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TOM TAT

Vi sinh vat chuyén hoéa lan da dwoc nghién clru tir rat lau d& lam phan bén sinh hoc cho nhiéu giéng cay tréng
ca & phong thi nghiém va ngoai thyc t&. Tuy nhién, vi sinh vat chuyén héa lan van chwa duwoc thay thé phan bén hoa
hoc st dung trong néng nghiép thwong mai. Bai tdng quan nay trinh bay co' ché chuyén héa lan vé co va hivu co &
vi sinh vat dwoc goi la cac PSM va cac yéu tb chinh tac dong dén qua trinh nay. Cac PSM dién hinh nhw vi khuan
Azotobacter, Pseudomonas, Bacillus, vi ndm Aspergillus, Penicillium, Trichoderma, xa khuin Actinomyces,
Streptomyces va nam ré cong sinh Azospirillum, Rhizobium. Sy chuyén héa lan chiu sy tac dong chinh tlr sw hoat
déng, twong tac cla vi sinh vat trong méi trwéng dat, do d6 chiu sw anh hwéng béi chat dinh dwéng ciing nhw cac
d&c tinh ly héa cla dat va cla tirng ving khi hau. Bdng thdi, mét sb ching tién ndng nhw Azotobacter, Bacillus,
Trichoderma da va dang dwoc ap dung lam phan bén sinh hoc ciling dwoc dé cap trong bai bao nay, cho thay viéc st
dung vi sinh vat chuyén héa phétphat sé thic day néng nghiép phat trién bén virng va céng nghé nay da san sang
d& khai thac thwong mai trén toan thé gioi.

T khéa: Khoang héa, hoa tan, phét pho, vi sinh vat chuyén héa phétphat (PSM).

Phosphate Solubilizing Microorganisms and Their Potential Application For Agriculture

ABSTRACT

Phosphate solubilizing microorganisms (PSMs) have been studied for a long time to make bio-fertilizer for many
crops both in laboratory pots and in the fields. However, PSMs have not yet replaced chemical fertilizers in
commercial agriculture. In this review, we have presented the mechanisms of microbial organic and inorganic
phosphate solubilization known as PSMs and the key factors which influenced the success of this technology. The
most important PSMs included Azotobacter, Pseudomonas, Bacillus, Aspergillus, Penicillium, Trichoderma,
Actinomyces, Streptomyces, Azospirillum and Rhizobium. Phosphate metabolism was mainly influenced by the
activities and interactions of microorganisms in the soil, thus affected by nutrients as well as the physical and
chemical properties of the soil and the impact of the region atmosphere. In addition, some great potential candidates
such as Azotobacter, Bacillus, Trichoderma for application as bio-fertilizers have reported in this paper, and that was
also a suggestion of the use of PSMs will encourage sustainable agriculture and this technology is ready for
commercial exploitation worldwide.

Keywords: Mineralized, soluble, phosphorus, PSM.

mot trong nhiing nguyén t& thiét y&u can thiét

1. DAT VAN DE

T rat 1au, nguoi ta da biét hé vi sinh vat c6
vai trd to lén d6i véi cay trong, dac biét phai
nhic dén nhém vi sinh vat tham gia vao vong
tudn hoan photpho hay con goi 14 vi sinh vat
chuyén héa lan. Cung véi nitd, phétpho (P) la
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cho su phat trién va tang trudng cta thuc vat,
phétpho chiém khoang 0,2% trong lugng kho
cua cay (Azziz & cs., 2012). Trung binh ham
lugng lan trong dat khoang 0,05% (w/w) tuy
nhién, chi 0,1% trong s6 lugng phétpho it 81 nay
cay trong c6 thé hap thu dé phuc vu sinh trudng
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va phat trién (Zhu & cs., 2011). Mac da P la
thanh phan chinh c¢6 trong nudc bién, nhung
vaAn c6 rat nhiéu sinh vat thay sinh khong thé
hap thu di ngudn dinh dudng nay, do P két tua
trong tram tich duéi dang photphat vo co va
hitu co (Vassilev & cs., 2006).

T cac hé sinh thai khac dac biét nhu dat va
nude bao gdbm ven bién, ngoai khoi va riing ngap
man, vi khufin trong moéi trudng bién nhu
Pseudomonas,  Bacillus, Serratia, Vibrio,
Alcaligenes, Micrococcus, Corynebacterium va
Flavobacterium c6 kha nang thily phan cac hgp
chat P vé6 co (Pi), dong héa cac chat P hiiu co (Po)
va chuyén héa ching thanh céc hgp chéit vo co
hoa tan dé st dung d6i véi cay tréng (Chen & cs.,
2006; Dastager & Damare, 2013; Mudryk, 2004).
Cac chung vi khudn Bacillus, Pseudomonas,
Acinetobacter duge phan lap ti trAm tich ring
ngap mén hda tan phétphéat rit t6t va cé tiém
ning tng dung dé san xuit phan bén hiiu co ap
dung cho d4t ngap méan (Teymouri & cs., 2016).

Bén canh vi khudn ké trén, vi ndm ciing
dugc biét dén 1a c6 khd ning hoa tan photphat,
phd bién nhu Penicillium, Aspergillus (Rodriguez
& Fraga, 1999) Penicillium (Morales & cs., 2007,
Srinivasan & cs., 2020), Aspergillus, Penicillium,
Trichoderma, Azospirillum (Bashan & de-
Bashan, 2010). Vi ndm c6 thé di chuyén trong
dat moét khoang cach dai dé dang hon vi khuédn
va c6 thé quan trong hon déi véi qua trinh hoa
tan Pi trong d4t, vi ching thudng tiét ra nhiéu
axit (gluconic, citric, lactic, 2-ketogluconic, oxalic,
tartaric va axit acetic) hon vi khuén (Sharma &
cs., 2013). Ngoai ra, khoang 20% xa khuén, nhu
Actinomyces sp., Micromonospora sp. va
Streptomyces sp. c6 thé hoa tan P. Vi khuén lam
cling c¢6 hoat dong hoa tan photphat (Sharma &
cs., 2013).

Ngay nay, phan bén sinh hoc tit vi sinh vat
ngay mot dudec biét dén va ting dung rong rai
trong néng nghiép gitip cai thién ning suit ciy
trong va gép phan tao ra cac hé sinh thai néng
nghiép bén viing. Cac loai vi sinh vat dat khac
nhau (dic biét 14 vi khuén va n&m) biéu hién cac
dac diém thuc ddy tang trudng thuc vat PGPM c6
thé duge st dung dé san xuét phan bén sinh hoc
hiéu qua (Khalid & cs., 2009). Thuc té& cho thiy
cac ching PSM nhu cic loai thudc gidng
Azotobacteria, Rhizobium, Bacillus, Thiobacillus
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va Pseudomonas da dudc khai thac lam phin bén
sinh hoc ¢ quy mé nhat dinh (Li & Zhang, 2001).

2. CO CHE VI SINH VAT CHUYEN HOA
LAN KHO TAN

Cac qua trinh chinh gém (1) hoa tan - két
tua, (2) hap thu - giai hap va (3) khoang hoéa -
¢ dinh (chuyén d6i trung gian gitia cac dang Pi
va Po duéi tac dung cta vi sinh vat). Cac vi sinh
vat trong dat c6 tdc dung hoa tan P thong qua
(1) gidi phéng cac hop chat tao phtic hodc cac
ché't c6 thé hoa tan Po, vi du, cac anion axit hitu
co, H', OH va CO,, (2) giai phéng cac enzyme
ngoai bao (nham hoa tan Po) nhu phosphatase
va (3) giai phéng P trong qua trinh phan huy
chat Po (Sharma & cs., 2013).

Qua trinh PSM tham gia vao vdong tuin
hoan P trong dat dugc phac thdo chung nhu 6
hinh 1 phéng theo Khan & cs. (2009).

2.1. Sy hoa tan P v6 co (Pi)

Co ché& nay hoat dong thong qua sdn xuat
axit hitu co béi vi sinh vat dan dén (1) ha thap do
pH trong rhizosphere hoic (2) ting cudng chelate
héa céc cation lién két véi P, (3) canh tranh véi P
cho céc vi tri hap thu trén dat va (4) tao phtic hoa
tan véi cac ion kim loai (Ca, Al, Fe) lién két véi P
khoéng tan do d6 P dudgc gidi phéng. Su giam pH
clia mdi truong cho thdy su giai phéng cac axit
htiu co bdi cac vi sinh vat hoa tan P.

Céc axit hitu co 1a san phdm cta quéa trinh
trao d6i chit cta vi sinh vat, cha yé&u 1a do ho
hap oxy héa hoac bang cach 1én men cac ngudn
cacbon (C) hiiu co, PSM giai phéng axit
gluconic, axit oxalic, axit citric, axit lactic, axit
tartaric va axit aspartic phong theo phong theo
Alori & cs. (2017) dugc thé hién 6 hinh 2, ching
thuong c6 trong lugng phan ti thap va chu yéu
la gluconic (Khan, & cs., 2010). Cac axit hiiu co
c6 thé hoa tan truc ti€p Pi két qua cta su trao
d6i anion ctia phétphat bing anion axit hoic c6
thé chelate cac ion Fe, Al va Ca lién két véi P
(Omar, 1997). Tuy nhién, chi riéng qua trinh
axit héa dudng nhu khéng phai 1a co ché phd
bién ctia sy hoa tan. Trong mdt s6 trudng hop
chinh su thiéu hut phétphat 12 nguyén nhan
thic ddy sy hoa tan photphat ¢ vi sinh vat
(Gyaneshwar & cs., 1999).
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Rhizobium
Enterobacter
Bacillus
Pseudomonas

Hoda tan/Khoang hoa

P khé tiéu trong dét
(v co, hiru co)

P & dang hoa tan
cay co thé hap thu

Cé dinh

Azospirillum

Azotobacteria

Hinh 1. Vi sinh vat chuyén hoéa lan tham gia vong tudn hoan P trong dat

Axit Maloni

Axit Glycolic
Axit Glutamic

Axit Maleic

Axit Aspartic

Axit Gluconic -

Axit Lactic

Axit Succinic

Axit Propionic

Axit a-Ketobutyric

Axit Tartacric
_ Axit Fumaric

| Axit Glyoxalic
Axit Malic

= Axit Citric

Axit Oxalic
Axit Acetic
Axit Isobutyric
Axit Isovaleric

Axit Itaconic

Axit a-Ketogluconic

Hinh 2. Cac axit hitu co tham gia qua trinh héa tan Pi bdi vi sinh vat

Thuec su, su sinh t6ng hdp va giai phéng céc
axit hiu cd cua cac chung PSM vao moéi trudng
xung quanh lam axit héa t& bao va mdi truong
xung quanh cta chiing, din dén viéc gidi phéng
cac ion P tit Po bang cach thay thé H* cho cation
lién két véi photphat. Viéc bai tiét cac axit hitu
co nay di kém véi sy giam pH din dén axit héa
té& bao vi sinh vat va méi trudng xung quanh, do
d6, cac ion P dugc giai phong bang cach thay thé&
H* cho Ca* (Goldstein, 1994). Vi du, su déng
héa ctia NH," cung vé6i su giai phéng H" mang
lai su hoa tan P (Illmer & cs., 1995). Mot co ché
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thay thé dé san xuét axit hitu co dé hoa tan Pi
1a giai phong H* ra bé mat bén ngoai dé déi 14y
su hdp thu cation hodc véi sy trg giip cua
ATPase chuyén vi H* (Rodryguez & Fraga,
1999). Su dong héa NH,* trong t& bao vi sinh
vat di kém vdi viéc giai phéng cac proton va
diéu nay dan dén qua trinh hoa tan Pi ma
khong tao ra bat ky axit hiiu ¢é ndo (Sharma &
cs., 2013). Tuy nhién, hiéu qué cua cac axit vo
¢ va cic chat chelate trong viéc giai phéng P
trong d4t kém hon so véi cac axit hiiu cd, viéc
san xudt axit hiiu cd trong qui trinh hoa tan Pi



nh6 PSM khéng phai 1a 1y do duy nh4t 1am ting
néng d6 P trong méi trusng nudi cdy (Kim & cs.,
1997). Mot nghién cttu khac cong béd dich nudi
cady Pseudomonas sp. khong phat hién thay bat
ky axit hiiu ¢c6 nao dude sinh ra trong khi d6 qua
trinh hoa tan phétphat van xay ra, nguyén
nhan c6 thé qua trinh hoa tan phdtphat ma
khéng tao ra axit 1a gidi phéng proton di kém
v6i ho hap hoic dong héa NH," (Illmer & cs.,
1995). Cac co ché hoat dong ctia qua trinh hoa
tan Pi (Mineral Phosphate Soluble) da dugc
nghién ctu & chung Penicillium rugulosum
Mps* (chung phan lap IR94-MF1) va & cac thé
dot bién am tinh (Mps) va siéu duong tinh
(Mps™). Cac hoat dong MPS dugc do trong méi
trudng 1éng st dung sucrose lam nguén C, bén
nguén N (arginine, nitrat, nitrat + amoni va
amoni) va nguén P (KH,PO,, hydroxyapatite,
FePO, va AIPO,). Amonium lam gidm dang ké
kha nang hoa tan photphat va hoat tinh nay &
thé Mps*™ cao hon 1-66 14n so vé6i & chung phan
lap IR94-MF1, tuy thudc vao nguén P va N dudc
st dung. Kiéu hinh Mps* ¢6 lién quan chit ché
dén viéc san xuat axit gluconic hoic axit citric.
Déi véi MPS™ ¢6 su tham gia ctia cd ché bom H*
trong qua trinh hoa tan mot lugng nho photphat
(Reyes & cs., 1999), diéu d6 cho thay vai tro truc
tiép ctia axit hiiu co hodc vo co da bi loai tru.
Dé6i véi mot s6 vi sinh vat, gidi phéng proton do
NH," 1a co ch& duy nh&t dé thic ddy qué trinh
hoa tan phétphat. Hai chuing ndm Penicillium
bilaji va Penicillium cf. fuscum dudc ap dung dé
hoa tan phdtphat trong méi trudng nudi ciy
10ng. Su hoa tan Pi c6 lién quan truc tiép dén su
giam pH & ca hai ching khi dudc b6 sung nito
trong méi trudong nudi. Ngudn nito (6 dang
NH,*) trong méi truong can thiét dé tang kha
niang hoa tan P ctia ching P. bilaji. Cac ngudn
nitd anh hudng dén pha tiém phat (lag phase)
trude khi mdi ching bat dau hoa tan P, téc d6
va trong lugng Pi dugc hoa tan (Asea & cs.,
1988). Trong mdt nghién citu khac chi ra rang &
vi khuidn hoa tan phdtphat Pseudomonas
fluorescens, dang C cung cap (glucose, fructose)
cht khéng phai nito cung cap (NH,", NO,) c6
anh hudéng nhat dén su giai phéng proton (Park
& cs., 2009).
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2.2. Khoang héa P htiu co (Po)

Ham lugng Po trong d4t c6 thé cao téi 30-
50% téng lugng P va phan 16n chung & dang
inositol phosphate (phytate trong dat). Cac hgp

chat Po khac da dudc dé cap nhu
phosphomonoesters, phosphodiesters,

phospholipid, axit nucleic va phosphotriesters
(Rodryguez & Fraga, 1999). Ngoai ra, mot lugng
16n xenobiotic photphonat (thudc trit sau, phu gia
tdy rita, khang sinh va ch&t chéng chay) thudng
xuyén dudc thai ra ngoai mdi trudng ciing chda
Po va do d6 phai duge chuyén héa sinh hoc thanh
photphat ion hoa tan (Pi, HPO,*, H,PO,), hodc
Pi trong lugng phéan ti thap, dé dugc t& bao thuc
vat déng héa (Peix & cs., 2001). Su khoang héa P
14 qua trinh phan hay chat hiiu co c6 chia P dé
dan chuyén héa P thanh dang Po dé hoa tan. Su
loai b P lién tuc dan dén sy hoa tan cac hgp chat
Ca-P trong qua trinh trao d6i chat caa vi sinh
vat. Do d6, su phan hay P trong céc chat hiiu co
ludn tuong quan véi ham lugng P trong sinh khéi
cia PSM. Qué trinh sinh hoc nay déng mot vai
trd quan trong trong chu trinh P trong dat (Alori
& cs., 2017).

Cac nhéom enzyme khac nhau tham gia vao
viéc nay. Phétpho c6 thé dude giai phéong tit cac
hdp chat hiiu co trong dat béi ba nhém enzyme:
(1) Phosphatase (axit phosphataza) khong déc
hiéu, giai phéng PO,* tit cac chat hitu co c6 chta
photphat nho pha vd lién két phospho-ester hoéc
chat httu co, (2)
Phytases, ddc hiéu va tham gia vao qua trinh
phytic va (3)
Phosphonatases va C-P Lyases- 1a cac enzyme

phosphoanhydride trong

gidi phéng P tu axit

thuc hién su phan cat C-P trong cac muéi
organophosphonat. Vi sy hién dién chu yéu cua
cac co chit c6 trong d4t, do d6 hoat dong hoa tan
chuyén héa phétphat chinh trong dat 1a nhd axit
phosphataza va phytases (Rodriguez & cs., 2006).

2.2.1. Nonspecific acid phosphohydrolases
(NSAPs)/phosphatases
dac hiéu

enzyme  khéng

Nhiéu vi sinh vat dat nhu Aspergillus,
Penicillium, Mucor, Rhizopus, Bacillus, sinh ra
cac phosphatases 14 nhém enzyme khong déc
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hiéu (Nonspecific acid phosphohydrolases-
NSAPs). Ching duge tiét ra dudi dang protein
hoa tan trong chu chat (periplasmic) hodc tén
tai duéi dang lipoprotein lién ké&t véi mang
ngoai té& bao vi sinh vat (outer membranes). Day
14 nhiing enzyme thuly phan cac chit hiiu co c6
chtia P nhu nucleotides, sugar phosphates, axit
phytic... va do dé gidi phéng phétphat PO,* nho

pha v3 cac lien ké&t phosphoester hodc
phosphoanhydride.
o o

Il Phosphatase ]
R-0-P-0O +H,0 —» H-0-P-0O" +ROH

” Enzyme "

o (o}

Cac NSAPs dugc x&p vao 16p B it c¢6 dai dién
trong méi trudng bién va trén can, phan anh
méi lién hé cta ching véi vi khudn dudng rudt
va vi khudn gay bénh. Cac NSAP 16p A 6 chu
chat va 16p C lién két v6i mang ngoai tim thay
phd bién hon. NSAP c¢6 nhiéu & vi sinh vat bién
hon hé sinh théai trén can va gen loai C phong
pht hon gen loai A, ngoai tri trong than bun c¢6
tinh axit noi gen loai A chiém uu thé. Cac gen
loai C phan b6 rong rai hon khi chiing lién két
v6i mang ngoai caa t€ bao vi khudn va do d6
ching c6 vai tro ré rang trong chu trinh Po, déc
biét 1a trong dat (Neal & cs., 2018).

Cac nhém enzyme khac nhau tham gia vao
viéc nay. Nhém enzyme dau tién 1a nhiing
enzyme dephosphorylat héa lién két phosphor-
ester hodc phosphoanhydrid cta ciac hop chat
htiu co. Ching la cac phosphatase axit khong
dac hiéu (NSAP). Duge nghién c@tu nhiéu nhat
trong s cac enzyme NSAPs do PSM giai phéng,
la cac phosphomonoesterase con dugc goi la
phosphatase (Nannipieri & cs., 2011). Do pH
ctia hiu hét cac loai dat noi c6 hoat ddng hoa
tan photphat sinh hoc ndm trong khoang tir gia
tri axit dén trung tinh. Diéu nay cho thay
NSAPs dong vai tro chinh trong qua trinh nay
(Rodriguez & Fraga, 1999).

Phosphatase axit chiém uu thé § dat chua,
trong khi phosphatase kiém cé nhiéu hon & dat
trung tinh va dit kiém. Ngugc lai véi
dugc tao ra bdi thuc vat,
phosphatase c6 ngudn géc vi sinh vat cé ai luc

phosphatase

16n hon v6i Po. Hoat dong phosphatase trong
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dat ciing tang tuyén tinh véi ham lugng chat
hiiu cd trong d4t, ham lugng P trong dat, do pH
cia dat, diéu kién d6 4m va nhiét do
(Nannipieri & cs., 2011).

2.2.2. Phytases

Enzyme phytase (myo-inositol
hexakisphosphate phosphohydrolase) 1la nhém
enzyme thuy phan phytic axit (myo-inositol
hexakisphosphate) 1a nguén P khé tiéu trong cac
mo thuc vat dic biét trong qua va hat thanh cac
Pi c6 thé st dung dude (Mullaney & cs., 2000).

Axit phytic ¢6 sau nhém phétphat c6 thé
dugc giai phéng bdi phytase véi ti 1é khac nhau
va theo thi tu khac nhau. Cac phytases thuy
phan phétphat tu axit phytic theo cach tiung
bude, tao ra cic san phadm trd thanh chit nén
cho qua trinh thiiy phan tiép theo. HAau hét cac
phytase c6 thé phan cit nim trong sau nhém
phétphat tir axit phytic. Cac phytases da dudgc
phan nhém dua trén vi tri photphat dau tién
cua axit phytic bi thiiy phan.

Phytases

Myo-inositol hexakisphosphate + H,O0 2252 5,

1D-myo-inositol 1,2,3,4,5,6 pentakisphosphate
+ Phosphate

Enzyme phytases dugc tim thay trong dong
vat, thuc vat, ndm, vi khuén, tuy nhién ndm va
vi khuéin 14 d6i tugng san sinh enzyme dang ké
nhat (Mullaney & Ullah, 2003). Thuyc vat
thuong khong thé thu nhan phétpho truc tiép ti
phytate, tuy nhién, su hién dién cia PSM trong
tdng sinh quyén c6 thé bu ddp cho viéc cay
khong c6 kha niang thu nhan phétpho truc tiép
tu phytate (Richardson & Simpson, 2011).

2.2.3. Phosphonatases va C-P Lyases

Nhiing enzyme nay pha v lién két C-P cuaa
organophosphonates (Rodriguez & cs., 2006). Vi
sinh vat dat san sinh ra mot loat céac
phosphatase va khi dugc nudi cdy trong moi
trudng phong thi nghiém c6 kha ning st dung P
ti cac dang Po khac nhau c6é trong dat nhu
inositol  phétphat (phytate; myoinositol
hexakisphosphate ciing véi cac déng phan khac
va cadc dan xuat bac thap hon), Biinemann
(2008) cong bé riang 60% téng luong Pi thudng



c6 thé bi thuy phan bdi phosphatase véi lugng
cao nhat dugc gidi phéng bdi phytases. Ca
phosphatase thuc vat va vi sinh vat déu c6 hiéu
qua trong viéc gidi phéng orthophosphat tir Pi
trong dat, v6i mot s6 bang chiing cho thay cac
enzyme vi sinh vat c6 hiéu qua giai phéng P cao
hon (Tarafdar & cs., 2001)

3. YEU TO ANH HUONG DEN QUA TRINH
HOA TAN PHOTPHAT CUA VI SINH VAT

Kha ning chuyén héa 1an hitu co va vo co
khéng hoa tan cia PSM lién quan dén dd giau
dinh duéng cua d4t, tinh trang sinh 1y va sinh
trudng cta sinh vat. PSM tit méi trudng khéc
nghiét nhu dat min - kiém, dat c6 mtc dd
thiéu dinh dudng cao hodc dat tU moéi trudng
nhiét do khic nghiét c6 xu huéng hoa tan
nhiéu phétphat hon PSM tu dat ¢ diéu kién 6n
hoa hon (Zhu & cs., 2011). White & cs. (1997)
da tim th&y 20-25°C 1a nhiét do t6i wu dé vi
sinh vat hoa tan phétphat, trong khi mot sé
nghién ctu khac la 28°C (Narsian & Patel,
2000). Ngoai ra, nhiing nguci khac nhu
Bidondo & cs. (2011), Rosado & cs. (1998) va
Johri & cs. (1999), da ghi nhan 30°C la nhiét
do t6t nhat d¢é hoa tan photphat. Nautiyal & cs.
(2000) cong bd c6 sy hoa tan phdtphat ¢ nhiét
d6 45°C trong dat sa mac.

Trong s6 cac yéu td khac anh hudng dén
qua trinh hoa tan phétphat 1a su tuong tac véi
cac vi sinh vat khac trong d4t, sinh thai, loai
dat vung khi hau, loai cay trong, cac dic tinh 1y
héa ctia dat (Seshachala & Tallapragada, 2012).
Phétpho dude hoa tan nhanh hon &6 vung khi
hau &m 4m va cham hon 6 vung khi hau kho
mat. Dat dude thong khi tot sé dé dang cho phép
hoa tan phétphat nhanh hon so véi dat uét bao
hoa. Zhang & cs. (2014) cong bd viéc bs sung
mét lugng nhé Pi vao sinh quyén c6 thé thuc
ddy qua trinh khoang héa axit phytic bdi vi
khuén va do dé cai thién dinh dudng phétpho
cua thuyc vat. Véi va phan tron, duge si dung
lam chit cai tao dat, cling c6 tac dung tich cuc
d6i véi chat hoa tan photphat, quan thé vi
khudn da dang va phong phd hon sau khi luan
canh cay trong (Azziz & cs., 2012). D4at giau
chat hiiu co sé tao diéu kién cho vi sinh vat phat
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trién va do d6 tao diéu kién cho vi sinh vat hoa
tan P. M6i tuong quan nghich da dude quan sat
thay gifia lugng photphat dudec hoa tan bdi
B. cepacia SCAUKO0330 va su sut giam pH lién
quan dén quéa trinh nay. Su giam pH dan dén su
gia ting kha n#ng hoa tan phétphat (Zhao &
cs., 2014). Kha ning hoa tan photphat phan 16n
phu thudc vao loai chit chuyén héa dudc tao ra
va tdc do giai phéng cua né (Zhu & cs., 2011).
Photphat hoa tan c6 sdn 6 méi trudng ngoai
sinh c¢6 anh hudng dén hoat dong cia qué trinh
hoa tan phétphat, axit héa moéi truong, su ting
trudng va su tiét axit hiiu co ctia vi khuédn phan
giai photphat Pseudomonas frederiksbergensis
JW-SD2, qué trinh hoa tan photphat giam khi
tang néng dd phdtphat ngoai sinh va pH méi
truong tang (Zeng & cs., 2016).

Ciing nhu mot s6 chat dinh dudng thuc vat
khac, P trong dat bi anh hudng nhiéu bdi d6 pH
cua dat. Do pH cua dat “ly tudng” 1a gan trung
tinh va dat trung tinh dudc coi 14 nam trong
pham vi tit d6 pH hoi chua 1a 6,5 d&n d6 pH hoi
kiém 1a 7,5. Ngudi ta da xac dinh rang hau hét
cac chat dinh dudng thuc vat déu c6 sdn mot cach
t61 uu cho cdy trong trong pham vi pH ti 6,5 dén
7,5. O cac gia tri pH kiém, 16n hon pH 7,5 cc ion
PO,* ¢6 xu huéng phan ting nhanh véi canxi (Ca)
va magié (Mg) dé tao thanh cac hgp chat it hoa
tan hon. O cac gia tri pH c¢6 tinh axit, cac ion
PO,* phan tng v6i nhom (Al) va sét (Fe) dé tao
thanh cac hop chat it hoa tan hon. Do vay trong
ndng nghiép ngudi ta san xuidt hai dang lan
chinh phan super va phan lan nung chay cho phu
hop vé6i nhiéu loai dat c6 pH khac nhau.

5. Tlﬁlyl NANG AP DUNG VI SINH VAT
CHUYEN HOA LAN TRONG NONG NGHIEP

PSM 14 tac nhan kiém soat sinh hoc chéng
lai moét s6 mAm bénh thuc vat, quan 1y mam
bénh bang cach tao ra cac hop chit chéng nam
(phenolics va flavonoid), khang sinh, hydro
xyanua, tc ché su phat trién cta maAm bénh
thuc vat. Nhiéu vi sinh vat trong dat va than
ré c6 kha ning hoa tan va khoang héa
photphat 1am cho d4t khong bi phd dudng va
giam thiéu 6 nhiém P & cAc mach nudc ngam
(Bhattacharyya & Jha, 2012). Cac vi sinh vat
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d4t chiu man ho#c ua mén ciing thé hién kha
ning hoa tan phétpho khéng hoa tan tao diéu
kién phat trién néng nghiép dua trén d&t min-
kiém (Zhu & cs., 2011). Ngoai ra PSM khoang
héa cac chit dinh dudng khac cho cidy nhu K,
Mg, tac dong gian tiép cia PSM nhu nhé c6
hoat dong sinh trudng va phét trién ctia ching
trong dat trong da gitp dat toi x6p, gifi can

\£Z.

Co ché tac dong gian tiép:

Cai thién do toi xop cta dét, tranh
dat bi chai sau thai gian st dung
Giap cdy khoe manh nho ¢6 hoat
dong dbi khang sinh vt gdy hai
(Sinh chit khéng sinh, HCN)

bang pH cho dat, ngoai ra ching con cd dinh
nito, san sinh axit hiiu co, loai bd kim loai 6
nhiém (Biswas & cs., 2018; Gupta & cs., 2016;
Hariprasad & Niranjana, 2009; Jiang & cs.,
2008). V4i nhiing tinh ning rat c6 ich cho cay
trong, thuc su PSM 14 nhom nhiing vi sinh vat
hitu ich (plant growth promoting) cho cy tréng
(Hinh 3).

Co ché tac dong truc tiép:

Phén giai phét phat kho tan
C6 dinh ni to khong khi

Sinh hoc mén sinh trudng thuc vit

(auxin, NAA, ..)

Khoang hoa chit khoang (K, sit,..) |

Hinh 3. Tac dung cta vi sinh vat hitu ich véi cay trong

Bang 1. Mét s6 (tng dung ctia vi sinh vat hitu ich d6i véi cAy trong

Déi twong Tac déng 1én Vi sinh vat Tai liéu tham khao

Ngd, cachua  Tang ndng suét B. amyloliquefaciens Akladious & Abbas, 2014;
Trichoderma virens Molla & cs., 2012

Cay me Tang néng suét hat virng va dadu me Azospirillum Azobacter Shakeri & cs., 2016

Lda mi Tang nang suét Azotobacter chroococcum va Kumar & cs., 2014;
Bacillus subtilis Kumar & cs., 2001

Sup lo xanh Tac dong Ién sw sinh trudng, hép thu dinh Bacillus cereus Brevibacillus Ertan & cs., 2011

dwdng va nang suat reuszeri va Rhizobium rubi
Ca chua Thuc ddy tang trwdng, d dai ré va chdi cao Rhodotorula sp. PS4 Mundra & cs., 2011

hon 9,4 va 6,4%, nang suét qua tang 3,0%

Thuc day sinh tredng va phat trién, tang kha
nang hap thu P

Cay dau xanh
Vigna radiata

Lda Thuic ddy sy sinh trwdng va phat trién toan

dién cla cay (t6t hon ché phdm thuwong mai iy

chiing Azotobacter sp. (AzC))

Cay dau co Tang kha nang st dung P clia cay

Tang cwdng kha nang chdng chiu stress oxy
héa & cay

Cu cai duwong

Aspergillus awamori S29 Jain & cs., 2012

Azotobacter sp. ching Avi2 Banik & cs., 2019

(MCC 3432)

Burkholderia gladioli va Istina & cs., 2015

Penicillium aculeatum

Azotobacter sp. Stajner & cs., 1997
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Aspergillus niger 1107 da dudc phéan lap va
x4c dinh 14 mot loai nAm hoa tan phétphat hiéu
qua. Chung nay dudc dung dé san xuét ché
phdm phan bén P sinh hoc véi vat liéu mang
nhu than bun, 161 ngd véi perlite (CCP), trau lua
mi véi perlite (WHP) va phéin gia sic véi perlite
(CCMP). Déi vé6i ché phdm véi WHP, hon
2,0 x 107 g ! bao ti cta ché pham A. niger séng
s6t sau 7 thang bao quan. Khi bén ché& phdm
nay cho cay bép cai tréng trong chau, da c6 5,6
x108 bao tu A. niger g ! dat trudc khi thu hoach
cdy. Ché& phdm véi than bun va WHP cho cay
phat trién hon (P <0,05) so véi cdy trong trong
da't duge xt Iy bang ché& pham véi CCMP. Ngoai
ra, phan bon sinh hoc P dua trén than bun va
WHP tiang ham lugng P sin c6 trong dat (Wang
& cs., 2015). Su sinh s6i va 6n dinh cuaa
Azotobacter chroococcum NV 11 va dot bién NV
43 dugc danh gia véi cac 16 dat thi nghiém va ré
cla cdy lda mi d thoi gian 7, 15 ngay sau khi
gieo ngoai tu nhién va 45 ngay véi cac chau
trong trong nha. Cé su sut giam rd rang vé mat
d6 cua ca hai chung trong d4t, ngudc lai 6 ving
ré thi c6 su gia ting 6n dinh tu 10° dén 10* vi
khuén trén mdi gram ré. Cac chting Azotobacter
c6 thé ton tai, sinh sbi va phat trién t6t trong
ving ré cAy lia mi va gidp cAy phat trién bén
viing (Kumar & cs., 2000). M6t s6 ting dung cta
PSM-vi sinh vat hitu ich d6i véi cay trong dugc
ghi chi trong bang 1.

Vi sinh vat déng mot vai tro khong thé
thiéu trong chu trinh P cta dat, vi chung lam
trung gian cho su van chuyén chit dinh dudng
ti dat dén cay tréong (Alori & cs., 2017;
Richardson & Simpson, 2011). So v6i thuc vat,
vi sinh vat dudng nhu c6 kha nang trao d6i chat
da dang hon dé cai thién kha ning tiép can sinh
hoc cia cac dang P khac nhau trong dat
(Rodriguez & cs., 2006).

5. KET LUAN

Vi sinh vat thudc cac giéng vi khudn nhu
Azotobacter, Bacillus, Pseudomonas xa khuin
Streptomyces  vi Aspergillus,
Penicillium, Trichoderm va ndm ré céng sinh
Azospirillum, Rhizobium da dudc biét dén 1a

ndm nhu
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nhiing gidng c6 kha nang chuyén héa 1an vé co va
hitu ¢o rat hidu qua. Ap dung PSM dé gitp cay
trong chuyén héa lan trong dit lam tang tinh
kha dung sinh hoc ctia phétphat trong dat. Ngoai
chuyén hoéa 1an mét sé ching thudc cac giéng
Azotobacter, Bacillus, Pseudomonas,
Streptomyces, Trichoderm con mang nhiéu dic
tinh thdc d4y ting trudng thuc vat nhu khang vi
sinh giy bénh, sinh cic hormone sinh truéng noi
sinh va cd dinh nito tu do, nén dudc goi chung 1a
vi sinh vat hiiu ich véi cay trong. Mot s6 chung
tién niang nhu Bacillus,
Trichoderma, da va dang dude ap dung lam phén
bén sinh hoc va thu dude hiéu qua nhat dinh. Tu
d6 c6 thé thdy, viéc st dung vi sinh vat hiiu ich
lam phén bén sinh hoc trén dién rong nhiam thay
thé phan bén héa hoc giam thiéu tac dong tiéu
cuc dén moi truong dé phat trién nong nghiép
bén viing c6 tinh kha thi rat cao. Tuy nhién, can
phai phat trién céc san phdm phan bén sinh hoc
riéng biét phu hdp véi cac loai d4t khac nhau dé
thu dudgc hiéu qua t6t nhat khi 4p dung.

Azotobacter,
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