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ABSTRACT

The purpose of this study was to examine the effect of different dietary of protein levels on
water quality, growth performance of Asian swamp eels Monopterus albus (Zwiew, 1793)
and productivity of pak choi (Brassica chinensis) in aquaponic systems. Swamp eels (47.4
g/con) were fed with 4 different dietary protein levels of 25% (NT1), 30% (NT2), 35%
(NT3) and 40% (NT 4). The experimental swamp eels were hold in aquaponic recirculting
system with pak choi (100 head/m?). The experiment was run for 60 days with two cycles
of pak choi. The result showed that higher protein level of feed would induce higher
concentration of nitrogen in the form of total ammonia and nitrate. There was a significant
difference (P<0.05) in weight gain of animal among the dietary protein levels. The highest
weight gain of swamp eels were 0.68+0.36 g/day for treatment 3 and was higher
significantly compared to other treatments. The survival rate of swamp eels was highest in
NT2 (63.33%) and lowest in the NT4 (45.73%). The lowest FCR (2.55+1.24) was found
for those animals fed with diet contain 35% protein and lower significantly compared to
other treatments. There was a significant difference in total length, weight and productivity
of pak choi among these treatments (P<0.05). The highest productivity of pak choi was
5,819 g/m?/60days (NT3) and lowest one was found in the NT1 (4,770 g/m?/60 days). In
general, dietary protein level of 35% produced good growth rate of swamp eels and high
productivity of pak choi. The result suggested that diet contains 35% protein could be used
for commercial culture of swamp eels in the aquaponic production system.

TOM TAT

Nghién ciru dwoc thue hién nham danh gid dnh hudng cia thire an ¢6 ham heong protein
khdc nhau Ién chdt lwong nudc, ting truomg cia hron dong Monopterus albus (Zwiew,
1793) va ndng sudt ciia rau cdi thia (Brassica chinensis) #rong mé hinh aquaponic. Luon
giong (47,4 glcon) dioe cho an thire an voi bon ham leong protein khdc nhau la 25%
(NT1), 30% (NT2), 35% (NT3) va 40% protein (NT4). Luon duoc nuoi trong hé théng
tudn hoan aquaponic két hop trong rau cdi thia. Thi nghiém duoc thue hién trong 60 ngay
VOi hai chu ky rau. Két qud cho thay NT thire dn ¢6 ham hwong protein cang cao thi hrong
nitrogen cang ting, dic biét la TAN, NOs-N. Téing trong tot nhat ciia hwon ld & NT3
(0 68+0,36 g/ngay) va khac biét co y nghia thong ké so voi cdac nghiém thirc con lgi. Ty I¢
song ciia lwon cao nhat ¢ NT2 la 63,33% va thap nhat la & NT4 (45,73%,). FCR thép nhdt
(2,55+1,24) & NT3 va khdc bi¢t co y nghia théng ké (P<0,05) so vdi cac nghiém thiic con
lai. Tang truong vé chiéu dai, khot luong va nang suat cua rau ¢ cac NT khdc biét co y
nghia thong ké (P<0,05). Ning sudt cao nhdt ciia cdi thia la 5.819 g/m%60 ngay (NT3) va
thap nhat la 4.770 g/m%/60 ngay (NT1). Két qud nghién citu cho thay thike én co ham heong
protein 35% co thé diroc sit ditng dé nudi won thirong pham két hop véi cdi thia trong mé
hinh aquaponic.

Trich dan: Hira Thai Nhan, Duong Nhut Long va Pham Minh Dire, 2020. Anh huéng cua ham luong protein
1én chat lugng nude, tang trudng cua lwon Monopterus albus (Zwiew, 1793) va cai thia (Brassica
chinensis) trong mo hinh aquaponic. Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(1B): 143-152.
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1 GIOI THIEU

Lwon déng Monopterus albus (Zwiew, 1793)
dugc nudi phd bién trén bé 16t bat voi quy mo  khac
nhau & Dong bang séng Ciru Long, nhu tinh An
Giang, Can Tho, Pong Thap, Vinh Long,... Tuy
nhién, han ché 16n nhat cia mé hinh nudi nay 1a viéc
thay nuéc, nude nudi lwon trong mé hinh bé 16t bat
phai duoc thay hang ngay, dan dén moéi truong bi
anh huong, ciing nhu viéc han ché nuéc dé thay va
chi phi nudi ting cao. Theo két qua nghién ctu cua
Phan Quynh Nhu va Hira Thai Nhan (2018); Nhan
et al. (2019), viéc nuéi luon trong mé hinh
aquaponic c¢6 thé duoc xem 1a mo hinh nudi thuy san
than thién va bén viing khi glal quyet dugc van dé
moi truong va ting ning suat san Xuat (lwon va rau)
clia md hinh. Aquaponics 1a mot hé thong két hop
gitra nuoi trong thay san voi tréng rau thiry canh
trong hé théng tuan hoan, trong mé hinh nay, mot
lugng nito hoa tan va phophate dugc tao tir nuéi
trong thay san s& duoc loai bo nho qué trinh chuyén
hoéa cua vi khuan c6 lgi va hap thu dinh dudng tir rau
thuy canh (Buzby and Lin, 2014). Theo Rakocy et
al. (2006), trong cac hé théng aquaponic, nhiéu loai
thuc vat duoc thich nghi t6t nhu rau diép, cai xa lach
X00ng, Cai thia, rau mudng,...Tuy nhién, qué trinh
van hanh va hoat dong hiéu qua cua hé théng
aquaponic bi anh huéng bai nhiéu yéu té nhu tée do
dong chay qua bé trong rau, ty 1é rau va ca trong hé
thng, va dic biét 1a ham lwogng protein trong thic
in cua ca nudi trong hé thdng (FAO, 2014). Ham
lugng protein khac nhau trong thire an khi cho ca an
s& anh huong dén luong nito thai ra trong moi
truong nudc cua hé thdng aquaponic ciing nhu anh
huong dén qua trinh chuyén hoa nito trong hé thong
aquaponic (Ako and Baker, 2009; Wongkiew et al.,
2017). Két qua 1a anh huéng dén su ting truong,
phat trién va nang sut cua rau trong trong hé thong.
Bén canh d6, protein 1a thanh phan dinh dudng quan
trong va thuong duoc ru tién nghién ctru dau tién so
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v6i cac thanh phan dinh dudng khac cho céc loai
thuy san (NRC, 1993; Nhan and Ako, 2016) vi
protein dugc cu thanh tir cic acid amin thiét yéu.
Tuy nhién, hién nay van con rat it nghién ctru vé anh
huong caa thire dn c6 ham lugng protein khac nhau
1én sy tang truong cua rau trong hé thong aquaponic,
cling nhu 1én sy tang trudng cia luon. Do d6, muc
tiéu cua nghién ctru nay nham (1) danh gia chat
lwgng méi trudmg nudc trong hé thong, (2) bude dau
danh gia sy anh huong cua thie an ¢6 ham luong
protein khac nhau 1én sy tang truéng ctua luon va (3)
su phét trién va nang suat cua rau cai thia trong mo
hinh aquaponic.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguén lwon gidng

Luon gidéng (khéi lugng trung binh ban dau 1a
474 g/con) dugc mua tir trai gidng tai Can Tho.
Lwon dugc thich nghi véi didu kién thi nghiém (1
tuan) tai Khoa Thuy san, Trudng Pai hoc Can Tho.
Trong thoi gian nay, luon duoc tp cho dn bing cac
loai thtrc dn khac nhau vé ham lugng protein trudc
khi b tri thi nghiém ciing nhu diéu kién méi truong
nude.

2.2 B® tri thi nghiém

Thi nghiém duoc thuc hién gdm 4 nghiém thirc
thire an vién ¢6 cac ham lugng protein khac nhau:

— Nghiém thuc 1: 25% protein.

— Nghiém thac 2: 30% protein.

— Nghiém thuc 3: 35% protein.

— Nghiém thuc 4: 40% protein.

Thirc an sir dyng trong thi nghiém nay 1a thire an
vién nodi (1,0 — 1,5 mm) fiuoc ban pho bién trén thi
truong véi cac thanh phan dinh dudng cia thic an
dugc phén tich (AOAC, 2000) va trinh bay trong
Béang 1.

Béng 1: Thanh phan héa hoc cia thire in dung cho thi nghiém

Thanh phén dinh Nghiém thirc thirc in véi ham lwgng protein khac nhau

dudng (%) NT1 (25%) NT2 (30%) NT3 (35%) NT4 (40%)
Am dd 9,50+1,25 8,6£1,35 10,2+0,92 10,3+1,34
Protein 24,6+1,01 29,2+1,12 34,6+0,86 41,3+1,21
Lipid 4,70+1,34 5,34+1,05 5,60+1,21 6,22+0,45
Tro 17,0+1,02 16,0+1,45 15,0+1,34 14,3£1,25
Xo 5,3040,56 4,53+131 5,10+1,11 4254123

Luwon dugc nudi trong bé hé thong tuan hoan két
hop trong rau thuy canh theo mo hinh aquaponic
(Hinh 1) duoc thiét ké theo phuong phép ciia Phan
Quynh Nhu va Htra Thai Nhan (2018); Nhan et al.
(2019). Khéi lwong lwon bé tri ban dau 1a 2,21+0,06

kg/bé (70 con/bé hay 12,6 kg/m3). Bé nudi lwon
hinh chit nhat c6 thé tich 200 L (kich thudc 0,91 X
0,76 x 0,41 m) véi mirc nude cao 0,30 cm (thé tich
nuée 1a 175 L). Cac gia thé 1a soi nylon den (0,5
kg/bé) dugce sir dung 1am gia thé cho lwon chui rat.
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Bé trong rau

..................

......

0,76 m

Hinh 1: H¢ thong thi nghiém aquaponic két hgp lwon va rau cai thia

Hé thong wong rau: Rau cai thia dwoc wong tir
hat giéng (Cong ty Phu Néng), dit trong ro nhya (4
cm x 5 cm, duong kinh miéng x chiéu cao) khoang
7 ngay dén khi 1én 2 14 mam va r& bit dau dai ra (2-
3 cm), sau d6 dua 1én bé trdng rau (100 ro/m?),
khoang cach gitta cc ro nhya la khoang 5 cm. Bé
trong rau thity canh c6 dién tich 0,5 m? véi thé tich
nuéc 165 L (0,85 x 0,65 x 0,3 m). Tam xdp (day 5
cm) duge ding 1am bé d& trong rau.

Luu lugng cia nudc tir bé lwon qua hé théng
thity canh duoc kiém tra thuong xuyén va duy tri &
muc 3 L/phtt (Endut et al., 2009). Thoi gian thuc
hién thi nghiém la 60 ngay, véi 2 chu ky rau.

Cho an va quan Iy thirc an: Luon dugc cho an
theo nhu cau, 2 lan/ngay vao luc 7-8 gio va 16-18
gio. Khoang 1 gio sau khi cho &n, lugng thirc an thura
duoc vét ra kiém tra dé didu chinh luong thirc in cho
ngay ké tiép.

2.3 Danh gia sy ting trwéng caa lwon

Sy tang truong cua luon duge xac dinh vao ngay
thir 30 va khi ket thic thi nghiém. Céc chi tiéu theo
doi gom:

Tang truong chiéu dai (Length gain, LG): LG
(cm) =L¢— L«

Tang truong tuyét ddi chiéu dai (Daily length
gain, DLG): DLG (cm/ngay) = (L — Lq)/t

Tang trong (Weight gain, WG): WG (g) = W¢ -
Waq

Tang trong tuyét déi: DWG (g/ngay) = (We— W-
d)/t

Ting trong twong ddi (%/ngay) = (LnWc —
LnWd)/tx 100

Trong do: Le : Chiéu dai cudi (cm), Lq: Chiéru
dai dau (cm), We: Khéi lugng cuoi (g), Wa: Khoi
luong dau (@), t: Thoi gian nudi.
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Ty 1& sdng (%) = (S6 lugng ca thé khi thu hoach
/S0 lugng ca thé ban dau) x 100

Hé sé thirc an (FCR) = Tdng lugng thic an tiéu
thu / khoi lugng tang trong.
2.4 Tang trwéng cua rau cai thia

Sy phat trién va sinh khéi cua rau dugc xac dinh
sau mdi chu ky rau: Chiéu cao rau dwoc tinh tir mat
gi4 thé dén dinh cua ngon, chiéu dai ré dugc tinh tir
mit gid thé dén chot ré, sinh khéi cua rau
(BMS,g/m?) = khéi lugng cua rau (thu hoach)/ dién
tich trong.

2.5 Chi tiéu moi trwong nuwéc

Céc yéu té moéi truong dugc thu tai bé lwon va
bé rau: Oxy hoa tan (DO), pH, nhiét d6 duoc do
hang ngay vao luc 7:00 gid va 14:00 gid bing may
do da chi tiéu (HANNA HI 98196 Rumani); TAN
(NH4*/NH3), NO2-N, NOs3-N, POs-P dugc thu va
phan tich 1 tuan/lan theo cac phuong phap twong
mg 1 Phenate, so mau quang phd, Salycilate va
Mobibden blue tai phong thi nghiém thiy héa, Khoa
Thuy san, Pai hoc Can Tho.

2.6 Phan tich va xir 1y s6 liéu

Céc s6 ligu vé sy ting truong cia luon va rau
dugc thu thap va tinh toan gia tri trung binh va d6
léch chuan bang chwong trinh Excel 2013 va dugc
phén tich danh gia bang phuong phap kiém dinh
phuong sai ANOVA (SPSS, version 23.0, SPSS
Inc., Chicago. IL, USA) va phép thir Tukey test &
muc y nghia P<0,05.

3 KET QUA VA THAO LUAN

3.1 Céc chi tiéu méi truong

Chi tiéu thuy ly, héa ctiia cac nghiém thic
trong nghién ctru nay dugc trinh bay trong Bang
2. Nhiét d6 trong hé théng nuéi dao dong tir 27,9°C
dén 29,7°C. Oxy luén dwoc duy tri 6n dinh (>5
mg/L) bang hé thong thdi khi lién tuc, tuy nhién &
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nghi¢ém thuc 4 ham lugng Oxy trung binh (4,15
mg/L) thap hon cac nghiém thirc con lai. Két qua ghi
nhan con cho thiy, trong qua trinh thi nghiém ham
luong oxy c6 xu hudng giam dan dén cubi mdi chu
ky rau, didu nay c6 thé 1a do ham lugng oxy tiéu hao
cho qué trinh oxy hoa cac chit hiru co trong hé thong
thi nghi€ém. Tuong tu, pH cling dugc do dat va duy
tri >5 (trung binh dao dong tir 5,16 dén 7,53) bang
KOH véi ty 1€ 1:10 (KOH: Lugng thirc an hang
ngdy) (Ako and Barker, 2009). Oxy va pH déng vai
tro rat quan tong trong mé hinh aquaponic vi 2 yéu
t6 moi truong nay dugc xem la yeu tb trung gian
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giip qua trinh nitrate hoa va hiéu qua hoat dong cua
vi khuan c6 lgi trong hé thong dé cung cép dinh
dudng cho hé thdng thily canh. Theo Rakocy et al.
(2006), ham lugng oxy hoa tan trong h¢ thong phai
cao hon >5,5 mg/L va pH phai dugc duy tri & muc
on dinh 6,0-7,5. Do d6, két qua do dat va ghi nhan
ham luong oxy hoa tan va pH trong nghién ciru nay
1a twong ddi phu hop, midc du cac chi tiéu nay co
biéu hién giam vao cudi mdi chu ky rau do luong
thirc an va vat chat lo ling tich liiy nhiéu trong hé
thong.

Bang 2: Trung binh cac yéu td nhigt dd, oxy va pH ciia cac nghiém thirc

Nghiém thirc thire in véi ham luwgng protein

Yéutd Be  Budi NTL(25%)  NT2(30%)  NT3(35%)  NTA4 (40%)
Luon  Sing 28,5+0,20 28,4+0,39 28,0£0,21 27.90,40

Nhiét do Chiéu 29,3+0,12 29.2+0.,01 29,5040 29,5+0,42
(C) oy Sing 28,6+0,10 28,2039 28,00,20 28,6+0.10
Chiéu 29.7+0.30 29,5+0.21 29,5040 29,5030

Luon  Sng 5.11=0,09 5,7520,02 5,060,02 4,15£0,12

Oxy (mg/L) Chiéu 6,0320,02 6,070,07 6,1320,06 6,07£0,17
oy Sing 5,430,02 5,17+0,07 5.2320,06 5,12+0,05

Chiéu 6,11=0,09 6,05+0,02 5,0620,02 6,05+0,15

Luon  Sng 6,4620,1 7,03£0,2 6,86=0,2 7,53%0,3

oH Chiéu 5,19+0,2 6,22+0,2 5,1720,1 6,22+0,1
noy  Sing 5,16:£0,4 5,530,3 6.16:0,2 5,53+0,2

Chiéu 6,29+0,1 6,7240,2 6,1720,1 6,72+0,4

Bang 3 mo ta ham luong trung binh cac chi tiéu
thuy hoéa & cac nghiém thuc trong thoi gian thi
nghiém. Két qua cho thiy ham luong trung binh cac
yéu tb thity hoa tang dan va c¢6 sy twong dong ty 1&
thuan giira cac nghiém thirc thiee an. O nghiém thic
thare an c6 ham lugng protein cao thi ham luong cac
chi tiéu TAN, nitrite, nitrate diéu ting cao. Diéu nay
cho thiy khi cho lvon an thirc &n c6 ham luong
protein cang cao thi lugng nito trong thirc an thai ra
moi trudng cang cao. Tuy nhién, sau khi qua bé
trong rau thi ham lugng céac chi tidu nay diéu giam

tir 10 - 30%, déc biét 1a nitrite, nitrate va phosphate
Diéu nay cho thay viéc két hop trong rau giup qua
trinh chuyén hoa va hap thu chit dinh dudng tir nudc
thai nuéi lvon ma khong can phai thay nudc hang
ngay. Dac biét, néu thay nude thi ham lugng nito s&
bi dao thai ra méi trudng bén ngoai dan dén vin dé
6 nhiém moi trudng. Theo nhom tac gia Nhan et al.
(2019), dé dat dwoc 1,0 kg lwon thit thi tong thé tich
nudéc can thay khoang 17,5 L. Két qua nay cho thy
mot luong I6n nitrogen bi thai ra va gy 6 nhiém moi
truong néu thay nuée hang ngay.

Béang 3: Ham lwgng trung binh cac yéu t6 thity héa ciia cac nghiém thirc

Yeéu to moi

Nghiém thirc thirc dn véi ham lwgng protein (%) khac nhau

trudmg Be NT1 (25%) NT2 (30%) NT3 (35%) NT4 (40%)
TAN (mg/L) Luon 3,01+£2,11 3,76+3,41 3,07+2,28 4,78+3,45

Rau 3,71+£2,44 3,91+3,78 3,68+2,4 5,35+3,23
NO,-N Luon 0,35+0,20 0,43+0,31 0,44+0,46 0,58+0,37
(mg/L) Rau 0,24+0,19 0.27+0.30 0,36:0,37 0,49+0,39
NOs-N Luon 8,28+6,67 8,17+5,26 10,14+6,99 11,73+8,00
(mg/L) Rau 7,8146,45 7.37+4.63 9,63+6,40 11,68+6,59
POs-P Luon 6,48+4,95 6,84+5,19 8,28+6,10 8,42+4,95
(mg/L) Rau 6,37+4,32 6,61+5,33 8,424+4,95 8,11+5,02

Sy thay d6i ham lwong TAN, NO2-N, NOz-N &
2 chu ky rau dugc trinh bay & Hinh 2. Két qua cho
thdy, ham luong TAN ting dan & ca hai chu ky rau
dén khi thu hoach, dao dong tir 0,1 mg/L dén 10

mg/L. Trong hé théng aquaponic, TAN dong vai tro
quan trong vi dy 1a tién chit cung cip chét dinh
dudng NOsz™ va NH;* cho cdy trdng trong hé théng
théng qua qua trinh nitrate hoa va khir nitrate hoa
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cua vi sinh vat. Trong nghién ctru nay, ¢ nghiém
thic thirc an c¢6 ham lugng protein cang cao thi ham
luong TAN ting cao. Trong d0, cao nhit 1a & NT
40% protein, dac biét 1a ¢ chu ky 2 cua rau do thoi
gian nay lwong thirc dn cua luon ting nhidu. Két qua
nay tuong tu két qua nghién ciru caa Timmons et al.
(2002) va Ebeling et al. (2006), cac nghién clru nay
cho thay tan suit lugng TAN thai ra méi trudng phu
thudc vao ham luwgng protein trong thirc dn theo
cong thuc: Pran = F X PC x 0,092; trong d6: Pran 1a
tan suat lwong TAN thai ra méi truong, F 13 ty 1& cho
an hang ngay (kg/day), PC la ham lwong protein
trong thie an, va 0,092 la ty 1€ dao thai TAN trén

12.0 -

10.0 4

TAN (mg/L)

—— NT25%P_Luon
—=— NT30%P_Luon
—®— NT35%P_Luon
—>— NT40%P_Luon
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don vi protein. Theo Rakocy et al. (2006, 2011),
ham lugng TAN t6i uu cho hé théng aquaponic 14 tir
0,95 mg/L dén 2,2 mg/L. Mic du trong nghién ctu
nay ham TAN cao hon nhiéu so véi nghién ctru cta
Rakocy et al. (2004 va 2011), tuy nhién hoat dong
va sinh truong cua lwon van binh thudng. Diéu nay
¢6 thé do lwong NH3™ dwoc chuyén héa bai vi khuan
¢6 lgi trong hé thdng. Trong d6, & nghiém thic 35%
protein thi mirc TAN twong d6i thap hon cac nghiém
thire con lai, vi vay viéc chuyén hoa NHz trong hé
théng ¢ nghiém thirc nay c6 thé hiéu qua hon so véi
cac nghiém thic con lai.

—a— NT25%P_Rau
---6--- NT30%P_Rau
—m— NT35%P_Rau
==+==NT40%P_Rau

1.60
1.40
) 1.20
— 1.00
% 0.80
0.60
0.40
0.20

0.00

25.0

20.0

mg/L)

—15.0

NO,N
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5.0

0.0

15 22

Y
Chukyrau 1

45

\ J

30 52 60

Y
Chu ky rau 2

Thoi gian (Ngay)

Chu ky luon

Hinh 2: Sy bién d6i TAN, NO2-N, NOs-N trong thi nghi¢m
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Ham lugng NO,-N trung binh trong tit ca cac
nghiém thirc dao dong tir 0,00 mg/L dén 1,35 mg/L
va ¢6 khuynh huéng gia ting dén cudi chu ky rau
ctia mdi nghiém thirc. Pic biét 1a & nghiém thirc
40% protein & bé luon va bé trong rau ludn ting cao
hon cac nghiém thuc thirc con lai. Didu nay cho thiy
luong nito trong hé thdng co6 thé cao hon kha ning
hoat dong cua vi khudn nitrobacter hay c6 thé mat
can bang vi khuan trong hé thong ctia nghiém thirc
nay.

Két qua ghi nhan cho thdy, ham lugng nitrate &
ca 2 chu ky dao dong tir 0,1 mg/L dén 23,5 mg/L va
tang 1én dén cudi thi nghiém. Trong md hinh
aquaponic, nitrate 1a 1 trong nhimng ngudn dinh
dudng quan trong cho sy phat trién cta rau trong hé
thong, nitrate 1a san phdm cta quéa trinh oxy hoa
TAN va NO; thong qua 2 dong vi khuan chinh la
Nitrosomonas and Nitrobacter va bi anh hudng boi
nhiéu yéu t6 nhu oxy, pH, thirc in, phat trién cua

au,...(Ebeling et al., 2006). Trong d6, ham luong
protein trong thtrc in dong vai tro rat quan trong do
protein 1a ngudn cung cdp dinh dudng chinh hé
thong aquaponic. Tu tugng TAN, trong nghién ctru
nay ham lugng nitrate twong quan ty 1€ thuan véi
lugng protein in thirc in, nitrate thp & cac NT thic
an ¢6 ham lugng protein thip (25% protein, 30%
protein) va cao nhit & nghiém thirc 40% protein.
Ham luong NO3-N giam sau khi qua bé trong rau,
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mot phan 13 do sy hip thu cua rau, mit khac c6 thé
1a do qua trinh khir nitrate xay ra trong hé théng do
ham lugng oxy thap. Theo Lam et al. (2015), ham
lwong NO3z-N trong hé thong aquaponic dao dong tir
10 — 200 mg/L, tuy nhién ham NO3-N t6i uru cho hé
thdng aquaponic tr 26,3 mg/L dén 42 mg/L
(Rakocy et al., 2006, 2011). Mac du trong nghién
ctru nay ham luong NOs-N cao nhit 1a 23,5 mg/L,
tuy nhién ham luong NOs-N cao hay thap con tuy
thudc vao mat do rau trong trong hé théng cung nhu
su phat trién rau trong thoi gian nghién ciru. Két qua
tang truong cua rau cai thia (Muc 3.3) cho thiy &
nghiém thurc 35 % protein hi¢u qué hon cac nghiém
thirc con lai.

Phosphate

Phosphate ciing 14 thanh phan dinh dudng quan
trong cho su phat trién cua rau thiry canh trong hé
théng aquaponic. Trong nghién ctru nay, ham luong
phosphate trung binh trong cac nghiém thic dao
dong tir 0,20 mg/L dén 16,25 mg/L, cao nhét 1a ¢
nghiém thirc c6 ham lugng protein cao (35% va
40%) va c6 xu huéng tang 1én dén cudi thi nghiém
(Hinh 3). Céac nghién ctru truée day cho thiy tong
ham lwong phosphate t6i wu trong hé théng
aquaponic 1a tir 8,20 mg/L dén 16,4 mg/L (Rakocy
et al., 2006, 2011). Nhu vay, két qua nay cho thay
ham lugng PO4-P trong nghién ctru nay phu hgp cho
su phat trién cua rau.

NT25%P_Rau

m- NT35%P_Rau .
-—+- NT40%P_Rau ./

Y
Chukyrau 1

30 37 45 52 60
Chu ky rau 2

Chu ky luon

Thoi gian (Ngay)

Hinh 3: Su bién ddi PO4-P trong qua trinh thi nghiém



Tap chi Khoa hoc Truong Pai hoc Cén Tho

3.2 Tang trwéng caa lwon & cac nghiém thic

Su tang truong cua lwon 6 cac nghiém thirc thic
an voi cac ham lugng protein khac nhau duoc trinh
bay trong Bang 4. Két qua sau 60 ngay nudi cho thiy
tang truong vé chiéu dai (DLG) cia luon dao dong
tir 0,18 cm/ngay dén 0,31 cm/ngady, cao nhit 1a &
nghiém thirc 40% protein. Tang trudng luon trong
thi nghiém nay cao hon két qua nghién ctru cua
Nguyén Tudng Duy (2010), khi cho luon in bang
thirc an vién thi tang truong vé chiéu dai cta luon
chi dat 0,026 cm/ngay.

Két qua phan tich thong ké cho thiy ting truong
(g/ngay) cta luon trong cac nghiém thire khac biét
¢6 ¥ nghia thong ké (P<0,05), cao nhit 1a ¢ nghiém
thitc 35% protein (0,68+0,36 g/ngay) khac biét cod
nghia thong ké so v6i cac nghiém thirc 25% va 30%
protein, nhung khong khac biét véi nghiém thirc
40% protein. Két qua nay cho thy thirc dn c6 ham
luong protein thap 25 - 30% protein ¢ thé khong
cung cap du dinh dudng nhu acid amin thiét yéu cho
lwon phaét trién va ting truong tot. Két qua ghi nhén,
¢6 su khéc biét co ¥ nghia thong ké vé FCR cua luon
& cac nghiém thuc, trong d6 cao nhit 1a & nghiém
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thirc 25% protein va thap nhét 1a & nghiém thic 35%
protein. Két qua phan tich con cho thdy hiéu qua sir
dung Protein cta luon ¢ nghiém thitc 35% protein
hi€u qua hon so véi cac nghiém thirc con lai. biéu
nay c6 thé 1a do luon can duy tri mic nang luong
can thiét hang ngay, nén phai in mot luong thirc dn
nhiéu hon c6 ham lugng protein thap so véi thie an
¢6 d6 dam cao hon. Theo nghién ctru cia Herawati
et al. (2018), ting trudng cua luon dat cao nhét khi
cho an bang thirc 4n twoi séng (trun chi) 1a do trun
chi cung cap luong acid amin (lysine, isoluecine,
glutamic acid) twong ddng voi luon. Tuy nhién,
trong nghién ctru ndy dung thirc dn vién c6 sin trén
thi truong nén viéc phdi tron cong thirc cling nhur
chon lya va cung cép mot s6 thanh ph?m dinh dudng
can thiét cho lwon bi han ché.

Ty 1¢ séng trung binh ctia lwon trong nghién ctru
nay twong dbi thip 45,7 - 63,3%, thap nhat 1a ¢
nghiém thirc 35% va 40% protein, vi trong qua trinh
quan 1y va cham soc thi nghiém, lwon bj that thoat
ra ngoai. Két qua nay thip hon so véi nghién ciru
cia Nhan et al. (2019) khi nudi luon trong hé thong
aquaponic dat ty 1& sng hon 80% sau 3 thang nuoi.

Bang 4: Tang truwéng cia lwon ¢ cac nghiém thirc sau 60 ngay nudi

Cac chi tiéu

Nghiém thirc (% protein)

NT1 (25%) NT2 (30%) NT3 (35%) NT4 (40%)
Chiéu dai ban dau (cm) 32,2343,69 38,25+6,19 40,20+3,34 33,72+6,81
Chiéu dai cubi (cm) 38,30+2,72 40,59+1,90 43,96+7,60 40,98+5,06
Tang trudng chidu dai (cm) 5,74+1,042 3,98+0,832 5,01+2,112 6,82+0,842
DLG (cm/con/ngay) 0,28+0,00° 0,18+0,012 0,19+0,042 0,31+0,01°
Tang trong WG, g/ngay) 0,25+0,072 0,38+0,06° 0,68+0,36°¢ 0,50+0,07¢
SGR (%/ngay 0,60+0,312 0,700,372 0,84+0,132 1,02+0,46°
FCR 3,761,210 3,4440,87° 2.55+1,242 3,28+2,18%
Ti 1& sdng (%) 55,99 +26,9 63,3+24.5 47,8+24,1 457 +11,2

Gid tri trung binh + dg léch chudn. a, b, ¢ ld cdc ki hiéu théng ké. Cdc gid tri trong ciing mét hang theo sau bang nhiing
chir cai khac nhau thi khac biét ¢o y nghia thong ké ¢ murc p<0,05

Két qua phan tich nhu cau protein cua luon
con duoc thé hién qua phwong trinh bac 2
(quadratic models) 1a: Y = - 0,321 x? + 22,98x —
352,7, véi do tin cay r = 0,89 (Hinh 4). Két qua cho
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thiy xu hudng ting truong cua luon ting theo lugng
protein c6 trong thirc an (tir 25% va dat cao nhit &
thire an c6 ham luong protein 35-37%), nhung sau
d6 giam dan & muc 40% protein.
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Hinh 4: Tang trong cia lwon ¢ cac nghiém thirc thirc 4n ¢6 ham lwgng protein khac nhau

3.3 Ting trwéng va sinh khdi rau

Sinh truéng va ning suit ctia rau cai thia & 2 chu
ky dugc trinh bay trong Bang 5. Két qua cho thay
sinh truong va nang sudt cua rau dat cao nhéit &
nghiém thirc 35% protein, twong (mg 5,819 g/m? sau
60 ngay nudi lvon. Két qua nay cho théy Iuong thire
an cung cép cho luon phu hop véi sy ting truéng
cua lvon ciing nhu qua trinh chuyén héa va hap thu
chat dinh dudng trong hé thdng & nghiém thirc 35%
va hiéu qué hon so v6i cac nghiém thic khac. Lugong
thirc an cung cap cho luon hang ngay trong mé hinh
trung binh ¢ cac nghiém thirc 25 % protein 1a (19,86

g/ngay), 30% protein (19,93 g/ngay) va 40% protein
(22,3 g/ngay). Theo nghién clru ctia Rakocy et al.
(1993), lwong thirc dn cung cap hang ngay cho cé ro
phi véi cac loai rau khac nhau dao dong tir 60 - 100
g/m?/ngay, tuy nhién tac gia khong dé cap dén ham
lwong dam trong thirc dn. O mot nghién ctru khac
cua Endut et al. (2009), khi nuoi ca tré két hop véi
rau muong trong h¢ thong aquaponic, thi luong thire
an t6i uu cung cép cho hé thong latr 15g - 42g thire
an/m?/ngdy. C6 thé thiy rang luong thirc dn cung
cép cho hé thong trong thi nghiém nay 1a t6i wu cho
hé théng aquaponic, dac biét 1a & nghiém thuc thuc
an 35% protein.

Béng 5: Ting trwéng va ning suit cia rau cai thia & 2 chu ky

Chi tiéu tang  Chu ky

Nghiém thirc thirc in véi ham lwgng protein khac nhau

truéng rau NT1 (25%) NT2 (30%) NT3 (35%) NT4 (40%)
Khdi luong Chuky 1 4,56+3,40? 12,02+5,31° 15,7343,91¢ 5,671,712
than (g/ciy) Chu ky 2 20,16+6,98° 17,85+4,632 24,42+11,31¢ 30,47+10,06°
Khdilugng1a  Chuky 1 2.4542 452 8,80+3,420¢ 12,29+3,495 4,74+1,20%
(g/cay) Chuky 2 14,57+4,75%® 12,404,072 16,81£8,33° 22,11£4,67°
Khdi lugng ré  Chuky 1 2,07+1,012 3,22+1,89P 3,45+0,42¢ 0,97+0,56?
(g/cay) Chu ky 2 5,59+2,232 5,45+0,562 7,6242,982 9,605,052
Téng sinh Chuky 1 780+523,262 570 £226,272 714,1+33,052 510+70,712
khéi (g/bé) Chuky?2  1.605+714,18°  1.822,3+31,82? 2.195 +32,532 2.065+91,922
Ning suét Chuky1l  1.560+1046,5 11404452 52 1429+66.12 1.020+141 42
(9/m?/60 Chuky?2 3.210+14284% 3.645+63,6" 4.390+65,12 4.330+183,82
ngay) Tong 4,770 4,785 5.819 5.350

Gia tri trung binh = do léch chuén. a, b, C’ld cac ky hiéu théng ké. Cac gia tri trong cung mot hang theo sau voi cac chir
cai khdc nhau thi khac biét co y nghia thong ké o murc P<0,05
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Hinh 5: Rau cai thia 3 ngay truéc khi thu hoach. A: nghiém thirc 25% protein, B: nghiém thic 30%
protein, C: nghiém thirc 35% protein va D: nghiém thic 40% protein

4 KET LUAN VA BE XUAT

Thirc dn ¢6 ham luong protein cang cao thi lugng
nito thai ra moi truong cang tang, dac biét 1a TAN,
NOs-N. Téc do ting truong cua lwon (SGR:
0,68+0,36 g/ngay) tot nhat khi cho in thirc dn co
ham lugng 35% protein. Tang truéng va ning suat
clia rau cai thia cao nhit (5,819 g/m%60 ngay) &
nghiém thirc cho lwon an thirc &n, c6 ham lugng
protein 1a 35%. Nén thuc hién cac nghién ctru sau
hon vé cic nhu ciu dinh dudng (nhu lipid,
carbohydrate) cua luwon dé xay dung duoc cong thirc
thirc an t6i wru cho sy phat trién cua luon.
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