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Toi wu quy trinh vin hanh hé thong aquaponics quy md nhé nudi ca
Tré vang (Clarias macrocephalus) bang mo hinh may tinh
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Tom tit:

Nghién ctru nay nhiam t6i wu quy trinh van hanh hé thong aquaponics dang loc gia thé (media-filled) bang mé hinh
may tinh dé nudi ca Tré vang (Clarias macrocephalus). M hinh mé phéng dwoge xay dung theo tiép cin da tac t6
(ABM) va dwoc hiéu chinh theo s liéu thi nghiém. Két qua tdi wu trén may tinh di dwa ra quy trinh van hanh cho
sau loai thé tich bé nudi (500, 1000, 1500, 2000, 2500 va 3000 lit), trong d6 mat dd ca cé thé dat toi da 150 kg/m?
nwée; ¢d ca gidng 1a 20 g/con; dién tich trong rau cin ddi theo san lwgng c (5-6 kg c4/m?); bom tuin hoan nwéc
cin hiéu chinh theo thé tich bé nudi, dao dong tir 16 dén 24 lin/ngay. Ca dwgce dé xuit thu hoach sau 151 ngay nudi.
Khi ap dung quy trinh vin hanh cin hru y giam sat thuwong xuyén chét lwong nwée dé hiéu chinh bom va xi nwée
thai khi can.

Tir khoa: aquaponics, ca Tré vang, mo hinh may tinh, nuéi ca tuin hoan, toi wu.
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Abstract:

This study aimed to optimise the operating process of a media-filled aquaponic system for raising bighead catfish
(Clarias macrocephalus) based on a computer model. The computer-based model was built using the agent-based
modelling (ABM) approach and calibrated with experimental datasets. The optimised results from the model runs
suggested operating processes for six fish tank volumes (500, 1000, 1500, 2000, 2500, and 3000 litres), where fish
density can reach a maximum of 150 kg/m* of water. The optimal fingerling size is 20 g/fish, and the vegetable
growing area is balanced according to fish weight (5-6 kg of fish/m?). Water circulation should be adjusted according
to the fish tank volume, ranging from 16 to 24 times per day. To maximise the benefits, which are calculated from the
balance between fish weight gain and feed consumption, it is suggested to harvest the fish after 151 days of raising in
the aquaponic system. When applying these operating processes, it is necessary to regularly monitor water quality
and adjust pumping and wastewater discharge as needed.
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1. it van de

Thuy canh két hop thuy san (aquaponics) la mo hinh canh
tac co su két hop cua cay trong va nudi thuy san (thuong la cd)
trong mot hé thong tuan hoan [1]. Pac diém co ban nhat ciia hé
aquaponics thé hién qua dong hoan luu nu6e chira dinh dudng di
tur () bé nudi ca voi mat dg cao, qua (ii) hé thong xu ly va cung
cap cho (iii) hé thdng trong rau thiy canh dé hap thu dinh dudng
trude khi tra lai nude sach vé bé nuéi ca [2]. T6 chirc Luong thyc
va Nong nghiép Lién hop qudc (FAO) di xem aquaponics 1a bién
phép canh téc hi¢u qua va than thién moi trudng trong thé ky XXI
vi tiét kiém nudc, it gdy 6 nhiém, tiét kiém nang lugng, tiét kiém
khong gian canh tic va tao san phdm hitu co an toan [3].

Aquaponics rit da dang nhung nhin chung dugc phén thanh
ba loai dya vao kleu gié thé trong rau [3-5]: (i) Mang dinh dudng
(NET), rau dugc trong trén cac ong dan nudc lién tuc chay tur bé
nu01 cd qua cac bo re; (11) Be n01 (floating-raft), rau dugc gan vao
tam vit liéu ndi trén bé mat tiép nhan nudc thai sau nudi ca voi bd
ré ngédm chim trong nudc; (i) Trong rau trén hat gia thé (media-
filled). Loai (i) v (ii) cAn phai c6 hé thong xt Iy nude (biofilter) dé
khoéng hoa dinh dudng va ling can. Loai (iii) khong nhat thiét phai
¢6 b0 loc sinh hoc vi cac hat gia thé c6 chirc nang tuong ty, nhung
can lip bo xi-phong dé diéu hoa mirc ngap va thoat nudc theo nhip.
Tuy nhién, néu khong c6 bo loc thi hé thong media-filled d& bi tac
[2, 3]. Hién nay, hé théng aquaponics quy mé nho (~1 m® bé ¢4 va
3 m? tréng rau) chiém wu thé va dugc khuyén khich phat trién [3].

Doi tugng nudi trong hé aquaponics thudng 1a ca ro phi, diéu
héng, cé qua, ca tré, luon. Trong do, ca Tré vang dugc xem 1a ¢
hiéu qua cao va d& nuéi nhét do co tinh chiu dyng cao véi moi
truong khac nghiét [6]. Sir dung cay trong dé hép thu triét dé dinh
dudng trong nude nudi ca la mau chot trong duy tri can bing cho
hé thong aquaponics [4]. CAy trong phd bién cua aquaponics 1a ca
chua, rau diép, cai thao, diép ca, rau mudng [3].

Cho dén nay, nhiéu cong trinh nghién ctru da duoc trién khai
dé cai thién chuc nang clia aquaponics bé“mg cach diéu chinh sy can
bing dinh dudng gitra cac thanh phin trong hé thong [2]. Viée dleu
chinh bao gom cén aoi gitra lugng thirc n cho cd va céy trong,
hodc can dbi gilra dién tich trong cay, thé tich nuéi ca va bg loc sinh
hoc [7]. Nghién ctu vé& m hinh hoa 4p dung cho hé aquaponics
ciing da dugc trién khai [2, 7, 8]. Tuy nhién, viéc st dung mo hinh
mo phong dé tdi wu quy trinh van hanh cta aquaponics thi chua
duoc phd bién [9]. Dic biét, tmg dung mo hinh méy tinh dé dé xuat
quy trinh canh tic ¢6 hidu qua cho nhiing ddi twong vat nudi cu
thé thi rat khé tim.

O Viét Nam, mic du tén goi aquaponics mdi chi xuat hién
trong mot vai thap ky gan day nhung cling da co nhiéu nghién ctru
vé linh vye nay. Nghién ctru v€ aquaponics ¢ nu6c ta chu yéu tap
trung vao hai chii dé 1a (i) Nhing chi tiéu k§ thuat nudc, phit trién
cua cd, rau [10] va (ii) Tu dong hoa trong van hanh h¢ thong (th1et
ké thuat toan ty dong cho bom, quat thong gi6) [11]. Nghién ciru
vé& mo phong va t6i uu hoa cho hé aquaponics ¢ Viét Nam hién rat
kho tim. Ddy ciing chinh la khoang trong khoa hoc can dugc bo
sung dé gop phan phat trién aquaponics ¢ nudc ta.
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Nghién ciru nay c6 myc tiéu toi wu quy trinh van hanh hé thong
aquaponics dua trén mo hinh mdy tinh, m6 phong theo nhiing
thong s co ban ciia FAO [3] va duoc hiéu chinh bing sb liéu
thi nghiém cho d6i twong ca Tré vang. Mo hinh méy tinh dugc
st dung dé lua chon mot cach tyu dong cac quy trinh van hanh hé
aquaponics tir rat nhiéu t0 hop cac yéu t6 thi nghiém, hd tro tra 1
cau hdi ve “quy trinh van hanh déc biét cho ca tré” ma tai liéu FAO
[3] d4 néu ra nhung chua c6 huéng dan chi tiét.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Déi tuong chinh cta nghién ciru nay 1a c Tré vang (Clarias
macrocephalus) va rau diép ca (Houttuynia cordata); st dung hé
thong media-filled quy mé nho.

Ca Tré vang duoc lya chon vi rat phi hop véi hé canh thc tudn
hoan [6]; rau diép c4 dugc lya chon vi loai rau ndy wa am it sau
bénh, dé thu hoach, 14 cay thude mang lai gia tri kinh té cao, da
duoc dé xuat cho hé thong aquaponics [12].

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phdp bé tri thi nghiém

Thi nghiém duoc thuc hién dé thu thap sé lidu cho hi¢u chinh
va danh gia md hinh méy tinh. Thi nghiém duoc trién khai tai khu
nha lu6i cia Hoc vién Nong nghiép Viét Nam (HVN). Hé thong
aquaponics (media-filled) thiét ké theo hudng dan ky thudt cua
FAO [3], bao gdm 3 thanh phan:

Bé nudi cd: B& vuong 16t bat (1,5x0,8x0,6 m), khdng ché nudc
& d6 cao 0,42 cm (thé tich khoang 0,5 m®); tha 37 con/bé (méat do
74 con/m?); khoi lugng 46+5 g/con.

Chau tr(fng rau: Su dung 8 chau nhya (0,65x0,42x0,19 m),
chura hat gia thé dét nung nhe, dat phia trén bé nudi c4; dién tich
2,18 m2 MJi chu c6 lip xi phong diéu tiét nudc dam bao thoi
gian ngdp can xen k& Rau dugc trf”)ng thanh khom véi mat d6 0,3
kg gbc/m?, trong trude 1 tuan thi nghiém dé kip bén ré va 6n dinh
hé vi sinh.

Bé loc sinh hoc: Thé tich 0,2 m?, chita 50 lit gi4 thé nhua
MBBR (dién tich riéng bé mat 750 m¥/m?). Hé théng media-filled
¢ thé khong can bé loc sinh hoc nhung vi thi nghiém ¢6 quy mo
nho va hru chuyén nuéc nhanh nén ching toi vén bo tri hé thong
loc dé chéng tac va dam bao qué trinh khodng hoa nhu dé xuat cua
nghién ctru trude [3, 5.

M6 hinh dugc van hanh dya vao bom hit nudc (28W-1,350
m*/H) tir bé ca 1én bé loc sinh hoc, 3 tiéng mot 1an, mdi 1an bom
12 phut (Iru lrong tuan hoan 4x thé tich bé ca/ngay). Nude tir bé
loc dugc phéan phéi déu vao 8 chau tréng rau va hoan luu tr lai bé
ca. Ca cho an 2 lan/ngay bang méay cho an tu dong vao lic 6h va
18h hang ngay, thirc an vién c6 ham lugng dam 40%, lugng thirc
an can d6i bang 3% khdi lugng ca & nhimg ngay nuéi dau tién va
giam dan déu xudng 1% & ngay thu hoach. Thoi gian thi nghiém
kéo dai 180 ngay, tir 18/3/2023 dén 18/9/2023.
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Ldy ma~u va phan tich medc: Céc chi tiéu chat luong nudc theo
ddi bao gom: tong dam amén (TAN) va nitrat (N-NO;), duoc thu
10 ngay mot 1an tai dau ra ctia bé ca, bé loc sinh hoc va chau trong
rau. Mau duoc thu vao khoang thoi gian giita 2 lan cho c4 an. Tat
ca cac chi tiéu dugc phan tich theo cac phwong phap chuan cia
E.W. Rice va cs (2012) [13].

Danh gia tang truong cua cd va rau: Ca duge can theo dinh
ky 10 ngay, mdi lan thu (bang vot) ngdu nhién 10 con dé tinh khoi
luong trung binh. Rau duoc thu hoach 60 ngay/lan, bing cach cat
sat goc dé can xac dinh tong khéi lugng; Thu ludn phién rau thanh
2 lan dé duy tri sy hép thu dinh dudng lién tuc trong nudc thai.

2.2.2. Phuong phap xdy dwng mé hinh may tinh

Phan mém va tiép can xay dung mo hinh: M6 hinh mé phong
duoc xdy dung theo tiép can agent-based modeling (ABM) thiét
ké trén phén mém chuyén dung Netlogo [14]. Trong do, mbi thanh
phan cua hé thong (bé c, chau rau va bé loc sinh hoc) dugc thiét
ké nhu mot tac t6 “agent”, c6 kha nang thé hién hanh vi mot cach
doc 1ap. Céc thanh phan cua hé thong aquaponics duoc lién hé véi
nhau thong qua dong trao doi nudc va dinh dudng.

Hoat dong cua hé thnng duoc dicu khién bang cac yéu 6 déu
vao (the tich bé ca, ca giong, luu luong bom nude, dién tich trong
rau, kiéu thu hoach rau, sb ngay nudi) dé chi ph01 miic cung cap
va sur chuyén héa dinh dudng trong hé thong. Dau ra cia mo hinh
bao gdm chit lugng nudc, ting trong c4, rau va hiéu qua kinh té
ciia toan h¢ thong.

Tham s0 va thudt toan cua mé hinh:

Ham s6 ting truong ciia ca: s dung md hinh ting trudng
Gompertz [15].

Wi = Wiy * e[ln(wz(;x)*e—kt] (1

trong do: W, (gam) la khoi luong cé tai ngdy thr t; wovaw,  la
khoi luong ly thuyét tinh cho cé tai thoi diém ngay dau thi nghiém
va khéi lugng cao nhat c6 thé dat dugc; k 12 hé s6 tang trudng riéng
(k can hi¢u chinh theo thi nghi¢m); t 1a thoi gian (ngay).

Lugng dinh dudng (N, ) do cé thaira [16]:
Nexcreated — Nfeed * Ryaste * Pfeed * Pfish (2)

trong d6: N, ,1a ty 1¢ N trong thirc an (16%); R, 1a ty 1& thai
(75%); P e 1a ty 1¢ dam trong thirc an (40%); va P 1a ty 1€ protein
trong ca (17%).

Chuyén d6i N thanh TAN trong bé ca [16]:

. T
= XNexcreated[g] * [Sln (ﬁ) + 1] (3)
la Iwong N do ca thai ra.

XNHx_Necheated

trong do: X

N,excreted

Ham udc lugng mirc anh hudng cua TAN 1én kha nang tir vong
cua ca: Xay dung tur so liéu thuc nghi¢m trong hé¢ thong nudi tuan
hoan [6]. Theo do:

Ty 16 chét = -17,087+5,4911g(TAN*1000) (4)
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Ham sb ting truong cia rau diép ca: Ap dung theo ham logic
cua C. Geelen (2016) [17]:
Xmax*Xmin*e[“*(t_to)]

X, =
t Xmax+Xmin*{e [P*(t—to)]—l}

)

trong do: X, X la khdi lwong cao nhét va thap nhat (trudc va
sau khi thu); X, la kh01 luong rau thu dugc tai ngay thu t, tinh tir
ngdy thu gan nhit t;plahé s6 tang truong riéng cho rau diép ca
(1 can hi¢u chinh theo thi nghiém).

Chuyén hoa TAN thanh Nitrate (N-NO,") [17]:

Tran(£) = —kEaN « Agp * CHAn (D) (6)
trong do: r,, (1) 1a ty 16 chuyén doi; A, 1a dién tich bé mt gia

thé; CTAN 1a ndng d6 TAN trong bé loc; kEAN 14 hé sb chuyén doi
(kTAN can hiéu chinh theo thi nghiém); t 14 thoi gian (ngay).

Nong do N-NO, (Cs.0) dau ra cia cac chdu trong rau
(media-filled) duoc tinh nhu sau [17]:

SpprAy 7S« 1000*(dm*n+dw)
( o %)

[lnCN03in—lnf—
CN03out =e€

trong d6: Q 1a luu lugng nude (m*/ngay); CNO3 1 nong do N- NO;
nude dau vao (tir bé loc sinh hoc); d, 1a do sau tang gia thé; d, la
chiéu cao 16p nudc trong chau; n 1a he s6 thanh phan co gidi (=0 75)
A, la dién tich b& mit hoat dong cua vi sinh vat (m¥m?); f 1a luong
NO chua chuyén hoa lang dong trong bun (=0,52); K, 1a hé so
Xu ly NO, trong gia thé rau (K, can hiéu chinh theo thi nghiém).

Cac ham s lién quan toi cAn bang nudc, gom co hap thu
nudc cua rau, bay hoi dugc ap dung theo cong thuc tinh cua
Greelen [17].

2.3. Phwong phap danh gia va hiéu chinh mé hinh
2.3.1. Banh gia do nhay ciia mé hinh

Dénh gia do nhay 14 dé kiém tra mic do anh huong cua cac
bién dau vao dén két qua dau ra ciia mé hinh. Nghién ctru nay
ap dung phuong phap “Sequential Bifurcation - SB” [18] do cach
d4nh gia nay phan biét dugc tac dong cua tong hop nhidu bién va
ciia timg bién don 1é [19]. V& co ban, phuong phap SB dua vio so
sanh sy trong phan giita hai trang thai (i) “on”: khi bién dau vao
dat & gi4 tri tao dau ra cao nhat (gi6i han trén); va (ii) “off”: bién
dat ¢ gia tri tao dau ra nho nhat (giéi han dudi).

2.3.2. Hiéu chinh mo hinh

Mo hinh ABM dugc hiéu chinh bing cach diéu chinh céc gia
tri ctia tham s6 mo hinh & ngudng phu hop dé co két qua mo phong
chinh xé4c hodc gan nhat véi thyc te.

Tham s6 can hiéu chinh bao gdm hé sb tang trudng riéng
cua ca (k); tang truong riéng cua rau (), hé so chuyén doi TAN
(k) trong bé loc va chau rau; hé s6 xtr Iy NO, trong gia thé rau
(K) nhu da trinh bay trong cac ham s6 phia tren Khoang gia tri
ctia mdi tham s6 can hiéu chinh duoc xac dinh dya trén cach giai
ngugc phuong trinh (ham s6) lién quan.

n



Do chinh xac cia mdi tham sd dwoc danh gia dya vao so
sanh giira két qua chay mo hinh va do dac tir thi nghiém theo
cong thuc tinh sai s6 RMSE [20] nhu sau:

RMSE = /—Z?ﬂ(’ﬁ:‘xz'f)z

trong do: x, —x,  1a sy khac biét gilta 1an do thir i tir (1) két qua
du bdo tir mé hinh va (2) tir thi nghiém; » 13 tong s 14n do (18
1an). Nhimng s lidu sir dung dé so sanh twong tmg v6i tham s6
hiéu chinh 1a: khéi lugng ca, rau, néng do TAN va N-NO,".

)

2.4. Phwong phdp téi wu héa bang mé hinh mdy tinh

Chuong trinh t6i uu hoa duoc xay dung va chay trong mo-
dun BehaviorSearch thiét ké riéng cho phan mém Netlogo. Vé
nguyén tic, chuong trinh t6i vu duya trén thudt toan di truyén
(GA) - genetic algorithm theo nghién cuu cia T.A. Ngo va cs
(2021) [19]. Phuong phap nay phong theo co ché di truyén trong
chon lgc tu nhién, dugc moé ta mot cach don gian nhu sau:

Kiéu gen trong di truyén twong ng v6i nhiing gi4 tri dau
vao lua chon dé t6i wu quy trinh van hanh hé thong aquaponics;
bao gém thé tich bé ca, mat do ca, luu luong bom, dién tich chau
trong rau, kiéu thu hoach rau, s6 ngay nuéi’.

MG t6 hop gen tuong tmg véi to hop gia tri cla tat ca yéu td
dau vao mo hinh.

Kiéu hinh twong tmg véi két qua chay mé hinh (hidu qua
kinh t& ciia mé hinh).

M®i lan chay mé hinh tuong ing v6i mot vong doi sinh hoc,
két qua chay voi to hgp tham s6 cho ra két qua gan nhét voi muc
tiéu t6i uu thi s& duoc ghi lai dé lai tao (t6 hop) véi thé hé méi
(céc t6 hop tham s méi).

Ham muc tiéu cho nghién ctru nay chinh 1a ham t6i uu quy
trinh van hanh cta hé thong dé tao ra hiéu qua kinh té cao nhat;
tirc 1 dat dwoc nang suat ca va rau cao nhat trong khi giam thiéu
chi phi xdy dyung va van hanh. M hinh s& do tim ty dong vi rat
nhiéu t6 hop céc gia tri dau vao, cho dén khi nao théa mén ham
muc tiéu thi dung lai.

3. Kétqua
3.1. Két qud theo doi trén hé théng aquapopics thi nghiém

Sau 180 ngay nu6i thi nghiém, s6 ¢4 con lai 1a 31 con, téng
khoi luong 1a 7,626 kg, twong duong mat do 15,252 kg ca/m’
nude; khoi luong trung binh c4 dat 0,246 kg/con; ty 18 song 1a
83,8%. Dién bién ting truong c4 dugc trinh bay ¢ hinh 1.

*Genetic algorithm (GA) str dung trong nghién ctru nay la mét chwong
trinh doc 1ap. GA st dung yéu té dau vao la cac yéu té diéu khién trong
moé hinh may tinh ABM; GA diéu khién md hinh ABM van hanh voi
nhi*ng tham sb va thuat toan thé hién méi lién hé gitra ting trwdng ca,
rau va can bang dinh duwéng clia toan hé théng aquaponics.
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Dién bién két qua thi nghiém
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Hinh 1. Khéi lwong ca Tré vang, néng d6 TAN va N-NO,” do dwoc trong hé

aquaponics thi nghiém.
AQUAPONIC EXPERIMENTAL MODEL
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Hinh 2. Giao dién mé hinh mé phéng hé théng aquaponics.

Rau diép c4 thu hoach dao dong 0,55-1,12 kg/m? thip nhat &
lan thu dau va tang dn & nhimg 1in sau. Mic thu trung binh dat
0,96 kg/m¥dot.

Néng do TAN trong bé ca cao nhat, dat 4,88 mg/l; trong chau
rau rat thép, chi dao dong trong khoang 0,14-2,14 mg/l, trung binh
1a 1,26 mg/l. Nong d0 nitrat (N-NO,) trong bé loc sinh hoc dat cao
nhat, 1én toi 17,76 mg/l; trong bé nudi ca va trong rau khong co su
khéc biét nhiéu, chi dao dong trong khoang 3,78-12,22 mg/1.

3.2. Két qud xdy dung mo hinh aquaponics trén mdy tinh

M0 hinh may tinh dugc xay dung voi giao dién c6 cac thanh
truot dé didu khién bién dau vao va do hoa dé quan sat két qua dau
ra (hinh 2).

Chuong trinh may tinh duoc van hanh bang hé thong ma (code)
theo bo ngdn ngir riéng cia Netlogo [14], bao gdm cac chuong
trinh mo phong ting truong c4, rau, trao ddi nude va dinh dudng.
Mo hinh méy tinh dugc thiét ké van hanh theo chu ky thoi gian la
ngay dé phu hop vai nhip didu hoat dong cua rau va ca [7, 8].

3.3. Két qua ddnh gid va hiéu chinh mé hinh mdy tinh

3.3.1. Két qua danh gié do nhay ciia mé hinh

Két qua tinh gi4 trj twong phan giira hai trang thai “on” va
“off” ctia 7 yéu t6 du vao di xac dinh tong gia tri tuong phan
ctia md hinh 1a 724,64 va hé sb tuong phan (dd nhay B) ctua
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timg yéu td nhu trong bang 1. Chi ¢6 6 yéu tb diéu khién co
hé s6 8 16n hon gia tri ngudng 14,49 (5% ciia do twong phan
trung binh [19]). “Kiéu thu rau” khong c6 anh hudng mot cach
¥ nghia t6i hiéu qué kinh té ciia mo hinh.

Bang 1. Hé s6 do nhay clia cac yéu t6 diéu khién mé hinh.

TT  Yéutb diu vao Do nhay % 50 v0i tng twong phan
1 Thétich bé ¢4 (m’) 385,01 21,52

2 Sbluong c4 gibng (con) 670,03 46,23

3 (5 c4 gibng (g/con) 454,53 31,36

f e g s

5 Dién tich tr(")ng rau (m?) 408,64 28,20

6 Kiéu thurau (s6 lin luan phién) 12,15 0,84

7 Ngay thu hoach (s6 ngay nuéi) 492,62 27,53

3.3.2. Két qua hiéu chinh mé hinh

Hé s6 tiang truong riéng cua c4 (k) trong cong thire (1) dugce
tinh nguoc tir khdi lugng c4 W, thu dugc tir thi nghi¢ém nhu sau:

©)

Khi giai phuong trinh (9) véi cac tham sé mic dinh

k=In[(In(W/w__)/In(w,/w_ )]t

w =0,460; w_ =0,250 va W, tuong tmg véi s liéu 18 lan can
¢4, két qua thu dugc khoang tri k dao dong 0,012-0,029. Hiéu
chinh dugc thyc hién tu dong bﬁng mo-dun BehaviorSearch,
v6i 3 1an do tim doc lap trong khoang gia tri trén va nhan duoc
k=0,025. Qua trinh hiéu chinh cling dugc thyc hién tuong tu
cho cac yéu t6 con lai va thu dwoc két qua nhu ¢ bang 2.

Bang 2. Tham s6 mé hinh dwoc hiéu chinh theo két qua thi nghiém nuéi ca
Tré vang.

TT  Tham s6 md hinh ;:‘:::g, 2;1:31 :l’i higu
1 Hé s6 ting truong riéng ciia cé (k) 0,020-0,029 0,025

2 Hé s6 ting truong riéng cita rau (uXnf) 0,011-0,035 0,033

3 Hgsb chuyén doi TAN trong bé loc (k) 0,0011-0,0090  0,0023

4 Hesbchuyén ddi TAN trong chau rau (k,,,)  0,0016-0,0072  0,0049

5 HesdxirlyNO, trong gid thé rau (K,) 0,010-0.430 0,117

) xac dinh bang cach giai ngwoc cac phuong trinh (1, 5, 6 va 7) theo
cac tham so6 thu thap tw thi nghiém.

Véi nhiing gid tri hi€u chinh do chuong trinh GA tim dugc
& bang 2, md hinh may tinh c6 thé duoc st dung dé cho ra két
qua xac thuc, phuc vu muc dich ti wu hoa qua trinh van hanh
cua hé théng aquaponics.
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3.4. Toi wu héa sw viin hanh ciia moé hinh aquaponics
3.4.1. Ham muc tiéu vgn hanh moé hinh aquaponics

Muc tiéu ma hdu hét cac mé hinh aquaponics can huéng ti
14 loi ich kinh té, xa hoi va méi truong [1]. Trong nghién ctru
nay, muc ti€éu ctia mo hinh dugc cu thé hoa béng ham t6i da loi
nhuén (£, ) tu tién ban ca va rau sau khdu trir chi phi.

E ,,=max[W *fishPrice +3% (X *vegPrice)
-2 (constructionCost)-Y (operationCost, )] (10)
trong do: W, la khdi lugng ca tai thoi diém thu hoach f;
fishPrice  1a gia ban (ngan d/kg) phu thudc c& c4, tinh tir thuc
nghiém: fishPrice =e"3+0%" ) (11)

X la tong khi luong rau tich Ity dén thoi diém ¢, vegPrice 1a gia
rau (60.000 dong/kg); constructionCost 14 chi phi xay dung mo
hinh tinh kém khau hao (bé c4: 500.000 dong/m?/5 nam; bé loc:
750.000 dong/m*/10 nam; bom: 150.000 ddng/c4i/2 nam; gia thé
trong rau: 1.800.000 déng/m*/10 nam); operationCost 1a chi phi
van hanh tinh dén thoi diém ¢, bao gdm thirc n c4 (16.000 dong/
kg); dién (2.500 dong/kW); nude (27.000 ddng/m?).

Nhu vay, nhiém vu t6i vu ciia mo hinh 1a do tim tap hop gia
tri cua 7 yéu t6 dau vao (bang 1) dé théa man ham (10). Kiéu
thu rau khong anh huong dang ké dén hiéu qua nhung hinh
thire “thu luén phién” van dugc dé xuat dé duy tri sinh khoi.
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Hinh 3. Két qua t6i wu mé hinh aquaponics bang thuat toan GA theo cac quy
mo bé nudi khac nhau.
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3.4.2. Két qua toi wu quy trinh van hanh mé hinh aquaponics

Phan tich t6i wu (giai ham 10) dwoc thyc hién trong mé-dun
BehaviorSearch (30 Iuot do tim doc lap, 4.000 thé h¢ lai), theo
cac quy md bé nudi khac nhau, sir dung khoang gia tri dau vao
nhu huéng dan ctua FAO [3]. Két qua da tim dugc quy trinh
nudi ¢4 toi wu theo timg thé tich nhu trong hinh 3 va tong hop
hop lai thanh bang 3.

Bang 3. D& xuét quy trinh van hanh hé théng aquaponics dang media-filled
nu6i ca Tré vang.

Yéu tb dibu khién ThE tich bE nudi

0,5m LOom L5m® 20w 2,5m° 3,0m°
86 Iwong ca giong (con) 305 610 915 1220 1524 1.829
C5 ca gidng (g/con) 20 20 20 20 20 20
priv el S I S
Dién tich trf")ng rau (m?) 11,81 2749 4484 5985 75 90
Kiéu thu rau (s6 1an luan phién) 2 2 2 2 2 2
Ngay thu hoach (s6 ngay nuoi) 151 151 151 151 151 151
Loi nhugn dybdo (ngandong) ~ 1.930 3972  6.068  8.144 10222 12318

4. Ban luan

Trong céc yéu t6 dau vao ciia md hinh, s6 lugng c4 gidng
¢6 anh hudng nhiéu nhit t6i két qua dau ra. Két qua nay goi ¥
can uu tién nang cao mat do ca néu mubn tang lgi nhuén cho
mo hinh. Tuy nhién, mat d9 cd & mtic nao 1a phu hop cho mot
hé aquaponics hién van con nhiéu ¥ kién khac biét. Cong trinh
nghién ctru hé tudn hoan nudi ca Tré vang [6] cho réng, mat do
nudi ¢6 thé toi 1000 con/m® nude (118 kg/m?); A. Endut va cs
(2010) [21] khuyén cao mat do t6i da khong qua 58,8 kg ca/m’
nudce va tai liéu huéng dan ctia FAO [3] goi y mat do cé tré co
thé dat 150 kg/m® nude nhung cin mot quy trinh nuéi dic biét.
Luu lugng nudc bom ciing twong tw; mot sd nghién ctru cho
rang, bom nude nhidu s& lam giam nong ¢ TAN trong nudc,
¢6 loi cho sur phat trién ctia ca [21]. Pong thoi, canh bao ciing
dat ra khi téc d6 nude trong hé théng lwu chuyén qua nhanh sé
giam thoi gian tiép xuc ciia vi sinh vat khoang hoa, giam hiéu
qua chuyén hoa dinh dudng, can tré sw phét trién cta ca rau
va ca [21]. Vi vay, x4c dinh ngudng diéu khién cho hé thong
dé dat hiéu qua tdi wu trong san xuat van luén ¢6 y nghia thuc
tién to 16n.

Két qua tir hinh 3 cho thdy, qué trinh t6i vu GA cho cac quy
md thé tich bé nuéi déu tim ra mirc loi nhuén tbi da tir khoang
1dn chay (s6 thé hé lai GA) thir 2.000 tro di. Vi vay, 10i gidi cho
ham 10 khi van hanh m6 hinh may tinh toi thé hé lai thir 4.000
14 nhit quan, co thé sir dung dé dé xuit quy trinh van hanh h¢
aquaponics.

Déi voi mdi quy mo thé tich, goi ¥ vé sb luong c4 giéng déu
o sb luong ma khi thu hoach dat méat do khoang 124 kg ca/m?
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nude, gan bang mirc toi da trong pham vi huéng dan ciia FAO
(150 kg/m?® nudce) [3]. Mat do goi ¥ nay vuot 2,1 lan £i61 han
mét do ddi véi cac loai ca khac theo tai lidu cua A. Endut va cs
(2010) [21] va cao hon 5% so v6i mat do cho ca Tré vang dé
xuét trong diéu kién nudi tuan hoan (khong ¢6 hé thong trong
rau) tai Viét Nam [6]. Day 1a loi thé khi chon nuéi ca Tré vang
do kha néng chiu dung cao cua chung. C& c4 giéng duge GA
goi y déu & muc thap nhat (20 g/con) do ¢ c& nay gid mua phu
hop trong khi van dam bdo ty 1é séng cao. Thoi gian thu ca
duoc goi y 0 ngay nudi thir 151 vi lién quan tdi muc tang trong
dat gan t6i da vao ngay thir 150, va thoi diém thu rau luan phién
dung vao ngay thu 150.

Nhiing yéu t6 van hanh khéc di kém theo mat do c4 toi da
(tai lidu FAO goi 1a quy trinh didc biét), bao gdm luu lugng
bom va dién tich tréng rau, cling da dugc GA dé xuit trén co
s& can d6i ham lugng dinh dudng dé rau va c tang truong tot
nhat. Cac cong trinh nghién ctru [3-5] da chimg minh, nong do
N-NO, t0i wu pho rau phét trién 1a tir 10 mg/1 tr6 1én; dbi voi
ca Tré vang, nong do TAN 15,5 mg/l va N-NO, 100 mg/I van
trong ngu’o‘ng phét trién binh thu’o‘ng [6]. Theo do, dién tich rau
va so 1an tuan hoan nudc trong bé ¢4 di dwoc GA to hop dé duy
tri nong do TAN vaN-NO, ¢ mug: khgng gay tir vong cho ca.
Nhin chung, di¢n tich rau dugc dé xuat ¢ ty 1€ khoang 5-6 kg
ca/m?rau; tudn hoan nudc thi thay ddi theo bé nuéi: 0,5 m® la
24 1an/ngay (12 m3/ngay), 3,0 m® 14 16 lan/ngay (48 m3/ngay)
Vi dién tich rau va s6 1an tuan hoan nudc nhu trén thi ndng
do¢ dinh dudng trong nudc duge du bao kha phu hop véi ca rau
va ca (hinh 4).

Dir bao dién bién ndng d4 TAN va NO; trong bé nudi cé tré vang

S16 Hocin = TANOSm?
g i « TANLOm’
= T Y 7 [ + TANLSm?
212 el g *—TAN 2,0 m*
] o= B n 7.7TAN25m’
3 TAN 3,0 m?
& * NOs05m
S + NOs10m
3 EEE s== & NO;L5m?
2 y ‘ -m--NO3 2,0 m?
5 : x-NOy 2,5 m?
= 0 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 170 180 +-NO;30m?

Ngay nudi
Hinh 4. Nong d6 dinh dwéng dwoe mé hinh may tinh dw béo theo cac quy
trinh nuéi khac nhau.

Két qua hinh 4 cho thiy, ndng do N-NO, trong bé ca ting
nhanh trong khoang 50 ngay dau d¢ dat trén 10 mg/l va duy tri
muc do nay tdi hét vu nudi. Nf)ng d6 cao nhit dat 16.44 mg/l,
van thudc ngudng an toan cua ca Tré vang. Day la nguon dinh
dudng rat pht hop dé cép tryc tiép cho rau phat trién [12]. D6i
voi nong d6 TAN, céc quy trinh nudi déu khong vuot qua 5,5
mg/l, cling chua tdi mirc gay hai cho ca Tré vang.

Két qua chay mé hinh véi kich ban thé tich cao nhat (3,0
m?) va luu luong bom 16 1an thay nudc/ngay thi chi phi dién la
448.000 dong (3,5% tong chi), chi phi nudc 1a 124.000 (1,0%
tong chi) dong cho ca vu nudi. Chi phi van hanh chu yéu 1a tién
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thtrc an cho ¢ (82,0% tdng chi phi). Thirc 4n trong md hinh
can dé tao sinh khdi ca nhung do ciing 1a nguodn dinh dudng
(thtre an thira va chit thai ciia ca) dé rau ting truong. Nhu vy,
ngoai loi ich kinh té, nhiing loi ich moi truong khac cua mo
hinh aquaponics nhu tiét kiém ning lugng va han ché 6 nhidm
moi truong ciing rat cd y nghia, dic biét 1a nhin nhan theo goc
d kinh té tuan hoan.

M& hinh mé phong ctia nghién ciru nay c6 thé duoc sir dung
dé t6i wu theo nhiéu muc tiéu khac nhau. Vi du, t8i vu riéng cho
muc dich tr(‘Sng rau hodc nudi c4, hodc t6i uu theo loi nhudn
trong hoan canh gia san phdm bi thay dbi... Dy 14 vu diém cua
phuong phap stt dung mé hinh may tinh. Tuy nhién, mo6 hinh
ciing ¢6 mot s han ché, trude hét 1a chua dé cap t6i yéu 6 khi
twong, t6i wu chua tinh dén chi phi nhan cong, thuéc phong
va chira bénh. Pay ciing 1a goi y cho cac nghién ctru tiép theo
lién quan téi xay dung mo hinh va ti uu hé thong. Mot diéu
can nhin manh nita 13 nhitng gia tri dwa ra trong quy trinh 1a
logic tuong quan vé can bang vt chat va chi phi. Trong qua
trinh 4p dung, ngudi san xudt co thé linh loat didu khién mo
hinh gan véi gid tri ngudng, nhung phai giam sat thuong xuyén
dién bién vé rau, ca va chat lugng nudc dé hiéu chinh khi can.
Ngoai ra, mirc dau tw ban dau va yéu cdu mit bang ciing ting
theo quy mo. Vi vy, ngudi san xuat phai lya chon quy mé cho
phtt hop véi didu kién cta minh va co nhimng dy phong vé dich
bénh phat sinh trong qua trinh nuoi.

5. Két luan

Mo hinh méy tinh mo phong hé théng aquaponics nudi ca
Tré vang va trong rau diép c4 cho thdy, sd luong ca nudi co
anh huong nhiéu nhit dén két qua dau ra ciia mo hinh. Vi vy,
mudn tang lgi nhuén san xuét can chl v nhiéu hon t6i mét do
ca. Két qua phan tich ti wu bing thuat toan GA da xac dinh
quy trinh van hanh h¢ théng theo thé tich bé nudi, trong do, mat
d6 nudi t6i da cua c Tré vang co thé dat toi 124 kg/m® nudc; co
ca gidng 14 20 g/con; dién tich trong rau can dbi theo san lugng
¢4 (5-6 kg/m?); bom tudn hoan nudc thay doi theo thé tich bé
nudi, dao dong tir 16 lan/ngay (bé 3,0 m?) t6i 24 lan/ngay (bé
0,5 m%). Ca dugc dé xuét thu hoach ¢ ngay nuéi thir 151. Khi
ap dung quy trinh van hanh nhu trén, can luu y giam sat thuong
xuyén chat lvong nu6e dé hiéu chinh bom va xa nudc thai khi
can, dong thoi phai co bién phap kiém soat nhimg sy cb k§
thuat va rui ro dich bénh cho ca va rau.
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