KHOA HOC CONG NGHE

BIEN BONG CHAT LUONG NUOGC VA MOT SO NGUYEN

TO TRONG CA LOC VA RAU CAI XANH TRONG
MO HINH AQUAPONICS

Nguyén Phic C4m Ta'", Nguyén Ngoc Ha?

TOM TAT

Aquaponic, hé théng canh tac da bac dinh duong gdm c6 mot hé théng nuéi thiy san tuan hoan va hé thiy
canh, 1a mot trong nhimg hé thong san xuat thuc phdm bén vitng day hta hen. Trong nghién cttu nay, hai
hé thity canh beé néi (BN) va gia thé séi (GTS) duoc sit dung dé san xudt ca 16c den (Channa striata) va rau
cai xanh (Brassica juncea). Ca duoc nudi trong vong 167 ngay voi ba dot trong va thu hoach rau. Chat dinh
duong thyc vat cing nhu tich liy kim loai ning va nitrat trong ca 16c va rau cai xanh dugc danh gia trong ba
chu ky san xuat rau. Két qua cho thdy ham luong ctia cac chat dinh duong thuc vat theo d6i hang tuan (téng
nito, photpho hoa tan, kali, canxi, magié, bo va sat) & nghiém thitc GTS cao hon c6 y nghia théng ké so véi
nghiém thitc BN (p< 0,05). Him luong cta cac kim loai nang (cadimi, chi va thiy ngan) va nitrat trong ca
l6c va rau khi thu hoach thap hon gi¢i han cho phép duoc khuyén c4o béi T6 chirc Y té Thé gisi, Cong dong
kinh té chau Au va Bo Y t€ Viet Nam. Két qua nghién ctu cho thdy viec nuoi két hop ca loc va tréng rau
thiy canh trong mo hinh aquaponic hoan toan than thién véi moéi truong va tao ra san phdm ca va rau an
toan. Can c6 cac nghién ctu tiép theo dé xac dinh ty 1é t6i uu gitta luong an ctia ca va dién tich tréng rau

cho cac déi tuong thity san va cay trong khac.

Tir khéa: Aquaponic, cd Ioc den, cdi xanh, kim loai ning, nitrat.

1. GI01 THIEU

Ca loc 1a loai thiy san c6 gia tri dinh duong cao,
thom ngon, it xuong, duoc nhiéu ngudi wa chuong,
nén nhu cau tiéu thu ca léc rat lén. Ngoai ra, do ca
l6c c6 thé thich nghi t6t voi diéu kién moi truong
khic nghiét, ting truéng nhanh nén cidc mé hinh
nudi tham canh & mat do cao ngay cang phat trién.
Tuy nhién, cing v6i s phat trién ctia nghé nudi, van
dé 6 nhiém moi trudng ao nudi/viung nudi do thirc an
du thira, chat thai bai tiét,...ngay cang tang. Do dé,
nghién ctru cac cong ngheé xtr ly nuéc thai/tuan hoan
tai sit dung nudc cho cac mo hinh nuéi ca 16c 1a thuc
su can thiét.

Mo hinh aquaponic 1a su két hop giita hé thong
nuéi thly san tuan hoan (recirculating aquaculture
systems, RAS) va trong rau thiy canh (Aydroponics)
va la mot cong nghé day hira hen huéng toéi mot
chudi san xuat thuc phdm bén vimg. Muc dich chinh
clia aquaponic 1a tai st dung chat dinh dudng thai ra
tir c4 nuoi dé tréong rau. Mo hinh aquaponic thuong
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gdbm c6 bé nudi ca, tach can, loc sinh hoc, hé thiy
canh va bom. C6 nhiéu loai hé thily canh khac nhau
da duoc stt dung dé trong cay: tuéi nho giot (TNG),
beé ndi (BN), gia thé séi (GTS) va mang dinh dudng
(NFT) [1]. Tuy nhién, c6 rat it cong trinh nghién ctru
danh gia hiéu qua va sy thich hop ctia cac hé thuay
canh nay trong mo hinh aquaponic. Khi so sanh ba
phuong phap canh tac BN, GTS va NFT trong trong
rau xa lach, Lennard va Leonard (2006) [2] nhan
thdy hé NFTc6 nang suidt rau va hiéu qua loai bd
dinh duong tir c4 thap hon hai hé con lai. Trong khi
d6, Schmautz et al. (2016) [3] ghi nhan niang suat va
chat luong qua ca chua tréng trong ba hé thiy canh
TNG, BN va NFT la nhu nhau.

Mic du c6 nhiéu vu diém, nhung viéc ap dung
aquaponic & Viéet Nam hién nay con mang tinh ty
phat, tiém 4n nhiéu rdi ro do cong nghé nay doi hoi
nguoi nudi phai cé trinh do ky thuat cao, biét cach
quan ly moi truong nudi tot, chi phi dau tu cho hé
thong cao,... Vi vay, can c6 nghién ctu xac dinh loai
hé thiy canh t6i vu va danh gia cac bién dong moi
truong ciing nhu chat lwong ctia c4 va rau thu hoach
trong hé théng aquaponic pht hop véi diéu kién nuoi
ca loc qui mo ho gia dinh & Viét Nam.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Nghién cttu duoc tién hanh & khu thi nghiém
cua Vién Nghién ciu Coéng nghé Sinh hoc va Moi
truong (RIBE), Truong Pai hoc Nong Lam thanh
pho Ho Chi Minh. C4 loc giong duoc mua & trai ca
giong & Bién Hoa, tinh Pong Nai. Ca duoc nuéi thich
nghi voi diéu kién thi nghiém. Khi c4 dat khéi luong
khoang 9,5 — 10,5 g/con thi tién hanh bé tri thi
nghiém. Méi bé ca (thé tich bé 100 L duy tri thé tich
nuoc & mitc 80 L) trong hé théng duoc tha 40 con c6
khoi leong trong doi déu nhau. Ngudn nudc sir dung
trong toan bo thi nghiém la nudc may.

2.2. He thong thi nghiém va van hanh

Thi nghiém duoc bé tri theo kiéu hoan toan
ngau nhién véi hai nghiém thitc (NT) 12 hai hé thong
thity canh: hé thong beé néi (BN) va hé thong gia thé
s6i (GTS), mdi NT lap lai 3 1an. Toan bo heé thong thi
nghiém duoc dit trong nha ludi.

Tém xép

A Bé thuy ca}nh XPS

Gia thé
s6i

Bell-siphon

Hinh 1. So 6 h¢ théng aquaponic thi nghiém: (A) hé
thong be ndi; (B) hé thong gia thé soi

Heé thong thi nghiém bé tri theo Nguyén Phuc
Cam Ta va ctv (2021) [4]. M6 tA mot cach ngan gon,
hé thong BN gém c6 bé ca (80 L), bé loc can (35 L,
kiéu tu lang), bé loc sinh hoc (35 L, chtra 15 L hat
nhua Kaldnes) va bé trong rau (5,7 m? dung tdm x0p
XPS). Méi he thong be néi co6 téng cong 171 16 (mat
do 30 cay/m?). Nudc tir bé ca dugc bom vao bé loc
can, tu chay qua bé loc sinh hoc dén bé trong rau va
tuan hoan trd lai bé ca. Luu luong nudc chay trong

toan bo he thong 1a 360 L/gio (Hinh 1A). Hé thong
BN duoc thiét ké duya theo ty 1é luong thic an/dién
tich trong cay 1a 60 g/m? [5]. Sinh khéi c4 du kién
dat 12 kg/bé véi ty 1é cho an 3% khéi luong than,
lwong an t6i da 1a 360 g/ngay.

He thong GTS gém c6 bé ca (100 L), bé rau (1,2
m?, thé tich 240 L c6 khoang 180 L hat sét nung) va
bé hoi nuwoc (100 L). Nudce tir bé ca tu chdy qua bé
rau, bé rau c6 lap mot bell-siphon dé tr dong rut
nuodc & day va chay vé bé hoi. May bom sé bom nudc
nguoc tir bé hoi len bé ca va chay sang bé rau. O he
théng nay, mot chu ky bom va xa can 1a 16 phat. Méi
hé théng GTS cé tdng cong 50 ro trong cay (mat do
khoang 42 cay/m? (Hinh 1B). He théng GTS duoc
thiét ké theo ty 1¢ 1 thé tich c4 nuoi/2 thé tich GTS
[6].

Thoi gian thi nghiém kéo dai 167 ngay (tt ngay
7/8/2020 dén 21/1/2021). Thic an thi nghiém la
thiec an danh cho ca loc cia Cong ty TNHH Khoa ky
Sinh vat Thang Long (c& vién 2 — 6 mm, ¢ dam 42 -
44%). Cé4 16¢ duoc cho an hai 1an trong ngay (7 gio va
17 gio), véi lwong dn thoéa man nhu cau, méi lan cho
an kéo dai khoang 1 gio. Sau khi c4 ngimg an, tién
hanh thu va ghi nhan luong thic dn thta dé tinh
lugng dn. Thitc dn cho dn duoc bd sung thém vitamin
C (véi liéu 0,5%) bang cach hoa tan vitamin C vao
nuéc va phun 1én vién thic dn. Hat giong rau duoc
gieo vao x6p uvom (94 16/tdm). Sau khi hat ndy mam
duoc 10 — 12 ngay, cay c6 1 — 2 14 that, bat dau
chuyén cay vao hé théng, sau 30 ngay tién hanh thu
hoach rau. Trong thoi gian thi nghiém, c6 téng cong
ba dot trong va thu hoach rau. Phong ngtra sau bénh
gay hai cho rau bang mot sé bién phap nhu: bay
mau, phun thudc sinh hoc,... Dé duy tri gia tri pH
trong hé théng nim trong khoang 6,8 — 7,0 [1, 7],
dinh ky bé sung voi bot CaCO;. Sat chelate (DTPA
Fe) duoc thém vao hé thong voi nong do 2 mg/L mdi
2 tuan/lan.

2.3. L4y va phan tich miu nuéc

Téng nito Kjeldahl (N), photpho hoa tan (P), kali
(K), canxi (Ca) va magie (Mg) duoc do mot tudn mot
lan (dinh ky thtr hai hang tuan) tai hai vi tri/hé
théng: bé ca va dau ra ctia bé rau. Bo (B) va sat (Fe)
duoc do hai tudn mot 1an (ngay thit hai méi hai tuan)
tai hai vi tri/hé thong: bé c4 va dau ra bé rau. Tat ca
cac chi tieu duoc phan tich tai Phong Poc chat hoc
Moi truong, RIBE theo cac phuong phéap chuén cia
APHA [8].
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2.4. Phan tich kim loai nang (Cd, Pb, Hg)

Cac phan tich kim loai ning (KLN) duoc thuc
hién tai Khoa Héa, Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia thanh phé Hé6 Chi Minh.
Mau ca (mau gop cia 3-4 con/bé) duoc philé va lay
phan thit hai bén dung dé phan tich kim loai nang.
MaAu rau (da loai bo ré) ctua dot thu hoach tht ba
duoc dung phan tich KLN 1a mau gop caa 20 cay/bé.
Mau c4 va rau duoc sdy kho & 60°C trong 24 gio va
xay nhuyén. Mau ca va rau sau khi xay nhuyén duoc
cho vao 6ng COD c6 nap 16t teflon, thém 2 mL HNO,
dac, dun & 150°C trong 2 gio dén tan hoan toan mau.
bé nguoi, théem 1 mL H,0,, tiép tuc dun trong 1 gio
dén khi dung dich trong suét hodc ¢6 mau vang nhat.
bé nguoi, théem 1 mL HCI dic, dinh mic 25 mLDé
xac dinh Cd va Pb: mau dung dich sau cong pha
duoc pha loang bang nudc cat 2 1an va duoc do bang
phuong phap khéi phd ghép cip cam tng cao tin
(ICP - MS). Tién hanh do Hg bang phuong phap
quang phé hap thu nguyén ti - ky thuat héa hoi lanh
tich gop trén bay vang (CV - Amalgam - AAS).

2.5. Nitrat trong rau

Sau moi dot thu hoach rau, tién hanh xac dinh
nitrat trong rau dua theo tiéu chudn Viét Nam TCVN
8742 : 2011 [9]. Mau rau xé4c dinh nitrat 12 mau gop
20 cay/bé. Chiét xuat nhanh nitrat trong mau rau
tuoi trong moi truong nuéc biang nang luong vi séng

va xac dinh ham luwong theo phuwong phap so mau
phenoldisulfonic.

2.6. Phan tich thong ke

Cac phan tich thong ké thuc hién theo huong
dan ctia Gomez va Gomez (1984) [10] va Bhujel
(2008) [11]. Pé d@anh gia su bién dong cac chi tieu
chat lwong nudc gitta hai NT theo thoi gian thu mau:
phan tich théng ké bing phuong sai mot yéu té véi
do luong lap lai (repeated measures ANOVA) voi cac
NT (hai loai bé thiy canh) 1a yéu to thi nghiém va
dot (tuan thu mau) 1a yéu t6 do luong lap lai. Trong
cung mot NT, dé so sanh su bién dong ctia cac chi
tieu chat luong nudc gitta bé ca va bé rau st dung
kiém dinh #hai mau lién hé. So sanh ham luong KLN
(Cd, Pb, Hg) trong ca va rau va ham luong nitrat
trong rau gitta hai NT stt dung kiém dinh #hai mau
doc lap. So lieu duoc biéu dién dudi dang gia tri
trung binh + d6 lech chudn. Muc xac sudt p< 0,05
duoc chap nhan nhu tiéu chudn danh gia su khac biét
c6 v nghia thong ké. Tat ca cac phan tich thong ké
duoc thuc hién bang phan mém IBM SPSS Statistics
for Windows, Version 19.0 (Armonk, NY: IBM Corp).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Him luong ctia c4c chit dinh dudng cay
trong

Ham luong ctia cac chit dinh dudng trong nudc
o mdi nghiém thic duogc trinh bay ¢ bang 1.

Bang 1. Him luong cia cic chit dinh duong trong nuéc & cac nghiém thic

Chi tieu Gid thé sbi Bé néi Mite ¥ nghia®

(ng/L) : \ : : ‘ : (gia tri xac suat p)
Béca Pau ra bé rau Bé ca DPaurabérau | NT | Dot | NTxDot

N 145+18,7™ | 13,9+189" | 3,53 +1,61™ | 2,78+ 1,037 | %% | xxx Horx

P 7,59 £7,72% 7,69 +7,77* 8,97 + 5,63bX 8,68 £5,40% | ** | xxx kel

K 120 + 79™ 120+ 83" | 21,7+133"™ | 21,9+134" | *xx | *xx Horx

Ca 135 +£ 50 134 + 48* 57,7+ 17,7bX 59,0 £ 19,2% | #%* | xkxk el

Mg 19,1 £8,7* 19,2 £9,9* 7,63 £ 3,76bx 6,38 £2,087 | xxx | wdkk *xK*

B 1,68 + 1,04™ 1,64 +1,04° 0,666 +0,23 1% 0,655 £ 0,240 | **x | #** ke

Fe 0,222 + 0,287 | 0,234 + 0,282 | 0,067 + 0,044bx 0,073 £ 0,050 | **x | #** ek

Ghi chu: ' trung binh + dp léch chudn. * két qua tir phén tich phuong sai mau do Irong lap lai: NT =
nghiém thirc; dot = cdc dot Idy mau va NTx Dot = tuong tic gitta nghiém thirc va dot 1dy mau. Céc gid tri trung

binh trong cung mot hang cia bé c4 co cung ky tir (°) chi sir khdc biét khong cd y nghia (p> 0,05). * **va

*** chi mufc y nghia ¢ p< 0,05, < 0,01 va < 0,001 (p> 0,05). Céc gid tri trung binh trong cung mot hang cua cung
nghiém thirc c6 cung ky tir () chi sir khac biét khong co y nghia (p> 0,05) (kiém dinh t hai mau lién hé).

Trong ctung hé thong, ham luong N trung binh &
dau ra bé rau thap hon so véi bé ca. Trong khi do,
ham luong N trung binh & nghiém thitc GTS cao hon

c6 y nghia thong ke so v6i BN. Bang 1 cho thay, ham
luong N trung binh & bé ca cta GTS 1a 14,5 mg/L va
& dau ra ctia bé rau 1a 13,9 mg/L. Trong khi d6, & hée

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 11/2021 69



KHOA HOC CONG NGHE

thong BN, ham luong N trung binh & bé ca va dau ra
bé rau lan luot 1a 3,53 mg/L va 2,78 mg/L. Ham
luong N trung binh & bé ca va dau ra bé rau cia GTS
cao hon tir 4 - 5 1an so véi bé ca va dau ra bé rau cta
hé thong BN. Ham luong N & hai hé thong cé xu
huéng ting cao vao cudi thi nghiém, nhung ham
lugng N & hé thong GTS c6 xu huéng ting nhanh
hon so véi hé thong BN, dac biét 1a & giai doan cuo6i.
Dbiéu nay co e 1a do bo loc can & he théng BN da
hoat dong hiéu qua, gitt duoc hau hét can trong bo
loc. Ngoai ra, cé thé 1a do thé tich nudc trong BN cao
hon GTS 10 lan da hoa loang chat 6 nhiém.

Phot pho (P) 1a mot trong nhitng chat dinh
duong can thiét cho su phat trién cta cay rau. Ham
luong P hoa tan trung binh & hé théng GTS & bé ca
(7,59 mg/L) khac biét khong c6 y nghia so voi dau ra
bé rau (7,69 mg/L) (p> 0,05). Trong khi, & hé théng
BN, ham luong P hoa tan trung binh & bé ca (8,97
mg/L) cao hon co6 ¥ nghia so véi dau ra bé rau (8,68
mg/L) (Bang 1). Ham luong P hoa tan trung binh &
hé théng BN cao hon co y nghia so véi hé thong GTS
(p<0,05). Ciing giong nhu N, P hoa tan ciing c6 xu
huéng tang dan theo thoi gian nudi do sinh khéi ca
va vat chat hitu co ting. Két qua cta nghién ctru nay
cing tuong tw cac nghién ctu khac: ham luong P
trong hé thong aquaponic dao dong trong khoang 1 —
17 mg/L [12]. Nhung ndéng d6 P khuyén cao trong
cac dung dich thiy canh tiéu chuin nim trong
khoang 40 — 60mg/L [13]; do d6 can phai b6 sung
thém P vao trong heé théng.

Ham luong kali (K) trung binh & hé théng GTS
va BN c6 su khac biét 1on, K & hé thong GTS cao hon
hé théng BN gin 5,5 lan (p<0,05) (Bang 1). O he
thong GTS, su khac biét vé ham luong K trung binh
trong he thong GTS giita bé ca (120 mg/L) va dau ra
bé rau (120 mg/L) khong c6 y nghia thong ké
(p>0,05). Tuong tu, & hé thong BN, ham luong K
trung binh gitra bé ca (21,7 mg/L) va & dau ra bé rau
(21,9 mg/L) khac biet khong c6 y nghia théng ké
(p>0,05). Ham luwong K & hé thong BN tuong doi 6n
dinh trong suét qua trinh nuoéi. Péi véi hé thong
GTS, ham luong K bién dong khong 6n dinh, c6 xu
huong tang dan theo qua trinh nuéi, ting nhanh vao
giai doan cuéi ctia qua trinh nuéi do su tich tu cac vat
chat hitu co cao. Kali tham gia vao rat nhiéu qua
trinh sinh hoéa & thyc vat va né ¢6 vai tro quan trong
tht hai sau nito. Nhu cau vé K ctia thuc vat rat cao >
100 mg/L). Trong hé théng aquaponic, thic an clia

thdy san nuoéi thuong khong cung cap da K cho thuc
vat, vi vay K thuong duoc bé sung vao nuoc thong
qua viéc diéu chinh pH va d6 kiém bang KOH [14-
15]. Két qua cta nghién ctru nay cho thdy ham luong
K trong nuéc & he thong BN qua thap so véi nhu cau
cuia cay.

Ham luong Ca & hé thong GTS cao hon so véi hé
thong BN (p<0,05). O h¢ thdng GTS, ham luong Ca
trung binh & bé ca la 135 + 50 mg/L va & dau ra cta
bé rau la 134 mg/L. O hé théng BN, ham luong Ca
trung binh & bé c4 1a 57,7 mg/L va & dau ra bé rau 1a
59,0 mg/L (Bang 1). Trong cung hé thong, ham
lugng Ca trung binh khong c6 su khac biét gitta bé
ca va dau ra ctia bé rau (p>0,05). Him luong Ca &
hai hé thong da c6 su khac biét ngay & dau giai doan
nudi. Canxi & hé thong BN 6n dinh hon so véi hé
théng GTS va c6 xu huéng tang theo thoi gian nuoi.
Tuong ti nhu véi K, thitc an va phan ca chia rat it Ca
va khong dap tng dd nhu cau Ca cho thuc vat (> 100
mg/L). Trong hé théng aquaponic, thuong phai b
sung thém Ca vao nuédc thong qua viec diéu chinh
pH va do kiém bing CaCO, hoac Ca(OH), [14 - 15].
Trong nghién cttu nay, ham luong Ca trong nudc
luoén duoc duy tri & nguong < 100 mg/L, dac biétla &
hé théng BN. Mic du dinh ky bén voi CaCO, vao
trong hé thong dé nang do kiém va diéu chinh pH,
tuy nhién ham luong Ca trong nuéc van thap so voi
nhu ciu ctda thuc vat.

Ham luong Mg trung binh & hé thong GTS cao
hon hé théng BN (p<0,05). O hé thong GTS, ham
luong Mg trung binh & bé ca va & dau ra ciia bé rau
lan luot 1a 19,1 mg/L va 19,2 mg/L. Trong khi d6, &
hé théng BN, ham luong Mg trung binh & bé c4 1a
7,63 mg/L va & dau ra bé rau 1a 6,38 mg/L (Bang 1).
Gia tri Mg trung binh & bé c4 va bé rau ctia hée thong
GTS khong c6 su khac biét (p > 0,05), con & hé thong
BN gia tri Mg trung binh & dau ra bé rau thap hon so
voi bé ca (p<0,05). Diéu nay co 1é do sinh khéi rau
trong hé théng BN thuong cao hon GTS, rau da hap
thu mot phan Mg ¢6 trong nuoc. O dau giai doan thi
nghiém gia tri Mg & hai hé thong 1a gdn nhu nhau.
Sau thoi gian nuoi, gia tri Mg & hé thong GTS cao
hon so v6i BN, nhung ham luong Mg bién dong
khong theo quy luat. Magie ciing la mot trong nhing
nguyén t6 da luong can cho thuc vat, nhung nhu cau
Mg thap hon so v6i N, P, K va Ca, chi khoang vai
chuc mg/L. Trong hé théng aquaponic, Mg cht yéu
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c6 ngudn goc tir thire an va thuong tich tu trong chat
thai ctia ca [15].

Bo (B) va sit (Fe) 1a hai trong nhitng nguyén t6
vi luong can cho su phat trién cta cay. Ham luong B
& bé ca va & dau ra bé rau trong hé thong GTS cao
hon trong hé thong BN (p<0,05). O hé théng GTS,
ham luong B trung binh ¢ bé ca 1a 1,68 + 1,04 mg/L
va & dau ra bé rau 1a 1,64 mg/L. Trong khi do, & hée
théng BN, ham luong B & bé c4 1a 0,666 mg/L va &
dau ra bé rau la 0,655 mg/L. Trong cung mot he
thong, ham leong B & bé ca va dau ra & bé rau khac
biét khong c6 y nghia thong ke (p>0,05) (Bang 1).
Bo la mot nguyén to vi luong can cho su ting truéng
va phat trién binh thuong cta cay; tuy nhién nguong
gi6i han muc B t6i vu va muc gay doc cua B trong
cay trong rat thap. Noi chung, ham luong B trong dat
< 0,5 ppm duoc xem 1a thiéu, trong khi chi vai ppm
c6 thé gay doc. Abreu ef al. (2005) [16] da téng ket
cac phat hién ctia ho va cac nghién ctu khac va dé
xudt nguong giéi han B trong dat nhu sau: 0,0 - 0,2
ppm la thap, 0,21 — 0,6 ppm 1a trung binh, 0,61 - 1,1
ppm la cao, 1,2 — 3,0 ppm 12 rat cao va > 3,0 ppm 1a
nguong doc. Trong hé thong thiy canh, ham luong B
toi wu cho cay trong 1a 0,573 + 0,134 [17]. Piéu d6
cho thdy ham luong B trong hé thong BN tuong doi
phu hop cho cay, nhung & hé thong GTS ham luong
B & giai doan cudi thi nghiém c6 thé gay doc cho cay.

Ham luong Fe & bé c4 va & dau ra bé rau trong
hé théng GTS cao hon trong hé théng BN (p< 0,05).
O he théng GTS, ham luong Fe trung binh & bé ca va
dau ra bé rau lan luot 1a 0,222 mg/L va 0,234 mg/L.
Trong khi d6, & hé thong BN, ham luong Fe & bé ca
1a 0,067 mg/L va & dau ra bé rau 1a 0,073 mg/L.
Trong cung mot hé thong, ham luong Fe & bé ca va
dau ra & bé rau khac biét khong c6 y nghia thong ke
(p>0,05) (Bang 1). Trong thoi gian thi nghiém, ham
luong Fe trung binh & hé théng BN (dao dong trong
khoang 0,01 — 0,17 mg/L) thuong thap hon so véi hé
théng GTS (dao dong trong khoang 0,01 — 0,94
mg/L). Sat cling 1a mot nguyeén td vi luong can thiét
cho cay trong va thuong thiéu trong hé théng
aquaponic do Fe & dang thich hop cho st hap thu
clia cay trong & pH cao. Ngoai ra, khoang 24% Fe co
trong thitc 4n sé tich tu trong can ling [18]. Ham
luong Fe duoc khuyén c4o nén duy tri & mic 2 mg/L
bang cach b6 sung Fe & dang phtic chelate (EDTA,
DTPA,...) dinh ky 2 — 4 tuan/l4n [1, 15, 18, 19]. Ham
luong Fe trong nghién cttu nay tuong doi thap so voi

khuyén cdo, mic du Fe chelate & dang DTPA van
duoc bé sung véi liéu Iuwong 1a 2 mg/L méi 2 tuan lan.

Két qua cho thdy do su khac biét vé thé tich
nuoc giita hai hé thong, cac chi tiéu dinh duong thuc
vat nhu N, P, K, Ca, Mg, B va Fe & hé thong thay
canh BN déu thap hon so v6i hé thong thiy canh
GTS. Nguyén nhan cta s khac biét nay 1a do thé
tich nudc cta toan hé thong BN (1.447 lit) 16n hon so
voi he thong GTS (145 lit), do d6 nuoc trong heé
théng BN duoc hoa loang hon so véi hé thong GTS.
Nghién ctru ctia Nguyén Phiac C4m Tu va ctv (2021)
cting ghi nhan ham luong cta cic thong sé chat
luong nudc nhu amon, nitrit, nitrat, photpho téng va
do kiém & nghiém thic GTS cao hon so v6i nghiem
thirc BN. Dong thoi, khoi lwong trung binh ctia c4 loc
cudi thi nghiém, ting truéng tuyet doi va tuong doi
va ty 1é song & hé thong GTS ciing cao hon va FCR
thap hon so véi hé théng BN. Tuy nhién, ning suit
rau thu hoach & hé thong BN luon cao hon rat dang
ké so voi hé thong GTS [4]. Diéu nay cho thay ham
luong céac chat dinh duong thuc vat & bé thiay canh
BN luén duoc duy tri & diéu kién tot hon cho su phat
trién ctia rau.

3.2. Him lrong kim loai ning trong c4 16c

M6 hinh aquaponic 1a mét hé thong tuin hoan,
khong co6 su dao thai hay thay nuoc, do do khi van
hanh hé thong c6 su tich lity cac chat can thai cta ca
hay mot phan thitc an thtra c6 thé gay tich liy mot sé
KLN trong nudc va c6 thé gay ra su tich tu KLN
trong ca nudi. Ca 16c cudi thi nghiém duoc thu mau
va phan tich, két qua duoc trinh bay & bang 2.

Bang 2. Him lueong kim loai ning (mg/kg) trong ca

& hai nghiém thirc
(tinh theo khéi luong turoi)
. g QCVN 8-
Kim | Giathe soi o )
loai (GTS) Bénéi (BN) | 2:2011/BYT
[20]
Cd | 0,002+0,001* | 0,002 + 0,000" 0,05
Pb |0,016+0,007" | 0,016 + 0,005" 0,3
Hg | 0,002 +0,001" | 0,002 + 0,000" 0,5

Cédc gid tri trung binh trong cung mét hiang co
cung ky tw chi s khdc biét khong coé y nghia (p>
0,05) (kiém dinh t hai mau doc Iap).

Ham luong Cd, Pb va Hg & nghiém thirc GTS lan
luot 1a 0,002; 0,016; 0,002 mg/kg. O nghiém thiic BN,
ham lugng Cd, Pb va Hg lan luot 1a 0,002; 0,016;
0,002 mg/kg. Ham luong cac KLN tich lay trong ca ¢
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hai nghiém thirc rat thap, khong cé su khéc biét gitra
hai NT (p> 0,05) va déu nam duoi giéi han cho phép
theo QCVN 8 - 2:2011/BYT [20]. Diéu nay ching 10,
ca loc san xudt tir mo hinh aquaponic khong co6 su
tich liay cac KLN doc hai nén an toan doi voi stic
khoe con nguoi.

3.3. Ham luong kim loai ning va nitrat trong rau

Viéc két hop giita trong rau thiy canh va nu6i ca
dang duoc 4p dung rong rai. M6 hinh hoan toan dé
xay dung vi 1a mo6 hinh tuan hoan nudc nén khong
can tiéu tén qua nhiéu nuéc. Do mé hinh khong c6
su dao thai hay thay nudc, nén c6 kha nang gay tich
lity nitrat va cac KLN trong rau. Mau rau sau khi thu
hoach, duoc tién hanh phan tich Cd va Pb dé kiém
tra d0 an toan thuc phdm sin xuat tr mé hinh
aquaponic (Bang 3).

Bang 3. Him luong kim loai ning trong cai xanh &

dot thu hoach thi ba
(tinh theo khoi lwgng turoi)
Gia thé soi QCVN 8-
Kim loai ate SOl | Bandi BN) | 2:2011/BYT
(GTS)
[20]
Cd 0,027 = 0,006 | 0,003 = 0,001° 0,2
(mg/kg)
Pb (mg/kg) | 0,045 £ 0,001* | 0,025 + 0,006 0,3

Ghi chu: Cic gid tri trung binh trong cung mot
hang co cung ky tir chi su khac biét khong co y nghia
(p> 0,05) (kiém dinh t hai mau doc Iap).

Ham luwong cia Cd va Pb trong rau & ca hai NT
déu thdp. Ham luong Cd trung binh trong rau & NT
Gia thé soi (0,027 mg/kg) cao hon NT Beé néi (0,003
mg/kg) (p<0,05) (Bang 3). Poi voi Pb, rau thu duwoc
& NT GTS c6 ham luong Pb trung binh la 0,045
mg/kg cao hon & NT BN 1a 0,025 mg/kg (p<0,05)
(Bang 3). Tuy nhién, ham luong Cd va Pb trong rau
ctia hai NT déu dat quy chudn ctia Bo Y té¢ (QCVN 8
-2:2011).

Sau moi dot thu hoach rau, tién hanh thu mau
rau dé phan tich ham luong nitrat trong rau (Bang
4). Ham luong nitrat trong rau cai xanh & hé thong
BN luon cao hon he thong GTS; tuy nhién, chi co &
dot 3 ham luong nitrat trong rau & hé thong BN (124
mg/kg) cao hon c6 ¥ nghia so voi rau trong hé thong
GTS (39,8 mg/kg) (p<0,05). Rau thu hoach & ca ba
dot déu co ham luong nitrat dat quy chudn theo quy
dinh ctia T6 chic Y té thé giéi (WHO) va Cong déng
kinh t€ chau Au (EC), gi6i han ham luong nitrat
trong rau khong qua 300 mg/kg. Do do, rau san xuat
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tiéu dung.
Bang 4. Him luong nitrat (mg/kg) trong cai xanh &
cac dot thu mau
(tinh theo khéi luong tuoi)
Dot rau trong | Nghiém thic Nitrat

1 Giathé séi | 74,6 +4,8™
Bé néi 98,3 +17,12

2 Gia thé séi 58,3+ 0,7°
Bé néi 74,4 + 10,6*

3 Gia thé soi 39,8+ 85"
Bé néi 124+ 132

Ghi chii: " trung binh+ do léch chudn (n = 3). O
cung 1 dot trong rau, cdc gid tri trung binh trong
cung mot cot co cung ky tir chi sir khac biét khong
co y nghia (p> 0,05) (kiém dinh t hai mau doc I3p).

Két qua ctia nghién ctru nay cho thdy, ca léc va
rau duoc san xuat tir moé hinh thity canh két hop nuoéi
c4 (aquaponic) hoan toan an toan, ham luong cac
KLN va nitrat tich tu khong gay anh hudng x4u dén
stic khée ctia con nguoi.

4. KET LUAN

Két qua nghién ctu cho thaycac chi tiéu dinh
duong thuc vat nhuN, P, K, Ca, Mg, B va Fe & hé
théng thiy canh BN déu thap hon so vo6i hé thong
thity canh GTS. Ham luong ctia hau hét cac chat dinh
duong nay chua dap tng nhu cau dinh dudng cia
cay, nhung ham luong B tich lity cao & BN c6 thé gay
doc cho rau. Ham lwong ctia cac KLN (Cd, Pb va Hg)
va nitrat tich tu trong san phdm thu hoach (ca 16c va
cai xanh) tir mo hinh aquaponic déu nim dudi giéi
han cho phép cta T6 chic Y té thé gioi (WHO),
Cong déng kinh té chau Au (EC) va B Y té. Cliing
voi két qua ctia nghién ciru trudc, két qua ctua nghién
ctru nay cho thdy rau cai xanh phu hop tréng trong
hé thong thdy canh BN trong moé hinh aquaponic.
Nuoi c4 16¢ két hop trong rau cai xanh trong moé hinh
aquaponic than thién vé mat moi truong va tao ra cac
san pham (rau, cd) an toan dap tmg nhu cau nguoi
tieu dung. Can c6 cac nghién ciu tiép theo dé xac
dinh ty 1é toi vu gitta luong 4an cda ca va dién tich
trong rau trong hé thong aquaponic cho cac doi
tuong thiy san va cay tréong khac.
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Summary

Aquaponics (AP), a multi-trophic fish and plants production system consisting of a recirculating aquaculture
system and hydroponic elements, is one of the most promising sustainable food farming systems. In this
study, two hydroponic systems consisting of floating raft (FR) and media filled bed (MB) are examined to
produce snakehead fish (Channa striata) and leaf mustard (Brassica juncea). The fish were reared for 167
days while the vegetables were grown thrice within the period. Plant nutrients in water as well as the
accumulation of heavy metals and nitrate in snakehead fish and leaf mustard were assessed in three
different plant production cycles. The results showed that the levels of the plant nutrients weekly tested
(total Kjeldahl nitrogen, soluble reactive phosphorous, potassium, calcium, magnesium, boron, and iron) in
the MB were significantly higher than those in the FR (p< 0.05). At the harvesting time, the levels of heavy
metals (cadmium, lead and mercury) and nitrate in snakehead fish and leaf mustard were lower than
permissible limits recommended by the World Health Organization, the European Commission, and the
Vietnamese Ministry of Health. These results indicated that the integration of snakehead fish farming and
hydroponic cultivations of leaf mustard in the aquaponics is environmentally friendly and produce fish and
vegetables that meet standards of safety and hygiene. Further study is needed to determine optimal ratio
between the fish feeding rate and plant growing area for other fish and vegetables.

Keywords: Aquaponics, heavy metals, leaf mustard, nitrate, snakehead fish.
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