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TOM TAT

Hién nay, mic du da co nhiéu nghién cuu vé phéan bon sét, nhung cac thir nghiém c6 hé théng trén
cay rau léy qua nhu ca chua va dua chudt tréng trén gia thé trong nha ludi, so sanh truc tlép hiéu qua
cua nano sat xitrat (FeCit) v6i cac nguon sit truyén thong nhu FeSO, va Fe-EDDHA vé sinh truéng,
phat trién, nang suat va chét lugng qua van con han ché. Nghién ciru nay danh gia anh hudng cta cac
nong do nano sat xitrat (FeCit) khac nhau abi voi chi tiéu sinh trudng (SPAD, chiéu cao cay, khdi
lugng sinh kh01) sinh thuc (so luong hoa), nang suét va cac chi sd chat luong qua cia dua chudt
(Cucumis sativus) va ca chua (Solanum lycopersicum L.) trong trén gia thé trong nha mang. Két qua
cho thay nano FeCit c6 kha nang cai thién sinh truong sinh dudng, sinh truong sinh thyc va chat
luong qua cua ca hai loai cay. O dwa chudt, nano FeCit 2,5 ppm (CT2) thuc day qua trinh ra hoa va
dat ning suét trung binh cao hon so véi ddi chimg, trong khi nong do cao hon 5 ppm (CT3) chi cai
thién nhe cac chi tiéu. O ca chua, nano FeCit 0,9 ppm (CC3) duy tri SPAD, hd tro phat trién 14, than
va ré, dong thoi tang s6 qua trung binh, nang suét ca thé, ham lugng carotenoit tong so va do Brix ma
khong 1am thay d6i hinh thai qua. Nhiing két qua nay nhan manh tam quan trong ctia viéc t6i uu hoa
dang va noéng d6 nano sat nhim nang cao hiéu qua hép thu sit, cai thién nang suat va chat lugng qua.
Dong thoi, nano FeCit cho thiy tiém ning thay thé sit chelate (c6 cang) thwong mai, mé ra huéng
ung dung trong cac hé thong nong nghiép cong ngh¢ cao va canh tac nha luoi, gop phan nang cao gi4

tri dinh dudng va phat trién san xuat nong nghiép bén viing.

Tiwr kKhéa: Ca chua, dwa chudt, nano sdt xitrat, phdan bén vi hrong.

1. BAT VAN BE

Sit (Fe) 1a vi luong thiét yéu cho thuc vat,
tham gia truc tiép vao cac qua trinh sinh hoa nhu:
Toéng hop diép luc, carotenoit, chudi truyén
electron quang hop, hoat dong cta cic enzim oxy
héa-khtr [1, 2]. Thiéu sat dan toi giam hiéu suit
quang hop, vang 14, lam giam tich lliy cac bon va
anh huong téi tbe do sinh truéng, ning sudt cay
trong [3]. Trong cdy rau liy qua nhu ca chua
(Solanum  lycopersicum L.) va dua chudt
(Cucumis sativus), sit con anh huong dén viéc
tao qua, chat lugng qua - bao gébm ham luong
duong hoa tan, sdc td carotenoit va do ngot - cac
chi sb quan trong anh hudng téi gia tri thwong
pham [4]. Trong thuc tién canh tic cong nghé

cao, dac biét la tudi nho giot va tréng trén gid thé
trong nha mang/nha ludi, viéc cung cip vi luong
sat tir cac dang vo co nhu FeSOy gip kho khan do
tinh it tan, dé bi oxy hoa hoac bi két taa khi pH
hodc diéu kién moéi truong khong thuan lgi, dan
t5i hiéu sudt st dung sat thip va rui ro tic hé
thong tudi. DE giai quyét van dé nay, sit chelate
(vi du Fe-EDDHA, Fe-EDTA) dugc st dung vi
kha ning duy tri sit & dang hoa tan 6n dinh hon
trong dai pH rong va giam mét sat do két tia. Tuy
nhién, chi phi cia cac chelate thuong cao va co
nhitng lo ngai vé anh hudéng méi truong néu sir
dung qué muc [5].

Céc loai phan bon vi lugng sat dya trén hat
nano oxit sat, chang han nhu Fe,0;, Fe;04, hodc
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cac phirc nano-chelate, da dugc nghién ciru rong
rii trén nhiéu loai cay trong trong nhitng nam gan
day. Viéc phun 14 nano Fe;0O4 cho cay dau tuong
trong ca diéu kién han va du nudc di cho théy su
gia ting dang ké vé ning suat cling nhu cai thién
cic chi sb chat luong hat so v6i ddi chimg [6].
Tuong tu, viéc ng dung nano oxit sat & néng do
100 - 500 ppm da lam tang ham luong diép luc,
sinh khdi va cac thong sb sinh ly khac cua cay so
v6i viée st dung cac dang sat vo co truyen thong
[7]. Gan day, mot xu hudng méi ndi bat la s
dung nano sit xitrat, do vat liéu nay két hop duoc
vu diém cua hat nano v6i kha ning tao phuc tu
nhién cua xitrat. Khi bon dat nanoxitrat sat va
kém cho cay lac 20 ngay tudi, kha ning sinh kha
dung va hap thu sat dugc ghi nhén cao hon dang
ké so v6i cac ngudn sit thong thuong nhu FeSO4
va Fe-EDTA [8].

Tuy di c6 cac nghién ctru ndi trén, van thiéu
cac thir nghiém c6 hé théng trén cdy rau liy qua
nhu ca chua va dua chudt trong diéu kién nha
ludi/gia thé dé so sanh truc tiép gitta nano sat
xitrat voi FeSO, va Fe-EDDHA vé mat sinh
truong (vi du: SPAD, dién tich 1a), sinh san (s6
luong hoa cai), nang sut va cac chi so cht lugng
qua nhu téng carotenoit, dudng hoa tan, do ngot
qua. Vi¢c xac dinh hi¢u qua theo liéu lugng nano
st xitrat va kha nang thay thé phan truyén thong
1a rat can thiét. Vi vy, muc tiéu cua nghién ctu
nay 1a: Panh gia anh hudng cta nano sat xitrat
(FeCit) v6i cac ndong do khac nhau dbi Vi cac chi
tiéu sinh truong, phat trién va ning suit cua dua
chudt va ca chua trong trén gid thé trong nha

mang/nha ludi. Phan tich tac dong ctiia nano FeCit
toi chat luong qud, dic bi¢t 1a ham luong
carotenoit tong va duong hoa tan, do ngot qua ca
chua. So sanh hi€u qua cua nano FeCit voi ngudn
sait Fe-EDDHA, nham xac dinh tiém nang s
dung FeCit nhu nguon phan bén vi lugng méi co6
tinh hi€u qua vé nang suat, chat lwong va chi phi.

2. PHUONG PHAP NGHIEN CUU

2.1. Pia diém va thoi gian thi nghiém

Hai thi nghiém duoc thuc hién trong nha
mang nha ludi cua Trung tdm Thuc nghiém Cong
nghé nong nghi€p, Pai hoc Quoc gia Ha Noi, ¢
cung diéu kién khi hau, trong vu thu dong.

- Thi nghi€ém 1: Trén cay dua chudt.

- Thi nghiém 2: Trén cay ca chua.

Muc ti€u cua ca hai thi nghiém la danh gia
anh huong cua dang va nong d6 nano sit Xitrat

(FeCit) dén sinh truong, phat trién va ning suét
ctia hai d6i twong cay trong khac nhau.

2.2. Vat liéu va dinh dwdng thi nghiém

Thi nghiém 1: Cay dua chu¢t.

Déi tuong nghién ciru 1a cay dua chudt gléng
TCO1 (Coéng ty Hachi cung cap) Cay dugc trong

trong bich gia thé 15 L gdm hdn hop xo dira va
trau hun c¢6 bd sung phan vi sinh va Trichoderma.

Dung dich dinh dudng co ban dugc pha theo
huéng dan ciia Greenhouse cucumber production
(2019) [9] v6i thanh phan dinh dudng trinh bay &
bang 1.

Bang 1. Him lwong cic nguyén t6 dinh dudng trong dung dich thity canh sir dung cho ciy dua
chudt va ca chua

Nguyénto | N | P | K | Ca [Mg| S | Fe | Mn | Zn | B | Cu | Mo
Duachudt, | 5191 43 | 209 | 191 | 35 | 47 | 25 | 03| 02| 03 | 02 | 0,03
ppm

ngrlr‘fa’ 210 | 31 | 313 | 160 | 36,5 | 50,6 | 0,84 | 0,55 [ 0,33 | 0,22 [ 0,06 | 0,1

Dung dich nano sat xitrat (FeCit) st dung
trong thi nghiém c6 kich thudc hat nano sit xitrat
trung binh 13 70 nm vé&i nong do sit nguyén to
khoang 10 g/L.

Cac cong thic thi nghiém gdom: CT1 (ddi
chimg): St dung FeEDDHA, nong d¢ 2,5 ppm;
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CT2, CT3: St dung nano sat xitrat voi néng do
twong trng 2,5 ppm va 5 ppm.

Dung dich dugc duy tri 6 pH 5,8 £ 0,2 va
d6 dan dién (EC) 2,0 + 0,5 dS/m, diéu chinh
bang dung dich HNO;. Hé thong tudi nho giot
ty dong dugc su dung dé cép dinh dudng, ddm
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bao duy tri d6 am gia thé ¢ mirc 60 - 70% dung
tich chtra nudec.

Thi nghiém 2: Cdy ca chua.

Cay gibng ca chua HLO04 (Solanum
Iycopersicum L.) do Cong ty Hachi cung cap
duoc trf)ng trong bau gia thé, dit trong nha ludi.
H¢ thong tudi nho giot tur dong dugc s dung dé
cung cap nudc va dung dich dinh dudng nén ddng
déu cho tit ca cac bau ciy (ngoai trir sat). Dung
dich dinh dudng co ban dugc pha theo huéng dan
dinh dudng cho ciy ca chua [10] voi thanh phan
trinh bay & bang 1. Dung dich sét duoc tudi trude
8 gid sang hing ngdy, dam bao cung cdp 6n dinh
vi luong can thiét cho sinh trudng cia cay.

Cac cong thuc thi nghiém gém: CCl (ddi
chung): St dung FeEDDHA, néng dé 0,9 ppm;
CC2, CC3, CC4: Sir dyng nano sét xitrat, néng do
0,6 ppm; 0,9 ppm va 1,2 ppm.

Ché d6 cham soc, tudi tiéu, 1am gian, phong
trir sdu bénh dugc thyc hién dong nhat gitra cac
cong thirc trong mdi thi nghiém.

2.3. B6 tri thi nghi¢m

DPéi voi thi nghiém trén cdy dua chudt, thi
nghi¢m duoc bd tri theo kiéu khoi nge:lu nhién
hoan chinh (RCBD) véi 3 block, mdi cong thirc
gdm 12 ciy (4 ciy cho mdi block), dugc trong
vi khoang cach 70 x 45 cm.

Dbi v6i thi nghiém trén cdy ca chua, thi
nghiém duoc bd tri theo RCBD gdm 6 khdi
(block), mdi khéi bao gém tat ca cac cong thirc
xtr 1y. Mdi cong thirc co 24 ciy (4 cay cho mdi
block), dugc trong véi khoang cach 50 x 50 cm.

2.4. Cac chi tiéu theo doi va phwong phap
thu thap so li¢u

2.4.1. Cdc chi tiéu sinh truéng va phdt trién
cua dua chudt

Céc chi tidu sinh trudng va ning suit ctia ciy
dua chudt dugc xac dinh theo quy trinh chuan
trong nghién ctru trong trot. Céac chi tiéu theo ddi
bao gom: Chiéu cao cdy, chi s diép luc (SPAD),
s6 hoa cai, s6 qua/cay, khéi luong trung binh qua,
chiéu dai, duong kinh qua va ning suit.

Chiéu cao cdy duoc do tir mit gia thé dén
dinh sinh truong cua than chinh bang thudc cm,
voi do chinh xac £ 0,5 cm, vao giai doan sinh
truong manh (4 - 6 tuan sau trong).

Chi sé diép luc (SPAD) dugc do bang may
SPAD-502 Plus (Konica Minolta, Nhat Ban) trén
14 non (14 thir hai tinh tr ngon xudng) va 14
trudng thanh (14 thi nam tinh tir ngon xudng) cua
than chinh. Viéc do duoc thuc hién vao budi sang
(8 gio - 10 gio) khi cay budce vao giai doan nudi
qua (khoang tuan thir 7 sau trong).

S6 hoa cai/cay dugc xac dinh bang cach dém
toan bd s6 hoa cai hinh thanh trén than chinh va
cac nhanh cap 1 trong giai doan 6 - 9 tuan sau
trong (twong Ung voi thoi ky ra hoa - dau qua
manh). So qué/cay dugc xdc dinh bang cach dém
toan bd sd qua dau va phat trién dén giai doan thu
hoach trén than chinh va cac nhanh cip 1 trong
giai doan 8 - 11 tudn sau trong (twong mg véi
thoi ky thu hoach chinh).

Céc chi tiéu hinh thai qua bao gom: Khbi
luong, chiéu dai va duong kinh qua dwoc xéc
dinh trén toan by sd qua thu hoach trong giai
doan thu hoach thuong pham (8 - 11 tuan sau
trong). Khdi luong qua duoc xac dinh bang can
dién tor c6 do chinh xac 0,01 g; chiéu dai qua
duoc do tir cuéng dén chop qua va duong kinh
qua duogc do tai phan giita qua bang thudc kep.
Cac gia tri dugc tinh trung binh va biéu thi dudi
dang gia trj trung binh + d6 1éch chuan (SD).

2.4.2 Cdc chi tiéu sinh truéng va phat trién
cua ca chua

Cac chi ti€u sinh truong va sinh Iy dugc theo
ddi hang tuan theo tién trinh.

- Tuan 2 - 6: Po chi sé diép luc (SPAD)
trén 14 non da trudng thanh bang thiét bi SPAD-
502 Plus (Konica Minolta, Nhat Ban), mdi 14 do
3 lan [11].

- Tuén 5 - 16: Ghi nhan sd hoa va sb chum
hoa, s6 qua hinh thanh. Ty 1& dau qua duoc tinh
bang cach lay sé qua dém duoc ¢ tuan tiép theo
chia cho sb hoa tich luy & tudn truéc d6. Ty 18
dau qua duoc ghi nhin téi khi bat dau thu hoach
cac qua chin. Sau do, ) qua chin dugc thu hai,
dém sd luong va can theo ting tudn [12].

- Tuan 16 (thu hoach): Xac dinh cac chi tiéu
sinh khdi va ning suat, bao gém: Chiéu dai va
duong kinh qua (cm), khdi luong qué tuoi trung
binh tir 10 qua/cay [11], tong s6 qua va nang sut
ca thé (kg/cay). Khéi lugng tuwoi va kho cua 14,
than, ré (g). Khéi lwong twoi cin bang can dién tur
(20,01 g); khdi luong khod xac dinh sau khi sdy &
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70°C dén khdi lwong 6n dinh. Tong chiéu dai ré
duoc do bang thudc.

2.4.3. Chiét xudt va xdc dinh ham lwong
carotenoit tong trong quad ca chua

Mau qua ca chua ctia mdi coéng thirc dugc sdy
bang thiét bj sdy lanh nong san (Mactech, Viét Nam)
& 55°C dén khdi luong khong d6i (khoang 24
gid). Mau ca chua kho twong duong 30 g khdi
luong tuoi duoc sir dung dé chiét xuét carotenoit
tong sd bang phuong phap Soxhlet, véi 120 mL
hon hop dung méi hexan : ethanol (1: 1, v/v)
trong 2 giod [13]. Qua trinh chiét duoc thuc hién
ba 1an doc 1ap cho mdi cong thirc, két qua duoc
lay trung binh. Dich chiét thu duoc duoc phan
tich bang mdy quang pho UV-Vis Lambda 365
(Perkin Elmer, Han Qudc) trong ving hip thu dac
trung cuia carotenoit (400 - 500 nm). Mdi mau
duoc do ba lan, gia tri hép thu trung binh tai 450
nm (Ayso) duoc sir dung cho phan tich théng ké.

2.4.4. Bo do Brix cua qua ca chua
Do Brix cua qua ca chua duoc xac dinh bang
khuc xa ké (Cole-Parmer, An Dg). Moi cong thirc
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duogc do trén 30 qud ca chua riéng bi¢t, gia tri
trung binh dugc sir dung cho phan tich thong ké.

2.5. Xir Iy s liéu

Tat ca s liéu duoc tinh toan va trinh bay
du6i dang gia tri trung binh + d6 léch chuan
(mean + SD), trong d6 gia tri trung binh ctia mdi
don vi thi nghiém duogc xac dinh tir cac cay lap
lai. Pbi v6i dua chudt, dir lidu duoc xir 1y bang
phan mém Microsoft Excel. Déi véi ca chua, dur
liéu dugc xtr 1y va phan tich bang phan mém R.
Phan tich phuong sai mdt yéu t6 (One-way
ANOVA) dugc thuc hién dé danh gia anh hudng
ctia cac cong thirc cung cp sit khac nhau va khi
c6 ¥ nghia thong ké (p-value < 0,05), phép thir
Tukey HSD duogc ap dung dé tim ra cip cong
thirc c6 sy khac biét dang ké.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Panh gia hi¢u qua cia cong thirc dinh
dwéong thiy canh c6 thanh phan nano sat
xitrat dén sinh trwéng, nang suat dwa chudt
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Hinh 1. Anh hwéng ciia cac cong thire dinh dudng (‘I‘én chi s6 SPAD trén 14 non va la truéng
thanh cia ciy dua chudt ¢ tuan thir 7 sau trong

Chi s SPAD thé hién ham luong diép luc
trong 14. O tudn thir 7 sau trong (mot tuan sau khi
ra hoa), chi s6 SPAD do tai 14 truong thanh & ca
ba cong thire thi nghiém khong c6 su khac biét
dang ke (Hinh 1). Piéu nay cho thay, viéc cung
cip sat dudi dang nano sit xitrat & nong do 2,5
ppm hodc 5 ppm c6 hi€u qua tuong duong voi
FeEDDHA 2,5 ppm trong viéc duy tri ham lugng
diép luc & 1a truong thanh. Két qua phan 4nh
rang, & giai doan sau khi ra hoa va bit dau nudi

qua, kha nang st dung vi chat sit cua cay da dat
trang thai can bang sinh 1y, nén su khac biét giita
cac dang va nong do sit trd nén khong rd rét.
Trong khi d6, chi s6 SPAD tai 14 non ¢ tuan thir 7
cho thay su khac biét dang chu y: CT3 (FeCit 5
ppm) co gia tri SPAD cao hon so véi dbi chimg
(FEEDDHA 2,5 ppm), trong khi CT2 (FeCit 2,5
ppm) khong khéac biét dang ké so v6i ddi ching
(Hinh 1). Két qua nay cho thiy viéc bd sung nano
FeCit & nong d6 cao hon (5 ppm) c6 thé thuc day
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su hinh thanh diép luc ¢ 14 non, qua do ting
cuong kha nang quang hop ¢ cac co quan sinh
dudng mai phat trién. Dleu nay c6 thé lién quan
dén dic tinh giai phong sit cham va kha dung
sinh hoc cao cua nano sat, gip cung cap Fe on
dinh cho qua trinh tong hop diép luc & mé non,
von ¢6 nhu cau dinh dudng khoang cao.

Chiéu cao ciy O giai doan sinh truéng sinh
dudng manh (tudn 4 - 6) khong khac biét giita
CT1, CT2 va CT3, cho thiy toc do phat trién
chidu cao dong déu. Picu nay chung to, ¢ giai
doan sinh dudng, dang va ndng d6 sit cung cap
chua tao ra su khac biét ro rét vi ca ba cong thiic
déu dap ung du nhu cau dinh dudng cho cay.

O céy dua chudt, s6 hoa cai 1a mot chi tiéu
quan trong quyét dinh ning suit. Sy hinh thanh
hoa cai chiu anh huéng cua giéng, ché do dinh
dudng, anh sédng, nhiét do va diéu kién chiam soc
[14, 15]. Do @6, trong nghién ctru va san xuat,
nguoi ta ding s hoa cai dé danh gia tac dong cua
cic yéu tb nhu: phan bon, chit diéu hoa sinh
truong. Trong nghién ctru nay, sé hoa cai duoc
ghi nhan tir tudn thr 6, khi cdy bat dau ra hoa
(Hinh 2). Trong giai doan tuan 7, CT2 c6 s hoa
cai cao hon so v&i ddi ching CT1 va tuong

duong CT3; dén tudn 9, CT2 c6 s hoa cai cao
hon d6i chimg CT1, trong khi CT3 khong khac
biét nhiéu so v6i CT1. Tinh chung, ca giai doan
tudn 6 dén 9, s6 hoa cai cia CT2 cao hon khoang
30% so voi dbi chimg CTI1, trong khi CT3 chi
cao hon khoang 10% so véi di chimg CT1. Diéu
ndy cho thdy, nano FeCit & nong d6 2,5 ppm
(CT2) thic day hiéu qua qué trinh hinh thanh hoa
cai, trong khi nbng do cao hon (5 ppm, CT3)
khong mang lai nhleu loi ich bd sung. Nhu vay,
lidu luwgng nano sit thich hop c6 thé t6i uu hoa
phan hoa gidi tinh, nang cao ty 1€ hoa cai va tiém
ning ning suat. Ket qua nay phu hop véi bdo cao
truéc ddy cho rang, sy phat sinh hoa cai & dua
chuot don tinh cung géc chiu anh hudng manh
ctia diéu kién dinh dudng [16].

Két qua theo ddi sy phat trién sb qua theo
tuan dugc trinh bay ¢ hinh 3 cho thay, s0 qua
hinh thanh trén cdy tang nhanh tu tuan 8 dén
10, dat gia tri cao nhat & giai doan thu hoach rd
(tuﬁn 10). Xu huéng tich lily tong thé qua cac
tuan cho thay, CT2 dat tf)ng s qua trung binh
cao nhat (13,3 qua/cay), tlep theo 1a CT3 (13,1
qua/cay) va thap nhat 1a d6i chung CT1 (11,0
qua/cay).

40  —e—CT1

30 -CT2 T
. CT3 i
S 20 2 . ~ 1
- o -
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Tudn® Tudn7 Tuén8 Tuén 9

Thei gian sau tréng

Hinh 2. Anh huéng ciia cac cong thirc dinh dudng dén sé lwong hoa cai trén mét cay dwa chudt &
cac tuan thir 6 dén tuan thir 9 sau trong

Két qua & bang 2 cho thdy, cac cong thirc
dinh dudng c6 anh huéng nhit dinh dén ning
sudt va cac yéu td cau thanh ning suat cta dua
chudt. Ning suét trung binh dao dong tur 1,54 -
1,94 kg/cay, cao nhit & cong thic CT2, twong
ing voi sO qua trung binh 16n nhat. Mic du ¢
sy khac bi€t veé gia tri trung binh, phan tich
théng ké cho thdy, cac khac biét nay khong c6 y

nghia thong ké. Khdi luong qua trung binh dat
145 - 150 g/qua, chiéu dai 14,7 - 14,8 cm va
duong kinh 3,9 - 4,0 cm. Su bién dong nho gitra
cac cong thire cho thay tac dong cua thanh phan
dinh dudng trong cac cong thirc thir nghiém dén
hinh thai qua la khong dang ké. Tuy khéng co
khac biét théng k€ rd rét, xu huéng tang nhe vé
s6 qua va nang suit ¢ cong thire CT2 va CT3 so
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v6i dbi chimg CT1 cho thdy, viéc diéu chinh
néng d¢ hodc dang sat trong dung dich dinh
dudng c6 thé gop phan cai thién qué trinh dau

quéa va tich lily sinh khdi & cay dua chudt trong
dicu kién thi nghiém nha ludi.

Bing 2. Anh huéng ciia cac cong thirc dinh duéng I1én chi s6 qua va ning suit dua chudt

Cong S6 qua/cdy | Chiéu dai qua | Puong kinh qua | Khéi lwong qua | Ning suat
thirc (qua) (cm) (cm) (2) (kg/cay)
CT1 11,0£57* 148+1,0* 39+03° 140 + 28 1,54
CT2 13,3+4.2°? 148+14° 40+03" 145 £26° 1,94
CT3 13,1+5,1° 14,7+1,3% 39+03° 140 +23° 1,83

Ghi chu: Cac gia tri trung binh mang chit cai giong nhau trong cting mot cét khéng khdc biét cé y
nghia thong ké ¢ murc p < 0,05 (one-way ANOVA va so sanh cap).

Két qua nghién ctru nay phu hop vdi cac bao
céo gan day cho thiy, nano sit khi bo sung qua 14
hodc ré, co kha nang cai thién tinh trang dinh
dudng va nang cao ning suit dua chudt so véi
dang mudi sat thong thuong [17], 18]. Piém khéc
biét ndi bat trong nghién ctru ndy 1a viée sir dung
nano FeCit, trong d6 xitrat vira 6n dinh céu trac
hat nano vira déng vai trd nhu mot hop chét hiru
co than thién sinh ly, h5 trg hiéu qua qué trinh
van chuyén va hép thu sat trong cdy, qua d6 gop
phan nang cao ning suit.

3.2. Panh gia hiéu qua cta cong thirc dinh
duong thiy canh c6 thanh phin nano sit
xitrat dén sinh truéng, ning suit va chat
lwgng qua cua ca chua

Trong khoang tir tudn 2 dén 6 sau trong, chi
s6 SPAD cua cac cong thirc dao dong tir 32,6 +
4,9 dén 53,9 + 3,3 véi sy khac biét khong co ¥
nghia thdng ké giita cac néng do nano sat va doi
chtng str dung Fe-EDDHA. Tét ca cong thire déu
thé hién xu hudng ting dan SPAD trong giai doan
sinh truéng sinh dudng, mic du giam nhe ¢ tudn
3 do mua kéo dai va buc xa thép, sau d6 phuc hdi
va tiép tuc tang dén tuan 6. Vi SPAD co twong
quan thuan v6i ham lugng di€p luc td
(chlorophyll) [19], két qua nay cho thdy nano sat
duy tri kha ning tong hop diép luc twong dwong
sit chelate, ddm bao su phat trién binh thuong
cua b 14 trong giai doan sinh dudng.

Chiéu dai than dao dong tir 3,6 + 0,3 m (CC3)
dén 3,9 + 0,3 m (CC4), v6i dbi chung CC1 dat
3,9 £ 0,1 m; phan tich ANOVA cho thiy chi s6
ndy khic biét c6 ¥ nghia théng ké giita cac
nghiém thac (p = 0,02), nhung kiém dinh Tukey

ghi nhan sy khac biét chu yéu giita CC4 so véi
CC2-CC3, khong khac biét dang ké voi doi
ching. Puong kinh than dao dong 0,9 - 1,0 cm,
trong khi khéi lwong tuoi cua 14, than va ré lan
luot nAm trong khoang 0,7 - 0,8 kg, 0,6 - 0,7 kg
va 60 - 73 g; khéi lugng kho dao dong 37 - 38 g
(12), 41- 42 g (than) va 26 - 27 g (1&); chiéu dai ré
51 - 57 em. Céc chi tiéu nay khong khéc bict co y
nghia thdng ké gitta cac cong thirc.

Mic du khac biét chwa dat ¥ nghia théng ké,
cac cong thic nano FeCit, dac biét la CC3 va
CC4 thuong cho gia tri trung binh cao hon nhe so
v6i d6i chimg FeEDDHA (CC1) ¢ hau hét cac
chi tiéu, phan 4nh xu hudng cai thién sinh truong,
bao gdm kha nang hap thu sit hiéu qua hon, ting
ham luong diép luc to va thuc dy phat trién 14,
than, ré.

Ké tir khi xuét hién chim hoa dau tién (tudn 5),
s6 luong hoa ting dan & tit ca cac cong thic,
phan anh qua trinh sinh thyc 6n dinh cua cy ca
chua (Hinh 3). Tbc do ra hoa c6 su khac biét nhe
giita cac nghiém thic nano FeCit va d6i ching
Fe-EDDHA. O tuan thir 5 sau trong, cic cong
thitc nano FeCit dat mic ra hoa tuong duong
hodc cao hon nhe so voi dbi chtng, cho théy nano
sat khong lam cham qua trinh phan h6a mam hoa.
Sang tudn thr 6, sb hoa ting manh & tat ca cac
cong thue, trong do CC3 (0,9 ppm) cho toc do
tang cao nhét. bang chuy, ¢ tuan thir 3, CC2 (0,6
ppm) ghi nhén s6 hoa trung binh cao nhit (135 +
19 hoa), goi ¥ rang lidu thap nano FeCit co thé
duy tri phan hoa mam hoa 6n dinh hon so véi cac
noéng d6 cao (0,9 - 1,2 ppm). Phan tich ANOVA
tai ba thoi diém cho thay p > 0,05, song xu hudng
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dong hoc cho thdy cac cong thirc nano sit (dic cuc cia nano FeCit dén qua trinh hinh thanh co
biét CC2 va CC3) c6 toc dd tang s6 hoa theo thoi  quan sinh thyc.
gian cao hon do6i ching, phan anh tic dong tich

160

—e—CC1 T
140 cco 3
120 e—CC3 1

x cc4 |

g 100 =

§ 80

N 60 I

Nl

0 40
20

Tuén 5 Tudn 6 Tuén 8

Thoi gian sau tréng

Hinh 3. Anh huéng ciia cac cong thirc dinh dudng dén sé lwong hoa trén mét cdy ca chua ¢ cac
tuan thir 5 dén tuan thir 8 sau trong
S6 hoa va s6 chum hoa thé hién twong quan Chiéu dai qua khac biét co ¥ nghia thong ké
thudn manh & tudn 5 va tuan 8 véi hé sb Pearson  giita cac cong thie (p = 0,01); trong do, cong
lan luot 1a r= 0,94 va r = 0,82, cho théy su déng thire nano st xitrat CC3 cd gia tri thap hon déng
bo giita qua trinh phan héa va phat trién cham ké so véi di chimg (CC1) va CC2 (p = 0,02),
hoa. S& qua hinh thanh & tudn 8 - 9 khong khac  cho thay ndng d6 nano sat anh hudong dén sy phat
biét dang ké gitra cac cong thirc (Bang 3). Tuy  trién hinh thai qua (Bang 4). Puong kinh qua dao
nhién, ty 1& dau qua sau ba tuan ké tir khi ra hoa  dong trong khoang tir 2,6 + 0,1 cm dén 2,8 + 0,2
(tuan 8) khac biét co ¥ nghia théng ké (p = 0,02); cm, trong khi khdi luong trung binh nam trong
trong d6, CC4 (FeCit 1,2 ppm) dat ty 18 ddu qua  khoang tir 33 + 19 g dén 65 + 20 g. Cac bién
twong duong ddi chimg CCIl(Fe-EDDHA 0,9 dong nay khong co su khac biét dang ké giira cac
ppm) nhung cao hon dang ké so voi CC3 (FeCit cong thirc. Tong sé qua dat 123 + 35 dén 162 +
0,9 ppm) theo kiém dinh Tukey. Dén tun 9, ty 16 43 qua, ning sudt ca the 1,13 - 1,58 kg. Nhin
dau qua khong con khac biét co ¥ nghia thong ké  chung, sy khac biét vé ning sut chua 1o rét,
(p = 0,81), cho thdy giai doan hinh thanh qua di song CC2 va CC3 ¢6 xu huéng cho gia tri cao
6n dinh. hon d6i chirg CC1 va CC4.

Bang 3. Anh huéng ciia cic cong thirc phan bén sit dén cac chi tiéu sinh truwéng sinh thue

CT Séquituin8 | Séquatudn9 | Tyledauqual (uing) | ¥ lftf:;l 9‘1)“5‘ 2
ccl 460+ 175 578+ 11,0 0,6:+02 0,602
cC2 M3+176 | 738+334 0,5+02 0.5+04
cC3 258496 57.8 4257 03+0.1 0.5+02
cc4 5134178 60,7 27,7 0,6:+0,1 0,602

ANOVA NS NS 0,02 NS
Tukey i i CC4-CC3 (p = 0,02) i

Ghi chii: NS: Khong khdc biét cd Y nghia thong ké (p > 0,05); +: D léch chudn (SD); chi bao
Tukey ghi cap co khac biét thong kée.
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Bing 4. Anh hwéng ciia cic cong thirc phin bon sit dén cac chi tiéu qua
Cong thite | SO MR | Chigu i qua (om) | Pumekinh | KRt luong | Ning st ci
CCl1 123 +35 3,7+£0,2 2,8+0,2 65+ 20 1,13+0,54
cc2 162 +43 3,7+0,1 2,6+£0,1 50 +24 1,58 +£0,50
CC3 139 +26 34+0,2 2,6+0,2 34+19 1,25+ 0,46
cc4 127 £20 3,6+0,2 2,7+0,2 54 +£23 1,07 +£0,45
ANOVA NS p<0,05 NS NS NS
Tukey - CC2-CC3 (p =0,02) - - -

Két _qua cho thay, qua trinh sinh thyc cia ca
chua dién ra 6n dinh ¢ tat ca cac cong thirc. Du
chua c6 khac biét théng ké 16 vé sd qua, khdi
lugng hay ning suat, xu huéng dong hoc cho thay
cac nghi¢m thirc nano sat, dac biét CC2 va CC3,
c6 mirc ting so hoa va ning suat tich cuc hon so
voi d01 ching FeEEDDHA, phu hop véi céc bao
cao rang, nano sit c6 thé thic day sinh truong,
hiéu suat quang hop va nang suit qua & liéu trung
binh [20, 21].

Ty 1¢ dau qua giai doan dau (tuﬁn 8) khac biét
¢ ¥ nghia théng ké, trong d6 cong thirc CC4 dat
gia tri cao hon dang ké so voi CC3, cho thay nong
d6 nano sat anh huong dén thy phan va phat trién
qua non. Fe-NPs da dugc chirng minh cai thi¢n
dau qua va ning suat nhd ting quang hop va hip
thu vi luong, song hi¢u quéa phu thudc vao dang
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Hinh 4. Phé hap thu UV-vis cia dich chiét
Soxhlet ciia qua ca chua
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nano, phuong thirc bon va nf)ng do [22, 23]. Ca
chua hap thu sit theo chién lugc I thong qua
AHA2, FRO2 va IRT1 [24], dong thoi co thé tan
dung phuc Fe(III) - hiru co twong ty co ché Fe-
coumarin & Arabidopsis [25, 26]. Nho kha nang
hoa tan chdm va tao phuc xitrat ty nhién, nano sét
xitrat c6 thé cung cip Fe 6n dinh trong giai doan
sinh thuc, gitp tang ty 1€ dau qua sém ma khong
anh hudng hinh thai qua.

Carotenoit 14 nhém hop chét sinh hoc quan
trong, gop phan quyét dinh gia tri dinh dudng,
mau sic va chét luong qua ca chua. Do cac
carotenoit chu yeu (Iycopene, B- -carotene, lutein)
c6 kha nang chdng oxy hoa va 1a tlen chét cua
vitamin, ham luong carotenoit tong sd phan anh
mirc tich lity cac hop chét nay trong qua.
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Hinh 5. B§ Brix va d¢ hip thu tai buéc song
450 nm cua dich chiét Sohlet ciia qua ca chua
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Phé hip thy UV-Vis cia dich chiét qua ca
chua tir ca bén cong thirc déu c6 ba dinh dic
trung tai 424, 450 va 480 nm, xac nhan sy hién
dién cua carotenoit (Hinh 4) [27]. Trong d6, dinh
tai 450 nm (A4s) c6 cuong do cao nhat va duoc
ding dé so sanh ham luong carotenoit tong sd.
Dinh 472 nm cua lycopen khong rd rang, phu hop
v6i mau vang cam cua gidng ca chua nghién ciu,
noi B-carotene chiém uu thé [28]. Gia tri A4sp cua
CC3 (2,1) cao hon CC4 (1,6) va déu vuot CC1
(0,91) va CC2 (0,93) (p < 0,05), cho thiy nano
FeCit va nong d6 cta n6 anh huong dang ké dén
tich liy carotenoit (Hinh 5). Sit c6 thé dong vai
tro dong yéu td6 cho cac enzim tong hop
carotenoit, do d6 noéng do thich hop (CC3) thic
day tong hop, trong khi nong d6 thap (CC2) hodc
cao hon (CC4) lam giam hoat tinh enzim [2]. Két
qua nay nhan manh tam quan trong cua viéc lua
chon dang va ndng do sat t6i uu nhim nang cao
ham luong carotenoit va chat luong dinh dudng
qua ca chua, pht hop véi cac nghién ctru gan day
[20, 29]. Bén canh d6, d6 Brix cua qua ca chua
cling cho thiy su cai thién rd rét khi st dung nano
FeCit. Cu thé, cong thirc CC3 (FeCit, 0,9 ppm) cb
d6 Brix (7,3 £ 0,5) cao hon ¢ ¥ nghia thong ké
so v6i dbi chung CC1 (6,5 + 0,5, p < 0,05), trong
khi CC2 va CC4 khong khac biét dang ké (Hinh
5). Dang va nong do sat trong dung dich dinh
dudng anh hudng rd rét dén tich liy chat rin hoa
tan trong qua ca chua. Sy gia ting d6 Brix ¢ CC3
¢ thé phan 4nh hiéu qua cta nano sat trong cai
thién quang hop va chuyén héa cac bon, phut hop
véi cac két qua trude day [20, 30].

4. KET LUAN

Nano sit ¢6 kha nang cai thién sinh trudng,
sinh thyc va chat luong qua cua dua chudt va ca
chua trong trén gia thé trong nha Iuéi. O dua
chudt, ndng do nano sat trung binh (2,5 ppm,
CT2) thuc day hiéu qua qué trinh ra hoa va cé
ning suét trung binh cao hon so voi dbi chimg,
trong khi noéng d¢ cao hon (5 ppm, CT3) chi
mang lai cai thi¢n nhe. O ca chua, nano sit xitrat
¢ nong do trung binh (0,9 ppm, CC3) duy tri
SPAD, phat trién bo 14, than va ré, dong thoi lam
ting sd qua trung binh, nang suat ca thé, ham
lugng carotenoit tong s6 va do Brix ma khong
lam thay d6i hinh thai qua. Nhing ket qua nay
nhin manh tAm quan trong cua viée t6i uu hoa
dang va ndng d6 nano sat dé nang cao hiéu qua

hap thu sét, cai thién nang suat va chat luong qua,
dong thoi mo ra tiém nang Gng dung trong cac hé
thong nong nghiép cong nghé cao.
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EVALUATION OF NANO IRON CITRATE AS A MICRONUTRIENT FERTILIZER ON
GROWTH, YIELD, AND FRUIT QUALITY OF CUCUMBER (Cucumis sativus) AND
TOMATO (Solanum lycopersicum L..) GROWN ON SUBSTRATE IN GREENHOUSE

Nguyen Le Khanh', Nguyen Thi Hong', Le Thi Hien'
" Faculty of Agricultural Technology, VNU University of Engineering and Technology
Abstract

Although numerous studies have investigated iron fertilizers, systematic trials on fruit vegetables
such as tomato and cucumber grown on substrate in greenhouses, directly comparing the efficacy of
nano iron citrate (FeCit) with conventional iron sources such as FeSO, and Fe-EDDHA in terms of
growth, development, yield and fruit quality, remain limited. This study evaluated the effects of
different concentrations of nano FeCit on growth parameters (SPAD, plant height, biomass),
reproductive traits (flower number), yield and fruit quality indices of cucumber (Cucumis sativus)
and tomato (Solanum Iycopersicum L.) cultivated on substrate in greenhouse conditions. The results
demonstrated that nano FeCit could enhance both vegetative and reproductive growth as well as fruit
quality in both species. In cucumber, 2.5 ppm FeCit (CT2) promoted flowering and achieved higher
average yield compared to the control, whereas the higher concentration of Sppm (CT3) provided
only slight improvements. In tomato, 0.9 ppm FeCit (CC3) maintained SPAD values, supported leaf,
stem and root development and increased average fruit number, individual fruit yield, total
carotenoid content, and °Brix without affecting fruit morphology. These findings highlight the
importance of optimizing the form and concentration of nano iron to enhance iron uptake efficiency,
improve yield and elevate fruit quality. Furthermore, nano FeCit shows potential as a substitute for
commercial iron chelates, offering promising applications in high-tech agriculture and greenhouse
cultivation while contributing to enhanced nutritional value and sustainable crop production.

Keywords: Cucumber, micronutrient fertilizer, nano iron citrate, tomato.
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