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1. PAT VAN DE

Dit 1a moi truong séng cho hang tridu vi sinh vét (VSV), trong d6 >85% la cac
loi ¢6 lgi cho céy trong. Dat chat lugng tot ¢6 ty 18 trung binh 93% chat khoang va
7% chat hitu co sinh hoc, bao gdm mun (85%), ré (10%) va hé sinh vat dat (5%) [1].
H¢ sinh vat dat bao gom VSV dat (khoang 80%) va dong vat dat nhu giun tron,
tuyen trung (khoang 20%). Trong VSV dat, nAm va tao chiém 50%, nra con lai la vi
khuédn va xa khudn. VSV dit 1a yéu té chinh quyet dinh su can bang sinh thai trong
dat thong qua vai trd trong cac chu trinh chuyén hoa vat chat trong ty nhién. Dat co
h¢ VSV khoe manh s& c6 cac ddc tinh 1y héa can bang, dam bao cac diéu kién thich
hop cho san xuét ndng nghiép [2]. Ngoai ra, h¢ VSV dat con c6 mdi tuong tac dac
biét ddi vei cay trong, nhiéu loai sdng cong sinh/hdi sinh véi thuc vat va ho tro ciy
trong bang nhiéu phuong thirc khac nhau [3].

Duéi 4p luc dién tich canh tac ngdy cang bi thu hep trong khi nhu ciu ting
ning suat cdy trong, nhiéu loai phan bén hoa hoc va cac hoa chat bao vé thuc vat
dang dugc st dung qué murc trong canh tac noéng nghiép. Cung voi tinh trang khai
thac qua muc khién dat bi bac mau nghiém trong va khé c6 kha niang tu phuc hoi.
San xuét nong nghiép theo hudng phat trién bén vimng st dung cac ché pham sinh
hoc tir VSV 1a céch tiép can duoc nhiéu quéc gia trén thé gidi quan tdm [4]. Cac san
pham tir VSV nhu phén bon vi sinh chtra cic VSV c6 ich, gitp ting cudng d6 phi
nhiéu cua dat va ho trg sinh trudng cta cdy trong thong qua (i) ting cudng dinh
dudng nho ¢ dinh nito, hoa tan phosphat/kali/kém; (ii) ting d6 phi nhiéu cua dit
nh¢ phéan hiy cac chat hiru coj; (iii) kich thich sinh trwréng nho san sinh cac hormon
thyc vat va (iv) dbi khang céc tic nhan gdy bénh thyc vét [5]. Cac minh chimg thyc
nghiém cho thdy bo sung vi sinh vat vao dat canh tac 1a mot loi thé so voi st dung
hoa chat trong nong nghiép nho vai trd nén tang ctia VSV nhu 1a ngudn dinh dudng
tai tao than thién vai moi tredng va kich hoat cac qua trinh sinh hoc trong dat, tr do
khoi phuc d6 phi nhiéu cua dét [6].

Theo théng ké, dién tich dét ty nhién ctia Viét Nam 1a 33 triéu ha, trong d6 26,1
triéu ha duoc sir dung cho néng nghiép (bao gém trong trot, chin nudi va thity san) [7].
Theo bao céo cua Tong cuc quan ly dat dai (2020), Viét Nam hién nay c6 t6i 11,838
triéu ha dét nong nghiép bi thoai hoa, trong d6 1,2 triéu ha bi thoai hoa nang, 3,787
triéu ha bi thodi hdéa ¢ muc trung binh, va mot phﬁn 16m 6,844 triéu ha bi thoai héa nhe.
St dung VSV hitu ich trong canh tic nong nghiép 1 cach tiép cén an toan dé timg
bude kiém soat tinh trang thoai hoa dit canh tac hién nay. Viéc st dung phan bon vi
sinh trude hét 1am ting tinh da dang va duy tri sy can bang cua hé VSV dét, nho d6 cai
thién hiéu qua méi truong dat. Hé VSV dat dugc lam giau khong chi thic day cay hap
thu va st dung hi¢u qua céc chat dinh dudng N, P, K, va ting ning suat ma con giip
cdy tang strc dé khang toan than, ngin chan hiéu qua sy xdm nhap ctia mam bénh [8].
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Trong nghién ctru nay, hai ching vi khuan ban dia 1a Bacillus velezensis VK7
va Ensifer sesbaniae SDT2.3 duoc tuyén chon dé img dung trong muc dich cai thién
chat luong dat canh tac bi thodi hoa nho s¢ hitu cac dic tinh sinh hoc quy nhu ¢
dinh nito, sinh IAA, sinh EPS va siderophore, hoa tan phosphat. Hiéu qua cai tao dat
cua cac chung ndy dugc minh chimg thong qua thi nghiém trong cdy trén dit canh
tac bi thoai hoa trong diéu kién nha luéi.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong

Chiing vi khuan VK7 phén 1ap tir dat vuon va chung SDT2.3 tir nét san ré dau
tuong duoc luu gilr tai Trung tdm Nguoén gen Vi sinh vat Quoc gia (Vietnam Type
Culture Collection, viét tat 1a VTCC).

Cay ca chua Ansal (An Do) Lycopercicum esculentum Mill 1a gidng chiu nhiét,
& d0 tudi 5-6 tuan, cao 10-12 cm, ¢6 5-6 14 that duogc st dung trong thi nghiém.

Dat bi thoai hoa dugc 1y tai Nong truong che Long Phu, xa Hoa Thach,
huyén Quoc Oai, Ha Noi. Theo két qua diéu tra bang phuong phap phong vén, dat
duogc trong ché su dung phén bon hoa hoc trong thoi gian dai. Trong nhimg nam gan
day dat trd nén kho, chai cing, cdy phét trién kém va nang suét thap. Cac chi tiéu
tinh chat ctia dat dugc phan tich tai phong thi nghiém Soiltech (Toa HT1, Khu d6 thi
DHQGHN tai Hoa Lac, Thach That, Ha Noi) (Bang 1).

Bing 1. Tinh chét I hoa cua dét thu thip ¢ ndng trudng ché Long Ph,
x4 Hoa Thach, huyén Quoc Oai, Ha Noi

TT Chi tiéu Pon vi tinh Lwong Ghi chu
1 | Cép hat cat % 23,36
2 | Cép hat Limon % 41,60 | Thit pha sét
3 | Cap hat sét % 35,04
4 | Ntongsd % 0,14 | Trung binh (0,12-0,2%)
5 | Ndétiéu mg N/100 g 39,38
6 | NH4" mg N/100 g 0,45
7 | Kdétiéu mg K,0/100 g 17,17 | Trung binh (12-25%)
X in Kha giau 1an (8-15
8 | Pdetiéu mg P,0s5 /100 g 14,03 mg/100 )
Carbon hitu co o \ o
9 tong 56 (OC) % 1,98 | Ngheo (<2,5%)
Chat hiru co téng .
10 | % (OM) % 3,95
11 |pH 4,08 | Pt chua
12 | Do am % 17,08
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2.2. Phuwong phap

2.2.1. Ddnh gid cdc hoat tinh sinh hoc ciia vi khuin

Cé dinh nito: Hoat tinh c6 dinh nito duogc dinh lwong théng qua phuong phap
khir acetylen [9, 10]. Vi khuan dugc nudi trong méi tmong TSB 1/5 (HiMedia, An
Do) trong 24 gio tai 28-30°C, lic 120 vong/min. Sau d6 ciy chuyen dich nuoi (ty 1¢

10% thé tich) vao binh serum chira méi truong Mannit dich thé khéng c6 ngudn nito
(mannitol 10 g, KH,PO4 1 g, MgS04.7H,0 0,5 g, NaCl 0,5 g, CaCl,.2H,0O 0,05 g,
1 mL dung dich vi lugng, nuéc cat 1 L, pH 7,2) [11] rdi day kin binh bang nat cao
su va kep vong nhom. Hat 3 mL khi trong binh va thay bang 3 mL khi acetylen
(ngoai trir d6i chimg 4m). Cac binh dwgc tiép tuc nudi trong 24 h & nhiét do 28-
30°C, lac 120 vong/min. Khi ethylen tao ra trong cac binh dugc xac dinh bang sic
ky khi (Agilent 7890A, USA) str dung detector FID véi ché d¢ van hanh nhu sau:
nhiét do detector 250°C, nhiét do 16 60°C, khi mang la helium & tbe do dong
30 mL/min. Ham luong khi ethylen duoc tinh toan duwa trén dudng chuan xay dung
cho khi ethylen tiéu chuan (Messer Viét Nam).

Sinh phytohormon Indol-3-acetic acid (IAA): Vi khuan dugc nudi trong moi
truong TSB 1/5 (HiMedia, An Do) bo sung L-tryptophan (1 g/L) tai 28-30°C, lac
120 vong/min trong 7 ngay. Dich nuéi duoc ly tim 6000 vong/min trong 20 min dé
loai t& bao. Dich canh truong sau d6 dugc tron véi thude thir Salkowski (98 mL
perchloric acid HCIO4 35%, 2 mL FeCl; 0,5 M) theo ty 1¢ 2:1 (v/v) va gilr trong diéu
kién tbi trong 30 phut. Po d¢ hap thu & budce séng 530 nm va tinh toan lugng IAA
dua trén duong chudn cé ndng do trong khoang 10 - 100 pg/mL [12].

Hoa tan phosphat: Vi khuin duoc nudi trong moéi truong dich thé PSM
(sorbitol 10 g, Cas(POy4), 5 g, MgCl,.6H,O 5 g, MgS04.7H,0 0,25 g, KCI 0,2 g,
(NH4)2804 0,1 g, nuée cat 1 L, pH 7) tai 28-30°C, lac 180 vong/min trong 48h. Hoat
tinh hoa tan phosphat duoc x4c dinh thong qua dinh lwong PO,>~ qua phan tng tao
phirc hop antimon-phospho-molybdat va do d¢ hép thy & budc song 882 nm [13].
Puong chudn ndng d6 PO, dwoc xdy dung st dung dung dich KH,PO, trong
khoang 0 - 600 pg/L.

Sinh exopolysaccharide ngoai bao (EPS): Vi khuan duoc nudi trong moi
treong dich thé YEM (cao ndm men 0,5 g, inositol 4 g, nude cat 1 L, pH 7) tai 28-
30°C, lic 160 vong/min trong 72 h. EPS dugc tia bang ethanol lanh theo ty 1¢
ethanol:dich nudi = 3:1 (v/v). Phan tua sau ly tim dugc sdy ¢ 60°C trong 48 h va cén
dén khoi lugng khong doi [14].

Sinh siderophore: Hoat tinh sinh siderophore dugc danh gia theo phuong
phap cua Lakshmanan et al. (2015) [15], tom tit nhu sau: Hoa tan 60,5 mg chrome
azurol S (Sigma) trong 50 mL nudc cat, sau d6 tron véi 10 mL dung dich sat (IIT)
(FeCl3.6H,O0 1 mM, HCI 10 mM). Hon hop nay duoc rét tir tir vao dung dich
hexadecyltrimethylammoni bromua (CTAB) 5 M, tron déu roi khir trung. B6 sung
dung dlCh vao moi truong TSA (Hlmedla) da VO tring véi ty 18 10% thé tich, tron
déu rdi chia vao cac dia petri. Vi khuan dugc cay trén dia va nu6i ¢ 28-30°C trong 3
ngay. Hoat tinh sinh siderophore dwgc nhan biét théng qua thay d6i mau séc moi
truong tu xanh duong sang vang cam.
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2.2.2. Dinh danh vi khuin

DNA hé gen cua chung vi khuan duoc tach bang EZNA Bacterial DNA kit
(Omega, M¥). Trinh ty gen 16S rDNA dugc khuyéch dai bang cip mdi 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") va 1492R (5'-GTTACCTTGTTACGACTT-3")
véi chuong trinh PCR sau: 94°C 3 min, (94°C 30 s, 55°C 45 s, 72°C 1,5 min) x 35
chu ky, 72°C 7 min, két thiic 4°C [16]. Cap mdi str dung dé khuyéch dai cac ving
bao ton cua gen rpoB 1a rpoB2292f (5'-GACGTGGGATGGCTACAACT-3") va
rpoB-3354r (5'-ATTGTCGCCTTTAACGATGG-3") voi chuong trinh PCR sau:
94°C 5 min, (94°C 30 s, 55°C 30 s, 72°C 1 min) x 30 chu ky, 72°C 7 min, két thac
4°C [17]. San pham PCR sau d6 dugc tinh sach bang PCR purification Kit (Bioneer,
Han Qudc) r6i tién hanh phan tng doc trinh tu véi ABI Prism BigDye Terminator
cycle sequencing kit va doc trinh ty trén may tu dong 3110 Avant Appied
Biosystems. Trinh ty sau d6 dwgc phan tich, so sanh v6i trinh tu cac gen 16S rDNA
va rpoB clia cac loai vi khuan c6 lién quan hién di cong bd trén ngan hang dir lidu
EZTAXON va GenBank st dung cong cu BLAST Search. Cay phan loai dugc dung
theo phuong phap neighbour-joining [18], trong d6 dinh dang cdy duogc tién hanh
dua trén 1000 phép so sanh da chiéu [19] bang phan mém Clustalx.

2.2.3. DPdnh gid hiéu qud cdi thién chit lwong dit ciia t6 hop vi khudn

Bo tri thi nghiém: Thi nghiém trong ciy dugc thyc hién trong chau (cao 50
cm, duong kinh 30 cm), mdi chau chira 10 kg dat bi thoai hoa da dap nho, tron déu
v6i trau hun va trau theo ty 18 dét : trau hun : trdu = 12,5:1:0,7 (W/w/w).

Cay ca chua giéng Ansal 5-6 tuan duoc trong v6i mat d6 2 ciy/chau. Mdi 16
thi nghiém gdm 3 chau dugc bd tri theo 4 cong thirc nhu sau:

- CT1: Pat khong duoc xir 1y voi vi khuan hay phan bon

- CT2: Pat khong duoc xir 1y voi vi khudn va duoc bon phan theo ché d6 cham
soc tiéu chuén (bon thiic bang phan NPK).

- CT3: bat duoc xir Iy véi vi khuén va duge bon phan NPK theo ché d6 cham
soc tiéu chuan.

- CT4: Pét dugc xir Iy voi vi khudn va duoc bon phan NPK véi liéu luong
giam 10%.

San pham sinh hoc dang bot chira té bao song cua hai chung vi khuan VK7 va
SDT2.3 (mat do t& bao mdi ching 10° CFU/g) duoc pha véi nude sach theo ti 18
0,1%, twéi 20 mL/chau & thoi diém bat dau thi nghiém va tudi dinh ky cing thoi
diém bon thuc phan NPK 5 ngay. K thuat trong va cham soc cay ca chua duoc thuc
hién theo tiéu chuan véi cac thoi diém bon thic (15, 25, 45, 65 ngay). Cac chau
dugc dat trong nha ludi véi diéu kién co anh nang tryc tiép tir 6 h/ngdy, tudi thuong
xuyén vao thoi gian 6 dén 7 gio sang.
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Ddnh gid cdc chi tiéu chit lwong dit

Mau dit duoc thu ¢ thoi diém bat dau va két thiic thi nghiém bang dung cu
chuyén dung, gat bo 5 cm dat bé mat va 1dy mau ¢ do sau 15 cm tai 3 dlem xung
quanh gbc cay. Tién hanh phan tich cac chi tiéu: pH; ham lugng nito tong s, nito dé
ti€u, amoni, OM, OC va thanh phan co gibi dat.

Chi tiéu pH: Mau dat dugc }éc déu trong dung dich KCI 1M theo ty 1& dat/KCl
=1:5 (w/v). Gia tri pH dugc do bang may do pH (Hanna, M¥) [20].

Ham luong nito téng sé duoc xac dinh theo TCVN 6498:1999 bang phuong
phap Kjeldahl cai bién thay xuc tac selen bang xuc tac Titan dioxit (TiO,).

Ham luong nito dé tiéu dugc x4c dinh theo TCVN 5255:2009.

Ham lugng amoni (NHy ") duoc x4c dinh theo TCVN 6643:2000 dya trén phan
ung Berthelot tao dung dich ¢6 mau xanh luc lam, do & budc song 660 nm.

Ham lugng chét hiru co tong s6 (Organic matter - OM) va carbon hitu co
(Organic carbon - OC) dugc xac dinh theo phuong phap Walkley - Black [21].

Chi tiéu thanh phan co gi6i dat duoc xéc dinh theo TCVN 8567:2010 va phan
loai dat dya trén tam giac ket cau dat theo nguon Bo Nong nghié€p Hoa Ky [22].

Do am clia dat duoc x4c dinh theo TCVN 4048:2011.

Ham luong kali dé tiéu K,0 duoc x4c dinh theo TCVN 8662:2011.

Ham luong phospho dé tiéu P,Os duge xac dinh theo TCVN 5256:2009.

Ddnh gid vi khudn cé lgi trong dit

Mat d6 vi khuan téng s6, nhom vi khqén ¢ dinh nito va nhom vi lghuén hoa
tan phosphat dugc xac dinh vao thoi diém két thiac thi nghiém. Lay 5 g dat chp vao
binh tam giac 250 mL chtra 95 mL dung dich PBS 1x va pha loang theo hé s6 thap
phan. Dung dich huyén phu (100 pL) tir cac mirc pha lodng dugc cay trai 1én cac dia
moi truong phu hop véi moi nhom vi khuan, gdm PCA (tryptone 5 g, cao nam men
2,5 g, glucose 1 g, agar 15 g, nude cat 1 L, pH 7,2) dé dém vi khuan tong s6 [23], va
Mannit (mannitol 10 g, KEIZPOL; 1 g, Na,HPO4 0,5 g, MgS0,4.7H,0 0,5 g, NaCl 0,5
g, CaCl,.2H,0 0,05 g, hon hop vi luong 1 mL, bromothymol blue 0,5% (trong
ethanol 99%) 2 mL, agar 15 g, nudc cat 1 L, pH 7,2) d€ dém vi khuan c6 dinh nito
[24] va PVK (glucose 10 g, (NH4),SO4 0,5 g, NaCl 0,2 g, KC1 0,2 g, CaCl,.2H,0
0,1 g, MgS0O4.7H,0 0,1 g, MnSO4.7H,0 0,5 g, FeS04.7H,0 0,5 g, yeast extract 5 g,
Ca3(POq4)2 5 g, bromophenol blue (BPB) 0,4%, agar 15 g, nudce cat 1 L, pH 7) @é
dém vi khuan hoa tan phosphat [25].

Ddnh gid sinh truwong cia cdy ca chua

Sinh truéng cua cay ca chua dugce danh gia tai thoi d@ém ](ét thic thi nghiém
(126 ngdy sau trong cdy). Chiéu cao cdy (cm) duoc do tir géc dén dinh sinh tru"(yng;
Sinh khoi tuoi duge xac dinh bang cach cén toan b phan than va 14 (g/cay). Phéan re
sau khi rira sach va dé rdo nudc trén gidy tharn duoc do chiéu dai (cm) va can trong
luong tuoi (g/cdy). Trong lugng qua 1a tong trong luong qua & cac lan thu hoach
khac nhau cho t6i thoi diém két thac thi nghiém.
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2.2.4. Xur li 56 liéu

S liéu thi nghiém thu thap duogc xur ly bang phﬁr} mém Microsoft Excel (véi
chtrc nang xac dinh d6 1€ch chuan) va biéu do dugc vé bang Sigma Plot 14.0.

3. KET QUA VA THAO LUAN

3.1. Panh gia hoat tinh sinh hoc ciia hai chiing vi khuin VK7 va SDT2.3

Hai chung VK7 va SDT2.3 thé hién nhiéu dic tinh c6 loi cho dat va cdy trong
¢ cac mirc do khac nhau (Bang 2). Chung VK7 c6 hoat tinh sinh IAA va sinh
siderophore, ¢ tac dung kich thich sinh truéng va tang stre d€ khang cua cay. Chung
SDT2.3 ¢6 cac hoat tinh cf) dinh nitq, sinh TAA, sinh EPS va hoa tan phosphat, c6
tac dung trong cai thién chat lugng dat cling nhu tang trudng cla cay.

Bang 2. Céc hoat tinh sinh hoc c6 1oi cho dét va cdy trong
cua hai chung VK7 va SDT2.3

Hoat tinh VK7 SDT2.3 Chiing tham khéo

C6 dinh nito (sinh ethylen Bacillus megaterium (4,81)
nmol/mL/h) B 0,78+0,29 [10]

. Ensifer sp. (28,58 - 30,90
Sinh IAA (pg/mL) 4,41+£0,36 | 33,4+1,3 wg/mL) [26]
Sinh EPS (mg/L) - 3700+80 | Ensifer meliloti (2750) [27]
Sinh siderophore (duong . .
kinh vong phan gidi, mm) 13 - Bacillus velezensis (3) [28]
Hoa tan phosphat (mg/L) - 2240+160 | Pantoea sp. JC2 (400) [29]

(-): khong xac dinh

Két qua thyc nghiém cho théy nhiéu hoat tinh nhu sinh IAA, sinh EPS va hoa
tan phosphat ¢ chung SDT2.3, cling nhu hoat tinh sinh siderophore cta ching VK7
dugc danh gia cao hon nhiéu ching tham khao da cong bd trude ddy (Bang 2). Phéi
hop str dung hai chung vi khudn s¢ hitu cac hoat tinh khac nhau du kién s& mang lai
hiéu qua tot hon cho dat va cay trong so véi sir dung don chung.

3.2. Pinh danh hai chiing vi khuin VK7 va SDT 2.3

Vi tri phan loai ctia hai ching vi khuan VK7 va SDT 2.3 duoc xé4c dinh dya
trén so sanh trinh tu gen 16S rDNA (1500 bp). Két qua cho thdy ching SDT2.3 gan
giii véi loai Ensifer sesbaniae (100% tuong dong) vai gia tri bootstrap gan nhu tuyét
d6i 993/1000 (Hinh 1C), va ching VK7 gan giii voi loai Bacillus velezensis (99,86%
trong ddng) véi gia tri bootstrap 810/1000 (Hinh 1A). Dé c¢6 thé dinh danh ching
VK7 chinh x4c hon ching t6i da tién hanh giai trinh ty gen 7poB (1100 bp) nhu mot
chi thi phéan tir khac ngoai gen 16S rDNA. Dya trén so sanh gen rpoB, ching VK7
¢6 quan hé gan giii nhat voi loai Bacillus velezensis (twong dong 99 ,38%) voi gia tri
bootstrap 928/1000 (Hinh 1B). Két qua nay hoan toan théng nhat véi két qua phan
tich va so sanh trinh tu gen 16S rDNA cua chung VK7 ¢ trén.
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16S rDNA
Bacillus cereus ATCC 145797 (AE016877)
Bacillus tequilensis KCTC 136227 (AYTO01000043)
Bacillus rugosus SPB7T (JABUX0010000041)
A 803) L gacilius stercoris JCM 300517 (MN536904)
517 Bacillus inaquosorum KCTC 134297 (AMXN01000021)
B 'Bacillus cabrialesii TE3T (MK462260)
0.002 ‘Bacillus subtilis NCIB 36107 (ABQL01000001)
'_. Lﬁci(/us velezensis CR-502T (AY603658)
810 VK7
rpoB

Bacillus cereus FORC_047 (NZ_CP017060.1)

Bacillus inaquosus NRRL B-23052 (EU138812.1)
B 1000 Bacillus subtilis NCIB 36107 (CP020102.1)

Bacillus spizizenii ATCC 6633 (CP034943.1)

ot Bacillus rugosus SPB7 T (MK473857.1)
0.01 F Bacillus siamensis KCTC 13613 T (KC608574.1)
| I_Bacﬂlus amyloliquefaciens DSM7 T (FN597644.1)
e ‘Bacillus velezensis NRRL B-41580 (EU138829.1)
928 L yk7
16S rDNA

KCTC 121217 (AY341343)
- Ensifer sesbaniae CCBAU 65729 7 (JF834143)
728 SDT 2.3

Ensifer adhaerens CasidaAT (JNAE01000171)

Sinorhizobium americanum CFNEI 156 T (LNQC01000019)
0.002 1000
—0e 4i

Sinorhizobium fredii NBRC 14780 T (BJNI01000207)

85 Sinorhizobium terangae LMG 7834 T (X68388)

i ié ITTG S707 (EU286550)
542
inorhizobium mexicanum ITTG R7 T (DQ411930)

Hinh 1. Cay phat sinh chung loai cua hai chung vi khuan VK7 (A - Cay dua trén
trinh ty gen 16S rDNA va B - Cay dya trén trinh ty gen rpoB) va ching SDT2.3 (C -
Cay dya trén trinh ty gen 16S rDNA)

999

Nhu Vé}j, dva trén két qua so sanh trinh ty 16S rDNA va gen chi thi 7poB, hai
chung vi khuan sir dung trong nghién ctru VK7 va SDT2.3 dugc dinh danh tuong
ung 1a Bacillus velezensis VK7 va Ensifer sesbaniae SDT2.3.

_3.3. DPanh gia hi¢u qui sir dung td hop hai chiing vi khuan trong cai thi¢n
chat lwong dat canh tac

San pham sinh hoc dang bot chira té bao song cua hai chung vi khuan VK7 va
SDT2.3 duoc sir dung trong thi nghiém trong cdy ca chua trén dit bi thoai héa &
diéu kién nha luéi. Higu qua cua to hop vi khuan dugc danh gia thong qua phan tich
céc dic tinh 1y hoa cua dat két hop véi dinh lugng ting trudong cua cay.
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3.3.1. Ddanh gid hiéu qud qua sw thay déi cdc dic tinh Iy héa ciia dit

Céc yéu t6 lién quan dén tinh chat héa 1y (pH, d6 4m), thanh phan co gidi (ty
1€ cac hat cat, limon va sét) va thanh phﬁn dinh dudng (C, N, P) dugc xac dinh & hai
thoi diém trude va sau thi nghiém. DAt str dung trong thi nghiém 1a dat doi che da bi
thodi hoa, thudc loai dat thit pha sét (co ty 1€ hat cat thp), dit chua (pH ~4) va cb
ham lugng carbon hitu co tong s thip (OM<2,5%) (Bang 1). Trong thi nghiém
trong cdy, viéc tron dat voi gid thé nghéo dinh dudng da cai thién mot phan thanh
phan co gidi va dinh dudng cia dit bao gom K dé tiéu, P d& tiéu, OM va OC (xem
cac chi tiéu phan tich dt ban dau ¢ Bang 1 va tai thoi diém bat dau thi nghiém &
cong thirc ddi chimg CT1 trong Bang 3.

Bang 3. Panh gia cac chi tiéu 1y héa cua dit trong cac cong thirc thi nghiém

e Cong thirc thi nghiém
Chi tiéu héa hoc CT1 T2 T3 CT4
Tinh chét héa/ly
" TO| 573+0,4 | 5374004 | 556£0,17 | 5,62+021
P Tn| 6,08+021 | 524+0,05 | 542+0,06 | 4,85+0,05
B3 dm (%) TO | 17,7840,93 | 11,21+0,83 | 6284023 | 26,36+1,00
0 Tn | 27,6040,10 | 26,90£1,07 | 25,37+1,02 | 25,0+0,08
Pic tinh co gidi
Chp hat cit (%) TO | 21,53+0,34 | 19,18£0,43 | 18,07+0,05 | 19,84+0,47
: Tn | 23,2340,27 | 23,07£0,24 | 20,32+0,46 | 43,67+0,10
Chp hat Limon (%) | L0 48.77£0.L1 | 469550,57 | 4368066 | 43,3520,55
: Tn | 40,9940,25 | 39,96£9,50 | 43,34+0,64 | 30,23+0,09
Cip hat sét (%) TO | 29,70+0,93 | 33,8620,32 | 38,24+1,03 | 36,80+0,40
: Tn | 35,78+0,52 | 36,97£0,27 | 36,34+039 | 26,10+0,08
Thanh phin dinh duéng
N thng s (%) TO| 0,15+0,01 | 0,14£0,02 | 0,15£0,01 | 0,15+0,02
Tn| 0,09+0,01 | 009+0,01 | 0,10£0,02 | 0,103+0,01
. TO | 39.81+1,75 | 37.191,44 | 49.73£1.40 | 50,02+1,75
Ndetieu (mgN/100 ) =r 7001050 | 1961043 | 245:112 | 1.66£0.05
. TO| 0,55+0,02 | 0,55£0,01 | 0,96£030 | 0,74+0,49
NH,"(mg N/100 g) Tn| 082+0,17 | 088£0,04 | 1,05+0,17 | 1,56+0,16
K d? tiéu (mg TO | 39,1641,47 | 41,67£1,56 | 45,09+127 | 39,77+1,69
K,0/100 g) Tn | 46,48+1,08 | 50.03£1,42 | 51,88+1.07 | 46,09+1,02
P dé tiéu (mg TO | 27,7741,47 | 24.91£1,59 | 22,33+1,01 | 23,19+1,79
P,05/100 g) Tn | 23,6240,61 | 48.66=1,46 | 46,66£1,03 | 54,39+1,02
OM (%) TO | 420:024 | 4.16£0,04 | 433£0,06 | 435+0,14
Tn | 45140,16 | 462+031 | 4.85+0,19 | 5,09+0,01
0C (%) TO | 2,10£0,12 | 2,08£0,02 | 2,17£0,03 | 2,18+0,07
Tn | 22540,04 | 231£0,15 | 2,4340,10 | 2,54+0,05

Ghi cht: TO - thoi diém bét ddu thi nghiém, Tn 1a thoi diém két thuc thi nghiém.
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Két qua phan tich cac chi tiéu dat sau 126 ngay trong cdy (Bang 3) cho thiy do
am, pH va OC cua dat khong co su khac biét dang ké giira 16 ddi chimg khong bd
sung hdn hop vi khuan (CT1, CT2) va 16 thi nghiém c6 bd sung hdn hop vi khuan
(CT3, CT4). Tuy nhién, d6 pH cua dit dao dong tir 4,5 - 6 va cao hon so véi miu dét
nguyén ban c6 pH 4,08. Qua trinh xir 1y dat da lam tang pH cla dat trong cic chau
thi nghiém ngay tir thoi diém ban dau. Trong qué trinh trong cay, pH giam nhe & cac
16 c6 bon phan hoa hoc (CT2, CT3, CT4), dao dong & murc 4,85 - 5,24 (co ) sung
hdn hop vi khuan hoidc khong) so véi cong thirc khong bén phan CT1 (pH 6,08).
Ham lugng N tong s6 va N d& tiéu tai thoi diém két thic thi nghiém giam so voi thoi
diém ban dau ¢ tit ca cac cong thie thi nghiém (Bang 3), nguyén nhan c6 thé 1a do
dugc tiéu thy boi cay trong. Ham luong NH, ", K dé tiéu va P dé tiéu tai thoi diém
két thuc thi nghiém ting so voi thoi diém ban dau (Bang 3), tuy nhién khong co su
khac biét dang ké giita cac cong thirc thi nghiém (c6 bd sung hdn hop vi khuén hozc
khong). Day c6 thé 1a két qua cua viéc bon thuc phan hoa hoc trong qua trinh trong
cdy. Két qua phan tich cling cho thiy c6 su thay doi ddng ké theo hudng tich cuc &
hai chi tiéu 1a ham lwong chét hitu co tong s6 (OM) (Hinh 2A) va thanh phan co gi6i
(Hinh 2B) & cong thirc thi nghiém c¢6 bo sung hdn hop vi khuan va bén phan NPK
giam 10% (CT4) so vdi cac cong thire con lai.

A 120 4 B

100 1

o

80 1

[ Hat cat
[==3 Hat Limon
[ Hat sét

60 1

40 1

Thanh phan co gi¢i dat (%)

20 1

Ham lwong carbon téng s6 OM (%)

CT1 CT2 CT3 CT4 cT cT4

Cong thire thi nghiém Cang thirc thi nghiém

Hinh 2. Ham luong chat hitu co téng s6 (OM) (A) va thanh phan co gi6i (B)
trong dat ¢ thoi diém dau va két thac

Chat hitu co trong dat (OM) bao gdm céc sinh vét song hay da chét cung véi cac
san pham phan hiy trung gian ctia ching. OM 14 thanh phan thiét yéu biéu hién sirc
khoe va d6 phi nhiéu cua dit, dong vai tro trong nhiéu mat gém (i) cai thién ciu tric
dat (gitp két tu cac hat khoang, ting cuong két dinh va giam x6i mon), (ii) tang kha
nang giit nudc, va (iii) gop phan luu giit cic thanh phan dinh dudng héa hoc [30].
Thanh phan OM trong CT4 (b sung t6 hop vi khuan va 90% phan NPK) dat muc cao
nhét 13 5%, tang thém 17% so véi thoi diém bat dau thi nghiém, va ting 12,86% so
v6i d6i chimg CT1 & cung thoi diém. Dong gop vao thanh phan OM chi yéu la tir ré
cdy va (c6 thé) cac san pham phan hiy trung gian duéi tac dong ciia hé VSV dét.
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Thanh phan hat cét trong dat & CT4 ting 120% so véi thoi diém ban dau va
tang 87,98% so voi dbi chimg CT1 tai ciing thoi diém. Sau 126 ngay thi nghiém, dat
& cong thirc dbi chimg CT1 c6 ty 1¢ hat cat/hat limon/hat sét 1a 23,23/40,99/35,78,
trong khi do ty 1& nay trong dat & CT4 14 43,67/30,23/26,10, tirc 1a dat ban dau thudc
nhom dat thit pha sét (ty 1& hat sét trong khoang 27-40%) c¢6 do thoang khi thap da
dan duogc cai thién nho tang ty 18 hat cat tir 23,23% 1én 43,67%, trong khi giam ty 18
hat sét tir 35,78% xudng 26,1%.

3.2.2. Danh gia hiéu qud qua sinh truwéng ciia cdy ca chua

Ciy ca chua trdng trong cac chau thi nghiém dugc tach riéng phan sinh khéi
trén mat dat (than-14, qua) va phan ré dudi mat dat dé danh gid hiu qua cia to hop
hai chiing vi khuan (Bang 4).

Bang 4. Danh gia sinh trudng ciia cdy ca chua trong cac cong thirc thi nghiém

Cong thirc thi nghiém

Chi tiéu danh gia
CT1 CT2 CT3 CT4
Chicu cao than trung 124,642,12 | 153,5£3,05 | 161,842,09 | 163+1,03
binh (cm)
Trong luong than-14 43744029 | 715,2+0,19 | 763,2+0,28 | 827,5+0,15
trung binh (g)
8‘;3“ dai ré trung binh 45,540,12 | 41,14+0,11 | 44+0,10 | 430,09

Trong luong ré trung
binh (g)

Trong lugng qua trung
binh/cay (g)

29,1+0,02 | 28,4+0,09 | 25,9+0,08 | 14,95+0,15

21,25+0,02 | 22,7£0,04 | 62,1+0,01 | 96,65+0,02

Két qua phan tich cho thdy cic cong thirc c6 bo sung to hop vi khuan (CT3,
CT4) tang phan sinh khéi trén mat dit (chiéu cao than, trong luong than-14, trong
lwong qua) so vdi cac cong thie ddi chimg khong bd sung vi khuan (CT1, CT2). Sy
tang chiéu cao than va sinh khdi than-1a & CT4 (b6 sung t6 hop vi khuan, bén phan
NPK giam 10%) twong tng thém 6,14% va 15,70% so voi CT2 (khong bd sung vi
khuén, bén phan NPK theo tiéu chuan) cho thay hiéu qua kich thich tang truéng ciia
t6 hop vi khuan. Vé trong luong qua, khi c6 bd sung vi khuan va st dung két hop
phan bon NPK theo tiéu chuan (CT3) hay giam 10% phan bon (CT4) thi trong luong
qua thé hién rat rd rang (bén canh sy gia ting vé chiéu cao thin va trong luong than-
14) tang twong Gng so véi CT2 1a 173,6% va 325,7%. Dac biét chi y 1a & CT4 s
dung t6 hop vi khuan ciing v6i v6i lugng phan NPK giam 10% nhung ting trudng
vé sinh khbi va trong lugng qua van vuot trdi nhat, cao hon ca CT3 sir dung to hop
vi khuan véi phan NPK theo tiéu chuan.
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Tuy nhién d6i ching (CT1) ¢6 hé ré phat trién manh nhat (ca vé chiéu dai ré
va trong luong trung binh) (Hinh 3A). Trong khi ¢6 CT4 sir dung hdn hop vi khuan
va phan NPK giam 10% c6 hé ré phét trién kém nhat (Hinh 3B). Hién tuong ré ting
truéng manh & CT1 c6 thé duoc giai thich do ham lugng dinh dudng trong dat thap
nén ciy c6 nhu cau phat trién ré sau va rong dé thu nap dinh dudng. Trong khi d6
cac CT2, CT3, CT4 déu duoc bon phan nén luong dinh dudng duoc cung cap day du
hon, dép tng nhu cau phat trién cta cdy. O CT3 va CT4, r& phat trién kém hon
(Hinh 3B) nhung cay tang truong tot & phan than va 1a. Nhu vay két qua thi nghiém
chi ra rang hai chung VK7 va SDT 2.3 ¢6 kha nang kich thich phat trién than va 14,
tang cuong sinh truéng ddi véi cdy ca chua trong khi giam luwgng phan bén so véi
quy trinh chdam soc thuong quy.

A mmm Chiéu dai ré
(. 223 Trong lwong ré oo

Trong lwong ré (g)

Chiéu dai ré (cm)

CcT CT2 CT3 CT4

Cong thirc thinghiém

4
/ "\ I

Hinh 3. Tang truong ré cdy ca chua trong cac cong thirc thi nghiém. A. Chiéu dai ré
trung binh va trong lugng ré trung binh; B. Hinh anh hé r€ ctia cac cdy ca chua tu
cac cong thirc thi nghiém

Vi khuan kich thich sinh truéng thuc vat két hop véi cay trong 1a cach tiép can
an toan va hiéu qua dé cai tao dat hoang hoa, dat bac mau [31]. Vi khuan kich thich
sinh truéng thyuc vat theo nhiéu co ché khac nhau, vi du nhu ting cuong thu nap
dinh dudng (cé dinh nito, hoa tan phosphat), sinh hormon ting truéng thuc vat
(IAA, GA), bao vé thuc vat chong lai cac tic nhan gdy bénh (nho cac san pham
chuyén hoa thir cép c6 tinh khang khuan) [32]. Hai chung vi khuan VK7 va SDT2.3
¢6 cac hoat tinh sinh hoc kich thich sinh trudng thuc vat dugce thé hién qua két qua
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danh gia in vitro (Bang 2). Viéc nhan sinh khdi va tao san pham dang bot chua té
bao séng cuia cac chung nay 1a cach thudn tién dé dua vao ung dung thuc té. Thi
nghiém dénh gia cai thién chat lwong dét canh tic trén mo hinh cy ca chua ¢ diéu
kién nha ludi thuc hién trong nghién ctru nay da cho thay hiéu qua cua té hop vi
khuén trong viéc kich thich ting truéng sinh khéi than, 14 va cai thién chét lugng dat
vé tinh chat co gi6i (giam ty 18 hat sét, ting ty 18 hat cat 1am cho dat toi x6p hon) va
d6 mau m& cia dit (ting ham luong cacbon hitu co). Ung dung vi khuén kich thich
tang truong thuc vat két hop véi cac loai cay trong khac nhau con c6 thé ap dung véi
nhiéu loai dat canh tac bi anh hudng nang bai cac yéu td bat loi nhu thoi tiét (han
han, nhiém man) hay nhiém cac chat doc hai (chat hitu co doc hai hay kim loai
nang) [33].

4. KET LUAN VA PE NGHI
4.1. Két luan

- Hai chung vi khuin VK7 va SDT2.3 ¢6 nhiéu hoat tinh sinh hoc ¢6 1gi cho
cay trong, cu thé 1a: chung VK7 sinh IAA (4,41 pg/mL) va sinh siderophore voi
dudng kinh vong phéan giai 13 mm; ching SDT2.3 ¢6 dinh nito (0,78 nmol/mL/h),
sinh IAA (33,4 pg/mL), sinh EPS (3,7 g/L) va hoa tan phosphat (2,24 g/L).

- Chung VK7 ¢6 d6 tuong ddong trinh tu 16S rDNA 99,86% va gen rpoB
99,38% v6i loai Bacillus velezensis, do vady dugc dinh danh 1a Bacillus velezensis
VK7. Ching SDT2.3 ¢6 do twong dong trinh tu 16S rDNA 100% voi loai Ensifer
sesbaniae va dugc dinh danh la Ensifer sesbaniae SDT2.3.

- Hiéu qua cdi thién chat lwgng dat cua t6 hop hai ching VK7 va SDT2.3 da
dugc danh gia qua thi nghiém tréng cdy ca chua giong Ansal trén dat doi ché bi
thoai hoa ¢ diéu kién nha ludi. K&t qua thu dwoc nhu sau:

+ Cai thién vé tinh chit dit: ting ham lrong carbon hitu co tong s6 (16,51%)
va tang ty 1€ hat cat trong thanh phan co gidi cua dat (120,11%).

+ Cai thién vé tang trudng cua ciy trong: kich thich ting trudng sinh khéi
xanh cua cay (than, 1a) néu bd sung cung véi phan bon theo tiéu chuan 1a 6,14%; va
néu bo sung cung v4i phan bén giam 10% so véi tiéu chudn 13 15,70%.

+ Cai thién vé giam phén bon: gitp giam 10% luong phan bon NPK so v6i ché
d6 cham bon thudng quy ma khong anh hudng dén sinh truong va nang suét cua cay.

4.2. Pé nghi

Tlep tuc thir nghiém danh gia hiu qua cua to hop vi khuéan két hop voi cac
loai cay trong khac dé cai tao cac loai dt bac mau, dat nhiém man/kho han hay dat
nhiém cac chat doc hai (cacbon hitu co, kim loai nang).

Loi cam on: Nghién ciru dirge thue hién voi sy hé tro kinh phi tir dé tai “Xay
dung co s div liéu nguon gen vi sinh vit chat lwong cao va phat trién san pham
cong nghé sinh hoc tir vi sinh vdt ing dung trong trong trot, chan nudi va bdo vé
méi truong” (Ma s6 NVQG-2021/PT.07) do Bé Khoa hoc va Cong nghé tai tro-
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SUMMARY

APPLICATION OF BENEFICIAL BACTERIA TO IMPROVE AGRICULTURAL
SOIL QUALITY

Two bacterial strains, VK7 and SDT2.3, possess multiple biological activities
beneficial to plants, including IAA production, siderophore synthesis, nitrogen
fixation, EPS production, and phosphate solubilization. These strains are expected to
have potential applications for improving agricultural soil quality. Based on
comparisons of 16S rDNA sequences and rpoB gene sequences, these bacterial
strains were identified as Bacillus velezensis VK7 and Ensifer sesbaniae SDT2.3.
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A bioformulation containing live cells of two strains VK7 and SDT2.3 was
tested on degraded soil from a tea-cultivated farm with tomato plants under
greenhouse conditions. After one crop season (4 months), soil properties improved
significantly: total organic carbon increased by 16.51% and sand content in the soil
mechanical composition rose by 120.11%. Enhanced soil quality was further
evidenced by a 15.70% increase in green biomass (stem and leaf weight) compared
to untreated control. Notably, the combined application of both bacterial strains
reduced NPK fertilizer usage by 10% compared to conventional methods, with no
adverse effects on plant growth or yield.

Keywords: Bacillus velezensis, Ensifer sesbaniae, Chemical fertilizer
reduction, soil quality, soil fertility, giam s dung phdn bon hoa hoc, chat lwong ciia
dat, do phi nhiéu cua dat.
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