s Khoa hoc Kjj thuéit va Céng nghé | Cong nghé nano; Khoa hoc Néng nghiép | Trong trot: Céng nghé sinh hoc trong ndng nghiép, thiy san DOI: 10.31276/VIST.2025.3047

Tong hop vt liéu nano st bang dich chiét 13 bang (Terminalia catappa L.
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Tom tit:

Tong hop vat liéu nano bang phuong phap hoéa hoc xanh dang tré thanh xu hlr(rng ndi bét nho tinh than thién méi trwong va kha
ning ung dung cao trong nong nghiép ben virng. Trong nghlen ctru nay, dich chlet 1a bang (Terminalia catappa L.) duwgc sir dung
lam tac nhan khi sinh hoc dé khir ion sat (IIT) thanh sit kim loai (Fe®), qua dé tong hop vt liéu nano sit. Dich chiét dwoc thu
nhén bang phwong phap chiét siéu Am véi dung mdi ethanol 70%, c6 ham lirgng polyphenol va flavonoid lan lwot dat 85,12+0,97
mg GAE/g chit kho va 104,6+8,72 mg QE/g chit kho. Cac diéu kién anh hwong dén qua trinh tong hop, bao gdm nong df tién chat
Fe**, nhi¢t dg va thm gian phan ing, dwoc khdo sat va t0i wru thong qua thir nghiém danh gla kha ning kich thich nay mam ciia hat
ngo DPic trung cAu triic va hinh thai ciia vat liéu duge xac dinh bang cac phuong phap pho nhiéu xa tia X (XRD), pho hong ngoai
bién d6i Fourier (FTIR) va anh hién vi dién ti quét (SEM). Két qua cho thay, vat liéu thu dugc co dinh nhiéu xa dic trung ciia Fe®
tai 20=45,7°, kich thudc hat dao dong trong khoing 20-100 nm, trung binh ~80 nm. Nano sit tong hop bang phwong phap xanh
thé hién kha ning kich thich ndy mam dang ké, goi mé& tiém ning ing dung lam ché pham sinh hoc ho trg ting trudng cay trong
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Abstract:

Green chemistry-based synthesis of nanomaterials has emerged as a promising approach due to its environmental
friendliness and high potential for sustainable agricultural applications. In this study, Terminalia catappa L. leaf extract
was employed as a biological reducing agent to convert ferric ions (Fe*") into metallic iron (Fe®), thereby synthesising iron
nanoparticles. The extract was obtained by ultrasonic-assisted extraction using 70% ethanol, with total polyphenol and
flavonoid contents of 85.12+0.97 mg GAE/g DW and 104.6+8.72 mg QE/g DW, respectively. The effects of Fe* precursor
concentration, reaction temperature, and reaction time on nanoparticle synthesis were investigated and optimised
based on experiments evaluating the germination-stimulating effects on maize seeds. The structural and morphological
characteristics of the synthesised material were analysed using XRD, FTIR, and SEM techniques. The results revealed a
distinct diffraction peak of Fe° at 20=45.7°, with particle sizes ranging from 20 to 100 nm and an average size of ~80 nm.
The green-synthesised iron nanoparticles exhibited a notable stimulatory effect on seed germination, suggesting their
potential as a bioactive nanomaterial for stimulating plant growth.
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Classification numbers: 2.9, 4.1, 4.6

“Tac gia lién hé: Email: ph.vananh98@gmail.com

‘ %HI\?GCI:-IE 68(2) 2.2026 64



Khoa hoc Ky thuét va Céng nghé| Cong nghé nano; Khoa hoc Néng nghiép | Trong trot: Cong nghé sinh hoc trong néng nghiép, thiy san  ns

1. Dt van de

Trong nhiing thap ky gan day, vat liéu nano dugc tng
dung dé giai quyét cac thach thirc cap bach trong nhiéu linh
vuc nhu vat liu, sttc khde, moi truong va dac biét 1a nong
nghiép [1]. Sy phat trién manh mé cua cong nghé nano da
day nhanh qua trinh chuyén doi trong nong nghiép, gop
phan ning cao ning suat cdy trdng thong qua viéc ting
cuong kha ning sinh truong, phuc hdi, phong trir bénh hai
[2]. Vat li€u nano, vdi kich thudc nho hon 100 nm, s¢ hitu
cac ddc tinh doc déo nhu dién tich bé mat 16n, do 6n dinh
cao, dd bén co hoc cao, diém nong chay thap va kha ning
phan tan tot [3, 4].

Sat 1a mot nguyén tb vi lugng thiét yéu, dong vai tro
quan trong trong nhiéu qua trinh sinh 1y cta thyc vét nhu
quang hop, truyén ning lugng, kich hoat enzyme, tong hop
RNA, DNA [5]. Mic du ham lugng sit trong dat thuong
cao, phﬁn 16n ton tai & dang khoéng tan nhu Fe3* va bi cd
dinh trong cac cau truc khoang hodc chét hiru co khién cay
trong khé hap thu [6]. Viéc bd sung sit thong qua phin bon
vO co truyén thong thuong khong mang lai hiéu qua cao,
dac biét trong diéu kién dat trung tinh hoac kiém, noi Fe**
d& bi oxy hoa thanh Fe** khong tan, 1am giam kha nang hip
thu va van chuyén cua cay [7]. Pé khic phuc han ché nay,
sat & dang nano da dwoc nghién ctru nhu mot giai phap tiém
ning, nhdm cung cp sit hiéu qua hon cho cay trong. Nano
sat c6 kha ning thiic ddy qua trinh quang hop, ting cudong
hap thu dinh dudng va kich thich sy ndy mam cua hat [8, 9].
Hién nay, nano sat thudng dugc tong hop bing cac phuong
phéap hoa hoc hoac vat 1y. Tuy nhién, nhiing phuong phép
nay thuong sir dung hoa chét doc hai lam chét khir va chat
6n dinh, khong chi anh huéng dén méi trudng ma con tiéu
t6n nhiéu ning luong [10, 11]. Do do, can thiét phai phat
trién cac phuong phap tong hop bén viing, than thién voi
moi truong va tiét kiém chi phi.

Mot huéng tiép can méi ddy tiém nang 1a st dung
cac chit khir c6 ngudn gde sinh hoc tir thuc vat dé tong
hop nano sét, nhd vu diém nguyén lidu da dang, d& tiép
can va than thién voi moi truong [12]. Chiét xuat thuc vat
chira nhiéu hop chét sinh hoc nhu polyphenol, flavonoid,
polysaccharide. .. c6 thé dong vai tro 1a chat khir va chat 6n
dinh trong qua trinh tong hop hat nano [13]. Trong nhiing
nam g?m day, nhiéu loai thuc vat da dugc khai thac dé téng
hop nano sét, sir dung céac bd phan nhu 14, 1€, hodc qua [14,
15]. Tuy nhién, d&én nay chwa c6 nghién ciru nao duogc cong
bd vé viéc st dung dich chiét 14 bang dé tong hop nano
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sit. Cdy bang thudc ho Tram bau (Combretaceae), bao gdbm
khoang 250 loai phan b rong rdi ¢ cac ving nhiét doi va
can nhiét doi thudc chau A, chau Uc va chau Phi [16]. La
bang giau polyphenol, flavonoid va tannin - nhitng hop chét
¢6 kha nang chdng oxy hoa, khang khuan va khang nim [17,
18]. Viéc khai thac tiém ning cua 14 bang trong tong hop vat
lidu nano sat hira hen mé ra nhitg hudng di méi trong phat
trién nong nghiép bén viing.

T nhiing co so trén, nghién clru nay duoc thyc hién
nham xéc dinh cac diéu kién téi uu cho qué trinh tong hop
nano sat str dung dich chiét 1a bang lam chat khir. Nano sat
sau tong hop duoc dic trung bang cac phuong phap SEM,
XRD va FTIR. Ddng thoi, nghién ctru ciing danh gia anh
huéng cia nano sat dén kha ning niay mam va sirc song cia
hat ngo.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

La bang (Terminalia catappa L.) thu hai ¢ giai doan sinh
truong manh (thang 7/2024 tai Ha No6i), 14 ¢6 mau xanh
dam, gia nhung chua chuyén sang giai doan ua vang. La
bang duoc lya chon c6 hinh dang binh thuong, phat trién
hoan chinh.

Hat gidng ngd lai don F1 NK6253 Héang Syngenta dugc
mua tir cac dai 1y ban hat giéng tai Ha Noi.

Céc hoa chét phan tich gém: sit (III) clorua (Merck,
buc), ethanol 96 (Viét Nam), Folin-ciocalteu (Nhat Ban)
va natri cacbonat, aluminum chloride, axit quercetin, natri
nitrit, natri hydroxit, axit gallic dugc cung cap béi Xilong,
Trung Qudc.

2.2. Phwong phap nghién ciru
2.2.1. Chudn bi dich chiét I bang

La bang dugc lam sach béng nudc, séy kho va nghién
min thu bt nguyén li¢u. Bot 14 bang khoé (5 g) duoc khuéy
trong 100 ml ethanol 70%, sau d6 siéu am trong bé siéu 4m
30 phit. Qué trinh tach chiét dwoc tién hanh ¢ nhiét do 60°C
trong 2 gio, két hop voi may lic c6 toc do 180 vong/phiit.
Hon hop chiét sau d6 duoc loc thu dich chiét dic, bao quan
& nhiét 6 6°C trong sudt qua trinh nghién ctru va duoc pha
lodng ty 1& 1/10 v&i nudc cat.

2.2.2. Xdc dinh ham lwong phenolic tong sé

Ham lugng phenolic tong c6 trong dich chiét 14 bang
duogc xac dinh bang phuong phap sir dung thude thir Folin-



ciocalteu theo mo ta ciia R. Yadav va cs (2011) [19]. Trong
nghién ctru nay, dich chiét thuc vat duge pha loang 100 lan
bang ethanol 70%. Xy dung duong chuan axit gallic (GA)
theo day néng d6 20-120 pg/ml va thudc thir Folin-ciocalteu
10%. Hon hop phan tmg gdm 5 ml Folin-ciocalteu 10%, 1
ml axit gallic dwong chuan hodc 1 ml miu dich chiét thyc
vat va 4 ml dung dich Na,CO, (75 g/l), ldc déu va u phan
tg trong 30 phut, xac dinh d¢ hap thu ¢ budc song 765 nm.

2.2.3. Xac dinh ham heong flavonoid tong sé

Ham lugng flavonoid tong c6 trong dich chiét 14 bang
dugc xac dinh bang phuong phap tao mau véi aluminum
chloride (AICI,) [20]. Dich chiét thuc vat dugc pha loang
100 14n bang ethanol 70%. Xay dung duong chudn quercetin
(QE) theo diy ndng do 50, 100, 150, 200, 250, 300, 350,
400 pg/ml. Hon hop phan img gdm 1 ml axit quercetin hogc
1 ml dich chiét thuc vat va 0,3 ml NaNO, 5%, 0,3 ml AICI,
10%, 2 ml NaOH 1M vao lac déu va dinh mic dén 10 ml.
Xac dinh do hép thu ¢ budc song 510 nm.

2.24. T(fng hop vat liéu nano sat

Dich chiét 14 bang (60 ml) duoc nho voi toc d6 khoang
4 giot/gidy xudng 30 ml dung dich FeCl,. Nong do sit (I11),
nhiét d6 va thoi gian phan tmg duogc ti vu ¢ cac thi nghiém
trén. Phan (mg dugc khudy tir gia nhiét véi toc do 700 vong/
phiit. Két thiic qua trinh phan tng, mét phan dung dich dugc
loc ly tam ¢ 7000 vong trong 10 phut, va duoc rira 5 lan
bﬁ“mg ethanol va nude cit. Cac mau cin thu duge dugc séy
chan khong & 60°C dén khdi lwong khong ddi dé phan tich
cac dac tinh cua vat liéu béng cac ky thuat hién dai nhu
SEM, XRD, FTIR. Phan con lai cua dung dich nano sdt
dugc str dung dé danh gia kha nang kich thich nay mam ¢
trén hat ngo.

2.2.5. Khdo sat diéu kién t6i wu dén quda trinh tong hop
nano sdt

Tién hanh khao sat diéu kién t6i uu dé tong hop nano sit
tir 14 bang va tién chét sat bang cach thay doi ndng do Fe**,
nhiét d6 tao nano sat, thoi gian tong hop nano sit. Cac didu
kién nay dugc Iya chon thong qua viéc xac dinh kha nang
kich thich nay mam hat ngo.

- Khéo sat nong d6 Fe** ban dau dén kha ning kich thich
nay mam hat ngd: Dich chiét 14 bang dugc nho tir tir véi tde
d6 khoang 4 giot/gidy xubng dung dich FeCl, ¢ cac nong
d6 khao sat 1a 1; 2,5; 5; 7,5; 10 mM theo ty 1¢ thé tich 1a
2/1. Phan tmg dugc khudy véi te d6 700 vong/phiit ¢ diéu
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kién nhiét do phong (25°C+2°C) trong 15 phut. Két thuc
qua trinh, thu duoc 5 miu nano sét twong tng véi cac ndng
d6 Fe** ban dau. Dung dich sau tong hop thanh cong dugc
sir dung dé xir 1y hat ngd giéng va danh gia kha ning kich
thich nay mam hat ngd dé xac dinh nong d6 Fe** ban dau
thich hop.

- Khéo sat nhi¢t do téng hop nano sit dén kha nang kich
thich nay mam hat ngo: Dich chiét thuc vat dugc nho xuéng
dung dich FeCl, nong d6 tdi uu & thi nghiém trudc, véi toc
d6 nho giot khoang 4 giot/gidy theo ty 18 thé tich 2/1. Phan
ung duoc khuéy tur gia nhiét ¢ cac nhi¢t do khao sat tur 30,
40, 50, 60, 70°C véi toc dd 700 vong/phut trong 15 phit.
Két qua thu dugc 5 mau nano sat duge téng hop & cac nhiét
d6 khac nhau. Dung dich sau téng hop dugc st dung dé xur
Iy hat ngd gidng. Nhiét d6 tong hop sat nano duoc xac dinh
dwa vao kha nang kich thich nay mam hat ngo.

- Khao sat thoi gian tong hop nano sit dén kha ning
kich thich ndy mam hat ngo: Dich chiét 14 bang dugc nho
tir tir voi toc d6 khoang 4 giot/gidy xudng dung dich F eCl,
& ndng do, nhiét d6 phan ung da dugc tdi wu & thi nghiém
trude theo ty 16 thé tich 1a 2/1. Phan tmg dugc khudy véi toe
dd 700 vong/phut va gia nhiét & cac thoi gian khao sat: 30,
40, 50, 60, 70 phut. Két thac qua trinh, thu dugce 5 mau nano
sat duoc tong hop & cac thoi gian khac nhau. Dung dich sau
tong hop thanh cong duoc sir dung dé xur Iy hat ngd giéng va
danh gia kha ning kich thich nay mam hat ngé, dé xac dinh
thoi gian téng hop t6i wu.

2.2.6. Anh hwong ciia nong dg nano sat dén kha ndng
kich thich ndy mam hat ngé

Dung dich nano sét tong hop ¢ didu kién téi wu duge xac
dinh chinh x4c ndng d6 bang phuong phép phan tich AAS
trén may quang phd hip thu nguyén tr Agilent AAS, My.
Sau nghién ctru so bg, nguoi ta thdy ring ndng do nano sit
nho hon 5 mg/l 1a du dé ting cudng sy ndy mam cia hat
[21]. Do d6 trong nghién ctru nay, ndng dé dung dich nano
sat duoc thiét lap 1a 1, 2, 3, 4, 5 mg/l va tién hanh xir Iy
hat ngo gidng dé danh gia kha ning kich thich nay mam
va strc song cua hat ngd. Thi nghiém d6i chimg dugc thuc
hién véi nude cit.

2.2.7. Xir Iy hat ngé giong bang nano sdt

Dung dich nano sat duoc siéu am 10 phut dé cac hat
nano duoc phan tan déu. Cac hat ngd gidng duogc 1ay ngiu
nhién, ngam hat trong 90 phiit véi 50 ml dung dich nano sat
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pha lodng 10 lan. Sau d6 iy céc hat ra dé hat kho ty nhién
15-20 phut. Gieo hat vao mdi truong hiru co (duge chuan
bi theo TCVN 8548:2011). Phun 4m 2 lan/ngay. Piéu kién
theo ddi & nhiét d6 phong (25+2°C). Mau ddi chimg khong
xu ly nano sat dugc thuc hién tuong tu voi nude cAt.

2.2.8. Xac dinh ty Ié nday mam va chi so sirc song

Thi nghiém nay mam trén hat ngé khi dugc xir Iy bang
dung dich nano sat duoc thuc hién véi 50 hat ngo duoc léy
ngau nhién, sau thoi diém gieo hat 48 gio, cac hat ngé duogc
xac dinh sb hat nay mam dat yéu cau, xac dinh chiéu dai ré
mam va chidu dai chdi mam cua hat gidng.

Ty 1&¢ nay mam trung binh (GP) duoc tinh toan theo
phuong phap Scott c6 diéu chinh, dugc tinh theo cong thirc:
GP(%)=(A/B) x 100 v6i A 1a s6 hat nidy mam; B 14 tong sd
hat giéng [22].

Chi s6 sitrc sdng ctia hat gidng (VI) dugc xac dinh bing
cong thire: VI=GP x [Chiéu dai r& mam (mm) + chiéu dai
chdi mam (mm)].

2.2.9. Cdac ky thuat phan tich ddac tinh cua vdt liéu

Vit lidu st nano sau tong hop dwoc phan tich hinh thai
bang kinh hién vi dién tir quét (SEM) trén thiét bi SM-
6510LV (Jeol-Nhat Ban), phan tich dac trung cac nhom
chirc bang quang phd hong ngoai bién ddi Fourier (FTIR)
trén thiét bi Nicolet iS10 (Thermo Scientific - My) tai Vién
Han lam Khoa hoc va Céng ngh¢é Viét Nam. Phan tich phé
XRD tai Vién Khoa hoc va Cong nghé Quan sy béng thiét
bi X Pert Pro.

2.2.10. Phén tich s6 liéu

hién dién cia cic hop chit polyphenol va flavonoid trong
dich chiét dugc xac dinh bang phd hong ngoai (FTIR) va
dinh lugng bang cac phuong phap hoa hoc dwoc mo ta trong
phan phuong phap nghién ctru (hinh 1).

Trong phd FTIR ciia dich chiét 1a bang (hinh 2), cac dai
hap thy 1044,19 cm™' va 1382,36 cm’ 1a sy xuat hién cia
nhom chire C-N véi axit béo va lién két C-H [23], dai hap
thu ¢ 1648,41 cm™! la dac trung cta dao dong nhom C=C
clia vong benzene [24]. Cudng d6 cta cac dai hp thyu &
3345,37 cm™! 1a do dao dong kéo dai cia nhom chirc O-H
[25]. Céac dao dong dugc ghi nhan la cac nhom dac trung,
ching minh trong dich chiét 14 bang c6 sy xuét hién cia
phenolic va flavonoid.

Hinh 1. Dich chiét la bang.

Két qua thi nghiém dwoc phan tich
phuong sai mot nhan t6 (ANOVA)
trén phan mém Minitab 16 va phan
mém Microsoft Excel. Su khac biét
cua gia tri trung binh gilta cac cong
thirc dugc danh gia nho phép so sanh
Tukey voi mure tin cdy 95% (p<0,05).

D6 truyén qua, %

< Lo -
3. Ket qua va ban luan

3.1. Chiét xuit, xic dinh ham
lwong phenolic tong va flavonoid
téng trong la bang
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chiét c6 mau nau dam dic trung. Sy Hinh 2. Phd hdng ngoai bién ddi Fourier cua dich chiét la bang.
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Puong chuin axit gallic xdy dung trong khoang
ndéng do tir 20 dén 120 pg/ml 1a: y=0,0086x+0,0333, hé
sd tuong quan R?=0,9951 (hinh 3A). Puong chuan axit
quercetin trong khoang ndng d6 tir 50 dén 400 pg/ml la
y=0,0005x+0,0107, h¢ $6 tuong quan R?>=0,9944 (hinh 3B).
Dua vao dudng chuan axit gallic va quercetin, ham lugng
phenolic va flavonoid tong s6 trong dich chiét 14 bang duoc
tinh toan va chi ra tai bang 1. Cac hop chit phenolic va
flavonoid c6 trong dich chiét 14 bang c6 tac dung lam chét
khir dé tong hop nano. Cu thé, ham luong phenolic c6 trong
dich bang 1a 85,12+0,97 mg axit gallic/g chat kho, ham
lugng flavonoid co6 trong dich bang 1a 104,6+8,72 mg axit

quercetin/g chét kho.
(A) (B)
12 0.5
¥=0,0086x:0,0321
1 RF=0.5947
02
03
0,15
06
01
04
0 005
0 - - - - - 0
0 20 4 & 80 00 120 0 10 M0 300 400
Nong d Gallic (ug/mL) Quercetin (ug/mL)

Hinh 3. D& thi biéu dién sw phu thudc tuyén tinh giira néng dé
chét chuan va do hap thu quang: (A) Axit gallic; (B) Axit quercetin.

Bang 1. Ham lwgng phenolic téng va flavonoid téng cé trong dich
chiét la bang.

Thanh phén Ham lirgng (mg/g chét kho)
Phenolic tdng 85,12+0,97
Flavonoid tong 104,6+8,72

3.2. Ddc diém cua vt li¢u nano sat

Mau cia dung dich sét (IIT) bién déi sang mau den ngay
khi duge bd sung thém dich chiét 1a bang, cho thdy sy hinh
thanh cta cac hat nano sit sau phan tmg (hinh 4). o pH
cua dich chiét 14 bang thay ddi o rét. Bang 2 cho thdy su
thay d6i 6 pH cua dich chiét 1a bang sau khi tron dung dich
sat (I11). Po pH giam dot ngdt tir 5,36 xudng 2,76 ngay sau
khi phan g, chiing t6 ¢6 su hinh thanh nano sat. Sy thay
d6i d6 pH sau khi thém dung dich sét clorua cho thiy, cac

JHOAHOC . [

s Khoa hoc Kjj thuéit va Céng nghé | Cong nghé nano; Khoa hoc Néng nghiép | Trong trot: Céng nghé sinh hoc trong ndng nghiép, thiy san

thanh phan tir chiét xuat 1a bang (phenolic, flavonoid. ..) da
phan mg vdi cac ion Fe** dé tao thanh nano sit. Két qua
kiém tra nay ciing twong ty nhu nghién ctru cta T. Kumari
va cs (2023) [26] khi sir dung dich chiét thuc vat dé tong
hop nano sit tir tién chit sit, mau sic dung dich bién doi
tlr mau vang sang mau den va dong thoi pH cua dung dich
cling giam dot ngdt.

Dich chiét Dung dich Dich dich
. 13 bang sat (i nano st
- Dich chiét  Dung dich ﬂ m ﬂ
Mol dung l4 bang nano sat '
pH ciia
dich chiet  536=0,06  2,76+0,15
14 bang
Maunsic  Maundu Mau den

Hinh 4. S thay d6i pH va mau sac cua dich chiét Ia bang sau khi
b6 sung dung dich sat (lll).

Hinh 5 1a két qua phan tich SEM cua vat liéu nano sat
dugc tong hop dya trén dich chiét 14 bang. Két qua cho thiy
¢6 su hinh thanh cac hat nano sit, cac hat ¢ dang hinh clu,
phan tan thanh cac cym hat nano, kich thudc trung binh tu
20 dén 100 nm. Do nano sit dugc tong hop bang dich chiét
14 bang nén c6 thé quan st thay xung quanh cac hat nano c6
céc 16p mang hitu co, dy c6 thé 1a cac hop chit polyphenol,
flavonoid, polysaccharide... ¢6 trong dich chiét thuc vat.

Hinh 5. Két qua hién vi dién tir quét cta vat liéu nano sit.
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Hinh 6 1a két qua phan tich nhiéu xa tia X cua vt liéu
nano sat dugc tong hop bang dich chiét 14 bang. Cac peak
dac trung cua nano st, cu thé 13 nano sit hod tri 0 dugc
thé hién tai 20=45,7° va 61,6° [27]. Ngoai ra, con xuat hién
peak & 20=31,7° chirng to su ton tai clia oxit sat (Fe,O, hoac
Fe,0,) [28] do vat liéu nano sit hoa trj 0 ¢6 céu tric 15i -
vo. Tai peak 20=25°, xuét hién dao dong manh, cho théy
su hién dién cua cac hop chit polyphenol, flavonoid hay
polysacchride co trong dich chiét 1a bang. Cac hop chat nay
tao thanh 16p mang bao quanh cac hat nano sit, va c6 vai
trd nhu chat hoat dong bé mat 1am giam qua trinh két tu cia
cac hat nano [29].

4000

Fe,0;

3000

2000

1000 m

Fe?

Cuong do (a.u.)

40 50 60

Goc nhidu xa (26)

20 30

Hinh 6. Gian d6 nhiéu xa tia X cua vat liéu nano sat.

is00 3000 1500
L 1 1

Céc nhém chirc ¢6 trong hdn hop tuong tac giita dich
chiét 1a bang va sat (IIT) duoc xac dinh thong qua pho FTIR.
Dua vao céac peak dao dong, co6 thé xac dinh duge cac nhom
chirc dic trung cua vat liéu nghién ctru. Trong phd FTIR
clia nano sit tong hop bang dich chiét 14 bang (hinh 7), cac
dinh hap thu & 1042,06 va 1321,43 cm! dugce cho 1a lién két
C-N va C-H c6 trong phenol va axit béo. Ciing ¢6 1 dinh hip
thy 1a 1573,72 cm™! dac trung cho lién két C=C cua vong
benzene c6 trong hop chat ctia flavonoid. Tir do, ta co thé
théy cac nhom chtrc déc trung cua lién két C=C, C-H, C-N
va O-H déu xuét hién trong phd FTIR cua dich chiét 14 bang
va nano sit, chtng t6 1a cac hop chit polyphenol, flavonoid
va céc axit béo 1a chat on dinh trong qua trinh tong hop tao
ra nano sit [23]. Dinh hép thu & 683,27 cm™ cho théy su dao
dong cua lién két Fe-O, diéu nay cho thiy nguyén tir Fe va
nguyén tir O ¢ su lién két trén bé mit cac hat nano sat [30].
Diéu nay ching minh ring, di tong hop thanh cong cac hat
nano sit tir dich chiét 14 bang.

3.3. Hiéu qua tong hop nano sat ¢ cdc diéu kién toi wu

Céc diéu kién khao sat (néng d6 Fe*', nhiét do, thoi gian)
tong hop sit nano dugc Iya chon thong qua kha nang kich
thich nay mam hat ngé. Hat gidng dugc xtr 1y bang cach
ngam U hat voi dung dich nano sit sau tong hop & cac didu
kién khao sat. Két qua vé anh huong cta ndng do sat (I11),
nhiét ¢ va thoi gian tong hop nano st dén kha nang kich
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Hinh 7. Phé hdng ngoai bién dbi Fourier cia nano sat.
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Nong do
st (III) |

Nhiét d6 |
tong hop |

Thb‘i

Hinh 8. Hat ndy mam sau 48 gi® & cac diéu kién xtr ly khac nhau.

thich nay mam hat ngo duwoc mo ta tai bang 2. Hat ngd nay
mam sau 48 gio gieo hat trong méi truong hiru co ¢ cac didu
kién xtr Iy khac nhau ciing dwoc thé hién tai hinh 8.

Két qua tai bang 2 cho théy, khi nano sit duoc tong hop
& cac ndng do sét (I11) khac nhau, c6 anh hudng t6i cac chi
s ty 18 nay mam (GP) va chi s6 stre sdng (V1) cua hat gidng.
Xtr 1y hat bang nano sat & cac ndng do sit (I1T) ban dau cho
ty 1& nay mam kha cao, déu dat trén 80%. Tai n6ng do st
(IIT) ban dau 1a 7,5 mM cho hiéu qua tong hop nano 1a t6t
nhét khi ty 1 nay mam ctia hat ngo dat 91,67%, chi s6 stc
song 1a 288,12 mm.

Bang 2. Anh hwéng ciia néng do sat (lll) ban dau dén kha ning
kich thich nay mam hat ngé.

Béng 3 mo ta cac két qua anh huong ciia nhiét d6 tong
hop nano dén kha ning kich thich nay mam hat ngd, cac
diéu kién nhi¢t do duoc khao sat tir 30 dén 70°C. Tai nhiét
d6 téng hop 1a 60°C, hiéu qua téng hop nano sit duge cho
1a tot nhét khi ty 18 nay mam (GP) va chi s strc song (VI) &
diéu kién tong hop nay 1a cao nhat, voi cac gia tri 1an luot 1a
94,02% va 338,06 mm. Anh huong ctia thoi gian tong hop
nano sit dén kha ning kich thich nay mam hat ngd duoc
trinh bay tai bang 4. Tai thoi gian tong hop 1a 50 phut, nano
sit tao thanh c6 kha nang kich thich nay mam la tot nhat, véi
ty 18 nay mam (GP) dugc ghi nhén 1a 98,33% va chi s sirc

séng cua hat ng6 1a 433,59 mm. Duya vao cac két qua trén,

A o @R R A 2 K o K N n 2 Z. 22 .
AEGYSLAULY WLy iin(@8)E)  GieiesgEyay lwa chon diéu kién tong hop toi vu dé tong hop nano sat nhu
1 mM 80,33%1,52 183,1549,65 A a2 . A AA A .

n sau: nong do sat (I1I1) 1a 7,5 mM, nhiét d¢ tong hop la 60°C,
2,5mM 84,67%1,52 252,05%+4,46 thoi i thne hoo 13 50 ohit
01 gian ton a ut.
5mM 85,33%:0,58 261,81%3,6 & £ hop p
7,5 mM 91,671,53 288,12449,27 Bang 4. Anh hwéng cuia thei gian tdng hop sit nano dén kha nang
10mM 81,331,53 229,46°45,43 kich thich nay mam hat ngé.

Bang 3. Anh hwéng cuia nhiét do tdng hop st nano dén kha nang  Thoi gian (phit) Ty 18 niy mim (GP) (%) Chi s6 sirc séng (VI) (mm)

kich thich ndy mam hat ngé.

- — 30 8142,65 211,71£17,52
Nhi¢t d9 (°C) Ty I¢ ndy mim (GP) (%) Chi s6 sirc séng (VI) (mm)
30 §3,33%42,08 2773846,14 40 90,33"+3,06 297,06"24,53
40 86,03%+2,65 282,8746,75 50 98 331,53 433,59:£19,6
50 89,12¢+3,0 296,75%+1,87

60 89,67°+2,52 317,59%23,52

60 94,02+42,64 338,066,56
70 89,33%+3,5] 266,316,18 70 90,33+3,51 322,44+11,82
%o“?fé NGHE 68(2) 2.2026 10
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3.4. Anh hwéng cia nano sat dén qud trinh ndy mam
va suc song cua hat giong

Vat liéu sit nano sau téng hop & diéu kién tdi wu, duogc
danh gia kha ning kich thich nay mam hat ngo thong qua
ty 16 nay mam (GP) va chi sb sirc séng (VI). Hat gidng ngd
duoc xu Iy nano sét & cac néng d6 khac nhau (1, 2, 3, 4,5
mg/l) va duoc so sanh véi hat gidng ngd khong duoc xir Iy
nano sit.

Két qua dugc chi ra tai bang 5 cho thdy, xur Iy nano sat
dem lai su thay ddi 16 rang va lam ting ty 1 nay mam cia
hat ngo so v&i khong xir 1y. Ngoai ra, khi hat giéng dugc xir
1y bang nano sat, chiéu dai cia mam, r& déu tang 1én dang
ké. Tai cac ndng do nano sit xir Iy déu c6 ty 16 nay mam 16n
hon 94%, dic biét tai hai ndng d6 xir Iy 1a 2 va 3 mg/l, ty 1é
nay mam cua hat 16n hon 98%, trong khi hat khong xir 1y
bang nano sét c6 ty 1¢ nay mam dat 75,33%. Ty 1¢ nay mam
ctia hat ngd duoc xir Iy nano cao hon ciing ¢ thé dugc giai
thich do cac nano khi tiép xuc v6i hat ngd trong qua trinh
xtr 1y, dd 1am ting d6 4m cua hat gidng va ciing c6 thé kich
thich cic mé mam hap thy nude [31]. Sy hinh thanh cac 16
nano gitip ting cudng kha nang hip thy nude, tao ra cac loai
oxy phan tng (ROS), tir do kich thich cac qua trinh phat
trién tiép theo ctia hat gidng, gop phan lam ting ty 1& nay
mam [32, 33]. Theo mot nghién ctru khac cta R. Lorrai va
cs (2018) [34] giai thich rang, ty 1& nay mam cua hat ting do
cac hat nano da thiic ddy qua trinh san xuét axit gibberellic
trong giai doan nay mam.

Bang 5. Cac chi s6 nay mam cua hat ngé khi dwoc xtr Iy bing
dung dich nano sat.

Dung dich xir Ij hatngd Ty I¢ nay mam (GP) (%)  Chisb sirc song (VI) (mm)

Nude cit 75,3343,055" 2232431¢
Nano sit | mg/l 94,6741,53% 302,83£61,54%
Nano sit 2 mg/l 98,00£2,00° 418,79+26,52
Nano sit 3 mg/l 98,6742,52¢ 479,5249,75¢
Nano sit 4 mg/l 95+2,65% 409,50+20,07
Nano st 5 mg/l 94,672,510 343,23+21 30

Chi s6 stc sdng (VI) cta hat gidng ¢ cac didu kién xir Iy
khéc nhau dugc chi ra tai bang 5, két qua cho thiy rang, khi
duge xir Iy bang nano c6 chi s6 VI cua hat cao hon so voi
mau ddi chimg khong xir 1y. Tai ndng d6 nano sat 3 mg/l,
hat ng6 c6 chi s6 VI 16n nhat 1a 479,5249,75 mm, két qua
nay c6 su khac biét cé y nghia véi p<0,05. Hinh 9 minh hoa
hat gidng xtr Iy bang nudce (hinh 9A) va hat gidng duge xur
ly bang dung dich nano sit & cac ndng do (hinh 9B-9F) sau
48 git gieo hat. Hat ngd giéng duoc xir Iy bang nano st co
chiéu dai mam va r& tot hon hat giéng xir Iy bang nudc. Dic
biét, hat gidng khi duoc xir Iy bang nano sit ¢6 bo ré& phat
trién manh, sau 48 gio s 1& 3-5 r&, chiéu dai ré gip 2 dén 3
lan chiéu dai ré cua hat giéng chi xir 1y hat bang nudc. Két
qua nay cho thay, nano sit duoc tong hop bang dich chiét 1a
bang c6 hi¢u qua kich thich qua trinh ndy mam ¢ hat ngé va
két qua nay ciing phit hop v6i cac nghién ctru khac khi danh

Hinh 9. Hat dworc xiv ly nano sat & cac ndng dé. (A) Déi chirng bang nwéc; (B) 1 mg/l; (C) 2 mg/l; (D) 3 mg/l; (E) 4 mg/l; (F) 5 mg/l.
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gi4 kha nang kich thich nay mam ddi voi hat ngd [21, 35].
Nghién ctru cta P. Acharya va cs (2020) [36] da chi ra rang,
hat gidng dugc xir Iy bang nano 1a mot trong nhing phuong
phéap thanh cong dé cai thién chi sé strc sdng ciia hat gidng,
do céc hat nano gitr cho mang té bao hat giéng khoé manh,
nguyén ven, hoat dong hiéu qua hon, tir 46 dan dén hiéu sut
phosphoryl ho4 cao hon, tao ra nang lugng cao hon dé kich
hoat qué trinh trao d6i chét, gitp toc do phat trién cia hat
gidng ting lén. Xir Iy hat gidng bang nano cho thay, tiém
nang thic day su phat trién ciia hat gidng va cdy con, tao ra
anh huong dang ké dén san luong cdy trong. Piéu nay c6
thé chimg minh xtr Iy hat giéng bang nano s& 1a mot trong
nhiing cong cu dﬁy htra hen dé t6i wu hoa hiéu suét cua hat
gidng, qua d6 gop phan vao viéc phat trién phuong phap
canh tic nong nghiép bén viing.

4. Két luan

Téng hop nano st bang phuong phép sir dung dich chiét
1a bang lam chat khir v6i nong do sat (I11) 1a 7,5 mM, nhiét
d6 60°C, thoi gian 50 phut cho hiéu qua nhat khi danh gia
kha nang kich thich nay mam hat ngo. Vat liéu nano sét tao
thanh la cac hat c6 dang hinh cau, phan tan thanh cac cum
hat nano, kich thudc trung binh 80 nm, ¢6 cAu trac 16i - vo
va cac hop chét polyphenol, flavonoid hay polysaccharide
¢6 trong dich chiét 14 bang, tao thanh 16p mang bao quanh
céc hat nano sit, co vai tro nhu chét hoat dong bé mat, lam
giam qua trinh két tu cuia cac hat nano. Nano st tao thanh c6
kha nang kich thich kha ning nay mam cua hat giéng ngd.
O ndng do xir Iy hat gidng 1a 3 mg/l, nano sat lam ting ty 1&
nay mam hat ngo dat 98,67+2,52% va chi s6 strc séng cua
hat ng6 dat 479,52+9,75 mm.
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