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TOM TAT

Céng nghé nano dang mé ra hwéng di chién heoc cho néng nghiép
hién dai nho kha ndng can thiép & cap dé phan tir. Vit liéu nano
cé dién tich bé mat lom va tinh phan img cao, iing dung hiéu qua
trong nhiéu khdu san xuat. Cyu thé, phan bén nano cung cap dinh
duong c6 kiém soat, ting hdp thu va giam that thodt khi bon vao
dat. Thuéc trir sau nano nhi nano dong, bac gitip kiém sodt sdu
bénh hiéu qua, giam déc hai va ton dw trong san pham néng
nghiép. Trong chan nudi, cong nghé nano dwoc uwng dung trong
viéc cdi thién chat lwong thire an, tang hiéu qua khdng sinh va ché
tao cdc ché pham nano probiotic. Bao bi nano ¢6 tinh khéng khudn,
chong oxy héa va givp kéo dai thoi gian siv dung cho cdc san phim
nong nghiép. Tuy nhién, cong nghé nano con tiém dn nhiéu riii ro
doi véi hé sinh thdi moi truong nén can c¢é nhiéu nghién civu sdu
rong hon nita dé ing dung cé hiéu qud cong nghé nano vao néng
nghiép bén viing va lau dai.

Tir khoa: Cong nghé nano, bao bi nano, nano probiotic, nong
nghiép, phan bon nano

ABSTRACT

Nanotechnology is opening a strategic direction for modern
agriculture due to its ability to operate at the molecular level.
Nanomaterials, characterized by a large surface area and high
reactivity, are effectively applied in various stages of production.
Specifically, nano-fertilizers provide controlled nutrient release,
enhance absorption, and reduce nutrient losses when applied to
soil. Nano-pesticides, such as nano-copper and nano-silver,
effectively control pests while reducing toxicity and residue in
agricultural products. In animal husbandry, nanotechnology helps
improve feed quality, enhance antibiotic efficiency, and develop
nano-probiotic formulations. Nano-packaging materials possess
antibacterial and antioxidant properties, extending the shelf life of
agricultural products. However, nanotechnology still poses
potential risks to environmental ecosystems; therefore, further
comprehensive research is needed to ensure its -effective,
sustainable, and long-term application in agriculture.

Keywords: Agriculture, nano-fertilizers, nano-packaging, nano-
probiotic, nanotechnology
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1. GIOI THIEU

Trong nhiimg nam gin day, hé thong nong
nghiép toan cau dang trai qua nhimg bién (dong
manh mé& dudi tac dong dong thoi cua bién ddi khi
hau, suy thodi tai nguyén va dich bénh cay trong lan
rong. Hién twong thoi tiét cuc doan nhu han han kéo
dai, nhi¢t d¢ tang cao va mua l6n bat thuong cling
dang anh huong truc tlep dén nang suét ciy trong
trén quy mo toan ciu. Pong thoi, sy bung phat ctia
cac dich bénh thuc vat gay ra boi nhiéu chung vi
khudn va nim c6 kha ning khang thudc da va dang
gdy thiét hai dang ké va de doa an ninh luong thyc
tai nhiéu khu vuc dang phat trién. Song song do, nhu
cAu ting san luong luong thuc do dén s6 toan cau du
kién vuot mde 9,7 ty nguol vao nam 2050 tiép tuc
tao ap luc lén hé thong canh tac vén da qua tai
(Bhanuprakash et al., 2023; Sands et al., 2023).

Hai thach thtrc 16n cua trong trot hién nay la
kiém soat hiéu qua dich hai va tdi wu hoa viée cung
cap dinh dudng cho cay. Hiéu suat hap thu phan bon
truyén thong con thap, khi cay chi sir dung khoang
30-35% nito va 20% phét pho, phan con lai that
thoat ra moi truong gdy 6 nhiém nghiém trong
(Subramanian et al., 2015; Bhanuprakash et al.,
2023). Déng thoi, viéc lam dung thudc bao vé thuc
vat dan dén hién tuong khang thudc, ton du hoa chat
va suy giam hé vi sinh vat dat (Neme et al., 2021;
Vijayakumar et al., 2022). Trong bdi canh d6, cong
nghé nano ndi 1én nhu giai phap tiém nang gitip cai
thién hi€u qua st dung dinh dudng va kiém soat dich
hai. Céc phan bén nano nhu nHAP, nano-ZnO hoac
composite chitosan-ZnO c6 kha nang giai phong
cham, ting hép thu dinh dudng 20-50% va giam
phat thai ra moi truong (Vaidya et al., 2024
Mariyam et al., 2024). Bén canh d6, nanopesticide
va nano-fungicide (AgNPs, CuO-NPs, TiO2-NPs,
chitosan-NPs) vira ¢6 hoat tinh khang khuén, khang
ndm, vira c6 thé mang hoat chét sinh hoc gitp kéo
dai hi¢u lyc va giam ddc tinh ngoai muc tiéu (Gupta
etal., 2023).

Nganh chan nui hién dai dang ddi mat voi mot
thach thire kep: vira phai ning cao nang suét dé dap
Gng nhu cau ngdy cang tang, vira phai giam thiéu
viéc sir dung khang sinh do lo ngai vé tinh trang
khang khang sinh trén toan cau. Viéc lam dung
khang sinh khong chi anh huong dén stic khoe vat
nudi ma con tiém an nguy co cho sirc khoe con
nguoi. Dé giai quyét van dé nay, cong nghé nano
mang dén mot giai phap dot pha thong qua viée phat
trién cac chat phy gia thirc an thé hé moi. Céac hat
nano, chfmg han nhu nano kém va nano selen, khi
dugc bd sung vao thirc an, gitip cai thién dang ké
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kha ning héap thu dinh dudng, ting cudng hé mién
dich va thuc diy sy ting truong cua vat nudi
(Gangadoo et al., 2020; Yang et al., 2025). Quan
trong hon, nhd dac tinh khang khuan manh mg, cac
vat lidu nano nay c6 thé hoat dong nhu mot giai phap
thay thé hiéu qua cho khang sinh, gitp kiém soat
mam bénh ma khong gay ra tinh trang khang thudc
(El-Shenawy et al., 2023).

Tén that sau thu hoach ciing 1a mot trong nhiing
van dé nghiém trong nhit ciia nganh nong nghiép,
gdy lang phi tai nguyén va thiét hai kinh té ning né.
Nguyén nhéan chinh cta sy hu hong nay 1a do hoat
dong cua vi sinh vét va cac qua trinh oxy hoa tu
nhién. Cac phuong phap bao quan truyén thng
thudng c6 hiéu qua han ché va d6i khi sir dung cac
hoéa chét khong an toan. Cong ngh¢ nano cung cap
cac giai phap tién tién thong qua viéc phat trién bao
bi thong minh va bao bi hoat tinh. Bang céch tich
hop céc hat nano c6 dic tinh khang khuan, ching
han nhu nano bac (AgNPs) hodc nano kém oxide
(ZnO-NPs), vao mang bao bi, mdt rao can vat ly
duoc tao ra dé ngan chan sy xam nhap va phat trién
cua vi sinh vat (Anvar et al., 2021; Barage et al.,
2022). Céc vat liéu nano nay khong chi gitp kéo da1
thoi gian tuoi ngon cua ndng san ma con co thé tich
hop céc cam bién nano dé canh bao vé sy hu hong,
dam bao chét lugng va an toan thyc pham tir trang
trai dén tay nguoi tiéu dung (Ahari et al., 2025).

Tuy nhién, viéc trién khai cong nghé nano & quy
mo 16n van can phai co su nghién ctru chuyén siu
hon ntra dé co6 thé giam thiéu téi da nhing han ché
tiém an. Trén co so d6, bai tong quan nay sé tap
trung danh gia cac loai vat liéu nano pho bién, co
ché tac dong ciia chung 1én cay trong, cac ung dung
tiéu biéu trong cai thién dinh dudng va khang bénh,
ddng thoi thao luan nhimng thach thirc con ton tai.

2. TONG QUAN VE VAT LIEU NANO
2.1. Pinh nghia va dic diém cia vat liéu nano

Vit liéu nano (nanomaterials-NMs) 1a nhiing hat
¢6 céu trac nho hon 100 nm, noi cac hiéu ing luong
tir va ty 1é dién tich bé mit cao dan dén nhiing tinh
chit 1y-hoa hoc khac biét hoan toan so vai vat ligu
cung thanh phan & kich thuéc 16n hon (Mekuye &
Abera, 2023). O quy mé nay, do hoa tan, kha ning
phan mg bé mit, hoat tinh sinh hoc va kha nang
kiém soat giai phong déu duoc ting cuong dang ké.
Trong bbi canh ndng nghiép, cac dic tinh nay cho
phép vat liéu nano hoat dong nhu phan bon thong
minh, thudc trir sdu nhim dich, hodc vecto van
chuyén phan tr sinh hoc (Gupta et al., 2023;
Mariyam et al., 2024). Sy két hop gitra tinh ning co
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hoc, hoa hoc va sinh hoc trong mot cau triic nano
don 1¢ tao dieu kién cho cac ing dung da chirc nang

Diéu ma vit lidu truyén thong kho co thé dap

ung.

Tuy nhién, khong phai moi vat li¢u nano diéu vo
hai, ma trén thuc té tinh an toan cda nano con phu
thugc chat ch& vao kich thudc, dién tich bé mit, do
6n dinh, kha ning giai phong ion, kha nang tich iy
sinh hoc, cling nhu liéu lugng, tin suét str dung, thoi
gian ton lwu va kha ning phan hity sinh hoc (Thu et
al., 2023).

2.2. Phain loai vit li€éu nano
2.2.1. Phan logi theo nguon goc

Vat liéu nano d‘lIQ’C 'phﬁn chia thanh hai nhém
chinh dua theo ngudn goc hinh thanh:

Vat liéu nano tu nhién bao gém cac vat lidu ton
tai dudi dang nano trong modi trudong nhu keo sinh
hoc, khoang sét hoac cAu trac nano sinh hoc (virus,
protein). Dui ¢6 san trong ty nhién, nhom nay hiém
khi dugc khai thac truc tiép cho nong nghiép do kho
kiém soat tinh chdt va d6 6n dinh (Mekuye &
Abera, 2023).

Vat liéu nano nhan tao bao g6m cac hat duoc
tong hop co chu dich thong qua cac phuong phép vat
1y (nghién, hoa hoi), hoa hoc (sol-gel, két tiia) hodc
sinh hoc (sir dung vi sinh vat hoac chiét xuat thuc
vat). Dy 1a nhom vat liéu tiém ning trong noéng
nghiép hién nay nho kha ning kiém soat cau truic,
thanh phan va chtic ning mot cach chinh xac
(Mariyam et al., 2024).

2.2.2. Phdn logi theo thanh phan va ddc tinh

ung dung

Dua trén cau tric héa hoc va chirc nang, vat liéu
nano dugc phén loai thanh cdc nhém chinh sau:

Vat liéu hiru co gém polymer sinh hoc nhu
chitosan, gelatin, hoac cellulose, thuong dung lam
hé van chuyén (nanocarrier) nho kha nang phén hiy
sinh hoc va tuwong thich sinh hoc cao. Cac hat
chitosan-ZnO, chitosan-AgNPs da dugc ching
minh c6 kha niang van chuyén dong thoi dinh dudng
va chit khang khuin (Subramanian et al., 2015;
Bhanuprakash et al., 2023).
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Oxit kim loai va kim loai thuan gdm ZnO-NPs,
CuO-NPs, TiO»-NPs, AgNPs... dugc ung dung
rong rai nho hoat tinh khang khuan manh, kha nang
tao ROS va 6n dinh duéi diéu kién méi truong khic
nghiét. Tuy nhién, mot s6 hat nhu AgNPs hoic
CuO-NPs c6 tiém ning gdy tich lily sinh hoc hodc
stress oxy hoa néu sir dung khong kiém soat (Griin
et al., 2018; Vaidya et al., 2024).

Vat liéu nano cé géc cacbon (Carbon-based
nanomaterials) nhu 4ng nano cacbon (carbon
nanotubes-CNTs), graphen oxit va fulleren, n6i bat
véi dd bén co hoc cao va kha ning dan dién, thuong
dugc tich hop trong cam bién hodc mang bao théng
minh. Tuy nhién, vin d& phan huy sinh hoc va doc
tinh tiém an ddi véi vi sinh vt d4t van 1a rao can 16n
cho viéc ung dung dai tra (Vijayakumar
etal., 2022).

Vit liéu nanocomposite 1a sy Kkét hop cua hai
hodc nhiéu vat liéu nano dé tao ra hé da chirc nang.
Vi dy, chitosan-ZnO khong chi mang dinh dudng vi
lugng ma con ting tinh khang ndm; composite
silica-hydroxyapatite gitip giai phong dong thoi N-
P-K trong hé gel bén (Mariyam et al., 2024; Meng
et al., 2025). Nanocomposite dang tré thanh xu
huéng méi trong thiét ké vat liéu néng nghiép thé hé
tiép theo nho sy linh hoat va t6i wu hoa tinh ning
theo yéu ciu.

2.3. Co ché hoat dong co ban ciia vat liéu

nano

2.3.1. Co ché gidi phong cé kiém sodt

Nho kich thude sidu nho va ciu tric da porosity,
nhiéu hé nano nhu hydroxyapatite (nHAP), zeolite
va chitosan-ZnO cho phép bao gbi céc ion dinh
dudng hodc hoat chit sinh hoc, tir do giadi phéng
cham theo thoi gian va nham dich dén mo ré hoic
md 14 (Shah et al., 2024; Vaidya et al., 2024).Trong
bao cdo cua Vaidya et al. (2024), hat nHAP c¢6 kich
thudce khoang 16 nm duy tri giai phong PO4>" trong
dét kéo dai, gitip cay ngd hép thu hi€u qua véi chi
20% luong P so véi phan truyén thong. Tuong tu,
chitosan-ZnO composite d& chung minh kha nang
diéu tiét giai phong Zn?* trong khoang 7-14 ngay,
ddng thoi duy tri ndng d6 khang khuan can thiét trén
bé mit 14 (Bhanuprakash et al., 2023).
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Hinh 1. Co ché tic dgng phong trir sdu bénh ciia cac hat nano kim loai
(Shandila et al., 2025)

2.3.2. Coché hoat tinh sinh hoc truc tiép

Mot s6 vt liéu nano kim loai (nhu AgNPs, CuO-
NPs, TiO2-NPs) c6 kha nang sinh ROS (Reactive
Oxygen Species) hodc gan két protein mang té bao
vi sinh vat, gay ton thuong mang, 1am roi loan chure
ning enzyme va dan dén chét t& bao mam bénh
(Griinetal., 2018; Mariyam et al., 2024). Cac hat
nano AgNPs c6 kich thuge tir 10-50 nm duoc ghi
nhan diét vi khuan gay thdi gbc va bénh swong mai
hiéu qua, v6i co ché khang khuan kép: giai phong
ion Ag" va sinh ROS néi bao (Shandila et al., 2025)
(Hinh 1). Pdng thoi, CuO-NPs kich hoat biéu hién
céc gene phong vé ndi sinh & cy ca chua, ting tong
hop phenolic va flavonoid. Day nhitng hop chét co
kha nang trc ché nAm (Mariyam et al., 2024).

2.3.3. Co ché tuwong tic dinh dwdng va tin hiéu

sinh truong

Vit liéu nano khong chi mang dudng chit ma
con kich thich hoat dong cua enzyme ndi sinh va
diéu chinh qua trinh truyén tin hiéu hormone. Cac
hat nano silica va TiO: da chirng minh kha nang ting
hoat tinh superoxit dismutase (SOD) va peroxidase
(POD), giam 4p luc oxy hoa trong didu kién han
min, qua d6 gitr vimg quang hop va cén bang noi
moi ¢ 14 (Meng et al., 2025). Pong thoi, nano-ZnO
kich thich biéu hién cac gene diéu hoa hép thu Zn
(ZIP family) va ting cuong phat trién ré, nho anh
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huéng dén duong truyén tin hidu auxin va cytokinin
(Guptaetal., 2023).

3. UNG DUNG VAT LIEU NANO TRONG
NONG NGHIEP

Vit liéu nano dang thyc sy 13 tiém ning quan
trong trong néng nghiép hién dai voi nhiéu dong gop
gilip nang cao nang suat cdy trong va vét nudi. Cac
mg dung rong rdi nhu phan bon, thude trir sau lam
tang hiéu qua sir dung va giam du luong. Cac thlet
bi nano con hd trg k¥ thuat di truyén dé tao glong
cay khang sau bénh. Trong chan nubi, da gop phan
cai thién sirc khoe vat nudi va chat luong giéng, hira
hen mang lai nhiéu két qua tich cuc.

3.1. Trong trong trot
3.1.1. Phan bon nano

Phan bon dugc sir dung rong rii trén thé gidi véi
nhiém vu cdt 16i dam bao an ninh lwong thyc cua
mdi quéc gia (Verma et al., 2022). Hién nay, xu
hudng st dung phan bon méi hi€u qua nhanh, than
thién moi truong va déc biét 1a phan bon nano dang
nhan dugc sy quan tim 16n nham dap ung yéu cau
phat trién bén ving lau dai. Viéc ap dung phan bon
nano vao noéng nghiép co thé cho thay thé giéi dang
¢6 bude tién quan trong hudng dén nén ndng nghiép
bén vitng, han ché 6 nhiém méi trudng (Upadhyay
etal., 2023).
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Phan bon nano véi kich thudc nho, hiéu qua
trong cung cap dinh dudng cho cay trong, dé dang
di vao dit dam bao qua trinh hap thu dinh dudng.
Vi kich thude hat tir 1-100 nm, cho hiéu qua hép
thu dinh dudng cao hon 20-30% so véi phan bon
truyén thong nho kha ning tham thau tot va giai
phong dinh dudng tir tir. Nho d6, ching gitp tang
ning sudt, thuc day sinh truong ciy trong va giam
lang phi trong canh tic hién dai (Mahmud et al.,
2025).

Tdp 62, S6 3B (2026): 141-152

Nghién cuu cua Upadhyay et al. (2023) da danh
gia hiéu qua cta nano-N, nano-Zn va nano-Cu dang
long v6i muc tiéu ting ning suét cdy trong va giai
quyét tinh trang thiéu hut dinh dudng ma khong giy
ddc hai. Phan bon nano duge két hop nano-N va
nano-Zn v4i phan dam truyén théng duogc bon truc
tiép vao dat hodc 14 gitp tang nang suat, hip thu dinh
dudng. Phdi tron 75% N + nano-N + nano-Zn van
cho nang suét vugt 100% N théng thuong. Nano-Cu
khong c¢6 hiéu qua ro rét. Da cho thdy tiém ning
giam 25% lugng phan bén N can thiét khi két hop
nano-N va nano-Zn van duy tri ning suat.

Bang 1. Cac san phim ng dung vt li¢u nano trong phan bén néng nghiép

STT Tén san phim X;ll;lt Cong ty san xuit Cong dung
o Gitip cdy trong hap thu nhanh, hat dinh
Viet Cong ty C6 phan dudng manh. Thuc cay bung dot manh,
1 Nano N-P-K Nafn Nano Viét Nam dong loat, dam choi mép khoe. Dudng 14
Technology xanh mu6t, quang hop t6t. Cay sung khoe,
nudi trai 16n nhanh, chac rudt, ning ky.
R PO Tac dong tich cuc dén qua trinh trao d6i chat
. Cong ty co phan b dud 3 ohét trién r&. dom h
) Eco OK Viét cong nghé Nano din dugng va phat .trlen 1€, dom hoa,
Nam . dudng trai, han ché toi da nhiém cac bénh
BSB = e X . \ A
gdy ra boi vi khuan, virus va nam.
Viat Cong ty CP Cong Tang stc de khang cua cay trong. Tang thoi
3 PAN nano ; nghi¢p Nano Pang  gian bdo quan sau thu hoach. Tang kha nang
Nam % S A
Quang chong chiu céac loai sdu bénh.
o Thay th¢ phan bon, bo sung vi lugng dat
4 HLCO1 Viét Cong ty co phan hiém. Ho trg bung dot, phat trién than 14
Nam HLC Ha Néi manh. Tang
kha nang khang bénh cho ciy trdng.
‘ Ind;ae‘;tﬁj‘sr:ers Téing hi¢u qua hép thu dam, giam phat thai
5 Nano Urea An B§ . amoniac, phan bon it hao; tiét kiém chi phi,
Cooperative tine ning sut
(IFFCO) g nang suat.
L T VO e e S
(Phospholutions) Ky P ' y tan cung pnotp » g1am p

va bao vé moi truong

3.1.2. Thuéc bdo vé thuc vdt nano

Theo Co quan An toan Thyc phdm Chau Au
(European Food Safety Authorlty EFSA), thude
trir sau 1a hoa chat dung dé ngan ngura va kiém soat
sdu bénh, nham bao vé ciy trong trong sudt qua trinh
san xut, bao quan va van chuyén (EFSA, 2025).
Trong d6, thudc trir sdu nano 1a mot hudng di tién
tién trong nong nghiép, tmg dung cong nghé nano
dé tang hi¢u qua bao vé thuc vat. Nho kich thude
siéu nho, thudc nano gitip ting kha niang xam nhap
vao md cdy, kéo dai thoi gian tac dung, giam lidu
luong st dung va han ché 6 nhidm moi trudong
(Shandila et al., 2025). Pac biét, cac ché phém nay
¢6 kha nang nhim dich chinh xac vao sdu bénh,
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ddng thoi giam thiéu tac dong dén sinh vat c6 loi,
qua d6 goép phan bao vé da dang sinh hoc va hé
sinh thai.

Vé g dung thuc tién, thudc trir sdu nano c6 thé
dugc str dung qua cac phuong phap nhu phun 1én 14,
xir 1y hat giébng hodc dat. Mot sb hat nano nhu
AgNP, ZnONP, CuONP con ¢ kha nang diét khuan
manh thong qua viéc pha huy mang t& bao, giy
stress oxy hoa va trc ché enzyme sinh hoc (El-Enain
et al., 2023). Mot nghién ctru vé phong trir bénh hai
cua Vaidya et al. (2024), khi phun foliar CuO-NPs
(30nm) & ndng do 0,15-0,34 g/L da giup kiém soét
hi€u qua bénh suong mai do Phytophthora infestans
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trén ca chua, v6i hiéu luc cao hon déng ké so véi
thuoc hda hoc thuong mai Kocide 2000.

Co ché hoat dong cta thudc trir sdu (i) Pha v&
mang té bao: MgONP va AgNP tuong tac véi 16p
phospholipid, lam mat tinh toan ven ciia mang va
gdy 10 ri té bao chét, (i) Tén thwong DNA: cac hat
CuNP c6 thé xuyén vao té bao va lién két voi DNA,
gdy dut gy chudi, 1am gian doan qua trinh sao chép
va phién ma, (iii) R6i loan chirc nang ty thé: MNP
tich tu trong ty thé, lam giam san xuat ATP va can
tro chuyén hoa nang lugng, (iv) Bién tinh protein:
cac hat nano tuong tac vdi protein ndi bao, lam thay
ddi cAu hinh khong gian va mét chirc nang. Ngoai
ra, qua trinh hinh thanh l6p corona protein bao
quanh hat nano c6 thé anh huéng dén céu trac va
chirc ning protein (Shandila et al., 2025). Tét ca cac
co ché trén déu gop phan gay rdi loan va dan dén
chét té bao theo chuong trinh, 1am ting hiéu qua
kiém soat sdu bénh & mirc té bao hoc.

3.1.3. Kich thich sinh truong

Gilp cdy trong phat trién nhanh chéng, yéu tb
quan trong va anh huéng dén nang suat 1a chat diéu
hoa sinh truéng. Qua trinh nay c¢6 thé duoc thuc diy
bang cac bién phap nhan tao, théng qua diéu chinh
hormone ngi sinh nhu auxin, gibberellin hoac bd
sung yéu t6 ngoai sinh nhu chit kich thich sinh
truong va diéu kién moéi trudng phu hop, dugc
nghién ctru rong ri. Dé hiéu 16 hon vé tac dung kich
thich sinh truong, mot s6 nghién ciru dién hinh duoc
cong bo trong nhitng nim gan day.

Chitosan 1a mot hop chét c6 ngudn gbe tu nhién,
dugc danh gia cao, dac biét duoc tmg dung trong
ndéng nghiép. O dang hat nano (ChNP), chitosan c6
nhiing hoat tinh ndi bat nhu kha nang khang nim,
chbng oxy hoa va kich thich phan tng mién dich &
thuc vat (Ingle et al., 2022). Du khong phai 1a
hormone sinh truong ndi sinh, ChNP van dugc xem
nhu mét chét diéu hoa sinh truong nho vao tac dung
tich cyc 1én cdy trong nhu: tang ty 1¢ nay mam thac
day hap thu dinh dudng va cai thién hi¢u suat quang
hop. Nghién ctru (Van et al., 2013) cho thy khi
phun 1én 14 cay ca phé Robusta, ChNP gitp cy hap
thu t8t hon céc khoang chit nhu Ca, K, N, MgvaP,
ddng thoi lam tang ham lugng diép luc ciing nhu tdc
d6 quang hop so véi dang chitosan oligomer. Nhitng
két qua nay cho thay ChNP khong chi dong vai tro
hd trg ting trudng ma con gop phan néng cao kha
nang thich nghi va sc sdng cuia cdy trong trong diéu
kién canh tac thuc té.
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3.1.4. Cdi thién dat va quan 1y nude

Bén canh viéc sir dung phan bon nano nham dam
bao an ninh luong thyc, viéc phat trién nén nong
nghiép bén vimg khong con 1a lya chon ma da tro
thanh yéu cau tat yéu. Viéc ci thién chit lugng dat
ndng nghiép dong vai tro quan trong. Voi kich thudc
siéu nho, cac hat nano c6 thé tuong tac voi dét va
cdy trong & cap do phan tir, mang lai hiéu qua vuot
trdi so voi cac phuong phap truyen thong (El- Sayed
et al., 2025). Cac nghién ctru gan day da cho thy
cong nghe nano co tiém nang cao trong xir Iy va cai
tao dat qua ba hudéng chinh. (i) Hip phu
(Adsorption) sir dung nano hydroxyapatite (nHAP)
¢b dinh chi (Pb) 1am giam hap thu Pb cua thuc vat
trong dat bi 6 nhiém; (ii) Xtc tac (Catalysis) hat
nano gdc Fe thiic ddy xtic tac oxy hoa nang cao gitp
lam sach dat 6 nhidm; (iii) X@ 1y sinh hoc
(Bioremediation Enhancement) két hop vét liéu
nano v&i vi sinh vat thong qua enzyme va chét hoat
dong bé mat giup thuc day qua trinh xir 1y chit 6
nhiém (El-Sayed et al., 2025).

Trong hoat dong canh tac, kiém soat va quan Iy
nude dong vai tro then chdt. Trong nhitng nam gan
day, cong ngh¢ tudi nhd giot dugc xem la giai phap
hién dai, hi¢u qua nhét hién nay, vdi kha nang cung
cAp nudc va chit dinh dudng truc tiép dén vung ré
cdy, giup t6i wu hoa st dung tai nguyén va giam téi
80% lugng nudc so voi cac hé thong truyén thong
(El-Sayed et al., 2025). Theo xu hudéng ung dung
nano, cac hé théng tudi nano dugc chia thanh hai
dang chinh: tuéi bang 16 nano va bong bong
micro/nano (MNB). (i) Hé théng Moistube st dung
mang ban thim cho phép nudc tham ra theo thé ning
clia dat, khong sir dung luc co hoc, gitip tiét kiém toi
95% nang luong va hi¢u qua (Dirwai et al., 2021);
(i1) Cong ngh¢ tuwai MNB, xuc khi gitp bong bong
cuc nho chira oxy tir tir vao dat, gitip tang oxy hoa
tan, kich thich hé vi sinh c6 lo1i, cai thién kha nang
hép thu dinh dudng va do phi nhiéu. Nho d6, ning
suét cay trong dugc cai thién va nguy co tic nghén
dau tudi ciing duoc giam thiéu (Zhou et al., 2019).

3.2. Trong chin nudi

3.2.1. Cdi thién chdt heong thirc an chan nudi

Cong ngh¢ sinh hoc da gop phin quan trong
trong cai tién nganh san xudt thirc an chin nudi, tuy
nhién, hién nay cong nghé nano dang md ra mot ky
nguyén méi véi nhitng dot pha dang ké. Khong chi
don thuan 1a viéc thu nhoé kich thude vat liéu, cong
nghé nano con lam thay ddi cach vat nudi hap thu va
sit dung dudng chét, tir d6 nang cao hiéu qué sinh
trueong va stc khoe. Trong chan nudi thuy san, mot
s0 vét liéu nano nhu nano bac (AgNPs), nano vang
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(AuNPs) va nano oxit k€m (ZnONPs) da duoc su
dung phd bién (Ha va ctv., 2022). Pic biét, nghién
ctru cua Jin et al. (2024) cho théy khi quan sat dudi
kinh hién vi dién tu, AgNPs gay ton thuong nghiém
trong dén mang té bao cta vi khuan S. typhimurium.
Co ché tac dong khang khuén cta cac hat nano bac
(AgNPs) hién van dang dugc nghién ciru, tuy nhién
nhiéu bang chimg cho thdy AgNPs tiéu diét vi khuan
thong qua su két hop cua nhiéu co ché sinh hoa va
vat 1y hoc. Cac hat AgNPs c6 kha nang bam 1én bé
mit t& bao vi khun nho luc tinh dién gitra bac mang
dién tich duong va cac nhom chic am trén lop
phospholipid ctia mang té bao. Su tuong tac niy lam
pha v cau tric lipid kép, 1am thay doi tinh tham cta
mang va gay ro ri cac thanh phan ndi bao. Sau do,
AgNPs ¢6 thé xdm nhap vao bén trong té bao vi
khuan, tap trung tai ving mang va thanh té bao. Tai
day, cac hat nano giai phong ion bac (Ag"), vbn ¢6
kha nang khuéch tan qua mang bi ton thuong va lién
két voi nhom -SH trén céac protein mang va enzyme
noi bao. Su lién két nay gy bién tinh protein, trc ché
hoat dong ciia enzyme, rdi loan can bang ion va pha
v& chirc nang séng co ban cua té bao. Bén canh do,
AgNPs con kich thich qua trinh tao ra cac loai oxy
phan tmg (ROS), gay ra stress oxy hoa. ROS la tac
nhan gy ton thuong DNA, protein va lipid mang,
dan dén réi loan nghiém trong trong hoat dong
chuyén hoa va ciu trac té bao. Cac tac dong dan dén
su suy giam nhanh chéng cta chirc nang sinh 1y cua
vi khuén. Mang té bao tré nén mong, bi bién dang,
mét tinh toan ven va cudi ciing té bao bi pha v& hoan
toan (Siritongsuk et al., 2016; Mikhailova, 2024).

Déi voi gia cam, nghién ciru cla Lestari et al.
(2025) da chimg minh rang phu gia tir 14 sambiloto
va moringa dudi dang hat nano long giup 6n dinh
phan tng sinh 1y va duoc xem 1a phwong phéap bd
sung t6i wu. Trong chin nudi lon, cac khoang vi
lugng nhu Cu, Fe, Mn, Ni va Zn la can thiét cho su
phat trién, nhung c6 thé giy doc néu bd sung qua
muc. Khi dugc st dung ¢ dang nano, cac khoang
nay khong chi d& hap thu hon ma con gitp cai thién
tdc do tang trudng, giam luong thire an tiéu ton trén
mdi don vi ting trong, dong thoi han ché tich liy
kim loai trong gan (Hoang, 2020). Téng hop cac
nghién ctru trén cho thay, cong nghé nano khéng chi
nang cao hi¢u qua st dung thirc an va suc khoe vat
nudi, ma con goép phan hudng téi mot nén chan nudi
an toan va bén vimg hon trong tuong lai

3.2.2. Ung dung vat liéu nano co tinh khang

khudn

Trong chan nudi cong nghiép hién dai, vén dé
khang khang sinh va ton du thude trong thyc phim
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dang tro thanh méi lo ngai nghiém trong d6i vai sirc
khoe cong dong. Viéc lam dung khang sinh khong
chi anh huéng dén chét luong san phim ma con gop
phin lam gia ting cic chung vi khuén da khing
thudc (Gong et al., 2007). Trude thyc trang d6, cong
nghé nano, dac biét la cac vat li¢u co tinh khang
khudn nhu nano bac (AgNPs), nano ddng (CuNPs),
va nano oxit kém (ZnO-NPs), dang noi 1én nhu mot
giai phap thay thé. Cac hat nano nay c6 thé tidu diét
vi khuan qua nhiéu co ché nhu: pha huy ciu tric
mang té bao, giy stress oxy héa ndi bao, rc ché qua
trinh téng hop protein ctia vi khuan, tir 46 1am giam
kha nang khang thudc (Rai et al., 2009).

Khéng chi dwoc st dung trong didu tri bénh,
nano khang sinh con dwgc mg dung dé vé sinh
chudng trai va bd sung vao khau phan an nhim ting
strc dé khang va ning suit vat nudi. Mot sb nghién
ctru chi ra rang cac hat nano bac (AgNPs) c6 hiéu
qua trong didu tri viém vii & bo sira, cin bénh phd
bién do Staphylococcus aureus va Escherichia coli
gdy ra. Cac nghién ctru in vitro cho thiy AgNPs c6
thé pha v& mang sinh hoc va tiéu diét hiéu qua cac
vi sinh vat gay bénh (El-Aziz et al., 2021; Lange et
al., 2021). Ngoai ra, hat nano oxit kém (ZnO-NPs)
cling thé hién hiéu qua tuong ty. Nano chitosan
(NQo), ¢6 ngudn gbe tir chitin, ciing duoc nghién
clru nhu mot giai phap thay thé khang sinh nho dic
tinh khang khuan va kha nang ngan chan hinh thanh
mang sinh hoc (Aguayo et al., 2020).

Bén canh d6, Hat nano FesOs@Ag dugc téng
hop béng cach khtr bac nitrat trén bé mt hat Fe;Oa,
tao thanh cau truc 16i-vo (core-shell hybrid). Trong
d6, 16i FesOa co tinh siéu tir tinh gitip cac hat d& dang
thu hoi bang tir truong, con 16p vo bac (Ag) mang
dic tinh khang khuan manh. Sy két hop nay vira
nang cao hiéu quéa xur ly vira cho phép hat nano tai
sir dung nhiéu lan. Nghién ctru ciing da chtimg minh
rang Fe;0s@Ag c6 kha nang tiéu diét hidu qua cac
vi khuan Staphylococcus epidermidis, Bacillus
subtilis va Escherichia coli (Gong et al., 2007). Nho
d6, loai hat nano nay thé hién tiém ning 16n trong
linh vuc chin nudi, co thé duge ung dung nhu mot
tac nhan khang khuan thay thé khang sinh truyén
thong, gop phan nang cao tinh bén viing va an toan
sinh hoc trong san xuat chin nudi.

3.2.3. Nano probiotic

Khang sinh dong vai tro quan trong trong phong
ngira va diéu tri cting nhu trong sy phat trién 6n dinh
va bén viing cua nganh chin nudi gia sic. Viéc lam
dung khéng sinh va hé qua da dugc dé cép phia trén,
thay vao do cac nha nghién ctru da st dung men vi
sinh  (Probiotics) (Staphylococcus succiinus,
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Enterococcus faecium, Lactobacilli salivarius va
Lactobacilli agilis) (Wang & Chen, 2021) tac dung
¢6 1gi nhu tang can cho vat nudi, phat trién hé vi
khuan duong rudt co loi va ting cuong hé thong
mién dich trong trang trai (Ren et al., 2019).

Mot nghién ctru mdi hién nay cua Xing et al.
(2025) da phat trién hé LGG@P@Fes04, trong do
hat nano FesOs dugc gan 1én t&  bao
Lacticaseibacillus rhamnosus GG thong qua 16p phu
polydopamine. Nho tinh siéu tr cua FesOs,
probiotics ¢6 thé duoc diéu khién va tap trung tai
rudt bang tir truong bén ngoai, gitip ting kha ning
sdng s6t trong moi trudng tiéu hoa va nang cao hiéu
qua diéu tri.

Duc két lai, cong ngh¢ nano dang thuc day nong
ngh1ep phat trién bén virng, tir ting ning suit cay
trong dén nang cao chat - luong chan nuéi. Tuy nhién,
dé g dung rong rai, can thém nghién ctru vé& do 6n
dinh, an toan va hiéu qua thyc tién.

3.3. Thach thirc va trién vong cia vat li¢u

nano

3.3.1. Thach thirc

Mot trong nhitng mdi quan ngai 16n nhat 13 van
dé an toan thyc pham va strc khoe con ngudi khi st
dung hat nano kim loai nhu nano bac, nano déng
hodc nano oxit titan. Cac hat nay c6 kich thudce siéu
nho, kha ning xuyén qua hang rao té bao va cé thé
tich tu sinh hoc trong cac mo thyc vat hoac dong vat.
Viée tich tu cac hat nano trong san phém nong
nghiép co thé gay nguy co doc tinh tiém an ddi véi
nguoi tiéu dung néu khong dugc kiém soat nghiém
ngat. Theo nghién ctu cua Shah et al. (2024) kha
nang doc hai tiém 4n cta vat liéu nano ky thuat
(ENM) van 1a mbi quan ngai vi ching c6 thé tich tu
trong chudi thirc &n va gay ra rui ro cho stc khoe
con ngudi va méi truong néu khong dugc danh gia
ding muc. Nghién ctu ciia Simonin et al. (2018)
cho thay ndng d6 CuO-NPs trong dét 16n hon hodc
bing 100 mg/kg dd giy ra tic dong manh mé dén
hoat dong cta vi sinh vat lién quan dén chu trinh
cacbon va nito (ho hap dat, nitrat hoa, khtr nito), dic
biét dbi voi cac loai dit c6 ham luong chit hiru co
thdp. Hon thé nira, khi giun dit Enchytraeus
crypticus bi phoi nhiém CuO-NPs trong 21 ngay thi
cong dong vi sinh vat trong rudt giun giam dang ké,
dong thoi anh huong dén trong lwong va kha ning
sinh san cta chung (Ma et al., 2020).

Ngoai ra, cac phuong phap danh gia doc tinh
hién van con han ché, thiéu tiéu chuin hoa vé liéu
lugng an toan, phuong thic ung dung va quy dinh
phap 1y quéc té. Sekhon (2014) ciing luu ¥ rang: “Co
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nhu cau cép thiét vé cac khuon khd quan 1y hai hoa
va cac nghién ciru dgc tinh dai han cta vét liéu nano
duogc ung dung trong cac linh vuc ndng nghiép thuc
pham” (Sekhon, 2014, p.45).

Chi phi san xuét vat liéu nano va thiét bi lién
quan con cao, dac biét khi yéu ciu cong nghé cao va
kiém soat quy trinh nghiém ngit. Diéu nay khién
cong nghé nano chua thé pho bién rong rai tai cac
nudc dang phat trlen hodc v&i noéng dan quy mo
nho. Chi phi san xuét cao, thiéu co so ha tang quy
mo 16n va kha nang tlep can dao tao han ché khién
cho nhitng ngudi ndéng dan quy moé nhd gip khod
khan trong viéc ap dung cac giai phap dua trén cong
nghé nano. Nhén thirc xa hoi cling 1a mot rao can
16n. Tam 1y e ngai cta nguoi tidu dung dbi véi cac
san pham lién quan dén nano van ton tai, do thiéu
thong tin minh bach va hiéu biét vé cong nghé nay.
Diéu nay dan dén rui ro vé thi truong tiéu thy, dic
biét véi cac san pham xudt khau.

3.3.2. Trién vong va hudng nghién ciu khdc

phuc

Trudc nhiing lo ngai vé an toan sic khoe con
ngudi, xu huéng phat trién cong nghé nano trén bé
mit san phdm ngay cang dugc chu trong. Trong bao
quan nong san, di co nhidu hudng nghién ctru va
gidi phép khic phuc kha thi hon. Trudc hét, xu
huéng phét trién dang hudng manh dén céac vat liéu
nano co nguén géc sinh hoc, phan hiy sinh hoc va
an toan vai suc khoe, ch'?mg han nhu nano chitosan,
nano cellulose hodc nano silica sinh hoc, thay thé
cho c4c hat kim loai truyén théng. Theo Aguayo et
al. (2020), cac vét liéu nano cé nguén géc sinh hoc
va phan hiy sinh hoc nhu nanochitosan dang duoc
cht y nhu nhiing giai phap thay thé an toan hon do
doc tinh thap hon va tac dong dén méi truong.

Bén canh d6, cac nha khoa hoc ciing dang day
manh nghién ctu vé nano mang chic ning kép
(khang khuan va cam bién), nham ting hi¢u qua va
t6i uru hoa chi phi. Viéc thiét ké cac hé nano tich hop
thong minh - vira bao quan, vira giam sat chat luong
ndng san theo thoi gian thyc - 1a mot hudng di day
tiém nang.

V& mit chinh sach va tmg dung thuc tién, cac to
chtc nhu FAO da khuyén nghi can c¢6 sy hd trg
manh mé tir phia chinh phu théng qua chuyén giao
cong nghé, dao tao nhan lyc va hd tro tai chinh, dic
biét & cac nudc dang phat trién: “Viéc ting cudng
quan hé ddi tic cong tu va thiic ddy cac cong ty khoi
nghiép cong ngh¢ néng nghiép tmg dung coéng nghé
nano c6 thé day nhanh qué trinh chuyén giao céng
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nghé va ap dung bén viing & cép do trang trai” (FAO
& ITU, 2022, p. 28).

Tai Viét Nam, nhidu huéng nghién ctru vé tmg
dung cong nghé¢ nano trong noéng nghiép ciing da
dugc tién hanh. Mot nghién ctru vé anh huéng cua
nano coban dén sy nay mam va dic tinh sinh hoc
cua cdy dau twong (Glycine max L. Merr) DT96.
Vi nong do nano conban 0,33 mg/kg hat gidng da
cho két qua nay mam tot 1én dén 93,03%. Cac chi
tiéu vé chiéu cao than, chiéu dai ré, khdi luong kho
ctia than ré ciing cao hon so véi d6i chung (Hién va
ctv., 2022). Theo nghién ciru cua Trudng va ctv.
(2024) ga téng hop vat liéu nano CeO2/Si02-NPs tur
tién chat Ce(NO3)4 va tro trdu dung lam chit kich
thich sinh truong cho cay 6t chudéng. Két qua cho
thiy co sy tac dong dang ké dén qua trinh sinh
truong cua cdy, giup cho néng sudt 6t tang 22 tin/ha,
chidu dai ré trung binh tang 3,6 cm va thoi gian thu
hoach rut ngan hon 11 ngay. Hat nano ZnO-NPs
duogc sir dung rong rai trong nhiéu linh vyc nhu y
hoc va dién tir, hon thé chiing con ¢6 tiém nang 16n
trong ng dung lam phén bén trong canh tac nong
nghi¢p. Viéc sit dung ZnO-NPs trong danh gia su
nay mam ciia hat cay dé (Castanea mollissimab) cho
thay cai thién dang ké qua trinh ndy mam cta hat va
su phat trién nhanh cua ré cay v6i ndng d6 ZnO-NPs
l1a 1000 ppm (Nam va ctv., 2025).

Tom lai, viéc ing dung cong nghé nano trong
nong nghi¢p hay bat ky linh vyc nao ciing can doi
hoéi mot cach tlep can toan dién, ti nghién ctru khoa
hoc co ban, kiém dinh an toan dén chinh séach trién
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khai thyc tién. Néu cac thach thic duge giai quyét
dang huong, cong nghé nano hira hen s€ dong vai
trd then chdt trong nong nghiép hién dai, gop phan
nang cao chét luong, kéo dai tudi tho nong san va
hudng téi mot nén ndéng nghiép xanh, thong minh va
bén viing.

4. KET LUAN VA KIEN NGHI

Cong nghé nano dang dan khing dinh vai tro
quan trong trong viéc d6i mdi mo hinh san xuat nong
nghiép theo hudng hién dai, thong minh va bén
vitng. Véi kich thudc siéu nho va tinh chat bé mat
dac biét, cac vat liéu nano c6 kha nang tdc dong sau
rong tir cap do té bao dén hé sinh thai, gilp nang cao
hiéu qua st dung dau vao, cai thién chat luong néng
san, dong thoi han ché tac dong tidu cuc dén moi
truong. Tuy nhién, viéc ung dung cong nghé nano
trong néng nghiép van dbi mit véi nhiéu thach thirc,
dac biét 1a nguy co tich tu sinh hoc ctia hat nano kim
loai trong thyre phdm va méi truong néu khong dwoc
kiém soat nghiém ngat. Chinh vi thé can ting cuong
dau tu hon nita vao nghién ctru céng nghé nano
trong ndng nghi¢p tai Viét Nam, véi trong tam la
danh gia tinh an toan sinh hoc, co ché twong tac giira
hat nano va h¢ sinh thai nong nghiép, cling nhu hi¢u
qué kinh té - xa hoi cia timg tmg dung. Ban hanh
cac quy chuén va huéng dan ky thuat vé an toan
trong san Xuét, sir dung va quan ly vat liéu nano mot
cach chat ch&. Didu nay gop phan khai thac toi da
tiém ning ung dung cia cong nghé nay trong
tuong lai.
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