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TOM TAT

Phdn héa hoc van chiém ty trong lom trong canh tic néng nghiép & Viét
Nam do hiéu qud nhanh, dé sir dung va phé bién réng rdi; nhung viéc sir
dung phdn bén héa hoc kéo dai da géy ra nhiéu hé luy nghiém trong cho
stke khoé dat, méi trirong, con nguoi va hé sinh thdi. Phan bén vi sinh chira
cac dong vi sinh vt c6 loi nhur vi khudn ¢6 kha ndng c6 dinh dam, phan gidi
lan va kali, san xudt chat kich thich ting trieong thuc vt va chong stress cho
cdy trong dwoc xem la gidi phdp thay thé bén ving, givip giam luwong phan
héa hoc, tang hiéu qua sie dung phan bon, cai thién kha nang hdp thu dwong
chat, cau tric ddt va ting ning sudt cdy trong. Tuy nhién, con nhiéu van de
phdi doi mdt dé phén bén vi sinh ¢6 thé duwoc tmg dung réng rdi trong canh
tdc nong nghiép hién nay. Do do, nghién ciru doc thyee hién voi muc tiéu
tong hop mét sé két qua vmg dung vi khudn cé li va thach thice sir dung
phan bon vi sinh trong canh tac nong nghiép theo huong an toan va thich
ing voi bién doi khi hiu.

Tir khod: Cé dinh dam, phadn bon hoa hoc, phan bon vi sinh ti vi
khudn, phan gidi ldn

ABSTRACT

Chemical fertilizers account for a large proportion of agricultural practices
in Vietnam due to their rapid effectiveness, ease of use, and widespread
availability; however, prolonged use of these chemicals affects soil health,
human well-being, and overall ecosystem integrity. Biofertilizers contain
beneficial microorganisms such as bacteria that can fix nitrogen, dissolve
phosphorus and potassium, produce plant growth stimulants, and prevent
stress for crops. They are considered a sustainable alternative to reduce
chemical fertilizer inputs, increase the efficiency of fertilizer use, improve
nutrient absorption and soil structure, and increase crop yields. However,
the application of biofertilizers in agricultural cultivation is currently facing
many challenges. Therefore, the study was conducted to synthesize some
results of applying beneficial bacteria and the challenges of using microbial
fertilizers in agricultural cultivation in a safe and climate change-adaptive
direction.

Keywords: Bacterial biofertilizers, chemical fertilizers, nitrogen
fixation, phosphate solubilization

223



Tap chi Khoa hoc Dai hoc Cén Tho

1. GIOI THIEU

Viéc s dung phan bon hod hoc la nhu cdu can
thiét dé cai thién nang suét ciy trong, dam bao an
ninh lvong thuc & hau hét cac qubc gia (Prashar et
al., 2025) va Viét Nam dang st dung v4i murc phan
bon hod hoc cao gip 3 lan trung binh cia thé giéi
(Vietham Academy of Agricultural Sciences
(VAAS), 2024). Tuy nhién, phan hoa hoc khi dugc
st dung, dac biét 1a phan dam (N) da tang ganh nang
cho khi hau, v&i hé s6 phat thai khi nha kinh N,O
ctia phéan urea 14 0,72% (Grace et al., 2023). Dong
thoi, viée sir dung quéa nhidu phan bon hoa hoc va st
dung trong thoi gian dai da lam thay dbi cac dic tinh
ly, hoa dat nhu giam gia tri pH dat, tao ra nhiéu té
khong to trong dat, tir d6 tang tinh thim nhung giam
kha ning giit nwéc va chat dinh dudng cua dat, do
phan urea lam suy yéu lyc twong tac giita cc hat keo
dét nén céc tap hop dét c6 xu hudng két ndi thanh
céc khdi 10n hon, tao ra nhiéu té khong to trong dat
(Zhang et al., 2019; Tripathi et al., 2022; Feng et al.,
2023). Phan N khi dugc boén dai han khong chi géy
giam d6 pH dat ma con lam giam hoat dong cua
enzyme dat, ddng thoi giam mét do vi khudn va mirc
d6 biéu hién gen nifH cua vi khuan ¢ dinh dam, gen
amoA-AOA, amoA-AOB va gnorB cia nhom vi
khuan c6 tham gia tién trinh nitrate hod va khir
nitrate (Zhang et al., 2024a). Viéc bon phan hoa hoc
lién tuc ma khong chu ¥ tan dung ngudn phan hiru
co truyén thdng (phan chudng, than bun, rac thai
thuc vat) hodc phan bon hitu co thuong mai da gay
suy giam da dang vi sinh vat, rc ché cac dong c6 loi
nhu vi khuén ¢6 dinh N, vi khuan phén giai lan,
nam ré cong sinh, va lam tang nhom vi sinh vat gay
bénh; dong thoi gdy mat can bang dinh dudng, anh
hudng dén kha ning hap thu cta cay trong va suy
giam do phi nhiéu cua dit (Zhou et al., 2017). Day
1a nhimg nguyén nhan dan dén bac mau dat va giam
hiéu suat sir dung dinh dudng cta cay mic di bon
thira phan hoa hoc. Trong boi canh bién d6i khi hau
ngay cang dién bién phirc tap, 6 nhiém mai truong
va suy thoai dét canh tac do lam dung phéan hoa hoc
dang tro thanh nhing van dé dang lo ngai. Do do,
viéc thay thé mot phan phan bén hoa hoc bang phan
bon vi sinh duge xem 1a mot trong nhitng giai phap
cdt 16 gitp giam thleu tac dong tiéu cuc dén moi
truong, ddng thoi van dam bao ning suat cy trong,
chat lugng nong san va loi nhuan kinh té (Food and
Agriculture Organization (FAO), 2021). Phan bon
vi sinh v6i thanh ph?ln 1a cac vi sinh vat c6 l1gi khong
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chi ting tinh da dang ciia quan thé vi sinh vat trong
dét tang d6 phi nhiéu cua dit ma con c6 kha ning
¢b dinh nito (N2), phén giai 1an (P), kali (K) trong
dat va cung cap cac chat diéu hoa sinh trudng cho
cdy trong (Wei et al., 2024). Sy phat trién ciia phan
bon vi sinh dang mo ra hudng di méi cho nén nong
nghiép bén vimg, than thién véi moi truong va an
toan voi strc khoe con nguoi. Trong khi nhitng tién
bd khoa hoc da giup tuyen chon chung vi sinh vét
manh hon, chiu stress t6t hon va img dung cong
nghé dong san xuét gitp ting kha nang song cua vi
sinh vat trong dat, phan bon vi sinh van con nhiéu
ton tai nhu hidu qua khong 6n dinh giita cac ving
dét, twong tac phirc tap v6i vi sinh vat ban dia, tinh
nhay cam véi diéu kién moi truong va rao can vé
tiéu chuan chét lugng trong san xut va kinh doanh
(Backer et al., 2018; Compant et al., 2019). Hon
nira, néng dan duy tri thoi quen st dung du thura
phan boén hoa hoc khién cho hiéu qua cua phan vi
sinh kho c6 thé hién day du, tham chi c6 thé gay
phan tac dung néu moéi trudng dat khong phu hop
cho vi sinh vat hoat dong. Do do, nghién ctru tong
quan nay dugc thue hién nham tong hop va phén tich
cac két qua nghién ctru vé vai tro, co ché hoat dong,
hiéu qua cua phén bon vi sinh, cong nghé san xuat
va nhing ton tai cin khic phuc. Diéu nay gbp phan
dinh hudng st dung phan boén vi sinh nhu mot giai
phép giam phu thudc vao phan bon hoa hoc va nang
cao tinh bén viing trong san xut nong nghiép hién
nay.

2. PAC TINH CUA PHAN BON VI SINH

2.1. H@ vi sinh vét chii yéu trong phéan bén vi
sinh va cong dung

Phan vi sinh chira cac vi sinh vat séng ¢0 loi nhu
vi khuan, nim va tao. Qua qua trinh hoat dong séng,
cac vi sinh vat trong phan vi sinh, théng qua t1en
trinh khodng hoa, cung cap dinh dudng ma cay trong
6 thé hap thu duge. Mat sb vi sinh vat ¢o loi trong
ché pham phan vi sinh thuong dat 10°-10'° CFU/g
va dam bdo an toan cao cho con nguoi nén dugc str
dung rong rai trong san xuét va doi sdng. Cac ché
pham vi sinh phd bién trong nong nghiép duoc su
dung 1am phan bon nhu ché phim vi khuan c¢b dinh
No, ché pham vi sinh vat phan giai hodc hoa tan P,
ché pham vi sinh vat phan giai cellulose (tao mun),
vi sinh vat tao khang sinh va cac chét didu hoa sinh
trudng (Bang 1).
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Bang 1. Mt s6 vi khuin thong dung trong phan bén vi sinh

Cac chi vi sinh vat c6 lgi

Chirc ning chinh

Vi khuén nitrate hoa, Azotobacter
chroococcum, Azospirillam brasilense

Nhom vi khuan chuyén hoa nitrogen ma cdy khong st dung dugc
thanh amonium hodc nitrate dé cay hap thu (Wei et al., 2024).

Vi khuén cb dinh N, cong sinh
Rhizobium

Cong sinh trong ré cay ho dau, giap chuyén hoa N, trong khong
khi thanh dang N ma cay c6 thé sir dung, giam sy phu thudc vao

phan bon tong hop, cai thién cau trac dat va vi sinh véat dét
(Huang, 2024).

Bacillus sp.: Bacillus cereus, Bacillus
megaterium, Bacillus mucilaginosus

Chuyér} hoa P khong hoa tan thanh P dé tiéu gitp cay trong dé
dang hap thu (Wei et al., 2024).

Vi khuén quang hop:
Rhodopseudomonas capsulate,
Rhodopseudomonas sp.
Pseudomonas sp.
Chromobacterium: Alcaligenes sp.
Serratia sp.: Serratia marcescens
Thiobacillus: Acidithiobacillus
thiooxidans, Thiobacillus thioparus

San xuat

indole-3-acetic acid (IAA),
aminocyclopropane-1-carboxylic acid (ACC) thuc day sinh
truong thuc vat. Pong thoi ngan chin sy phat trién ciia cac tac
nhan gdy bénh nhu vi khuin (Pseudomonas syringae,
Pectobacterium carotovorum va Ralstonia solanacearum), nAm
(Fusarium oxysporum, Botrytis cinerea va Rhizoctonia solani)
va cac sinh vat gy bénh thuc vat khac (Kulkova et al., 2023).

siderophores  va

Vi khuén ving r&: Pseudomonas,
Acinetobacter, Streptomyces,
Serratia, Arthrobacter va
Rhodococcus

San xuat phytohormone (cytokinins, ethylene, abscisic acid,
gibberellins, va auxin) cai thién sinh truéng cia cay trong. Dong
thoi tang cudng hap thu chit dinh dudng N, P, K trong cay (Sun
et al., 2024).

B. edaphicus, B. mucilaginosus

Nhom vi sinh vat gitp ting ham luong K kha dung trong dét

thong qua qua trinh hoa tan va khoang hoa (Wei et al., 2024).

Streptomyces jingyangensis, S. pactum

San xudt chat khang khuén, trc ché su phat trién cua vi sinh vat

¢6 hai, phan hity chat hitu co, giam mat do khdi dét, cai thi¢n tinh
chat vat ly cua dat (Wei et al., 2024).

Vi khuén acid lactic: Lactobacillus

Cai thién kha nang hép thu dinh dudng tir phan hiru co cua cay

trong. Bao vé cay khoi nhiéu loai nim va vi khuén gdy bénh bang
cach san xudt cac hop chét khang khuan, canh tranh v6i vi sinh
vat gay hai tai nhitng mo thuc vat dé bi té)n thuong, hodc tac dong
dén hé mién dich cta ciy. Ngoai ra Lactobacillus con san xuét
TIAA thac déy sinh truong thyc vat hodc nay mam hat (Lamont

etal., 2017).

2.2. Co ché hoat dong ciia hé vi khuin trong
phén bén vi sinh
2.2.1. Cung cdp dwdng chdt cho cdy trong

Nito 14 mot nguyén t6 thiét yéu cho cac hoat
dong sbng clia thyc vat nhung cay trbng khong thé
sir dung tryc tiép N trong khi quyén. Do do phan
bon vi sinh chira cac vi khuén mang gen san xuét
nitrogenases dé ¢ dinh N, thanh dang ammonium
gitp cy trong c6 thé hap thu (Xu & Wang, 2023).
Vi du, Rhizobia & 1& ciy ho dau tao ndt san dé dap
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mg v&i flavonoid (hop chit co vai tro thu hat vi
khu?in) do thuc vat chu tiét ra, gdy hién tuong xoan
16ng hut va kich hoat su phan chia té bao vo cho quéa
trinh sinh nét san. Su twong tac gitra vi khudn va
16ng hut 1am cho thanh té bao bién dbi va thoai hoa,
cho phép vi khuan cong sinh xdm nhap vao 16ng hut
cay ho dau thong qua cac con duong lién bao hoac
ndi bao. Vi khuan ving ré phat trién manh trong cac
soi nhiém tring va phan hoéa thanh vi khuan c6 kha
ning khir N, trong cac ndt san (Wei et al., 2024;
Zhang et al., 2024b).
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P 12 m6t dudng chit thiét yéu tham gia vao qua
trinh trao d6i chit va tang trudng cua sinh vat. Trong
dét, P ton tai & dang v6 co va hitu co. Dang P v6 co
hoa tan dé bi ¢ dinh vao cac khoang sét, ciing nhu
céc ion sit va nhom (6 pH < 5,5) hodc tao cau tric
tinh thé véi ion canxi (Ca®") va magié¢ (Mg>") & pH
> 6, khién cay trong kho tiép can va hap thu. Cac
nhom vi sinh vat c6 kha nang hoa tan P dong vai tro
quan trong trong viéc phan gidi ca dang hiru co va
v co thong qua qua trinh khoang hoa va hoa tan, tir
d6 1am tang kha nang str dung P cua thuc vét va dugc
tuyén chon tmg dung trong san xudt phan bon vi
sinh. Nhiéu loai vi khuan nhu Bacillus, Escherichia
va Pseudomonas c6 thé giai phong P tir cac hop chat
v6 co chira P khong tan bang cach tiét ra cac loai
acid hiru co (acid citric, succinic, fumaric, malic,
oxalic) canh tranh vi tri hap phy v&i phosphate hodc
lién két cation kim loai (Ca?*, Fe**, Al*) thong qua
nhom hydroxyl va carboxyl nén céc ion nay bi kéo
ra khoi mudi phosphate khong tan, tir &6 P dugc giai
phong duéi dang HPO4* (Etesami et al., 2021).
Ngoai ra, trong qua trinh chuyen hoéa carbon tu
ngudn acid hiru co cia vi khuan thi ion H' dugc giai
phong va qua trinh chuyén hoa cac ion HCOs~, NH.4*
cling phong thich H' 1am giam d6 pH cua dit quanh
ving ré, tir d6 thuc ddy qua trinh hoa tan P. Vi khudn
con phan giai P kho tan bang cach téng hop cac
phytase ngoai bao (xuc tac giai phong N tir phytate
trong dat), phac hop C-P lyase (bién dbi
phosphonate  thanh  phosphate) va enzyme
phosphatasees (thuy phan cac este acid phosphoric
va anhydrit) (Bhardwaj et al., 2024). Mot s6 dong vi
sinh vat tao ra siderophores trong méi truong thiéu
sit. Siderophores 1a mot loai protein ¢6 trong lugng
phan tir thap (khoang 400 - 1.500 Da), c6 kha ning
lién két rat manh vé6i sit ¢ trang thai oxi hoa (Fe*)
nén hap thy sit trong phtic hop Fe-P va giai phong
P dang hoa tan (Cui et al., 2022). Siderophores do vi
khuén san sinh chu yéu Ia catecholate, carboxylate
va hydroxamate, tat ca déu c6 hai phan tir oxy - noi
tao phdi tir véi Fe’* (Hinh 1) (Singh et al., 2022a).
Trong mdi trudong hiéu khi, sat thuong ton tai dudi
dang it hoa tan, dan dén nguon sat hiru dung bi han
ché d6i v6i vi khuén va thuc vat. Bé thich nghi vé6i
su khan hiém nay, cac vi khuan thuc déy sinh truong
thyc vat, dién hinh nhu cac loai Pseudomonas tong
hop siderophores hd trg truc tlep cho sy sinh truong
cua cy trdng bang cach cung cap sit gian tiép hoic
tryc tiép cho thuc vat. Nhitng ché pham vi khudn c6
kha nang san sinh siderophores da dugc ap dung
thanh c6ng trén nhiéu loai cy tréng va cho thiy hiéu
qué tich cyc trong thuc day ting truong. Vi du, dau
xanh dugc xir 1y bang Pseudomonas GRP3 trong
diéu kién thiéu sit di gitp ting cudng sinh truong
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va cai thién ham lwong diép luc t6 cua cay. Trong
mot nghién ciu khac, khi chung Pseudomonas
Sfluorescens cho ciy Arabidopsis thaliana, vi khuin
da tong hop nén phirc chit Fe-pyoverdin, gitp ting
kha ning hép thu sit clia cdy va cai thién sy phat
trién toan dién cia cay trong (Hassen et al., 2016).

Nhiéu dong vi khuan hoa tan P tir ruéng laa, bao
g6m Paenibacillus, Pseudomonas va Enterobacter,
dd duoc ching minh kha ning hoa tan khoang chét
phosphate (tricalcium phosphate) (Habibi et al.,
2019). Khong chi gidi han & cac con dudng hoa tan,
mot ph?ln P con duoc vi sinh vat héip thu va tich trir
trong sudt vong doi ciia chung. Khi vi sinh vét chét
di, lwong P nay duoc giai phong trd lai dat, gop phan
tang luong P hitu dung cho cay trong. Thém vao do,
mot s vi khudn hoa tan P con ¢ kha ning tiét ra
cac hop chit hitu co tao phtrc voi kim loai, tir d6 pha
v lién két giita P va cac ion kim loai, giup giai
phong ion phosphate ra moi truong dat (Wei et al.,
2024).

(LN

“r\<()ll @ R=K '® ‘®

Hydroxamate siderophore

B

Catecholate siderophore

()ll

OH

e

OH

*’//,

Carboxylate siderophore

Hinh 1. Cong thirc hoa hoc ciia siderophores va
vi tri lién két voi Fe*

(Nguon: Singh et al. (2022a))

K ¢6 vai tro diéu hoa hoat dong cua cac enzyme
trong cdy, ting kha niang chong chiu véi méi trudng
min, hd trg qua trinh quang hop ciing nhu nhiéu
chirc nang sinh hoc khac. Thiéu K trong dat c6 thé
can trg cac qua trinh nay cua cdy, giam sy phat trién
clia cdy va anh huong bat loi dén chét luong cua trai.
Phén vi sinh chira cac vi khuan phéan giai K nhu
Bacillus circulans, Paenibacillus mucilaginosus va
Bacillus edaphicus c6 kha nang phan huy chat hitu
co va tan du cay trong, giai phong K cho dat va cay
trong; dong thoi giai phong cham K vao dat bang
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acid hiru co va vo co duoc tao ra trong qua trinh hoat
dong trao doi chat ciia vi khuan. Céc acid nay cung
cap H* dé tach K khoi khoang chit trén bé mit keo
dat theo co ché trao d6i ion, dong thoi gay giam pH
dat tao thuan lgi cho qua trinh trao d6i K+ (Bhardwaj
et al., 2024). Twong tu co ché phan giai P, cac acid
hitu co va siderophores duoc tao ra boi vi khudn co
thé giai phong K* tir cac khoang chat bang cich tao
phitc v6i céac ion Si**, AI**, Fe?* va Ca*" (cac hop
chat kim loai-hitu co) giup giai phéong K tir
khoang feldspar (KAISi30g), mica
(Klz[(A102)12(Si02)12] 'IleO), muscovite
(KALSi3010(OH),) vao dung dich dat. Mot sb vi
sinh vat tao ra mang sinh hoc chira
exopolysaccharides (EPS) gitip giit am va 6n dinh
keo dat, duy tri moi truong trao doi K* linh hoat
(Etesami et al., 2017). Vi du, dong vi khuén P.
mucilaginosus san xut ra cac chat chuyén hoa chira
hormone thuc vat va acid hitu co, ting cudng su
phan giai va hap thu K, do d6 ting cuong sy phat
trién & cdy tao con (Chen et al., 2020).

2.2.2. San xudt chdt kich thich ting truong thuc

vdt va chong strees cho cdy trong

Vi sinh vat & viing ré giit vai tro thiét yéu trong
diéu tiét va tao ra cac hormone sinh truong thuc vat,
gop phan quan trong vao qua trinh sinh trudng va
phat trién cua cdy trong. Nam nhom hormone thuc
vat quan trong nhu auxin, gibberellin, cytokinin,
ethylene va acid abscisic — déu dugce thuc vat téng
hop ndi sinh va ¢6 anh huéng tich cue dén nhiéu qua
trinh sinh 1y khac nhau. Trong d6, IAA thudc nhém
auxin va la mot acid carboxylic, chii yéu hinh thanh
tir tryptophan, thic day sy phat trién thong qua viée
ting cuong qué trinh phan chia té bao, kéo dai va
biét hoa mo, tir d6 tac dong dén hinh thanh cua mach
go va h¢ thong ré, anh huong truc tlep dén kha ning
hap thu dinh dudng va phat trlen tong thé cua cay
trong. Dic biét, IAA dugc tong hop boi vi khuan
gitp tang chiéu dai ré, gitp cay trong hip thu dinh
dudng hiéu qua hon. Nhidu dong vi khudn nhu
Azotobacter spp., Rhizobium spp., Pantoea
agglomerans, va Rhodospirillum rubrum da dugc
xac dinh c¢6 kha ning tiét cytokinin — loai hormone
¢6 vai tro kich thich phan chia té bao va gop phan
biét hoa, phat trién cta cac mo thuc vat. Tuong tu,
gibberellin — mot loai hop chit diterpenoid, dugc
biét dén véi tac dung kich thich kéo dai cia than, tao
diéu kién thuén loi cho cdy trong ting truong (dos
Santos et al., 2020).

Két qua nghién ciru cua Bonartsev et al. (2016,
as cited in Wei et al., 2024) cho thay Azotobacter
chroococcum c6 thé diéu tiet qua trinh phat trién cta
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cdy bang cach san sinh cytokinin. Bén canh d6, cac
dong B. subtilis, B. cereus va B. megaterium c6 kha
nang kich thich sy phat trién r& va hé ré ciia cay kiwi
nho vao kha nang tong hop IAA. Nhiing thir nghiém
khac ciing ghi nhan rang B. subtilis RCO3, B.
simplex RC19 va Comamonas testosteroni RC41
gitip ting déng ké ty 1& ra ré cta canh giam kiwi
thong qua tang san luong TAA.

Ethylene, mot hormone khi c6 vai tro da dang
trong sinh 1y thuc vat, khong nhing didu chinh cac
qué trinh nhu hinh thanh 16ng hat, ndy mam, chin
qua, rung 14 ma con gitp cay tng phd voi cac loai
cang thang sinh hoc (tac nhan gy bénh) va phi sinh
hoc (nhiét do cao/théip, han, mén, ngdp ung). Tuy
nhién, ethylene ciing ¢ thé gy trc ché qua trinh kéo
dai ré trong mot sd truong hop (Glick, 2012). Khi
dbi mat véi cac diéu kién bét loi, thuc vat thuong
ting cuong san xudt 1-Aminocyclopropane-1-
carboxylate (ACC), dan dén su tich tu ethylene voi
ndng do cao, rc ché sy phat trién cia cay. Enzyme
ACC deaminase dong vai tro xtic tac phan giai ACC
thanh butyrate va ion amoni. Qua trinh nay giup
giam ham lugng ethylene tich tu trong diéu kién
stress, tir 6 han ché tac dong ti€u cyc ctia hormone
nay lén qua trinh sinh truéng cua cay (Singh et al.,
2022b). Tai ving ré, con duong chuyén hoa
methionine va ACC phan anh rd vai trd ctia ethylene
dbi véi sinh 1y ré. Methionine duoc chuyén héa
thanh S-adenosylmethionine (SAM) nh¢ enzyme
SAM synthetase, sau @6 ACC synthase xuc tién viéc
chuyén SAM thanh ACC. ACC tiép tuc duoc
chuyén hoa thanh ethylene thong qua hoat dong cua
enzyme ACC oxidase. Tuy nhién, ethylene duoc san
xuéit qua mtre trong giai doan nay co thé can tro sy
phat trién binh thuong cta ré. Sy hién dién ciia ACC
deaminase trong mdi trudng ré gitp chuyén ACC
thanh ion amoni va acid a-butyric. Ngoai sy giam
ndng d6 ACC — yéu to trung gian tao ethylene, qua
trinh nay con cung cép nguén carbon va N can thiét
cho vi sinh vat, ddng thoi hd trg cay trong duy tri su
phat trién r& khoe manh va kéo dai ré trong diéu kién
cing thang (Wei et al., 2024) (Hinh 2).

Theo Sarkar et al. (2018), dong vi khuan
Enterobacter sp. P23 c6 kha nang chiu man va s¢
hiru ACC deaminase, gop phan tang sirc chong chiu
cho cay trong didu kién bat loi. Tuong tu, viée bd
sung cac vi khuan ré san xuit ACC-deaminase P.
aeruginosa, Enterobacter cloacae, Achromobacter
xylosoxzdans va Leclercia adecarboxylata da giop
cai thién dang ké nang suit ngd trong diéu kién kho
han (Farooq et al., 2020). Hon nita, cay ngd dugc xur
ly bang cac vi khuan nay ciing ting toc do quang
hop, do dan khi khong, cling nhu ham lugng diép
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luc A, tong diép luc va carotenoid — nhimg yéu to
quan trong cho qué trinh sinh trudng va trao doi chét
hi€u qua trong thyc vat (Danish et al., 2020). Cac
hormone thyc vat nay dugc téng hop va diéu hoa boi
vi sinh vat viing r& cho thdy mot moi quan hé cong
sinh phire tap nhung thiét yéu giira cdy va hé vi sinh
vat dat, dong vai tro trung tdm trong bao vé strc khoe
va nang cao nang suét cay trong

£ 15 Met

l SAM synthetase
SAM
l ACC synthetase

NHs'; a-ketobutyric acid ¢———— ACC

ACC deaminase
l l ACC oxidase
Cung cap ngudn Ethylene
carbonva N l

U'c ché sy sinh
trudng ré cay

Hinh 2. Qua4 trinh téng hop va phéin hiy ACC

A: tac dong cua vi khud:n co enzyme ACC deaminase,
B: con dwong sinh tong hop ethylene trong cay.
(Nguon: Wei et al. (2024))

Ngoai viée giup cdy tiép can tot hon véi dinh
dudng, céc vi sinh vét con c6 kha nang ngan ngura
sur tich lity cac hop chét doc hai. Chang han nhu ham
lwong cadimi trong 1& va 14 lta giam nho bd sung vi
khuan Bacillus cereus (Jan et al., 2019), giam sy hip
thu crom & ré va cac bo phan khac ciia cay laa khi
chung Bacillus licheniformis (Jamil et al., 2014),
giam doc tinh cua kim loai nang trong dat bang cach
tiét exopolysaccharides hap phu kim loai ning thong
qua co ché trao ddi ion, két tia bé mat hodc oxy hoa
khtr (Qin et al., 2024).

2.2.3. Cai thién cdu triic ddt

Céu trac dat 1a mot trong nhitng chi 50 quan de
danh gia su thoai hoa dat. Cau trac dat 1a su sap xép
clia cac hat dat riéng 1¢ bang cach lién két cac hat
nay v6i nhau dé tao thanh cac hat vi mé (<250 pm)
va cac hat 16n (>250 pm). Cac hat dat rat quan trong
trong luu trir carbon va chéng x6i mon dit, hd trg su
phat trién cua ré, cac chue nang cua dat. Qua trinh
hinh thanh céac hat dét can sy tham gia cua cac yéu
t6 gén két nhu mun, polysaccharides, dich tiét cta
vi sinh vat va cac luc két tu. Trong d6, mun 1a tac
nhan 6n dinh chinh, c¢6 ngudn goc tir qua trinh
chuyén ddi chét hiru co cua vi sinh vat. Cac luc két
tu sinh hoc chu yéu tir hoat ddng ctia vi sinh vét va
su phat trién cta ré (Tan et al., 2025). Cac san pham
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khoang hiru co lién két véi cc hat dét dé tao thanh
cac tap hop vi mo 6n dinh (dwdng kinh 2 - 20 pum).
Céc tap hop vi md nho nay lan luot bi lién két boi
céc san pham cta vi khuan va nam hoai sinh dé tao
thanh cac tap hop 16n hon (duong kinh 20 - 250 pm).
Hon nita, trong qua trinh phat trién ctia vi khuan, cac
chat polyme ngoai bao - exopolysaccharides (EPS)
duoc tao ra trong dung dich dat. EPS tich dién am
nén c6 dic tinh két dinh, tao lién két giira cac hat dat
sét dé hinh thanh cac tap hop dat. Cac tap hop dét
nay két dinh véi nhau dé tao thanh cac tap hop lon
(dudng kinh >250 pm) va do d6 1am tang su két dinh
giita cac hat giup 6n dinh cdu truc dat (Rashid et al.,
2016).

Tom lai, cac hoat dong séng cua vi khuén trong
phéan bon vi sinh da cung cap cac nguyén to N, P, K
va chit kich thich ting truong cho cdy trong, thuc
day cay sinh truong trong diéu kién giam phan bon
ho4 hoc hodc bat loi; dong thi cai thién cdu trac dat.

3. CONG NGHE SAN XUAT PHAN BON
VI SINH

3.1. Quy trinh sin xuit phan vi sinh

Cong nghé san xuat phan hitu co vi sinh bao gdm
hai giai doan chinh: (i) tuyén chon va sang loc dong
vi sinh vat c6 loi; (ii) san xuat ché pham & dang long,
ran hodc dang bot kh6/dong kho tuy theo muc dich
st dung. Quy trinh san xuat phén bén vi sinh bao
gdm viée tuyen chon nguon vi khuén tiém ning,
nhan sinh khdi va tao ché pham (Fasusi etal., 2021).

Cac dong vi khuin dugc tuyén chon qua cic
bude: i) thu va xir Iy mau sinh vat bao gdm: mau dat/
1& cdy, nudc, phu phé pham; ii) phan lap va lam
thuan/tach rong; iii) xac dinh hoat tinh/dinh luong
hoat tinh; iv) danh gia anh huong ddi véi cay trong;
v) x4c dinh diéu kién sinh truong, phat trién va bao
quan; vi) dinh danh; vii) luu giit ngudn (Fasusi et al.,
2021).

Viéc san xudt phéan vi sinh hay ché pham vi sinh
bét dau tir qua trinh nhéan sinh khéi vi khuan bang hé
thong 1én men dung tich 16n véi diéu kién dinh
dudng (ngudn carbon, nitrogen), oxy (toc do suc
khi), pH, nhiét do thich hop nhim dat mat do té bao
cao nhat va duy tri tinh 6n dinh ctia dong vi sinh. Vi
du, két qua nghién ctru cua Tran et al. (2017) cho
thdy sy t6i wu hoa san xuat ché pham vi sinh dang
ran tir 3 dong vi khuan Bacillus subtilis SHV 06 cb
hoat tinh phan giai hop chat P kho tan, Pseudomonas
chlororaphis SHV 2.2 d6i khang VSV gdy bénh
ving 1& ciy trong can va Azotobacter beijerinckii
SHV 19 ¢6 dinh Ny, v&i chat mang 1a biochar ¢



Tap chi Khoa hoc Dai hoc Cén Tho

nguon goc tir vo ca phé, than bun, voi bot dugce tién
hanh nhu sau:

i) Nhén giéng vi sinh vat: Viéc nubi cdy cap I vi
sinh vat dugc tién hanh trong méi trudng co ban
(King B, SPA, Ashby tuong tng vdi cac dong SHV
06, SHV 2.2 va SHV 19 b sung ri duong, bot thuy
phan nim men, nudc chiét dau) va diéu kién téi uvu
pH = 7.0; nhiét d6 28 - 30°C (1) va lic 150
vong/phut. Sau 24 - 48 gio nudi cay, vi khuén dugc
cy truyén sang nudi sinh khdi cip II trong thiét bi
1&én men 15 lit véi moi trudng twong tu (1) 6 pH 7,0
-7,5, nhiét do 30 - 32°C, véi cac ty 18 tiép gidng thay
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dbi trong khoang tir 5 dén 7%, cung cap 0,5 lit khong
khi/lit moi treong/phut. Mat sb vi sinh vat dat cuc
dai ¢ 48 gio dbi véi B. subtilis SHV 06, P.
chlororaphis SHV 2.2 va 66 gio voi A. beijerinckii
SHV 19.

ii) Lén men v6i chat mang: Chat mang gdm than
bun va biochar theo ty 1€ 9:1 dugc khir trung, sau d6
duogc tron voi vi sinh theo ty 1€ 90% chét mang va
10% vi sinh, 1 trong 3 ngay véi am do 50%.

iii) Say va dong gbi: Phan vi sinh dwoc siy &
40°C trong 12 gio dé dat 6 am 20%, sau d6 dong
g0i trong tui thiéc, han sir dung 13 6 thang (Hinh 3).

A. beijerinckii
SHV 19

P. chlororaphis
SHV 2.2

B. subtilis
SHYV 06

l

l

l

Nhén gidng cap I trén
Ashby, 60 gitr, 30°C,
nhén nuéi trén may lic
150 vong/phut, pH 7,0

Nhén gibéng cap I trén
PSA, 48 gio, 30°C,
nhan nuéi trén may lic
150 vong/phat, pH 7,0

Nhan gidng cap I trén
King B, 48 giér, 30°C,
nhén nuéi trén may lic
150 vang/phat, pH 7,0

!

}

!

Nhin gidng cap Il trén Nhién gidng cap II trén Nhan gidng cap Il trén
ABO04, 7% gidng gbc, PCO1, 5% gidng gdc, BS03, 5% gidng géc,
30°C, 0,50 lit KK/lit 30“C 0,50 lit KK/lit 32“C 0,50 lit KK/1it
MT/phut, 66 gio, pH MT/phut, 48 gio, pH MT/phut, 48 gio, pH
7.0 7.5 7,0
Khir tring Lén men x0p Pong goi
Hoi néng, thoi gian 1 gio 15 |+ 50% dd dm, b sung Tui thiée, bao quan 6 thang
phut 10% dich VSV, 3 ngay
Co chit Ché phim VSV chire
90% than bun + 10% Sy & nhiét do 40°C niing ¢6 bd sung than
biochar, kich thudc hat trong 12 gi¢y, do am sinh hoe (biochar)
0,1mm, pH 7,0, do 4m 15% 20%

Hinh 3. Tém tit quy trinh san xuét ché phim vi sinh ¢6 bd sung biochar

KK: khong khi, MT: méi truong.
(Nguén: Tran et al. (2017))

3.2. Cac dang phén vi sinh

Phan vi sinh ¢c6 thé dugc sir dung ¢ dang long,
dang rén phdi tron voi chat mang (Tran et al., 2018;
Fasusi et al., 2021). Mdi dang ché pham co nhiing
rru, nhuoc diém riéng. Ché pham vi sinh dang long
dé nubi cdy trén may lic 16n hodc hé thong 1én men
¢6 hé thdéng diéu khién tdc do khi dé tao sinh khoi
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16n. Sau d6 dich vi khudn duge doéng vao chai lo
hodc binh nhya. Dang nay c6 thé sir dung ngay dé
tron vao hat giéng hodc dat, tudi vao ré; tuy nhién
ché phim can dugc bao quan ¢ diéu kién lanh, vi
vay kha ton kém va khong thuén tién cho véan
chuyen kha nang song sot va do bam dinh cua vi
khuan trén hat gidng va cdy trong khong cao
(Nguyen et al., 2024a).
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Ché pham dang rin v6i chat mang gitp bao vé
vi sinh vt trong ché pham tir khi san xuat dén lac
st dung nén thoi gian bao quan lau hon nhung dé bi
anh hudng boi cac yéu td sinh hoc, phi sinh hoc
trong dat (Nguyen et al., 2024a). Cac chit mang c6
thé 1a than bun, dat sét, than da, lignin, dat khoang,
ba mia, 101 ngd nghién, vo triu, vo ca phé, bot
polyacrylamide, phan 1; trong d6, than bun 1a chat
mang phd bién nhét. Than bun chi yéu ¢6 ngudn g
tur thue vat dugce phan huy mot phan nén khong chi
hd trg i khuén ton tai va phat trién ma con co tinh
kinh té cao trong san xuét phan sinh hoc. Viéc phbi
tron chit mang c6 hai dang: tron véi chat mang khu
trung hodc khong khir trung. Phan vi sinh dugc tron
v6i chat mang da dugc thanh tring (bang phuong
phép hoi nuéce bao hoa hodc chiéu xa) co chét lwong
cao, thoi gian bao quan 1au va d& danh gi4, kiém tra
chat lwong nhung can dau tu nhan cong co ky thuat,
tai chinh va doi hoi diéu kién dic biét cho khir trung
chat mang. Chat mang khong khir tring thi k¥ thuat
phdi tron don gian, khong can ki thuat dic biét, co
thé s dung céac vat liéu hiru co dia phuong san co
lam chét mang (Tran et al., 2018).

Ngoai ra, ché pham vi phan vi sinh c6 thé & dang
bot kho duge ché bién kha phic tap. D6i v6i nhom
vi khuan c6 loi khong tao bao tir, sau khi 1én men,
sinh khdi vi khuén dugce suc khi dé loai bo nude va
ly tam dé tach vi khuan ra khoi méi truong nudi cdy.
Sau d6 vi khuan duoc hap phu vao chit mang nhu
bt cao lanh, tiép tuc hap phu voi CaSO4 nhim thu
dugc ché pham dang bot kh6. Dang nay gitip bao
quéan va van chuyén thuén loi, it nguy co nhidm tap,
thoi gian sir dung co thé kéo dai hon mot nam. Tuy
nhién, do vi sinh vat khong c6 kha nang tao bao ti,
nén dé bi ton thuong trong qua trinh sdy, din dén ty
16 sdng sot thip va chi phi san xuit cao, lam giam
hiéu qua kinh té. D& nang cao kha ning bao ton, sinh
khéi co thé dugce dong kho ¢ nhiét do rat thap (tir —
20 dén —40°C). Dang ché phdm dong kho gitp vi
khuén duy tri dugc hoat tinh sinh hoc t6t, it bi nhidm
tap va c6 kha ning luu ton ldu dai. Tuy nhién,
phuong phap nay thuong di kém v6i ty 1€ bam dinh
lén hat gidng thap, vi khuan kho phuc hoi khi hoan
nguyén va quy trinh san xuét tén kém, doi hoi thiét
bi chuyén dung (Tran et al., 2018).

Déi véi nhom vi sinh vat c6 loi nhu Bacillus spp.
ché bién thanh cac ché phdm kho hodc dong kho
thuan lgi hon nho kha nang tao bao ti gitip vi khuén
chiu duge diéu kién khic nghiét nhu nhiét do cao,
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kho, tia UV hay pH khong thuén loi. Qua trinh ché
bién ciing bao gdm cac budc suc khi, ly tam va hap
phu 1én chit mang, tuy nhién ty 1 sdng sot clia bao
tir cao hon nhiéu so véi té bao sinh dudng. Vi khuan
tao bao tur co the dugc sdy kho bang phuong phap
phun sy hoic say tang soi, tir 46 thu dwoc san pham
dang bot min d& dong goi, van chuyén va bao quan
lau dai. Nho sy 6n dinh va st séng cao cua bao tir,
ché pham tir nhém nay thuong c6 hiéu qua sinh hoc
bén viing hon, kha ning bam dinh 1én hat gidng t6t
hon va tinh g dung cao hon trong san xuét nong
nghiép quy mé 16n. Hon nita, chi phi san xuét ciing
hop 1y hon so véi ché pham tir vi khuan khong sinh
bao tir (Tran et al., 2018).

4. HIEU QUA CUA PHAN BON VI SINH
TRONG SAN XUAT NONG NGHIEP

4.1. V& mit kinh té

Két qua nghién ctru va thir nghiém phan vi sinh
tai Viét Nam da khéng dinh hiu qua tich cyc cua
phén hitu co vi sinh ddi voi cay tréng. Cu thé, viéc
sir dung loai phén nay gitp ting ning suét ca phé,
bong, ti€u, ca chua, lac, khoai tay tir 6,79 - 36,58%
tai cac tinh mién Bac va mién Trung, va mang lai loi
nhuén tir 743.000 - 12.310.000 ddng/ha tiy loai cay
trong (Pham, 2005). Ché pham vi sinh vét c6 dinh
N» Bradyrhizobium japonicum RA18, phan giai P
kho tan Bacillus megaterium P1107, hoa tan K
Paenibacillus castaneae S3.1 va sinh téng hop
polysaccarit Lipomyces starkeyi PT5.1 v&i mét s6 >
108 CFU/g da dugc st dung cho cdy lac trong trén
dét cat bién, diéu nay da giup cai thién d6 phi cia
dat, tang mat do vi sinh vat dét 10 1an, tang do am
d4t 20,2 - 21,5% va nang suat lac 16,1 - 18,2%; dong
thoi lgi nhuan cling tang 21,3 - 28,0% (twong duong
8,10 - 11,45 triéu dong/ha 14i thuan) (Nguyen et al.,
2016).

4.2. D6i voi ciy trong va dit canh tac

Viéc st dung cac dong vi sinh vat co6 1gi dugc
xem la giai phap tiém nang nhim nang cao hiéu suat
canh tac va giam phu thuc vao phén bon hoa hoc,
huéng toi nén néng nghiép bén ving trong cac diéu
kién khic nghiét nhu phén, man, gitp cai thién ning
suat, phuc hoi d4t canh tac thong qua tang chat dinh
dudng hoa tan, pH va giam doc chat. Trong dé, vi
khuén di dwoc ung dung nhu phan bon sinh hoc,
gitip giam luong phan bon hoa hoc va cai thién nang
suét trén nhiéu loai cdy trong (Bang 2).
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Bang 2. Hi¢u qué ciia ché phdm vi khuin vé mit sir dung dinh dudng va ning suit ciia ciy trong

N Loaicly Phanbén Ning  Hap thu C e oz Tai liéu
Vikhuin trong hoa hoc suat dinh dudong Dic tinh dat tham khao
B. cepacia BL1-10, i
Bacillus megaterium T mat s6 vi khuén
ST2-9, Bacillus Hanh la $25%N, 4 T13,1- co6 loi (Nguyen et
aquimaris KG6-3 va  trong chau 25% P 48,6% pH va EC dugc duy al., 2022)
OChrobact}jum ciceri tri 6n dinh
TCM 39 (ran)

T pH 1,9-3,9
, $90 T NH4" 28,2 mg/kg
R. palustris (dangran  Meétrén | 25% N va Y /' i TPdétieu 14,8  (Nguyen et
phoi trdn rom ra) datphusa P Cl’lé E mg/kg al., 2023)
j T K trao d6i 0,353 -
0,543 meq/100g
TP dé tidu 253 -
Rhodobacter Dira trén . o, TP429% 339% (Tran et al.,
sphacroides (Iong)  détphen v 25%P  T121% K trao déi 0,353- 2022)
0,543 meq/100g
T NO;" 38,5%
Burkholderia tropica A 0 1400
L-VT0Sc va E. cloacae D530 | so0on 1549, 1207%  TNHS17.9%  (Nguyen et
dat phén vitamin C T P hitu dung al., 2024b)
N-VTO01 :
40,9%
Bacillus o
velezensis VK7 Ca chua 115,7% }1;&1116(’;1 7o carbon (Nguyen et
va Ensifer A . 4 10%NPK sinh khbi - ) 1A
seshanige SDT2.3 trong chau than 14 T’120,1 1% ty 1€ hat al., 2025)

A cat
(bot)

B. vietnamiensis BV2 , o Khong (Ngo et al.,

(16ng) Lia YSO%N it - 2024)

Lua trong .
Qi i L S (ogia
P & dit phu sa j

R. palustris VNW64, T pH 0,30 - 0,71

VNS89, TLS06 va ~ Dualusi  { 25% P Z jé%f ; ;I; 111204/‘11;1 TP dé ticu 18,9 - gLog f)t al.,

VNWO02 (Iong) e SULREIA 49 ok

Trén dt phu sa, phan bon vi sinh chira vi khuan lac tang tuong tng 8,1%, 12,5% va 19,5% vdéi ba

Azospirillum lipoferum va  Burkholderia phuong phap trén. Pong thoi diéu nay giup cai thién

vietnamiensis (c6 dinh N»), Pseudomonas stutzeri
(hoa tan P) va B. subtilis (phan giai K) da gop phan
tiét kiém tir 25% phan bon hoa hoc cho déu bap va
6t stmg vang, dén 50% phan bon hoa hoc cho ca soc
lem, ma ning suét tuong dwong v6i nghiém thirc
bon 100% phan hoa hoc. Ddng thdi pham chat nong
san tir cac nghiém thac st dung phéan bon vi sinh
duogc cai thién thong qua giam ham luong nitrate
trong trai so véi nghiém thirc bon 100% phén hoa
hoc (Nguyen & Cao, 2012). Wang et al. (2021) da
danh gia hiéu qua cua ba phuong phap bd sung vi
khuan kéo dai 5 nam: vi khuan hoa tan P
Burkholderia cepacia ISOPS, R. palustris ISP-1 va
t6 hop hai dong cho lac da dugc bd sung. Ning suat
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hap thu N, ting ham lugng protein trong hat, cai
thién chit lwong dat va mot s thay ddi nho trong
cong dong vi sinh vat dat. Viéc bd sung vi khuan da
giam ty 18 hién dién cua cic gen lién quan dén co
ché hip thu va van chuyén P trong hé vi sinh vat dt.
Nguoc lai, $6 lurong cac gen lién quan dén qua trinh
chuyén d6i P khong tan (v6 co) thanh dang d& hap
thu va khoang hoa P hitu co lai tdng I1én, phan anh
su diéu chinh chirc ning cia hé vi sinh vét theo
hudng cai thi¢n kha nang cung cép P cho cay tréng
(Wang et al.,, 2021). Ngoai ra, s0 luong tuong do6i
cua cac gen hen quan dén chuyén hoa N ciing duoc
tang cuong dang ké. Do d6, viéc ung dung cac dong
vi khudn B. cepacia 1SOP5 va R. palustris 1SP-1
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khong chi nang cao ning suit ciy trong ma con cai
thién chét luong dét, thic déy hoat dong sinh hoc
cta hé vi sinh vat dét, tr 36 mé ra hudng tiép can
hiéu qua cho mo hinh néng nghiép sinh thai va phat
trién bén ving.

Céac vi khuén chiu han san xuit ACC deaminase
Rhodococus kroppenstedtii 1PTS 7 va Bacillus
altitudinis CWN 5 da ting hap thu N va P twong imng
35,10 - 42,61 mg/g va 2,67 - 3,68 mg/g, tang chiéu
dal 1 va chiéu cao than dau den dén 174,24% va
194,86% khi trong chau trén dat thit pha cat trong
diéu kién stress han han. Hon nita, hoat dong ho hap
clia dit duogc ting cudng va ACC deaminase trong
dat cling tang tir 2,03 dén 5,51 umol/mL (udc tinh
theo phuong phép cia Honma and Shimomura
(1978, as cited in Chandwani & Amaresan, 2024),
do bang phuong phép quang phd & bude song 540
nm, str dung o-ketobutyrate lam chuan). Do d6, cac
dong vi khuén nay da giam stress han han cho cay
trong (cay déu den trong giai doan nay mam dén 30
ngay tudi) va tang cuong hap thu dudng chit ciing
nhu cai thién sic khoe dit (Chandwani &
Amaresan, 2024).

Két qua phan tich téng hop cua Pei et al. (2025)
da cho théy phan bén sinh hoc chira vi khuan, nim,
xa khuén hodc céac sinh vat phtrc hop da gitp tang
sinh truéng va nang suat cdy trong. Phan bon sinh
hoc da thuc day cdy trong sinh trudng va phat trién
thé hién qua cac chi tiéu hinh thai nhu chiéu cao,
chidu dai than, sb 14, kich thudc 14, tir d6 ting
25,42% sinh khbi cua cay tréng. Dic biét hé ré cay
tréng mo rong vé chiéu dai, dién tich bé mit, thé tich
19,23 - 38,03% va sinh khéi kho ting 26 ,06%.
Ngoai ra, phan bon sinh hoc cai thién nang sudt &
nhiéu nhom cay trong (ngii coc ciy dn qua, cdy lay
cu) thong qua tang so hat, s6 qua, trong luong qua
va ddng déu kich thudc cu. Trong sb 23 loai cay
trong duge tong hop phén tich, phan bon sinh hoc
d3 cai thién nang suit cia 21 loai, ching han nhu
cay ké cai thao, gung, cac loai dau voi nang suét tang
lan lugt 14 65,42%, 35,57, 39,18 va 54,03%. Chat
luong nong san ciing dugc cai thién dang ké, ham
lugng vitamin C, protein, carotenoid ting 14,61,
16,61 va 15,18% tuong tmg; dong thoi ham lugng
nitrate giam 21,94%. Dong thoi, phan bon tir vi sinh
vét cling giup tang hoat dong enzyme nitrogenase va
strc sdng cua ré, gop phan nang cao kha nang chong
chiu bénh, mic d§ bénh va ty 1€ méc bénh giam lan
luot 54,45% va 42,52%. Bén canh do, stc khoe dit
cling duogc cai thién khi st dung phén bon sinh hoc.
Diéu nay dugc thé hién qua ting ham luong chét hitu
co trong dét (16,64%), ting hoat dong cta enzym
nhu urease (57,60%), phosphatase (43,51%),
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sucrase (22,12%), catalase (24,97%), kich thich
quan thé vi sinh vat ¢6 loi phat trién trong khi trc ché
cac sinh vat gay bénh. Hiéu qua cta phan bon sinh
hoc dugc ti da hoa khi sir dung két hop véi cac chat
cai tao dét hiru co, dan dén nang suat ting 29,20%,
dic biét 1a bon trude khi trong.

Céc két qua nghién ctru trén da minh ching viéc
g dung phan bén vi sinh c6 thé nang cao hiéu qua
st dung phan bon hoa hoc, nho cai thién kha nang
hép thu dinh dudng va kich thich sinh truong cua
cdy trong. Thuc té cho thy, khi phan vi sinh dugc
Kkét hop véi phan hoa hoc, lwong phan bon héa hoc
¢6 thé giam dang ké (25 - 50%) ma ning sudt ciy
trdng van dugc duy tri hodc ting 1én. Dong thoi, cac
dic tinh 1y hoa hoc cua dét ciing dugc cai thién theo
hudng tang pH va ham luong dinh dudng (ca vo co
va hitu co), gop phan hudng téi canh néng nghiép
bén vitng va than thién véi méi truong.

4.3. Po6i voi mdi truomg

Viéc timg dung vi khuan con gop phan giam phat
thai khi nha kinh. Mot s6 vi khuan ¢ dinh N, cong
sinh ¢6 thé giam thiéu khi N,O bdc thoat tir viing ré
cdy ho d4u nho vao enzyme khir N,O. Vi khuén oxy
héa methane noi sinh (methanotrophs) trong ré laa
giam phat thai methane bang cach sir dung methane
nhu ngudn carbon dé ¢ dinh Na. Hara et al. (2022,
as cited in Minamisawa, 2022) sir dung chét trc ché
methane monooxygenase nhim han ché hoat dong
oxy hoa methane ctia methanotrophs loai II da cho
thdy 65% tong lwong N ¢b dinh boi 1& lta c6 ngudn
gbc tir qua trinh hoat dong cua methanotrophs, do
d6 methanotrophs dugc ung dung trén rudng lta vira
giup giam phan N hod hoc, vira giam phat thai khi
nha kinh. Ap dung Methylobacterium oryzae MNL7
da giam 19,9% lugng khi thai methane tich luy, dan
dén giam 15,2% tiém niang néng 1én toan ciu theo
ning suat laa (Malyan et al., 2021). Viéc tudi vi
khuan Methylococcus capsulatus liéu 15 L/ha cho
lua da gidm phat thai khi nha kinh methane va N,O
tuong tmg 31 - 60% va 34 - 50%. Ngoai ra, vi khuan
con gitp giam phan N nhung tang téc do quang hop,
d6 dan khi khong, tbc d6 thoat nudc 1én 18, 22, 48%
tuong ng va tang 15 - 27% nang suat hat & cac mua
va vung sinh thai khac nhau (Kumar et al., 2024).

Toém lai, phan bon vi sinh khong chi gitp giam
luong phan bon hod hoc, tang sinh truong, kha nang
chéng chiu cta cdy trong, ting ning suat va chat
luong ndng san ma con ting cuong sirc khoé dat
thong qua tai cau trac hé vi sinh vat theo huéng co
loi va ting d6 phi nhiéu cho dit, qua d6 gitip ting
hi€u qua su dung phan bon hoa hoc, tao ra vi moéi
truong thudn loi cho sy sinh trudng va ning suét cay
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trong bén vimng; ddng thoi giam phat thai khi nha
kinh gép phan bao vé méi truong song.

5. THACH TI-!UC §U DUNG PI-!AN BON
VI SINH VA GIAI PHAP THUC DAY

Phén bén vi sinh tir vi khuan dang dugc xem 1a
moét giai phap thay thé mot phan cho phéan bén hoa
hoc, gop phan giam thiéu tac dong bat loi dén moi
truong va thuc day canh tac néng nghiép than thién
v6i hé sinh thai. Cac dong vi khuan hitu ich trong
phan bon vi sinh c6 kha nang ¢ dinh Ny, hoa tan P
va K kho tan, san sinh cac chét kich thich sinh
truong thuc vat va ting cudng kha niang chéng chiu
cua cay tréng v6i diéu kién bét loi. Mic du duoc
khing dinh vé mit khoa hoc, tuy nhién viéc Ung
dung phan bon vi sinh trong thuc tién Van con nhiéu
han ché do cac rao can k§ thuat, kinh té va nhéan thic
x4 hoi.

1) Nhiéu dong vi khuan dugc phan 1ap va xac
dinh tiém nang (mg dung nhu phén bon vi sinh hang
ndm nhung s6 luong dong vi khuan duoc chuyén
sang giai doan bao ché thanh san pham vi sinh
thwong mai rat han ché (Diaz-Rodriguez et al.,
2025). Hon nita cac ché phim phan bén vi khuan
long va phan vi sinh su dung chét mang khir trung
chu yéu dugc 4p dung trong pham vi céac de tai
nghién ctru khoa hoc hodc mét s dy an san xuat thir
nghiém ma chua str dung trén dién rong (SFI, 2021).

ii) Nong dan chua c6 théi quen st dung phan vi
sinh do tap quan st dung phén hoa hoc vi tac dong
nhanh, d& nhan thiy; trong khi phén vi sinh lai c6
tac dong cham va gian tiép, vi thé nong dan kho
nhan ra loi ich 16 rang trong ngan han (Fasusi et al.,
2021). Ngoai ra, kha nang luu trit va bao quan kém
nén viéc 4p dung van chi mang tinh cuc bo (Nguyen
et al., 2024a).

iii) Tinh 6n dinh va hiéu qua ciia phéan vi sinh
trong diéu kién tu nhién kém 6n dinh. Hiéu qua cta
vi sinh vat trong phan boén vi sinh phu thudc vao
nhiéu yéu 6 moi treong nhu pH, nhiét do, do am, va
diéu kién dit cu thé. Ngoai ra, ph?ln 16n vi khun
trong phén vi sinh ¢ tinh chon loc va chuyén biét,
dé bi suy giam hoat tinh hoic khong phat huy tac
dung trong moi trudng dat khong phu hop hoic diéu
kién moi truong khic nghiét (Fasusi et al., 2021).

iv) San phdm phan vi sinh trén thi truong chu
yéu dén tir cic co sO san xuit quy mé nho véi cong
ngh¢ don gian, chi str dung cac dong vi sinh vét phd
b1en va quy trinh chua t6i wu. Hién tai, ngoai trir mot
so co s& dau trr cong nghé san xuat phan hiru co tién
tién, ddng bo tir nha may ti men vi sinh thi da phan
céc doanh nghiép khéc van str dung day chuyén thiét
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bi don gian, chi ding lai ¢ viéc st dung vi sinh vat
phé bién dé u nguyén li¢u hodc bd sung mot sb chét
sinh hoc, chat diéu hoa sinh trudng co ban. Didu nay
dan dén hiéu suat st dung thap va hiéu qua khong
6n dinh (SFI, 2021). Viéc thiéu chat mang pht hop
dé san xuét phan vi sinh, hoac diéu kién bao quan va
thoi han st dung ngén didc biét 1a cac ché pham
dang l6ng ciing han ché kha nang tmg dung rong rai
clia phan bon vi sinh tir vi khuan (Nguyen et al.,
2024a).

v) Chi phi phan bon vi sinh thudng cao hon phan
hoéa hoc truyén théng, trong khi nhan thirc ciia ngudi
dan vé loi ich méi trurdng cua san pham nay con han
ché (SFI, 2021). Nhiéu can bd khuyén nong chua
tich cuc tuyén truyén, huéng dan sir dung nén noéng
dan thiéu dong lyc chuyén doi. Pong thoi, cac thong
tin trén bao bi san phém con thiéu minh bach, nhu
khong ghi rd dong vi sinh, thoi han sir dung, diéu
kién bao quan, giam do tin cdy cta nguoi ding doi
v6i san pham (Fasusi et al., 2021).

Nhu vy, mac du phan bon vi sinh ¢6 tiém ning
16n trong viéc thuc ddy nong nghiép bén vimng,
nhung cac thach thirc néu trén cho thay can co sy cai
thién dang ké vé cong nghé san xuat, chinh sach hd
tro, truyén thong khoa hoc va su phéi hop chit ché
gitra nha khoa hoc, doanh nghiép va ngudi ndng dan
dé phan bon vi sinh thuc sy phat huy duoc gi tri
trong thuc tién san xuat néng nghiép. Do d6, dé nhan
rong va nang cao hi€u qua s dung phén bon vi sinh
trong san Xuat nong nghiép, viéc trién khai dong bd
nhiéu giai phap tir cap vi md dén co s¢ can dugc
thuc hién.

Mot 1a viée dau tu nghién ctru khoa hoc can dugc
tién hanh dé cai tién cong nghé san xuét, hoan thién
quy trinh cong nghé san xuat phan vi sinh. Cac nha
san xuat can dau tu vao cong nghé 1én men, kiém
so4t chét lwong dong vi sinh, Iya chon chit mang
phut hop dé bao dam hiéu luc sinh hoc cao va thoi
gian bao quan lau dai (it nhdt 1 nim & nhiét do
phong) bang cach sir dung chat mang vo tring hoic
ché pham dang 1ong vo tring, ké ca trong diéu kién
khi hau nhiét d6i khic nghiét (SFI, 2021; Diaz-
Rodriguez et al., 2025). Cac loai chat mang hitu co
bén nhur than sinh hoc, rac thai hitu co hodc chit nén
sinh hoc téng hop nén dugc nghién clru va img dung
dé nang cao kha ning sdng sot ctia vi sinh vat trong
d4t (Mohammadi & Sohrabi, 2012).

Hai 12 cin ¢6 co ché chinh sach hd trg, khuyén
khich doanh nghiép va hop tic xi tham gia san xuat
va phan phéi phan bén vi sinh; dic biét hoan thién
khung phap ly va hé thong tiéu chuan ky thuat,
chirng nhan, nhan mac san phém 13 hét sirc can thiét
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dé ting d6 tin cdy cia néng dan va dam bao tinh
minh bach trén thi trudng. Pdng thoi, viée cap nhat
va hoan thién hé thong quan 1y can duoc tién hanh
theo huéng dong by, bat kip su phat trién nhanh
chong cua linh vue vi sinh vat thiuc day sinh trudng
thyc vat - mg vién tiém nang trong san xuat phan
boén vi sinh. Mot khung quan ly hiéu qua nén cé
huéng dan rd rang cho quy trinh nghién ctru, phat
trién, thir nghiém va dang ky san phdm, nham bao
dam tinh an toan, 6n dinh va hiéu qua sinh hoc cta
cac ché pham trude khi dugc ing dung trong thuc
tién nong nghiép (Vassileva et al., 2021).

Ba la cong tac truyen thong, dao tao nong dén
can duoc ting cudng dé thay déi quan niém rang ché
pham vi sinh kém tin cdy hon cac loai phan thudc
hoéa hoc thong thuong. Trong do, cac chuong trinh
tap huén, khuyén néng dé nang cao nhan thirc cong
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