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TOM TAT

Nghién ctru thye hién nhdm phan 1ap va tuyén chon vi khuan c6 kha ning hoa tan 1an khé tan (VK-P)
hd trg ning sudt va chat luong rau mudng (Ipomoea reptans L.) va cai xanh (Brassica juncea L.). Két
qua, da phan lap dugc 30 ching VK-P ¢6 kha ning hoa tan 1an khé tan Cas(PO,), va tuyén chon dugc
10 chung VK-P ¢6 chi s6 hoa tan 1an cao, dao dong trong khoang 1,22 - 2,52. Sau trong 10 ching VK-
P cao v6i ham luong 1an hoa tan dat tir 26,3 - 38,0 mg/L va ham lugng IAA dat tir 10,0 - 19,6 mg/L
sau 9 ngay u. Két qua bd sung VK-P vao hat rau muong va cai xanh cho thy, ching AG5.3 va AG2
gilp tang ti 1¢ nay mam va ti 1¢ song cua 2 loai rau trong diéu kién phong thi nghiém cung nhu giip
tang nang suét, khdi luong thuong phdm, ham luong vitamin C, ham lugng nitrate trong diéu kién thi
nghiém nha lugi. Mat do vi sinh vat cd hai trong rau nim trong ngudng cho phép theo QCVN 8-
3:2012/BYT ciia By Y té. Két qua gii trinh tyr gen 16S rRNA cho thiy ching AG5.3 ¢6 do tuong
ddng 99,71% véi vi khuan Enterobacter sp. AG5.3 va ching AG2 ¢6 d6 twong dong 100% véi vi
khuén Acinetobacter sp. AG2. Hai ching VK-P nay c6 tiém nang st dung trong canh tic rau mubng va

cai xanh ¢ di€u kién nha ludi.

Tw khéa: Acinetobacter sp., cdi xanh, Enterobacter sp., rau muéng, vi khudn hoa tan lan.

1. DAT VAN BE

Tai Pong bang song Ciru Long (PBSCL),
dién tich dit canh tac nong nghiép thuéc nhom
dat phén chiém 1,6 triéu ha va khoang 800 ha
dién tich dit nhiém man [1, 2]. Canh tac nong
nghiép, dic biét 1a trdng rau mau dang gip tré
ngai do tinh trang c¢b dinh lan (P) trong dat [3].
Do d6, néng dan thuong cung cap phan P cho cay
tréng vugt hon nhu cau ciia ciy. Theo thoi gian,
luong phan P cung cép thira c6 thé dua dén sy
tich Iily P cao trong dat [4] vi thé viéc kich hoat
luong P bi ¢b dinh trong dat c6 y nghia dbi voi
sinh truong cdy trong ciing nhu mang lai hidu qua
st dung P trong canh tac nong nghiép.

Vi khuan hoa tan 1an (phosphorus solubilizing
bacteria) 1a nhom vi khuan hién dién tai ving ré
cua thyuc vat [5], c6 kha nang phan huy P hitu co
va hoa tan P v6 co thanh dang P hoa tan ma thuc

vét ¢6 thé sir dung [6]. Bén canh chirc ning hoa
tan lan, cac vi sinh vat nay co thé thic déy su
phat trién cua cdy trong bang cach ¢ dinh nito,
san xudt phytohormone, hd tro hép thu chat dinh
dudng, tang cudng kha nang chéng chiu voi diéu
kién bét loi ctia moi trudng va e ché mam bénh.
Trong d6, cac ching vi khuan hoa tan lan thudc
chi Acinetobacter va Enterobacter c6 vai tro quan
trong trong noéng nghiép bén viing nhd vao kha
ning chuyén hoéa cac dang lan kho tan nhu
Ca3(PO,),, FePO, va AIPO, thanh dang dé tiéu
cho cay thong qua co ché tiét axit hitu co, enzyme
phosphatase, proton H', phosphatase [7, 8] va kha
nang sinh hormone sinh trudng thuc vat trén mot
s6 ddi twong cdy trong nhu rau an 14, dau phong
va dau nanh [9 - 11].

Vi céac dic tinh ¢ loi ciia nhém vi khuan
chirc ning, viéc bo sung VK-P 1a mot giai phap
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gitp t6i wu viée st dung lan cua ciy trong, ddng
thoi thuc day su sinh truong va phat trién clia cay
trong do vi khuan san sinh cac chat kich thich sinh
truong cho cdy trong [12]. Tuy nhién, vai trd cta
cac nhom vi khuan c6 kha niang hoa tan lan tai
ving & cac loai cdy trong trén nén dat phén tai
thanh phd Can Tho va tinh An Giang van chua
duogc khai thac. Do do, nghién ctru dugce thyc hién
nhim phan 1ap va tuyén chon dugc cic chung vi
khuén c6 kha nang hoa tan 1an cao va c6 tiém ning
trong viéc hd tro sinh trudng, ning suét cay rau.

2. VAT LIEU VA PHUDNG PHAP NGHIEN CUU
2.1. Vit liéu nghién ciru

Tam mau dat ving ré cua cay lua (Oryza
sativa L.), nang (Eleocharis atropurpurea
Retz.), tram (Melaleuca cajuputi Powell) va cay
khom (Ananas comosus L. Merr.) dugc thu tai
cac xa Vinh Thuan Dong, Long My, Hoa Luyu,
thanh ph Can Tho va bay mau dit ving r& cay
laa (Oryza sativa L.), chudi (Musa sapientum
L.), dién dién (Sesbania sesban), dira (Calappa
nucifera L.) va vu stta (Chrysophyllum cainito
L.) dugc thu tai xa Vinh Hoa, tinh An Giang tu
thang 9 dén thang 12 niam 2024. Tai mdi dia
diém, mau dat ving ré cua ciy trong duoc thu &
d6 sau 0 - 20 cm, léy 4 vi tri khac nhau trong
vuon hodc trong rudng theo duong zigzag va
gop lai thanh mot mau dai dién cho mot dia
diém. Cac mau dat sau khu thu dugc bao quan
trong diéu kién mat va van chuyén vé phong thi
nghiém Vi sinh vat nong nghiép, B moén Cong
ngh¢ Vi sinh vit, Dai hoc Can Tho.

Hat giong: Hat gidng rau mudng 14 tre (Ipomoea
reptans L.) RADO 12 va hat gidng cai be xanh
m& RADO 57 (Brassica juncea L.) do Céng ty
Rang Pong san xut, voi thoi gian thu hoach
rau mudng 1a 25 - 30 ngay va cai xanh la 30 -
35 ngay.

Piat phuc vu thi nghiém: Dit mat trong lua
dugc phoi kho va dugc bao quan tai phong thi
nghiém dugc nghién nho, rdy qua mat rdy 2 mm.
Thanh phan hoa hoc trong dat dugc xac dinh
gom: pH = 4,38; EC = 0,331 (mS/cm); %CHC =
0,35%; Pts (%P,05) = 0,12%; Nts (%) = 0,11%.

2.2. Phuong phap nghién ciru

2.2.1. Phuong phap phan ldp vi khudn hoa
tan lan tie dat vung ré

Tai phong thi nghiém, vi khuén c6 kha ning
hoa tan 1an kho tan (VK-P) tir cac mau dat duoc
phan 1ap theo phuong phap ctia Cao Thi My Tién
(2020) [13]. Cac khuan lac duoc mé ta hinh thai
khuén lac va hinh théi t& bao vi khuan theo hé
thong phan loai vi khuan hoc ciia Bergey (1994)
[14]. Cac khuan lac khac biét vé& hinh thai khuin
lac va hinh thai té bao duoc xem 1a cac chung vi
khuan don va dugc trit trong moi truong NBRIP
& didu kién 8°C cho dén khi thuc hién thi nghiém.

2.2.2. Phwong phap dinh tinh kha nang hoa
tan ldn ciia vi khudn

Chuan bi khuan lac: Cac chung VK-P dugc
nudi ting sinh trén moi truong NBRIP dic dén 72
gio & nhiét d6 37°C trong ti & va tién hanh thu
timg khuén lac don 1¢ dé thyuc hién khao sat dinh
tinh kha nang hoa tan lan kho tan trén moi truong
NBRIP, cac chiung VK-P dugc thuc hién lap lai 3
lan trén 3 dia riéng biét va ghi nhan kha ning hoa
tan lan sau 5 ngay 4. Kha nang hoa tan lan cua
VK-P dugc tinh theo chi sb hoa tan lan [15] va
duoc trinh bay nhu sau:

SI = (dwong kinh khuin lac + dudng kinh
vong phan giai)/duong kinh khuén lac.

2.2.3. Phuong phap dinh luong kha nang hoa
tan lan va sinh 1AA ciia vi khudn

Chudn bi ngudn chung: Cac ching VK-P ¢
chi sé hoa tan lan cao dugc tuyén chon va duoc
nudi tang sinh trén moi truong NBRIP dac trong
3 ngay, sau do tién hanh thu sinh khéi va st dung
moi truong NBRIP long dugc tiét trung dé pha
lodng va hiéu chinh mat do 10° cfu/ml twong
duong 6 log cfu/mL) bang phuong phap do do
duc huyén phu vi khuan ¢ budc song 600 nm két
hop véi phuong phap dém nho giot [16].

Thi nghiém duoc bd tri theo thé thirc hoan
toan ngiu nhién véi 10 ching vi khudn VK-P,
moi chiing duoc nudi riéng 1é trong binh tam giac
250 mL (Duran, Puc) chira 50 mL moi truong
NBRIP long di duoc tiét trung. D6i voi thi
nghiém dinh lugng IAA, moéi trudong NBRIP dugc
bd sung L-tryptophan véi néng d6 100 mg/L.
Nghiém thirc dbi chung (PC) chi chira moi
truong NBRIP tuong tmg va mdi nghiém thirc
dugc 1ap lai 3 1an. Dich nudi thu tai cac thoi diém
3,5, 7,9 NSU va ly tdim ¢ 10.000 vong/phut
trong 5 phut dé thu phan dich ndi. Phan dich néi
dugc sir dung dé xac dinh ham luong P,Os bang
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phuong phap so mau molybdate & budc song 880
nm [13]. Déi vé6i thi nghiém dinh luong indole-3-
acetic axit (IAA), mau duoc ly tam & 13.000
vong/phut trong 10 phut, sau d6 phan dich nbi
duoc st dung dé x4c dinh ham luong TAA béng
phuong phap so mau Salkowski & budc song 530
nm [12]. Mat d0 cac chung VK-P tuong ung voi
cic thoi diém thu mau duoc xac dinh béng
phuong phap nhé giot [16].

2.2.4. Phuong phap danh gia kha nang ho tro
cua cdc ching vi khudn VK-P va sinh [44 dén ti 1¢
ndy mam va sinh truéng ciia rau mam

Chuan bi ngudn chung: Sau chung VK-P ¢
kha niang hoa tan lan va sinh IAA hi€u qua dugc
tuyén chon va duoc nudi ting sinh nhu mé ta &
muc 2.2.3.

Chuan bi hat giéng: Hat gidng rau mudng va
cai xanh dugc khir tring bé mat bang con 70%
trong 1 phut, ngdm qua dém trong nudc cét tiét
tring, sau d6 ngdm hat vao huyén phu vi khuén
c6 mat s 10° cfu/mL trong 3 gio. Hat dugc
chuyén vao hop nhwa c6 16t khin gidy tiét trung,
b6 sung nudc cit tiét tring dé duy tri ¢ am. Thi
nghiém dugc b tri theo thé thirc hoan toan ngau
nhién gbm 7 nghiém thirc (6 ching VK-P va 1
DC), 3 lan lap lai, m01 lan 13p goém 50 hat. Cac
hop dugc u trong t01 & 32 - 34°C va do 4m 65 -
70%. Ty 1& ndy mam duoc xic dinh sau 3 ngay
sau b tri (NSBT) theo cong thiic:

Ty 1& nay mam (%) = (S6 hat ndy mam/Tong
s6 hat) x 100.

Sau do, cac hop tiép tuc duge bd sung nudc
cat tiét tring dinh ky va u dén 7 NSBT dé xac
dinh ty 1 sng cia cay.

2.2.5. Panh gid kha nang hé tro cia vi khuan
VK-P dén sinh truéng cua cdi xanh, rau mudng &
diéu kién nha mang

Chuan bi ngudn ching: Ba chung AGS5.3,
TT02.3 va AG2 dugc tuyén chon tir thi nghiém
duge mo ta & muc 2.2.4 va hat gidng rau mudng
va cai xanh duge chudn bi va duoc chung véi vi
khudn nhu mé ta & muc 2.2.4. Dit dugc tiét tring
w6t hai 1an (121°C, 1 atm, 20 phﬁt/l::fm, cach nhau
24 gi0), sau d6 cho vao chau nhya (25 x 30 cm,
10 kg dé4t/chau) va diéu chinh 4m d6 khoang 65%
trude khi bé tri thi nghiém.

Thi nghiém duoc bd tri theo thé thirc hoan
toan ngau nhién gdm 3 nghiém thirc dwgc ching

voi 3 ching VK-P va nghiém thuc DPC, mdi
nghiém thirc 1p lai 5 1an. Hat rau mudng va cai
xanh dugc 40 voi dich huyén phu cia vi khuan va
tién hanh gieo truc tiép vao chiu v&i mat do 1an
lwot 50 va 10 hat/chau; sau khi cdy xuat hién 14
that dAu tién, tia con 20 cay rau muéng/chéu va s
cay cai xanh/chau cho tung thi nghiém. Phan bén
dugc ap dung theo cong thirc khuyén céo cho rau
muéng (100N - 48P,05 - 24K,0 kg/ha) va cai
xanh (70N - 48P,0s - 24K,0 kg/ha), bon vao giai
doan 10 va 20 ngay sau trong theo Cao Ngoc
Diép va cs (2021) [17]. Sau 30 ngay, tién hanh
thu hoach va danh gia cac chi ti€u sinh trudng,
ning suat thuong pham, khdi lwong kho va chat
lugng cta rau [18].
2.2.6. Phwong phdp déanh gid chat lwong rau

Rau mudng va cai xanh sau khi thu vé duoc
rira sach, dé rdo va nghién nhé dé tién hanh do
ham lwong duong tong (46 Brix) bang may
ATAGON-1a (Nhat Ban), ham lwong vitamin C
duoc xac dinh theo phwong phap chuin do véi
chat chi thi mau 2,6-dichlorophenolindophenol
(DCPIP) theo TCVN 6427-2:1998 [19], xac dinh
ham luong NO5™ bang phuong phép so mau trén
may quang phd ¢ budc soéng 410 nm theo TCVN
8742:2011 [20], dinh lugng Coliforms, E. coli
theo TCVN 7924-2:2008 [21] va Salmonella theo
TCVN 10780-1:2017 [22].

2.2.7. Dinh danh vi khudn

Cac chung VK-P c6 hiéu qua hd trg sinh
trudng, nang suat va chat luong cua hai loai cay
rau dugc nudi céy trén moi truong NBRIP dic,
sau d6 sir dung cac khuan lac dé tach chiét ADN
theo phuong phap ctia Cao Thi M¥y Tién (2020)
[13] va gidi trinh tu tai vung gen 16S rRNA st
dung cip moi 27F/1492R do Céng ty TNHH
DNA SEQUENCING, Viét Nam. Két qua giai
trinh ty cua cac chiung VK-P dugc so sanh trén co
s¢ dit liéu Genbank (http://blast.ncbi.nlm.nih.gov)
dé dinh danh vi khuan.

2.3. Xir Iy s0 liéu

Céc s6 lidu duoc tong hop bang phan mém
Microsoft Excel 2016. Thuc hién phan tich théng
ké mo ta bang phan mém Minitab phién ban 16,
phén tich phuong sai One-Way ANOVA dé danh
gia su khac biét vé& gia tri trung binh cua cac
nghiém thiec, kiém dinh Tukey’s dé so sanh cac
gia tri trung binh & d9 tin cdy 95% va 99%.

NONG NGHIEP VA MOI TRUSNG - KY 2 - THANG 6/2026 21



KHOA HOC & CONG NGHE

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Phén l1ap vi khuin hoa tan lan tir dat
vung ré

Tir 15 mAu dat da phan 1ap dugc 30 chung vi
khuén hoa tan 14n (VK-P) trén méi truong NBRIP
chtra Ca3(POy),. Phan 16n khuan lac c¢6 dang tron
déu (20/30), bo khong déu (10/30), véi do ndi da

dang gom: Lai, mo, phang, ndi, go va miéng nui
lra. Mau sdc khuan lac dao dong tir trong, tring
duc, trang nga dén nga vang; kich thuge tu 0,4 -
4,0 mm sau 3 ngdy nudi cdy. Quan sat hinh thai té
bao cho thiy 27/30 chung c6 dang que ngan, 2/30
dang cau va 1/30 dang que doi; két qua nhudém
Gram xac dinh 26/30 chung 1 Gram am va 4/30
chung la Gram duong (Bang 1).

Bing 1. Pic diém hinh thai khuin lac va té bao ciia cic chiing vi khuin

Khuén lac
) i Hinh thai i
STT Chung Vi Gram 113 ) a1 N ’ Kich
khuén te bao Hinh dang | D¢ Noi Bia Mau sac thudc
(mm)
1 LM1.2 - Que ngin Tron 16n Lai Nguyén | Tring ngi 2,0
\ Tron, , .
2 LM2.12 + Cau ) N Phang | Rangcua | Hoi vang 2,2
khong déu
. Tron, - Gon .
3 LM2.13 - Que ngan ) \ Nui lura . Hoi vang 0,9
khong deu song
4 LM2.4 - Cau Tron nho Lai Nguyén Trong 1,8
5 LM2.41 - Que ngan | Khong déu Phing 111jr ((;Irll Trong 2,1
VV1.7 - Que ngin Tron 16n Mo Nguyén | Tring duc 3,0
VV3.7 - Que ngin Tron Noi Nguyén | Tring duc 1,7
) i Trang duc
8 VVv3.9 - Que ngan Tron Noi Nguyén stta, nga 1,5
vang nhat
X Tron, ,
9 VV3.12 + Cau R N Phang | Rangcua Vang 3,0
khong deu
10 HTDA4.3 - Que ngin Tron 16n Go Nguyén | Tring trong | 4,0
‘ Tron nho, « A
11 TTO1.2 - Que ngan khong déu Mo Nguyén Trong 1,2
12 TT02.2 - Que ngin | Khong déu Lai Nguyén | Tring nga 4,0
13 TT02.3 - Que ngin Tron 16n Mb Nguyén Trong 2,0
14 TT02.4 - Céu Tron 16n Mo Nguyén Trong 2,1
N Tron nhd, 2. Gon .
15 AGI1 - Cau khong déu Noi séng Nga vang 1,5
16 AGI.1 - Que ngin Tron Nbi Nguyén | Tring nga 2,1
17 AG1.4 - Que ngin Tron 16n Go Nguyén | Trangduc | 2,5
18 AGl1.7 - Que ngin Tron 16n Lai Nguyén | Tring duc 2,5
19 AG2 - Que ngin Tron nhé Lai Réng cua | Hoi vang 2,0
20 AG2.1 - Que dai Tron lon Mo Nguyén | Tring duc 2,3
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21 AG2.3 - Que ngin Tron Mo Nguyén Trong 1,0
) i Tring duc
22 AG3.1 + Que ngan Tron Phang Nguyén nga vang 0,4
nhat
23 AG4 - Quengén | Tronnho Mé | Nguyén Tragi fga’ 1,8
24 AG4.1 - Que ngin Tron 16n GO Nguyén Puc 3,0
, Tron, , )
25 | AG42 | - | Quengin o Néi Gon | Vangnhat | ¢
khong deu song nga cam
2z Trén, 2 Chia
26 AG4.5 + Que ngan R . Phang \ Cam nhat 2,5
khong déu thuy
< ~ X < Uén
27 AGS5.2 - Que ngan | Khong déu Phang luon Trong 4,0
28 AGS5.3 - Que ngin Tron nhd Phing Nguyén | Ngavang 2,2
29 VTI - Que ngin Tron Noi Nguyén | Tring nga 2,5
30 VT2 - Que ngin Tron Phing Nguyén | Tring nga 1,1

3.2. Pinh tinh kha nang hoa tan lin khé
tan ciia cac chiing vi khuian

Két qua dinh tinh cho thdy, 30 chung VK-P
déu c6 kha ning hoa tan 1an voi chi s6 hoa tan
(SI) dao dong tur 1,00 - 2,52 sau 5 ngay 4. Trong
d6, chung AG2.1 ¢6 gia tri SI cao nhat (2,52),
tiép theo 1a AG2 (2,23), khac biét co ¥ nghia
thong ké so voi cac chung con lai (Bang 2). Tam
chung: VV1.7, HTD4.3, AGl, AGl.4, AG4,
AG4.1, AG5.3 va TT02.3 co6 gié tri SI dao dong
tr 1,22 - 1,97, cao hon cac chung con lai. Chi )

SI ctia cac ching trong nghién ctu c6 xu hudng
thip hon mot sd nghién ciru trén dat trong xoai,
dau tuwong (Phaseolus vulgaris L.) [23, 24],
nguyén nhan co thé do su khac biét vé biéu loai
dat canh tac, loai cdy trong va thoi gian thu mau.
Tir két qua nay, 10 ching ¢ kha ning hoa tan 1an
cao gom: AGl.4, AG2.1, AGl, AG4, VV1.7,
HTD4.3, AG4.1, AG2, AG5.3 va TT02.3 véi chi
s6 hoa tan 1an tir 1,22 - 2,52 duoc tuyén chon cho
cac thi nghiém tiép theo.

Bing 2. Prwong kinh vong phan gidi lan va chi s6 hoa tan lan ciia cac chiing vi khuan sau 5 ngay i

Chung vi Puong kinh khuan Puong kinh vong phan Chi s6 hoa tan 1an
khudn lac (mm) giai lan (mm) (SI)
LM1.2 5,47 £0,06 0,00e 1,00e

LM2.12 4,00 +0,10 0,00e 1,00e

LM2.13 4,17+0,21 0,00e 1,00e
LM2.4 6,87 0,06 0,00e 1,00e

LM2.41 5,47 £0,06 0,00¢e 1,00e
VV1.7 5,17 £0,06 1,20d 1,23e
VV3.7 4,17 +£0,21 0,00e 1,00e
VV3.9 3,10£0,10 0,00e 1,00e

VV3.12 4,90 + 0,17 0,00e 1,00e

HTDA4.3 4,97 + 0,06 4,83b 1,97¢c
TTO1.2 4,97 £ 0,06 0,00e 1,00e
TT02.2 5,03 £ 0,06 0,00e 1,00e
TT02.3 5,43 £0,06 1,20d 1,22¢
TT02.4 5,97 £ 0,06 0,00e 1,00e
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AGl1 3,47 + 0,06 3,35¢ 1,97¢c
AGl.1 4,20+ 0,25 0,00e 1,00e
AGl.4 6,97 + 0,06 5,53b 1,79cd
AGL.7 5,50 £ 0,00 0,00e 1,00e

AG2 4,03 £ 0,06 4,97b 2,23b
AG2.1 4,93 £ 0,06 7,50a 2,52a
AG2.3 6,33+ 0,29 0,00e 1,00e
AG3.1 5,56 +0,12 0,00e 1,00e

AG4 5,93 + 0,06 4,67b 1,79cd
AG4.1 5,87 £ 0,06 5,03b 1,86cd
AG4.2 4,40+0,17 0,00e 1,00e
AG4.5 4,83 £0,29 0,00e 1,00e
AGS5.2 4,00 + 0,00 0,00e 1,00e
AGS5.3 4,90 + 0,00 2,97c 1,61d

VT1 6,67 +0,29 0,00e 1,00e

VT2 2,33 +£0,12 0,00e 1,00e

Miic y nghia - * *
CV (%) - 4,2 3,1

Ghi chu: Trong cung mét cot, cac gia tri trung binh c6 chit theo sau giong nhau thi khdc biét
khéng c6 y nghia thong ké & mirc y nghia 5% qua phép thir Tukey’s; *: Khdc biét ¢é y nghia thong ké
giita cdac nghiém thirc o mirc y nghia 5%.
nang hoa tan P cao véi ham lwong Py ting dan theo
thoi gian va dat cao nhat vao thoi diém 9 NSU. Véi
cung xu huéng, mat d6 VK-P va ham lugng [AA
cling gia tang va dat cao nhat ¢ giai doan 9 NSU.

3.3. Pinh lwgng kha nang hoa tan lan cia
cac ching vi khuan

Két qua khao sat ham luong lan hoa tan (Pp)
theo thoi gian cho thdy, 10 ching VK-P c6 tiém

Bang 3. Ham lwong 1an hoa tan, mit d ciia cac ching vi khuin va ham lwong IAA sinh ra
theo thoi gian u

Mat do vi khuan hoa tan lan (log \
ofu/mL) Ham lugng IAA (mg/L)

3 NSUJ 5 NSU| 7 NSU| 9 NSU| 3 NSU[ 5 NSU[ 7 NSU[ 9 NSU| 3NSU| 5 NSU| 7 NSU| 9 NSU
AGL4 | 1,82¢c| 11,8¢ | 17,5f| 19.6e | 7,69a | 9,30a | 8,54cd| 8,37b | 2,08a-c| 5,83de | 12,5f | 10,6ef
AG2.1 | 1,04f | 9,36f | 19,8¢ | 20,8¢ | 7,60b | 8,58¢ | 8,34fg| 8,43ab| 1,88b-d| 6,05cd | 12,7¢f| 14,4d
AGl |241ab| 26,9a | 30,2¢ | 31,1bc| 7,15f | 8,35d | 8,19h | 8,14c | 2,31a | 6,68b | 12.8¢f| 11,0e
AG4 | 1,25¢| 7.30g | 10,8g| 11,3f | 7,50cd| 8,76b | 8,28gh| 8,18¢c | 1,96b-d| 5.25¢f | 13,6c | 104f
VVL7 | 1,62d| 17,2¢ | 25,7d| 26,3d | 7,32¢ | 8,60c | 8,47de| 8,22¢ | 1,82¢-d| 6,61bc| 14,6b | 10,0f
HTD4.3| 1,89¢ | 15,4d | 25,0d | 27,9¢cd| 7,67a | 8,33d | 8,65b | 8,16c | 2,15ab| 7,09b | 13,1de| 10,4f
AG4.1 | 1,86¢c | 10,7¢f| 202¢ | 21,2¢ | 7,18f | 8,18¢ | 8,36fz| 7,33d | 1,85cd| 5,14f | 13,4cd| 9,39¢
AG2 | 2,31b| 23,5b | 33,5b|35,1ab| 7,52cd| 8,59¢ | 9,11a | 8,41b | 1,58e | 5,73d-f| 12,1g | 153c
AG5.3 | 2,59a| 24,1b | 37,7a| 38,0a | 7,56bc| 8,12¢ | 8,43¢f| 8,52a | 1,75de | 5,44d-f| 18,4a | 19,6a
TT02.3 | 2,24b | 23,5b | 32,6b| 37,1a | 7,57bc| 9,21a | 8,63bc| 8,35b | 1,83c-e| 9,15a | 14,4b | 18,1b

Mirc y * * * * * * * * * * * *
nghia
CV(%) | 5,16 6,9 12,6 | 12,7 | 2,69 | 427 | 3,29 | 4,40 12,9 12,1 14,1 9,60
Ghi chii: Trong ciing mét cét, cac gid tri trung binh c6 chit theo sau giong nhau thi khdc biét
khéng c6 y nghia thong ké 6 mirc Y nghia 5% qua phép thir Tukey’s; NSU: Ngay sau u; *: Khdc biét ¢6
¥ nghia thong ké giita cdc nghiém thire ¢ mirc y nghia 5%.

Nghiém | Ham Iugng lan hoa tan (mg/L)
thire
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Tai thoi diém 3 NSU, chung AG5.3 ¢6 kha
ning hoa tan lan cao nhat véi 2,59 mg/L, khac
biét khong c6 y nghia so véi ching AG1 véi 2,41
mg/L, nhung dat cao hon va khac biét c6 y nghia
théng ké so véi cac chung con lai (p < 0,05)
(Bang 3). Mat d6 cua chung VK AGS5.3 cling dat
cao véi 7,56 log cfu/mL, diéu nay thé hién su
tuong dong va 1a co so giai thich cho kha ning
hoa tan l&n cao cua chung AGS.3. Cung thoi
diém, ham luong IAA sinh ra cao nhit & chung
AGI véi 2,31 mg/L. Tai thoi diém 5 NSU, ching
AGI cho hiéu qua cao nhat v6i ham lugng lan
hoa tan dat 26,9 mg/L, tiép dén 1a chung AG2,
AGS5.3 va TT02.3 v6i ham lugng Py tir 23,5 -
24,1 mg/L, cao hon va khéc biét théng ké so véi
cac chung VK con lai. Ham lugng IAA ghi nhan
cao nhit & chung TT02.3 vé&i 9,15 mg/L, khac
biét co y nghia thong ké so vdi cac chimg VK con
lai (p < 0,05). Ngoai ra, mat d0 VK-P cla cac
ching cling gia ting va dat 8,12 - 9,21 log
cfu/mL. Tai thoi diém 7 NSU, ham luong Py va
IAA cia ching AG5.3 dat cao nhat véi lan luot
37,7 mg/L va 18,4 mg/L, tuong mg voi mat sb
8,43 log cfu/mL. Tai thoi diém 9 NSU, ching
AGS5.3, TT02.3 c6 ham lugng Py, dat cao nhét (p
< 0,05), 1an luot 1a 38,0 mg/L va 37,1 mg/L, so
véi cac chung VK-P con lai, nhung khac biét
khéng c6 y nghia so v6i ching AG2 (35,1 mg/L).
Ham lugng IAA sinh ra bai ching AGS5.3 dat cao
nhit véi 19,6 mg/L (p < 0,05) va mat d§ cua
ching AG5.3 tiép tuc ting dén 8,52 log cfu/mL,
dat cao nhit so v6i cac ching con lai (p < 0,05)
(Bang 3). Nhin chung, ham luong Py, va IAA dat
cao nhét ¢ thoi diém 9 NSU v6i cac chung AG2,
AG5.3 va TT02.3, ciing v6i d6 mat do vi khuan
hoa tan lan dat cyc dai & 5 NSU va dugc duy tri
mat d6 cao hon mét d6 ching dau vao (6 log
cfu/mL) & thoi diém két thiic thi nghiém (9 NSU).

Theo Pham Thi Mién va Phan Minh Thu
(2021) [25], vi khuin hoa tan l4n chu yéu thong
qua viéc tiét axit hiru co lam glam pH moi
truong, tur do giai phong P bang co ché thay thé
H' cho Ca*". Két qua nghién ctru cho thiy, & 8/10
chung VK-P (trir AG2.1 va AGS5.3), ham luong
IAA va mat dd vi khuan dat cuc dai 6 5 NSU r61
giam dan, trong khi ham luong 1an hoa tan van
tiép tuc tang, c6 thé do su phan hiy t& bao vi
khuén giai phong P vao méi truong [26]. Xu
huéng nay tuong dong véi nghién ctu trén
Enterobacter sp. cia Cao Thi My Tién (2020)
[13]; Lebrazi va cs (2020) [27]. Két qua khang
dinh, cac chung VK-P vua c6 kha ning hoa tan
lan vira tong hop IAA nén c6 tiém nang thuc day
sinh truong cdy trong. Dya trén kha ning hoa tan
lan va sinh IAA, 6 chung HTD4.3, AG1, AG2,
TT02.3, VV1.7 va AG5.3 duogc tuyen chon khao
sat anh hudng dén kha ning nay mam cua hat
gidng trong diéu kién phong thi nghiém.

3.4. Panh gia 4nh hwéng cia cac chung vi
khuén hoa tan lan l1én kha nang nay mam cua
rau muong va cdi xanh trong diéu kién phong
thi nghiém

Két qua & bang 4 cho thdy, cac nghiém thirc
bd sung vi khuan déu khong anh huoéng bét loi
dén sy ndy mam ctia hat rau mudng, véi ty 1¢ nay
mam dat 94,7 - 98,7%, cao hon ¢ ¥ nghia théng
ké so voi BC (90%; p < 0,01) sau 3 ngay bd tri
(NSBT). Tai thoi diém 7 NSBT, ty 1 séng cua
cdy & cac nghiém thirc c6 ching vi khuan dat cao
hon PC, trong d6 ching AG2 dat cao nhat
(96,0%), twong duong voi TT02.3 (94,7%). Két
qua nay phu hop voi két qua nghién ctru cua
Hyder va cs (2020) [28], cho thdy VK-P ¢6 kha
nang thuc day sy nay mam cua hat.

Bang 4. Anh hwéng cia cac chiing vi khuan doi voi sw ndy mam va ti 1€ song
clia rau muong va cdi xanh

Cay rau mudng Céi xanh
Nghiém thuc Ti 1& nay mam 3 Ti 1é song 7 Ti 1& nay mam Ti 1& song 7
NSBT (%) NSBT (%) 3 NSBT (%) NSBT (%)
bC 90,0b 80,7d 76,3¢ 72,0c
HTDA4.3 95,0a 85,3¢c 78,7bc 74,3bc
AGl1 97,3a 92,7b 82,0ab 74,0bc
AG2 98,7a 96,0a 81,3abc 76,0bc
TT02.3 95,3a 94,7ab 80,0bc 77,3b
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VV1.7 94,7a 86,7¢c 81,3abc 73,3bc

AGS53 96,7a 87,3¢c 86,0a 84,7a
Mirc ¥ nghia Hok Hok ok Hok

CV (%) 3,10 6,02 4,06 5,62

Ghi chu: Trong c’L‘mg mot cOt, cdc gida tri theo sau boi cac chir cai giéng nhau biéu, thi sw khac biét
khong c6 y nghia thong ké theo kiém dinh Tukey's. **: Khac bi¢t o mirc 1%; DC: Doi chumg; NSBT:

Ngay sau bo tri.

Ty 1é nay mam ciia hat cai xanh & cac nghiém
thirc b6 sung vi khuan dao dong tir 78,7 - 86,0%,
cao hon va khac biét y nghia thong ké so voi BC.
Tai thoi diém 7 NSBT, ty 1& song dat 74,0 -
84,7%, trong d6 chung AGS5.3 cho hiéu qua cao
nhat véi ty 1¢ nay mam va ty 1é séng lan luot 1a
86,0% va 84,7%. Hiéu qua nay c6 thé lién quan
dén kha nang sinh IAA tir vi khuan giap kich
thich sy phat trién r&, ting kha ning hap thu nudc
va dinh dudng, tir 46 nang cao sirc sdng cua ciy
con [29]. Dya trén két qua nay, ba ching AG2,
TT02.3 va AG5.3 duoc tuyén chon dé danh gia
trong diéu kién nha ludi.

3.5. Danh gia anh huéng cia cic ching
vi khudn hoa tan lan dén ning suit va chat
lwgng ciia ciy rau mudng va cai xanh & diéu
kién nha luéi

Cay rau mudng: Bang 5 va hinh 1A cho théy,
cac nghiém thire chung vi khuén h tro o rét sinh
truong va ning suit rau mudng so véi nghiém
thirc BC. Cu thé, chiéu cao cay, duong kinh than
va sb 14 cua rau muéng dat 1an luot 47,7 - 49,0
cm; 0,503 - 0,560 cm; 8,40 - 8,50 1a/cay, cao hon

va khéc biét co ¥ nghia théng ké so voi nghiém
thirc BC (37,3 cm; 0,311 cm; 7,30 1a/cay). Két
qua 1a khdi lwong thwong pham va khéi luong
kho tang 1€n, dat 132,6 - 135,2 g/chéu va 8,51 -
9,79 g/chau, khac biét co ¥ nghia thong ké so véi
nghiém thuc PC (115,4 g/chau va 7,94 g/chau),
ngoai trir khdi lwong kho & nghiém thire TT02.3.

Két qua & bang 5 cho thiy, do Brix cia rau
mudng dao dong khoang 2,22 - 2,36 va khac biét
khong y nghia gita cac nghiém thac (p > 0,05).
Nguoc lai, ham lwong vitamin C tang dang ké khi
bd sung vi khuén, trong dé nghiém thirc bd sung
AG2 dat cao nhat véi ham luong vitamin C 1a
59,4 mg/100 g, tiép theo 1a AG5.3 va TT02.3 lan
lugt 1a 55,0 - 55,1 mg/100 g. Du lugng nitrate
trong rau mudng dao dong 100,5 - 121,9 mg/kg,
déu thap hon ngudng cho phép theo Quyét dinh
s&  99/2008/QD-BNN [30]. Ddng thoi, cac
nghiém thic bd sung VK-P ¢6 mat sé Coliforms
va E. coli thip hon so véi DC, két qua ciing ghi
nhan khong phat hién Salmonella trong tit ca cac
mAu rau mudng.

Bang 5. Hi€u qua cta cac ching vi khuan hoa tan 1an dén niang suat va chat lwgng
ciia rau muong & giai doan thu hoach

Nghiém Cca(; o s(e; é"‘ KLTP | KLkho| Brix |Vitamin C|Nitrate"|Coliforms| E. coli® | Salmonelld®
thire (cm) | (cm) |1a/cay) (g/chau)| (g/chdu)| (%Brix)|(mg/100 g)| (mg/kg)| (MPN/g) | (MPN/g)| (cfu/gkk)
Rau mudng
bC 37,3b | 0,311d | 7,30b | 1154b | 7,94c | 2,22 49.8¢ | 121,9a | 358,0a | 80,0a KPH
AG5.3 | 49,0a | 0,519b | 8,40a | 130,5a | 9,09ab | 2,32 55,0b | 100,5b | 188,0b | 43,2b KPH
TT02.3 | 47,9a | 0,503¢ | 8,50a | 130,2a | 8,51bc | 2,32 55,1b | 121,0a | 194,0b | 33,0bc KPH
AG2 | 47,7a | 0,560a | 8,50a | 130,4a | 9,79a | 2,36 59,4a | 121,3a | 123,2b | 254c KPH
Mﬁcy ok kk % ksk kok ns sk sk sk sk -
nghia
CV (%) | 3,46 | 11,1 574 | 5,76 10,8 4,56 6,57 8,54 8,33 12,5 -
Cai xanh
bC 20,3¢ | 6,39¢ | 6,50b | 552¢ | 3,44c | 4.84a | 29,0b | 1223a | 264,0a | 642a KPH
AGS5.3 | 26,0a | 8,46ab | 8,10a | 62,1ab | 4,70ab | 4,42ab 37,5a 115,70 | 86,0b 49,2ab KPH
TT02.3 | 23,8b | 7,72b | 8,00a [ 59,9bc | 4,30b | 4,10b 36,7a 112,7b | 58,8bc | 28,4bc KPH
26
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AG2 | 26,la| 8,64a | 820a | 67,52 | 524a | 2,0c 37,6a | 114,4b | 33,20c | 22,2¢c KPH
Ml:rC}” kk kk k% kk *k kk *ok kk k% k3K -
nghia

CV (%) | 3,77 | 840 | 6,87 | 8384 12,3 16,6 10,6 3,61 19,1 12,9 -

Ghi chu: Trong cung mot cot, cdc gid tri theo sau boi cdc chir cdi khac nhau biéu thi su khdc biét
¢6 ¥ nghia thong ké theo kiém dinh Tukey's. * la khdc biét & mirc p < 0,05; ** la khdc biét ¢ mirc p <
0,01; ns la khac biét khong co y nghia théng ké: DC: Péi chung; CC: Chiéu cao; PK: Duong kinh;
KL: Khoi lwong; KLTP: Khéi lwong thwong pham; KPH: Khong phat hién; (1): Ham lwong NO3 trong
rau muong la 300 mg/kg; (2): Mdt dj E. coli (cfu/g) trong rau an song la 10° va Salmonella la KPH

theo Quyét dinh s6 99/2008/0P-BNN [30].

Hinh 1. Sinh khéi rau muéng (A) va cii xanh (B) & giai doan thu hoach

Cay cai xanh: Bang 5 va Hinh 1B cho thay,
su sinh truéng clia cai xanh & cac nghiém thirc bo
sung VK-P gia tang so v&i nghiém thuc DC.
Tuong tu nhu anh hudéng cua vi khuan trén rau
mudng, cdy cai xanh dwoc bd sung VK-P co
chiéu cao dat 23,8 - 26,1 cm, cao hon va khac biét
c6 y nghia véi cdi xanh & nghiém thiac BC (20,3
cm). Tuong tu, chiéu rong 1a (7,72 - 8,46 cm) va
s6 14 (8,00 - 8,20 la/cdy) cua cai xanh déu ting
cao so voi nghi€ém thie BC (6,39 cm; 6,50 14/cdy)
(p < 0,01). Nho @6, khéi luong thuong pham va
khéi lugng khé tang 1én, dat 1an lugt 59,9 - 67,5
g/chau va 4,30 - 5,24 g/chau. Trong do, nghiém
thirc bd sung ching AG2 c6 khdi lwong thuong
pham dat 67,5 g/chau, khdi luong rau kho dat
5,24 g/chau va dat cao hon so vdi bd sung VK
TT02.3 (p < 0,05), nhung dat twong duong véi
hiéu qua cua chung VK AG5.3 trén cai xanh.

Ham lwgng duong tan (d6 Brix) cia cai xanh
dao dong tur 2,0 - 4,84 %Brix, trong d6 nghiém
thirc ching vi khudn VK-P c6 d¢ Brix thap hon
(2,00 - 4,42 %Brix) so voi nghiém thirc BC (4,84
%Brix). Biéu nay co thé do lugng duong tao ra tur
qua trinh quang hgp dugc cay st dung cho viéc
phan chia, kéo dai té bao va hinh thanh mé méi
[31] va tao vat chat kho thay vi tich lily trong 14

[32]. Ham luwong vitamin C trong cai xanh dao
dong tor 29,0 - 37,6 mg/100 g, trong d6 cac
nghiém thirc duoc chung véi VK-P c6 ham lugng
vitamin C cao hon va khac biét so véi BC. Mt sd
vi sinh moi trudong trong cai xanh ¢ nghiém thic
ching VK-P luén thip hon so véi DC va khong
ghi nhan sy hién dién cta Salmonella trong cai
xanh. Bén canh d6, két qua ¢ bang 5 cho théy, du
lwgng nitrate trong cai xanh tr 114,4 - 1223
mg/kg va nam trong ngudng cho phép vé ham
lugng nitrate trong rau theo Quyét dinh sb
99/2008/QD-BNN 14 < 500 mg/kg [30]. Tur két
qua & bang 5 cho thdy, nghiém thirc chung vi
khudn AG2 va AG5.3 mang lai hiéu qua cao giup
gia ting sinh trudng, ning suit va dam bao chat
lwong rau mudng va cai xanh. Do dé, chung AG2
va AG5.3 dugc tuyén chon dé giai trinh ty ving
gene 16S rRNA.

3.6. Pinh danh vi khuin

Két qua giai trinh ty ving gene 16S rRNA
ctia 02 chung vi khuin AG5.3 va AG2 so sanh
véi cac trinh ty trong co sé dit liéu GenBank
trong NCBI bang cong cu BLAST cho thay, trinh
tu ching vi khuan c6 kha niang hoa tan 1an AG5.3
c6 do tuong déng 99,71% véi trinh tu cla cac vi
khuan thudc chi Enterobacter. Chung vi khuan
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AG2 c6 d6 tuong dong 100% véi cac vi khudn

thugc chi Acinetobacter. Nhiéu nghién ctru di

chiing minh kha nang hoa tan 1an cua cac ching

thudce chi Enterobacter va Acinetobacter [33, 34].
4. KET LUAN

Nghién ciru da phan lap va tuyén chon duoc 2
ching vi khuan c6 kha ning hoa tan lan v6 co va
sinh chat kich thich sinh trudng thuc vat (IAA) tir
dat ving ré cdy trdng tai thanh phd Can Tho va
tinh An Giang 1a Enterobacter sp. AG5.3 va
Enterobacter sp. AG2. Hai ching VK-P nay c6
tiém ning trong hd trg sinh truéng va ning suit
ctia rau mudng va cai xanh trong diéu kién canh
tac nha ludi.
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Nghién curu nay dwoc tai tro boi Dai hoc Can
Tho, md s6: CTCS2024-05-02.
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ISOLATION AND SELECTION OF PHOSPHATE-SOLUBLE BACTERIA CAPABLE OF
PROMOTING THE GROWTH, YIELD AND QUALITY OF LEAFY VEGETABLES
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Abstract

The study aimed to isolate and select phosphate-solubilizing bacteria (VK-P) to improve the yield and
quality of water spinach ([pomoea reptans L.) and green mustard (Brassica juncea L.). The research
results isolated 30 VK-P strains capable of solubilizing insoluble calcium phosphate Ca;(PO,4), and 10
strains with high phosphate-solubilization indices (1.22 - 2.52) which were selected. Six strains
showed strong phosphate-solubilizing activity (26.3 - 38.0 mg L") and produced 10.0 - 19.6 mg L™
indole-3-acetic acid after 9 days of incubation. Among them, AG5.3 and AG2 strain stimulated the
germination rate of the seed under laboratory conditions. The water spinach and green mustard
inoculated with these two bacterial strains increased significantly in yield, marketable weight, high
vitamin C content and nitrate content. The densities of harmful environmental microorganisms within
permissible limits according to QCVN 8-3:2012/BYT of the Ministry of Health. The AG5.3 and AG2
were chosen to identify using a regon of 16S rRNA gene sequencing, which showed that isolate AGS5.3
shared 99.71% sequence similarity with Enterobacter sp. AG5.3, whereas isolate AG2 exhibited 100%
sequence similarity with Acinetobacter sp. AG2. These two VK-P isolates showed considerable
potential as bioinoculants for greenhouse cultivation of water spinach and green mustard.

Keywords: Acinetobacter sp., Enterobacter sp., green mustard, phosphorus solubilizing bacteria,

water spinach.
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