.34 16.25+1.06 0.766

The mean (mean+SD) indicated by different English letters horizontally indicates a statistically significant difference (p<0.05).

nseyuragnUansuluinidaesnguuseansluseeg 30 Tu nudlumugnsinissennevasgnuan
nauUsE¥INT 2N Waznauuseyng 3N d8nsin1ssenmelavany 7 U 18ms1n1558AR1e 94.04 Uay 97.68%
91g 15 Ju 19n31n1559AM18 90.06 wag 94.29% wavany 30 U UnI1N1558ANY 86.76 wag 90.79%

Weollmsendeyanadanuinfinnuunnaieiuegeiidedidynisadfisenineanguuseving (p<0.05) Tuau

q

o

gnsInsaTgaulndmizvesgnuaingy 2N wagnay 3N lagaig 7 Ju 16nn15saulndunig
6.22+0.00 Ua¥5.79+0.00 % WWloany 15 Yu TdanmaaiaAuladums 599+0.00 uag 5.65+0.00% 81 30 Tu
193N TLAUladNY 7.1540.00 wag 6.86+0.00% Lﬁa’imswﬁ%yjamqaﬁawudwﬁﬁ%mﬂmqﬁu
pg1aflfydAYNeaiAvednIINIsRTyAUlnd g sENIeERINquUsEYINs (p<0.05) Tuguthainade
vosrsmoanguUsznsiiiudnnde 81y 7 Fu 0.17:0.00 waz 0.18£0.00 N3 81g 15 Fu 0.27+0.00 n3u uag
0.29+0.00 N34 818 30 ¥u 0.94+0.00 wag 0.94+0.00 N3 AwAFy ol zvideyameaianuilsifa
wAnAeuN9adA (p>0.05) lusuaiueriads nuitldfiauwandeiunieadd (p>0.05) Wuiieadu lng
91y 7 Yu flanueaiade 19.95+1.78 way 19.54+1.38 fadluns 01y 15 YU 28.94+1.94 uay 29.55:2.01
1afwns 818 30 W 41.5324.64 uay 42.71+2.59 Jaduns aqﬂlé’dﬂﬂduﬂszmﬂiqﬂﬂmﬁy’q 2 ngu 1oy
7-30 U 1M31N1550ANELANA1NIEDRA Tasan1znguuszying 3N 16n51n1350A8INNINAUUITEYINT 2N
uinguuszens 2N f8nsmaaiyiuladunizinniinguussains 3N dautmdniedsuazanueniade

vosgnuarlaifianuuanesiunisada (Table 2)
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Table 2 Survival rate, and growth of rainbow trout fry from two populations during 7-30 days old

Parameter Age of fish fry Diploids Triploids P
(days) (2N) (3N)

Survival rate (%) 7 94.04° 97.68° 0.012
15 90.06" 94.29° 0.015
30 86.76° 90.79° 0.014

Specific growth rate (%) 7 6.22+0.00° 5.79+0.00° 0.023
15 5.99+0.00° 5.65+0.00° 0.019
30 7.1540.00° 6.86+0.00° 0.013

Daily weight gain/per 7 0.17+0.00 0.18+0.00 1.000

day (g) 15 0.27+0.00 0.29+0.00 1.000
30 0.94+0.00 0.94+0.00 1.000

Daily length gain/per 7 19.95+1.780 19.54+1.380 0.214

day (mm)
15 28.94+1.970 29.55+2.010 0.692
30 41.53+4.640 042.7+259 1.000

The mean (mean+SD) indicated by different english letters horizontally indicates a statistically significant difference (p<0.05).

fanssun 2 n1seyuragnuansuluimsdasinguuszyinsinizideslusgduanunuikiunuaneeiy
Tuszuuihmyuiguwuuiade
310 Table 3 wuindadeluFesnguusssinsvisaeangulssvinsliinadeynanyuenis a3 gLaule

Y

EL‘WUEIJU‘VI mwwumumaamsaumau NaRY1ANA A UL e d)

(%

B (p<0.01) AosnTINTTen willifinadiu
Fnwardu q daluFerfHuniusssminnguussrnauaraumuuiinaog iinaunndsog il Tod Aoy

(p<0.05) ustlsifinafudnunrdu q Wity Feduiidnuimseyualafissduarmumuuiu 2,000 6 ﬁﬁmw
ssenaNniian (93.967%) ﬁgmzjmszﬁzmsﬁwwaaaﬁ (2N) viSenguuszynsninwases (3N) lngildnsnissen

q

wnaawiedaumuILLy 2,000 i1 Ag 94.067 Lag 93.867% AME AU
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Table.3 Results of rearing two populations of rainbow trout at different densities in a semi-closed recirculating

water system, a prototype of smart agriculture based on loT (loT), after cultivation for 90 days

Populations Density Survival Daily weight  Daily length  Specific growth
rate gain gain rate
(%) (9) (mm) (%)
2n 93.133 0.078 0.668 2975
3n 92.933 0.082 0.660 3.027
1,500 92.100 b 0.084 0.687 3.082
2,000 93.967 a 0.075 0.642 2.920
2n 1,500 92.200 b 0.085 0.690 3.110
2,000 94.067 a 0.071 0.647 2.840
3n 1,500 92.000 b 0.083 0.683 3.053
2,000 93.867 a 0.080 0.637 3.000
F-test Populations ns ns ns ns
Density ** ns ns ns
Populations x Density * ns ns ns
CV (%) 0.74 15.24 9.64 6.99

ns, ¥, ** = are non-significantly difference, significantly difference at P<0.05 and P<0.01, respectively

YMeans within the same column followed by different letters are significantly different by DMRT

2130IHaN1539Y

msfnwnsiinlivesUaisuluings 2 ngudszunsfisidauyalashilvuunndeiu Wuna 30 fu
nuInquUsEIng 3N d91uultd snsinsiwziinuinnitnguuszyins 2N wasdduiuludetdeundtnge
ngudszeng 3N farmudeusendingudsyeing 2N virlsiidualifninniy Fafidnsnisinziinigandn
waziioimnzilnnuinagitminuagauenauinnit aeardesunissesuves Lee et al. (2023) finuin
Igvasuluimsditlaslaley 3 g Triploids (3N) Insadydulnnainiliansuluimsdniasialsy
2 %4 Diploids (2N) sisludurasiminiadsuazaruenia nmsfnwviniseyuiagnuansuluived 2 ngy
Uszennsflssduamuvnuduiiuansnsfilussuuivyudeusuuisda Wune 90 fu wuhssduamumuuud
2,000 #7 wsnzaudmiveyuiagnuansuluingd mszgnuaniisnsisennis 94.07+0.15% deo1aiinann

N15A8909gN luANNUINIY 2 SEAU d31urun1sanelnaifeaiy williod1u13As18dnsInssennie
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e oS dudsnINIsenmeraINguIzAuUANUIMIL 2,000 fagendt mszdduulailunismeaes
UINNINTEAUANUAULUY 1,500 67 ’lumwﬁé’mwmnﬁm@dmﬁwwm Ywriniedsuazanuenae NANTTUID
e luAnANIUNNSERR uATisEFUALMUILLY 1,500 6 ‘wm'ﬂﬁLLuﬂﬁuﬁﬁmwmm'%zylﬁuimﬁwwa Yniinade
warANeIeaY wnnindndos W 2 Uszung wsrsiiseduanumuiudutesndn Seilgisnsinns
WILAUTRTINE dmdniade wazanue1RAsINnINsERy masMkLui 2,000 6 Tuwaedl Suda et al
(2022) l¥FnwnsdssUavslevlussiunumnuduiiunananeiu 4 seu Ao 250, 300, 350 way 400 /AT
TussuunyuIsuwuuTaruaEnAuRUULINBRTTIRSEEUNIZUY [oT Wulfeaiu nuidnsInssennieynszay
AMUNUIUUlLWANA19TY A 100+0.00, 100+0.00, 99.28+0.01 kA 98.92+0.02 WHTLAUAITUNUIBUY
fiisduiuuliiandninisseangvastan agndlsfinm dMIUN1TOUUIAINUAD1RTTEAUANUNUIRILYBS
anuawnndsilusdinvesuauazszuunmseyuia ddduiiiléifeyuragnuarlussaunuaa Jeuansnaain
FBnseyuiagnuaignaemAlussuuiiilvates Detanun et al. (2021) Ald38nsoyuialudmanainguads
TnenudsedummmuLLLimnzay Ao 500 da/msy. Wosnivmdneds anuenieas uarn1saseyLAule
Aifian usssFuAIMIWIY 5,000 F/msu. T8nsengefign uazmseyuagnuammelunseda Ungsetthaphan
et al. (2011) AnuinseduauwLduRvNzay Ao 200 Fa/nsa. Tnefitlsnsinswasuemsiduieuas
Smmnnssen lsiuansstumusuuiuil 100 way 50 d/asa uilirrareuwuofMugsTian dugnuamimiin

nuINsEAUAMUTUILIUIINgaud mTunIseyUIag nuaimilnAe 600 Aa/au.u. (Seetapan, 2020)
A3UNaN1339Y

nsfnwnsilnldesUansuluingd 2 nguuszrnsidauugalasiulauansieiu iWunan 30 fu
NWuIINguUsEYIng 3N T9uaulad 42,726 Wed uazdnsinisiwiziln 97.02% u1nnInguuseying 2N Al
1uauluf 39,387 Wog wazdnsnisimiziin 91.13% waziidwiulude 1,625 Wes Wesninguuszying 2N Nd
Sunulaide 4,147 veos Matidumsiznguuszyns 3N danuudasannniinguuszeins 2N Fsdduiuled
wnnd ilvanunsamneiinlalugnsnanii wasiilomnziinnuinaziindnuazaiugauinndi uwiliuane
aa v <) v Y ! ' a v
N19add wagnasniieiiniduan 30 Ju nuidnsnissennigazanat InenuInguusesng 3N 16057

N1359AMELINNTT (90.79%) NguUTEYINT 2N (86.76%) diudninisasaauladmienuinguusevns 2N

q

a

(7.15+0.00%) 8051015693 qsAULATNNIZUINNTT NGUUTEYINT 3N (6.86+0.00%) lunugiuminiage

]

warANNENNRGRY 119 2 NaNUsErnshiuananmeada daumsfinwiniseyuiagnuantsuluives 2 nguusesnns

S o |

d' ! 1Y H = = a < [ ! [ oA (g
sgauanuvunwduiuanaiulussuudmyudsuiuuidn Wua 90 Ju nudiseduauvuiui 2,000 67
fanumnzandmiveyuiagnuansuluiinsduiniige inseglvgnsiseanmeuniign Manguusesing 2N
(94.07+0.15%) Waznquusey1ns 3N (93.87+0.60%) luvazdns1nsiasaLavlndinieg umdniadeway
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