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LOI CAM POAN

Tbi xin cam doan rang luan 4n nay 1a cong trinh nghién ctru doc 1ap cua
ban than t6i va mot sb két qua cong tac voi cac cong su khac. Cac két qua nghién
ctru, s6 liéu duoc trinh bay trong luan an 13 trung thuc, khach quan va chua ting
dugc st dung dé bao vé cho bat ky hoc vi nao trudc day. Mot phﬁn sb liéu da
duoc cong bd trén cac tap chi, bao cdo chuyén nganh véi sy dong y va chap
thuan cua cic dong tac gia. Phan con lai chua dugc cong bd trong bat ky cong
trinh nao khac.

T6i ciing cam két d ghi rd ngudn gdc tit ca cac thong tin, s6 liéu va tai lidu
tham khao sir dung trong luan an. Moi su hd tro, gitp do trong qua trinh thuc hién
luan an déu da duogc tran trong ghi nhan va cam on day du.

Néu c6 bat ky vi pham nao lién quan dén tinh trung thuc va ban quyén cia

luan an, t61 xin chiu hoan toan trach nhiém theo quy dinh cia don vi dao tao.

Hué, ngay 26 thdng 10 ndm 2026

TAC GIA LUAN AN

Nguyén Xuin Hiéu
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LOI CAM ON

Trude hét, téi xin bay t6 long biét on sdu sdc va tri dn chan thanh téi PGS.TS.
Nguyén Thi Thu Thiiy va TS. Nguyén Dirc Huy — nhitng nguoi thay, ngueoi cé da tin
tam hwéng dan, diu ddt va luén dong hanh ciing téi trong sudt qud trinh thiee hién ludn
dan. Sw tan tuy, kién nhan, nhitng gop y khoa hoc sdu sdc cing sw dong vién kip thoi ciia
quy thdy cé khéng chi gitip téi hoan thién ludn dn, ma con tiép thém cho téi niém tin va
ban linh trén con duwong nghién ciru khoa hoc.

Toi xin tran trong cam on Ban lanh dao Vién Cong nghé Sinh hoc, cung cdc
phong chire nang ciia Vién va Pai hoc Hué da tao diéu kién thudn loi va hé tro t6i trong
suot thoi gian hoc tdap, nghién cuu tai Vién.

Xin giti 161 cdm on chédn thanh dén cdc anh chi, dong nghiép tai phong thi
nghiém Céng nghé Gene va phong thi nghiém Enzyme — Protein, cdc thanh vién dé
tai CT-2022.09.DHH.04, cung cac hoc vién cao hoc, sinh vién da déng hanh, sé chia
va hé tro 16i bcing tinh than hop tac chdn thanh va trdach nhiém.

T6i xin trdn trong cam on Quy Péi méi Sdng tao Vingroup (VINIF) va Vién
Nghién ciru Diw liéu 16n (VINBIGDATA) vi sy ho tro quy bdu, khéng chi vé tai chinh
ma con la nguon déng vién to 1ém dé téi kién tri theo dudi muc tiéu nghién ciru. Téi ciing
xin giti 167 cdm on sdu sdc t6i ba con néng dan dia phirong dd nhiét tinh hop tdc, tao
diéu kién cho khdo sat va thuc nghiém, do”hg thoi chia sé nhitng kinh nghiém thuc tién
quy gid.

T6i xin tran trong cam on Ban Gidm déc S6 gido duc va Pao tao Quding Tri,
Phong Gido duc phé théng, Phong To chivc cdn by, Chi bé, Ban Gidm higu va tip thé
Trwong THCS& THPT Cira Viét dd tao moi diéu kién dé téi hoan thanh Chwong trinh
ddo tao tién si.

Cudi ciing, t6i xin danh long biét on sdu sdc nhat t6i cha me, dai gia dinh, dic biét
la ngwoi vo— Lé Thi Hong Cin, da ling 16 hy sinh, cham lo hdu phuong va luén la cho
diea tinh than viing chdc dé téi cé thé toan tam hodan thanh ludn dn nay.

Trin trong va biét on.

Hué, ngay 26 thang 10 nam 2026
TAC GIA LUAN AN

Nguyén Xuan Hiéu
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KY HIEU VIET TAT

Chir viét tit

Giai thich

BAZ04
BCA
BLAST

BNNPTNT
bp
BVTV
CNSH
CS

CT
CTAB
CWDEs
DNA
DNS
bC
HRGMD
TIAA
ITS

LB

M +=SD
MFC
MIC
NSLT
NSNNB
NSTT
OD

Ky hiéu hdn hop dich nuéi ciy cua ba ching vi khuin dbi khang
Bacillus siamensis 101, B. siamensis 112 va B. velezensis 137

Biological Control Agent (tic nhan kiém soét sinh hoc)

Basic Local Alignment Search Tool (céng cu tim kiém twong dong
trinh tu cuc bo)

Bo Nong nghiép va Phat trién néng thén

Base pair (cdp base)

Bao vé thuc vat

Cong ngh¢ sinh hoc

Cong su

Cong thuc

Cetyltrimethylammonium bromide

Cell Wall-Degrading Enzymes (cac enzyme phan giai thanh té bao)
Deoxyribonucleic acid (axit deoxyribonucleic)
3,5-Dinitrosalicylic acid (axit 3,5-dinitrosalicylic)

Dbi chimng

Héo rii goc mdc den

Indole-3-acetic acid (axit indole-3-acetic)

Internal Transcribed Spacer (vung dém phién ma ndi bg)
Luria—Bertani (m6i trudng nudi cdy LB)

Mean + Standard Deviation (trung binh + d6 1éch chuén)
Minimum Fungicidal Concentration (ndng d6 diét nim t4i thiéu)
Minimum Inhibitory Concentration (ndng do trc ché téi thiéu)
Ning suat 1y thuyét

Ngay sau nhiém niam bénh

Ning suat thue thu

Optical Density (mat d§ quang)




v

Chir viét tit Giai thich
PCR Polymerase Chain Reaction (phan ting chudi polymerase)
PDA Potato Dextrose Agar (moi truong thach khoai tay dextrose)
PDB Potato Dextrose Broth (méi trudng dich thé khoai tay dextrose)
Poisson Tree Processes (phuong phap phan dinh loai dua trén cay
PTP g . .
phat sinh ching loai)
QCVN Quy chuén k¥ thuat qudc gia Viét Nam
RAPD Random Amplified Polymorphic DNA (ky thuat phan tich da hinh
DNA khuéch dai ngau nhién)
Randomized Complete Block Design (thiét ké khdi hoan toan ngau
RCBD n
nhién)
RNA Ribonucleic acid (axit ribonucleic)
SSR Simple Sequence Repeat (trinh ty 1dp lai don gian)
TCVN Tiéu chuan Viét Nam
TLB Ti 1€ bénh
UV-Vis Ultraviolet—Visible spectroscopy (quang pho tir ngoai—kha kién)

VSV

Vi1 sinh vat
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MO DAU

1. TINH CAP THIET CUA DE TAI ,

Lac (Arachis hypogaea) 1a cay cong nghi€p ngan ngay quan trong, gitip nong dan
nang cao thu nhap, on dinh sinh ké. Tai Viét Nam, dic biét 1a khu vuc mién Trung nhu
tinh Quang Tri va thanh phd Hué, lac 1a cay trong quan trong va duoc xac dinh 14 san
phém 6 1oi thé canh tranh cua dia phuong. Tuy nhién, san xuét lac tai tinh Quang Tri
va thanh phé Hué dang ddi mat v6i nhiéu thach thtrc 16n tir cac tdc nhan sinh hoc, dic
biét 12 ndm bénh trong dat. Trong d6, ndm Aspergillus sp. (dién hinh 13 Aspergillus
niger) gy bénh héo rii gbc médc den (collar rot/crown rot) 1a mot trong nhirng dich gay
hai ndng (Thuy et al, 2024; Awoke et al., 2025; Bongomin et al., 2026). Nam gay hai
sudt ca qua trinh phat trién cta lac, trude khi moc mam A. niger gdy théi hat va sau khi
moc mam gay héo rii, 1am thdi den vung co ré, khién ciy chét hang loat (Gajera et al.,
2011). Ti 1é cay chét do ndm nay c6 thé dao dong tir 28% dén 50%, gay ton that nghiém
trong dén nang suét tir 20% dén 50%, tham chi gay that thu néu khong phong trir kip
thoi (Hao, 2004; Gajera et al., 2011; Ha & Hoa, 2012). Pang lo ngai hon, mot sd chiing
A. niger con sinh doc té ochratoxin A, gy rii ro mat an toan thyc pham nghiém trong,
giam gi tri thuong pham va cé thé anh hudong dén strc khoe con nguoi (El-Dawy et al.,
2024; Bongomin et al., 2026). Tai Quang Tri va thanh phé Hué, thoi tiét dién bién phuc
tap, néng nong cuc doan xen k& mua It ngédp ung la diéu kién thuén loi dé cic nAm bénh
trong dat bung phat (Chi cuc Tréng trot va Bao vé thuc vat Quang Tri, 2025; Chi cuc
Tréng trot va Bao vé thuc vat thanh phé Hué, 2025).

Hién nay, bién phap phong trir bénh héo rii goc mdc den chi yéu dua vao thude
bao vé thuc vat hoa hoc (Awoke et al., 2025; Yuan et al., 2026). Tuy nhién, viéc lam
dung thudc hoa hoc gay 6 nhiém mai truong sinh thai, anh hudng strc khoe va gia ting
nguy co khang thubc (Nath & Patel, 2022; Yuan et al., 2026). Trong bdi canh do, dinh
huéng giai doan 2023 dén 2025 tai tinh Quang Tri, thanh phé Hué wu tién va khuyén
khich phuong an sir dung ché pham sinh hoc trong bao vé thuc vat. Giai phap st dung
d6i khang sinh hoc théng qua cac tac nhan nhu Trichoderma spp. va Bacillus spp. dang
ndi 1én nhu mot hudng di trién vong. Cac vi sinh vat dbi khang khong chi tc ché truc
tiép nam bénh thong qua co ché canh tranh dinh dudng, tiét enzyme, khang sinh va ky
sinh ndm, ma con gitp kich thich sy sinh truong, tang kha nang chiu han va cai thi¢n
sttc khoe hé ré cdy lac (Kampa et al., 2025; Moreira et al., 2025). Trong st dung ché
pham sinh hoc, hi¢u qua thyc té thay d6i tiy theo diéu kién sinh théi va dac diém ching
vi sinh vat d6i khang (Gangaraj et al., 2023; Moreira et al., 2025). Do d0, cac ché pham
sinh hoc dugc phat trién tir nhitng chung vi sinh vat khéng c6 ngudn gbc tai dia phuong
c6 thé chura phéat huy hiéu qua t6i wu khi 4p dung & ving sinh thai khac. Déi véi khu vuc
Quang Tri va thanh phé Hué c6 diéu kién khi hau khic nghiét, nén nhiét cao, gi6 Lao,
mua 16n theo mua, nhiéu ving dit cat pha ven bién, thi viéc tuyén chon cac chung vi
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sinh vat ban dia c6 kha nang thich nghi tot véi diéu kién sinh thai dia phuong dugc xem
1a hudng tiép can co co so khoa hoc nham nang cao hiéu qua phong trir sinh hoc bénh
héo il gdc mde den trén cay lac.

Céc nghién ctru trong va ngoai nudc di ghi nhan tiém ning cua vi sinh vat ddi
khang va cac enzyme ngoai bao c6 kha ning phan giai thanh té bao nam trong kiém soat
A. niger. Trong d6, vi khuan Collimonas fungivorans Ter331 dugc nghién ctru vé kha
ning tac dong dén su phat trién cta ndm A. niger. Chung vi khuan Collimonas
fungivorans Ter331 {rc ché sy phat trién cia soi ndm va sy ndy mam cua bao tir 4.
niger N402 (Mosquera et al., 2021). Chung Pseudomonas sp. HP-1 c6 kha nang
kiém soat sinh hoc ddi v6i 4. niger va ca v6i A. flavus (Kader et al., 2025). Chung
Streptomyces murinus XKH6 phan 1ap tai Hung Yén, Viét Nam di thé hién kha
ning kiém soat nam A. niger gdy théi hong nong san (Binh et al., 2024). Tuy nhién,
theo hiéu biét cua tac gia va trong pham vi tai liéu duoc tong hop, cac nghién ciru
tai ving mién Trung truéc diy cha yéu tap trung vao bénh héo rii gbc mdc tring do
Sclerotium rolfsii, trong khi bénh héo rii gbc méc den do A. niger hai lac van chua
dugc danh gia mot cach toan dién. C6 khoang tréng khoa hoc vé mot nghién ctru
lién hoan tir viéc phan 14p xac dinh tac nhin gay bénh, tuyén chon cac ching vi sinh
vat d6i khang c6 ngudn gbc ban dia Quang Tri va thanh phé Hué, dén viéc cung
cap cac bang ching cho thiy hé enzyme ngoai bao c6 hoat tinh B -1,3-glucanase
lién quan dén co ché ddi khang nam bénh trong diéu kién in vitro, ciing nhu danh
gia hiéu qua phong trir thyc té tir nha ludi dén thir nghiém dong rudng.

Xuéat phat tir khoang trong thuc tién va 1y luan néu trén, viéc thuc hién dé tai
“Nghién ciru ddi khang sinh hoc nAm Aspergillus sp. gy bénh héo rii gbc mdc den
trén cay lac (Arachis hypogaea) & tinh Quang Tri va thanh phé Hué” 13 hét sirc cap
thiét. Nghién ciru nham cung cap dit liéu vi sinh vat ban dia c6 hé théng, cung cip bang
ching vé co ché enzymatic doi khang va tao co s& khoa hoc cho viéc phat trién cc ché
pham sinh hoc phong trir bénh héo rii gdc mdc den, giam phy thudc thude hoa hoc, gop
phan san xudt lac an toan, bén virng than thién voi moi trudng tai dia phuong.

2. MUC TIEU NGHIEN CUU

2.1. Muc tiéu chung

Tuyén chon va nghién ctru c4c vi sinh vat ban dia c6 kha nang doi khang véi nam
Aspergillus sp. giy bénh héo rii gbc mbc den trén ciy lac, tip trung vao B-1,3-glucanase
lién quan dén hoat tinh d6i khang, lam co sé cho phong trir sinh hoc bénh tai tinh Quang
Tri va thanh phé Hué.

2.2. Muc tiéu cu thé ’

- Muc tiéu 1: Phan lap, xac dinh duoc tdc nhan nam Aspergillus sp. gay bénh
héo rii gdc mdc den trén ciy lac tai tinh Quang Tri va thanh ph Hué.

- Muc tiéu 2: Phan lap, tuyén chon duoc cac chung vi sinh vat ban dia c6 kha
ning d6i khang voi nim Aspergillus sp., biéu hién hoat tinh enzyme ngoai bao va dap
ung céc chi ti€u an toan sinh hoc dugc khao sat.
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- Muc tiéu 3: Xac dinh dugc anh huong cua mot sb yéu td dén hoat d6 va kha
nang sinh téng hop B-1,3-glucanase ciia cac chung vi sinh vat tuyén chon; danh gia dugc
tac dong cta phan doan enzyme ngoai bao c6 hoat tinh p-1,3-glucanase d6i véi ndm
Aspergillus sp. trong diéu kién in vitro.

- Muc tiéu 4: Panh gia duoc hiéu qua phong trir bénh héo rii gdc méde den cia
cac chung vi sinh vat tuyén chon trong diéu kién nha lué6i va thir nghiém dong rudng.

3.NOI DUNG NGHIEN CUU

- Noi dung 1: Phan lap, x4c dinh tic nhan nAm Aspergillus sp. giy bénh héo rii
gbc mbc den trén cay lac tai tinh Quang Tri va thanh phd Hué.

- Noi dung 2: Phén lap, tuyén chon ching vi sinh vét ban dia c6 kha nang dbi
khang voi ndm Aspergillus sp., biéu hién hoat tinh enzyme ngoai bao va dap tmg cac chi
tiéu an toan sinh hoc duoc khao sat

- Noi dung 3: Xac dinh dugc anh hudng ctia mdt sb yéu td dén hoat do va kha
nang sinh tong hop p-1,3-glucanase ctia chiing vi sinh vat dugc tuyén chon; danh gié tac
dong cua phan doan enzyme ngoai bao cé hoat tinh B-1,3-glucanase ddi v6i nim
Aspergillus sp. trong diéu kién in vitro.

- Néi dung 4: Panh gia hiéu qua phong trir bénh héo rii goc moc den ciia ching
vi sinh vét duoc tuyén chon trong diéu kién nha lu6i va thir nghiém dong rudng.

4. POI TUQNG NGHIEN CUU

- Cac ching nAm Aspergillus sp. gdy bénh héo rii gbc médc den trén cdy lac & tinh
Quang Tri va thanh phd Hué.

- Céc chiing vi sinh vét ¢6 kha ning doi khang va sinh enzyme ngoai bao (chitinase,
B -1,3-glucanase, cellulase) phan 1ap tir dat trong lac ¢ tinh Quang Tri va thanh phd Hué.

- Gibng lac L14 cia dia phuong.

5. PHAM VI NGHIEN CU'U

5.1. Thoi gian nghién ciru

Tir thang 12/2021 dén thang 6/2025; thoi gian thir nghiém trén dong rudng tir
thang 01 dén thang 6 nam 2023.

5.2. Dia diém nghién ciru

- Khao sat, diéu tra, thu mau bénh va dat dé phan lap vi sinh vat d6i khang, thir
nghiém danh gia kha ning phong trir bénh héo rii gbc mdc den trén ddng rudng dugc
thuc hién tai cac vung tréng lac ¢ tinh Quéang Tri va thanh phé Hué.

- Phan lap, tuyén chon vi sinh vat, nghién ctru dac diém enzyme, thur nghiém in
vitro, tht nghi€ém ¢ nha ludi dugc thuc hién tai Vién Cong nghé Sinh hoc, Pai hoc Hué.

- Chyp anh SEM tai Phong thi nghi¢m Khoa hoc vat li¢u, Khoa Ly — Hoa, Trudng
bai hoc Su pham — Dai hoc ba Nﬁng.

6. NHUNG PONG GOP MOI CUA LUAN AN

Nghién ctru cta luén an c6 cac dong gdép mdi nhu sau:

6.1. Tuyén chon duoc 03 chung vi khuén Bacillus ban dia gém B. siamensis 101,
B. siamensis 112 va B. velezensis 137 c6 kha nang d6i khang v6i nAm A. niger va sinh
enzyme ngoai bao (chitinase, -1,3-glucanase, cellulase).
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6.2. Xac dinh dugc anh hudng cia cac yéu té moi truong dén hoat do B-1,3-
glucanase va cac yéu t6 moi trudng nudi ciy lién quan dén kha ning sinh téng hop p-
1,3-glucanase ctia ba ching Bacillus ban dia tuyén chon; dong thoi cung cip bang ching
vé vai trd quan trong ctia phan doan enzyme ngoai bao chira p-1,3-glucanase tham gia
vao hoat tinh ddi khang ddi voi A. niger trong diéu kién in vitro.

6.3. Panh gia dugc hiéu qua phong trir bénh héo rii gbc mdc den hai lac ctia hdn
hop dich nudi ba chung vi khuan Bacillus ban dia (B. siamensis 101, B. siamensis 112
va B. velezensis 137, phdi tron ti 18 1:1:1 theo thé tich, ndng d6 10® CFU/mL) & quy md
nha luéi va thir nghiém dong rudéng da diém tai tinh Quang Tri va thanh phd Hué; ghi
nhan kha niang duy tri ti 18 cay chét do bénh ¢ muc thap (1,16-3,57 %) va 1am ting ning
sudt thuc thu caa lac tir 24,90-30,86 % so v6i ddi chung khong xir 1y

7. Y NGHIA KHOA HQC VA Y NGHIA THUC TIEN CUA LUAN AN

7.1. Y nghia khoa hoc

- Luan an bo sung cac dir li€u khoa hoc c6 hé thong vé dac di€m sinh hoc, tac
nhan nim Aspergillus sp. gdy bénh héo rii gbc mdc den trén cay lac va ngudn vi sinh vat
ban dia c6 kha nang d6i khang ndm bénh tai tinh Quang Tri va thanh phd Hué.

- Két qua tuyén chon va nghién ctru ba ching Bacillus ban dia cung cap dit
liéu vé kha nang d6i khang, hoat tinh cac enzyme ngoai bao chitinase, p-1,3-glucanase
va cellulase; déng thoi lam rd mot sb dic tinh cua B-1,3-glucanase va cac yéu td anh
huong dén kha ning sinh tong hop enzyme nay. Cac két qua vé tac dong cta phan
doan enzyme ngoai bao ¢ hoat tinh p-1,3-glucanase d6i véi sinh truong va hinh thai
soi ndm cung cap thém bang ching vé sy tham gia ciia enzyme ngoai bao trong hoat
tinh d6i khang A. niger.

- Két qua danh gia hiéu qua cta hdn hop dich nudi ba chung Bacillus trong diéu
kién in vitro, nha ludi va dong rudng goép phan cung cap co sé khoa hoc cho viéc phdi
hop cac chiing Bacillus trong kiém soat sinh hoc bénh héo rii gdc mdc den hai lac.

7.2.Y nghia thue tién

- Luén an cung cap 03 chung vi khuan ban dia gom B. siamensis 101, B. siamensis
112 va B. velezensis 137 ¢6 kha nang d6i khang A. niger va dap tng cac chi tiéu an toan
sinh hoc duoc khao sat.

- Hon hop dich nudi 03 ching vi khuéan (B. siamensis 101, B. siamensis 112 va
B. velezensis 137) da duoc danh gia trong diéu kién nha ludi va tai cac dia diém trong
lac ¢ tinh Quang Tri va thanh phé Hué, cho thay tiém nang sir dung trong phong trir sinh
hoc bénh héo rii gdc mdc den va ning cao ning suit lac.

- Két qua nghién ciru 13 co so thyc tién cho cac nghién ctru tiép theo nham hoan
thién quy trinh sir dung va phat trién ché pham sinh hoc tir cac chung Bacillus ban dia
tuyén chon phuc vu phong trir bénh héo rii goc mébc den hai lac.
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CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU

1.1.CO SO LY LUAN

1.1.1. Tong quan vé cdy lac

Cay lac (Arachis hypogaea), con goi 1a ciy dau phong, 1 ciy trong quan trong
trong co ciu ndng nghiép thé gidi, duoc trong phd bién ¢ nhiéu nude nhiét doi va ban kho
han (Hinh 1.1). V& mit phén loai theo Linnaeus 1753, 4. hypogaea thudc gidi Plantae,
nganh Tracheophyta, phan nganh Spermatophytina, 16p Magnoliophyta, by Fabales, ho
Fabaceae, phan ho Faboideae, tong Aeschynomeneae, chi Arachis, loai Arachis
hypogaea. R& ctia ciy lac c¢6 kha nang ¢ dinh nito sinh hoc nho sy cong sinh ctia vi sinh
vat (VSV) nhu vi khuan ¢ nbt san (Pao et al., 2021). Qua cua cay lac duoc hinh thanh
trong dat, do sau khi thu tinh, cuéng hoa kéo dai thanh tia qua va ddm sau vao dat dé hinh
thanh qua non. Qua trinh sinh truéng, phat trién nay dan dén nhiéu k& hé dé cac mam
bénh trong dat Xam nhap gay hai cho cay lac (Korangi Alleluya et al, 2023).

Hinh 1.1. Bac diém sinh hoc cua cay lac (4, B, C) va mot sé dang hinh thai vo qua
(D), mau sdc vo hat lac (E) (Al-Khayri et al., 2019).

Cay lac 13 cay trong quan trong trong co cAu ndng nghiép ctia nhiéu nude va ving
lanh tho, cay lac khong chi c6 gia tri cung cap dinh dudng thong qua hat ma con gop phan
cai tao dat nhd dic tinh sinh hoc cta cdy ho Pau. Cay lac chu yéu duge trong 1ay hat chiét
xuit dau (44-56%). Dau lac c6 huong vi, diém bdc hoi cao va chira axit béo khong bio
hoa don, lam cho né lanh manh hon va khéng 6i. Hat lac chira protein chét luong cao (22-
30%) va cac khoang chit nhu phét pho, canxi, magié va kali. Hat c6 thé duoc ché bién
thanh cic san pham banh keo, bo lac, hodc tiéu thy truc tiép dudi dang ludc hodc rang.
Lac cling la ngué)n cung cép vitamin E, K, B, chit xo, thiamine, niacin va duogc st dung
trong y hoc dan gian dé diéu tri nhiéu bénh (Al-Khayri et al., 2019). Nho cac vi khuan
Rhizobium cong sinh trong ndt san ré, gitip cay lac c6 kha ning tu ¢d dinh dam sinh hoc,
gitip giam thiéu sir dung dam héa hoc, gép phan cai tao cau tric dét, cay lac ciing véi cay
ho d4u dugc xem 12 nhém cdy quan trong ddi véi nong nghiép bén viing va thich tng voi
bién d6i khi hau (Goyal et al., 2021).

1.1.2. NAm giy bénh thwe vat Aspergillus niger

1.1.2.1. Pdc diém hinh thdi ciia A. niger

Aspergillus niger 13 mot loai nAm soi thudc gidi Fungi, nganh Ascomycota, phan
nganh Pezizomycotina, 16p Eurotiomycetes, by Eurotiales, ho Trichocomaceae. Loai A.
niger ¢6 pho phan b sinh thai rong, hién dién phd bién trong dét, nude, khong khi, trén
mo thuc vét va trong nhiéu loai thuc pham ciing nhu thitc dn chin nudi (Yu et al., 2021).
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Trén mdi trudng PDA (Potato Dextrose Agar), A. niger cd toc d6 phat trién
rat nhanh, mau sic twong ddi da dang (Hinh 1.2 va 1.3) (Rodriguez et al., 2019; Dania
et al., 2021).

Hinh 1.2. Bdc diém khudn lac ndm A. niger nudi cdy trén cdc méi triwong: thach chiét
xudt mach nha (MEA), thach khoai tay dextrose (PDA), thach Czapek (CZ) va thach
Czapek véi cao nam men (CYA) (Rodriguez et al., 2019).

Hinh 1.3. Pdc diém khudn lac cdc ching Aspergillus sp. tir Dioscorea rotundata
(Dania et al., 2021).

Khuén lac cua A. niger thuong c6 mau den hodc mau nau, doi khi nga mau vang
nhe. O mot sd chiing cua A. niger giai doan dau c6 mau tring hodc trang vang; khi bao
tir phat trién va truéng thanh, khuan lac chuyén dan sang mau den do su tich liily melanin
trong thanh bao tir phan sinh (conidia), tao nén dic diém hinh thai dic trung cua loai
(Kumar et al., 2020). Ria khuan lac c6 thé c6 mau tréng vang, mat dudi thuong cd6 mau
trang hodc vang nhat Céc nghlen cu'u cung ghi nhan rang cac chung A. niger c6 thé thé
hién sy da dang vé mau sic soi ndm, toc do phat trién va hinh dang ria khuan lac khi
nudi cay trén moi trudng PDA, SDA (Hinh 1.4) (Simonovi¢ova et al., 2021).



An-Pop1 An - Pop 4 An-N An-S

Hinh 1.4. Bdc diém hinh théi khuan lac cdc ching A. niger tir méi truong thach SDA
(Simonovicova et al., 2021).

Bao tir ciia 4. niger ¢ mau den hodc nau sam, duong kinh khoang 2,5-5 um. Duéi
kinh hién vi, bé mit bao tir ban dau nhan nhung dan tré' nén san sui hodc ¢ gai khi truong
thanh. Canh bao tir phén sinh (conidiophore) moc thang dimg, vach nhin, mau sic dam khi
veé phia dinh (Andge et al., 2017). DPau bao tu dang hinh cau dic trung, cac thé binh
(phialide) bao phu toan bd bé mit bong dinh (vesicle). Bao tir duge tao thanh theo chudi
hudng gdc (basipetally) (Akhtar et al., 2014). Canh bao tir phan sinh (conidiophore) c6 dinh
phinh to tao thanh bong dinh (vesicle). Cac dic diém mau sic va ddc diém hinh thai bao tir
c6 gia tri quan trong trong dinh danh loai (Gangaraj et al., 2023) (Hinh 1.5 va 1.6).

Hinh 1.5. Bdc diém hinh thdi ciia khuan lac A. niger (4) trén méi truong PDA; (B, C)
Canh bao tir phan sinh (conidiophore) va bong dinh (vesicle); (D, E) Bao tur (Conidia)
(Gangaraj et al., 2023).



Hinh 1.6. Su’ bién dang cia cuong bao tir, dau bao tir A. niger trén SDA bi é nhiém
(Simonovicova et al., 2021).

A. niger duoc phan biét v6i cac loai Aspergillus khac dua trén dic diém cudng,
mau sic bao tr va kich thudc cdu trac sinh san (Villalba-Villalba et al., 2018). Tuy
nhién, su trong dong vé mat hinh théi giita cac lodi Aspergillus giy kho khin trong viéc
phan loai. Phuong phéap sinh hoc phan tur, véi viée st dung ky thuat PCR va gidi trinh
tu cac vung ITS, calmodulin, B-tubulin va RPB2 da dugc ap dung dé dinh danh chinh
xac loai A. niger (Varga et al., 2011; Samson et al., 2014; Susca et al., 2016)

1.1.2.2. Céu triic thanh té bao niam A. niger

Thanh té bao c6 vai tro dic biét quan trong trong viéc bdo v¢ nam khoi bi pha
hay boi ap suit tham thiu. Thanh phan héa hoc cta thanh té bao ndm cé cau trac phirc
tap va co tinh dac th1‘1 cao, khac biét V(’)’i thanh té bao cua vi khuan Vé cua thuc vat. Cac
nghién ctru chi ra rang, thanh té bao ndm chira thanh phan chinh gém glucan chitin va
mannoprotein. Trong cac thanh phan do mannoproteln nam & ngoai, tlep theo 1a B-1,3-
glucan va p-1,6-glucan, cac soi chitin ndm gin mang sinh chét. Vi cdu trac ndy, glucan
va chitin tao nén 16p bao vé cho t& bao ndm (Ost et al., 2025). Trong sb cac loai
polysaccharide ctia thanh té bao nim, glucan phong phu nhit va ¢ ciu tric da dang. O
phan 16n cac loai nam, chitin chi chiém mét ti 1& thap trong tong khéi lwong thanh té
bao, trong khi d6 lai c6 nhiéu 1a B-glucan (Fesel & Zuccaro, 2016).

Thanh té bao 4. niger duge cau tao tir cac 16p polymer phirc tap, trong d6 p -1,3-
glucan déng vai tro 1a thanh phan dinh hinh khung xwong chinh (Hinh 1.7). Beta-1,3-
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glucan trong thanh t& bao nim 1a mot chudi polymer glucose duogc lién két v6i nhau
bang cac lién két p-1,3-glycosidic va cac lién két ngang v6i cac mach B-1,6-glucan va
chitin tao nén khung céu triic co hoc viing chic. Sy toan ven cua p-1,3-glucan 13 yéu t6
quyét dinh su sdng con va kha ning giy bénh cho té bao ndm (Ost et al., 2025).

Lép L ] s 3 @949 chitin/Chitosan
ngoai T s e 23
(Tinh % -4 ® P . € Alpha-1.3-glucan
linh L : Y o
dong || m Beta-1,3/1,4/1,6-glucan
cao) [T
Mannan
Q ’ Galactomannan
Lé :
P Thanh
l’{l(l];lg té bio . Galactosaminogalactan
tric '. Glycoprotein
cimg va
ben) : Hydrophobin
"’"*..“ ‘ Enzyme sira d5i thinh té bio

o N g Mang sinh Glycolipid
NS chat

Hinh 1.7. So do cdu triic thanh té bao nam soi (Aspergillus spp.) va cdc thanh phdn
dich ciia enzyme thity phdn thanh té bao nam (Ost et al., 2025).

Trong thanh té bao nam, 1,3-glucan hién dién chu yéu ¢ dang B-glucan, chiém khoang
65% dén 90% tong ham luong B-glucan (Bowman & Free, 2006). Do d6, khi enzyme p-1,3-
glucanase thuy phan lién két B-1,3-glucan, s& 1am suy giam tinh toan ven cua thanh té bao nam.
Vi vdy, cac enzyme phan giai p-1,3-glucan va chitin c6 tiém niang tng dung trong kiém soat
sinh hoc nam bénh trong néng nghiép (Gangaraj et al., 2023).

1.1.2.3. Pdc diém sinh hoc va co ché sinh sin ciia A. Niger

A. niger dugc ghi nhan 1a loai vi nam pho bién toan cau, c6 kha nang thich nghi
cuc ky linh hoat véi nhiéu loai co chat va diéu kién moi truong khic nghié¢t. Soi nam
phat trién theo co ché kéo dai dinh va phan nhanh dudi dinh, tao thanh mang ludi soi
nim xen k& day dac. Loai nam nay tao ra ap luc bénh hai 16n trong cac h¢ sinh thai nong
nghiép khac nghiét. Kha ning nay bat nguon tir dai gidi han sinh truéng cuc rong: nhiét
d6 tir 6 °C dén 47 °C (t6i uu 35 °C — 37 °C), hoat d6 nudc t6i thiéu (aw) tdi thiéu >0,77
va kha nang chiu dung pH dao dong manh tir 1,5 dén 9,8 (Dijksterhuis & Wosten, 2013;
George & Ramteke, 2019; Simonovicova et al., 2021).

Sy linh hoat trong trao d6i chat thong qua viéc bai tiét da dang cac enzyme thay
phan ngoai bao (lipase, catalase, pectinase va protease) gitip 4. niger dé dang phan hiy
cac hop chat hiru co phirc tap dé xam nhiém ky cha (Nji et al., 2023). Pic biét, dudi tac
dong cua stress moi truong nhu khd han, do mén cao hodc 6 nhiém kim loai nang, bao
tir 4. niger thiét 1ap co ché bao vé bang cach tich lily cac hop chat twong thich (mannitol,
trehalose) va chuyén sang trang thai ngti nghi bén virng dé duy tri strc sng 1au dai trudce
khi tai nay mam (van Leeuwen et al., 2013; Simonovi¢ova et al., 2021).

A. niger sinh san chii yéu bang hinh thirc vo tinh bang bao tir (conidia) duoc hinh
thanh trén canh bao tir. Co ché sinh san vo tinh clia 4. niger (conidiogenesis) dién ra
thong qua viéc hinh thanh cac canh bao tir phan sinh, bit dau tir t& bao chan (foot-cell)
phat trién thanh cudng dai dai tir 100 dén 3000 um (Teertstra et al., 2017). Pau cudng
dai truong nd tao thanh thé bong dinh c6 dudng kinh 50 — 80 um, mang céac 16p té bao
trung gian (metulae) va cac thé binh theo cdu trac ludng diy (biseriate), tir d6 sinh ra

Di¢m neo GPI
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cac chudi bao tir dinh huéng gbc véi sb luong co thé vuot qua 10.000 bao tir trén mdi
dau dai (Dijksterhuis & Wésten, 2013; Teertstra et al., 2017). Vach bao tir c¢6 cdu tric
da 16p phirc tap, bao gdbm 16p hydrophobin (RodA/Hyp1) ngoai cung tao tinh ky nuéc
gitp phat tan qua khong khi va bam dinh vao mé thuc vat, cung 16p melanin bén dudi
gitip bao vé ndm khoi tia UV va céc tic nhan oxy héa tir hé mién dich ky chu (Baltussen
et al., 2020; Nji et al., 2023).

1.1.3. Bénh héo rii gdc mdc den trén cay lac

1.1.3.1. Triéu chirng bénh va tdc hai ciia bénh

Bénh héo rii goc mbc den (HRGMD) do 4. niger trén cdy lac co cac triéu
chimg dic trung ¢ ting giai doan phat trién cua cdy, tir treée khi nay mam dén khi
cay truong thanh. Trude khi nay mam, hat giéng nhiém nam dé bi théi mém hoic
bao phu boi 16p bao tir den, khién hat khong nay mam hodc cay con chét ngay sau
khi nay mam (Gajera et al., 2011). Sau khi ndy mam, cdy con nhiém bénh thuong
xuat hién cac vét ddm tron mau nau nhat trén 14 mam, lan dén c6 ré va than duéi, lam
cho mé mém, thdi rita va dan dén cdy con giy do. Trén ciy truong thanh, triéu ching
bao gdm héo ua 14 dudi, than ciy san sui, dé gdy, canh bao tir phan sinh ciing bao tir
den xuat hién day dic ¢ ¢ ré va than, tao thanh 16p méc den (Bajaya et al., 2022b).
A. niger gay anh hudng nghiém trong dén su phat trién cua cdy lac, co thé giy chét
dot ngdt, dac bi¢t trong diéu kién dat 4m va khi cay budc vao giai doan phan canh
(Ha & Hoa, 2012).

A. niger ¢6 kha ndng gay bénh cho nhiéu loai cay tréng nhu lac, ngo, hanh tay,
t6i, x0ai, cam, nho do kha ning pho bién va hién dién rong rai trong méi trudng
(Kumawat et al., 2025). Bénh gdy anh huéng nghiém trong dén ning suat, chat luong
va an toan ndng san trén toan cau (Zakaria, 2024). Bénh HRGMP 1am gay tén thuong
ving cd, giy vang 14, 1am chét cay hoic khong hinh thanh dwoc qua (Andge et al.,
2017). Néu nhiém bénh trong khoang 50 ngay sau gieo s& giy thiét hai nghiém trong
va c6 thé gy chét toi 40% sb cdy, ton that vé ti 18 chét ciia cay do bénh dao dong tur
28 - 50% (Ghewande et al., 2002). Ngoai ra, A. niger gdy bénh trén cii hanh co thé
1am thdi tir 55-80% san pham trong diéu kién bao quan néng am, dan dén thiét hai
nghiém trong cho chudi cung ung néng nghiép (El-Dawy et al., 2024). Trén cay tdi,
A. niger 12 nguyén nhan chinh gay bénh méc den hau thu hoach, chiém toi 30-40%
ton that trong qud trinh luu trit, anh hudng truc tiép dén gia tri xuat khau (Kumawat
et al., 2025). Ngoai thiét hai vé san luong, A. niger con tao ra cac doc t6 tha cép nhu
aflatoxin va ochratoxin — nhitng hop chit doc hai c6 kha ning gay ung thu va doc
tinh gan than ¢ ngudi va dong vat, khién san pham noéng nghiép bi ha cip hodc cam
xuat khau (Nji et al., 2023). 4. niger con lam giam ti 1¢ nay mam, {rc ché sinh truéng
r& — than va gay chét cdy non, din dén giam ning sut & cac ciy trong nhu ngd va
hanh (Collinge et al., 2022). M6t s6 chung 4. niger tong hop doc t6 nidm mobc
ochratoxin A va muc d6 san xut clia nd phu thude vao cac yéu t6 loai gia thé, méi
trudng nudi cdy, thoi gian nudi cdy. Mot sb ching A. niger 1ay truyén qua thuc pham
co6 thé san xuit doc t6 ndm mdc fumonisin, cu thé 1a fumonisin Bl va B2.
(Simonovi¢ova et al., 2021). Nhin chung, su phd bién va doc tinh cao cia A.niger
khién chung troé thanh méi de doa nghiém trong ddi v6i kinh té nong nghiép va an
toan thuc pham toan cau.
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1.1.3.2. Co ché xdm nhié’m, gay hai

Bénh HRGMBD chii yéu lay qua dt. Nguon gy bénh chinh 13 bao tir va soi nAm
hién dién trén hat va manh vun hitu co trong dat (NJl et al., 2023). Nam A. niger c6 kha
nang gay bénh tir giai doan trude khi cay lac ndy mam, l1ay lan qua cac bao tir bam vao
hat giéng nhiém bénh. Trong dt, bao tir xdim nhap qua cac vét nut trén vo hat va phat
trién manh, gay théi hat. Khi hat bt dau ndy mam, bao tir nhanh chong xdm nhép vao
mo non cua ré va thﬁn cay non, hinh thanh cic ton thu’cmg mau nau nhat & meg phén
than non gitra 14 mam va ré (hypocotyl) lam cho mo cdy dé théi rira, gy gy do va chét
cay con (Zakaria, 2024). Sau khi ndy mam nam tiép tuc xAm nhiém qua cac vét thuong
co hoc hoac cac mo suy yéu & ving cb ré. Nam san sinh ra enzyme Va doc t6 pha hiry
ciu trac té bao, gdy thdi rita cac mé trong ciy va gian doan dan truyén nuée va dinh
dudng, dan dén héo ta cac nhanh dudi va chét dan (Zakaria, 2024). Trong diéu kién
thuan loi, nhu d6 4m cao, ndm phat trién manh mé&, cac cuéng bao tir tran va bao tir den
xudt hién day dic trén bé mat c6 ré va than dudi, dé dang lay lan sang cac cdy khac qua
gi6, nudc hoic tiép xtic voi dat nhidém bao tir (Rani et al., 2017).

1.1.3.3. Chu ky bénh ciia ndm A. niger

Chu ky bénh ctia 4. niger gdm nhiéu giai doan, tir ton tai trong dat, tan du thuc
vat; phat tan qua gid, mua, hat gidng; xdm nhap vao ky cha qua vét thuong; phat trién
trong mo cay; gay thdi rira, sinh bao tir; phat tan va luu ton lai trong dat, trén hat giéng.

A. niger ton tai chu yéu ¢ trong dat, ngoai ra nAm con c6 trén tan du xéac thyc vat
hoic trén bé mit hat giéng. Nho kha ning thich timg cao, tudi tho dai, kha ning séng sot
cao trong diéu kién khic nghiét nhu nhiét d6 cao, han han kéo dai, bao tir tré thanh
ngudn bénh chinh cho vu sau (Nji et al., 2023). O giai doan phat tan, bao tir rit nhe, dé
dang phat tan trong khong khi, qua mua, gio, bui hodc dung cu canh tdc nong nghiép.
Bao tir A. niger sau khi bam dinh 1én mé cay khée manh, khi gap diéu kién thuan loi,
dic biét trong moi truong dd 4m cao, bao tir nay mam. A. niger dua vao cac vét thuong
ho trén cay duoc tao ra do cac ton thuong co hoc, con trung can hodc céc stress ciia moi
truong doi véi ky cha dé xam nhap vao mo, té bao (Zakaria, 2024). Trong mé ky chi,
A. niger stt dung cac enzyme thity phan dé phén giai gdy hoai tir mé, xam chiém moé ky
chil. Soi ndm va bao tir phat trién manh, theo cép s6 nhan, lam mém mé, tao thanh céc
ddm den hodc khéi bao tir den trén bé mit cua géc than, ré, cu, qua, hat tao ra céc tdn
thuong nghiém trong, kéo dai (Zakaria, 2024). A. niger phat trién manh & diéu kién do
am 90—100% va nhiét do trén 30°C (El-Dawy et al., 2024). Khi ky chii bi phan giai hoan
toan, hodc bi chét, 4. niger chuyén sang giai doan ton luu va lan truyén duéi dang thé
bao tir. Cac bao tir nay phat tan tré lai moi truong khong khi, dat, nudc hodc ton tai ngay
trén hat giéng cua vu sau, khép kin vong doi bénh (Zakaria, 2024).

1.1.4. P6i khang sinh hoc trong kiém soat nim bénh hai ciy trong

1.1.4.1. Khdi niém vé doi khdng sinh hoc

Dbi khang sinh hoc hay kiém soat sinh hoc (BCA-Biological Control Agent) thuong
duogc dinh nghia 1a st dung céc sinh vat nhu virus, vi khuén, vi nim, dong vat va ké ca cac
san phém sinh hoc cua chiing dé uc ché, lam giam sO luong mam bénh, lam giam tac hai
clia tac nhan gay hai (siu bénh, ndm, vi khuan, virus gay bénh cay, cé dai...) d6i v6i cay
trong (Stenberg et al., 2021). Khai niém vé di khang sinh hoc duoc phat trién qua nhiéu
gian doan va dugc nhan manh tiy vao trudng hop st dung, “biological control” bao gom
ca viéc ap dung tryc tiép sinh vat d6i khang va cac bién phap sinh thai/phan tir dya trén hiéu
biét vé co ché tuong tac giita ky chu, tac nhan gy hai va dbi khang (Collinge et al., 2022).
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1.1.4.2. Co ché doi khing sinh hoc

C6 nhiéu co ché trong ddi khang sinh hoc kiém soat bénh & thuc vat. Sau day la
mot s6 co ché ddi khang sinh hoc chinh:

Co ché canh tranh dinh duéng va khong gian song

Canh tranh vé chét dinh dudng (cacbohydrat, nito va oxy,...) va khong gian song
duoc xem la co ché hoat dong tiém nang trong cac hé théng ddi khang sinh hoc. Mot )
VSV nhu ndm men va vi khuan tao thanh cac nang polysaccharide ngoai bao giup bam
dinh vao bé mit qua (Spadaro & Gullino, 2004). Nhiéu BCA khac nhau han ché luong
chét dinh dudng c6 sin va lam giam ti 1é ndy mam caa bao tir mam bénh, sau d6 1am
giam sy phat trién ctia dng mam, nhidm tring gy hoai tir va sau d6 ngin ngira sy phat
trién cia mam bénh (Roca-Couso et al., 2021).

Co ché canh tranh sit va san xuit siderophore

Sat 1a nguyén to vi lwong can thiét cho qua trinh sinh trudng va trao doi chat cia
VSV. Viéc han ché ngudn sit san c6 trong dit c¢6 thé 1am suy giam hoat dong sinh Iy va
kha ning phat trién cta cac VSV gy bénh. Trong diéu kién in vitro, P. aeruginosa duoc
ghi nhan c6 kha ning sinh siderophore cling cac chat chuyén héa c6 hoat tinh di khang
voi1 F. oxysporum va A. niger (Sulochana et al., 2014).

Co ché khang sinh

Co ché khang sinh trong d6i khang VSV lién quan dén viéc cac VSV ¢6 loi san
sinh cac hop chat khuéch tan c6 khéi luong phan tir thap hodc cac chat khang sinh, qua
d6 wc ché sy sinh trudng va phat trién cia mam bénh. Ching han nhu Agrobacterium
radiobacter K84 san sinh agrocin 84, c¢6 kha niang wc ché A. tumefaciens va di dugc ng dung
trong cac ché phdm VSV kiém soat sinh hoc (Fravel, 2005) hay 4. radiobacter c¢6 thé 1am
giam su phat trién cia nam gdy bénh thuc vat tir 65-74% va can tro sy ndy mam cia
bao tu tir 30—75% (Win et al., 2021).

Co ché phan giai thanh té bao bing enzyme

Cac VSV dbi khang c6 kha ning san xudt chitinase, cellulase, protease va B-1,3-
glucanase, tao diéu kién cho sy phéan giai cac thanh phan thanh té bao nam gay bénh thyc
vat. Khi thanh té bao ctia nAm bénh bi cic enzyme phén giai, c6 thé dan dén sy phan giai té
bao va ro ri chat dinh dudng tir té bao chat (Mishra et al., 2020). Chi Bacillus chi yéu dugce
biét dén v6i kha nang san xuét va tiét ra nhiéu loai enzyme thity phan manh, dugc sir dung
trong kiém soat sinh hoc va cac tng dung cong nghiép (Su et al., 2020). Cac hiéu ing hiép
ddng gitta endochitinase tir 7. harzianum va gliotoxin, cting nhu giita cac enzyme thity phan
va peptaibol trong viéc wrc ché bao tir cia Botrytis cinerea (Howell, 2003).

Co ché ky sinh (mycoparasitism)

Mot sb tac nhan kiém soat sinh hoc c6 kha nang nhan dién va bao boc tdc nhan
gdy bénh dé sir dung tac nhan giy bénh nhu mot ngudn cung cap chit dinh dudng.
Trichoderma bam vao tac nhan gy bénh thong qua tuwong tic giita carbohydrat thanh té
bao lién két véi lectin cua tac nhan giy bénh. Sau khi Trichoderma bam dinh, n6 cudén
quanh tac nhan giy bénh va hinh thanh cdu tric ap bao (appresoria). Tiép theo, nim tiét
cac enzyme phan giai thanh té bao (Cell Wall Degrading Enzymes - CWDEs) va
peptaibol gitp xdm nhap vao tac nhan gay bénh, pha v thanh té bao va dong hoa thanh
phan ndi bao ciia tic nhan gy bénh (Howell, 2003).
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1.1.4.3. Cic nhém vi sinh vit doi khdng tiém ning

Trichoderma spp.

Céc loai thudc chi Trichoderma dugc ting dung rong rai trong kiém soéat sinh hoc nhér
kha ning d6i khang véi nhiéu nAm gy bénh thyc vat. Trong d6, T viride va T. harzianum da
duoc ghi nhan c6 kha nang Gc ché Fusarium spp., Rhizoctonia solani va Sclerotium rolfsii
trén nhiéu loai cdy trong. Hoat tinh d6i khang ctia Trichoderma lién quan dén nhiéu co ché,
bao gom ky sinh nim va tiét cac enzyme ngoai bao nhu chitinase va p-1,3-glucanase. Cac
enzyme ndy tham gia phan giai nhimg thanh phan ciu tric cua thanh té bao nim bénh, gop
phan han ché sy sinh truéng va phat trién ctia ching (Sharma et al., 2023).

Pseudomonas spp.

Pseudomonas fluorescens c6 kha ning d6i khang voi Fusarium oxysporum,
Rhizoctonia solani va mot s6 nAm gy bénh khéc thong qua co ché canh tranh ngudn sit,
qua d6 han ché sy sinh truong cua chiing. Bén canh do, cac loai thudc chi Pseudomonas
con c6 kha ning tao ra nhiing chat chuyén héa nhu hydro xyanua, axit salicylic va enzyme
B-1,3-glucanase, gop phan ting cuong hoat tinh dbi khang va bao vé cay trong trudc sy xam
nhiém cua tic nhan gay bénh (Kruijt et al., 2009; Kader et al., 2025).

Bacillus spp.

Céc loai thudc chi Bacillus, trong d6 B. subtilis dugc nghién ciru kha pho bién,
cho g dung trong kiém soat sinh hoc nho kha nang hinh thanh bao tir va duy tri strc
séng trong diéu kién nhiét 6 cao hodc khé han. Da c6 nhiéu cong b6 cho théy B. subtilis
c6 kha nang d6i khang v6i mot sb tac nhan gy bénh c6 ngudn gdc tir dat nhu R. solani
va Macrophomina phaseolina. Cac nghién ciru chi ra rang kha ning kiém soat mam
bénh cua B. subtilis 1ién quan dén nhiéu co ché, gdm san sinh cac hop chat khang khuan,
hd tro cay hap thu dinh dudng, diéu hoa cin bang hormone, kich hoat tinh khang toan
than va gop phan thuc ddy sinh truéng cua cay (Blake et al., 2021). Bén canh hoat dong
thily phan thanh té bao ndm ciia cac enzyme ngoai bao, mot s6 nghién ciru cho thay céac
chét chuyén héa do B. velezensis tao ra con c6 thé lam thay doi biéu hién cac gene lién
quan dén sinh trudng, chuyén hoa va dap ung stress ciia nam (Wu et al., 2022).

1.1.5. Hé enzyme ngoai bao phan giai thanh té bao nim

1.1.5.1. Céu tritc va co ché thiiy phén ciia enzyme p-1,3-glucanase

B-1,3-glucanase (EC 3.2.1.39) thugc nhém enzyme glycoside hydrolase (GH), co6
chtic ning xuc tic phan tng thuy phan céac lién két p-1,3-glycosidic trong cau tric p-
glucan, gop phan phan giai polysaccharide nay (Caseiro et al., 2022). Duya trén trinh tu
axit amin, cau tric 3D va co ché hoat dong, B-1,3-glucanase chii yéu thudc cac ho GHS,
GH16, GH17, GH55 va GH81, thé hién sy da dang vé dic diém va vai tro sinh hoc cua
enzyme nay (Bang 1.1) (Caseiro et al., 2022).

Bing 1.1. Phén bo f-1,3-glucanase trong cdc ho glycoside hydrolase (Caseiro et al., 2022)

Lop B-13- o Ho GH
glucanase 3 58 9 16 17 51 55 64 81 128 152 157 158
Vi khuén c6 1
gc  Vikhuan 1 27 3 15 3 3 13
30139  Nam 2 1 2 10 1 1
e Thuc vat 28 1

Dong vat 14
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B-1,3-glucanase c6 khdi lwong phan tir tir 12-230 kDa va da dang vé ciu tric,
v6i khoang 32 céu trac 3D d3 duoc xac dinh bang thuc nghiém (Hinh 1.8). Trong tu
nhién, B-1,3-glucanase c6 su phan bd rong rai tu vi khuan, ndm, thuc vat bac cao cho
dén dong vat khong xuong sdng. O vi khuan déi khang, enzyme nay duoc sir dung chi
yéu dé thay phan thanh té bao ndm va chuyén hoéa polysaccharide thanh ngudn ning
luong (Caseiro et al., 2022).

Hinh 1.8. Cdu triic ba chiéu ciia f-1,3-glucanase: Bh GH8I (4) va Pb GH64 (B)
(Caseiro et al., 2022).

Mot bang ching truc tiép chirng minh vai trd quan trong trong phan giai thanh té
bao nam duoc thyc hién boi enzyme a-1,3-glucanase (Agl-EK14) thudc ho glycoside
hydrolase GH87 dugc phan lap tir vi khuan Flavobacterium sp. EK14 mi héa enzyme
c6 cau triic da mién gom peptide tin hi¢u, mién xic tic, cic mién gidng immunoglobulin,
mién lectin va CTD. Enzyme niy c6 kha ning thay phéan a-1,3-glucan trong thanh té
bao nam, giai phong glucose va cac oligosaccharide. Khi xtr 1y A. oryzae, enzyme 1am
mat cau tric glucan thanh té bao (Takahashi et al., 2023). Chung B. siamensis QN2MO-
1 chira 4 gen quy dinh chitinase va 8 gen quy dinh B-1,3-glucanase lién quan dén phé hiy
cAu trac bao tir, tao ra bién dang bao tir va soi nam bj suy yéu, {rc ché sinh treong nam
Fusarium gay bénh héo rii & ca chua (M. Zhang et al., 2024). Chung B. velezensis
GX0002980 thé hién hoat tinh amylase, cellulase, protease va pectinase c6 kha niang doi
khang manh va61 Colletotrichum gloesporioides, taic nhan gay bénh than thu xoai. Quan
sat SEM cho thay soi ndm cta C. gloeosporioides bi anh huéng sau khi xtr Iy bang chiing
GX0002980 so voi ddi chimg (Wang et al., 2025). Nhu vay, ¢6 nhiéu bang ching trong
pha hity hang rao bao vé té bao nim bénh, hoat dong ctia enzyme thuy phan dong vai
tro trung tam, truc tiép pha vo cAu tric bao vé co hoc ciia nAm bénh, qua do6 uc ché sinh
truong, phong trir sinh hoc nim bénh.

1.1.5.2. Cdc enzyme hé tro phin gidi thanh té bao ndm

Céc enzyme c6 hoat tinh khang nim gbp phan kiém so4t tac nhan gay bénh thuc
vat théng qua kha ning phan giai cac thanh phan cdu tric cta thanh té bao nim, tir d6
lam suy giam kha nang sinh truéng va phét trién cua ching. Su phdi hop giita cac
enzyme c6 thé tao ra tac dung hiép ddng, qua d6 nang cao hiéu qua wrc ché ndm bénh.

Chitinase: La enzyme xuc tic qua trinh thuy phan chitin, mot thanh phan céu
trac cta thanh t& bao nhiéu loai nam. Chitinase do cac vi sinh vat d6i khang nhu
Trichoderma spp. tiét ra c6 thé lam suy gidm tinh toan ven cua thanh té bao nim bénh,
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qua d6 gop phan tic ché sy sinh trudng va phat trién ctia chiing. Nghién ciru ctiia De Marco
et al. (2003) cho biét cac dong T. harzianum c6 kha ning san xuit chitinase cao da 1am giam ti 16
bénh chdi 1& trén cy ca cao. Enzyme ndy hoat dong tin cong tryc tiép vao ciu truc bao vé cua
nam, 1am suy yéu nam bénh.

Cellulase: C6 nhiém vu phan giai cellulose, mot polysaccharide quan trong trong
thanh té bao thuc vat. Mic du cellulose khong phai 1a thanh phan chinh cta thanh té bao
nam, nhung viéc phan giai cellulose gitip cac tac nhan kiém soat sinh hoc tiép can va tiéu
diét cac mam bénh c6 lién quan dén thanh phan nay. Cellulase ciing déng vai trd trong
viéc pha huy cAu trac bao vé cua cic md thuc vat bi bénh do nidm tin cong, tao diéu kién
thudn lo1 cho cac enzyme khac nhu chitinase va B-1,3-glucanase hoat dong manh hon.
Trichoderma spp. ndi tiéng v6i kha ning san xuét cellulase, gitip phan giai va @e ché cac
mam bénh nhu Pythium ultimum trén cay con (Howell, 2003).

Protease: Phan giai protein thanh chudi peptide va axit amin, lam yéu cau trac co
hoc cuia thanh té bao, gop phan lam hu hai va pha huy té bao nam bénh. Do cac sgi nhod
ctia B-glucanase va chitin duoc dugc nbi véi nhau bang cac phén tr protein. Nhiéu nha
nghién ctru da chimg minh dugc kha nang diét nam va diét tuyén trang cua protease do
VSV d6i khang san xuat. Chang han, chiing B. velezensis TSA32-1 ¢6 hoat tinh protease
va cellulase, dong thoi thé hién kha ning ddi khang véi cac tac nhan gay bénh thyc vat
nhu Fusarium fujikuroi, F. graminearum va Pythium ultimum (Saberi Riseh et al., 2024).

1.1.5.3. Sw phoi hop ciia cdc enzyme ngogi bao trong qud trinh phén gidi thanh
té bao nim

Phdi hop gitta cac enzyme phan giai thanh té bao nam (Hinh 1.9). Nhiéu chung
BCA duoc bio cao vé kha ning tiét ra dong thoi nhidu enzyme ngoai bao dé pha hay
thanh té bao nAm bénh. Cu thé, dich chiét ngoai bao cua chung B. siamensis 3BS12-4
co hoat tinh ctia cdc enzyme protease (4,48 £ 0,09 U/mg protein), B-1,3- glucanase
(15,35 + 0,02 U/mg protein) va chitinase (1,21 + 0,005 U/mg protein) da tac dong dén
bao tir va pha huy té bao nam 4. flavus. Khi quan sat SEM cho thay soi nAm va bao
tir nAm A. flavus bi ton thuong va mat kha ning nay mam. Ton thuong nay dan dén
bién dang va pha v té bao chat bén trong, gy ra ro ri cac thanh phan té bao (Aphaiso
et al., 2024). Dich nudi cay dugc loai bo té bao cua ching B. siamensis YB-1631 chira
hoat tinh cdc enzyme B-glucanase, amylase, cellulase va protease va chitosanase da
duoc bao cdo tham gia vao viéc gdy ra soi nam bi dit, sung tay, phan giai thanh té bao
nam Fusarium pseudograminearum gy bénh théi gbc ¢ laa mi (Q. Dong et al., 2023).

. Mannan Mannan bi phan giai
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Hinh 1.9. Minh hoa qud trinh phdn gidi thanh té bao nam béi cdc enzyme thiy phin
cua Bacillus sp. (Ajuna et al., 2023).
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1.1.6. Cac yéu t6 anh hwéng dén hoat d§ enzyme va sinh tong hop enzyme
B-1,3-glucanase ctia vi sinh vat

1.1.6.1. Yéu té anh hwéng dén hoat dp enzyme p-1,3-glucanase

Nhiét d phan &ng: Nhiét d6 13 yéu t6 anh huéng dén hoat d6 p-1,3-glucanase.
Khi nhiét d§ vuot ngudng tdi wu, hoat do enzyme cO thé suy giam do bién d6i ciu tric
khong gian hodc bién tinh. Nhiét d6 hoat dong t6i wu khac nhau tiy ngudn gdc enzyme,
ching han B-1,3-glucanase tir Aspergillus fumigatus dugc ghi nhan trong khoang 24-40
°C, trong khi enzyme tir vi khudn c¢d Pyrococcus furiosus c6 thé dat toi wu & 100105
°C (Caseiro et al., 2022). p-glucanase ctia chung B. subtilis W3.15 hoat dong t6i wu & pH
7,0 va nhiét d6 tir 60-80 °C va c6 kha ning {rc ché cao ddi vai sy phat trién cua soi ndAm
F. oxysporum va lam giam dang ké sinh khéi nam (Putri et al., 2021).

Do pH mai treong: Anh hudng dén hoat tinh ciia enzyme théng qua anh hudng
dén trung tAm phan Gng ciia enzyme. Gia tri pH ti uu va do bén pH ciia enzyme p-1,3-
glucanase thay doi tury loai, pH ti wu thuong dao dong trong khoang tir 5,0 d#én 6,5.  p-
1,3-glucanase tir ndm c6 thé hoat dong & cac gia tri pH thip hon (4,0-6,0) (El-Shora et
al., 2021). Glucanase ctua chung Bacillus spp. PX.07 phan lap tir da cd cua bo ¢ Viét Nam
¢6 pH hoat dong tot tir 3-6, nhiét d6 toi uu 13 60 °C (Anh et al., 2017).

Ton kim loai va cac chat héa hoc: Endo-B-1,3-glucanase PeBgl1 téi to hop tir gen
ctia Penicillium expansum c hoat tinh enzyme bi giam hoat tinh dang ké khi c6 mat cua
ion kim loai Mg?*, Ca", Ba?*, Cu?* va Zn>" hoic cac chit SDS va TritonX-100 (Wang. et
al., 2023). Trong khi do, Co*, Mn** va Fe*" lam tang hoat do B-1,3-glucanase cua
Paenibacillus polymyxa AT4 (Quang et al., 2024).

1.1.6.2. Yéu t6 dnh hwéng dén sinh tong hop enzyme p-1,3-glucanase ciia vi
sinh vt

Nhiét @ mdi trwomg: Anh huong dén sinh trudng va kha ning sinh tong hop B-
1,3-glucanase ctia VSV. Nhiét d6 quéa thap hodc qua cao déu 1am giam sinh trudng va tich
lily enzyme; murc nhiét t6i wu thay doi tuy loai va diéu kién nudi cdy. Chang han, B.
siamensis N-1 dat hoat d0 -1,3-glucanase cao nhat & 30 °C (You et al., 2021).

pH méi truwong: Anh hudng dén sinh truéng VSV va sinh tdng hop p-1,3-glucanase.
pH tac dong truc tiép dén tinh thim mang, kha ning hip thu dinh dudng va cdu hinh ion
hoa cua cac nhdém chuc trong enzyme, tir do quyét dinh muc dd 6n dinh va hoat tinh xtc
tac (Plakys et al., 2022).

Thanh phin méi truwong nudi ciy

Nguén cacbon: Cung cap ning lugng, vira 13 ngudn nguyén liéu dé tao khung chat
hitu co, dong thoi 13 yéu té dinh hudéng cho biéu hién enzyme ctua VSV. Theo Quang et
al (2024), hoat d6 enzyme B-1,3- glucanase dat cao nhat d6i v6i chung P. polymyxa AT4
khi sir dung ngudn cacbon 1a dai mach, chung B. tequilensis ML6 can ngudn cacbon 1a
yén mach. Elshami et al. (2025), sir dung cac ngudn cacbon chira p-glucan phirc hop (1%)
cua Streptomyces albogriseolus S13-1, bao gém bot lha mach, bot yén mach, bt ng6 va
bot mi, két qua hoat tinh enzyme cao nhét véi bot yén mach va bot ngo, tiép theo 1a bot
Iia mach, sau do la bot mi.

Nguén nito: Tham gia vao qua trinh tong hop cac dai phan tir hitu co quan trong
nhu protein, axit nucleic va cac hop chét sinh hoc khac cua té bao VSV. Axit amin 1a
nhitng phan tir hop thanh phan tir enzyme, axit amin c6 anh hudng tot dén qua trinh sinh
téng hop enzyme. Cac ngudn nito khi bd sung vao méi trudng nudi ciy cé anh hudng
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khac nhau dén sinh truéng, phat trién va kha na‘mg sinh tong hop B-glucanase. Elshami et
al. (2025) cho thay c6 sur khac biét khong déng ké vé san luong B- glucanase tr moi trudng
chtra tryptone, chiét xuat mach nha, uré va amoni sulfat so v6i cao ndm men, trong khi
viéc sir dung chiét xuét thit bo dan dén sy gia ting dang ké hoat tinh.

Nguén co chdt: Anh hudng dén sinh tong hop p-1,3-glucanase; trong do, cau trac
va d6 hoa tan ciia glucan c6 vai tro dang ké. Cac loai B-1,3-glucan mach thing va dé& hoa
tan nhu laminarin thuong kich thich san xudt enzyme manh mé& nhét, trong khi cac cu
trac phirc tap hon nhu curdlan (cu triic xoén) hodc glucan ndm men (c6 phan nhanh B-
1,6) thuong cho hoat d6 enzyme thap hon do kho tiép can. Theo Ueki et al. (2020), kha
nang sinh tong hop B-1,3-glucanase ctia Clostridium TW1, TW10 va TB10 phu thudc vao
ngudn glucan, trong d6 laminarin va curdlan c6 kha ning cam tng manh, nhung hiéu qua
khéc nhau gitra cac chung.

Nguén khodng dinh dwéng: Anh hudng dén qua trinh tong hop enzyme, dic biét
mot s6 kim loai vi lugng dong vai tro 13 nguyén t6 khoang thiét yéu tham gia ciu trac
hodc hoat hoa cac enzyme. Cac nguyén t6 khoang nay thudng c6 vai tro 13 cac cofactor,
6n dinh cu hinh khong gian, tham gia trung hoa dién tich trong vi tri hoat dong hodc hod
trg gin co chat.

Thoi gian nudi ciy: Anh hudng dén sinh truong va tich liy B-1,3-glucanase ngoai
bao cta VSV. Hoat do enzyme thuong dat muc cao & cudi pha logarit hoic dau pha on
dinh va c6 thé giam khi kéo dai thoi gian nudi. Cac nghién ctru da ghi nhan thoi diém dat
hoat do B-1,3-glucanase cao nhat khac nhau giita cac ching: 12 va 15 gid ddi voi Bacillus
sp. 41 va Bacillus sp. 4 (Huyén et al., 2024), 24 gio & P. polymyxa M6 (A et al., 2024) va
72 g10 6 B. siamensis N-1 (You et al., 2021).

Ti 18 cdy gidng: Anh hudng truc tiép dén sinh truong cia VSV va qua trinh tong
hop enzyme ngoai bao nhu B-1,3-glucanase. Khi ti 1¢ cdy giong qué thap, quan thé VSV
tang truong cham, kéo dai thoi gian dat pha lity thira, dAn dén ning sudt enzyme thap.
Nguoc lai, néu ti1é qué cao, moi truong nhanh chong bi can kiét dinh dudng va oxy, déng
thot tang tich Iy cac chét tc ché, dan dén giam hoat lyc enzyme thu dugc. Theo Dewi et
al. (2016), voi ching B. subtilis SAHA 32.6 ti 1& cay giéng 3,28 % cho B-1,3-glucanase
hoat tinh enzyme cao nhét. Trong khi d6, Majeed et al. (2024) xac dinh ti 16 gidng cAy 1% la
t6i wu cho qué trinh san xuét protease ctia Bacillus subtilis BSP; khi tang ti 1¢ gidng cay vugt mirc
nay, kha ning san xudt enzyme c6 xu huéng giam trong cac diéu kién nudi cdy khao sat.

Téc dd lac: Gitp cung cip luong oxygen cho té bao st dung dong thoi gitp phan
bd déu mat do té bao trong moi trudng nudi cay. Theo Baumann et al. (2010), toc do lic
trong qua trinh nudi cdy ndim men anh huéng dén kha ning cung cap oxygen hoa tan,
qua d6 tac dong dén sy sinh trudng va tiét enzyme ngoai bao. Viéc ting tdc do lic co
thé cai thién kha nang chuyén oxygen vao mdi truong, tao diéu kién thuan loi cho hoat
dong trao d6i chat va sinh tong hop enzyme.

1.2. CO SO THUC TIEN

1.2.1. Tinh hinh sin xuét lac trén thé giéi, Viét Nam va viung nghién ciru

1.2.1.1. Trén thé gigi

Lac dugc trong khap cac ving on d6i 4m va nhiét d6i trén thé giéi. Nhidu nude &
chau A, chau Phi, Chau My lac dugc canh tac véi muc dich thuong mai (Al-Khayri et al.,
2019). Khu vuc chau A din dau thé giéi vé dién tich va san luong lac, tiép theo 1a chau
Phi, Bic My va Nam My (Bang 1.2). Hién nay, san xut lac c6 nhiéu co hoi phat trién
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nhu nhu cau ndi dia cao, cong déng néng dan khdi nghiép, tiép can thi truong toan cau,
cac phong thi nghiém dugc trang bi tot. Cac gidng lac chiu han c6 thé ting cudng ning
sut va giam thiéu tac dong tiéu cuc clia bién d6i khi hau (Zhen et al., 2024).

Bing 1.2. Dién tich, ning sudt va san liwong lac trén thé gici

Dién tich Ning suat San lugng

TT  Khu vue (triéu ha) (tAn/ha) (triéu tin)
2021 2022 2021 2022 2021 2022
1 Thé gi6i 32,65 30,54 1,67 1,78 54,49 54,24
2 Anbo 6,01 5,70 1,70 1,78 0,24 0,13
3 Trung Qudc 4,82 4,46 3,81 4,12 8,36 8,38
4  Nigeria 3,70 3,40 1,14 1,26 4,23 4,28
5 Sudan 3,94 3,00 0,60 0,83 2,36 2,50
6  Senegal 1,21 1,23 1,38 1,23 1,68 1,50
7  Chad 0,75 0,76 1,06 1,09 0,80 0,83
8 My 0,62 0,56 4,63 4,50 2,89 2,53
9  Argentina 0,40 0,41 3,15 3,31 1,27 1,35
10 Indonesia 0,36 0,19 1,94 2,01 0,70 0,38
11 Viét Nam 0,17 0,16 2,60 2,58 0,43 0,41

(Nguon: FAOSTAT, 2024)
1.2.1.2. O'Viét Nam
O Viét Nam, cay lac duogc tréng tur [au doi va stir dung rong rai trong doi séng xa
hoi. Nam 2022, ning suit lac ctiia Viét Nam cao gép 1,5 lan ning suit lac trung binh cta
thé gid1 va vuot trdi so vOi nang suét lac ctia nhiéu nudc nhu An D9, Myanmar,
Indonesia, Nigeria, Sudan,... (Bang 1.3). Nhin chung, dién tich tréng lac cua Viét Nam
giam nhe trong giai doan 2019 — 2022, nguyén nhan c6 thé do chuyén doi co ciu ciy
tréng, anh huong cua bién d6i khi hau, thiéu nuéc, néng nong kéo dai va dac biét 1a tinh
hinh bénh hai. Tuy nhién, nho ap dung gidng méi va ki thuat canh tac tién tién, ning
sut lac da ting 18n, gitip san luong chi giam nhe va co ban duy tri on dinh, dap Gmg du
nhu cau trong nudc va xuat khau. Do dé, can tiép tuc cai tién k¥ thuat canh tic va nang
cao hiéu qua phong trir bénh hai dé dam bao ning suét va san lugng trong tuwong lai.
Bdng 1.3. Dién tich, nang sudt va san lwong lac o Viét Nam

Dién tich Ning suat San lwgng
TT Khu vue (nghin ha) (tAn/ha) (nghin tin)
2021 2022 2021 2022 2021 2022
1. Canuérc 165,23 159,36 2,6 2,58 430,37 408,08
o, BacTmmgBovaDuyen .50 9303 563 25 199 185,52
hai mién Trung
3. Nghé An 1221 11,79 2,75 271 33,55 31,94
4.  Binh Thuin 575 6,19 1,84 1,92 10,58 11,89
5. Quang Binh 4,15 3,93 2,44 2738 10,12 9,34
6. Quang Tri 329 3,14 2,36 1,78 7,76 5,59
7. Thanh pho Hué 2,52 2,38 227 1,6 5,71 3,81
8. Ninh Thuin 0,77 0,8 1,44 1,34 1,11 1,07
9. Pha Yén 0,46 048 24 2,53 1,1 1,22
10. Lam Pdng 0,86 0,88 126 1,27 1,08 1,11
11. Kon Tum 0,14 0,14 1,87 1,88 027 027

(Nguon: Téong Cuc Thong ké Viét Nam, 2024)
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1.2.1.3. O tinh Qudng Tri va thanh phé Hué

San xuit lac ¢ tinh Quéang Trj va thanh phd Hué chiém vi tri dang chu ¥ trong
nganh nong nghiép cta Viét Nam. Theo Tong cuc thong ké (2024), tinh Quang Tri c6
tong dién tich trong lac dimg thtr 18 (3,14 nghin ha), thir 47 vé ning suat (1,78 tin/ha)
va thir 23 vé san luong (5,59 tan); thanh phdé Hué dimg thtr 25 vé dién tich (2,38 nghin
ha), thtr 51 vé ning suat (1,6 tin/ha) va thir 28 vé san luong lac (3,81 tin) so v6i ca nude.
Tuy nhién, ning suat lac ciia tinh Quang Tri va thanh phé Hué déu thap hon ning suat
trung binh ctia ca nude. Su chénh 1éch 16n gitta quy mé dién tich va ning suit cho thiy
yéu cau cap thiét vé cac giai phap k¥ thudt va quan 1y dich bénh nhiam cai thién ning
suét binh quan va 6n dinh san luong lac tai khu vuc nay.

1.2.2. Pic diém sinh thai viing nghién ciru

Quang Tri va Thua Thién Hué thuoc khu vuc khi hau nhiét déi gi6 mua, coO su
phan hoéa rd rét gitra mua kho néng va mua mua, dong thoi chiu tac dong cta cac hién
tugng thoi tiét cuc doan (Thang et al., 2023; Trang et al., 2026). Vao mua he, gié phon
Tay Nam vuot diy Trudng Son gop phan gay ra cac dot nang nong (Kusaka et al., 2024).
Phan tich anh v¢ tinh giai doan 20142024 tai Quéang Tri cho théy muc d6 han han bién
dong theo khong gian va thoi gian, trong d6 khu vuc ven bién thuong dugc phan loai ¢
murc han hén cyc doan (Trang et al., 2026). Trong mua mua, sy tuong tac gitra khong
khi lanh, nhiéu dong nhiét d6i va dia hinh c6 thé gay mua 16n, 1ii lut (Van & Tang, 2003;
Thang et al., 2023). Dién hinh, lvong mua tai Hué vuot 1.800 mm trong hai ngay thang
11/1999 va lugng mua tich Iy thang 10/2020 dat 3.245 mm tai Huéng Linh, Quéang Tri
(Thang et al., 2023). Céc du bao theo kich ban RCP4.5 va RCP8.5 giai doan 20202035
cho thiy nguy co han han va diéu kién mwa 4m cuc doan tai Thira Thién Hué c6 thé gia
tdng, vo1 muc do khac nhau gitra cac kich ban (Son et al., 2024).

Do dic tinh cat chiém ti 18 68,24—85,28 %, dat thoat nudc qua nhanh, khong gitr
dugc am va dinh dudng (Tung et al., 2024). Trén cac loai dét cat tai Phu Vang va Nam
Hai Lang, nhi¢t do bé mat dat co thé vuot qué gidi han chiu dyng cua da sb vi sinh vat
¢6 ich. Tho dudng & cac viing ny con dic trung boi dd chua cao (pH do trong dung dich
KCl = 4,41-4,75), nghe¢o dinh dudng va kha ning gilr nudc kém, tao ra ap luc sinh thai
rat 16n 1én sinh truong cta cay nong nghiép (Tung et al., 2024). Péi véi cdy lac trong &
mién trung, & giai doan ra hoa ro va hinh thanh qua, néu cay lac gap han han kéo dai 10
ngay, ti 1& 14 héo rii c6 thé 1én téi 80—100 % (Long et al., 2023).

Trong diéu kién khéc nghiét néu trén, 4. niger thé hién sy tuong thich sinh thai
vuot troi. Vi dai nhiét do sinh truong rong (6—47 °C), loai nAm nay khong chi ton tai ma
con phat trién manh trong cac dot ning néng dinh diém (Dijksterhuis & Wosten, 2013; Li
et al., 2023). Kha ning chiu han va nhiét ctia A. niger duoc ciing cd boi co ché tich liy
cac hop chat bao vé twong thich nhu mannitol va trehalose, gitip bao vé ciu triic protein
va duy tri 4p suat tham thau (Li et al., 2023). Su két hop giita ddc diém dat cat chua va
kha ning chiu stress nhiét giup 4. niger chiém uu thé tuyét ddi, tré' thanh tac nhan nguy
hai gdy bénh HRGMD trén céy lac va cic ciy trong can tai dia phuong.

Diéu kién sinh thai khic nghlet ¢ tinh Quang Trl va thanh phd Hué khong chi
gy ap luc 1én sinh trudng ciy trong, sy gia ting cia nAm bénh, ma con giam hiéu luc
clia cac giai phap sinh hoc. Cac chung VSV ngoai lai & cac ché pham sinh hoc duoc
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phan lap tir cdc vung cé diéu kién nhiét d6 6n dinh hodc wa mat, nén dé dang ddi mat
v6i hién tuong "stress nhiét" va "stress 4m" khi dua vao canh tac tai hai dja phu:ong
nay (Tung et al., 2024). Viéc nhiét do dat duy tri cao hon ngudng toi vu khién ti 1¢
song sot thap va kha ning thiét 1ap quan thé tai Vung ré bi suy giam nghiém trong.
Diéu nay dan dén hiéu luc dbi khang cuia cac ché pham ngoai lai thuong khong 6n
dinh, thuong that bai trén dé)ng rudng khi gap cac hién tugng thoi tiét cuc doan. Do
d6, rat can thiét phai tuyén chon cac chung VSV “ban dia” dé phuc vu cho canh tac tai
dia phuong (Cuong et al., 2019).

1.2.3. Thue trang bénh héo rii gbc moc den trén thé giéi, Viét Nam va ving
nghién ctru

1.2.3.1. Trén thé gigi

Bénh HRGMD do 4. niger 13 mét trong nhitng bénh ndm nguy hiém va pho bién
nhat anh hudng dén cay lac trén toan thé gidi. Chung 1am chét cdy con, giam su sinh
trudng, phat trién, gay thiét hai vé nang sut, chat luong hat lac va tham chi tiét doc tb
trén san pham gdy bénh nguy hiém cho con nguoi va vat nudi (Pal et al., 2014). Thiét
hai vé ning suat lac trén thé gidi do do nam, vi khuan va virus udc tinh dén 80 % (Biswal
et al., 2024). Bénh nay c6 pham vi phan bb rat rong va tic dong manh mé dén cac ving
trong lac 16n nhu An Do, Trung Quéc va nhiéu nuéc chau Phi. O An P9, bénh dic biét
nghiém trong tai cac vung dat cat, noi ti 1¢ cay chét co thé 1én t6i 40 % - 50 %, gay thiét
hai 16n vé ning suat va tao ap luc kinh té nang né cho néng dan (Ghewande et al., 2002).
Tuong tu, tai Trung Qudc, bénh nay lam gidm ning suat va chat lugng lac, anh hudng
nghiém trong dén xuat khau va thi trudng ndi dia (Rohtas et al., 2016). O chau Phi, bénh
hai khién nang suat lac giam tu 28 % dén 50 %, de doa an ninh lvong thuc va lam suy
yéu nén kinh té ctia cac cong dong phu thudc vao trong lac (Mohammed & Chala, 2014).
Té6n that ning suat hang nam trén toan thé gigi do bénh HRGMD gay ra 1a hon 10 % va
phd bién hon & céc loai dat c6 do 4m thap va nhiét do cao, khoang 30 °C (Kumari &
Singh, 2016; Zakaria, 2024).

1.2.3.2. O'Viét Nam

O Viét Nam, khi hau nhiét d&i 4m, viéc m& rong dién tich, thdm canh lac da tao
diéu kién thuan loi cho nhiéu loai bénh lac phat trién. Cac nghién ctru da chi ra rang
trong s6 cac tac nhan giy bénh trén lac, bénh nam 1a phd bién va gy thiét hai nghiém
trong nhat, dic biét 1a cac loai nAm c6 ngudn gbc tir dat va lay qua hat gidng. O mién
trung Viét Nam, mot s6 két qua nghién ctru cho thdy nhém bénh HRGMD va héo rii
gbc mdc trang, bénh héo rii tai xanh thudng xuyén gay hai trén dong rudng vai ti 18 tir
3—11 % (Cuong et al., 2018). Tai thanh phd Hué, bénh HRGMD ciing 13 mot van dé
16n. A. niger thudng tan cong ciy lac tir giai doan non va kéo dai dén sau thu hoach,
v6i ti 1€ mau lac nhi€m bénh c6 thé 1én dén 66 % va ti 1¢ hat bi nhiém bénh dao dong
tor 1-30 % (Ha & Hoa, 2012).

1.2.3.3. O tinh Qudng Tri va thanh phé Hué

O tinh Quang Tri va thanh phé Hué, nghién ctru gan diy cho thiy bénh
HRGMBD phat trién nhiéu & giai doan ciy con dén giai doan hinh thanh qua. Céc triéu
chtng bénh thay ddi tuy theo gidng lac bi nhiém bénh. Bénh phat sinh ¢ hat gidng va c6
ré subt thoi ky méi nay mam. Nam mébc mau den phét trién doc theo cac gan md thit ctia
qua. O cay lac, nAim gy thdi rita phan chép hay ¢, dién hinh 13 & uén cong va bién
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dang & phan bén trén cta cdy. Thoi diém vu Pong Xuan 2021- 2022, tit ca cac ho din
va can bo néng nghiép & vung nghién ctru déu cho biét, bénh HRGMD xuét hién va
gay hai manh trén cay lac. Trong do, tai Quang Tri, 5 % nguoi dugc phong van tra
15i bénh nhiém nhe trén cay lac, 25 % ngudi tra 16i bénh gay hai & muc trung binh,
70 % ngudi tra 161 bénh gy hai & mirc ning. Tai thanh phd Hué, c6 60 % ngudi duge
phong van cho biét bénh HRGMD gdy hai ning trén cay lac, 30 % cho biét bénh gay
hai & muc trung binh va 10 % cho biét bénh gay hai nhe (Thuy, et al., 2024)

Tong hop cac dit liéu trén cho thiy, trong khi bénh héo rii gbc mdc den phan
hoéa theo ving sinh thai, bénh HRGMP thé hién xam nhiém dong nhét, cuong do giy
hai vuot trdi trén toan khu vuc. Pay 1a co sé thuc tién quan trong khéng dinh tinh
cap thiét cua viéc nghién ctru cac giai phap doi khang sinh hoc nham kiém soat tac
nhén 4. niger, gop phan bao vé ning sut va phat trién nong nghiép bén viing tai cac
tinh mién Trung.

1.2.4. Cac bién phap phong trir hién nay va nhirng han ché

Trén thé gidi, viéc phong trir cac bénh do ndm gay ra trén cdy lac duogc thuc hién
thong qua sy phdi hop nhiéu giai phap, nhu sir dung thude bao vé thuc vat, ap dung cac
bién phap k¥ thuat néng nghiép, luan canh cay trong, diéu tiét do am dat bang ché do
tudi tiéu phit hop, bon voi dé cai thién tinh chat dat va lya chon cac gidng lac c¢6 kha
nang khang bénh. Trong khi do, tai Vi¢t Nam, viéc sir dung thudc bao vé thue vat cd
ngudn gbc hoéa hoc van 1a bién phap chu yéu trong kiém soat cac bénh do nim gay ra
trén cay lac. Cac bién phap khac nhu luan canh, sir dung gidng khang thudc, phoi dat
cling duoc sir dung nhung hiéu qua khong 6n dinh. Xu huéng sir dung cac ché pham sinh
hoc dé phong trir ndm ciing dang duogc chi ¥ st dung.

Sir dung thudc héa hoc diét nam: Nhiéu nghién ctru ghi nhan thude hoa hoc
dugc sir dung dé kiém soat nim bénh. Lora va Begum (2022) béo céo ring mancozeb
75 % WP ¢6 hiéu qua cao nhat véi ti 18 tc ché 86,73 %, tiép theo 1a carbendazim 50 %
WP. Nath & Patel (2022) cling xac nhan pyraclostrobin + epoxiconazole, tebuconazole
2% DS va cac to hgp khac nhu carbendazim + mancozeb va azoxystrobin + mancozeb
cho thiy kha ning manh mé& trong phong trir ndm A. niger dat ti 18 trc ché 100 %.

Sir dung bién phap sinh hoc: Nhiéu nghién ciru di ghi nhan tiém ning tng dung
vi sinh vat d6i khang trong phong trir nAim A. niger gy bénh trén cay lac. Trong do, cac
loai thudc chi Trichoderma, bao gém T. viride, T. harzianum, T. hamatum va T. virens,
dugc danh gia co kha ning han ché sy phat trién ctia nAm gay bénh (Nath & Patel, 2022).
Hoat dong d6i khang cua céc vi sinh vat nay duoc thuc hién thong qua nhiéu co ché,
chu yéu 13 ky sinh truc tiép trén soi ndm, tong hop cac chat co hoat tinh khang ndm va
canh tranh nguén dinh dudng véi tac nhan gay bénh. Bén canh d6, mot s6 vi khuan nhu
P. fluorescens va B. subtilis ciing c6 kha ning (rc ché 4. niger thong qua viéc tao ra cac
hop chit khang sinh c6 ngudn gbc tu nhién cung nhimng chit chuyén hoa dang bay hoi
va khong bay hoi, gop phan kim hdm qua trinh sinh truéng va phat trién ciia nam.

Sir dung giong khang bénh: Divya Rani et al. (2018) di sang loc 40 dong lac
lai trong diéu kién nha kinh dé kiém tra kha ning khang bénh HRGMD. Két qua, trong
s6 40 dong, c6 10 dong khang véi ti 16 mac bénh dudi 15 %.

Bién phap quén Iy bénh tong hep: Nhiéu nghién ciru da chi ra rang bién phap
té)ng hop, bao gém su dung thudc diét nAm, tac nhan sinh hoc va céc k¥ thuat canh tac,
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gitip kiém so4t hiéu qua bénh HRGMD do ndm A. niger gy ra trén ciy lac. Gajera et al
(2011) béo céo cac bién phap nhu luin canh cdy trong va tranh gieo hat su dé giam
nguy co nhiém bénh do 4. niger gdy ra. Xt Iy hat va dat bang carboxin va T. harzianum
gitip ting kha ning ndy mam, hoic két hop T. viride véi captan cho ti 16 bénh thip (Lora
& Begum, 2022)

1.2.5. Sir dung cac ché phim sinh hoc thwong mai va sw cin thiét ciia chiing
ban dia

Vi sinh vat ngoai lai khi dugc dua vao méi trudng méi thuong phai d6i mat
vo1 hién tugng "Allochthonous stress" — tinh trang sbc sinh thai do su khac biét qua
16n vé cac yéu tb phi sinh hoc (Z.Wang et al., 2024). Tai khu vyc mién Trung Viét
Nam, dic diém khi hau cuc doan v6i nén nhiét do bé mat dat cao va ap luc han han
kéo dai (Trang et al., 2026) giy ra nhitng tac dong tiéu cuc truc tiép dén su sdng sot
cua VSV (Bigatton et al., 2025). Khi tiép x0c v&i nhiét do cao va do Am thép, cac
VSV khong c6 ngudn gbc ban dia d& bi mat nudc té bao, din dén bién tinh protein
va gi6i han hiéu suat ctia hé enzyme d6i khang (Etesami et al., 2026). Nghién ctu vé
T. asperellum da chi ra rang toc do ting truong va kha ning tiét enzyme thuy phan
(chitinase, glucanase) phu thudc chét ché vao nhiét do va hoat do nudc (aw); su sut
giam aw xudng dudi 0,910 1am ngiing tré hoan toan su phat trién cua nhiéu chiing
ngoai lai (Begoude et al., 2007). Ngoai ra, bén canh yéu t6 khi hau, tinh chat dat cat
nghéo dinh dudng, hitu co thap va do pH chua tai khu vuc nghién ctru (Tung et al.,
2024) 1 nhirng rao can sinh hoc dang ké. Cac ché pham thuong mai thuong duoc tbi
uu héa cho cac loai dat c6 d6 phi nhiéu cao va pH trung tinh (Mendes et al., 2019).
Trong diéu kién dat chua (pH = 3,0-5,0), hoat dong cua nhiéu vi khuan c6 1oi bi wrc
ché manh m&, ddn dén su that bai trong viéc thiét 1ap quan thé (Cournault et al., 2025;
Etesami et al., 2023). Su "bét twong thich" nay khién VSV ngoai lai khong thé canh
tranh duogc véi quﬁn thé ban dia vén da thich nghi, dan dén tinh trang mat do quén
thé sut giam nhanh chéng sau khi bén (Z. Wang et al., 2024).

Nguoc lai véi cac chung ngoai lai, VSV ban dia mang nhitng "vii khi" sinh ton
dac bi¢t, dugc hinh thanh qua qua trinh chon lgc ty nhién dé ton tai trong nhirng diéu
kién khic nghiét nhat (Igichon et al., 2024). Cac tac nhan dbi khang ban dia da phat
trién kha nang duy tri hé¢ enzyme on dinh dudi ap luc thAm thau va nhiét do cao. Cac
chiing nay thudng s hitu kha nang hinh thanh bao tir bén viing (¢ Bacillus) hoic san
sinh mang sinh hoc (biofilm) va cac hop chat exopolysaccharides (EPS) doi dao dé
duy tri 6 4m quanh té bao (Etesami et al., 2026).

Trong diéu kién dit nghéo dinh dudng tai mién Trung, cic ching ban dja da
qua chon loc ¢6 kha ning duy tri hé enzyme thiy phan manh mé dé khai thac cac nguén
hitu co han ché va d6i khang hiéu qua voi mam bénh (Begoude et al., 2007). Ngoai ra,
chuing ban dia c6 kha nang thiét 14p mat @6 va bam dinh vung ré vuot troi so véi chung
ngoai lai. Chung Pseudomonas ban dia R4D2 cho thay mat d6 quan thé duy tri 6n dinh
hon va kha ning kiém soat da tac nhan giy bénh (nhu S. rolfsii, A. niger, R.
solanacearum) hiéu qua hon dang ké so v6i cac chung dbi khang nhap khau tir Ha Lan
Diéu nay minh chimg rang sy tuwong thich vé kiéu gen va moi truong 1a yéu t6 quyét
dinh dén thanh cong cua viéc kiém soat sinh hoc (Camerini et al., 2018; Francioli et
al., 2025). Hon nira, viéc st dung VSV ban dja khong chi c¢6 ¥ nghia vé mit hiéu qua
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bao vé thyc vat ma con gép phan quan trong vao viée tai 14p can bang sinh thai dat vén
d3 bi t6n thuong do lam dung hoa chét trong thoi gian dai. Cc ching ban dia dong vai
tro 1a nhitng "trung tim" diéu tiét trong mang luéi twong tac VSV, gitip khoi phuc do
phi nhiéu va ciu trac dit thong qua cac co ché phan giai lan, c¢b dinh dam va cai thién
kha ning gitt nudc cua dat (Igichon et al., 2024).

1.3. TINH HINH NGHIEN CUU POI KHANG SINH HQC NAM A. NIGER

1.3.1. Cac nghién ctru trén thé giéi

Vineela et al. (2020) danh gia hi¢u qua in vitro cua ba tdc nhan sinh hoc nhu 7.
viride, T. harzianum va T. hamatum d6i v6i A. niger nhiém bénh lac va bao cdo ti 18 e
ché sinh truéng soi nAm cao nhat dang ké v&i T. hamatum (75,20 %), tiép theo 1a T,
harzianum (74,70 %) va T. viride (71,90 %). Nath & Patel (2022) danh gid hi¢u qua in
vitro ctia bon tdc nhan sinh hoc nhu T. viride, T. harzianum, P. fluorescens va B. subtilis
d6i v6i A. niger gy bénh HRGMBDP ciy lac va bao cdo rang T, viride dat ti 1& tc ché
sinh truéng soi ndm cao nhét (63,72 %), tiép theo 1a T. harzianum (61,95 %), P.
fluorescens (43,51 %) va B. subtilis (24,96 %). Dhumal et al. (2022) da danh gia kha
nang qua trc ché A. niger gy thdi luu trir ciia hanh trong diéu kién in vitro thu duogc két
qua kha quan. Két qua vé ti 1& e ché thir nghiém 1an luot 1a 7. harzianum (81,11 %), T.
virens (78,22 %), T. hamatum (72,66 %), T. viride (64,88 %), T. asperellum (61,88 %),
B. subtilis (57,77 %), P. fluorescens (55,55 %) va Penicillium spp. (40,77 %).

Nhin chung, cac nghién ciru trén thé gidi vé kiém soat sinh hoc bénh HRGMD trén
ciy lac dd ghi nhan tiém ning tng dung cua nhidu VSV ddi khang, tiéu biéu 1a cac loai
thudc chi Trichoderma, P. fluorescens va B. subtilis. Cac nghién ctru chu yéu danh gia
hiéu qua ddi khang trong diéu kién in vitro va khao nghiém ngoai déng rudng. Két qua
cho thay nhiéu tac nhan sinh hoc c6 kha ning han ché déng ké su sinh truéng ctia nim A.
niger, trong dé ndi bat 1a T, viride, T. harzianum va mét sb loai thudc chi Pseudomonas.
Céc co ché tc ché bao gom ky sinh soi nAm, san xuat chat chuyén hoa thir cAp va canh
tranh dinh dudng. Tuy nhién, nhidu nghién ciru chi bao cdo thuc hién trong phong thi
nghiém va it bao céo két qua ap dung & diéu kién dong rudng. Viée tap trung chu yéu vao
Trichoderma spp. va Pseudomonas spp. cho thay su han ché trong viéc khai thac cac loai
VSV khéc cé tiém nang. Ngoai ra, con thiéu nghién ciru vé tac dong lau dai cta cac tac
nhan sinh hoc 1n hé sinh thai va méi truong dat. Tinh 6n dinh khi st dung céc tic nhan
nay trong thuc té va cac yéu to anh huéng van chua duoc lam rd.

1.3.2. Cac nghién ctru tai Viét Nam

Tai Viét Nam, mot s6 nghién ctru budc dau di dé cap dén kha ning tmg dung cac
tac nhan sinh hoc trong phong trir bénh HRGMD do Aspergillus sp. gay ra trén cay lac.
Theo Cuong et al., (2019), cac chiing vi khuan thudc hai chi Pseudomonas va Bacillus thé
hién hiéu qua kiém soét bénh héo rii gbc mdc trang, nhung kha ning han ché bénh do 4.
niger gdy ra con thap. Bén canh d6, Ha va Hoa (2012) ghi nhan hoat tinh d6i khang cua
Trichoderma dbi v6i cac loai nAm gay bénh héo rii trén cdy lac. Ngoai cac VSV dbi khang,
Cuong et al. (2018) cling ghi nhan kha nang uc ché ndm gdy bénh cua vat liéu nano bac
trong diéu kién thi nghiém. Tuy nhién, hiéu qua ing dung cta vat liéu nay trong diéu kién
san xuét thue té van can duoc tiép tuc danh gia. Tai thanh phé Hué, cac bién phap nhu
ludn canh cay trong, bon voi va lam ludng cao di gitip giam ti 1¢ cay lac bi nhiém bénh,
nhung can duogc didu chinh linh hoat theo diéu kién timg vang (Cuong, 2015).
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1.3.3. Cac nghién ciru tai tinh Quang Trij va thanh ph6 Hué

Tai khu vyc tinh Quang Tri va thanh phd Hué, dang ton tai nhitng khoang tréng
nghién ctru 16n lién quan dén d6i khang sinh hoc nim A. niger giy bénh HRGMD trén
cdy lac. Ha va Hoa (2012) ghi nhan ching Trichoderma PR16 tic ché 100% hach nim S.
rolfsii trén cay lac. Cuong et al. (2019) khang dinh hiéu qua ctia hai chiing ban dia Bacillus
sp. SI8F11 va S20D12 trong viéc ting sb lugng nét sin va ning cao 26,8 % ning suét
thuc thu. Ngoai ra, viéc phdi hop Trichoderma sp. PC6 va P. putida 214D trén nén hiru
co Bokashi di giup giam dang ké ti 16 chét cay do A. niger va kiém soat bénh héo rii tong
hop trén dat xam bac mau tai Huong Tra (TY et al., 2017). Tuy nhién, phan 16n cac cong
trinh hién c6 tai mién Trung chi yéu tip trung vao nim S. rolfsii gdy bénh mdc tring (Ha
& Hoa, 2012) hodc vi khuén R. solanacearum (V1, 2022). Ddi v6i A. niger, cac tai li¢u
da s chi ding lai & viéc danh gid hiéu qua phong trir tong quat qua ti 16 chét ciy hodc
nang suat thue thu (Ty et al., 2017), ma chua di siu vao phan tich co ché di khang chuyén
biét. Thiéu Véng cac dir liéu thuc nghiém lam rd co ché dbi khang ctia VSV ban dia lién
quan dén enzyme glucanase phan giai thanh té bio nam. Pong thoi, thiéu hut cac thong
s6 thich hop vé diéu kién nudi cdy dé cac ching ddi khang sinh tong hop enzyme cao
nhét, 4n dinh va nang cao hiéu lyc kiém soat sinh hoc ngoai thuc dia.

1.4. CAC CHIEN LUQC KIEM SOAT NAM ASPERGILLUS BANG VI
KHUAN BACILLUS VA XU HUONG NGHIEN CUU HIEN PAI

1.4.1. Cac chién lwgc kiém soat nam Aspergillus bang vi khuan Bacillus

Sir dung té bao song va canh tranh sinh thai: Té bao Bacillus sdng canh
tranh vi tri bAm dinh, dinh dudng va hinh thanh mang sinh hoc (biofilm) ré (Zhang
et al., 2023; Ali, 2026). Dang té bao séng B. velezensis CNPMS-22 tic ché 59,05%
su phat trién sgi ndm A. niger in vitro (Figueiredo et al., 2025). Uu diém cta huéng
ndy 1a kha ning duy tri quan thé bén virng, nhung han ché 16n nam ¢ hiéu qua khong
on dinh trude bién dong moi truong va sy canh tranh tir vi sinh vét ban dia (Ali, 2026;
Delkus et al., 2026).

Sir dung chit chuyén héa va enzyme ngoai bao: Vi khuan Bacillus tiét cac
hop chét lipopeptide (iturin, fengycin, surfactin) va enzyme thay phén (chitinase, p-
1,3-glucanase) gy ton thuong mang va thanh té bao nim (Zhang et al., 2023;
Figueiredo et al., 2025; Ali, 2026). Uu diém cua hudng nay 1a tic dong nhanh, co
ché phan tir rd rang; tuy nhién, han ché nim & chi phi tinh ché cao va nguy co dé bi
phan huy ngoai tu nhién (Ali, 2026; Délkus et al., 2026). Tht nghiém trén A4. flavus
cho thay dich chiét tho B. velezensis 802 giy mat dién thé mang ti thé va kich hoat
con duong apoptosis (L. Zhang et al., 2026).

Phdi hop da chiing/co ché (SynCom): T6 hop vi khuan (SynCom) phdi hop
dong thoi viée tiét lipopeptide, enzyme va biofilm gitip tang pho khang va do bén sinh
thai (Zhang et al., 2023; Ali, 2026). Su phéi hop tu nhién giita iturin va fengycin thé
hién tinh hiép dong ting doc tinh khang ndm (Gharsallah et al., 2025; Jiang et al.,
2025). Han ché chinh 1a sy phuc tap trong viéc duy tri tinh twong thich va 6n dinh quan
thé (Ali, 2026).



25

1.4.2. Ung dung cong nghé omics trong nghién citu co ché ddi khang caa vi
Khuan Bacillus

Sy phat trién cta cac cong nghé omics cho phép nghién ciru co ché d6i khang &
nhiéu cdp d6 phan ta. Genomics phat hién cic cum gene sinh tong hop (BGCs)
lipopeptide va enzyme (Keshmirshekan et al., 2024; D¢lkus et al., 2026); metabolomics
dinh danh chinh x4c cac chat chuyén hoa (Jiang et al., 2025; L. Zhang et al., 2026);
transcriptomics va proteomics lam rd bién doi biéu hién gene va protein ¢ ca ching dbi
khang 14n nAm hai (Z. Wang et al., 2024; Jiang et al., 2025).

S. Wang et al. (2024) sir dung proteomics Label-free phat hién 310 protein biéu
hién sai khac & A. niger do iturin A, chi ra su rdi loan chu trinh TCA va dudng phan;
Jiang et al. (2025) tich hgp genomics (xac dinh 13 BGCs & B. velezensis TCS001),
metabolomics va transcriptomics chimg minh iturin A4 tac dong 1én mang t& bao nim;
L. Zhang et al. (2026) két hop genomics va metabolomics x4c dinh 13 BGCs ciing chat
khang nam isobutyric acid & B. velezensis 802 dbi khang A. flavus.

Tich hop omics véi cac phuong phap sinh hoa va hinh thai gitp 1am rd co ché
d6i khang cua Bacillus dbi v&i Aspergillus, song can thém bang ching thuc nghiém dé
xac nhan quan h¢ nhan qua (Jiang et al., 2025; Délkus et al., 2026).

1.5. TOM TAT TONG QUAN VA PINH HUONG NGHIEN CUU CUA
LUAN AN

Nam A. niger 13 tic nhan gdy bénh HRGMD nguy hiém, 1am giam ning suat lac
tir 20-50 % tai khu vuc mién Trung. Thanh té bao 4. niger chira chitin va B-glucan,
trong d6 B-1,3-glucan gop phan duy tri tinh toan ven ciu tric. Vi vay, VSV sinh enzyme
ngoai bao, dac bi¢t B-1,3-glucanase, 1a huéng tiém nang trong kiém soat nim bénh. Tuy
nhién, cac ché pham vi sinh c6 ngudn gbc ngoai khu vuc nghién ciru ¢6 thé cho hiéu qua
khong 6n dinh trong diéu kién dia phuong do kha ning thich nghi v4i dic diém dat cat
nghéo dinh dudng va diéu kién khi hau khic nghiét (nhiét 6 cao, gié Lao) dic thu tai
Quang Tri va thanh phé Hué.

Tu thyc tién va khoang tréng nghién ctru néu trén, luan an xac dinh cac dinh
hudng nghién clru trong tam sau:

- Phan lap, xac dinh tac nhan nam Aspergillus sp. gay bénh héo rii gdc mdc den
trén cay lac tai tinh Quang Tri va thanh phd Hué.

- Phan lap, tuyén chon ching VSV ban dia c6 kha ning d6i khang v4i ndm
Aspergillus sp., biéu hién hoat tinh enzyme ngoai bao va dap ung cac chi tiéu an toan
sinh hoc duoc khao sat.

- Xac dinh dugc anh hudéng cia mot sb yéu td dén hoat d6 va kha nang sinh téng
hop B-1,3-glucanase cia chung VSV duoc tuyén chon; danh gia tic dong ctia phan doan
enzyme ngoai bao c6 hoat tinh B-1,3-glucanase d6i voi nAim Aspergillus sp. trong diéu
kién in vitro.

- Panh gia hiéu qua phong trir bénh héo rii gdc mbe den cua chung VSV duoc
tuyén chon trong diéu kién nha ludi va thir nghiém dong ruong.

Dua trén muc tiéu va khoang trong nghién ctru da phén tich, luan an thiét 1ap 16
trinh gdm 4 ndi dung nghién ctru trong tdm, duoc khai quat logic qua Hinh 1.10.
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[XAC PINH TAC NHAN GAY BENH HEO RU GOC MOC DEN TREN CAY LAC|

! ! !

Phan 13p va dinh Quy tic Koch va chon Dinh danh bing
danh bang hinh thai chung nam doc lyc cao sinh hoc phén tir

[ TUYEN CHON CHUNG VI SINH VAT BAN PIA POI KHANG NAM BENH ]

|

[ Phan 1ap va sang loc so bo chung VSV d6i khang nim bénh ]

i

[ Tuyén chon ching VSV dbi khang sinh enzyme ngoai bao manh ]

!

[ Dinh danh cac chung VSV dugc tuyén chon (hinh thai, hoa sinh, phan ]

!

[ Sang loc kha ning anh hudng dén sy ndy mam cua hat lac ]

!

| Sang loc kha ning déi khang ndm A. niger trong diéu kién nha lugi |

!

[ Nghién ctru co ché va dic tinh d6i khang in vitro cac chung VSV tuyén ]

l

[ Khao sat an toan sinh hoc va kha ning trg sinh cac ching VSV tuyén ]

[NGHIF:N CUU HOAT LUC VA CAC YEU TO ANH HUONG DEN ENZYME]

| | |

. . Mot sO yeu to anh Mot sO yeu to anh
Puong cong tich : f n \ L.
- huong dén hoat do huong dén sinh
Ity enzyme [3- \ 2
1 3-olucanase cua enzyme tong hop enzyme
278 B-1,3-glucanase B-1,3-glucanase

PANH GIA HIEU QUA PHONG TRU BENH HEO RU GOC MOC DEN
CUA CHUNG VI SINH VAT PUQC TUYEN CHON

! l l

Anh hudng dén

mot so chi tiéu nang suat }aclva
sinh trudng, phat Se d cac yéu to cau
trién cay lac moc den thanh ning suat

Anh huong dén Anh huéng dén

bénh héo rii gdc

Hinh 1.10. So dé néi dung nghién civu ciia lugn dn
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU

- Cac chung ndm gy bénh HRGMBDP trén cay lac dugc phan 1ap tir cay lac bi bénh
HRGMBD dién hinh, thu thap truc tiép tai cac ving trong lac trong diém thudc tinh Quéang
Tri va thanh phd Hué (Bang 2.1).

- Cac chung VSV dbi khang duoc phan 1ap tir dt ving trong lac trong diém cua
tinh Quang Tri va thanh phd Hué co6 tiém ning sinh enzyme ngoai bao ddi khang véi
nam bénh (Bang 2.1).

Bing 2.1. Théng tin thu mdu cdc ching vi sinh vét lwa chon nghién ciru chuyén sdu

Chiing vi i . Pia diém thu Giéng Giai doan X x
. . Nhom chung ' x . N Nguon mau
sinh vat mau lac  sinh truéng
Nam Cua . 5
A. niger Nim bénh Viét. tinh L 14 Cs Goc than ré€ cay lac
am bén iét, tin ay con
QTI ' 7 I Y bi bénh HRGMP
Quang Tri
) Dan Dién, Goc than ré cay 1
A. niger H17 ~ Nam bénh . an ien . L16 Ra hoa (,)C . an re cay e
thanh pho Hué bi bénh HRGMD
B. siamensis Vi sinh vat Phu Vang, ) Dt ving ré
e, . <. . Ll4 Cay con R
B8 doi khang  thanh pho Hué cay lac
B. velezensis V1 sinh vat Huong Tra, TK10 Hinh thanh Pt ving ré
K1 d6i khang  thanh phd Hué qua cay lac
B. siamensis Vi sinh vat Phong Thai, Pit ving ré
P . ...z Ran Ra hoa .
101 doi khang  thanh pho Hué cay lac
B. siamensis ~ Visinhvat  Ba Long, tinh L14 Hinh thanh Pt ving ré
112 d6i khang Quang Tri qua cay lac
B. velezensis  Visinh vat  Nam Cura Viét, ) Dt vung ré
X112 , \ . Ll6 Cay con )
137 doi khang  tinh Quang Tri cay lac
T. asperellum  Visinhvat My Thuy, tinh  Sen Rah Pt ving 1é
. a hoa
HL6 doi khang Quang Tri Lai cay lac

- Gibng lac st dung trong nghién ctru thir nghiém 1a giéng L14 duoc ngudi dan
sir dung trong hang nam ¢ tinh Quang Tri va thanh phd Hué. Pay 1a giéng lac co kha
nang thich nghi cao véi dat cat pha va khi hau kho néng.

2.2. PHUONG PHAP NGHIEN CUU

2.2.1. Phwong phap phén lap va xac dinh tic nhan nAm Aspergillus sp. giy
bénh héo rii gbc mdc den trén cay lac

2.2.1.1. Thu thip, phén lgp va gidm dinh so bp ndm Aspergillus sp.

Cac mau cdy bi bénh HRGMD véi céc tridu ching dién hinh thu thap tai cac ruong
lac & tinh Quang Tri, thanh phé Hué dugc cho vao thi nilon va dua vé phong thi nghiém
dé phan 1ap ngay. Mau dugc khir tring bé mat bang cach rira véi ethanol 70% trong 1 phut,
sau d6 rira lai bang nude cat vo trung 3 1an. Tiép theo, mau duoc dit trong ti cay vo tring
va lam kho trén gidy thAm vo tring. Cac mau mé c6 kich thudc khoang 3 mm duoc thu
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tir ving gbc than va ré cua cdy lac biéu hién triéu chimg bénh, sau d6 chuyén 1én dia
Petri chtra mdi trudng Potato Dextrose Agar (PDA) bd sung streptomycin sulfate voi
ndéng d6 50 pg/mL. Cac dia nudi cay duoc duy tri & nhiét d6 25 + 2 °C trong 7 ngay dé
theo doi sy hinh thanh va phat trién ctia hé soi ndm trén moi truong. Nhimg khuan lac
nam phat trién tir mau bénh dugc phan 1ap va lam thuan bang cach ciy chuyén lién tiép
phan soi ndm sang moi truong PDA moi, két hop k§ thuat phan 1ap don bao tir. Sau khi
thu duoc cic ching nam thuan khiét, mau dugc chuyén sang 6ng nghiém chira moi
truong PDA thach nghiéng va luu gitr & 4 °C nham phuc vu cac thi nghiém tiép theo.
Céc chung nam phan 1ap dugc xac dinh dac diém hinh thai dic trung cua A. niger dya trén
viéc so sanh cac dic diém hinh thai khuén ty, canh bao tir, bao tir phan sinh, bong dinh va
thé binh cta ching véi ciac md ta cd san trong tai liéu khoa hoc (Samson et al. 2014;
Kumari & Singh, 2016: Rodriguez et al., 2019; Kumar et al., 2020; Thuan et al., 2022;
Bajaya et al., 2022b; Zakaria, 2024).

2.2.1.2. Kiém chikng theo quy tic Koch va tuyén chon chiing ndm cé khd néing
gady bénh cao

Chin ching nim phan 1ap tir cay lac bi bénh HRGMP tir tinh Quang Tri va thanh
phd Hué duoc kiém tra theo quy tiac Koch va chon chung c6 doc luyc cao (Kumar et al.,
2020; Bhunjun et al., 2021). Thi nghiém duogc thuc hién trén giéng lac L14, giai doan 14
ngay tudi trong nha ludi cua Vién Cong nghé Sinh hoc, Pai hoc Hué. Hat lac duoc gieo
trong chau nhua (35x30x30 cm) chtra 5 kg dat cat pha da tiét tring, mdi chau c6 3 cy. B6
tri thi nghiém theo khdi hoan toan ngiu nhién (RCBD) véi 5 lan lap lai cho mdi ching ndm.

Chuin bi dung dich bao tir nAm A. niger:

Ting ching nAm A. niger duoc nudi riéng biét trén moi truong PDA trong dia
Petri ¢ nhiét do 25 + 2 °C trong 7 ngdy. Sau thoi gian nudi cdy, bo sung nudc cat vo
tring vao mdi dia va st dung que trang vo tring thao tac nhe trén bé mat khuan lac nham
thu nhan bao tir. Dich huyén phu thu dugc duge cho di qua hai 16p vai man vo trung dé
loai bé cac thanh ph?ln soi nAm va manh thach con 1an trong mau. Mat do bao tir dugc
xac dinh bang budng dém Neubauer duéi kinh hién vi quang hoc, sau d6 diéu chinh vé
noéng d6 10° bao tir/mL dé sir dung trong cac thi nghiém tiép theo.

LAy nhiém: Huyén pht bao tir nAm bénh duoc phun vao ving dat xung quanh ré
véi thé tich 20 mL/chau. Sau khi nhiém ndm bénh, cac chau duoc gilt trong nha ludi.
Céc chau duoc dat cach nhau 50 cm dé tranh lay nhiém chéo. Lb d6i chiing dugc phun
20 mL nudc cit vo trung.

Theo déi triéu chirng va danh gia: Quan sat cac triéu chimg dién hinh ctia bénh
HRGMD, dic biét sy xuat hién cia khdi bao t&r mau den bao phu ving géc than ré
(Bajaya et al., 2022b; Junjadia et al., 2025). Danh gia ti 1¢ bénh DI (Disease Incidence)
va chi s6 bénh DS (Disease Severity) sau 14 va 21 ngay sau khi gdy nhiém dya trén
phuong phéap cta (Divya Rani et al., 2018; Cuong et al., 2018; Junjadia et al., 2025).

DI (%): S6 ciy bi bénh % 100

Téng so ciy diéu tra

(1xs6ciy & cidp 1)+(2 x s6 cay & cap 2) +(3 x s6 cay & cdp 3) +(4 x s6 ciy & cip 4)] x100

DS (%) ="

4 x tdng so cay



29

Mirc 46 nghiém trong cuia bénh gy ra cho cay, duoc chAm diém theo thang 0 dén
4, trong d6: (0) Khong c6 triéu chimg bénh; (1) C6 triéu chirng bénh nhung khong thay
soi ndm moc ra bén ngoai; (2) C6 triéu ching bénh va thiy soi nAm moc ra bén ngoai;
(3) Cay bi héo mot phan va (4) Cay bj héo hoan toan va chét.

Tai phan lap: Tién hanh tai phan lap nidm tir cic mé cta ciy lac xuét hién triéu
chtng bénh héo rii gdc mbe den trong 14y nhidm nhan tao. Ching ndm tai phan lap duoc
nudi cy thuan khiét va so sanh, d6i chiéu v6i ching ndm ban dau. Dya trén cac dic
diém hinh thai khuan lac (mau séic, ciu trc, tc d6 sinh truéng) va dic diém hinh thai
hién vi (c4u trac to nAm, hinh thai va kich thudc bao tir) dé xac nhan tinh déng nhit giita
chung ndm tai phan l4p va ching nAm ban dau duoc sir dung dé 14y nhiém (Andge et al.,
2017; Junjadia et al., 2025).

2.2.1.3. Dinh danh bang sinh hoc phén tir

Cac chiing nam thuan duoc nudi cy trén méi truong PDA, 01 ¢ 25 +2°C trong 7 ngiy
va dugc st dung 1am ngudn gidng cdy. Soi ndm phét trién trén méi truong PDA duoc ciy
chuyén sang mdi trudng PDB (Potato Dextrose Broth), sau d6 nuéi lic ¢ toc do 125 rpm
trong 3 ngay. Sinh khdi ndm ciia timg chiing dugc thu nhan dé tach chiét DNA tong sb.

DNA tong s ctia ndm dugc tach chiét bang bo kit TopPURE Genomic DNA
extraction KIT (Cong ty TNHH Giai phap Sinh hoc ABT, Viét Nam) theo huéng dan
clia nha san xuat. Vung ITS (Internal Transcribed Spacer) ctia ndm duoc khuéch dai
bang cip mdi ITSI (5-TCCGTAGGTGAACCTGCGG-3) va ITS4 (5-
TCCTCCGCTTATTGATATGC-3'). Phan tmg PCR duoc thyc hién trong tong thé tich
60 pL, gdm: 30 uL dung dich 2x Go Taq® Green Master Mix (M7502, Promega, USA),
5 uL mdi ITS1 (10 uM), 5 uL moi ITS4 (10 pM), 2,5 L. DNA khudn va 17,5 pL nudc
cat vo trung hai 1an. Chu ky PCR gém: giai doan bién tinh ban dau ¢ 95 °C trong 10
phut, sau d6 1 30 chu ky, mbi chu ky gdm bién tinh & 94 °C trong 1 phat, gin mdi &
53 °C trong 30 gidy va kéo dai chudi ¢ 72 °C trong 1 phut; cudi cing 14 giai doan kéo dai
hoan tit & 72 °C trong 10 phut. Sau khi khuéch dai, san phém PCR dugc kiém tra bﬁng
dién di trén gel agarose 1 % (w/v) trong dém TAE, nhudm bang SafeView™ Classic
Nucleic Acid Stain (Applied Biological Materials Inc., Canada). Cac san pham PCR sau
d6 duoc giri dén Cong ty FirstBASE (Malaysia) dé giai trinh tir.

Trinh ty DNA thu duoc duge xir Iy va lap rap bang phan mém DNA Baser V 4.
Viéc tim kiém céc trinh tu tuong déng duoc thuc hién thong qua co sé dit liéu NCBI b?mg
cong cu BLAST (http://ncbi.nlm.nih.gov/BLAST). Céc trinh tu ¢ d trong dong cao bao
gom A. niger CBS121.55 (MH857404), A. niger CBS122.55 (MH857405), A. niger D.1
(GU183162), A. niger ATCC16888 (NR111348), A. niger RMUANT75 (MT541882), A.
niger CBS128802 (MH865152), A. niger KT5 (LC105682) va cac trinh ty lién quan khac
nhu 4. oryzae NRRL447 (NR135395), A. oryzae A540 (KX462996), A. flavus
ATCCI16883 (MWS513940), A. nidulans ATCC10074 (KC146354), A. nidulans FCSRL3
(ON383939), A. versicolor S66 (KU318417), A. versicolor ATCC9577 (AY373880), A.
Sfumigatus ATCC1022 (NR121481), A. fumigatus S2-9 (JX537971) dugc st dung lam


http://ncbi.nlm.nih.gov/BLAST
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trinh ty tham chiéu dé x4y dung cdy phat sinh loai clia hai chung ndm bang phin mém
MEGA (phién ban 7.0). Penicillium janthinellum CBS 340.48 (GU981585) dugc sir dung
lam nhom ngoai (outgroup control). B9 tin cdy cua cac nhanh trong cay phat sinh duoc
danh gia bang 1000 1an 13p bootstrap (White et al., 1990; Schoch et al., 2012).

2.2.2. Phuwong phap tuyén chon chiing vi sinh vat ban dia d6i khang nam
A. niger

2.2.2.1. Phén ldp va sang loc so bj chiing vi sinh vit doi khdng niam A. niger

Céac méu dat duoc thu thap tir ving ré cay lac cia cic ving trong lac trong diém
tai tinh Quang Tri va thanh phé Hué. Tai mdi diém léy mau, dat duge léy 0 do sau tur 5-
25 cm trong khu vuc rong 25 cm?. Dat dugc cho vao tai nilon sach, dwa ngay vé phong
thi nghiém dé phan lap VSV d6i khang. Cac mau dat dugc huyén phu trong nude ct vo
trung theo ti 18 10g dat v6i 90 mL nudc. Pha lodng ndi tiép va lay 100 uL & mdi nong
d6 pha loang tir 103 dén 108 cAy trai trén dia thach méi trudong khac nhau theo d6i tugng
muc tiéu (Ha & Hoa, 2012; Anith et al., 2021; Binh et al., 2024; Chang et al., 2025).

- Phan 1ap, sang loc vi khuan d6i khang c6 tiém ning vé enzyme 1,3-p-glucanase:

+ Str dung diy ndng d6 pha lodng tir 105 dén 108, mau duoc cay trai trén dia
thach chira méi trudng c6 thanh phan gdbm: ndm men banh mi (5 g), FeSO4. 7H20 (0,5
g), MgS04.7H,0 (0,5 g), KC1 (0,5 g), NaNO;s (3 g), KxHPO4 (1 g), agar (20 g), nudc cat
vira du 1 lit. Cac dia thach dugc U trong ti 4m & nhiét do 30 °C trong 48 gid. Nhiing vi
khuan xung quanh c6 vong phan gii trong sudt 1 nhirg ching c6 tiém ning sinh 1,3-
B-glucanase duoc cdy chuyén nhiéu 1an dé lam thuan trén moi trudng trén LB (Luria-
Bertani). Cac mau vi khuan dugc bao quan ¢ 4 °C (Wu et al., 2018).

+ Sang loc hoat tinh ddi khang v&i ndm A. niger: mot khdi thach duong kinh 4
mm chira sgi nam A. niger (chung QT1, H17) 3 ngay tudi duoc dat vao vi tri trung tdm
ctia dia Petri chita méi truong PDA. Tiép d6, vi khuan duoc cy theo mot duong thang
cach mép khéi ndm khoang 2 cm. Sau 5 ngdy nudi 0 & nhiét d6 30 °C, dudng kinh khuan
lac ndm A. niger duoc do va so sanh véi gia tri trung binh ciia mau d6i ching khong cay

vi khuan. Thi nghiém duoc 1ap lai 3 1an doc 1ap. Hiéu suat d6i khang (GIR - Growth

inhibition rate) dugc dugc tinh so voi ddi ching theo cong thic: GIR (%) = % x 100.

Trong d6, C 13 ban kinh khuan lac 4. niger & miu d6i chimg (mm) va T 14 ban kinh khuan
lac A. niger & cong thure xur ly (mm) (Kruijt et al., 2009; Torres et al., 2016; Raymaekers
et al., 2020; Anith et al., 2021).

- Phén l1ap va sang loc nAm d6i khang:

+ Sir dung ddy nong d6 pha lodng tir 103 dén 10-°, miu duogc ciy trai trén moi
truong PDA c6 bo sung propamocarb. Cac dia dugc nudi & 28 + 2 °C trong 96 gid chon
cac khuén lac nAm khac nhau, ¢ hinh thai dic trung cua Trichoderma dé 1am thuan
bang phuong phap cdy soi ndm va cay don bao tir.

+ Kha ning d6i khang cua cac chung Trichoderma duge danh gia bang phuong
phap cdy ddi xtmg qua tAm. Trén mdi dia Petri chira mdi truong PDA, mot khdi thach
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duong kinh 4 mm chira 4. niger 3 ngay tudi va mot khdi thach duong kinh 4 mm chira

Trichoderma 3 ngay tudi dugc cdy ddi ximg nhau qua tAm dia va cach nhau 3 cm. Nuoi

1 & 28 + 2 °C. Thi nghiém duoc 13p lai 3 1an doc lap. Hiéu suat ddi khang H (%) duoc
_ D-d

tinh theo cong thirc H (%) = 5 X 100. Trong d6, D va d lan luot 13 duong kinh khuan

lac A. niger & d6i ching va nghiém thirc (mm) (Anith et al., 2021).

2.2.2.2. Tuyén chon chiing vi sinh vit doi khdng va sinh enzyme ngoai bio

Céc chung VSV ddi khang duoc nudi trong méi truong LB 1ong ¢ 30 °C, 180
rpm trong 24 gid dé sang loc kha ning sinh enzyme ngoai bao. Hon hop dich nuéi cay
ndi phia trén duoc thu bang cach ly tim & 10000 rpm trong 10 phut ¢ 4 °C. Xac dinh
hoat tinh enzyme ngoai bao nhu sau:

- Hoat tinh enzyme chitinase dugc danh gia trén moi truong thach chua 0,1 %
keo chitin. Sau khi cho 50 pL dich nudi cdy vao cac giéng thach (5 mm) va u & 30 °C
trong 48 gio, dia duoc nhudm bang dung dich Lugol, quan sat va do vong phéan giai
chitin (Loc et al., 2011; You et al., 2021).

- Hoat tinh cellulase dugc danh gid trén moi trudong thach chtra 0,1 % CMC
(carboxymethyl cellulose). Sau khi cho 50 pL dich nudi cy vao cac giéng thach (5 mm) va
11 & 30 °C trong 48 gio, dia duoc nhudém bang Congo d6 1% va rira lai véi NaCl 1M; quan
sat va do vong phan gidi CMC (Quang et al., 2014; Anh et al., 2017; You et al., 2021).

- Hoat tinh B -1,3-glucanase dugc danh gia trén moi truong thach chira 0,1 %
curdlan. Sau khi cho 50 uL dich nudi cy véo cac giéng thach (5 mm) va it & 30 °C trong
48 gio, dia duoc nhuom bang dung dich Lugol 0,1 %; quan sat va do vong phan giai
curdlan (Wu et al., 2018; Tram et al., 2023).

2.2.2.3. Dinh danh cdc chiing vi sinh vit sau sang loc doi khdng va hoat tinh
engzyme ngogi bao

Pinh danh cic chiing vi khuan:

Cac chung vi khuan dép Gmg cac tiéu chuan két hop vé ddi khang va hoat tinh
enzyme dugc dinh danh bang cach két hop cac bién phap hinh thai, sinh héa va phan ti.

- Quan sat dac diém hinh thdi: Quan sat hinh thai khuan lac, nhuom Gram va
quan sat hinh dang té bao duéi kinh hién vi quang hoc Olympus BX51.

- Pdc tinh hod sinh: Kha nang dong hoa/lén men cac ngudn carbohydrate clia cac
chung vi khuan duoc xac dinh bang bo kit API 50CHB (bioMérieux, Phap) theo hudng
dan cua nha san xuat. Chung vi khudn dugc nudi cdy trén moi trudng thach LB trong 18—
24 gi0, sau d6 chon mot khuéan lac don, dién hinh d¢é tao huyén phu vi khuan trong 1 mL
moi truong API CHB. D6 duc cua huyén phu duogc diéu chinh dat chuin 2 McFarland.
Tiép theo, huyén phu dugc phan phéi vao cc giéng ciia dai thiar API S0CHB, mdi giéng
chtra mot loai co chat. Dai thir dugc dit trong khay u va u & 37 °C trong 24 — 48 gid. Sau
thoi gian 0, sy thay d6i mau sic trong ting giéng dugc quan sat. Két qua dugc biéu thi
dudi dang phan ing duong tinh (+), am tinh (—) hodc khong xéc dinh (ND).

- Phadn tich sinh hoc phan tw va phdt sinh loai: Cac chung phan 1ap dugc nuoi
ciy trong moi truong LB 10ng qua dém va cac té bao duoc thu hoach bang cach ly tim
& 10000 rpm trong 10 phut & 4 °C. DNA duoc chiét xuit bang ToOPURE Genomic DNA
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extraction KIT (ABT, Vietnam) theo khuyén nghi ctia nha san xuét. Trinh tu 16S rRNA
dugc khuéch dai bang cach sir dung cac mdi: 5°~AGATTTGATCCTGGCTCAG-3’ va
1492 Reverse: 5’-GGTTACCTT GTTACGACTT-3’(Weisburg et al., 1991). Phan Uing
PCR bao gom 30 pL cua 2X Go Taq® Green Master Mix (Promega, USA), 2,5 uL DNA
d3 chiét xuat, 5 pL mdi moi 10 uM va 17,5 pL nude cat khir triung hai 1an. Chu ky PCR
dugc thue hién véi bude 1am nong trude 10 phat ¢ 95 °C, sau d6 1a 30 chu ky goém 1
phat 8 94°C , u ¢ 53 °C trong 30 gidy va kéo dai & 72 °C trong 1 phat va budc kéo dai
cudi cung & 72 °C trong 10 phut. Cac san pham khuéch dai PCR duoc danh gia trén gel
agarose TAE 1 % (w/v) dugc nhuom bang SafeView™ Classic Nucleic Acid Stain
(Applied Biological Materials, Canada). Cac san phdm PCR khuéch dai dugc guri dén
dich vu giai trinh tu thwong mai (Firstbase, Malaysia) dé giai trinh ty. Céc trinh ty DNA
thu duoc tir ca hai mach dwoc lap rap bang BioEdit v7.0.5 (Hall, 1999). Céc trinh tu 16S
rRNA tham chiéu duoc tim kiém trén co so dir liéu GenBank (NCBI). Su sap xép trinh
tu dugc thuc hién tha cong véi céac trinh ty tham chiéu lién quan bﬁng phﬁn mém
ClustalW2 (http:// www. ebi. ac. uk/Tools/ phylogenecy/ clust alw2- phylo geny/) bang
cach st dung cac tham sd mac dinh (Thompson et al., 1994; Tamura et al., 2021). Cay
phat sinh chung loai dugc xay dung theo phuong phap Maximum likelihood method
bang IQ-TREE v. 2.1.3 (Minh et al., 2020). ModelFinder dugc str dung dé xac dinh mo
hinh phu hop nhit (Kalyaanamoorthy et al., 2017). Cac cay két qua duoc vé bang
Interactive Tree of Life (iTOL) v.6 (Letunic & Bork, 2019).

Pinh danh céac chiing nim
Céc chung nam dap tng cac tiéu chuan két hop vé d6i khang va hoat tinh enzyme
dugc dinh danh bang cach két hop cac bién phap hinh thai va phan tu.

- Dinh danh bcing hinh thadi: Cac ching nam dugc nhan dang so bg dua trén cac
dac trung hinh thai cua ndm nhu mau séc, sy phat trién soi nAm va két cau khuan lac, su
phéan nhanh cta bao tir, kich thudce va hinh dang bao tir (Alwadai et al., 2022).

- Dinh danh bang sinh hoc phdn tir va phan tich phat sinh lodi: Nudi cdy chung
nam d6i khang duoc tuyén chon trong méi trudng PDA. Soi ndm & giai doan phat trién
manh duoc chuyén sang mdi trudng PDB, nubi lic ¢ 28 + 2 °C véi téc d6 180 rpm trong
2 ngay dé san xuét sinh khdi. DNA dugce tach chiét bang kit TopPURE Genomic DNA
Extraction Kit; TopPURE Plant DNA Extraction Kit (ABT) (Cong ty TNHH Giai phap
Y Sinh ABT, Viét Nam). Ving Internal transcribed spacer (ITS) cta ndm duoc khuéch
dai v&i cdp primer ITS1 (5'-TCC GTA GGT GAA CCT GCGG-3") valITS4 (5'-TCC TCC
GCT TAT TGA TAT GC-3') (White et al., 1990; Manter & Vivanco, 2007). Qué trinh
khuéch dai phan tung chudi polymerase (PCR) dugc thuc hién trong may gia nhiét
SimpliAmp™ Thermal Cycler (Applied Biosystems, Thermo Fisher Scientific Inc., USA)
v6i tong thé tich phan ung 1a 50 uL chira 25 pL Go Taq Green 2X Master Mix (Promega,
USA), 5 uL (50 ng) miu DNA, 5 uL mdi mdi (10 pmol) va 15 pL H>0. Chu trinh khuéch
dai nhu sau: 95 °C trong 10 phut; 30 chu ky & 95 °C trong 50 giay, 53 °C trong 50 gidy va
72°C trong 1 phut; 72 °C trong 10 phiit. San pham PCR duogc dién di trén gel agarose
1,0%, nhudém SafeView™ va ghi nhan bang hé thong Ultra Slim LED Illuminator. San
phém sau tinh sach dugc giai trinh tu tai First BASE (Malaysia). Trinh tu thu duoc duoc
xtr ly bang BioEdit v.7 (Hall, 1999) va ddi chiéu véi dir liéu GenBank bing BLASTn.
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Phdn tich phdt sinh lodi: Cay phat sinh loai dwgc xay dung bang 31 trinh tu tham
chiéu ving ITS dugc thu thip va tai xudng tir NCBI cua céac loai thudc chi Trichoderma
cung voi trinh ty ITS cua chung HL6. Hai chung Protocrea farinosa CBS 121551
(chung TYPE, NR 119700) va Protocrea pallida CBS 29978 (chung TYPE,
NR 111329) dugc sir dung lam nhém ngoai (outgroup). Cac trinh ty nay dugc can chinh
bang ClustalW (Thompson et al., 1994). Sau d6, cAy phat sinh loai dwgc dung bang phan
mém tryc tuyén IQ-TREE v. 2.1.3 bang phuong phap Maximum Likelihood véi 1000
14n ultrafast bootstrap (Trifinopoulos et al., 2016; Minh et al., 2020). ModelFinder duoc
st dung dé xac dinh md hinh thuat toan tdi wu cho phan tich phat sinh loai
(Kalyaanamoorthy et al., 2017). Két qua duoc hién thi bang phan mém Interactive Tree
of Life (iTOL) v. 5 va chinh stra tha cong bang Adobe Illustrator CC 2021 (Adobe
Systems, CA, USA) (Letunic & Bork, 2021).

2.2.2.4. Sang loc cdc chiing vi sinh vt déi khdng dwa trén anh hwong dén ti 1¢
ndy mam ciia hat lac

Chuin bi vi khuin d6i khang: Céac ching Bacillus (B. siamensis B8, B.
siamensis 101, B. siamensis 112 va B. velezensis K1 va B. velezensis 137) dugc nuoi
céy doc 1ap trong moi truong LB 16ng, ti 1€ céy giéng 10 %, pH 7,0, nhiét do 30 °C, tbe
d6 lac 180 rpm, thoi gian nudi cdy 24 gio (Li et al., 2016). Dich nudi ciia ting ching vi
khuéan don 1¢ dugc chuan hoa vé néng do dua vao thang chuan 0,5 McFarland va xac
nhan lai bang ciy trai trudc khi thir nghiém.

Chuan bi nam d6i khang: Ching Trichoderma asperellum HL6 duoc nudi cay
trén moi trudng PDA & nhiét d 28 + 2 °C trong thoi gian 5 ngay. Sau khi nudi cdy, bao
tr nam dugc thu nhan bang nude cat vo trang. Huyén phu thu duge duoc loc qua hai 16p
vai man vo trung nham loai bo soi ndm va cadc manh thach con sot lai. Sb lugng bao tu
trong huyén phu dugc xac dinh bang budng dém Neubauer két hop quan sat dudi kinh
hién vi quang hoc. Trén co s& két qua dinh lwong, huyén phu bao tir dugc chuan héa vé
mat do 108 bao tir/mL dé phuc vu cac thi nghiém tiép theo.

- Xir Iy hat giéng véi vi khuan d6i khang: Ngam 100 hat lac giéng L14, kich
thudc ddong déu trong 500 mL nude cat vo tring c6 bd sung 30 mL dung dich nudi ciy
mdi chung vi khuén (B. siamensis B8, B. siamensis 101, B. siamensis 112 va B. velezensis
K1 va B. velezensis 137), nong d6 vi khuan dat 108 CFU/mL. Thoi gian ngdm hat trong 1
gi0, cac ching vi khuan duoc xur 1y doc 1ap voi nhau. O nghiém thirc ddi ching, hat lac
duoc ngdm nudc cat vo trung (Ayyandurai et al., 2021; Kampa et al., 2025).

- Xir Iy hat giéng véi nam d6i khang: Ngam 100 hat lac giong L 14 kich thudc
dong déu vao trong 500 mL nudc cat c6 bo sung 30 mL dung dich huyén phu bao tir
HL6 (ndng d6 10® bao tir/mL). Thoi gian ngdm trong 3 gid. O nghiém thirc ddi chimg,
hat lac dugc ngdm trong nude cit vo trung (Ayyandurai et al., 2021; Kampa et al., 2025).

- Hat lac ¢ nghiém thtrc va déi chung sau d6 dugc vét ra, dé rdo nudc va u riéng
trong cac khay & diéu kién nhiét do phong. Theo ddi sy ndy mam cuia hat sau 48 gio. Thi
nghi¢m ldp lai 3 1an doc 1ap. Ti I¢ nay mam cua hat lac theo cong thirc:

__ S8 hat nay mam

Ti 1& nay mam (%) = ————— x 100 (Kampa et al., 2025)

T6ng s hat
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2.2.2.5. Sang lpc cdc chiing vi sinh vit doi khdng dwa trén hiéu qud phong trir
bénh héo rii goc méc den trong diéu kién nha lugi

Chuin bi VSV d@6i khang: Dich nudi cay cac chung vi khuan (B. siamensis B8,
B. siamensis 101, B. siamensis 112 va B. velezensis K1 va B. velezensis 137) va dich
bao tir nAm 7. asperellum HL6 twong tu nhu di mo ta & muc 2.2.2.4.

Chuén bi nim bénh: Dich bao tir 4. niger QT1 va H17 duoc chuén bi nhu muc
2.2.1.2 nhung nff)ng do bao tir duoc chuin hoa dé dat 10 bao ti/mL.

B6 tri thi nghiém: Quy trinh thir nghiém nhu sau:

- Xur Iy hat giong: 15g hat lac gibng L14 duoc ngdm trong 2 mL dich nuéi ciy
cac chung Bacillus & nong do 108 CFU/mL trong 1 gid va trong dich huyén phu bao tr
nam 7. asperellum HL6 ndng d6 10® bao ti/mL trong 3 gid. Sau d6 gieo hat lac da xir
1y vao cac chau thi nghiém.

- Xir Iy b6 sung & giai doan cdy con: Sau 14 ngay gieo hat (cay con giai doan 2—4
14), tién hanh cac budc xtr 1y tiép theo trén hé théng 5 cdy/chau. Tudi truc tiép vao ving
gbc cdy ciia mdi chau 20 mL dich nudi cay ciia mdi ching VSV dbi khang (108 CFU/mL
d6i v6i vi khuan, 108 bao ti/mL dbi v6i T, asperellum HL6) twong tng véi cac cong thirc.

- Ldy nhiém ndm bénh: Sau 24 gio ké tir khi xur Iy VSV d6i khang, tién hanh lay
nhiém nhan tao nim bénh bang cach tudi 20 mL dich huyén phu bao tir nAm bénh (4.
niger QT1 hodc A. niger H17) mét d6 10°bao tir/mL vao sat gdc cay lac cho cac nghiém
thire tuong tmg (ndng do cao hon khi kiém tra & quy tic Koch nham ting ap luc giy
bénh lén cay lac).

- Thi nghiém dugc bo tri theo khéi ngau nhién RCBD véi 15 cong thirc. Mdi nghiém
thirc duoc thyc hién trén 1 chau nhya (kich thudce 35 x 30 x 30 cm) chura 5 kg dat cat pha
da dugc khtr trung. Cac khdi duoc bb tri cach biét nhau dé tranh sy phat tan bao tir nam
bénh, dugc dat trong moi trudong d@)ng nhét va dugce cham soc v6i ché do nhu nhau. Mbi
nghiém thuc 3 lan 1ap lai doc lap. Noi dung nghiém thire dugc trinh bay & Bang 2.2.

Bing 2.2. Céc nghiém thirc sang loc doi khang A. niger ¢ nha luéi

Nghiém thirc Xir 1y vi sinh vt d6i khang Nam bénh
CT1 (P6i chitng am) Nudc cat vo tring Khong nhiém nam bénh
CT2 B. siamensis B8 A. niger QT1
CT3 B. siamensis B8 A. niger H17
CT4 B. velezensis K1 A. niger QT1
CT5 B. velezensis K1 A. niger H17
CTé6 B. siamensis 101 A. niger QT1
CT7 B. siamensis 101 A. niger H17
CT8 B. siamensis 112 A. niger QT1
CT9 B. siamensis 112 A. niger H17
CT10 B. velezensis 137 A. niger QT1
CT11 B. velezensis 137 A. niger H17
CTI12 T. asperellum HL6 A. niger QT1
CTI13 T. asperellum HL6 A. niger H17
CT14 (Dbi ching bénh) Nudc vo tring A. niger QT1
CT15 (Pbi ching bénh) Nudc vo trung A. niger H17
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Chi tiéu theo ddi: Theo ddi ti 1é ciy chét do nhiém bénh (%) tai cac thoi diém 7,
14, 21, 28 va 45 ngay sau nhiém nidm bénh (Cuong et al., 2018; Vi, 2022; Jia et al.,
2023; Tién et al., 2025; Figueiredo et al., 2025).

2.2.2.6. Pinh gid kh4 ning twong thich giiia cdc chiing Bacillus dwgc tuyén chon

Dénh gia kha ning twong thich (khéng trc ché 1an nhau) giita 3 chung Bacillus
duoc tuyén chon (B. siamensis 101, B. siamensis 112 va B. velezensis 137) dugc thuc
hién theo phwong phap ciy vach chéo (cross-streaking) dua trén nguyén 1y ctia Pierson
va Weller (1994). Cac chung dugc xac dinh la twong thich khi khong hinh thanh vung
v6 khuén tai cac vi tri tiép giap giita cac dudng cdy sau 48 gio nudi & 30 °C (Yaadesh et
al., 2023; Kampa et al., 2025).

2.2.3. Phwong phip danh gia kha ning d6i khiang A. niger ciia cic chiing
Bacillus va vai tro cia phan doan enzyme ngoai bao c6 hoat tinh pB-1,3-glucanase
trong diéu kién in vitro

2.2.3.1. Pdnh gid khd ning déi khdang va ikc ché A. niger trén méi truwong dic

Chudn bj dich nuéi cdy vi khuan déi khdng: Céac chung Bacillus (B.
siamensis 101, B. velezensis 137 va B. siamensis 112) duoc nudi ciy riéng ré trén
moi trudng LB 16ng c6 bd sung chat cam tng 13 curdlan 1% (¢ ndng d6 cudi) ¢ 30
°C trong 24 gid vai téc d6 lic 180 rpm. Nong d6 huyén phu té bao cua mdi chung
duoc didu chinh voi nudc cit vo trung dat chuan 0,5 McFarland twong duong khoang
108 CFU/mL va xac nhan lai bang do ODeoo trudc khi thir nghiém dbi khang (Zhou
et al., 2017; Thi et al., 2024).

Ddnh gid khd ning doi khdng A. niger biang phwong phdp nuéi ciy kép: Dich
nudi cay cia timg chung Bacillus duoc chuan bi theo quy trinh mé ta ¢ phan trén va sir
dung dé khao sat kha nang ddi khang riéng 1¢. Pdi v6i nghiém thirc phdi hop, dich nudi
céy cua ba chung dugc tron déng déu theo ti 18 thé tich 1:1:1. Trén dia thach PDA, six
dung dung cu vo tring tao giéng c6 dudng kinh 5 mm dé tién hanh thi nghiém. Sau do,
50 pL huyén phu vi khudn nong d6 10 (CFU/mL) dugc thém vao giéng. Mot manh
thach chtra soi nAm A. niger QT1, A. niger H17 ba ngay tudi duoc tha vao phia ddi dién
cta giéng chira huyén phu vi khuan. Véi nghiém thic d6i ching khong ciy dich vi
khuan. Tat ca cac dia duoc @ & 30 °C cho dén khi sgi ndm trong dia dbi chtng lan t&i
mép dia. Su ting truong cta sgi nam chung A. niger QT1 va A. niger H17 trong céc dia
¢6 chira dich vi khuan dugc do va so sanh vdi mirc ting trudng ciia A. niger ciia ching
tuong tng & dia d6i chung. Ti 18 e ché sinh trudng ciia ndm dugc xac dinh bang cong
thirc: 1 (%) = DT?d x 100. Trong d6, D 1a duong kinh trung binh khuan lac 4. niger & mau
ddi chimg (mm) va d 1 duong kinh trung binh khuan lac A. niger & cong thie xir Iy (mm).
Do hai duong kinh vudng goc rdi 1ay trung binh, D va d duoc do riéng trén timg dia. Thi
nghiém dugc b6 tri véi 3 1an lip (n = 3), moi lan 1ap 1a mot dia Petri doc lap (Landa et
al., 1997; Gajera & Vakharia, 2012; Anith et al., 2021). Cac nghiém thirc dugc bo tri
nhu Bang 2.3.
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Bing 2.3. Khd ning irc ché A.niger bang phwong phdp nudi cdy kép trén méi trirong ddc

Cong thirc Dich nuéi cdy vi khuin déi khaing Nam bénh
CT1 (P6i chimg v6i QT1) Nudc cit vo tring A. niger QT1
CT2 (P6i ching véi H17) Nudc cit vo tring A. niger H17
CT3 B. siamensis 101 A. niger QT1
CT4 B. siamensis 101 A. niger H17
CT5 B. siamensis 112 A. niger QT1
CT6 B. siamensis 112 A. niger H17
CT7 B. velezensis 137 A. niger QT1
CT8 B. velezensis 137 A. niger H17
Hon hop phoi tron
1 dich nuo6i bzpcﬁﬁng Bacillus - "8er Q11
CT10 Hon hop phoi tron A. niger H17

dich nudi ba chung Bacillus

Ddnh gid kha nding tec ché A. niger ciia dich nuéi cdy thé da logi té bao bing
phwong phdp khuéch tin trén dia thach: Dich nudi cua ting chung Bacillus don 1é
d3 chuan bi nhu di mo ta & trén dugc ly tim lanh (10000 vong/phut, 15 phut, 4 °C) dé
thu dich n6i ctia mdi ching. Mau hdn hop dich nuéi cay tho cia ba ching Bacilllus da
loai té bao duoc tron theo thé tich viti1é 1: 1 : 1. Hai tram uL huyén phu bao tu nam
A. niger nong d610° bao ti/mL dugc cay trai trén cac dia moi truong PDA. Trén bé
mit moi trudng PDA, bb tri 5 giéng thach c¢6 duong kinh 5 mm bang dung cu di vo
tring. M&i giéng thir nghiém dugc bo sung 50 pL dich nudi cdy khong chira té bao, thu
tir timg chiing Bacillus hodc tir mau phdi hop. Giéng ¢ vi tri trung tim dugc bd sung
nude cat vo trung dé 1am ddi chtirng am. Sau do, cac dia Petri dugc dit vao tu lanh nhiét
d6 4 °C trong 4 gio. Cac dia sau d6 duoc ldy ra, nudi & ti 4m trong 48 gid & 30 °C.
Kha ning trc ché ndm duoc xac dinh bang dudng kinh ving nam khong phat trién dugc
quanh giéng, thi nghiém 1p lai ba lan (Kuzin et al., 2019; Gorai et al., 2021).

2.2.3.2. Xdc dinh nong dp irc ché toi thieu (MIC) va nong dé diét ndm toi
thiéu (MFC)

Céc chi s6 MIC va MFC cua phan doan enzyme ngoai bao c6 hoat tinh p-1,3-
glucanase d6i véi A. niger dugc xac dinh bang phuong phap pha lodng trén dia 96 giéng,
tham khao nguyén tac ciia Vién Tiéu chuan Lam sang va Phong xét nghiém (CLSI - Clinical
and Laboratory Standards Institute) véi mot s6 hiéu chinh k¥ thuat (Heo et al. 2022).

Chudn bi phén doan enzyme ngoai bio cé hoat tinh f-1,3-glucanase: Céc ching
Bacillus (B. siamensis 101, B. siamensis 112 va B. velezensis 137) dugc nudi ciy doc lap
trén moi trudng LB ¢ bd sung 1% curdlan, ti 16 ciy gidng 10%, pH 7,0; nhiét d6 nudi 30
°C, toc d6 1ac 180 rpm, thoi gian nudi cdy 24 gio. Dich nudi cua timg chung don 16 sau d6
dugc ly tam lanh (10000 vong/phut, 15 phut, 4 °C) dé thu dich néi chtra enzyme tho.
Protein trong dich ndi dwgc két tiia bang mudi (NH4)>SO4 trong 12 gir & 4 °C. Khdi két
tia thu duoc sau ly tim (12000 vong/phut, 20 phiit) dugc hoa tan va thim tach qua mang
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loc cellulose acetate trong dung dich dém Citrate-Phosphate 50 mM (pH 6,0) dé loai mudi.
Phén doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase cua mdi chung vi khuan duoc
xac dinh hoat d6 p-1,3-glucanase bang phuong phap so mau va chuan hoa ndng do trude
theo muc 2.2.5.1 khi thyc hién xtr Iy mau (Loc etal., 2020; Wu et al., 2018; Kuzin et al.,
2019; El-Shora et al., 2021; Tram et al., 2023; Elshami et al., 2025).

B tri thi nghiém: Diy nong do enzyme P -1,3-glucanase tir 0,0125 dén 0,4 U/mL
duoc chuan bi trong moi trudng 16ng véi thé tich tong 200 L mdi giéng. Sau d6, mdi giéng
duoc gdy nhiém bang 20 pL huyén phu bao tir ndm dat mat do cudi 10° bao ti/mL. Pdi
chimg bao gdm d6i chimg am (DMSO 1%) va ddi chting sinh trudng (chi c6 méi trudng va
bao tir ndm). Pia thi nghiém duoc nudi 1 lac (150 rpm) & 37 °C trong 18 - 72 gid.

Xdc dinh MIC: B6 sung chi thi Resazurin (ndng d6 cudi 44 pM) vao cac giéng
va U tdi trong 48 gid. MIC duoc ghi nhn tai ndng d enzyme thip nhit ma dich nudi
ciy khong chuyén mau (van gitt mau xanh cua Resazurin), dong thoi khong quan sat
thay sy phat trién ciia nAm bang mat thuong (Chakansin et al., 2022; Heo et al. 2022;
Serrano et al., 2023).

Xdc dinh MFC: Hut 30 pL dich tir cac giéng tuong tmg véi ndng do MIC, 2
x MIC va 4 x MIC dé trai trén moi truong PDA. MFC 1a ndng d6 thap nhat khong
lam xuat hién khuan lac sau 48 gio nudi cay (Chakansin et al., 2022; Heo et al. 2022;
Serrano et al., 2023).

Ban chit tac dong cua enzyme dugc phan loai dua trén ti I¢ MFC/MIC. Enzyme
duoc coi 1 c6 hoat tinh diét nAm néu ti 1é nay < 4 va c6 hoat tinh trc chénéutile>4
(Chakansin et al., 2022; Serrano et al., 2023). Toan b thi nghiém dugc thuc hién lap lai
3 1an doc 1ap dé dam bao tinh khach quan va chinh xéc cua dit liéu.

2.2.3.3. Pdnh gid khd ndng lam giam sinh khéi A. niger trong méi trwong long

Str dung cac binh tam gidc chira 50 mL moi truong PDB vo trung. Dung dich
phan doan enzyme ngoai bao cé hoat tinh B-1,3-glucanase cua cac chung B. siamensis
101, B. siamensis 112, B. velezensis 137 da chuan bi & muc 2.2.3.1 duoc chuén hoa dé
tao ddy nong d6 0,2 : 0,4 : 0,8 : 1,6 (U/mL) cho mau riéng 1é va mau hdn hop trude khi
thir nghiém. O mdi nghiém thtc cidy 1 mL huyén phu bao t&r mdi chung nim A. niger
QT1, 4. niger H17 ¢ ndng d6 10° CFU/bao tir. Nghiém thtrc d6i chimg, dung dich phan
doan enzyme ngoai bao duogc thay thé bang nudc cit vo trung véi thé tich trong duong
(Chu et al., 2015).

Céc binh tam giac duoc nudi cdy lac 150 rppm ¢ 28 + 2 °C trong 3 ngay. Sinh khi
nam duoc loc qua gidy loc da biét khéi luong (Wh), siy ¢ 80 °C dén khdi luong khong
ddi va can (W2). Sinh khdi kho duoge xac dinh theo cong thuc: W=W:-W.. Hi¢u sut (rc
ché sinh khéi ndm bénh duoc xac dinh thong qua ti 1¢ giam sinh khéi (H%) theo cong
thire: H (%)= % x 100; trong do, Wc va Wr 1an luot 1a sinh khéi kho & déi chimg

va nghiém thuec.

S liéu duoc phan tich phuong sai hai yéu t6 (Two-way ANOVA), dé danh gia
anh hudng cua 2 yéu t6 (factors) gdbm ngudn tir cac chung VSV d6i khang riéng 18, phdi
tron (yéu té 1), hoat d6 enzyme B-1,3-glucanase (yéu t6 2) va sy twong tac giita chiing
dén sinh khdi nAm bénh (Gao et al., 2023).
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2.2.3.4. Phan tich moi twong quan giita hoat d¢ enzyme f-1,3-glucanase va
dwong kinh viing irc ché A. niger

Méi twong quan giira hoat do p-1,3-glucanase va dudng kinh ving tre ché 4. niger
dugce danh gia bang phuong phap khuéch tan trén dia thach (muc 2.2.3.1). Cac phan
doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase sau khi hiéu chinh hoat dé duoc
phéi tron theo ti 16 thé tich 1:1:1 va khao sat & ddy hoat d6 0,2; 0,4; 0,8 va 1,6 U/mL.
Kha ning trc ché duoc xac dinh bing dudng kinh ving nidm khéng phat trién quanh
giéng. Thi nghiém lap lai ba 1an. Phan tich hdi quy tuyén tinh giita hoat do p-1,3-
glucanase va dudng kinh ving trc ché hai chung nim bénh A. niger QT1 va H17.

2.2.3.5. Danh gia tac dong ciia phan doan enzyme ngoai bao co hoat tinh f-
1,3-glucanase dén hinh thdi sgi ndm A. niger

Chuin bi phin doan enzyme ngoai biao c6 hoat tinh p-1,3-glucanase: Thyc
hién theo phuong phap trinh bay ¢ muc 2.2.3.2. Dich phan doan enzyme ngoai bao co
hoat tinh B-1,3-glucanase dugc xac dinh hoat do bang phuong phap DNS va chuan hoa
hoat d6 vé mirc 4,0 U/mL trude khi thuc hién xu 1y mau.

Chuan bi sinh khdi nam: Céac ching nim bénh A. niger QT1 va A. niger H17
dugc nudi ciy lac trong moi trudng PDB & 25 + 2 °C trong 7 ngay. Thu nhan sinh khoi
tuoi bang cach loc qua gidy loc vo trung.

Xir Iy miu: 0,1 g soi ndm twoi ctia mdi ching ndm bénh 4. niger QT1 va A. niger
H17 dugc xur 1y riéng 1€ voi phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase
hoat d6 4,0 U/mL, u nhiét & 37 °C trong 6 gid. Mau duoc xir 1y theo 5 nghiém thurc sau:

CT 1: xur ly v6i phan doan enzyme ngoai bao co6 hoat tinh -1,3-glucanase tur B.
siamensis 101;

CT 2: xur ly v6i phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase tur B.
siamensis 112;

CT 3: xur ly v6i phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase tur B.
velezensis 137,

CT 4: xtr Iy véi hdn hop phan doan enzyme ngoai bao c6 hoat tinh p-1,3-glucanase
clia B. siamensis 101, B. siamensis 112 va B. velezensis 137 theo ti 1& thé tich 1 : 1 : 1.

CT 5 (d6i chimg): xtr Iy v6i hon hop phan doan enzyme ngoai bao c¢6 hoat tinh B-
1,3-glucanase cua B. siamensis 101, B. siamensis 112 va B. velezensis 137 theo ti 1¢ thé tich
1:1:1bj bat hoat bang dun s6i & 100 °C trong 10 phut, dé ngudi vé nhiét do phong, khong
phat hién hoat tinh B-1,3-glucanase trudc khi xir Iy soi nam (Xue et al., 2015).

Phén tich hinh thai bé mit s¢i nAm bang hién vi dién tir quét (SEM): Sau
thoi gian xir Iy enzyme, cdc mau soi nam dugc thu hdi va tién hanh 1am kho bang thiét
bi quay chan khong nham loai bé nuwéc nhung van duy tri nguyén ven ciu triic bé mit.
Mau duoc xtr 1y k¥ thuat dé ¢ dinh, 1am khé diém téi han va phu vang trude khi quan
sat dudi kinh hién vi dién tir quét (SEM). Quan sat va chup anh SEM nham phan tich
cac ton thuong vat Iy va su bién dang cta thanh té bao (Gajera & Vakharia, 2012; L.
Zhou et al., 2022; J. Zhou et al., 2022; Pan et al., 2023; Gao et al., 2023; Ost et al., 2025).
Qua trinh chup anh SEM duogc thyc hién tai Phong thi nghiém Khoa hoc vét li¢u, Khoa
Ly - Hod, Truong Pai hoc Su pham, Dai hoc Pa Ning.
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2.2.4. Phwong phap khao sat mdt sé dic tinh lién quan dén an toan sinh hoc
va kha ning trg sinh cac chiing Bacillus dwgc tuyén chon

2.2.4.1. Khdo sat hoat tinh tan mdu trén moi trwong thach mau

Ba chung Bacillus (B. siamensis 101, B. siamensis 112 va B. velezensis 137) dugc
nudi cdy trong mdi truong thach mau, nudi & 30 °C trong 48 gid dé danh gia hoat tinh
tan mau. Két qua 13 duong tinh néu hinh thanh vong tan mau (hemolytic zone) xung
quanh khuén lac (Bamba et al., 2024).

2.2.4.2. Khado sat do nhay cam voi khang sinh

Tinh man cam khang sinh ctia 3 ching Bacillus nghién ctru duoc xac dinh theo
phuong phap duoc dé xuét boi Bauer et al. (1966) dd duoc chuin héa béi Vién Tiéu chuin
Lam sang va Xét nghiém (Clinical and Laboratory Standards Institute — CLSI, 2005). Tong
cdng co 6 loai khang sinh tetracyline (Te - 30 pg), chloramphenicol (Cl - 30 pg), trimethoprim
(Tr - 25 pg), levofloxacin (Lv-5 pg), gentamicin (Ge-10 pg) va streptomycin (Sm-10 pg).

Céc chung Bacillus dugc hoat hda trén moi truong NA ¢ 30 °C trong 24 gi¢. Sinh
khéi vi khuan dugc huyén phu trong dung dich NaCl sinh 1y v6 trung 0,85 % va diéu
chinh mat d¢ twong duong chuan McFarland 0,5 va xac nhan lai béng ODsoo. Dich huyén
pht vi khuan dugc trai déu trén bé mit moi trudng thach Mueller—Hinton (HiMedia)
bang tam bong vo trung. Sau khi bé mit thach kho, cac dia khang sinh dugc dat 1én bé
mit mdi trudng. Puong kinh vong vo khuan duge do bang mm sau 24 gio nudi & 30 °C.
Sau d6, dua vao bang giai thich tinh man cam véi khang sinh dé xac dinh mtrc d6 man
cam va&i khang sinh cua cac chung Bacillus nghién ctru (Bauer et al., 1966).

2.2.4.3. Khdo sdt déc tinh cdp tinh déi véi giun dit

bdc tinh cua ba chung Bacillus (B. siamensis 101, B. siamensis 112 va B.
velezensis 137) d6i véi giun dat dugc danh gia bang phuong phap tham khao TCVN
5961:1995 (ISO 11268-1:1993), ¢6 diéu chinh phi hop véi muc tiéu nghién ctru va doi
chiéu voi cac nguyeén tac ctia ISO 11268-1:2012. Thi nghiém st dung truc tiép dich nuoi
ciy dé danh gia tac dong tong hop ctia cac chung Bacillus va cic chat chuyén hoa ngoai
bao cua chiing. Quy trinh thyc hién nhu sau:

Chuin bi dich nudi ciy vi khuan: Ba ching Bacillus (B. siamensis 101, B.
siamensis 112 va B. velezensis 137) dugc nudi cdy doc lap trong moi truong LB. Moi
truong nudi cdy c6 bo sung 1% curdlan, ti 1é cay giéng 10%, pH 7,0. Qua trinh nudi ciy
dugc duy tri & nhiét do nuoi 30 °C, téc do lac 180 rpm, thoi gian nudi ciy 24 gio. Dé
danh gia dong thoi tic dong cua té bao va cac chat chuyén hoa ngoai bao, dich nudi ciy
toan phan dugc ly tim (6000 rpm, 10 phut, 4 °C), sau d6 thu hoi sinh khéi va tai huyén
phu trong chinh dich nuéi cdy dé diéu chinh mat do té bao dat ndng do 10'° (CFU/mL).
Tir dich huyén phui nay, tién hanh pha loing bang nudc cat vo tring va kiém tra dé thu
duoc cdc mac mat do 108, 10° va 10 CFU/mL. Mat d6 vi khuan duoc xac dinh thong
qua do ODsgo va xac nhan lai bang phuong phap dém khuan lac.

B6 tri thi nghiém: Céc 16 thi nghiém duogc bd tri theo so d6 khéi RCBD véi 4 nghiém
thirc bao gdm, chung don 1é B. siamensis 101 (CT 1), B. siamensis 112 (CT 2), B. velezensis
137 (CT 3) va hon hop 3 chung Bacillus ti 16 thé tich 1:1:1 (CT4). M4t do té bao sbng trong
cac dich xtr Iy dugc kiém tra trude khi bd sung vao dat. Mdi chau chira 500 g dét nhan tao
(tinh theo khdi lugng kho), dugc bd sung 50 mL dich huyén phu vi khuan véi mat do twong
g, nham thiét 1ap cac murc xtr Iy muc tiéu 13 107, 108 va 10° CFU/g dét khé, tinh theo lwong



40

t& bao sdng bo sung. Sau xir Iy, dat duoc tron déu va bd sung nudce cit vo tring dé diéu chinh
d6 am dat 60% kha nang gitr nudc tdi da (WHC). Nghiém thirc d6i chimg duge bo sung 50
mL nudc cit vo trung khong chura vi khuén va diéu chinh do 4m tuong tu cac nghiém thirc
xtr Iy. Mudi con giun dit (Eisenia fetida) truéng thanh (300600 mg) dugc 1am sach bang
nude udng vo tring va 6n dinh trong dat 24 gid trude khi xir Iy nudi vao trong cac chau nhwra
chira 500 g dat nhan tao. Diéu kién nuéi cdy duoc duy tri & 20 + 2 °C, chiéu sang 12 gio
sang/toi theo chu ky. Thoi gian thir nghiém 1a 14 ngay. S6 giun chét tich liiy dugc ghi nhan
vao ngay thir 7 va ngay thir 14 dé xac dinh ti 16 chét (%). Tong khdi luong giun dugc x4c dinh
trude khi bat dau thi nghiém va tong khéi luong giun con sdng duoc xac dinh sau 14 ngay dé
tinh ti 16 hao hut tong sinh khdi (%). Thi nghiém dugc ldp lai 4 1an (n=4).

2.2.4.4. Khao sat kha nang sinh IAA

Ba chung Bacillus (B. siamensis 101, B. siamensis 112 va B. velezensis 137) duoc
ciy chuyén tir dng gidng vao mdi binh tam giac chira 50 mL chira moi trudng LB (mbi
truong cap 1) da duoc tiét tring. Mau duoc lic ¢ 150 rpm trong 24 gio dé dat mat do té
bao khoang 108 CFU/mL.

Mot mL dich mdi ching vi khuan duoc chuyén sang binh chira 50 mL méi trudng
cap 2 (g/L: sucrose 5 g; peptone 10 g; L-tryptophan 1 g; NaCl 5 g; pH 7,0), tiép tuc lac
trong diéu kién twong tu dé khao sat cac yéu té anh huong dén kha ning sinh IAA.

Sau khi nuéi, dich vi khuan duogc ly tim & 6000 rpm trong 10 phit, thu phan dich
n6i dé dinh luong IAA. Lay 2 mL dich ndi cho phan tng véi 4 mL thudc thir Salkowski,
U trong t6i & nhiét do phong 10 phit, sau d6 do mat do quang (Optical Density - OD) &
budc song 530 nm. Ham lugng TAA (mg/L) dugc xac dinh dya trén phuong trinh duong
chuan thé hién mdi twong quan giira nong d6 IAA va gid tri ODss (Hinh 2.1).

0,500 -
y =9,8869x - 0,0142
0,400 - R>= 0,998
0,300 -
S

0,200 -

0,100 -

0,000 . . . . .

0 0,01 .0,02 0,03 0,04 0,05
Nong do IAA (mg/mL)

Hinh 2.1. 6 thi dwong chudn IAA

2.2.5. Phwong phap xac dinh hoat d9, khio sat cic yéu to anh huwéng dén
hoat dd enzyme va kha ning sinh tong hop enzyme p-1,3-glucanase

2.2.5.1. Xdc dinh hoat d enzyme p-1,3-glucanase va sw bién doi hoat dj theo
thoi gian nudi cdy

Vi khuan duoc nudi trén moi trudng co ban co thanh phan gom: 0,65 g/L KoHPO4,
2,5 g/ KH2POs4, 0,5 g/L. (NH4)2SO4, 2,5 g/L NaCl, 0,12 g/I. MgS04.7H,0 va 1,5 g/L cao
nam men (YE) (Dewi et al., 2016). Dich gidng mat do 0,5 x 10% CFU/mL (1% v/v) dugc
cdy vao 100 mL méi truong co ban ¢ bd sung 1% curdlan 1am chat cam tng, nudi cay
trong ti lac. Dich huyén phti vi khuan dugc thu sau 12-27 gid dé xac dinh hoat 6 enzyme.
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Hoat d¢ cua B-1,3-glucanase dugc xac dinh phuong phap so (Wu et al., 2018)
Tron 500 pL dich enzyme v6i1 500 pL dém 100 mM sodium acetate chira 0,5%
laminarin (pH 7,0), u & 50°C trong 60 phut. Sau do6, bd sung 2 mL dung dich axit
3,5-dinitrosalicylic 1% (DNS), dun sbi dé phat trién mau trong thoi gian 10 phut.
Do héap thu quang duoc do & bude séng 540 nm trén may quang phd (Spectro UV -
2650, Labomed, MY), néng do glucose trong dich phan trng dugc xac dinh dua trén
duong chuén glucose. Mot don vi hoat do cua B-1,3-glucanase dugc xac dinh béng
luong enzyme can thiét dé tao ra 1 pmol duong khir trong thoi gian 1 phat & diéu
kién thi nghiém (Tram et al., 2023). Protein hoa tan téng s6 duoc xac dinh béng
phuong phap Bradford (1976) & budc séng 595 nm dya trén dudng chudn BSA
(bovine serum albumin, Sigma-Aldrich, M¥y) (Bradford, 1976). Hoat do riéng cua
B-1,3-glucanase duoc tinh bang cach chia hoat do chung (Unit/mL) cho protein tong
s6 (mg/mL).

Hoat d6 B-1,3-glucanase dugc khao sat & cac thoi diém nudi cdy: 0 gio, 4 gio, 8 gio,
12 gio, 16 gio, 20 gio, 24 gio, 28 gio, 32 gio (Lagerldf et al., 2015; Dewi et al., 2016).

2.2.5.2. Khdo sdt mot sé yéu to anh hwéng dén hoat dé enzyme p-1,3-glucanase

Mot sb yéu td anh huong dén hoat do B-1,3-glucanase dugc khao sat dya trén
phuong phéap cua Loc et al. (2020), ¢6 diéu chinh cho phul hop véi diéu kién thi nghiém,
bao gom:

- Anh huéng ctia nhiét d6 dén hoat tinh enzyme duoc khao sat trong khoang tir
30-70 °C. P9 bén nhiét duge khao sat sau khi  dich chiét enzyme tur 30-70°C trong 30
phut. Hoat d6 enzyme P-1,3-glucanase dugc xac dinh bang phuong phap DNS véi
laminarin 0,5% lam co chit.

- Anh huéng ctia pH dén hoat tinh ctia enzyme duoc khao sat trong khoang pH
tor 4,0 — 9,0. Bém st dung cho tdi wu pH la dém citrate 20 mM (pH 4,0 — 5,0), dém
phosphate 20 mM (pH 6,0 — 8,0) va dém glycine-NaOH 20 mM (pH 9,0). Pé xac dinh
d6 bén pH, dich enzyme tho dugc két tiia bang (NHa)2SO04 70% bio hoa ¢ 4 °C trong 2
gi0, sau d6 dugc hoa tan tr¢ lai trong cac dém c6 pH khac nhau. Hoat d6 enzyme -1,3-
glucanase dugc xac dinh bang phwong phap DNS véi laminarin 0,5% 1am co chit tai
nhiét d¢ t6i uu.

- Anh huong cia cac ion kim loai 1€n hoat tinh enzyme dugc khao sat bﬁng cach
U phan doan enzyme ngoai bao c¢6 hoat tinh B-1,3-glucanase voi AI*Y, Cu?*, Co?*, Ca®*,
Zn**, Mn?* va Fe** ¢ ndng d6 5 mM trong 30 phut & nhiét d6 phong. Khao sat hoat do
enzyme B-1,3-glucanase dugc xac dinh bang phuong phap DNS véi laminarin 0,5% lam
co chat voi dung dich dém c6 pH tdi wu va tai nhiét do tdi uu.

- Anh hudng cua cac chét tc ché 1én hoat tinh cta enzyme duoc khao sat bang
cach 1 phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase v6i SDS 1%, EDTA
1 mM, urea 1 M va Triton X-100 1% trong 30 phut ¢ nhiét d§ phong. Hoat d§ enzyme
B-1,3-glucanase dugc xac dinh bang phuong phap DNS véi laminarin 0,5% lam co chat
v6i dung dich dém c6 pH ti vu va tai nhiét do tdi uu.



42

2.2.5.3. Khdo sdt mgt so yéu té anh hwéng dén sinh tong hop enzyme f-1,3-
glucanase

Anh huodng cta cac yéu td dén sinh tong hop B-1,3-glucanase & ba ching Bacillus
tuyén chon duoc khao sat theo phuwong phap don bién. Cac yéu t6 anh huong dugc khao
sat 1an luot bao gdm: ngudn co chat, loai méi trudng, ngudn nito bo sung, ti 1¢ cay gidng,
thoi gian nudi cdy, nhiét do nudi cay, pH khoi dau cia méi trudng nudi cdy, toec do lac.

Trong mdi thi nghiém, mét yéu té can xac dinh gia tri tdi wu duge thay doi, cac
yéu t6 con thi duge giit ¢d dinh & gia tri co ban. Cac chung B. siamensis 101, B.
siamensis 112 va B. velezensis 137 dugc nudi cdy doc 1ap trong cac binh tam giac 250
mL chira mdi trudng 1én men 16ng. Sau cic khoang thoi gian xac dinh, dich nudi ciy
dugc thu nhan dé do OD va ly tdim dé do hoat tinh enzyme B-1,3-glucanase thong qua
phan tmg DNS nhu d3 mé ta & muc 2.2.5.1. Két qua thu dugc tir mdi budc khao sat s&
13 co so dé thiét 1ap gia tri chuan cho céc thi nghiém ké tiép, nham xay dung quy trinh
1én men t6i wu cho timg ching Bacillus nghién ctru (Putri et al., 2021).

Anh huéng ciia co chit

Bén loai co chit dugce khao sat bao gém: bot ngd (CT 1), bot dai mach (CT 2),
bot lta mi (CT 3) va curdlan (CT 4) duoc bd sung vao mdi truong khoang co ban dé dat
ndng d6 cudi cung 1a 1% (w/v). Thanh phan méi trudng khodng co ban sir dung gdm:
NaNO; (3 g), KbHPOq4 (1 g), MgSO4-7H>0 (0,5 g), KCI (0,5 g), va FeSO4-7H-0 (0,5 g)
pha trong 1 lit nuéc cat. Ba chung Bacillus duoc nudi cdy ¢ 30 °C, pH 7.0, thoi gian
nudi cay 24 gio, toe do lac 150 rpm, ti 1é cAy gidng 10%. Két qua thi nghiém thu duoc
s& 12 co s dé Iya chon ngudn co chét tdi uu cho nghién ctru budc tiép theo .

Anh huéng ciia cac loai méi truweong

Khao sat voi 4 loai méi trudng bao gdbm: moi truong MPB (Molasses Peptone
Broth — CT 1), NB (Nutrient Broth — CT 2), LB (Luria—Bertani Broth — CT 3) va NBY
(Nutrient Broth Yeast extract - CT4). Céc loai mdi truong duoc bd sung 1 % (w/v) bot
ngd — 12 nguodn co chét thich hop duge xac dinh & muc 2.2.5.3. Ba chung Bacillus duoc
nudi ciing diéu kién nhiét do 30 °C, pH 7,0 va toc d6 lic 150 rpm, thoi gian 24 gid, ti 16
ciy gidng 10 %. Két qua thi nghiém thu duogc 14 co s¢ dé lya chon loai méi truong tdi
ru cho nghién ctru budc tiép theo (Lagerlof et al., 2015; Dewi et al., 2016)

Anh huéng ciia ngudn nito b sung

Khao sat voi ba ngudn nito hitu co bao gdm cao nim men (CT 1), tripton (CT 2) va
peptone (CT 3) duoc bd sung riéng biét vao méi truong t6i uu di duoc lwa chon ¢ bude
trude. Nong do cac ngudn nito bo sung dat 1 % (w/v), bd sung 1 % (w/v) co chét thich hop
budc trén. Ba ching Bacillus dugc nudi ciy trong cting diéu kién ¢ 30 °C, pH 7,0 va tc do
lic 150 rpm, thoi gian 24 gio, ti 18 cay gidng 10 %. Két qua thi nghiém thu duoc 14 co s
dé lya chon ngudn nito bo sung tdi wu cho nghién ciru budc tiép theo (Thi et al, 2024).

Anh huéng cia ti 1§ cdy giong

Ba chung Bacillus dugc nudi ciy trong moi trudng di bd sung co chat va ngudn
nito tdi wu da x4c dinh & cac budc trude. Thay doi ti 18 cay gibng & cac muc 1 %, 5 %,
7 % va 10 % (v/v). Qua trinh nudi ciy dugc thuc hién & 30 °C, pH 7,0 va tdc d6 lac 150
rpm, thoi gian 24 gid. Két qua thi nghiém thu dugc 1a co s& dé lya chon ti 18 cay giéng
t6i wu cho nghién ctru bude tiép theo (Thi et al, 2024).
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Anh huéng cia thoi gian nudi ciy

Ba ching Bacillus duoc nudi ciy trong mdi truong di téi uu hoéa vé thanh phan
dinh dudng (co chit, ngudn nito va ti 1& ciy giéng). Qua trinh nudi ciy duogc thuc hién
0 30 °C, pH 7,0 va tdc do lic 150 rpm. MaAu duoc thu nhan & cac mdc thoi gian 0, 24,
36 va 48 gid dé phan tich mat do té bao va hoat do enzyme. Két qua thi nghiém thu dugc
1a co s& dé lwa chon thoi gian nudi cdy tdi uu cho nghién ctru tiép theo (Thi et al, 2024).

Anh hwéng cia nhiét dé nudi ciy

Ba ching Bacillus duoc nudi ciy trong moi trudng di tdi vu vé dinh dudng, co
chat, ti 1¢ cay gidng da toi uu & cac bude trude. Dicu kién nudi cdy dugc thuc hién &
mirc nhiét do 25 °C, 30 °C, 35 °C va 37 °C, pH 7,0 va toc d6 lac 150 rpm. Sau thoi gian
nuoi céy t6i wu da duge xéac dinh & bude trén, mau duge thu nhan dé do mat do té bao
va hoat tinh enzyme. Két qua thu duoc 1a co sé dé Iya chon nhiét 46 nudi céy t6i uu cho
nghién ctru tiép theo.

Anh huéng ciia pH mdi trueong nudi cay

Ba ching Bacillus duoc nudi cdy trong méi truong di toi wu hoéa vé thanh phan
dinh dudng va ti 1¢ céy giéng. Qua trinh nuoi céy duoc khao sat & dai pH tur 5,0 dén 8,0;
nhiét d6 nudi cay 30 °C, téc do lic 150 rpm. Sau thoi gian nudi cdy tdi wu da xac dinh
& bude trude, mau duoce thu nhan dé phan tich mat do té bao va hoat do enzyme. Két
qua thi nghiém thu duoc 13 co s¢ dé xac dinh gia trj pH ban dau ctia méi trudng toi wu
cho nghién ctu tiép theo.

Anh huwéng ciia toc dd lic

Ba chiing Bacillus dugc nudi cay trong moi truong t6i uu voi cac téc do lac lan
lugt 12 100, 150, 180 va 200 rpm. Cac thong sb vé co chat, loai moi trudng, ngudn nito
bd sung, ti 1& cdy gidng, thoi gian nudi cdy, nhiét d6 nudi cdy, pH ban dau ciia moi
truong nudi ciy dugc duy tri théng nhat véi két qua tdi uu & cac bude trude. Sau chu ky
nuoi céy t6i wu da xac dinh & budce trude, mau duoce thu thap dé do mat do té bao va do
hoat tinh enzyme p-1,3-glucanase. Két qua thi nghiém thu duoc 1a co sd dé xac dinh tdc
d6 lic t6i wu cho nudi cay (Putri et al., 2021).

Sau khi Iva chon diéu kién nu6i céy, ba chung Bacillus dugc nudi céy trong diéu
kién ban dau va diéu kién lua chon (ngudn co chat, loai méi truong, ngudn nito bo sung,
ti 1& cdy gidng, thoi gian nudi cay, nhiét do nudi cy, pH khai dau ciia moi trudng nudi
cdy, toc do lac) dé so sanh mat do té bao, hoat do B-1,3-glucanase va dudng kinh vong
trc ché ctia dich nudi cdy ly tam loai té bao d6i véi hai chung ndm bénh A. niger QT1 va
H17. Cac chi ti€u dugc xéac dinh theo cac phuong phap da moé ta & cac muc trén.

2.2.6. Phuong phip danh gia hiéu qua phong trir bénh héo rii goc moc den
ciia hén hop ba chiing Bacillus trong diéu kién nha lwéi va dong rudng

2.2.6.1. Pdnh gid hiéu qud phong triv bénh trong diéu kién nha lwéi

Chuén bi hdn hop phoi tron dich nudi ba chiing Bacillus (BAZ04):

Ba chung Bacillus (B. siamensis 101, B. siamensis 112 va B. velezensis 137) dugc
nudi cay doc lap trong moi truong LB. Mbi truong nudi cay ¢ bo sung 1 % curdlan, 1 %
cao ndm men, ti 1& ciy giébng 7 %, pH 7,0. Qua trinh nudi cdy duogc duy tri nhiét d6 nudi
30 °C, téc do lic 150 rpm, thoi gian nudi cAy 24 giod. Dich nudi cua timg ching don 1€ sau
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d6 dugc chuan hoa vé mat do 10® CFU/mL trude khi tron voi nhau theo ti 16 1: 1 : 1 theo
thé tich dé tao thanh hdn hop dich nuéi phdi tron 3 chung Bacillus (ky hiéu 1a BAZ04)
(Hinh PL8.1 & Phu luc VIII).

Xir Iy hat giéng va cay con: 15 g hat lac gidng L14 dugc ngdm trong 2 mL dung
dich BAZ04 (103 CFU/mL) trong 1 gi¢. Sau d6 gieo hat lac da xir Iy vao cac chau nhya cé
kich thudc 35 x 30 x 30 cm chtra 5 kg dat da khir tring. Sau 14 ngay gieo hat (ciy con giai
doan 2 — 4 14, mdi chau duoc chuan hoa c6 5 ciy), tudi 20 mL dung dich BAZ04 (108
CFU/mL) vao viing gbc cdy ctiia mdi chau cua cac cong thirc; mbi nghiém thirc gdm 3 chau.

LAy nhiém niam bénh: Sau 24 gid ké tir khi xtr 1y v6i dung dich BAZ04, tién
hanh 1y nhiém nhén tao nam bénh bang cach tudi 20 mL dich huyén phu bao tir nAm
bénh (4. niger QT1 hoidc A. niger H17) mat dd 10° bao ti/mL vao gdc cdy lac cho cac
nghi¢m thic tuong tng. Thir nghi€ém dugc thuc hién trong nha ludi ciia Vién Cong nghé
sinh hoc, Dai hoc Hué. Cac nghi¢m thure duoc b tri theo khdi RCBD, lap lai 3 lan doc
lap. Cac nghiém thic dugc dat noi co diéu kién dff)ng nhat va cham soc nhu nhau. B tri
cac nghiém thirc dugc trinh bay & Bang 2.4.

Bdng 2.4. Nghiém thurc danh gia hiéu luc vc ché nam ¢ diéu kién nha ludi
Nghiém thirc Noi dung
CT 1 (P6i chimg am)  Cay lac khong gay nhiém nam va xir Iy bang nudc vo tring
Cay lac dugc gy nhiém nhén tao nam A4. niger QT1 va xir
1y bang nudc vo tring
Cay lac duoc gdy nhiém nam A. niger QT1 va xir Iy bang
hon hop dich nudi ba chung Bacillus (BAZ04)
Cay lac dugc giy nhiém nhan tao nim A. niger H17 va xir
1y bang nudc vo tring

CT 2 (Pdi ching bénh)
CT 3 (XU Iy)

CT 4 (Péi ching bénh)
Cay lac dugc gay nhiém nam A. niger H17 va xir Iy bang
hdn hop dich nudi ba ching Bacillus (BAZ04).

Ti 16 cay chét duoc quan sat va ghi lai & thoi diém 5, 7, 14, 21, 28 va 45 ngay sau
lay nhiém nim cho mdi nghiém thirc. Hiéu qua phong chong bénh duoc tinh toan theo
Yadav et al., (2023):

Hiéu qua phong chdng bénh (%) =

CT 5 (Xirly)

Dc - Dt
Dc

x 100

Trong do:

- Dc 1a ti 18 cay chét & dbi ching bénh twong tng véi ting chiing nam (%);

- Dt: ti 1é ciy chét & nghiém thuc xir 1y twong g (%).

2.2.6.2. Pdnh gid hiéu qud thir nghi¢m trén dong ruéng

B6 tri thi nghi¢m:

- Thi nghi¢m dugc thyc hién tai bon dia diém: Huong Tra (dét noi d@)ng luan canh
lac) va Phu Vang (dat cat chuyén canh lac), thuoc thanh phd Hué; Triéu Phong (dat phu
sa ndi dong luan canh lac) va Nam Hai Lang (dat cat pha luan canh cdy lac), thudc tinh
Quang Tri tir thang 01 dén thang 6 nam 2023, trong diéu kién bénh phat sinh tyr nhién
(Hinh PL 9.1 ¢ Phu lyc IX va Hinh PL10.1, PL 10.2 & Phu luc X).

- Tai mdi viing nghién ciru, tong dién tich thi nghiém 1a 1000 m?, gdm dién tich
céc 6 thi nghiém, hé thng 16i di ndi bo va ving dém bao vé. BS tri thi nghiém theo khdi
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hoan toan ngiu nhién (RCBD) voi 03 nghiém thirc, 1ap lai 3 1an (tong s6 09 6 thi
nghiém). Kich thudc 6 thi nghiém 13 15 m x 2 m (30 m?). Léi di ndi bd rong 0,5-1,0 m
va dai dém cach ly xung quanh rong 5,2 m nham han ché lay nhiém chéo va anh huéng
cua hi¢u ing bo (TCVN 12561:2022). Cac nghiém thirc duogc trinh bay ¢ Bang 2.5.
Bing 2.5. Cdc nghiém thirc va liéu lwong xir 1y trong thi nghiém danh gid hiéu qua
phong trir bénh héo rii géc moc den trén dong rudng

Liéu lwong
trén ha

Nghiém

thire Noi dung cong thirc

Phun hon hop dich nudi ba chiung Bacillus (B. siamensis
CT1 101, B. siamensis 112 va B. velezensis 137 - BAZ04); mat 10 lit
d6 vi khuan 1 10" CFU/mL, pha lodng bang nudc sach.

CT2 . )
Lo Phun ché pham Trichoderma thuong mai; mat do 10°
(BOi chimg CFU/g, pha loang bang nudc sach 3 ke
dwong) gp g bang ach.
T 3 (D6i
¢ , 3 (A ol Phun nudc sach 500 lit
ching am)

K§¥ thuat xir ly va cham soc:

- Hon hop dich nudi ba chung Bacillus (B. siamensis 101, B. siamensis 112 va B.
velezensis 137) duogc chuan hoa dat mat d6 10'© CFU/mL rdi phdi trontilé 1: 1 : 1 theo
thé tich. Str dung liéu luong 10 L/ha, pha lodng bang nuéc sach dén thé tich 500 L/ha.
Déi v6i mdi 6 thi nghiém 30 m?, st dung 30 mL hén hop Bacillus, bo sung nude sach
vira du 3 L. O d6i chimg duong, pha ché pham Trichoderma thuong mai theo khuyén
c4o in trén bao bi dat thé tich 3 L/6 thi nghiém. O 6 ddi chimg 4m, phun véi 3 L nuée
sach. T4t ca cac nghiém thirc, phun tap trung vao bé mit luéng dat trude lic gieo hat.
Str dung thiét bi phun riéng biét gitta cac nghiém thirc.

- Tat ca cac 6 thi nghiém duoc 4p dung dong nhit vé gibng L14, khoang cach
trong 13 10 cm x 30 cm. Nén phéan bon duoc ap dung thong nhit cho cac cong thire thi
nghiém voi lidu luong tinh trén 1 ha gdm: 40 kg N, 60 kg P-Os, 80 kg K20 va 500 kg
Ca(OH)2. Phan bon duogc chia thanh ba dot: (i) Bon 16t trudce khi gieo hat: 100% lugng
1an, 50% luong dam, 50% luong kali va 50% luwong voi; (i) Bon thic 1an 1 khi cay co
34 14: 50% luong dam va 50% luong kali con lai; (iii) Bon thuc 1an 2 vao giai doan ra
hoa: 50% luong voi con lai. Mat d6 gieo trong, tudi nudc va cac bién phap quan 1y dong
ruong khéc theo quy trinh canh tac dia phuong.

Thu thap s6 li¢u:

- Diéu tra, theo ddi ti 16 bénh, chi s6 bénh va phan cip bénh duoc thue hién theo
TCVN 13268-3:2021. Pinh ky hing tudn, diéu tra ciy bénh va cay chét trén dién tich
10 m? (2 x 5 m) giita mdi 6 thi nghiém. Phan biét bénh héo rii gbc mbe den (4. niger)
qua 16p bao tir den & gdc; bénh mdc tring (S. rolfsii) qua hé soi trang va hach nim; bénh
16 ¢6 1& (R. solani) qua vét 16m nau sam & co ré. Trong mdi dot diéu tra, lay ngiu nhién
cac mau cay lac biéu hién tridu ching bénh HRGMD dem vé phong thi nghiém phan
lap trén mdi trudng PDA va quan sat hinh thai nAm dé hd tro xac dinh tac nhan.
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- Panh gia hiéu lyc phong, chéng bénh héo rii gdc mbc den ciia hdn hop cac
chung Bacillus duge tham khao cac nguyén tic khao nghiém hiéu lyc sinh hoc trén dong
rudng quy dinh tai TCVN 12561:2022.

s 1A A S8 cay bi bénh
Ti 18 bénh (%)= ——2
vl Tong s6 cay diéu tra

- Theo dbi, danh gia cac chi tiéu sinh truéng, hinh thai, cac yéu t6 cdu thanh ning
suit va nang suit lac duge thuc hién theo QCVN 01-57:2011/BNNPTNT. Cac chi ti€u
theo ddi gdm:

x 100

+ Chiéu cao cdy (cm): Do tir dot ld mam dén dinh sinh truéng ciia 10 cay/é thi
nghiém réi tinh gid tri trung binh.

+ Tong s canh (canh): Puoc theo ddi luc thu hoach va dém 10 cay/ 6 thi nghiém.
tinh gia tri trung binh.

+ Xac dinh tong s6 hoa/cdy = tong sb tia/cay lic thu hoach va dém 10 cay/ 6 thi
nghiém, tinh gia tr1 trung binh.

+Tong s6 qua/cay (qua): Pém téng s6 qua 10 cay/d thi nghiém, tinh gié tri trung binh.

+ Sb qua chic/cay (qua): Pém téng sd qua chic 10 cay/ 6 thi nghiém, tinh gia tri
trung binh.

+ Xac dinh ti 1€ hoa hiru hi¢u (%) =

e X 100

+ Khdi luong 100 qua kho (g): Sau khi phoi qua kho, mdi nghiém thirc dém nghu
nhién 100 qua 3 1an, can ca 3 mau. Khéi luong 100 qua duoc tinh bang trung binh cta 3 mau.

+ Khdi luong 100 hat (g): Liy ngau nhién va can 3 mau/1 6 thi nghiém, 100 qua
kho/mau.

+ NSLT (tan/ha): Nang suét 1y thuyét dugc tinh dua trén s6 qua chac/cay, khoi
lugng 100 qua va sb ciy thyc thu trén don vi dién tich theo cong thirc sau:

_NH [:Ciﬁ:lyf.-'f]’_t12?] = Qf}f-' (qué_;"lﬂﬁy) > P_“]u (g)

NSLT (tan/ha) — 10 000

Trong do:

Nie: s6 cay thuc thu/m? (d4 loai trir cdy chét va hang bién)

Qqe: s qua chic/cay

P10o: khéi lwong 100 qua kho (g)

+ Niang sut thyc thu NSTT (tdn/ha): Tinh ning suat thuc thu dua trén ning suét
qua kho thu duoc trén thuc té cta cac 6 thi nghiém.

2.3. XU LY SO LIEU

Céc thi nghiém duogc thuc hién véi it nhat 03 1an lip doc lap; két qua trinh bay
dué6i dang trung binh + d6 1éch chuin (M + SD). S6 liéu duoc xir Iy bang phan mém
IBM SPSS Statistics 26.0 va Microsoft Excel 2016. Su khac biét gitra cac nghiém thurc
dugc danh gid bang ANOVA mét hodc hai yéu t6, két hop v6i phép thir Duncan, Fisher’s
LSD hoic so sanh timg cdp c6 diéu chinh Bonferroni. Tinh d6ng nhat phuong sai duoc
kiém tra bang kiém dinh Levene. Phan tich hdi quy tuyén tinh dugc sir dung dé danh gia
modi quan hé giita hoat d6 enzyme va hiéu qua rc ché nim bénh thong qua hé sb xac
dinh (R?). Ngudng y nghia thong ké dugc xac dinh & p < 0,05,
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. PHAN LAP VA XAC PINH TAC NHAN NAM ASPERGILLUS SP. GAY
BENH HEO RU GOC MOC PEN TREN CAY LAC

3.1.1. Phin lap va nhan dién ching nAm bénh dwa trén diic diém hinh thai

Tir cac mau bénh phadm phan c6 ré (ving chuyén tiép giira than va ré) cua 80 ciy
lac biéu hién tri€u chiing dién hinh cta bénh HRGMDP dugc thu thép tai cac vung tréng
lac chuyén canh ¢ tinh Quang Tri (40 mau) va thanh phé Hué (40 mau) (Hinh 3.1 va
PL2.1; PL2.2 & Phu luc II), chiing t61 da tién hanh phan lap nam bénh dya trén dic diém
hinh thai khuan lac khi nuéi cdy trén méi trudng PDA.

Nam Cira Viet
= @

©
Ca: Lo Nam Béng Ha

My Thuy
@

Ba Long

Pan Pién
Phong Thai Q

Huong Tra

Phu Vang

Hinh 3.1. Pia diém thu thap mau bénh va mau dat phan lap vi sinh vat doi khang

Két qua phan lap, di thu dugc 60 mau nam phan lap (isolates). Cac miu nim nay
bude dau duge phan loai dua trén cac dac trung hinh thai khuén lac va céu trac bao tir
dudi kinh hién vi. Két qua khao st cho thay su hién dién pho bién cta cac chung nim
c6 dic diém twong dong vai chi Aspergillus, dong thoi phan anh mirc 46 da dang vé
hinh thai cua tdc nhan gay bénh tai cac dia diém nghién ctru.

Trong s6 cac mau nAm phan lap dugc, 09 ching nadm tiéu biéu dugc lya chon dé
nghién ctru chuyén sau, bao gdm 05 ching (QT1, QT2, QT3, QT4 va QT7) phan lap tir
cay lac b1 bénh tai Quang Tri va 04 chung (H6, H17, H18 va H19) phan 1ap tu cay lac
bi bénh tai thanh phé Hué. Viéc lya chon cac chuing nay dugc thyc hién trén co sé chung
dugc phan 13p tir nhitng cay lac cé triéu chung bénh 10 rét, dai dién cho cac vung san
Xuat trong diém, xuat hién & nhiéu giai doan sinh truong khac nhau, véi mat do va ti 1€
bénh cao, déng thoi thé hién dic diém hinh thai khuan lac dién hinh cua chi Aspergillus
va ¢6 su khac biét nhét dinh gitra cac chung. So luong chung dugc lya chon cling dam
bao tinh dai dién va tinh kha thi cho viéc trién khai cac thi nghiém tiép theo (Bang 3.1).
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Bing 3.1. Pdc diém cdac ching nam phdn Idp dién hinh gdy bénh héo rii géc moc den
tai cac vimg khdo sat ¢ Quang Tri va thanh pho Hué

Ky hiéu

STT . £
chung nam

Dia diém thu mau”

Triéu chirng cay lac bi bénh
dwge sitr dung dé phan lap
nim bénh

Nam Ctra Viét, tinh

HRGMBD; gidng lac L14, cay bi

o Tri - ,
1 QT1 Quang Tri bao phu boi bao tir nam mau den,
16°50'51.9°N, cay héo, kho va chét
107°10'46.6"E ’
Ba Long, tinh Quang Tri HRGM}D;Ngiéng }ac L16, 14 vang,
2 QT2 16°39'27.9"N phan ¢6 ré c6 nam den bao phu,
106°56'50.3"E thoi goc
Cam L9, tinh Quang Tri HRGMBD; gidng lac TBI1S, cay bi
3 QT3 16°48'29.4"N bao phu boi bao tir nam mau den,
106°57'50.6"E cay héo, kho va chét
My Thuy, tinh Quang Tri HRGMBD; gidng lac Sen Lai; goc
4 QT4 16°43'28.7"N cdy bi bao phu boi bao tir nam mau
107°20'41.2"E den, cay chét
Nam ang Ha_, tinh HRGMBD:; gibng lac L14, 14 vang,
Quang Tri L. X > X TR
5 QT7 tho1 goc, cd6 nam bao tor mau den
16°50'07.4"N bao phil
107°06'37.9"E P
Phong Thai, thanh phd L )
ong }all’; anfi pho HRGMBD; giong lac TK10, goc cay
uc . , ae K ;1 a f
6 H6 lac bi bao phu boi nam c6 bao tu
16°32'58.9"N mau den, cay héo, kho va chét
107°26'46.1"E ’ ’
Pan Dién, thanh phé Hué HRGMD; gif)ng lag L16, 1a b1 héo
7 H17 16°33'49.9"N vang, thoi ¢o ré, goc than va ré b
107°29'18.6"E nam co6 bao tir mau den bao phu
H Tra, thanh pho ,
rong gl > A pho HRGMBD; giong lac L14, cay bi
uc 0 1 2 1N . K \
8 H18 bao phu bdi bao tir ndim mau den,
16°3206.3"N cdy héo, kho va chét
107°27'40.9"E Y
Phu Vang, thanh phé Hué HRGMD; gidng lac Ran, cay bi
9 H19 16°27'02.7"N bao phu boi bao tir nam mau den,

107°44'46.4"E

ciy héo, kho va chét

(* theo tén don vi hanh chinh méi ciia chinh quyén 2 cdp)

Khi dugc nudi cdy trén mdi truong PDA, cac ching ndm QT1, QT2, QT3, QT4,
QT7, H6, H17, H18 va H19 cho théy su da dang nhét dinh vé mau sic cling nhu hinh
thai khuan lac, phan anh nhiing khac biét hinh thai giita cac chiing nam duoc phan lap.
Nhin chung, bé mat khuén lac chu yéu c6 dang nhung hoac hoi bong, véi ria khuan lac
1d nét, déu va on dinh trong qua trinh sinh trudéng. Mau sic mit trude ciia khuan lac bién
thién trong khoang tir nau dam dén xam den; mot sb ching biéu hién mau nau dam noi
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bat kém theo vién vang & ria, trong khi mot sé ching khic ban dau c6 mau tring va
chuyén dan sang nau roi den theo thoi gian nuoi céy. O mit sau khuan lac, mau sic
thuong 14 tring kem hodc vang nhat, ddng thoi xuat hién ciu truc vong dong tam dic
trung, cho thay kiéu sinh truong dién hinh ciia nhém ndm ndy trong méi trudng nudi
ciy trén dia Petri (Hinh 3.2).

Bao tw

Hinh 3.2. DBdc diém hinh thdi cac ching nam gdy bénh héo rii géc méc den trén méoi
truong PDA

Tat ca cac ching nam déu thé hién kha ning sinh truong nhanh, sau 6 ngay nudi
ciy, khuan lac phat trién phu kin bé mat dia Petri dudng kinh 9 cm. Quan sat cac dic
diém vi thé dudi kinh hién vi cho thdy khuan ty (hyphae) ctia ca 9 chung déu c6 vach
ngan rd va phan nhanh, pht hop véi dic diém hinh thai ctia nam soi (Hinh 3.3 A, D).
Canh bao tir phan sinh (conidiophore) ¢6 chiéu dai dao dong trong khoang 300—-1000
um, bé mat nhan va trong sudt; phan dinh phinh rong tao thanh bong dinh (vesicle)
hinh cau, c6 mau sim va dudng kinh khoang 130 — 145 pm (Hinh 3.3 B, C). Bao tir
phén sinh (conidia) cta cac ching ndm c6 hinh cu, bé mit tho rap, mau sic tir nau
dam dén nau den, véi kich thude dao dong trong khoang 2—4 um (Hinh 3.3E, F).

Két qua phan tich tong hop cac dic diém hinh thai cho thiy ca 9 chung ndm dugc
phan l4p tir cy lac c6 biéu hién bénh héo rii gbc mbc den (HRGMP) déu mang nhiing
dau hiéu dic trung ciia chi Aspergillus. Cac dic diém quan sat duoc trong nghién ciru
c6 su twong dong v4i nhimg mo ta di cong bd vé loai Aspergillus niger. Dang chu v,
Bajaya et al. (2022b) ghi nhan rang trén moi trudng PDA, ndm sinh trudng voi toc do
cao, khuan lac lan rong va c6 thé bao phii toan bd bé mit dia nudi ciy trong thoi gian
chi vai ngay. Hé soi nAm ban dau c6 mau tring hodc tring hoi vang, sau 3—5 ngay nhanh
chéng chuyén sang mau den carbon dam vd&i mat do bao tir day dac che phu hoan toan
hé soi ndm (Kumar et al., 2020; Kumari & Singh, 2016). Quan sat mit sau ciia dia nudi
ciy cho thdy mau tring duc hodc vang nhat, khong xuit hién sic t6 sim mau xam lan
vao moi truong thach (Akhtar et al., 2014; Bajaya et al., 2022b). Duéi kinh hién vi quang
hoc, cac isolate thé hién cu tric vi thé dic trung voi gid bao tir moc truc tiép tr vach
ngan, dai va c6 vach day nhin. Bao tir hinh ciu mang cdu trac hai 16p, chudi bao tir tran
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mau niu den carbon (Akhtar et al., 2014; El-Dawy et al., 2024). Cac thong s6 vé kich
thude bao tir va dudng kinh bao tir cia isolate nghién ctru c6 sy twong dong cao voi mod
ta ciia Kumari & Singh (2016) vé nim Aspergillus niger gy bénh héo rii trén cdy lac tai
An Po. V& mau sic khuan lac ctia A. niger, Samson et al. (2014) ghi nhan rang khuan
lac ctia A. niger thudng c¢6 mau den dic trung. Bén can dé ciing c6 bao cao cho biét sy
bién d6i vé mau sic khuén lac, dao dong tir nau nhat dén nau dam, c6 thé xuat phat tur
diéu kién nuoi céy khac nhau hodac su khac biét di truyén gitra cac chung (Dania et al.,
2021; Simonovitova et al., 2021). Cac nghién ciru vé di truyén hoc cho thidy mau sic
bao tir ctia A. niger c6 lién quan chit ché dén cac gen tham gia vao chu trinh sinh téng
hop polyketide va su bat hoat ciia mot hodc nhiéu gen trong chu trinh nay cé thé dan
dén su thay ddi séc t, biéu hién & cac gam mau tir vang nhat, xanh 6liu, nau, den, hoac
tham chi mat mau hoan toan (Segers et al., 2018). Jorgensen va cs. (2011) cho ring, mau
den dic trung nay 13 két qua cua sy tong hop melanin qua con duong 1,8-DHN, mét dic
tinh gitp ndm chéng chiu t6t v6i diéu kién moi trudng dat khic nghiét. Muc do biéu
hién cta gen 4’-phosphopantetheinyl transferase duoc cho 12 c6 méi lién hé truc tiép véi
mau sic bao tir, trong khi diéu kién nudi cdy c6 thé diéu chinh qua trinh nay thong qua
anh huong dén céc giai doan phat trién ctia ndm. Cac bang chimg néu trén cung c¢b nhan
dinh rang sy bién thién mau sic quan sat dugc & cac ching trong nghién ctru 13 dic diém
thich nghi mang tinh di truyén ciia 4. niger, dong thoi khong 1am sai 1éch céc tiéu chi
phan loai dya trén dic diém hinh thai va dic tinh nubi cay.
QO -

7 B B N
/
D

Hinh 3.3. Bdc diém hinh théi vi thé cia cdc chiing A. niger QT va H17 trén méi
trieong PDA. Miii tén trang: khudn ty (hyphae); miii tén xanh dwong: béng dinh
(vesicle); mili tén vang: Canh bao twr phan sinh (conidiophore); miii tén xanh la cdy:
Bado tir phdn sinh (conidia); thanh do: thieée do tham chiéu. (A, D): Khuan ty/soi nam
(hyphae); (B, C): Cudng bao tir tran va béng dinh; (E, F): Bdo tir tran. (Quan sdt duéi
kinh hién vi quang hoc, dé phéng dai 40x, thanh ti 1é = 20 um).
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Sy hién dién pho bién ctia 4. niger tai khu vuc nghién ciru twong doéng voi ghi
nhan cta Vil (2022) vé su xuat hién ctia lodi nAm nay trong nhém tac nhan gay bénh
thdi mam va héo rii géc trén cady lac & mién Trung Viét Nam. Tuy nhién, theo céc
nghién ctru phan loai hoc hién dai cua Bian et al. (2022) viéc xac dinh chinh xac cac
loai trong series Nigri (nhu A. niger, A. welwitschiae, A. tubingensis) chi dua trén
hinh thai 1a khong thé do sy chong 1an qua 16n vé cac dic diém cdu tric. Vi vay, cac
két qua mo6 ta hinh thai trong muc nay, du tuan thu nghiém ngit quy trinh qudc té cua
Samson et al. (2014) va tiéu chudn Viét Nam (Thuén et al., 2022), van chi duoc xem
1a budc sang loc so bd. Két qua nay can duoc khang dinh lai bang quy tic Koch va
phuong phap sinh hoc phan tir & bude tiép theo dé dam bao d6 chinh xac va tinh khoa
hoc cho luan an.

3.1.2. Kiém chirng theo quy tic Koch va tuyén chon chiing nim cé kha niing
gay bénh cao ’ ’

Nham kiém chung mot cach cé h¢ thong vai tro gdy bénh cta cac chung nam
phan 1ap dbi vai triéu ching HRGMP da duoc ghi nhan trén cay lac ngoai dong rudng,
09 chung nam dai dién da duogc lwa chon dé tién hanh dinh danh theo quy tdc Koch.
Thi nghi¢ém dugc thyc hién trén giéng lac L14 trong diéu kién nha ludi dé danh gia
kha ning giy bénh cta ting ching ndm. Két qua dinh danh theo quy tic Koch ctia 09
ching nam trén giong lac L14 trong diéu kién nha ludi dugc téng hop va trinh bay &
Béang 3.2 va Hinh 3.4, PL3.1 ¢ Phu luc IIL.

Bing 3.2. Két qua ldy nhiém nhén tao cdc ching nam gdy bénh héo rii géc moc den
trén giong lac L14 trong diéu kién nha luéi

Chiing phan  Thoi gian xuat hién triéu chimg Tilé bénh Tilé ciy chét

STT 1ap dau tién (ngay) (%) (%)
1 QT1 3-4 100? 100,0?
2 QT2 3-4 100 95,6
3 QT3 5-6 100° 86,0¢
4 QT4 3-4 100 97,7
5 QT7 3-4 100 98,0%
6 H6 4-6 100 85,7°
7 H17 3-4 100? 100,07
8 H18 4-5 100 97,8%
9 H19 4-5 100 95,6
10  Doichung - 0,0 0,04

Chu thich: Cac chir cai khac nhau trong cung mot cot biéu thi su sai khdc cé ¥
nghia thong ké (Duncan’s test, p<0,05). Poi chitng: cdy lac khéng bi nhiém ndm bénh.



Hinh 3.4. Ldy nhiém cdc ching nam gdy héo rii géc moc den 1én cdy lac L14 khoe
theo quy tic Koch: cdc 16 thi nghiém va doi chieng (4), cdy lac chét do bi nhiém ndm
nhan tao (B), khudn lac nam bénh duoc phan lap lai tw cdy lac bi bénh (C).

Két qua lay nhiém nhan tao cho thiy toan bd 09 chiing nim déu thé hién kha niang
gy bénh trén giéng lac L14 vdi cac biéu hién dién hinh cua bénh HRGMBD, ti 1 bénh
dat 100% o tat ca cac nghiém thirc 1ay nhiém. Thoi gian xuat hién triéu ching duoc ghi
nhan trong khoang 3—6 ngay sau 1ay nhiém, phan anh mutc d6 xam nhiém va phat trién
twrong d6i nhanh trong diéu kién nha ludi. Tuy nhién, két qua xir 1y thong ké chua ghi
nhan co sy sai co y nghia vé ti 1¢ bénh giita cac chung (p > 0,05), ching té mirc d6 gay
nhiém ban dau cta cac ching 13 twong duwong nhau.

Két qua vé ti 1& cdy lac chét ghi nhan su c6 su bién dong trong khoang 85,7%
dén 100% giita cac ching ndm. Trong d6, hai chung A. niger QT1 va 4. niger H17 giy
ti 16 cdy chét cao hon so vdi cac chung khéc, véi su sai khac dat mirc y nghia thong ké,
qua d6 cho thdy ching nay c6 kha ning gdy hai manh hon trong diéu kién thi nghiém.
Két qua nay co thé do sy khac biét vé doc luc hodc kha ning giy ton thuong mo cua
ting ching ndm, mic du ti 1& gay bénh ban dau khong khéc biét dang ké. Mirc d6 gay
hai cta chung c6 doc tinh manh nhat trong luan an tuong déng v6i bao cdo cia Andge
et al. (2017), khi tac nhan A. niger c6 thé gy ti 1& héo rii 1én dén 80% trong diéu kién
thue nghiém. Trong khi d6, nghién ctru cta Junjadia et al. (2025) di chi ra rang viéc két
hop lay nhiém qua ca hat va dat giup toi wu hoa kha ning gay bénh ciia nam (dat 75,79%)
so voi cac phuong phap don 1€.

Cac triéu chiung bénh quan sat duoc trén ciy lac sau lay nhiém nhan tao tuong
ddng rd rét voi tridu chimg duoc ghi nhan ngoai déng rudng, bao gdm sy xuat hién cac
vét den tai vung than géc, mé bi thdi mém, bé mit than va cd ré phu 16p bao tir mau den,
dan dén hién tuong cdy bi gy do va chét hoan toan trong khoang 6—14 ngay sau lay
nhiém (Hinh 3.4). Su twong dong nay cho thiy mé hinh lay nhiém nhan tao di tai hién
duoc dic diém bénh 1y cia bénh HRGMD trong diéu kién san xuat. Dic biét, sy xuit
hién ciia khéi bao tr mau den bao phii viing ¢ ré b ton thuong hoan toan tuong dong
vo1 mo ta cia Bajaya et al. (2022b).



53

Két qua tai phan lap ndm tir cac cay lac bi bénh HRGMD trong 1ay nhiém nhan
tao da thu duogc cac khuan lac ndm c6 dic diém hinh thi va sinh hoc tring véi ching
ban dau. Diéu nay cho phép khing dinh tinh 6n dinh vé dic tinh gay bénh cia cac dong
nam da phan 1ap, dong thoi dap ing duge diy du cac yéu cau cia quy tic Koch. Nguoc
lai, cac cay lac & nghiém thirc dbi chimg, khong c6 hién twong cay chét, khong ghi nhan
su biéu hién cia bénh HRGMD va khi phan 1ap khong ghi nhéan sy XuAt hién cua
Aspergillus sp. Diéu nay ching to, rang cac triéu chimg quan sat dugc trong cac nghiém
thire xtr Iy 1a két qua tryc tiép cua qua trinh 1y nhidm nhan tao.

Két qua thu duoc trong nghién ciru cta ludn an tuwong ddng véi cac cong bd
vé két hop danh gia dic diém hinh thai ctia nam gdy bénh véi dinh danh theo quy tic
Koch dé ting do tin cdy trong xac dinh tac nhin giy bénh thudc chi Aspergillus.
Nhiing két qua ctia muyc nay cung c¢6 thém co s& khoa hoc cho viéc xac dinh vai tro
ctia cac ching nim phan 1ap trong viéc gy bénh HRGMBDP trén cay lac.

Tuy nhién, két qua tuyén chon dua trén dic diém hinh thai va kiém tra theo quy tic
Koch ciing dugc xem xét trong gi6i han nhat dinh. Boi vi, theo Sklenaf et al. (2017), viéc
dinh danh chi dua trén cac ddc diém hinh thai d6i véi nam Aspergillus 13 mot thach thirc
16n va c6 nguy co nham 1an cao. Minh chiig 1 nghién ctru ciia Guo et al. (2021) da xéac
nhan céc loai ddng hinh nhu A. tubingensis cling giy ra triéu chimg mang thdi den twong
tu nhung cé murc do doc tinh hoan toan khac biét so véi A. niger. Do d6, viéc lua chon cac
chuing c6 kha ning gdy bénh cao théng qua quy trinh Koch 13 budc dém quan trong dé danh
gid hiéu qua ctia cc tac nhan d6i khang sinh hoc trong cac ndi dung tiép theo ctia luan an.

Trén co s dic diém hinh thai khuan lac va mtc 46 gdy bénh ghi nhin trong cac
thi nghiém lay nhiém nhén tao, hai ching ndm A. niger QT1 va A. niger H17 dai dién
cho 2 ving nghién ctru duoc lya chon dé dinh danh bang phuong phap sinh hoc phan tir
dé tién hanh cac nghién ctru tiép theo. Pay 1a 2 chung ndm c6 mirc d6 doc luc cao (giy
chét 100% cho cay lac trong 3 - 4 ngay sau 1ay nhiém), ching QT1 dai dién cho khu vuc
tinh Quang Tri va chung H17 dai dién cho thanh phé Hué.

3.!.3. Dinh (:lanh chiing nAim l?énh bﬁng\phwo’ng phap sinh hoc ph,ﬁn tor

Két qua khuéch dai vung ITS bang cap moi ITS1/ITS4 ¢ hai chung nam QT1 va
H17 cho thdy phan tng PCR tao ra san phiam c6 chiéu dai xap xi 599 bp. Poan DNA
dugc khuéch dai bao gom ving ITS va trinh tu gen 5.8S rRNA, cung cap dir liéu phuc
vu qua trinh dinh danh cac ching ndm & cap do phén tir. Két qua giai trinh tu nucleotide
cho thdy trinh tu ving ITS cta ca hai ching QT1 va H17 c6 d6 twong déng 100% so voi
c4c trinh tu tham chiéu cta 4. niger, bao gém cac chung KT5, RMUAN75, ATCC16888,
CBS122.55 va D1, dugc luu trit trong co s¢ dir ligu NCBI. Phan tich cay phat sinh chung
loai cling khang dinh hai chung QT1 va H17 tap hop trong cting mot nhanh riéng biét, dong
thoi thé hién mdi quan hé di truyén gan gili nhat v6i nhom cac ching tham chiéu néu trén.
Trinh tuy nucleotide ctia vung ITS1-ITS4 twong Gmg voi hai ching da dugce dang ky trong
ngén hang gen NCBI véi cac sd hiéu 0Q561195 (4. niger QT1) va 0Q561194 (4. niger
H17) (Hinh 3.5).
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Tree scale: 0,01 bt

Aspergilus niger CBS121.55
- - Aspergillus niger D.1
Aspergilus niger C8512255
Aspergillus niger ATCC16888 .
Aspergillus niger KTS
N QT

100 H17 i
Aspergilus iger RNUANTS
Aspergillus niger CBS

671 -Aspergillus oryzae NRRL447
& . AsRergillusowmeAm
Aspergillus flavus ATCC16683

' 0 ? Aspergillus nidulens ATCC10074

Aspergillus nidulens 2204.1
5—— - Aspergillus versicolor 566
- - Aspergilus versicolor ATCCY577
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Hinh 3.5. Céy phat sinh lodi chiing nam A. niger QTI va A. niger H17

Téng hop cac két qua phan tich trinh ty ving gen ITS két hop véi xay dung cdy
phat sinh chung loai cho thay hai chung QT1 va H17 ¢ d6 twong ddng trinh ty dat 100%
v6i trinh ty cta cac chung Aspergillus niger duge sir dung 1am tham chiéu. Két qua nay
xac dinh vi tri phan loai cua hai ching nghién ctru thudc phan chi nam den (Aspergillus
section Nigri), cu thé 1a nam trong phtic hop loai Aspergillus niger complex. Két qua
nay twong dong voi ghi nhan cua George va Ramteke (2019) khi dinh danh chung A.
niger LKO1 gy bénh méc den, ciing dat mirc d6 twong dong tuyét dbi & vang ITS.

Viéc két hop danh gia dic diém hinh thai, kiém chimg kha ning gay bénh theo
nguyén 1y Koch va phan tich trinh ty vang ITS sau khuéch dai PCR 13 huéng tiép can
da duoc str dung trong nhiéu nghién ctru nham nang cao do tin cdy khi x4c dinh tic nhan
nam giy bénh. Hiéu qua ciia cach tiép can nay da dwoc ghi nhan trong cic nghién ctru
trén khoai lang tring (Dania et al., 2021) va qua lyu (Guo et al., 2021). Xét vé phuong
dién phan loai, nhiéu loai thudc chi Aspergillus c6 nhimg dac diém hinh thai gan gidng
nhau, khién viéc nhan dién va phan biét chinh x4c giita cac loai trd' nén kho khin néu
chi can ctr vao cac dau hiéu kiéu hinh.

Str dung két trinh tu ving ITS két hop voi phan tich phat sinh chung loai duoc
xem la cong cu c6 dJ tin cay cao trong dinh danh loai nam, dic biét ddi véi cac nhoém
ndm c6 mic do twong ddng hinh thai 16n (Susca et al., 2016; George & Ramteke,
2019). Mic di mot s6 nghién ctru luu ¥ rang chi thi ITS déi khi khong du dé phan biét
mot s loai "an" (cryptic species) trong nhom A. niger complex (Susca et al., 2016),
nhung cac cap nhat phan loai méi day da cung cb dang ké cho két luan cta luan an. Theo
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quan diém cua Bian et al. (2022), sb luong loai trong series Nigri di duoc dé xuét tinh
giam dua trén phan tich da gen va toan bo hé gen, trong d6 loai A. welwitschiae — von
thudng gay nham 14n voi A. niger — hién dugc xac dinh 12 dong danh (synonym) cua A.
niger. Ving gen ITS 1a ma vach DNA tiéu chuan gitip dinh danh chinh x4c & cap do chi
va nhém loai, tuy nhién do tinh chat bao tdn cao ctia ving gen nay gitta cac lodi 4n can
ké trong phutc hop A. niger complex, viéc phan biét triét dé A. niger voi cac loai lién
quan nhu 4. tubingensis hay A. welwitschiae doi hdi phai phan tich thém céac chi thi phan
tir thir cip nhu Beta-tubulin (Bend) hoic Calmodulin (CaM) trong cic nghién ctru phan
loai chuyén sau tiép theo (Varga et al., 2011; Samson et al., 2014).

Trong bdi canh viéc dinh danh chiing ndm den phuc tap (Steenwyk et al., 2024),
luan 4n dd ap dung cach tiép can "da dién" (Samson et al., 2014) nham dam bao tinh
chinh xac va khach quan trong phan loai. Két hop gitta triéu ching bénh hoc trén cay
lac tai tinh Quang Tri va thanh phd Hué, dic diém hinh thai (Dania et al., 2021) va trinh
tu ITS (Schoch et al., 2012) vé tac nhan giy bénh ciing véi cac cap nhat phan loai méi
(Bian et al., 2022) dé két luan vé tac nhan gdy bénh HRGMP trén cdy lac. Trén co s
d6, hai chung QT1 va H17 di duoc st dung 1am tac nhan gay bénh muc tiéu dé tuyén
chon va danh gia kha nang d6i khang ciia cac ching VSV phén lap tir dat trong lac tai
Quang Tri va Hué. Két qua nghién ctru nham dé xuat cac bién phap kiém soat A. niger
theo hudng bén viing, hiéu qua va phi hop voi diéu kién thuc tién tai dia phuong.

3.2. TUYEN CHON CAC CHUNG VI SINH VAT BAN PIA POI KHANG
NAM A. NIGER

3.2.1. Phén lap, sang loc so bd cac chiing vi sinh vt ddi khang nam A. niger

Tur 12 mau dat thu thap tai cac vung tr6ng lac nhiém bénh HRGMBD, bao g6m 06
mau dat tai tinh Quang Tri va 06 mau dat tai thanh phd Hué, chiing toi da tién hanh phan
1ap va sang loc cic VSV nhim xac dinh kha ning trc ché ndm bénh. Két qua, ghi nhan
144 chung, gdm 138 ching vi khuan va 06 chung ndm thé hién hoat tinh d6i khang ddi
v6i1 hai chung A. niger QT1 va A. niger H17 (Bang 3.3).

S6 lugng 16n cac chung VSV duoc phan 14p phan anh tinh da dang ctia quan thé
VSV dit tai cac vung trong lac, dong thoi cho thiy dit trong lac 13 ngudn tiém ning dé
khai thac cac chung VSV ¢6 hoat tinh ddi khang sinh hoc. Viéc cac chung vi khuan va
nam phan lap déu thé hién kha ning trc ché sinh trudng cta ca hai chung nAm bénh QT1
va H17 cho thiy pho d6i khang twong ddi rong, tao co s¢ thudn loi cho cac bude tuyén
chon, d4nh gia chuyén sau va khai thac ing dung cac chiing VSV tiém nang trong phong
trr bénh HRGMD trén cay lac ¢ cac vung nghién cuu.

Bing 3.3. Kha nang khdng nam A. niger ciia cdc ching vi khudan phén ldp

Kich thudc ving Poi khang voi chiing nim QT1  Péi khang véi chiing nim H17

trc ché Di; (mm)  S§ chiing Ti 18 (%) S6 chiing Ti 18 (%)
<10 36 26,09 45 32,61
10-20 83 60,14 79 57,25

>20 19 13,77 14 10,14
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Bang 3.3 cho thdy mirc do ddi khang véi A. niger QT1 va H17 khac nhau rd rét
giita cac chung vi khuan. Cu thé, nhom ching vi khuan tao kich thuéc ving trc ché (Diz)
tir 10-20 mm chiém ti 1é cao nhét, dat 57,25% (79 chung) d6i véi chung ndm H17 va
60,14% (83 ching) ddi véi ching ndm QT1. Trong khi d6, nhém ching vi khuan c6 Dy,
> 20 mm chiém 13,77% (19 chung) d6i v6i QT1 va 10,14% (14 chung) d6i véi H17.
Nhom vi khudn ¢6 Di, < 10 mm chiém 26,09% (36 chung) ddi v6i QT1 va 32,61% (45
chung) d6i voi H17.

Phan tich s6 liéu phan bd thyc nghiém nay, ching toi thiét 1ap ngudng D > 20
mm lam tiéu chuin dé xac dinh nhom c6 hoat tinh ddi khang manh, nham tuyén chon
nhitng chung vi khuan ban dia vu ta nhét (chiém khoang 10,14% - 13,77%) c6 kha niang
tao ra duong kinh vung trc ché téng on dinh trude toc do phat trién manh cua hé sgi nAm
bénh A. niger.

Su khéac nhau vé hiéu lyc trc ché giita 138 chung vi khuan cho thdy ngudn vi
khuan phén 1ap tir dat trong lac tai dia phuong c6 kha nang d6i khang khé da dang, trong
d6 nhiéu chung tc ché duoc ca 4. niger QT1 va H17 voi mitc d6 khac nhau. Piéu nay
cho thay tiém ning trong viéc khai thac ngudn vi khuan ban dia 1am ddi twong nghién
ctru tiép theo, nham tuyén chon cac ching vi khuan c6 hoat tinh d6i khang manh va 6n
dinh, phuc vu cho dinh hudéng phat trién cac bién phap phong trur sinh hoc bénh HRGMD
trén cay lac (Hinh 3.6).

Hinh 3.6. Kha nang doi khdng ciia cdc ching vi khudn voi ndm bénh trén méi trwong
PDA sau 6 ngay nuéi cdy, (Péi khang véi QT tir A-F twong g la B8, K1, 101, 112
va 137; doi khang véi HI17 tir G-M, twong vimg la B8, K1, 101, 112 va 137).

Két qua ¢ Bang 3.4 cho thay ca 6 chung nim déu ddi khang vdi A. niger QT1 va
H17 ¢ cac mirc do khac nhau. Trong d6, phan 16n cac ching khao sat biéu hién duong
kinh viing phat trién ctia ndm d6i khang Dea < 50 mm, chiém ti 1& tir 66,67% dén 83,33%.
Nhom tiép theo, 6 Dea tir 50 — 60 mm, chiém ti 1& thap (16,67%). Tuy nhién c¢6 01 chiing
¢6 Dea > 60 mm dbi v6i dong nam bénh QT1, nhung khong c6 ching nao ¢ Dea > 60
mm d6i véi ching ndm bénh H17.
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Bing 3.4. Kha nang doi khang ndm A. niger ciia cdc chiing nam phdn lgp

Puong kinh ving  D6i khang véi A. niger QT1 Poi khang voi A. niger H17
phat trién caa
nim ddi khang

Dca (mm) S6 chiing Ti 1€ (%) S6 chiing Ti 18 (%)
<30 4 66,67 s 333
50-60 1 16,67 { 16.67
~60 1 16,67 0 0

Tong s6 144 ching VSV dugc sang loc, gdm 74 ching phan lap tir dat trong
lac & Quang Tri va 70 ching ¢ thanh phé Hué (Bang 3.4). Cac ching phén lap thé
hién hoat tinh ddi khang ¢ nhitng muc d§ khac nhau, cho théy su da dang vé dac
tinh sinh hoc ciia VSV dét trong lac. Két qua nay twong dong véi nhiéu nghién ciru
trudc day, Ha va Hoa (2012) da thyc hién phan 1ap thanh cong cac ching nam di
khang Trichoderma tir cac mau dat trong lac tai Quang Tho (thanh phd Hué) va
Cam Lo (tinh Quang Tri). Trong nghién ctru cua Binh et al. (2024), chung xa khuin
XKH6 duoc thu nhan tir dat ving ré cdy nghé tai Hung Yén da thé hién hoat tinh ddi
khang v&i nhiéu tic nhan ndm giy bénh trén thyc vat, bao gdm A. niger, C.
gloeosporioides, F. oxysporum, P. digitatum va A. flavus. Tuong ty, Chang et al. (2025)
ghi nhan dét cat tai cic viing canh tac lac 1a mdi trudng c6 trién vong trong viéc phan
1ap va tuyén chon nhimng chung Bacillus c¢6 kha nang han ché su sinh trudng ctia hé soi
nam A. niger. Anith et al. (2021), cho rang phwong phap nudi ciy kép (dual culture)
trén dia thach 12 phuong phap sang loc in vitro dong dau tién duoc st dung rong rai
nhat dé tuyén chon so bd cac tic nhan d6i khang. St dung phuong phép nay dé sang
loc, x4c dinh cac chung VSV ¢6 trién vong thong qua su canh tranh khong gian hodc
tiét ra cac hoat chat ngoai bao. Hiéu suat ddi khang (%) thu dwoc trong nghién ciru
nay ciing tuong dong véi cong bd gan day cia Kampa et al. (2025) vé kha ning e
ché ndm gay bénh héo rit mdc den lac cta Bacillus va Trichoderma véi hiéu suét tic
ché A. niger (dat trén 68%). Co ché tac dong cua VSV d6i khang duoc cho rang rat
da dang, co thé truc tiép tAn cong nadm bénh hoic ky sinh nam (Kohl et al,. 2019). Du
& Li (2024) cho rang cac chung Bacillus (nhu B. thuringiensis TG5 hodc B. subtilis
R4D2) ¢6 kha ning cu tra tdt tai ving ré lac va 1am giam su xudt hién ctia cdc mam
bénh do nAm nhu 4. niger-.

Tir két qua sang loc so bd, 16 chung VSV ¢6 tiém nang di khang duoc lwa chon,
gdém 10 ching vi khuan (H1, K1, K2, B8, 45K, 46K, 101, 112, 118 va 137) va 6 chung
nam (VL1, Pak3, HL6, PhD3, TPH4 va PhV1). Cac chung nay tiép tuc dugc danh gia
in vitro v6i A. niger QT1 va H17 két qua duoc trinh bay & Bang 3.5.
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Bing 3.5. Ti 1¢ irc ché ciia cdc ching vi sinh vét doi khang véi ndm bénh A. niger QT
va A. niger H17 sau 6 ngay nudi cdy

Ti 18 wc ché (%)

Chung vi sinh vat

. dong khing A. niger QT1 A. niger H17
1 H1 45,20+ 0,468 4521+0,354¢
2 K1 61,60+ 0,05" 45,50+ 0,35¢
3 K2 49,86+ 0,13 ¢ 41,15+ 0,18¢
4 B8 55,38+ 0,18¢ 45,61+ 0,08 ¢
5 45K 41,05£0,191 46,44+ 0,20 %
6 46K 45,10+ 0,031 45,54+ 0,08 ¢
7 101 58,60+ 0,18°¢ 54,56+ 0,12"
8 112 52,10+ 0,04 ¢ 52,28+ 0,07"
9 118 46,90+ 0,06 & 42,63+ 0,12°¢
10 137 57,14+ 0,134 57,63+ 0,15*
11 VLI 37,04+ 3,40K 35,82+ 3,361
12 Dak3 46,67 £ 2,23 ¢h 40,83+ 2,28¢
13 HL6 77,41 +1,28? 48,30 +£1,22°¢
14 PhD3 47,78+ 2,94 T 27,64+ 2,618
15 TPH4 50,37+2,31°¢ 26,91+2,18¢8
16 PhV1 61,48+ 0,64" 2328+2,31"h

Ghi chii: Céc chiv cdi khdc nhau trén ciing mot ¢ét chi sw sai khdc cé y nghia thong
ké voi p < 0,05 (Duncan’s test). M + SD: Trung binh mau (Mean) = D¢ léch chuan
(Standard deviation).

Két qua danh gia cho thiy toan bd 16 ching VSV duoc Iyra chon déu thé hién kha
nang d6i khang véi ca hai ching nim gay bénh A. niger QT1 va A. niger H17 sau 6 ngay
nudi cdy, véi ti 1& (rc ché dao dong trong khoang tir 23,28% dén 77,41%. Nhin chung,
phan 16n cac ching VSV ¢6 mitc do trc ché d6i voi ching A. niger QT1 cao hon so véi
chung A. niger H17, thé hién qua khoang bién thién ti 1¢ wc ché dat tir 41,05% dén
77,41% a6i v6i A. niger QT1, trong khi d6i v6i A. niger H17 chi dao dong tir 23,28%
dén 57,63% (Hinh 3.7 va 3.8).



Hinh 3.7. Kha néng doi khang voi A. niger QTI ciia cdc ching vi sinh vat trén méi
truong PDA sau 6 ngay nuoi cd'y (BS, K1, 101, 112, 137 la cac chung vi khudn; TPHA4,
HL6, PhV1 la cdc chung ncfm)

Két qua khao sat ghi nhan mot s6 ching c6 ti 16 e ché trén 50% v6i A. niger
QT1, tiéu biéu gdbm HL6 (77,41%), K1 (61,60%), PhV (61,48 %), 101 (58,60 %), 137
(57,14%), B8 (55,38 %), 112 (52,10 %) va TPH4 (50,37 %). Nguoc lai, chi c6 03 ching
c6 ti 1& e ché trén 50% ddi véi A. niger H17, bao gom 137 (57,63 %), 101 (54,56 %)
va 112 (52,28 %). Két qua nay cho thiy cac ching 101, 112 va 135 thé hién kha ning
d6i khang 6n dinh ddi véi ca hai ching gay bénh A. niger QT1 va A. niger H17.

Bén canh d6, mot s6 chiing VSV thé hién ti 18 wc ché dudi 50% ddi véi ching A.
niger H17 bao gdm VL1 (35,82 %), PhD3 (27,64 %), TPH4 (26,91 %) va PhV1 (23,28
%). Mtrc d6 ddi khang véi hai chung ndm bénh A. niger QT1 va H17 cta céc ching
VSV khéc nhau, cho thiy tinh da dang trong phd va cuong d6 dbi khang, dong thoi cung
cap co s& thyc nghiém quan trong cho viée lya chon cac ching VSV tiém ning dé tiép
tuc nghién ctru chuyén sau.
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Hinh 3.8. Kha nang doi khding véi A. niger HI17 ciia cdc ching vi sinh vt trén moi
truong PDA sau 6 ngay nuoi ccfy (BS, K1, 101, 112, 137 la cac chung vi khudn; HLG6,
VLI va PhD3 la cac ching nim)

Céac két qua thu duogc vé su dao dong va tinh da dang cua ti 1€ trc ché ddi véi hai
chting nim bénh A. niger QT1 va H17 & cac ching VSV khao sat trong nghién ciru nay
phtl hop va tuong dong vai nhidu cong bd trude day vé viée tng dung doi khang sinh
hoc nhim kiém soat ndim 4. niger trong diéu kién in vitro. Cu thé, ti 1& trc ché ndm QT1
va H17 c6 su khac biét 10 rét gitra cac chung VSV, phan anh muac do doi khang sinh hoc
khong dong nhat va cho thay sy khac nhau vé pho ciing nhu cuong do te ché gitra cac
tac nhan vi sinh. Xu huéng bién dong niy di duoc ghi nhan pho bién trong cac nghién
clru trudc, trong d6 hiéu qua trc ché 4. niger phy thudc dang ké vao loai va chung VSV
dugc st dung duoi diéu kién in vitro. Nhiéu cong trinh da chi ra rz‘“ing cac chung
Trichoderma ban dia thudng thé hién hoat tinh d6i khdng manh trong thi nghiém nuoi
cdy kép, dién hinh nhu nghién ctu trén cdy mé (Sesamum indicum) cho thiy
Trichoderma viride dat ti 1& (rc ché 78,20 % va T. harzianum dat 73,07 %. Gawarkar et
al. (2022) ghi nhan B. subtilis va P. fluorescens ttc ché A. niger giy bénh trén ciy mé
v6i ti 18 1an lugt 1a 41,66% va 28,20%, cung cap thém co s& tham khao cho két qua cua
nghién clru nay.
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Dua trén két qua & Bang 3.5, trong s6 16 chung VSV duoc danh gid, ¢6 11 chung
thé hién kha nang di khang véi ca hai chiing 4. niger QT1 va H17, gdm 01 chiing nAm
HL6 va 10 chung vi khuan H1, K1, K2, B8, 45K, 46K, 101, 112, 118 va 137. Cac chung
nay dugc lya chon dé tiép tuc danh gia hoat tinh enzyme ngoai bao, Iam co s¢ cho budc
sang loc tiép theo.

3.2.2. Tuyén chon chiing vi sinh vt d6i khang va sinh enzyme ngoai bao

Hoat dong ddi khang gitta VSV v6i nAm bénh di duoc nhiéu nghién ctiru ghi nhan
1a c6 mbi lién hé chat ch& véi kha ning pha hily cdu trac thanh té bio ndm thong qua
hoat dong cua cac enzyme ngoai bao. Trong do, cac enzyme dong vai tro quan trong
tham gia vao qua trinh thity phan thanh té bao nim bao gom chitinase, cellulase, protease
va B-glucanase. Nhitng enzyme nay c6 kha ning phén giai cac thanh phan céu trac chu
yéu cua thanh t& bao ndm nhu chitin, cellulose, glycoprotein va p-glucan, tir d6 gay ra
t6n thuong cdu trac, lam suy yéu hoic hity hoai té bao nim bénh.

Co ché dbi khang dua trén hoat dong enzyme ngoai bao khong chi gop phan
trc ché truc tiép sy sinh trudng va phat trién ciia nAm giy bénh, ma con dugc danh
gia 1a than thién v&i moi truong, han ché cac tac dong bat loi dén hé sinh thai va
mang lai hiéu qua sinh théi tich cuc trong phong trir bénh hai cay trong. Tir két qua
d6i khang, cac ching VSV duoc lua chon tiép tuc danh gia hoat tinh enzyme ngoai
bao dé lam co s& cho budc sang loc tiép theo. Thong qua viéc xac dinh duong kinh
vung thily phin co chit dic hiéu trén méi truong thach dia. Két qua danh gia duoc
trinh bay tai Bang 3.6 va Hinh 3.9, lam co s& lya chon cac chung VSV cho budc sang
loc tiép theo.

Bing 3.6. Kha ning sinh enzyme ngoqi bdo ciia cdc ching vi sinh vt doi khang (mm)

TT Chung vi Pwong kinh ving thiy phan (mm)
sinh vat 1,3- B -glucanase Chitinase Cellulase

1 H1 18,50+ 0,20¢ 20,47+0,15¢ 17,70+ 0,624
2 K1 24,97+0,15% 25,83+£0,152 25,47+0,062
3 K2 22,77+0,25% 23,30+ 0,20° 24,03+ 0,152
4 B8 26,17+0,422 26,10+ 0,102 25,77+0,252
5 45K 20,07+ 0,31 19,37+ 0,15¢ 18,73+ 0,21 ¢
6 46K 22,23+ 0,38"% 22,93+0,21°% 22,97+0,15°
7 101 23,20+ 0,36° 22,53+ 0,06 21,23+ 0,31
8 112 23,93+ 0,31° 22,87+0,23% 21,90+ 0,79 b°
9 118 21,03+ 0,15°¢ 18,17+ 0,154 20,10+ 0,10°¢
10 137 21,03+£0,15°¢ 20,47+ 0,06¢ 20,67+ 0,31°¢
11 HL6 18,30+ 0,18¢ 18,45+0,154 17,68+ 0,204

Ghi chu: Cac chir cdi khac nhau trén cung mot cot chi su sai khdc co y nghia

théng ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + B¢ léch chudn.
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Két qua trinh bay tai Bang 3.6 cho thdy kha ning sinh enzyme ngoai bao cta 11
ching VSV dbi khang manh c6 sy khac biét r rét, thé hién qua duong kinh ving thity phan
co cht dbi voi ba nhom enzyme quan trong 13 B-1,3-glucanase, chitinase va cellulase. Su
khac biét nay duoc khing dinh bing phén tich thong ké Duncan, trong d6 cac gia tri mang
chir cai khac nhau trén cting mot cot biéu thi sy sai khac c6 y nghia thong ké (p < 0,05).

Dbi v6i enzyme B-1,3-glucanase, cic chung vi khuan B8 (26,17 mm) va K1
(24,97 mm) cho dudng kinh ving thiy phan 16n nhat, thudc nhém cao nhét (a—ab) va
khac biét co ¥ nghia thong ké so véi phan 16n cac chung con lai. Cac ching 101 (23,20
mm) va 112 (23,93 mm) cling thé hién hoat tinh enzyme cao, thuoc nhom b, trong khi
137 (21,03 mm) cho gi4 trj & mic trung binh nhung van cao hon nhém thip. Nguoc lai,
HL6 (18,30 mm) va H1 (18,50 mm) thudc nhom thap nhat, cho thy hoat tinh B-1,3-
glucanase yéu hon so vé6i cac ching vi khuan wu thé.

Vé chitinase, hai chung vi khuan B8 (26,10 mm) va K1 (25,83 mm) tiép tuc
thé hién hoat tinh cao nhét, thuéc nhom a, cho thy kha ning phan giai chitin vuot
troi. Cac ching 101 (22,53 mm), 112 (22,87 mm) va 137 (20,47 mm) nam trong
nhém trung binh (bc—c), song van cao hon cac ching c6 hoat tinh thap nhu HL6
(18,45 mm) va 118 (18,17 mm). Piéu nay cho thay cac chung vi khuan dugc lya chon
khong chi manh vé mot enzyme don 1é ma con thé hién kha nang sinh chitinase tuong
d6i dong déu va on dinh.

Dbéi voi cellulase, cac chung B8 (25,77 mm) va K1 (25,47 mm) tiép tuc thuodc
nhom cao nhat (a), trong khi 101 (21,23 mm), 112 (21,90 mm) va 137 (20,67 mm) thudc
nhom trung binh (bc—c). Mac du khong dat gia tri cuc dai nhu B8 va K1, cac chung nay
van thé hién hoat tinh cellulase dang ké, cao hon rd rét so véi cac chung c6 hoat tinh
thap nhu HL6 (17,68 mm) va H1 (17,70 mm).

Hinh 3.9. Hoat tinh enzyme p-1,3-glucanase (A), chitinase (B) va cellulase (C) cua
mét s6 chiing vi sinh vdt phan ldp
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Su c6 mit cia cellulase trong cac chung vi sinh vat d6i khang co gay ton hai dén
mo thuc vat tai cac vét thuong hay khong ciing duoc xem xét can thin trong nghién ciru.
Nhiéu nghién ctru cong bd d chi ra cellulase tir cac chung Bacillus nghién ctru dong vai
trd 13 tac nhan kich khang lanh tinh (ISR/DTI) chit khong gay hoai tir mé nhu nAm bénh.
Su phan huy cellulose cuc bd, cod kiém soat tai vét thuong giai phong cac manh
oligosaccharide ngin (DAMPs) (Bacete et al., 2018). Thyuc vat nhan dién tin hiéu nay s&
kich hoat dong ion Ca?" ndi bao, san sinh ROS, ting hoat tinh enzyme phong vé POD
(Peroxidase), PAL (Phenylalanine ammonia-lyase), PPO (Polyphenol oxidase) va cam
tmg con duong Acid Jasmonic/Ethylene. Qua trinh nay thic ddy phan chia té bao tang
ban, ling dong lignin va callose dé tao mo seo dong kin vét thuong, ting cudng do bén
co hoc bao vé€ cay (Bacete et al., 2018; Pontiggia et al., 2020; F. Yang et al., 2023). Bén
canh d6, vi khuan ving r& (PGPR) s& hitu hé thong diéu hoa nghiém ngit gen sinh
cellulase ngoai bao (nhu endoglucanase ho GH5) (Beauregard et al., 2013; Saberi Riseh
etal.,2024; Yang et al., 2024). Khac v6i nam bénh tan cong d at, vi khuan vung ré (PGPR)
diéu tiét nghiém ngit cac gen sinh enzyme ngoai bao trong qua trinh twong tac truc tiép
véi vat chi dé hd tro qua trinh bam dinh (Saberi Riseh et al., 2024; F. Yang et al., 2024).
Su ndi long nhe vach té bao thuc chat 1a "chia khoa" gilp vi khuan ndi sinh hoa binh, tao
hang rio sinh hoc bao vé ré trudc nAm hoai sinh ma khong suy giam stc séng cua ciy
(Bacete et al., 2018). Ngoai ra, bang chung thuc nghiém va dit liéu bo gen cia B.
velezensis cho thay sy hién dién ctia cdc cum gen ma hoa cho enzyme ngoai bao (chitinase,
cellulase, f-1,3-1,4-glucanase) va tinh an toan sinh hoc (F. Yang et al., 2023; Hu et al.,
2023; Figueiredo et al., 2025). B gen cua cac chung B. velezensis chira t6 hop gen ma
héa enzyme lytic di kém cum gen hinh thanh biofilm, dinh cu ré (sacB, spo0A, epsA-O)
(Hu et al., 2023; Jin et al., 2025). O Viét Nam, Huy et al., (2017) cling phat hién sy hién
dién cua hoat tinh cellulase & cac ching Trichoderma ban dia tiét enzyme phéan huy vach
té bao nidm bénh ciing gbp phan cling cd thém két qua cia luan an. Tuy vdy, cac nghién
cuu tiép theo cua luan an tiép tuc thiét ké cac thu nghiém ddc tinh thuc té clia cac ching
VSV ddi khang duoc lua chon dén ti 16 nay mam cua hat lac va su phat trién cla cay con
dé danh gia tinh an toan ctia cac ching VSV d6i khang ddi véi cay lac.

Két qua ¢ Bang 3.6 cho thiy kha ning sinh enzyme ngoai bao khac nhau gitra 11
chung VSV khao sat. Nhin chung, cac chung c6 hoat tinh enzyme cao ciing thé hién kha
ning d6i khang t6t voi nAm bénh, cho thiy hoat tinh enzyme ngoai bao c6 thé lién quan
dén kha nang d6i khang ctia cac ching VSV.Trong d6, hai chiing vi khuan B8 va K1 noi
bat véi hoat tinh enzyme cao nhat trén ca ba nhom enzyme, trong khi cac ching 101,
112 va 137 thé hién hoat tinh 6n dinh & muc trung binh—cao, khong chi tap trung vao
mot enzyme don 1¢.

Trén co s danh gia tong hop hoat tinh ctia ca ba nhém enzyme, nim ching vi
khuan B8, K1, 101, 112 va 137 duoc lua chon cho céc nghién ctru tiép theo do dap Ung
dong thoi cac tiéu chi: (i) Hoat tinh enzyme ngoai bio cao hoic trung binh—cao d6i véi
ca ba enzyme trong tap hop cac chung duoc khao sat; (i) Sw 6n dinh twong ddi giita cac
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chi tiéu danh gia, khong chi noi tréi & mot enzyme don 1¢; (iii) Co sy sai khac co y nghia
thng ké so véi nhoém co hoat tinh thap, qua d6 thé hién tiém ning dbi khang sinh hoc
rd rét. Riéng ching ndm HL6, mic du c¢6 dudng kinh ving thiiy phan nhé hon so véi
cac chung vi khudn, song day 1a chung nidm dbi khang manh d duoc tuyén chon ¢ budc
sang loc trudc, dong thoi dai dién cho nhom VSV d6i khang khac vé mit phan loai. Viéc
giit lai chiing HL6 nham b sung tinh da dang sinh hoc trong nhém ching nghién ctru,
qua d6 tao co so cho viéc so sanh va danh gid vai trd twong di cta vi khuan va nim
trong co ché dbi khang sinh hoc thong qua hoat déng enzyme ngoai bao.

Bén canh do, dir liéu nghién ctru thuc nghi¢m thu dugc ctia ching t61 cho théy cac
chung VSV c6 kha niang d6i khang véi A. niger c6 biéu hién hoat tinh cia cc enzyme
ngoai bao B-glucanase, chitinase va cellulase. Pay l1a nhitng enzyme c6 vai tro quan trong
trong pha v& thanh té bao ndm bénh. Két qua nghién ctru nay twong dong véi nhiéu cong
b trudc day vé co ché ddi khang sinh hoc kiém soat ndm bénh cua cac VSV ( Saberi
Riseh et al., 2024). Chang han nhu chitinase cua chung B. licheniformis MY75 ¢6 duoc
ching minh c6 vai trd quan trong trong (rc ché sy phét trién clia soi ndm va sy ndy mam
ctia bao tir hai loai nAm bénh Gibberella saubinetii va A. niger (Xiao et al., 2009). Ching
Streptomyces BITDG-11 c6 hoat tinh cao cua chitinase, B-1,3-glucanase va lipase co lién
hé véi kha nang dbi khang F. oxysporum gy bénh héo rii chubi (Zhang et al., 2021).
Chung B. velezensis CE 100 c6 kha nang sinh chitinase, protease va -1,3-glucanase tc
ché sy phat trién va nay mam bao tir cua C. gloeosporioides va kiém soat bénh than thu
qua 6¢ cho (Choub et al., 2021). Phan tich hé gen, tin sinh hoc va khéi pho da xac dinh p-
glucanase ctia B. subtilis CW14 c6 kha ning e ché A. ochraceus (Zhao et al., 2022). Co
ché cho su d6i khang sinh hoc nay gom sinh ra cac hop chét c6 hoat tinh sinh hoc, ting
cuong mién dich cho ciy trong hoic sy thiét 1ap 16i séng cong sinh (Ali et al., 2024). Cac
nghién ctru gan day ciing cho rang, trong diéu kién in vitro, F. oxysporum bi mot sé ching
Bacillus ban dia nhu B. subtilis BK7.1, B. mojavensis EG6.4 va B. velezensis LSD4.2 uc
ché sy phat trién thong qua co ché tiét hop chat khang nam va kha ning canh tranh sinh
hoc (Nurhariyati et al., 2025). Nhitng két qua nay cung ¢ vai trd cta cac VSV sinh
enzyme ngoai bao trong kiém soét sinh hoc nAm gay bénh thyc vat.

Két qua danh gia cho thiy cac chung VSV ¢6 mutrc do ddi khang khac nhau ddi
v6i hai chiing ndm bénh 4. niger QT1 va H17. Trén co s& két qua ddi khang va kha ning
sinh enzyme ngoai bao, nam chung vi khuén (B8, K1, 101, 112, 137) va mdt ching nam
(HL6) da duoc lya chon. Cac chung nay dugc tiép tuc nghién ciru nham danh gia tiém
nang kiém so4t sinh hoc ndm bénh

3.2.3. Pinh danh cac chiing vi sinh vit sau sang loc ddi khang va hoat tinh
enzyme ngoai bao

3.2.3.1. Pinh danh cdc chiing vi khudn

Céc chung vi khuin B8, K1, 101, 112 va 137 duoc dinh danh thong qua cac dac
diém hinh thai, dic tinh hoa sinh va két hop voi phan tich trinh ty nucleotide gen 16S-
DNA, két qua thu duoc nhu sau:
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Dic diém hinh thdi ciia 5 chiing vi khuin d6i khiang

Trén moéi truong LBA, quan sat cho thay c6 sy da dang vé dic diém hinh thai
giita cac chung vi khuin. Mau sac (tring dyc, trang kem, mau vang nhat, vang sim),
hinh dang (hinh tron, hinh tron khong déu, kéo dai, xoe ria, bat dbi xrmg), bé mit (nhin
nheo, 1i nhe, nhan, min, hoi det) varia khuan lac (gon song, rang cua, tron, nhacm). Quan
sat dudi kinh hién vi quang hoc cho thiy té bao ctia 5 ching vi khuan déu thuéc nhoém
vi khuan Gram duong, té bao hinh que, ngin, dting don 1¢ hodc cip doi (Hinh 3.10).

Hinh 3.10. Hinh thai khudn lac trén méi truong LBA (a, b) va té bao nhuém
Gram (c) cdc ching vi khudn déi khang B8, K1, 101, 112, 137 quan sdt dudi kinh
hién vi quang hoc (X 100).

Nhirng dic diém hinh thai ctia cac chung vi khuan B8, K1, 101, 112 va 137 buéc
dau nay da so bo nhan dinh rang ca 5 ching vi khuan déu thudc chi Bacillus. Dé kiém
chtrng thém cho nhan dinh trén, chung t61 da kiém tra ddc tinh hoa sinh, két qua duogc
trinh bay sau day.
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Dic tinh hoa sinh ciia 5 chiing vi khuin d6i khang

- Céc chung B8, 101 va 112 c6 kha ning dong hoa/lén men 23 trong s6 49 loai
carbohydrate, bao gé)m: glycerol, L-arabinose, D-ribose, D-xylose, D-glucose, D-fructose,
D-mannose, inositol, D-mannitol, D-sorbitol, methyl a-D-glucopyranoside, amygdalin,
arbutin, esculin, salicin, D-cellobiose, D-maltose, D-lactose, D-sucrose, D-raffinose, tinh
bot, glycogen va gentiobiose. Trong khi do, chung K1 va chiing 137 ¢6 kha nang 1én men
23 loai carbohydrate, bao gém: glycerol, L-arabinose, D-ribose, D-xylose, D-Galactose, D-
glucose, D-fructose, D-mannose, inositol, D-mannitol, D-sorbitol, methyl a-D-
glucopyranoside, amygdalin, arbutin, esculin, salicin, D-cellobiose, D-maltose, D-lactose,
D-sucrose, D-Trehalose, D-raffinose va glycogen (Bang 3.7).

Bing 3.7. Ddc tinh héa sinh ciia 5 ching vi khudn doi khang dwoc phan Idp sir dung

bo kit API 50 CHB
STT Thir nghiém Ching Ching Chung Ching Ching
hoa sinh B8 101 K1 112 137
0 Control - - - - -
1 Glycerol + + + + +
2 Erythritol - - - - i,
3 D-Arabinose - - - - -
4 L-Arabinose + + + + +
5 D-Ribose + + + + +
6 D-Xylose + + + + +
7 L-Xylose - - - - -
8 D-Adonitol - - - - -
Methyl-B-D-

xylopyranoside ) i i i i

10 D-Galactose - - + - +
11 D-Glucose + + + + +
12 D-Fructose + + + + +
13 D-Mannose + + + + +
14 L-Sorbose - - - - -
15 L-Rhamnose - - - - -
16 Dulcitol - - - - -
17 Inositol + + + + +
18 D-Mannitol + + + + +
19 D-Sorbitol + + + + +
20 Methyl a-D- ] ) ) ) )

mannopyranoside
21 Methyl a-D.- N N N N .
glucopyranoside

22 N-Acetylglucosamine
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STT Thir nghiém Ching Ching Chung Chung Chung

hoa sinh B8 101 K1 112 137
23 Amygdalin + + + + -
24 Arbutin + + + + +
25 Esculin + + + + +
26 Salicin + + + + +
27 D-Cellobiose + + + + +
28 D-Maltose + + + + +
29 D-Lactose + + + + +
30 D-Melibiose - - - - -
31 D-Sucrose + + + + +
32 D-Trehalose - - + - +
33 Inulin - - - - -
34 D-Melezitose - - - - ,
35 D-Raffinose + + + + +
36 Tinh bot + + ND + ND
37 Glycogen + + + + -
38 Xylitol - - - - ,
39 Gentiobiose + + - + -
40 D-Turanose - - - - -
41 D-Lyxose - - - - -
42 D-Tagatose - - - - -
43 D-Fucose - - - - -
44 L-Fucose - - - - -
45 D-Arabitol - - - - -
46 L-Arabitol - - - - -

47 Kali gluconate - - - - i,
48  Kali 2-ketogluconate - - - - -
49  Kali 5-ketogluconate - - - - .

Chu thich: (+) duong tinh, (—) am tinh; ND: khong xdc dinh.

Téng hop két qua dic tinh sinh hoa thu duoc qua b kit API 50 CHB, ca 05 chung
vi khuan phén lap phu hop véi dic diém thudc chi Bacillus sp. Két qua nay twong dong
v6i cac nghién ctru trude day vé tng dung hé thong API 50 CHB trong nhan dién va dic
trung hoda sinh hda cac chung Bacillus (Logan & Berkeley, 1984). Tuy nhién, viéc dinh
danh Bacillus sp. chi dua trén dic diém sinh hod 13 chua du dé dam bao do chinh xac
cao va can thiét phai bo sung cac phuong phap dinh danh phén ti.

Pinh danh phan tir 5 chiing vi khuan d6i khang

Két qua phan tich trinh ty ving 16S rRNA ciia 5 ching vi khuan tuyén chon duoc
khuéch dai béng cap mdi 27F/1492R duoc thé hién & Béang 3.8 va Hinh 3.11. Bén canh
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d6, phan tich phat sinh loai dua trén trinh ty ving gen nay ciing dugc thé hién ¢ Hinh
3.11. Két qua chi sb twong dong ving 16S-rRNA phén 1ap so sanh v6i cac ching tham
chiéu duoc thé hién ¢ Bang 3.8, cdy phat sinh loai xdy dung dua trén cdc trinh tu nay
duogc trinh bay & Hinh 3.11.
Phén tich BLASTn chi ra ring, ca 5 chung vi khuan déu ghi nhan muc d6 twong
ddng cao véi cac loai thude chi Bacillus bao gdm B. velezensis, B.siamensis va B.
amyloliquefaciens. Trong d6, cac ching phan lap B8, 101 va 112 ¢6 mirc d6 twong dong
100% v6i “ching TYPE” B. siamensis KCTC 13613 (KY643639). Két qua nay ciing
tuong dong voi bao cao vé chung B. siamensis YB-1631 phén lap tir ré cay lta mi (ti 16
tuong dong 13 99,9% véi KCTC 13613) (Q. Dong et al., 2023). Trong khi, hai mau phan
1ap137 va K1 c6 mirc do twong ddng 99,93% véi B. velezensis FZB42 (mi s truy cap
NR 075005) (Chen et al., 2007; Yao et al., 2025) va cac “chung TYPE” nhu B.
velezensis BCRC17467 (EF433407), B. velezensis NRRLB-41580T (KY694464) (Nga
et al., 2024). Céac két qua nay cho thiy, 5 chung phén lp c6 muc do twong déng cao véi
cac loai da dugc mo ta thudc chi Bacillus.
Bing 3.8. Chi s6 twong dong ving 16S rRNA giita cdc ching lwa chon va chiing tham chiéu
Ky hiéu  Kich thwée Ti 1€ S6 hiéu ding ky dir
ching vung 16S ghi  twong Chiing tham chiéu  li¢éu NCBI ciia céc

phinlip nhin (Nu) dong (%) ching phan lap

BS 1394 100 B siamensis KCTC OR432536
13613 (KY463639)

B. velezensis FZB42
K1 1393 99,93 OR432532
(NR _075005)

101 1394 100 B siamensis KCTC OR432535
13613 (KY463639)

B. si s KCTC
112 1394 100 SIAmEnss OR432534
13613 (KY463639)

B. velezensis FZB42
137 1393 99,93 OR432533
(NR_075005)

Cay phat sinh loai duoc trinh bay ¢ Hinh 3.11 cho thay ba ching vi khuan BS,
101 va 112 nam chung nhanh véi “ching TYPE” B. siamensis KCTC 13613, gia tri
bootstrap cao (>90%), cho thdy muc do twong dong rit cao giira chung. Trong khi do,
ching vi khuan K1 va 137 cung cAu tric trong mdt nhanh doc 1ap cé su xuat hién cua
B. velezensis FZB42, “chung TYPE” B. velezensis NRRLB-41580 va céac chung B.
velezensis BCRC17467, B. velezensis CB02999 v&i gia tri bootstrap cao, cing co két
qua so sanh trinh ty baing BLAST (Nga et al., 2024).

Két qua phan tich dic diém kiéu hinh (nhu nhuém Gram duong, té bao hinh que,
sinh ndi bao tir va hinh thai khuan lac dic trung) két hop véi so sanh BLAST va ciy
phat sinh chung loai dua trén trinh tw gen 16S rRNA cho phép xéac dinh 05 chung vi
khuan phan 1ap B8, K1, 101, 112 va 137 thudc vé chi Bacillus va c6 quan hé tién hoa
cuc ky gan giii voi cac loai Bacillus siamensis va Bacillus velezensis. Cac trinh tu 16S
rRNA cua 5 chung phan 13p da dugc dang ky trén co s¢ dit liéu NCBI voi cac s6 hiéu
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twong trng 1a OR432536, OR432532, OR432535, OR432534, OR432533. Trong nghién
clru nay, cac dic diém kiéu hinh dic trung két hop véi d6 twong dong trinh tu 16S rRNA
dat murc toi da (99,9% - 100%) so véi cac ching chuan di cung cap cac bang ching
phan loai hoc quan trong (Ali et al., 2020; Gorai et al., 2021; Vasait et al., 2023; Yao et
al., 2025). Do d6, 05 chung dugc dinh danh 1a B. siamensis B8, 101, 112 va B. velezensis
K1, 137, sau d6 duoc st dung cho cc nghién ctru tiép theo.

Tuy nhién, trong phan loai hoc VSV hién dai, phtrc hop loai Bacillus subtilis, dac
biét 1a nhom ‘operational group Bacillus amyloliquefaciens' gém cac loai B.
amyloliquefaciens, B. siamensis va B. velezensis 1a mdt trong nhitrng nhom c¢6 vi tri phan
loai hoc rat phirc tap (Fan et al., 2017; Borriss et al., 2026). Do tinh chét bao thi rat cao
ctia gen bao thu 16S rRNA trong nhém nay (thuong dat d6 trong dong trinh tu trén 99%
gifta cac loai), viéc chi sir dung chi thi don gen 16S rRNA két hop hinh thai sinh hoa
truyén thong doi khi gip thach thirc trong viéc phan dinh ranh gi6i loai mot cach tuyét
d6i (Fan et al., 2017; Chun et al., 2019; Zhao et al., 2025). Do d6, viéc tiép tuc lam sang
t6 cac dic diém tién hoa chi tiét dé khai thac sau cac cum gen thir cap ctia cac ching ban
dia nay, cac phan tich da gen (MLSA) hudng dén gen gyrd (Yao et al., 2025) gen gyrB
va rpoB (Borriss et al., 2026; Q. Dong et al., 2023; Zhao et al., 2025) hodc giai trinh tu
toan hé gen dé tinh toan chi s6 ANI va dDDH (Dunlap et al., 2016; Fan et al., 2017;
Chun et al., 2019; Zhao et al., 2025) s& I nhiing budc hoan thién quan trong dugc trién
khai trong céc nghién ctru tiép theo sau luan an.

0.05

Tree scale: ' Bacillus siamensis KCTC13613" (KY643639)
101 (OR432535)
Bacillus siamensis KZ (0P872601)
112 (ORA432534)

/811 B8 (OR432536)
0.99/%0 | K1 (OR432532)
137 (ORA432533)
Baciilus velezensis FZB42 (NR_075005)
0.88/78 | Baciflus velezensis BCRC17467 (EF433407)
Bacillus velezensis NRRLB-alSBOT (KYE94464)
Bacillus velezensis CB02999 (MK351256)
Bacillus amyioliquefaciens NBRC15535 {NR_112685)
1/97 || Bacillus amyloliquefaciens BCRC11601 (NR_116022)
+ Bacillus amyloliquefaciens ATCC233507 (AB325583)

1/99

Bacillus licheniformis ATCC14580 T (KX785171)

L Bacillus subtilis lAMlleB' {ABD42061)
— Bacillus pumilus ATCC?DSIT (AB271753)
1/98 17100 - Bacillus cereus ATCC14579 (MHE06388)

1/99

| Bacitlus thuringiensis 1AM12077 T (NR_043403)
Bacillus benzoevorans NCIMBIZSSS‘ (NR_D44828)
Paenibacillus polymyxa IAM:I.:-!:I-.I.Q1 (RJ320493)

Hinh 3.11. Cay phat sinh chung loai dwa trén trinh tu nucleotide cua gen 16S rRNA
ciia cdc ching phan Idp B8, K1, 101, 112, 137 va cdc chiing tham chiéu, Paenibacillus
polymyxa dwoc sw dung lam nhom ngoai

Nhiéu loai Bacillus, dac biét B. siamensis va B. velezensis, kiém soat sinh hoc
hiéu qua nhiéu nim gdy bénh nhu Aspergillus spp., Fusarium spp. va Colletotrichum
spp. (Cao et al., 2018; Putri et al., 2020; L. Zhou et al., 2022; J. Zhou et al. (2022); Yao
et al., 2025). Cac chung Bacillus dbi khang c6 kha ning tiét ra hé enzyme phan giai
thanh té bao nam goém P-1,3-glucanase (M. Zhang et al, 2024; Y. Zhang et al, 2024),
chitinase, cellulase, lipase (Ali et al., 2020; Gorai et al., 2021; Aphaiso et al., 2024; Zhao
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et al., 2025). Cac enzyme ndy pha huy thanh té bio ndm bang cach thuy phan cac
polymer phirc tap nhu -1,3-glucan, chitin va cellulose, dan toi 1am suy yéu tinh toan
ven ctia thanh té bao, ro ri nguyén sinh chit, gay bién dang soi nam, trc ché sy ndy mam
ctia bao tir ; (e ché su sinh truéng cua soi nam, cudi cung din dén nim bi chét (Al et
al., 2020; Chen et al., 2021; Gorai et al., 2021; Yin et al., 2022 ; Q. Dong et al., 2023).
Nghién ctru da bao cdo chung B. siamensis QN2MO-1 (c6 8 gen B-1,3-glucanase, 4 gen
chitinase) @c ché su phat trién ctia nAm bénh héo rii ca chua do F. oxysporum f. sp.
Iycopersici (Fol) gy ra (M. Zhang et al., 2024). Bén canh co ché phan huy thanh té bao,
B. siamensis va B. velezensis con c6 thé san xuat nhiéu hop chat thir cip nhu lipopeptide;
terpene, fengycin va surfactin, iturin (Putri et al., 2020; Gorai et al., 2021; Moreira et
al., 2025), amylocyclicin, bacilysin, difficidin, macrolactin, plantazolicin c6 kha ndng
khang nam bénh (Chun et al., 2019; Putri et al., 2020; Borriss et al., 2026). Pong thoi,
cac chung B. siamensis va B. velezensis con c6 kha nang kich hoat kha nang cdm tng
khéng bénh toan than (induced systemic resistance, ISR) cua cay ky chu thong qua con
dudng axit jasmonic va axit salicylic (Putri et al., 2020; Dutilloy et al., 2024; Yao et al.,
2025; Borriss et al., 2026). Nhiéu chung Bacillus con c6 co ché bd trg nhu hinh thanh
mang sinh hoc (Choi et al., 2021), canh tranh dinh dudng (Zhao et al., 2025), san Xuét
siderophore (Gorai et al., 2021), khong gian song (Yao et al., 2025) gitp chung chiém
vu thé tai viing ré va han ché sy phat trién ctia mam bénh. Cac nghién ctru ciing chi ra,
Bacillus dugc phan lap tir nhidu nguén khac nhau nhu dat, ving ré cdy (Vasait et al.,
2023), ndi sinh trong mo thuc vat (Gorai et al., 2021; Moreira et al., 2025) cho théy kha
nang phan bé da dang. Nhiéu chung Bacillus c6 kha ning san sinh IAA (Gorai et al.,
2021; Yin et al., 2022), thuc déy tang truong thuc vat (Moreira et al., 2025; Yao et al.,
2025). Két hop cac co ché dbi khang va kha nang thich nghi da dang gitp Bacillus trd
thanh tac nhan sinh hoc trién vong trong phong tror bénh hai nam (L. Zhou et al., 2022;
J. Zhou et al., 2022; Dutilloy et al., 2024; Moreira et al., 2025; Borriss et al., 2026).

3.2.3.2. Dinh danh chiing néim ’ ’ ’

Chung nam HL6 nudi cay trén moi truong PDA cho thay sgi ndm ¢6 mau trang,
khuan lac hoi xdp, sinh truéng nhanh, sau 6 ngay dat toi 90 mm va hinh thanh nhiéu bao
tir. Bao tir thuong trong sudt dén xanh luc nhat, hinh ciu, bé mit nhin, thé binh dang
hinh tru (Hinh 3.12). Hinh thai chiing nam HL6 c6 nhiéu dic diém tuong ddng véi céc
loai thudc chi Trichoderma da duwoc mo ta trong nhiéu nghién ctru. Chang han nhu céc
chung 7. asperellum duge bao cao c6 khuan lac mau xanh d¢am trén moi trudng PDA,
bao tir hinh cau dén gan hinh cau, kich thude 2,5-3 um (Raja et al., 2023), c6 khuén lac
phat trién nhanh, day va xdp, thé binh moc d6i xmg va thanh chum 2-3 thé binh (Huy
et al., 2017). Trong khi d6 cac chung T. harzianum c6 khuan lac mau xanh tring dén
xanh nhat trén PDA. Bao tir hinh cau dén gan hinh ciu hodc hinh trimg thuén ngan, kich
thudc 1,5-2 um (Raja et al., 2023).



Hinh 3.12. Bdc diém hinh thdi chiing ndm HLG trén méi trieong PDA: (4) soi
nam va (C) bao tir quan sat dwdi kinh hién vi Olympus BX51 (36 phéng dai 40X);
(B va D) khudn lac

Két qua dién di san pham PCR cho thdy xuit hién bang & vi tri khoang 600 bp

so voi thang chuan. Két qua so sanh bang cong cu BLASTn trén GenBank, cho thiy
trinh tu vung ITS cua ching phan 1ap HL6 ghi nhan muc do twong dong 100% véi
trinh ty cia ching tham chiéu cia Trichoderma asperellum CBS 433.97 (ching
TYPE). Két qua phén tich phat sinh loai thong qua str dung mé hinh JC lya chon theo
Bayesian information criterion (BIC) ciing cho thdy ching phan 1ap HL6 duoc cau
tric trong cum don nganh véi ciing cac chung tham chiéu nhu 7. asperellum CBS
433.97 va T. asperellum PRCK-3 véi cac tham s6 hd tro cao (Hinh 3.13). Dua trén
t6 hop dic trung hinh thai vi thé dién hinh ciia loai va trinh ty ving ITS dat do tuong
dong tuyét dbi trén co so dir lidu qudc té, chung nam ddi khang HL6 buéc dau duoc
dinh danh 1a Trichoderma asperellum. Tuy nhién, do ving ITS c¢6 mtc do bao ton di
truyén rat cao, cac loai can duyén dong hinh nhu 7. asperellum, T. asperelloides va
T. yunnanense ¢ thé c6 ving ITS tuong dong (Cai & Druzhinina, 2021). Khic phuc
gi6i han phan giai cua chi thi don 1é nay, huéng nghién ciru tiép theo sau luan an c6
thé bo sung giai trinh ty hai gen ma hoa protein c6 d¢ da hinh cao 1a tefl va rpb2 dé
tién hanh phén tich pha hé da locus (multilocus phylogeny) (Dou et al., 2020; Cai &
Druzhinina, 2021). Dong thoi, khao sat bd sung cac dic diém sinh 1y. sinh thai dic
trung dé hoan thién hd so nhan dién chung HL6 theo hudng phan loai da pha
(polyphasic taxonomy), dé bao dam tinh chinh xac khoa hoc cao vé mit phén loai
(Cai & Druzhinina, 2021).
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Tree scale: 005
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§6.5/0.99/96 —ﬂ
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Trichoderma paraviridescens CBS 1193217
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/ f Trichoderma vadicola ACCC 397167
88.91/6 | Trichoderma neokoningii CBS 120070 T
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98/ ]/97 ~ Trichoderma asperefium IIPRCK-3
A L6 I. asperellum
Trichoderma asperellum CBS 433.97T
Trichoderma yunnanense YMF1,01694T
A Trichoderma necrufum CBS 1111447
‘ Trichoderma aeroaguaticum NBRC 1080347
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Trichoderma theobromicola GBS 1191207

|: Trichoderma pubescens CBS 345937
<4 Trichoderma flaviconidium GJS99-49 T

P
78/0.98/58 90419 — Trichoderma turrialbense CBS 1124457
Trichoderma hypoxylon CGMCC 3.179067
100/1/100 Protocrea farinosa CBS 1215517
| (OUTGROUP)

‘Protocrea pallida CBS 29978'

Hinh 3.13. Cdy phdt sinh chiing lodi dwa trén trinh tw ITS cua ching nam HL6. Tai
moi nut, cdc gia tri biéu thi cdc gia tri tham s6 hé tro theo thir tw lan lwot la SH-aLRT/
xdc sudt hdu nghiém Bayesian (BPP)/ultrabootstrap (UFB) ML. Cdc ching TYPE
tham chiéu dai dién dwoc ky hiéu bang “T”. Thanh ti ¢ biéu thi ti Ié thay thé
nucleotide trén méi vi tri. Hai chiing Protocrea farinosa CBS 121551 va Protocrea
pallida CBS 29978 dwoc si dung lam nhom ngoai.

Két qua nhan dién so bd chung HL6 twong ddng voi cac dic trung phan loai
hoc cua loai Trichoderma asperellum da dugc ghi nhin trong céc cong trinh nghién
ctru trude d6. O mién Trung Viét Nam, su hién dién phd bién cua loai nam déi
khang T. asperellum thu nhan tir cic mau dat trong lac da dugc bao cao trong céac
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béo céo trudc day. Theo két qua khao sat cua Ha & Hoa (2012) tai Hué va Quang
Tri da phéan 1ap thanh cong 40 chung Trichoderma ban dia tir 8 mau dat nong nghiép
tré)ng lac, tiéu va ot, trong d6 xac dinh dugc nhiéu chung c6 hoat luc doi khéang
manh m& va kim him kha ning phat sinh hach nim cta tic nhan giy bénh hai r& .
rolfsii HOO1 phan lap tir dat trong lac dia phuong. Ching dbi khang dac hiéu T.
asperellum PQ34 ciing duoc phat hién tir 16p dat mit trong 6t tai Hué (Loc et al.,
2020). Huy at el., (2017) di phan lap dugc nhiéu chung nam thudc chi Trichoderma
tir dat nong nghiép tai cac tinh mién Béc ctia Viét Nam. Dua trén dic diém hinh
thai va ty ving ITS rDNA, nhiéu ching ndm dugc xac nhan 13 7. asperellum va T.
harzianum. Trong sb do, T. asperellum dugc xac nhan la xuat hién kha phé bién va
thé hién hiéu luc ddi khang manh déi v6i ndm bénh R. solani va Sclerotinia
sclerotiorum. Alwadai et al. (2022) phan lap cac chung Trichoderma d6i khang tir
dat béng moi truong chon loc TSM va PDA, lam thuan cac chung nim béng cach
cdy chuyén va sir dung ITS dé dinh danh phan t&r nAm. Raja et al. (2023) da phén
lap 35 chung nam tir dat ving ré cay lac tai ving ban kho han An D6 va di phan
loai chung thanh 4 loai chi yéu gom T. asperellum, T. harzianum, T.
longibrachiatum va T. citrinoviride, ddng thdi xac nhan hai nhém loai T.
asperellum va T. harzianum thé hién hoat tinh d6i khang manh mg, rc ché nim gy
bénh héo ri S. rolfsii. Co ché kiém soat sinh hoc cua Trichoderma chéng lai nAm
bénh hai dat thuong thong qua nhiéu co ché nhu mycoparasitism, khang sinh va
kich hoat hé théng tu vé cta cdy trong. T. asperellum va T. harzianum sé hitu cac
enzyme phan huy véach té bao nhu chitinase, glucanase va protease dé kim ham tryuc
tiép tan ndm hai (Loc et al., 2020; Chen et al., 2023; Raja et al., 2023; Kredics et
al., 2024). Chi Trichoderma thé hién kha nang kiém soat sinh hoc c6 hiéu qua chong
lai nhiéu loai nim, vi khuan, tuyén trung gy bénh & thyc vat va duoc Gmg dung
rong rai vao san Xuat nong nghi¢p (Chen et al., 2023; Kredics et al., 2024).

Trén co s danh gia hoat tinh d6i khang, kha ning tiét manh mé cac enzyme ngoai
bao va két qua phan loai hoc, 06 chung VSV uu viét da dugc lya chon dé phuc vu cho
céc nghién ctru tiép theo bao gdm B. siamensis B8, B. velezensis K1, B. siamensis 101,
B. siamensis 112, B. velezensis 137 va T. asperellum HL6 dé danh gia viéc anh huong
dén kha ning nay mam cua hat lac.

3.2.4. Anh huéng ciia cac chiing vi sinh vat ddi khang dén ti 18 nay mam cia
hat lac

Khi xtr Iy hat giéng lac L14 v6i cac chung B. siamensis B8, B. velezensis K1, B.
siamensis 101, B. siamensis 112, B. velezensis 137 va T. asperellum HLO6, ti 1€ ndy mam
ctia hat lac 1an luogt 1 98,33 %, 98,33 %, 99,00%, 99,33 %, 99,67 %, 99,33 %. Trong
khi d6 & nghiém thurc doi chirng hat lac dugc ngdm vé1 nudce vo trung ti 1€ hat ndy mam
dat 98,67 % nhung khong khac biét & mirc c¢6 y nghia thong ké giita cac nghiém thirc xir
Iy (p > 0,05) (Bang 3.9 va Hinh PL4.1 & Phu luc IV).
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Bing 3.9. Ti 1¢ ndy mam cia hat lac L14, khi dwoc xit Iy bang dich nuéi cdy cdc ching
vi sinh vdt doi khang BS, K1, 101, 112, 137 va HL6

S6 TT Cong thirc Ti 1¢ hat nay mam (%)
1 Doi chimg 98,67 + 1,16
2 Xu 1y vo1 B. siamensis B8 98,33 £ 0,58
3 Xu 1y vo1 B. velezensis K1 98,00 + 1,00
4 Xu ly voi1 B. siamensis 101 99,00 + 1,00
5 Xu ly voi1 B. siamensis 112 99,33+ 1,16
6 Xu ly voi B. velezensis 137 99,67 + 0,58
7 Xu ly voi T. asperellum HL6 99,33 +£0,58

Ghi chii: M £ SD: Trung binh mau + B¢ léch chudn va s sai khéc khéng cé y
nghia thong ké véi p > 0,05 (Duncan'’s test)

Nhu vay coé thé thdy rang 6 chung B. siamensis B8, B. velezensis K1, B.
siamensis 101, B. siamensis 112, B. velezensis 137 va T. asperellum HL6 khong
gdy anh huong bat loi dén sy nay mam va sinh truong ban dau cua cdy lac trong
diéu kién thi nghiém. Két qua nghién ctru nay ciing twong dong véi cac nghién ciru
vé Bacillus va Trichoderma d3 duoc cong bd ¢ Viét Nam va cling nhu trén thé gioi.
Chung Bacillus sp. S20D12 lam ting tbc d6 moc mam cua lac ¢ giai doan 7 ngay
sau gieo (Cuong et al. (2019). Ché pham Bacillus ban dia an toan d6i véi hat giéng
lac L23, khong anh huong trong 10 ngay dau nhung 1am ting ti 18 moc & ngay thi
15 sau gieo (Vii; 2022). Ayyandurai et al. (2021) str dung phuong phap cudn khan
gidy da chirng minh hat lac giong sau khi xt 1y bang cic bao tir nAm ddi khang
Trichoderma ving r& hoan toan an toan va moc mam khoe manh. Raja et al., (2023)
cho biét khi xtr Iy hat lac bang cac ching ndm ddi khang Trichoderma ban dia cai
thién dang ké su ndy mam va chiéu dai r&/thdn mam, dong thoi ddi khang manh véi
Sclerotium rolfsii. Trong khi d6, nghién ciru ciia Liang et al. (2024) chi ra hdn hop
ndi sinh khuan (B. tequilensis, S. epidermidis, B. siamensis) nang cao ti 1é niy mam
ctia lac dudi stress min thong qua enzyme chong oxy hoa va diéu hoa stress tham
thdu. Kampa et al. ( 2025) cho biét céac chung B. subtilis (S4KB5, SSKB2) va T.
asperellum (Trichol, Tricho2) lam ting ti 16 nay mam, chiéu dai ré, chiéu dai than
va chi s vigour cua gidng lac Kadiri-6 khi déi khang ndm hai 4. niger.

] 3.2.5. Hiéu qua phong tl:l‘l’ bénh héo rii gbc moc den ciia cic chiing vi sinh
vat doi khang riéng ré trong die¢u kién nha luéi ,

Hi¢u qua phong trir bénh HRGMD cua cac chung VSV d6i khang riéng r€ trong
diéu kién nha luéi dugc trinh bay ¢ Bang 3.10. Két qua sang loc nha ludi cho thiy, &
nghiém thirc d6i ching 4m, khong gay nhiém ndm bénh va chi xir Iy bang nudc vo tring,
ti 16 cay chét ludn duy tri & mic 0,00% trong sudt 45 ngdy thi nghiém. Nguoc lai, &
nghiém thtrc di ching bénh, nhiém nim bénh chung 4. niger va xtt 1y bang nudc vo
trung ghi nhan toan bg cay lac bi chét 14 NSNNB. Cac cay lac bi chét déu co biéu hién
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dac trung ciia bénh HRGMD, phan lap lai nim bénh tur cay lac bi chét nay va kiém tra
hinh thai, bao tir nAm bénh cho thiy cac chung ndm twong dong voi cic ching nAm QT1
va H17 lay nhiém vao.

O nghiém thtrc xtr 1y cac chiung VSV d6i khang B. siamensis B8, B. siamensis
101, B. siamensis 112, B. velezensis K1 va B. velezensis 137 va T. asperellum HL6 déu
ghi nhan lam giam ti 1€ cay lac chét do bénh HRGMDP. Hiéu qua phong trir bénh cua 6
chung VSV d6i khang véi ching nim A. niger QT1 dao dong tir 93,33 — 100 %, khong
c¢6 khac biét c6 ¥ nghia thong ké khi so sanh giita cac nghiém thic. Hiéu qua phong trir
A. niger H17 dao dong tir 26,67 - 80,00 %. Trong do, cac nghi¢m thuc xur Iy vdi B.
siamensis 101, B. siamensis 112 va B. velezensis 137 cho hi¢u qua phong trur dat twong
g 13 73,33%, 80,00% va 73,33% cao hon c6 y nghia thong ké so véi cac nghiém thirc
con lai (p < 0,05). Nghiém thirc cho hiéu qua phong trir dudi 50% gom 7. asperellum
HL6 (46,67 %), B. siamensis B8 (40,00 %) va B. velezensis K1 (26,67 %).

Trong céc nghién ciru trude ddy, nhicu chimg VSV ddi khang cta chi Bacillus va
Trichoderma dugc bao céo c6 kha ning khang nam bénh trong diéu kién nha ludi. Ching
B. velezensis CB13 1am giam ti 1¢ mac bénh do S. rolfsii dao dong tir 65,44 — 94,92 %
(Jia et al., 2023), chung B. velezensis GA1 ciing gitip cy lac giam ti 16 mic ndm bénh
thong qua co ché d6i khang truc tiép v6i ndm bénh dong thoi kich thich co ché tu bao
vé cua cay (Korangi Alleluya et al, 2023). Xt ly hat lac v6i1 B. siamensis YB-1632 gitp
giam ti 1& nhiém S. rolfsii tir 93,33 % xubng con 11,67 % va giam muc do bénh tir 65,85
% xudng 6,79 % (Chang et al., 2025). Trong khi d6, 20 ching 7. asperellum phan lap
tir dat va ré cdy déu co kha ning han ché bénh ndm & c6 1é ciy ca chua, trong d6 ching
A10 thé hién hiéu qua cao nhét v6i kha nang @rc ché hon 80% (Shanmugaraj et al., 2023).
Khi str dung phdi hop, t6 hop vi khuan MC1 lam giam ti 1& bénh c6 ré trén lac va dau
ga xudng thap lan luot 12 9,33 % va 8,33 % (Kampa et al., 2025).

Dua vao hiéu qua phong trir bénh HRGMBD véi 2 chung ndm bénh A. niger QT1
va H17 & nha luédi, ghi nhan cac chung B. siamensis 101, B. siamensis 112, B. velezensis
thé hién muc d6i khang twong d6i 6n dinh hon so véi cac ching Trichoderma HL6, B.
siamensis B8 va B. velezensis K1 trong cung diéu kién thir nghiém. Tong hop cac két
qua trén, chung t61 lya chon ba chung B. siamensis 101, B. siamensis 112 va B.
velezensis 137 cho cac nghién ctru tiép.
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Bing 3.10. Sang loc khd ndng phong trir bénh héo rii goc méc den ciia cac ching vi sinh vit doi khang trong diéu kién nha luéi

Ti 1¢ (%) céy lac bi chét do lay nhiém Hi¢u qua Ti I¢ (%) céy lac bi chét do lay nhiém Hiéu qua
Nghiém A. niger QT1 tai cac thoi diém dieu tra  phong triv A. niger H17 tai cac thoi diém diéu tra phong trur
thire 7 14 21 28 45 N;’ﬁ;‘;“g ) 14 21 28 45 N;’ﬁ;‘;‘g )
NSNNB NSNNB NSNNB NSNNB NSNNB ®/ NSNNB NSNNB NSNNB NSNNB NSNNB ?
CT1 (Boi 0 0 0 0 ; 0 0 0 0 0 ;
chirng am)
CT2,CT3 0,00 6,67 6,67 6,67 6,67 93,33 26,67 46,67 60,00 60,00 60,00 40,00
XulyB8) +0,00¢ +11,55¢+11,55¢+£11,55°+11,55¢ +11,55* £11,55°+11,55+0,00% +0,00° +0,00° +0,009%
CT4,CT5 0,00 6,67 6,67 6,67 6,67 93,33 26,67 73,33 73,33 73,33 73,33 26,67
Xuly K1) £0,00¢ £11,55°+11,55¢+11,55°+11,55° £11,55* +11,55°+11,55°+11,55°+11,55°+11,55°> +11,55¢
CT6 CT7 0,00 6,67 6,67 6,67 6,67 93,33 20,00 26,67 26,67 26,67 26,67 73,33
Xtrly 101) +£0,00¢ £11,55°+ 11,55+ 11,55+ 11,55¢ +11,55* +£20,00°°+£11,55%+ 11,55+ 11,55+ 11,55 +11,552P
CT8,CT9 0,00 6,67 6,67 6,67 6,67 93,33 13,33 20,00 20,00 20,00 20,00 80,00
Xurly 112) £0,00¢ £11,55°+ 11,55+ 11,55+ 11,55¢ +11,55* =£11,55+20,00°+20,00" +20,00" +20,00f +11,552
CTflT(l)?Er K 0,00 0,00 0,00 0,00 0,00 100 13,33 26,67 26,67 26,67 26,67 73,33
137) Y £0,00° £0,00° £0,00° £0,00° £0,00° £0,00* +11,55%+11,55%+ 11,55+ 11,55+ 11,557 + 11,552
CT%F(I)EI K 2,22 4,5 4,5 4,5 4,5 95,55 33,33 53,33 5333 53,33 53,33 46,67
HLS) Y1038° +3,8° £3,8° £38° £38° £11,55* +11,55°+11,55°£11,55%£11,55%+11,55% +11,55¢
CT14,
CT15 (Déi 60,00 100 100 100 100 0,00 66,67 100 100 100 100 0,00
, ~ ., £20,00* £0,00* £0,00® £0,00* +£0,00® £0,00¢ +11,55* £0,00® +0,00® £0,00®° +0,00® =+ 0,00F
chung bénh)

Ghi chii: Cdc chit cdi khdc nhau trén cimg mét ¢ét chi sw sai khdc c6 y nghia thong ké véi p < 0,05 (Duncan'’s test).

M £+ SD: Trung binh mau + Do léch chuan.
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3.2.6. Kha niing twong thich giira cac chiing Bacillus dwgc tuyén chon

Két qua cdy vach chéo trén méi trudong thach LB trong 48 gid cho thiy ca ba
chung B. siamensis 101, B. siamensis 112 va B. velezensis 137 déu phét trién binh
thudng, tai vi tri tiép xuc giita cac ching khong xut hién ving tc ché sinh truéng (Hinh
3.14). Két qua & cip do in vitro, ba chung Bacillus tuyén chon c6 tinh twong thich, khong
tryc tiép dbi khang nhau. Day 1a co sé thuc nghiém ban dau dap tng diéu kién can dé
tién hanh phdi tron ba ching Bacillus thanh hdn hop dich nudi nham hudng téi kiém
soat sinh hoc da chung (Niu et al., 2020).

Hinh 3.14. Kha nang twong thich cua ba chung B. siamensis 101, B. siamensis 112 va
B. velezensis 137 trén méi truong LBA sau 48 gio nudi cdy.

Su khong dbi khang 13n nhau gitra cac ching B. siamensis 101, B. siamensis 112 va
B. velezensis 137 trong nghién ctru ndy hoan toan pht hop va c6 thé giai thich dua trén cac
dac diém phan loai hoc va phat sinh chiing loai di truyén hién dai. Theo Fan et al. (2017),
cac loai B. siamensis va B. velezensis ¢ mdi quan hé di truyén gan giii, cling véi B.
amyloliquefaciens tao thanh mot don vi phan loai trén cap loai (operational group B.
amyloliquefaciens) thudc phic hop loai B. subtilis. Két qua thuc nghiém nay ciing dong
nhét vai cac nghién ctru twong thich trén cac chiing vi khuan ving ré chi Bacillus dugc cong
b gan ddy. Kampa et al. (2025) khi khao sat kha ning ddng nudi ciy ciia ba ching vi khudn
ving ré thudc loai Bacillus subtilis (20m B3, S4KB5 va SSKB2) da ghi nhan cac chiing nay
twong thich sinh hoc va khong xuat hién ving v6 khudn ndo tai diém tiép xtc. Luc et al.
(2025) ciing chimg minh hai chiing vi khuan ving ré l4a 1 Bacillus 55 va Bacillus 61 hoan
toan co thé phdi tron 6n dinh trong mot huyén pht huyén hop dong nhét theo ti 16 mat sb
1:1. Su tuong thich nay 14 co s¢ dé phdi hop cac chiing nham khai thac b trg cac co ché
¢6 loi nhu d6i khang nam, kich thich sinh truéng va cam tmg kha ning phong vé clia cdy
(Niu et al., 2020; Kampa et al., 2025; Li et al., 2025). Vi vay, to hop ba ching trén c6 tiém
ning phat trién thanh ché phim da ching, tuy nhién hiéu qua va tinh 6n dinh cta t6 hop can
tiép tuc dugc danh gia trong didu kién nha ludi va dong ruong.

3.2.7. Kha niing d6i khang A. niger ciia cac chiing Bacillus va vai tro phian
doan enzyme ngoai bao cé hoat tinh p-1,3-glucanase trong diéu kién in vitro

Ca ba chung Bacillus tuyén chon (B. siamensis 101, B. siamensis 112 va B.
velezensis 137) déu c6 kha ning sinh chitinase, p-1,3-glucanase va cellulase, trong d6 p-
1,3-glucanase biéu hién hoat tinh 16 va 6n dinh hon. Két qua nay dang chii y vi B-glucan 1a
mot thanh phan quan trong, chiém khoang 48% thanh phan hé soi ctia loai 4. niger (Krake
et al., 2024). O ndm s¢i noi chung, chitin va p-1,3/B-1,6-glucan tao nén phan quan trong
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ctia 16p khung thanh té bao (Ost et al., 2025). Trong cau tric thanh t& bao ndm Aspergillus,
[-1,3-glucan dugc ghi nhan chiém tir 65% dén 90% tong ham luong [-glucan (Bowman &
Free, 2006). Cac nghién ctru ciu tric & Aspergillus cho thay B-1,3-glucan tham gia mang
polysaccharide lién két chit ch& voi chitin va protein tao thanh mot mang luéi c6 vai tro
duy tri cAu trac thanh té bao, bao vé té bao (Ishibashi et al., 2010; Gow & Lenardon, 2023;
Gao et al., 2023; Krake et al., 2024; Dickwella Widanage et al., 2024; Ost et al., 2025).
Dang cht v, B-1,3-glucanase da duoc chimg minh c6 kha ning trc ché sinh trueéng va lam
bién d6i hinh thai hé soi cta 4. niger (Gao et al., 2023), ddng thoi hoat tinh enzyme nay
cling duoc ghi nhan & Bacillus c¢6 kha nang ddi khang Aspergillus (Jin et al., 2023; Aphaiso
et al., 2024). Trong khi do, chitinase va cac VSV phan giai chitin da dugc nghién ctru kha
rong trong kiém soat sinh hoc ndm gdy bénh thuc vat (Xiao et al., 2009; Loc et al., 2020).
Tir két qua thu duogc cua luan an va nhiing co so trén, B-1,3-glucanase duogc lya chon dé
tiép tuc nghién ctru nham 1am rd hon sy lién quan cta enzyme nay dén kha nang ddi khang
A. niger cua cac chung Bacillus tuyén chon.

3.2.7.1. Khd nang doi khdng va irc ché A. niger trén moi trwong dic

Kha niang d6i khang A. niger cia ba chung Bacillus B. siamensis 112 va B.
velezensis 137 trong danh gia don 1¢ va hdn hop bang phuong phap nudi ciy kép duoc
trinh bay ¢ Bang 3.11, Hinh 3.15. Ca bon nghiém thirc déu thé hién kha nang d6i khang
v6i hai chung ndm bénh A. niger QT1 va H17. Bdi v6i A. niger QT1, ghi nhan chung B.
siamensis 101 ¢6 ti 1& trc ché sinh trudng nam dat 56,5 %, trong khi B. siamensis 112
va B. velezensis 137 c6 ti 1& trc ché sinh truong lan luot 14 53,6 % va 58,1 %, trong khi
hdon hop ba chung Bacillus cho ti I¢ tc ché sinh truéng nam dat 60,8 % va khac biét co
¥y nghia théng ké cac nghiém thirc con lai v6i véi p < 0,05. Tuong tu, kha ning e ché
A. niger H17 cua B. siamensis 101, B. siamensis 112, B. velezensis 137 va hon hop ba
chung Bacillus 1an luot 1 52,9%:; 49,6%; 54,4% va 58,6%.

Bing 3.11. Kha ning doi khang A.niger ciia cac ching Bacillus don 1é va hon hop

Ti 1€ wc che sinh trudéng cac ching nam bénh

Chung Bacillus

Chiung A.niger QT1 (%) Ching A.niger H17
B. siamensis 101 56,5+0,21°¢ 52,9+0,11°¢
B. siamensis 112 53,6+ 0,384 49,6+ 0,184
B. velezensis 137 58,1+0,36° 54,4+0,10°
Hon hop 3 chiing 60,8 + 0,39? 58,6 + 0,23?
Pbi chimg 0,0+ 0,00°¢ 0,0+ 0,00°

Ghi chu: Cac chir cdi khac nhau trén cung mot cot chi sy sai khdc co y nghia
théng ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + B¢ léch chudn.
P . »

Hinh 3.15. Kha ndng doi khang A.niger QT cia cdc ching Bacillus don 16 va hon
hop: B. siamensis 101 (4), B. siamensis 112 (B),, B. velezensis 137 (C), hon hop ba
(D) va Poi chitng (E).
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Khd nang irc ché A. niger bing phwong phdp khuéch tin trén dia thach:

Két qua thir nghiém bang phuong phap khuéch tan trén dia thach duoc trinh bay
& Bang 3.12 va Hinh 3.16. Két qua cho thiy dich thé nudi cdy khi loai bo té bao céac
chung Bacillus don 1¢ va hdn hop déu thé hién kha ning ddi khang voi A. niger & cac
mirc d6 khac nhau. Pudng kinh vung tc ché ching A. niger QT1 cua cac chung B.
siamensis 101, B. siamensis 112, B. velezensis 137 va hdn hop lan lwot 1a 26,6 mm, 25,4
mm, 28,3 mm va 30,8 mm. Trong khi d6, duong kinh ving e ché chung A. niger H17
ctia cac chung B. siamensis 101, B. siamensis 112, B. velezensis 137 va hdn hop lan luot
la 21,1 mm, 20,3 mm, 23,5 mm va 26,8 mm.

Bing 3.12. Kha ndng irc ché nam bénh A. niger ciia dich nudi cdy thé da logi b6 té bao

Puwong kinh e ché sinh trwéng cac chiing nAm bénh

Nguon dich tho

Chung A.niger QT1 (mm)

Chung A.niger H17 (mm)

B. siamensis 101 26,6 £ 0,54°¢ 21,1 £0,44°¢
B. siamensis 112 254 +£0,46°¢ 20,3+ 0,46°¢
B. velezensis 137 28,3+0,61° 23,5+ 0,53°
Hon hop 30,8 + 0,582 26,8 + 0,662
Péi chimg 0,0 0,004 0,0 + 0,004

Ghi chu: Cac chir cdi khdac nhau trén cung mot cot chi sw sai khdac co y nghia
thong ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + B¢ léch chudn.

Hinh 3.16. Khd ndng doi khang A. niger H17 ciia cdc ching Bacillus don 1é va hon
hop: B. siamensis 101 (101), B. siamensis 112 (112), B. velezensis 137 (137) va hon
hop enzyme ciia 3 ching Bacillus (101+112+137); Péi chirng (PC)

Két qua nghién ciru ctia luan 4n twong dong véi Yin et al. (2022), khi B. velezensis
GSBZ09 lam giam su phat trién khuan lac 4. niger trong diéu kién in vitro. Kha ning
d6i khang ctia Bacillus ¢ thé lién quan dén nhiéu nhom chat dugc tao ra trong qua trinh
sinh truong. Kuzin et al. (2019) ghi nhan cac phan doan thu tir dich nuéi cy B. pumilus
B-13176 c6 hoat tinh khang 4. niger, trong khi Figueiredo et al. (2025) cho thay cac hop
chét hitu co dé bay hoi cta B. velezensis CNPMS-22 {rc ché manh sy phat trién hé soi
clia ndm nay. Tuy nhién, mutrc d6 ddi khang phu thudc vao timg chiing va diéu kién thir
nghi¢m; mat ) chung Bacillus tham chi khong biéu hién kha nang Uc ché A. niger.
Nhitng két qua trén cho thdy hoat tinh di khang cta Bacillus c6 thé lién quan dén su
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tham gia ctia nhiéu yéu t6 nhu chat chuyén hoa thtr cip, enzyme ngoai bao va cac hop
chat dé bay hoi. Vi vy, kha ning tic ché 4. niger ghi nhan trong nghién ctru 1a co s¢ dé
tiép tuc danh gia tiém ning kiém soat sinh hoc ctia cac chung Bacillus tuyén chon.

3.2.7.2. Nong dé tec ché téi thiéu (MIC) va nong dé diét nam téi thiéu (MFC)

Kha ning soéng sot cua té bao dugc danh gia thong qua sir dung thudc thir
resazurin. Hoat dong trao d6i chat va chuyén hoa ning lugng cua té bao khi thir nghiém
voi thude thir resazurin duoc biéu thi qua chi s6 mau (Chakansin et al., 2022; Serrano et
al., 2023). Thir nghiém duoc thuc hién trén dia c6 96 vi giéng véi cac do pha lodng hoat
dd enzyme cua phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase cac chung
riéng r& va hdn hop, két qua dugc thé hién & Hinh 3.17 va Bang 3.13. Gia tri MIC cua
phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase d6i voi hai ching nAm bénh
A. niger QT1 va H17 niam trong khoang 0,0125 — 0,4 U/mL. Ca hai ching ndm bénh 4.
niger QT1 va H17 déu thé hién mirc d6 nhay cam cao v6i gia tri MIC ghi nhan 1an luot
la 0,1 U/mL, 0,2 U/mL va gia tri MFC.

Nong do enzyme p-1,3-glucanase (U/mL)

MGC 0,0125 0,025 0,05 0,10 020 0,40 NC
. .“ ' , Hon hop enzyme
3 vi khuan- A. niger QT1

B. siamensis 101
- A. niger QT1

B. siamensis 112
- A. niger QT1

B. siamensis 101
- A. niger QT1

Hon hgp enzyme
3 vi khuan- 4. niger H17

B. siamensis 101
—A. niger H17

B. siamensis 112
- A. niger H17

B. velezensis 137
- A. niger H17

Hinh 3.17. Thir nghiém resazurin dé xdc dinh nong do irc ché toi thiéu (MIC).
Dung dich resazurin, dwoc sir dung lam chdt chi thi tang trieong ciia ndm, viéc chuyén
mau tir xanh sang hong biéu thi sw song ciia cdc té bao (viable cell); MGC (Microbial
growth control): doi chitng tiang trudng; NC: déi chimg dm tinh (méi truong).
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Bing 3.13. Nong dg ikc ché t6i thiéu (MIC) va nong dé diét nam toi thiéu (MFC)

Ngudn phin Kiém soat nam bénh A. niger QT1  Kiém soat nam bénh A. niger H17
doan enzyme

ngoai bio MIC MFC MFC/MIC MIC MFC MFC/MIC

B. siamensis 101 04 0,4 1 0,4 0,4 1
B. siamensis 112 04 0.4 1 0.4 0.4 1
B. velezensis 137 0,4 0,4 1 0,4 0,4 1
Hon hop
phoditron ticha 0,1 0,2 2 02 04 2
chung Bacillus

Chii thich: MFC la gid tri hoat d ¢ vi giéng dwoc cdy trdi 1én méi truong PDA
khéng quan sdt thdy sw phat trién cia ndm sau 48 gio.

Két qua ¢ Hinh 3.17 va Bang 3.13 cho thay, phan doan enzyme ngoai bao c6 hoat
tinh B-1,3-glucanase cac chung don 1€ B. siamensis 101, B. siamensis 112 va B.
velezensis 137 déu c6 gia tri MIC = MFC = 0,4 U/mL khi xir 1y bao tir hai ching ndm
bénh 4. niger QT1 va H17, ching to enzyme tiét ra c6 kha nang diét nam rd rét ngay tai
hoat d6 @c ché. Tuy nhién, khi phdi hop enzyme p-1,3-glucanase vai ti 1& 1: 1: 1 vé hoat
dd, hiéu qua khang nam tang lén rd rét, MIC = 0,1 U/mL, MFC =0,2 U/mL doi voi QT1
va MIC = 0,2 U/mL, MFC = 0,4 U/mL d6i v6i H17, ti 18 MFC/MIC = 2. Su khéac nhau
vé gia tri MIC, MFC gitta hai chiing nam bénh A. niger QT1 va H17 ¢c6 thé do su khéc
nhau vé ciu trac bao tir cia nAm nhu d6 day, cau trac bé mat, tinh nhay cam cua bao tu
nam ddi véi enzyme.

Trong thir nghiém xac dinh MIC va MFC, dich huyén phu bao tir ndm 4. niger
(109 bao ti/mL) duogc sir dung lam tic nhan nudi cdy ban dau, dich tac dong sinh hoc
tryc tiép ciia enzyme va thude do ting truong dugc theo ddi thong qua sy hinh thanh hé
soi ndm (Serrano et al., 2023). Ban chét cua phan trng chi thi mau resazurin dya trén sy
khir phan tir ndy tr mau xanh sang resorufin mau hong bai hoat tinh cia cic enzyme
oxidoreductase ndi bao (Chakansin et al., 2022). o) trang thai bao tir ng ban dau, hoat
dong trao d6i chat dién ra rat han ché. Su chuyén mau chi thi sang hong chi dugc ghi
nhan khi cac bao tur ndy mam va phat trién manh mé thanh hé sgi niAm c6 hoat dong ho
hap chu dong (Serrano et al., 2023). O cac nghiém thirc xr 1y véi enzyme PB-1,3-
glucanase, dic biét 1a cong thirc hdn hop & hoat d6 0,1-0,2 U/mL, giéng thach van gitr
mau xanh cila resazurin, cho thdy hoat dong chuyén hoa ctia ndm bi e ché manh. Hi¢u
qua ndy c6 thé lién quan dén kha nang thiy phan f-1,3-glucan cta thanh t& bao nam,
qua do anh hudng dén tinh toan ven cua té bao va su phat trién ctia hé soi biéu hién qua
chat chi thi (Ishibashi et al., 2010).
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Hiéu qua khang nim cao hon ctia hdn hop ba dung dich enzyme c6 thé lién quan
dén tac dong phdi hop ting cudng giita cac B-1,3-glucanase c6 dic tinh ciu trac va co
ché tac dong khac nhau. Cac mién lién két glucan c6 thé hd tro enzyme nhan biét va
tuong tac véi co chat B-glucan (Otsuka et al., 2022), trong khi sy phan giai p-1,3-glucan
c6 thé gay ton thuong cau tric soi ndm Aspergillus, nhu da duge ghi nhan déi voi p-1,3-
glucanase bgls27 (Fang et al., 2024). Vi vay, su phdi hop cac ngudn enzyme khac nhau
c6 thé gop phan lam ting mirc d6 tac dong 1én thanh té bao 4. niger so voi ting enzyme
riéng 16. Tuy nhién, két qua resazurin chii yéu phan 4nh sy suy giam hoat dong chuyén
hoa cua té bao; bang chimg truc tiép vé tac dong cua enzyme 1én ciu trac thanh té bao
A. niger dugc phan tich ¢ muc 3.2.7.5.

3.2.7.3. Khd nang lam giam sinh khoi A.niger trong méi trwong long

Kha niang khuéch tan cta enzyme c6 thé khong dong déu qua moi trudng thach
dia (moi truong dic). Trong khi d6, moi trudng long (lac) cho phép cac sgi nAm va
bao tir tiép xtc hoan toan véi dung dich enzyme tir moi hudng. Khi 16p thanh té bao
m&i hinh thanh ciia 6ng mam va khuan ty bi hé enzyme phan giai lién tuc, soi nam
bi ngiing kéo dai, giy nit co hoc, 1am triét tiéu kha ning tich lily sinh khoi kho cia
nam soi trong binh nuéi cay long. Do d6, nham danh gia kha ning tng dung B-1,3-
glucanase tr cac chung Bacillus da tuyén chon trong kiém soat ndm bénh, nghién
ctru tiép tuc khao sat tac dong riéng 1¢ va hdn hop ciia ba ngudn phan doan enzyme
ngoai bao co6 hoat tinh B-1,3-glucanase (B. siamensis 101, B. siamensis 112 va B.
velezensis 137) dén sy tich liy sinh khdi kho cua hai ching nam gay bénh HRGMD
1a 4. niger QT1 va H17 trong moi truong léng. Dya vao céc gia tri MIC, MFC dugc
x4c dinh ¢ muc 3.2.7.2 va diéu kién thuc té cua phong thi nghiém, ching tdi lyra chon
diy hoat d6 enzyme p-1,3-glucanase (U/mL) thir nghiém 12 0,2 : 0,4 : 0,8 : 1,6 dé
khao sat theo phwong phap dugc trinh bay & muc 2.2.3.2. Mtc d6 anh huéng dén
giam sinh khéi dugc phan tich chi tiét dua trén hai chi s6: sinh khéi kho tuyét doi va
hiéu suét tc ché (ti 1&é % giam sinh khoi).

Bién dong vé sinh khoi khé tuyét ddi ciia cic chiing nAm bénh dwéi dnh
hwéng ciia phan doan enzyme ngoai bao c6 hoat tinh p-1,3-glucanase:

Két qua thuc nghiém vé sy thay d6i khéi lwong sinh khéi khé tuyét déi (mg) cua
hai ching nim bénh 4. niger QT1 va H17 duoc trinh bay twong Gng tai Bang 3.14 va
3.15. Phan tich s6 liéu xtr 1y thong k& ANOVA hai yéu t6 (ngudn enzyme — yéu té 1;
hoat d6 enzyme — yéu t6 2) cho thiy xu hudng chung 1a sinh khéi kho tuyét ddi cua ca
hai chung ndm déu giam khi hoat do B-1,3-glucanase trong méi trudng ting dan. Két
qua nay cung cip bang ching vé mdi twong quan nghich c¢6 ¥ nghia gitta ham luong

enzyme b6 sung va kha ning tich liiy sinh khdi ctia nAm bénh.



83

Bing 3.14. Anh hwéng ciia phan doan enzyme ngoqi bdao c6 hoat tinh p-1,3-glucanase
dén sinh khoéi (khé) ciia A. niger QT1I

Ngudn phan Hoat d¢ enzyme B-1,3-glucanase (U/mL)
doan enzyme 0 0.2 0.4 0.8 1,6
ngoai bao

B. siamensis

101

B. siamensis
112

B. velezensis
137

Hon hop

39,19+1,22 36,33+1,1594 23,224+ 2,178 18,13+1,05°¢ 13,50+0,68 ¢
39,19+1,22 36,00+1,0194 22,80+1,79¢8 17,27+0,82 %€ 12,62+1,37 2BC

39,19+1,22 35,72+1,8094 21,14+0,38 B 13,79+0,60°8 10,59+0,44 B

PhOTIrOn tlr 39 19,1 27 352041,239A 16,68+1,55°4 10,46:0,4274 6,43+0,71 A

ba chiing
Bacillus
Két quia ANOVA hai yéu t6

Nguon bién thién df F p
Ngudn enzyme (Yéu t6 1) 3;32 52,632 < 0,001
Hoat d¢ enzyme (Yéu t6 2) 3;32 1007,792 < 0,001
Tuong tac (ngudn enzyme x hoat do 9: 32 4383 0,001
enzyme)

Ghi chii: 86 liéu dwoc trinh bay dwéi dang gid tri trung binh £ dg 1éch chudn (M
+8D; n = 3). Trong cung mot hang, cdc gia tri mang chi cai thwong khac nhau (a—d)
biéu thi sy khdc biét c¢6 ¥ nghia thong ké gitta cdc mirc hoat do enzyme; trong cing mot
cot, cdc gid tri mang chit cai hoa khac nhau (A-C) biéu thi sw khdc biét cé y nghia thong
ké giira cdac nguon enzyme (p < 0,05; so sanh tung cap c6 dzeu chinh Bonferroni). Phdn
tich ANOVA hai yeu 16 duwgc thue hién trén 16 t6 hop nguon enzyme x hoat dg enzyme,
khéng bao gom doi chimg chung 0 U/mL. Kiém dinh Levene khong ghi nhdn sw khdc
biét c6 ¥ nghia thong ké vé phu’ang sai gitta cac nhom (p = 0,201).

Béng 3.14 cho thay sinh khéi kho ctia 4. niger QT1 giam c6 ¥ nghia thong ké khi

hoat d¢ B-1,3-glucanase ting tir 0,2 1én 1,6 U/mL & ca bon ngudn phan doan enzyme
khao sat (p < 0,05). Phan tich ANOVA hai yéu t6 cho thdy ngudn phan doan enzyme,
hoat d6 enzyme B-1,3-glucanase va twong tac giita hai yéu té déu anh hudng c6 ¥ nghia
thdng ké dén sinh khbi kho ciia ndm (p < 0,001). O hoat d6 0,2 U/mL, sinh khdi kho
khong khac biét ¢6 ¥ nghia giita cac ngudn phan doan enzyme (p > 0,05). Tuy nhién, tai
cac hoat do tir 0,4 dén 1,6 U/mL, hdn hop phdi tron tir ba ching Bacillus cho sinh khoi
thip hon c6 ¥ nghia so v6i cac mau riéng 1& B. siamensis 101, B. siamensis 112 va B.
velezensis 137 (p < 0,05). Tai 1,6 U/mL, hdn hop phdi tron tir ba chung Bacillus cho
sinh khdi thap nhat (6,43 mg). Két qua cho thdy tic dong clia cac phan doan enzyme
ngoai bao c6 hoat tinh B-1,3-glucanase d6i vé6i sinh khdi nam phu thudc vao ngudn
enzyme va hoat do stir dung.
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Bing 3.15. Anh hwéng ciia phan doan enzyme ngoai bdao c6 hoat tinh p-1,3-glucanase
dén sinh khoi khé cia A. niger H17

Ngudn phan Hoat d¢ enzyme B-1,3-glucanase (U/mL)

doan enzyme

.y 0 0,2 0,4 0,8 1,6
ngoai bao

B. siamensis
101

B. siamensis
112

B. velezensis
137

Hon hop
phdi trén tir ba 31,93+2,00 29,68+2,28 4 15,40+1,93 ** 10,30+1,10** 7,53+1,00 **
chung Bacillus

31,93+2,00 30,60+1,62 A 22,54+1,25°8 16,34+1,1028 13,94+0,77 2B
31,93+2,00 30,14+2,03°A21,3442,19°8 15,19+1,2328 12,88+0,98 2B

31,93+2,00 29,85+1,26 A 19,4443,19°813,23+1,03 2BA10,63+1,57 2BA

Két qua ANOVA hai yéu to

Ngudn bién thién df F P
Nguoén enzyme (Yéu t6 1) 3;32 22,075  <0,001
Hoat do enzyme (Yéu t6 2) 3;32 307,487 <0,001

T t’ 5 h t d’\
uong tac (nguon enzyme x hoat do 9: 32 1,784 0,110
enzyme)

Ghi chii: S6 liéu dwoc trinh bay dwoi dang gia tri trung binh + do léch chuan (M
+ 8D, n = 3). Trong cung mot hang, cdc gia tri mang chir cai thuong khac nhau (a—c)
biéu thi sy khdc bi¢t co y nghia thong ké gitta cac mitc hoat do enzyme; trong cung mot
cot, cdc gid tri mang chir cdi hoa khong co ky tr chung (A-B) biéu thi sw khdc biét ¢é y
nghia thong ké gitta cdc nguon enzyme (p < 0,05; so sanh tung cap co dzeu chinh
Bonferroni). Phan tich ANOVA }faz yeéu t6 degc thue hién trén 1 67t0 hop nguon enzyme
x hoat do enzyme, khong bao gom doi ching chung 0 U/mL. Kiém dinh Levene khong
ghi nhén sw khac biét c6 y nghia thong ké ve phuong sai gitta cac nhém (p = 0,262).

Bang 3.15 cho thay sinh khoi kho cua A. niger H17 giam khi hoat do B-1,3-
glucanase tang tir 0,2 1én 1,6 U/mL & ca bén ngudn enzyme khao sat. Phan tich ANOVA
hai yéu t6 cho thiy ngudn enzyme (F(3,32) = 22,075; p < 0,001) va hoat d6 enzyme
(F(3,32) = 307,487; p < 0,001) déu anh hudng c6 ¥ nghia thong ké dén sinh khéi kho
clia nam, trong khi tuong tac giita hai yéu t6 khong cé y nghia thong ké (F(9,32) = 1,784;
p = 0,110). O hoat d 0,2 U/mL, sinh khéi kho dao dong tir 29,68 dén 30,60 mg va
khong khac biét co ¥ nghia giita cac ngudn enzyme (p > 0,05). Khi ting hoat d6 1én 0,4
U/mL, hon hop tir ba chung Bacillus cho sinh khdi thap nhét (15,40 mg), khac biét co ¥
nghia so v4i cadc mau riéng 1é con lai (p < 0,05). Tai 0,8 va 1,6 U/mL, hon hop tir ba
chang Bacillus tiép tuc cho sinh khdi thap nhat, 1an luot dat 10,30 va 7,53 mg, khac biét
c6 ¥ nghia so v&i cac mau riéng 1& B. siamensis 101 va B. siamensis 112 nhung khong
khac biét ¢6 ¥ nghia so voi B. velezensis 137 (p > 0,05). Trong tirg ngudn enzyme, sinh
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khodi kho giam c6 y nghia khi tang hoat do tir 0,2 1€n 0,4 va tir 0,4 1én 0,8 U/mL (p <
0,05). Tuy nhién, murc giam khi tdng hoat d¢ tur 0,8 1én 1,6 U/mL chua dat y nghia théng
ké & ca bdn ngudn enzyme (p > 0,05). Két qua cho thay sinh khdi kho cua A. niger H17
chiju anh huéng ciia ngudn enzyme va hoat do sir dung, trong d6 hdn hop tir ba ching
Bacillus cho gia tri sinh khdi thdp nhat & cac mirc hoat d6 tir 0,4 dén 1,6 U/mL.

Hiéu suét trc ché (%) ciia phian doan enzyme ngoai bio c6 hoat tinh p-1,3-
glucanase ddi v6i cac chiing nAm bénh:

Hiéu suét trc ché d6i v6i chung A. niger QT1 duoc trinh bay & Hinh 3.18 va Bang
PL 5.1 & Phu luc V; hiéu suét e ché ddi véi chung A. niger H17 dugc trinh bay ¢ Hinh
3.19 va Bang PL 5.2 ¢ Phy luc V. Phan tich dit liéu cho thay cac phan doan enzyme
ngoai bao c6 hoat tinh B-1,3-glucanase déu lam giam sinh khoi kho ctia A. niger QT1 va
H17 sau 3 ngay nudi cdy. Hiéu suit e ché nhin chung ting theo hoat d6 enzyme B-1,3-
glucanase, trong d6 phan doan enzyme hén hop tir ba chung Bacillus thé hién hiéu qua
cao nhat. Mtrc d6 trc ché c6 sy khac biét giita hai chung nim bénh, cho thay kha ning

dap tmg khong hoan toan giéng nhau ddi v6i cac phan doan enzyme khao st.
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Hinh 3.18. Ti 1é % giam sinh khoi khé cia A. niger QTI dudi tae déng ciia phan doan
enzyme ngoai bao co hoat tinh -1,3-glucanase

D6 thi & Hinh 3.18 va Bang PL 5.1 cho thay ti 1¢ giam sinh khéi ting theo hoat
d6 B-1,3-glucanase ca bén ngudn phan doan enzyme ngoai bao. O hoat 46 enzyme 0,2
U/mL, ti 1& giam sinh khi tuong di thap, chi dat tir 7,28 % dén 9,90 %. Tai ngudng
0,4 U/mL khi hiéu suét ting gap 5 dén 6 lan. Trong d6, ngudn hdn hop dat ti 18 tic ché
57,38 %, vuot troi rd rang so v6i ngudn enzyme tir B. siamensis 101 (40,60 %), ngudn
tir B. siamensis 112 (41,75 %) va ngudn tir B. velezensis 137 (46,02 %). Tai hoat do cao
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nhat (1,6 U/mL), ngudn hdn hop phdi tron tir ba ching Bacillus dat ti 1é giam sinh khoi
cao nhét 18n t6i 83,58 %, ké dén 1a ngudn tir B. velezensis 137 (72,93 %) va sau cung 13
B. siamensis 112 (67,72 %) va nguodn B. siamensis 101 (65,56 %).
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Hinh 3.19. Ti 1é % giam sinh khoi khé cia A. niger H17 dudi tac ddng ciia phdn doan
enzyme ngoai bao co hoat tinh p-1,3-glucanase

Do thi & Hinh 3.19 va Bang PL 5.2, cho thay ti 18 giam sinh khdi kho cua 4.
niger H17 ting theo hoat do B-1,3-glucanase & ca bén ngudn phan doan enzyme
ngoai bao. Tai 0,2 U/mL, ti 1 gidm sinh khéi dat 4,12-7,11%; tang 1é€n 29,32—
51,40% & 0,4 U/mL va 56,28-76,35% & 1,6 U/mL. Trong do, nguén enzyme hén
hop phdi tron tir ba chung Bacillus ludn cho hiéu qua trc ché cao nhat, dat 76,35%
tai 1,6 U/mL, tiép dén 1a B. velezensis 137 (66,76%), B. siamensis 112 (59,47%) va
B. siamensis 101 (56,28%).

Két qua cho thiy hiéu qua 1am giam sinh khdi kho cia A. niger H17 phy thudc
vao hoat d6 va ngudn phan doan enzyme ngoai bao. Dit biét, & ciing ngudn enzyme va
hoat do khao sat, ti 1¢ giam sinh khéi kho ctia H17 déu thap hon QT1. Chang han, tai
1,6 U/mL, ngudn enzyme hdn hop phdi tron tir ba ching Bacillus 1am giam sinh khoi
QT1 83,58%, trong khi H17 dat 76,35%.

Phén tich dit liéu ¢ do thi Hinh 3.18, 3.19 va Bang PL 5.1, 5.2 con cho thiy,
hi¢u qua lam giam sinh khdi kho cua 4. niger QT1 va H17 phu thudc vao hoat do va
ngudn phan doan enzyme ngoai bao. C6 su khic biét vé d6 nhay cam giita chiing 4.
niger QT1 va chung 4. niger H17 khi x1t Iy v61 phan doan enzyme ngoai bao c6 hoat
tinh B-1,3-glucanase. O cing ngudn enzyme va hoat do khao sat, ti 1& giam sinh khéi
kho ctia H17 déu thip hon QT1 ¢ thir nghiém don 1é hay thir nghiém hon hop. Chang
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han, tai 1,6 U/mL, ngudn enzyme hdn hop phdi tron tir ba ching Bacillus 1am giam
sinh khdi QT1 83,58%, trong khi H17 dat 76,35%. Piéu nay c6 thé 1a do su khac biét
trong cau tric té bao A. niger H17 so v6i A. niger QT1 hodc kha ning sinh trudng cua
A. niger H17 it bi tac dong hon so voi A. niger QT1. Ham luong B-glucana tong sd
hodc d6 day cua 16p B-glucana trong cdu tric thanh té bao ban dau cua ching 4. niger
H17 c6 thé cao hon chung 4. niger QT1, hodc 16p glucan bao boc bén ngoai ciia chung
A. niger A. niger H17 day dac hon, lam can tré khong gian (steric hindrance) khong
cho enzyme tiép c4n lién két glycoside (Xie et al., 2023; Xu et al., 2026). Ngoai ra,
co ché ty vé chu dong cua hai chung ndim A. niger QT1 va H17 c¢6 thé khac nhau.
Trong mdi truong 16ng, ching A. niger c6 kha nang kich hoat manh mé& hon hé thong
gen biéu hién cic enzyme protease ngoai bao nham phan hiy hodc 1am bit hoat mot
phan céac phan tir enzyme B-1,3-glucanase ngoai sinh (Wang et al., 2025). Pong thoi,
xu hudng tiét ma tran ngoai bao (extracellular polymeric substances - EPS) tao 16p
mang sinh hoc (biofilm) bao quanh h¢ sgi1 cua cac chung 4. niger c6 thé dién ra manh
hon, dong vai trdo nhu mot tdm 14 chin co hoc bao vé nam trude su tan cOng cua enzyme
(Chatterjee & Das, 2020; L. Wang et al., 2024). Tuy nhién, cac co ché nay can dugc
kiém ching tryc tiép trén chung QT1 va H17.

O cung hoat d6 enzyme (U/mL) nhung hiéu qua khang nam thuc té trén
soi ndm dich van co su khac biét rd rét trong cac nghiém thuc. Diéu nay co thé
duogc giai thich bang nhiéu nguyén nhan. Trong khi hoat d6 glucanase dugc xac
dinh ngén han trén co chit laminarin tinh sach va hoa tan (Scafati et al., 2022;
Vela-Corcia et al., 2026), thanh té bao séng cta nim A. niger lai la m0t mang
lu6i polymer da chiéu cuc ky phitc tap chtra chitin lién két chit voi B-glucan ¢
bén trong va dugc bao boc boi 16p polysaccharide cung cac glycoprotein ¢ phia
ngoai (Ost et al., 2025). Do do, chi sd hoat tinh do trén co chit chuén khong
phan anh déng nhat kha nang tiép can va phan giai cdu trac thanh tu nhién cia
sgi nam (Ost et al., 2025). Bén canh d6, cac enzyme PB-1,3-glucanase tir céc
chung vi khuéan khac nhau c6 thé co su khac biét vé cau truc phan tu va hiéu
suat xuc tac thuc té. Cac dang noi cit (endo-B-1,3-glucanase thudéc ho GH16)
c6 kha ning cat ngiu nhién céc 1ién két ndi mach glucan cia vach té bao (Vela-
Corcia et al., 2026), giai phong nhanh cac doan oligomer ngin va giy ton
thwong ciu tric thanh té bao hiéu qua hon dang ngoai cat (exo-glucanase)
(Scafati et al., 2022). Sy hién dién cta mién lién két carbohydrate (CBM) ciing
déng vai trd quan trong giup ting ai luc bam git soi ndm cua enzyme (Xie et
al., 2023; F. Yang et al., 2023), dong thdi d6 bén héa ly giup enzyme duy tri
hoat tinh 6n dinh trudc cac protease ngoai bao va diéu kién nhiét do bién dong
(Meng et al., 2024; Vela-Corcia et al., 2026).

Trong nghién ctru cta ludn 4n, ngudn enzyme & dang phan doan enzyme ngoai
bao c6 hoat tinh B-1,3-glucanase tir dich nuéi cay c6 thé chira to hgp cic enzyme ngoai
bao dong tiét nhur chitinase, cellulase va protease (Song et al., 2026), hiéu qua khang
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nam thuc té con phu thudc vao tac dong hd trg giita cac nhom enzyme nay (Jin et al.,
2025; Song et al., 2026). Trong mdi twong tac phdi hop dé, p-1,3-glucanase s& tn cong
va phan giai 16p glucan bao phu phia ngoai trudc, 1am 19 ra khung chitin ¢ 16p bén trong
thanh t& bao nidm (Vela-Corcia et al., 2026), tao diéu kién thuén 1gi cho chitinase déng
hanh tin cong phan huy khung chitin, dan dén hién tuong soi nam bj bién dang, phinh
to va nirt v té bao tiéu diét nAm vuot troi (Song et al., 2026).

Két qua nghién ctru cua ludn 4n ciing twong dong véi cac cong bd gan diy &
trong va ngoai nudc. Nghién ctru cta Thi et al., (2024) ghi nhan dich chiét enzyme
B-1,3-glucanase tho thu nhan tir chung B. siamensis ML3 duy tri & hoat d0 1,44 U/mL
chi kim hdm sy ting trudéng cia cic chung nam sgi giy hai nhu Lasiodiplodia
theobromae (40,28%), F. salawesiensi (15,22%), va C. endophyticum (28,57%).
Nghién ctru ctia Dung et al., (2025) ghi nhén B-1,3-glucanase ngoai bao tur B.
tequilensis ML6 c6 kha ning Gc ché sinh trudng in vitro cia cac chung
Colletotrichum gy bénh than thu trén 6t, vi muc trc ché tang khi hoat d6 enzyme
tang tir 0,10 dén 0,40 U/mL. O hoat d6 0,40 U/mL, muc tc ché dat 72-99% tuy chung
nam. Trong khi d6, chung B. siamensis 3BS12-4 thé hién hoat tinh khang nam A.
flavus voi ti 18 e ché 1a 43,10%. Su tc ché A. flavus cua B. siamensis 3BS12-4 chu
yéu 1a do ECC, véi ndng do trc ché tdi thiéu va nong d6 diét ndm t6i thiéu 13 0,512
g/ml (Aphaiso et al., 2024). Thir nghiém véi cac chung vi khuan dugc ap dung riéng
1¢ va theo nhom cho thay chung SpS5 cua B. halotolerans dugc ap dung riéng 1é va
theo nhom v&i cac chung vi khuan twong thich khac di cai thién nang suét khoai tay
va kha ning bao vé chéng lai R. solani so voi d6i ching, nhung khong thiy hiéu qua
ting cudng ciia nhom so véi tirng chung vi khuan riéng 1é (Debez et al., 2024). Bang
cach ngam hat két hop tudi dat, hodc phun 14, hodc ngam hat két hop tudi dat va phun
14 v6i hon hop vi khudn phén 14p tir ving ré gdm Bacillus 55 va Bacillus 61 & mat
do 10°, 107 va 10® (CFU/mL) da c6 hiéu qua giam bénh dao on 14 voi mice do tuong
duwong nhau (Luc et al.,, 2025). Trong khi d6, hdon hop Bacillus sp. H16v8
va Bacillus sp. HGD9229 dugc ching minh khong chi cai thién su phat trién té bao
ma con 1am ting ham luong protein va san xuat enzyme phén giai chit doc. Hiéu qua
phan giai AFB: cua dich ndi tir nudi cay hon hop ting 87,7 % so voi H16v8 va 55,3
% so vo1i HGD9229 nubi riéng 1¢ (L. Wang et al., 2021). Chung B. pumilus INR7, B.
subtilis GBO3 va Curtobacterium flaccumfaciens da dugc thir nghiém riéng 1é t6 hop
dé kiém soat cac nidm gay bénh thyc vat khac nhau trén dua chuét, bao gé)m C.
orbiculare. Trong cac thir nghiém nha kinh, B. pumilus trong t6 hop duoc ching
minh 12 ¢6 tac dung trc ché mam bénh hiéu qua hon so véi viéc st dung B. pumilus
don 1é. Trong cac thir nghiém thuc dia, hiéu qua cia t6 hop trong viéc gay ra khang
thé toan than cam tmg (ISR) d dugc xac nhin — t6 hop nay di we ché céc triéu chimg
bénh than thu (Dobrzynski et al., 2023).
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3.2.7.4 Moi twong quan giiva hoat dp enzyme f-1,3-glucanase va dwong kinh
viing tkc ché A. niger
Moi twong quan giira hoat do enzyme B-1,3-glucanase ctia hdn hop B. siamensis
101, B. siamensis 112 va B. velezensis 137 va dudng kinh ving e ché 4. niger QT1 va
H17 dugc thé hién ¢ Bang 3.16, Hinh 3.20, Bang 3.16 va Hinh PL 6.1 & Phuy lyc VL
Bing 3.16. Kha ndng irc ché A. niger ciia hon hop phin doan enzyme ngoai béo cé
hoat tinh p-1,3-glucanase ¢ cac mirc hoat do khac nhau trén dia thach

Puong kinh trc ché sinh truémg cic chiing nam bénh (mm)

Hoat do (U/mL) -\ iing A niger QT Chung A.niger H17
0 (Poi ching) 0,0+ 0,00 0,0+ 0,00
0,2 ND ND
0,4 23,540.49°¢ 20,7£0,43 ¢
0,8 26,4+0,17" 25.240,17°
1,6 33,3+0,19 30,3£0,31°

Ghi chu: ND (Not determined): khong xdac dinh. Cdc chir cai khac nhau trén cung
mét cot chi s sai khdc c6 Y nghia thong ké véi p < 0,05 (Duncan’s test). M + SD: Trung

binh mdu + Pé léch chuan.

Hinh 3.20. Kha néng irc ché ciia hon hop phan doan enzyme ngoai bao c6 hoat tinh [-1,3-
glucanase tir ba chiing Bacillus doi véi ching nam A. niger QT1 (A) va A. niger H17 (B)

Két qua bang (Bang 3.16 va Hinh 3.20) cho thdy, khi ting hoat d6 enzyme tir 0,4
1én 0,8 va 1,6 U/mL thi duong kinh @c ché sinh truong ndm bénh tang tuyén tinh. Doi
v6i chiing A. niger QT1, dudng kinh trc ché sinh trudng ting 1én tuong tng 1a 23,5 mm,
26,4 mm va 33,3 mm. Két qua ciling tuong ty ddi véi chiung 4. niger H17 v6i duong
kinh trc ché sinh trudng ting trong tng 1 20,7 mm, 25,2 mm va 30,3 mm. Diéu nay chi
ra enzyme B -1,3-glucanase c6 thé 1a tac nhan gay trc ché nam. O hoat do thap (0,2 — 0,4
U/mL), s6 luong phan tir enzyme it, sy pha huy ciu trac thanh té bao it hon nén duong
kin vong ddi khang khé duoc quan sat bang mat thuong hoic c6 kich thudc nho. Khi
tang hoat do 1én cao tr 0,8 — 1,6 (U/mL), sb phan tir enzyme nhiéu hon, vung khuéch
tan rong hon va gitr dugc hoat do di manh dé phan giai thanh té bao, té bao bi pha huy
nhiéu hon, vong d6i khang mo rong hon.
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Két qua hdi quy tuyén tinh giira hoat d6 p-1,3-glucanase va duong kinh e ché
hai chung 4. niger QT1 va H17 duoc trinh bay ¢ Bang 3.17. Chiung 4. niger QT1 thé
hién su nhay cam cao hon vé&i enzyme thong qua hé sé goc ciia phuong trinh hodi quy (a
= 18,609) so voi ching A. niger H17 (a = 17,191). Céac d6 thi P-P Plot cho thay dit liéu
phan phdi chuan, dam bao tinh tin cdy ctia md hinh hdi quy duoc trinh bay & Hinh PL
6.1 & Phu luc VL.

Bing 3.17. Cdc théng s6 hoi quy tuyén tinh giita hoat do enzyme p-1,3-glucanase va
duwong kinh doi khdang nam A. niger

Chiing nim Phuwong trinh héi quy Hé s6 xac dinh Mirc y nghia
bénh (y=ax+b) R?) (P)

A. niger QT1 y = 18,609x + 6,843 0,634 0,002

A. niger H17 y=17,191x + 6,157 0,641 0,002

Két qua & Bang 3.17 ghi nhan hé s6 xac dinh R2= 0,634 — 0,641 voi mirc y nghia
p=0,002. Trong khoang khéo sat, hoat d0 B-1,3-glucanase ciia phan doan enzyme ngoai
bao tir hdn hop ba chung B. siamensis 101, B. siamensis 112 va B. velezensis 137 ¢6 mdi
tuong quan duong v4i duong kinh e ché hai chiing ndm bénh 4. niger QT1 va H17 (p
= 0,002). Két qua nay cung cap thém bang chimg thyc nghiém vé su lién quan cua p-
1,3-glucanase tham gia vao hoat tinh d6i khang 4. niger.

3.2.7.5. Tac dong cua phdn doan enzyme ngoai bao co hoat tinh f-1,3-
glucanase dén hinh thdi spi ndm A. niger

Pé danh gia kha niang thuy phan thanh té bao nim A. niger cua phan doan
enzyme ngoai bao c¢6 hoat tinh -1,3-glucanase ching t61 da u dich phan doan enzyme
ngoai bao cd hoat tinh B-1,3-glucanase ctua cac chung B. siamensis 101, B. siamensis
112, B. velezensis 137 voi cidc mau riéng 1é va mau hon hop 3 dung dich enzyme trong
6 gio & 37 °C, quan sat phan tich anh SEM cua cac mau xt 1y va so sanh véi mau d6i
ching dé phat hién cac hinh thai ton thuong trén thanh t& bao nim bénh. Két qua cho
thay, & mau d6i ching (x1r Iy bang phan doan enzyme ngoai bao bat hoat & 100 °C trong
10 phut, khéng phat hién hoat tinh B-1,3-glucanase), hinh thai soi nAm hoan toan binh
thuong. Minh chiing hinh anh vat 1y hoc truc quan SEM cua tat ca cac mau dugc xir ly
bang phan doan enzyme ngoai bao c6 hoat tinh B-1,3-glucanase riéng 1¢ va hdn hop 3
dung dich enzyme ctia 3 chung Bacillus déu cho thdy thanh té bao sgi nim bj bién dang,
gap nép, tao cac 16 thung hodc thanh té bao bi v (Hinh 3.21 va 3.22).

Nhiéu nghién ctru da chi ra rang, trong cdu trac thanh té bao cia A. niger,
B-1,3-glucan 1a thanh phan khung chiu lyc cha dao, dam nhiém chirc ning duy tri hinh
dang, tinh toan ven co hoc va kha nang séng sot cia té bao nam. Kang et al. (2018) da
xac dinh hon 81% céc gdc glucopyranosyl trong phan doan alkali-insoluble ctia thanh
té bao A. niger 13 3-linked, twong Gmg véi B-1,3-glucan, minh chting cho vai tro dic biét
quan trong cua thanh phin nay trong khung polysaccharide cimg. Bowman & Free
(2006) ciing nhan manh rang trong ndm s¢i, glucan chiém khoang 50—-60% khdi lugng
khé cta thanh té bao va ti 65-90% luong glucan dé 1a p-1,3-glucan, vuot trdi hon han
so voi chitin, vén chi chiém khoang 10-20%. Yoshimi et al. (2016) khang dinh
B-1,3-glucan c6 nhanh B-1,6 két hop vdi chitin tao thanh khung polysaccharide alkali-
insoluble, dong vai trd chiu lyc chinh cho thanh té bao. Ost et al. (2025) ciing tong két
trong nhom nim soi, B-1,3-glucan ludn 13 thanh phan chu luc, phdi hop véi chitin dé
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hinh thanh cdu trac 18i vach cing, qua d6 cung cb nhan dinh p-1,3-glucan 13 muyc tiéu
t6i wu khi thiét ké giai phap kiém soat sinh hoc. Ngoai ra, p-1,3-glucanse con la dich tac
dong chinh ctia nhom thube khang nim echinocandin, diéu nay khang dinh vai tro bt
budc ctia no trong sy sdng ciia nAm (Hu et al., 2023).

Hinh 3.21. Anh SEM vé anh hwéng ciia phan doan enzyme ngoai bao c6 hoat tinh f3-
1,3-glucanase tir ba ching Bacillus don 1é va hon hop dén thanh té bao soi nam chiing
A. niger OT1. Hinh dnh soi ndm ¢ mau doi chiing véi dé phéng dai x 2000 (A) dwoc
xit Iy béi enzyme bt hoat bang nhiét dd; nhém xir Iy véi phan doan enzyme ngoai bao
co hoat tinh enzyme f-1,3-glucanase tir cac chung: B. siamensis 101 (B), chung B.
siamensis 112 (C), chiing B. velezensis 137 (D) va hon hop enzyme ngoai bao ciia 3 vi
khuan véitilé 1: 1 : 1 (E).
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Hinh 3.22. Anh SEM vé anh hwéng ciia enzyme B-1,3-glucanase tir ba ching Bacillus
don 16 va hon hop dén thanh té bao soi nam chiing A. niger H17.

Hinh anh sgi ndm ¢ mau doi chitng véi dg phéng dai x 2000 (A) dwoc xik Iy boi enzyme
bdt hoat bang nhiét d; nhém xir 1y véi phdan doan enzyme ngoai bao ¢6 hoat tinh enzyme
S-1,3-glucanase tuir cac chung: B. siamensis 101 (B), chung B. siamensis 112 (C), chung B.
velezensis 137 (D) va hon hop enzyme ngoai bao ciia 3 vi khuan véitilé 1: 1 : 1 (E).
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Két qua nay phu hop véi cac nghién ciru vé vai trd ciia enzyme ngoai bao tir
Bacillus trong tac dong 1én cau tric nAm. Aphaiso et al. (2024) ghi nhian qua SEM rang
dich ngoai bao cua B. siamensis 3BS12-4, c6 hoat tinh protease, B-1,3-glucanase va
chitinase cao, 1am phéd v& soi ndm A. flavus. B. Zhang et al. (2026) ciing bao co vé su
bién ddi ciu truc mang va sy 16 dién cua lién két S-(1,3)-glucan trén vach té bao A. niger
dudi tdc dong cua chét dién hoat sinh hoc.

Vi két qua nghién ctru thu duoc, chung t6i wu tién nghién ctru B-1,3-glucanase
nhu mot cong cu sinh hoc tiém nang dé pha vo tinh toan ven thanh té bao nham kiém
soat A. niger. Enzyme nay c6 kha ning thiy phan lién két p-1,3-glycosidic, truc tiép tin
cong va pha hiy khung polysaccharide chiu luc chinh cta thanh té bao, dan dén mat 6n
dinh, ly giai va tiéu diét té bao nam. Pac biét, p-1,3-glucan khong hién dién trong ciu
tric té bao thuc vat hay dong vat, nén viéc str dung B-1,3-glucanase mang lai tinh chon
loc cao, an toan va than thi¢n véi moi trudng.

3.2.8. Mt so dic tinh lién quan dén an toan sinh hoc va kha ning trg sinh
ciia cac chiing Bacillus dwgce tuyén chon

3.2.8.1. Hoat tinh tan mau trén moi truwong thach mau

Hoat tinh 1am tan mau cua 3 ching vi khuin phan ldp B. siamensis 101, B.
siamensis 112, B. velezensis 137 dugc danh gia bang cach quan sat cac vong tan mau
trén dia thach mau. Két qua, ca 3 chung vi khuan nay déu khong dé lai biéu hién hoat
tinh 1am tan mau trén dia thach trong diéu kién thir nghiém.

Két qua nay ciing twong dong véi nhiu nghién ctu trude day nhu chung B.
velezensis GSBZ09 dugc sur dung dé kiém soat sinh hoc ngan chan bénh thbi tréng nho
do Coniella vitis gay ra (Yin et al., 2022) hay chung B. velezensis LB-Y-1 cling khong
1am tan hong cau va c6 kha ning san xuit nhiéu loai enzyme bao gdm protease, cellulase,
phytase, amylase (Li et al., 2023).

3.2.8.2. D¢ nhay cam voi khdang sinh

D0 nhay cam khang sinh cua 3 chung Bacillus phan 1ap B. siamensis 101, B.
siamensis 112 va B. velezensis 137 da dugc khao sat véi 6 loai khang sinh tetracyline
(Te — 30 pg), chloramphenicol (Cl - 30 pg), trimethoprim (Bt — 25 ng), levofloxacin
(Lv-5 pg), gentamicin (Ge-10 pg) va streptomycin (Sm-10 pg), két qua thé hién & Bang
3.18. va Hinh 3.23.
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Bing 3.18. Tinh mdn cam véi khdng sinh ciia cdc ching B. siamensis 101, B.
siamensis 112 va B. velezensis 137

Puong kinh vong rc ché (mm) va sy man cam

Logi khang sinh B. siamensis B. siamensis B. velezensis
101 112 137
Tetracyline (30 pg) 27,7£0,6 S 283+04 S 347+£03 S
Chloramphenicol (30 pg) 433+0,5 S 423+0,3 S 46,3+ 0,6 S
Trimethoprim (25ug), 41,703 S 41,003 S 44,7+0,3 S
Levofloxacin (5 pg), 47004 S 46,0£0,5 S 48,7+£0,6 S
Gentamicin (10 pg) 31,3+0,7 S 283+03 S 31,0£0,5 S
Streptomycin (10 pg) 23,7€£0,5 S 25704 S 253+£02 S

Ghi chii: Khdng (R); Trung gian (I) va Man cam (S). Gid tri ngueong khdng sinh
(breakpoint) cua Bacillus spp. P nhay cam voi khang sinh cua cdc chung Bacillus dwoc
khdo sdt bang phwong phdp khuéch tan dia khang sinh trén méi triecong Mueller—Hinton
agar, tham khdo nguyén tdc thir nghiém ciia CLSI (2016). Pwong kinh vong trc ché duoc
ghi nhén bang milimét (mm) dé danh gid mirc do irc ché sinh truéng ciia vi khudn trong
diéu kién thi nghiém. M = SD: Trung binh mau + Do léch chuan.

Hinh 3.23. Do nhay cam voi khang sinh cua B. siamensis 101, B. siamensis 112 va B.
velezensis 137 sau 24 gio nuéi cdy ¢ 30 °C
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Két qua & Bang 3.18 cho thiy ca 3 chung Bacillus 1a B. siamensis 101, B. siamensis
112 va B. velezensis 137 déu man cam véi 6 loai khang sinh thir nghiém. Két qua nay
cling phu hop vé6i nhiéu nghién ciru vé hién twong khang sinh cta Bacillus cta nhiéu tac
gia. Trong nghién ctru vé kha ning kiém soat bénh théi tring nho do Coniella vitis bang
chung tiém ning B. velezensis GSBZ09, tac gia ghi nhan chung GSBZ09 khong thé hién
tinh khang ddi véi nhiéu loai khang sinh nhu chloramphenicol, streptomycin, tetracycline,
gentamicin, vancomycin, kanamycin, ampicillin va rifampicin (Yin et al., 2022). Tuong
tu, B. velezensis LB-Y-1 dugc lya chon lam ché phém sinh hoc nhay cam voéi 24 loai
khang sinh thuong ding, c6 thé tao ra nhiéu enzyme va khong 1am tan té bao méu (Ajuna
et al., 2023). Trong khi d6, nghién ctru vé chung phan 1ap va co ché trc ché nim gy bénh
dao 6n lta cua B. siamensis B-612 cho thiy, ching B-612 chi khang véi erythromycin
(15 pg) nhung lai nhay cam voi hau hét cac loai khang sinh duoc thir nghiém, bao gom
penicillin (10 pg), gxacillin (30 pg), ampicillin (10 pg), carbenicillin (100 pg), piperacillin
(100 pg), cephalexin (30 pg), cefamezin (30 pg), cefradine (30 pg), cefuroxim (30 pg),
ceftazidime (30 pg), ceftriaxone (30 pg), cefoperazone (75 pg), doxycycline (30 pg),
amikacin (30 pg), gentamicin (10 pug), kanamycin (30 pg), neomycin (30 pg), tetracycline
(30 pg) va minocycline (30 pg) (Y. Yang et al., 2023). Viéc danh gid do nhay cam véi
khang sinh la mdt trong nhitng ndi dung quan trong khi xem xét dac tinh an toan cua céac
chung Bacillus ¢6 tiém niang tmg dung sinh hoc. Heo et al. (2022) d& khao sat nong do tic
ché t6i thiéu (MIC) ctia 123 chiing B. velezensis, cung cap co s& tham khao cho viéc danh
gi4 dic tinh nhay cam voi khang sinh cia cac chung vi khuan thudc loai nay.

Két qua khéo sat cho thiy ca ba chung Bacillus duoc Iyra chon déu man cam véi 6
loai khang sinh dugc khao sat. Diéu nay chi ra rang, ca 3 chung nghién ciru khong mang
gen khang khang sinh qua d6 gop phan kha dinh mitc do an toan sinh hoc khi lam giam
nguy co phat tan tinh khang khang sinh ra méi truong. Két qua nghién ctru nay ciing dem
lai kha nang kiém soat chii dong trong qué trinh san xuét va tng dung thuc té. Néu truong
hop xay ra su ¢ sinh hoc ngoai ¥ mudn, cac ching Bacillus nay c6 thé dé dang bi can
thiép y t& hoic sinh hoc thong thudng. Py ciing 1a co s& budc dau vé tinh an toan, hd trg
cho viéc lwa chon céc ching Bacillus tiém ning phuc vu phat trién ché pham sinh hoc.
Tuy nhién, theo cac hudng dan danh gia VSV hi¢n dai, viéc danh gia toan dién nguy co
khang khang sinh con c6 thé bao gdm xac dinh MIC, phén tich gene khang thudc thu nhan
va kha nang lién két voi cac yéu td di truyén di dong. Cac ndi dung nay can duoc tiép tuc
thuc hién khi phat trién cac ching thanh ché pham thuong mai.

3.2.8.3. Péc tinh cdp tinh déi véi giun dit

Két qua khao sat & cac nong do 107, 108, 10° CFU/g dét kho, cac ching Bacillus
vé chi tiéu ti 18 tir vong va giam sinh khdi ctia giun dit duoc trinh bay ¢ Bang 3.19. O 16
d6i chtng, ti 16 chét va ti 1é giam tong sinh khéi ctia giun dét 1an luot dudi 10 % va 20 %.
Céc gia tri nay dap (mg tiéu chi vé ti 1& chét va hao hut sinh khdi & d6i ching theo TCVN
5961:1995 (ISO 11268-1:1993) va ISO 11268-1:2012.
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Sau 7 ngdy phoi nhiém, ti 18 chét cta giun dit & cac nghiém thirc dao dong tir
2,50% dén 5,00%, trong khi d6i chtrng dat 5,00%. Phan tich bang mé hinh tuyén tinh tong
quat voi phan phdi nhi thire cho thiy khong ¢ su khac biét co ¥ nghia thong ké vé ti 16
chét gifta cac nghiém thirc (Likelihood Ratio y2 = 1,877; df = 12; p > 0,05). Két qua budc
dau cho thay cac nghiém thirc x{r Iy bang Bacillus khong 1am gia tang ti 1¢ chét ctia giun
dat so véi d6i ching trong 7 ngay khao sat.

Sau 14 ngay phoi nhiém, ti 16 chét cta giun dat ¢ cac nghiém thirc xir Iy bang
Bacillus dao dong tir 5,00% dén 7,50%, twong duong hodc thap hon d6i ching (7,50%).
Két qua phéan tich bang mé hinh tuyén tinh tong quat v6i phan phéi nhi thiic cho thay
khong co sy khac biét co ¥ nghia thong ké vé ti 1é chét giita cac nghiém thire (Likelihood
Ratio y2 = 0,959; df = 12; p > 0,05). Két qua nay cho thdy chua phat hién su gia ting ti 16
chét ctia giun dat & cac nghiém thirc xir Iy so v&i ddi chung trong diéu kién khao sat.

Bing 3.19. Anh huéng cia cdc ching Bacillus tuyén chon dén ti 1é chét va bién dong
khoi leong ciia giun dat (Eisenia fetida) sau 14 ngay thir nghiém

Nong df vi Ti 1¢ chét trung binh (%)  Giam khdi hrong trung binh

Kkhuan bo

Loai
sung Ngay 7 Ngay 14 Til€ (%) p
(CFU/g)

Dbi ching 0 5,00+£5,77  7,50+9,57 10,85 + 4,06 0,897
B 107 5,005,777 7,50+ 5,00 10,68 + 3,66 0,182
siamensis 108 5,00+5,77 7,50+ 5,00 10,79 + 3,70 0,725
101 10° 2,50+5,00 5,00+5,77 10,69 + 5,70 0,823
B. 107 5,00+5,77  7,50+5,00 10,99 + 3,39 0,698
siamensis 108 2,50+ 5,00 7,50 £9,57 10,73 £ 5,25 0,708
112 10° 5,00+5,77 7,50+ 5,00 10,95+ 5,13 0,667
B. 107 5,00+5,77  7,50+5,00 10,90 + 1,57 0,292
velezensis 108 5,00 £ 5,77 7,50 £ 5,00 10,71 £ 5,23 0,729
137 10° 2,50+£5,00 5,00+5,77 10,86 + 4,82 0,877
Hon hop 3 107 5,00+5,77  7,50+5,00 10,62 + 2,83 0,919
dich nuoi 108 5,00+£5,77  5,00+5,77 10,73 £ 5,49 0,919
]?a‘i_l;f 10° 205300 5504057 10204431 0123

Ghi chii: M: Trung binh mdu (Mean) va si sai khdc khéng cé y nghia thong ké
véi p > 0,05 (Duncan’s test); M + SD: Trung binh mdu + D léch chudn (n=4). So sanh
véi doi chimg bang phép kiém dinh Dunnett hai phia sau ANOVA mét yéu to.

Bén canh d6, sau 14 ngay phoi nhiém, ti 1¢ giam tong sinh khéi giun dat ¢ cac
nghiém thire xir 1y bang Bacillus dao dong tir 10,29% dén 10,99%, trong khi déi chimg
dat 10,85%. Phan tich phuong sai mét yéu t6 cho thay khong c6 su khac biét co y nghia
thong ké gitta cac nghiém thire (F(12,39) = 0,007; p > 0,05). Két qua so sanh Dunnett
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cling chua phat hién sy khac biét c6 ¥ nghia théng ké giira timg nghiém thirc xir 1y va ddi
chung (p > 0,05). Nhu vay, chwa ghi nhan su gia ting dang ké vé murc giam téng sinh
khdi giun dat & cac nghiém thirc xir Iy trong diéu kién khao sat.

Két qua nghién ctru ny ciing phu hop véi cac cong bd trude ddy vé anh hudng cia
vi khuan Bacillus dén dong vat dat. Nghién ctru v6i anh hudng cua B. amyloliquefaciens
UCMBS5113 trén hai loai giun dat Aporrectodea caliginosa va A. longa duoc thuc hién
bang 3 cach (qua thirc an, tron vao dat, ngam truc tiép), két qua cho thay khong co sy khac
biét vé ti 1& sdng sét, sinh trudng va sinh san ngay ca khi sir dung nong do cao tuwong
duong v6i mirc c6 thé gip trong san xuat nong nghiép (Lagerldf et al., 2015). Trén cay
chudi, viéc phdi hop B. velezensis HNO3 v6i phan tran qué gép phan lam giam muc do
bénh héo do Fusarium, dong thoi tac ddng dén cau tric cong dong vi sinh vat va diéu kién
dinh dudng dat (Wu et al., 2020). Trén cdy dua hiu, B. velezensis WB lam ting kha ning
trc ché bénh héo do Fusarium oxysporum f. sp. niveum trong dat khong khtr trung, c6 lién
quan dén sy gia ting d0 phong phu cua cic nhém vi khuan Hyphomicrobiaceae va
Chitinophagaceae (Luo et al., 2023). Xiao et al. (2026) ghi nhan ring viéc bd sung
Bacillus spp., riéng 1¢é hoac két hop voi giun dat, co thé cai thién mot sb dic tinh dinh
dudng va hoat tinh enzyme cta dat, dong thoi lam thay déi cdu trac quan x3 vi sinh vat.
Nhiing két qua nay cho thay tiém ning tng dung Bacillus spp. trong cai thién chat luong
dat va hd tro phat trién nén ndng nghiép bén viing.

3.2.8.4. Khd nang sinh 144

Kha ning sinh tong hop Indole-3-acetic acid (IAA) cua cac chung B. siamensis 101,
B. siamensis 112 va B. velezensis 137 dugc trinh bay ¢ Hinh 3.24. Trong khoang thoi gian
tir 24 - 72 gid nudi cdy cho thay, ca ba chung Bacillus déu c6 kha ning san xuat IAA, voi
ham luong ting dan theo thoi gian va dat mire cao nhét sau 72 gid. Cu thé, sau 72 gid, chiing
B. siamensis 101 dat ham luong IAA cao nhit 13 0,027 mg/mL, tiép theo 13 B. velezensis
137 (0,026 mg/mL) va B. siamensis 112 (0,025 mg/mL). Su khac biét vé& hiéu suat san xuét
IAA giita cac ching sau 72 gio 1a khong dang ké, cho thiy ca ba chung Bacillus déu c6
tiém nang trong viéc thiic day sinh truéng thuc vat (Hinh PL7.1 & Phy luc VII.
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Hinh 3.24. Dinh tinh kha nang sinh Indole-3-acetic acid (IAA) cua ba chung Bacillus
dwroc tuyén chon (A), xdc dinh ham hrong IAA (B)
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Két qua nghién ctru cua luan an ciing pht hop véi cac cong bd trude day. Chang
han nhu, Yin et al. (2022) da bao céo chung B. velezensis GSBZ09 dugc phan lap tir cay
nho c6 kha nang sinh IAA, siderophore, hoa tan lan, sinh cdc enzyme ngoai bao
cellulase, protease, amylase va lipase va c6 hoat tinh déi khang véi nhiéu loai ndm bénh
va vi khuan gy bénh trén nho.

3.3. CAC YEU TO ANH HUONG DEN HOAT PO VA KHA NANG SINH
TONG HQP ENZYME p-1,3-GLUCANASE CUA CAC CHUNG BACILLUS PUQC
TUYEN CHON

3.3.1. Su bién d6i hoat dd enzyme B-1,3-glucanase theo thoi gian nudi cay 9

Ba chung Bacillus tuyén chon dugc nudi riéng ré trong moi truong khoang bo
sung 1% curdlan 1am chit cam tmg dé san xuat p-1,3-glucanase. Trong 32 gid khao sat,
hoat d¢ B-1,3-glucanase cua ba chung B. siamensis 101, B. siamensis 112, B. velezensis
137 déu c6 xu hudng ting trong 24 gid dau nudi cdy, sau d6 giam dan & cac thoi diém
tiép theo. Sinh truéng ciia cac chung thé hién qua gia tri ODsoo, dat cuc dai vao khoang
20 gio nudi cay. Pbi voi ching B. siamensis 101, két qua trinh bay & Hinh 3.25 cho thay
hoat d6 enzyme ting theo thoi gian nudi cdy va dat gia tri t6i da 4,49 U/mL sau 24 gio.
Hoat d riéng dat cuc dai 1,40 U/mg tai thoi diém 20 gio, tring véi thoi diém gia tri
ODseoo dat mirc cao nhét.

B. siamensis 101
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Hinh 3.25. Hoat do -1,3-glucanase ciia B. siamensis 101 theo thoi gian nudi cdy
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Hoat d6 enzyme B-1,3-glucanase cua chung B. siamensis 112 tang trong 24 gio
dau nuoi céy va dat gia tri cuc dai 4,17 U/mL sau 24 gi¢. Hoat do riéng dat cuc dai 1,50
U/mg tai thoi diém 20 gio nudi cdy, trong khi gia tri ODeoo cling dat mirc cao nhét vao
khoang 20 gir nudi ciy (Hinh 3.26).

B. siamensis 112
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Hinh 3.26. Hoat d¢ (-1,3-glucanase ciia B. siamensis 112 theo thoi gian nudi cdy
Doi v6i ching B. velezensis 137, hoat dd chung va hoat do riéng déu ting trong

24 gid nuoi céy ban dau, gia tr1 dinh cua hoat d6 chung la 4,37 U/mL, gia tri dinh cua
hoat d6 riéng 1a 1,96 U/mg, gia tri ODeoo dat dinh lac sau 20 gid nudi cay (Hinh 3.27).
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Hinh 3.27. Hoat do -1,3-glucanase ciia B. velezensis 137 theo thoi gian nudi cdy
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Nhu vy, trong ba chung Bacillus dugc khao sat, chung B. siamensis 101 c¢6 hoat
d6 enzyme B-1,3-glucanase cao nhét va 6n dinh hon trong 24 gid, chung B. velezensis
137 ¢6 uvu thé dat mic cao & giai doan sém, ching B. siamensis 112 & thip hon hai
chung B. siamensis 101 va B. velezensis 137. Thoi gian phu hop nudi cdy 3 chung vi
khuan Bacillus & thu enzyme B-1,3-glucanase 13 20-24 gid.

3.3.2. Anh huéng ciia mét s6 yéu to6 dén hoat dd enzyme B-1,3-glucanase

3.3.2.1. Anh hwéng cﬁq nhié{ dé dén h{)qt’dé enzyme f-1,3-glucanase

Nhi¢t d§ anh huong dén sy 6n dinh vé cau tric cua trung tdm phan trng cua
enzyme, do d6 anh hudng dén hoat d6 ciia enzyme. Két qua nghién ctru vé anh huéng
cua nhi¢t do phan ing dén hoat do cua enzyme duoc thé hién ¢ Hinh 3.28.
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Hinh 3.28. Anh hieong ciia nhiét do dén hoat @6 enzyme B-1,3-glucanase ciia ba chiing
Bacillus dwoc tuyén chon

Hinh 3.28 cho thay, hoat d6 enzyme p-1,3-glucanase ctia ca ba chung déu thay
d6i theo nhiét do, dat gid tri cuc dai & khoang 50 - 60 °C, sau d6 hoat d6 giam dan khi
nhiét do tiép tuc ting.

Déi v6i chung B. siamensis 101, hoat dd enzyme tang khi nhiét do tang tir 30 °C
- 50 °C va dat cuc dai tai 50 °C. Khi nhiét d§ vuot qué 60 °C, hoat 3o enzyme giam dan
nhung van duy tri trén 84% so vé6i gia tri cuc dai. Két qua cho thdy enzyme ctia chung
nay hoat dong hi¢u qua trong khoang nhiét 4o 40 - 50 °C, véi nhiét do t6i wu 1a 50 °C.

Trong khi do, hai chung B. siamensis 112 va B. velezensis 137, hoat d§ enzyme
déu dat cuc dai & 60 °C, sau dd giam dan khi nhiét do tiép tuc tang. O chung B. siamensis
112, hoat d6 enzyme ting trong khoang 30 °C dén 60 °C, sau d6 giam nhung van duy
tri trén 84% tai 80 °C. Ddi véi chung B. velezensis 137, hoat d§ enzyme tang tir khoang
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60% 1én 100% khi nhiét d6 ting tir 40 °C dén 60 °C, roi giam xudng con khoang 87% ¢
80 °C. Két qua khao sat thuc nghiém cho thay, nhiét d6 phu hop nhét cho su biéu hién
hoat tinh enzyme ctia hai chung B. siamensis 112 va B. velezensis 137 1a 60 °C, d6i véi
chung B. siamensis 101 1a 50 °C.

Két qua nghién ctru ndy twong dong voi nhiéu nghién ctru trude day vé enzyme
B-1,3-glucanase tir cac loai Bacillus. Nogi & Horikoshi (1990) cho biét kha ning bén
nhiét cta B-1,3-glucanase ngoai bao tir Bacillus sp. AG-430 c6 nhiét d6 t6i uu khoang
60 °C - 65 °C va van giit t6i 90% hoat d6 sau khi i & 100 °C trong 10 phut. Khalid et
al. (2021) bao céo B. velezensis Y1 c6 B-glucanase tdi wu & 65 °C. Putri et al. (2021) bao
céo B-glucanase cta B. subtilis W3.15 ¢6 hoat d6 t6i uu trong khoang 60 °C - 80 °C va
c¢6 kha ning d6i khang manh véi F. oxysporum.

3.3.2.2. Anh hwéng ciia pH dén hoat dé enzyme p-1,3-glucanase ’

Hoat d6 cua enzyme con phu thudc vao cac nhom chuic nang lién quan dén qua
trinh gép cudn ciia chudi polypeptide. Cac nhom chirc ning nay duoc cho rang nhay
cam voi d6 pH. Chung t6i da khao sat anh huong ctua pH dén hoat d6 ciia cac enzyme
B-1,3-glucanase cua cac chung B. siamensis 101, B. siamensis 112 va B. velezensis 137.
Két qua nghién ctru duoc trinh bay & Hinh 3.29.
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Hinh 3.29. Anh huong cia pH dén hoat dg enzyme p-1,3-glucanase

Trong khoang pH 3,0 dén10,0, B-1,3-glucanase ctia ca ba chung Bacillus dat hoat
d6 cuc dai tai pH 5,0 (100%) va giam manh & pH qué axit hodc qua kiém. Ching B.
siamensis 101, hoat d§ enzyme B-1,3-glucanase dat & muc thép (18,79 % va 25,95 %) ¢
cac gia tr1 pH 3,0 va pH 4,0; hoat d¢ dat cuc dai (100 %) & pH 5,0, sau d6 giam Xuéng
con 71,49 % & pH 6,0 va 45,21 % & pH 7,0; hoat do tiép tuc giam xudng khi pH chuyén
sang kiém 39,08 % (pH 8,0), 36,84 % (pH 9,0) va 31,10 % (pH 10,0). Két qua cho thay,
enzyme tir ching B. siamensis 101 hoat dong phu hop trong khoang pH 4,0 dén 5,0 va
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hoat d§ giam dan sau khi dat cuc dai & pH 5,0. Chung B. siamensis 112, hoat d¢ ciing
dat muc thép 10,71 % (pH 3,0) va 24,83 % (pH 4,0); dat cuc dai & pH 5,0, sau do giam
xudng con 77,36 % (pH 6,0), 59,08 % (pH 7,0); hoat d6 tiép tuc giam xubng con 38,28
%, 37,00 % va 24,27 % tuong ung vai cac gia tri pH 8,0, pH 9,0 va pH 10,0. Ching B.
velezensis 137, hoat do chi dat 5,53 % (pH 3,0) va 25,26 % (pH 4,0); dat cuc dai (100
%) & pH 5,0, giam xudng con 83,89 % (pH 6,0); giam manh xudng con 49,74 % (pH
7,0), 44,83 % (pH 8,0), 30,50 % (pH 9,0) va 23,02 % (pH 10,0). Két qua cho thay p-1,3-
glucanase tir ba ching B. siamensis 101, B. siamensis 112 va B. velezensis 137 déu dat
cuc dai ¢ pH 5,0.

Két qua nghién ctru ndy, twong doéng véi bao cdo cua Xu et al. (2016) trén B.
velezensis ZJ20, trong d6 enzyme tinh khiét thé hién hoat do ti wu tai pH 5,0 va duy tri
6on dinh trén dai pH rong, dong thoi pha hity cdu tric soi nam bénh. Khalid et al. (2021)
d3 ghi nhan chang B. velezensis Y1 san xuit B-glucanase v6i pH téi wu khoang 6,0.
Caseiro et al. (2022) bao cao pH tbi wu cta p-1,3-glucanase khoang 5,0 dén 6,5. Tuong
tu, Quang et al. (2024) bao céo B-1,3-glucanase tir P. polymyxa AT4 cho hoat d6 t6i uu
& pH 6,0 va duy tri 6n dinh trong khoang pH 5,0 dén 7,0.

3.3.2.3. Anh hwéng ciia ion kim loai va cdc chit héa hoc dén hoat dp enzyme
p-1,3-glucanase ’ 7

Céc 1on kim loai va céc chat hoa hoc khi c6 mét trong moi truong co6 thé lam tang
hozc 1am giam hoat tinh ctia enzyme theo nhitng co ché khac nhau. Do d6, viéc xac dinh
duoc nhitng ion kim loai, cac chat hoa hoc nao anh huong dén hoat d6 cua enzyme cO y
quan trong trong (g dung vao thuc tién. Trong nghién ctru nay, anh hudéng ion kim loai
va cac chit hoa hoc dén hoat d6 enzyme B-1,3-glucanase ctia ba chung B. siamensis 101,
B. siamensis 112 va B. velezensis 137 dugc thir nghiém véi Fe?*, AIP*, Ca**, Mn?*, Cu®*,
Zn?*, Co?*, EDTA, SDS, Urea va Tris, két qua nghién ctru dugc trinh bay & Hinh 3.30.

250

[\

S

[e)
H

150 T i =

100 gge BIT .- BET T all§ =

o

X

)
R

X X
&

X
&

S &

BRI
R \ QRN

v
WS

Hoat d¢ enzyme con lai (%)
o 3

|

H

)

B. siamensis 101 m B. siamensis 112 = B. velezensis 137

Hinh 3.30. Anh hwong ion kim logi va cac chdt héa hoc dén hoat do enzyme f-1,3-

glucanase ciia ba ching Bacillus dwoc tuyén chon



103

Hoat dg B-1,3-glucanase cua ca ba chung B. siamensis 101, B. siamensis 112 va
B. velezensis 137 1én 132 — 202 % so v6i d6i chimg khi c6 mat Mn?* va Co?*. Trong do,
xu 1y voi ion Mn?*, hoat 36 enzyme dat téi 202,36 % & chung B. siamensis 112, dat
171,18 % & chung B. velezensis 137 va dat 159,11 % & chung B. siamensis 101. Tuong
tu, xtr Iy v6i ion Co?’, hoat 30 enzyme cua cac chung 112, 137 va 101 dat duoc twong
tng 1a 169,15 %, 132,41% va 141,71 %. Trong khi do, cac ion Ca®", Cu?" lam tang
nhe hoat do enzyme (104 — 121 %). Ngugc lai, cac ion nhu AI**, Zn** ¢6 xu hudng
lam giam hoat d6 enzyme xudng thap hon so v6i ddi chtng, chi dat khoang 78 — 93
%. Xt ly v6i AIP" hoat d0 enzyme cua cac chung B. siamensis 101, B. siamensis
112 va B. velezensis 137 dat duoc 1an luot 14 92,53 %, 91,46 % va 90,67 %; X ly
v61 Zn** hoat d6 enzyme cua céac chung 101, 112 va 135 dat duoc lan luot 12 91,93
%, 93,59 % va 78,89 %. Pdi voi cac hoa chat, EDTA, Urea va Tris déu lam giam
dang ké hoat d6 cta 3 ching B. siamensis 101, B. siamensis 112 va B. velezensis
137 xudéng con 70 — 91 %. Riéng SDS c¢6 su khac biét dang ké, duy tri hoat do 100
% O B. siamensis 112, 1am gidm hoat d0 enzyme cua B. siamensis 101 (93,92 % )
va B. velezensis 137 (98,33 %).

So sanh véi cac nghién ctu di dugce cong bd, két qua nghién ciru cua ching
t6i twong déng. Co thé thay hoat dd cua enzyme B-1,3-glucanase bi tic dong boi cac
loai ion kim loai, cac chat hoa hoc khac nhau va con tuy theo loai VSV va moi truong
sébng. Khi ¢6 mit ciia kim loai Co®*, Cu?*, Mn?*, Zn?" 1am hoat tinh cia enzyme s&
ting manh, nguyén nhan c6 thé do cac ion nay déng vai tro tham gia vao hoat dong
xUc tac tai trung tdm hoat dong ctia enzyme. Nguogc lai, EDTA, Urea, Tris c6 thé
dong vai tro nhu chat kim ham va lam giam hoat tinh cta enzyme. Enzyme B-1,3-
glucanase ngoai bao cua B. clausii NM-1 phan 13p tur bao ngu Haliotis discus hannai
co hoat dong rat 6n dinh & pH 5,3-11,5. Nhiét do t8i wu va do bén nhiét cua enzyme
tang 1én khi c6 CaCl, (Miyanishi et al., 2003). Enzyme B-1,3-glucanase tir loai nam
Penicillium expansum duoc biéu hién trong E. coli ¢6 nhiét d§ hoat dong t6i wu 1a 55
°C, pH 6,0. bém Na,HPO4, NaH2PO4 (pH 6,0), SDS, TritonX-100 va mdt s6 ion kim
loai (Mg?*, Ca®*, Ba", Cu®" va Zn®") c6 tac dung trc ché hoat dong enzyme va NaCl
gilp tang cuong hoat dong enzyme (Wang. et al., 2023).

3.3.3. Anh huwéng ciia mdt s6 yéu td dén kha ning sinh tong hop enzyme
p-1,3-glucanase

3.3.3.1. Anh hwong ciia nguon cacbon

Khao sat anh huéng cua ngudn cacbon dén sinh truong, sinh tong hop p-1,3-
glucanase cua ba chung B. siamensis 101, B. siamensis 112 va B. velezensis 137 dugc
thuc hi¢n theo muc 2.2.5.3. Céac chung dugc nudi trong méi truong khoang theo Dewi
et al. (2016), bod sung 1% bdt ngo, bt dai mach, bot lta mi hodc curdlan trong 24 gio.
Két qua duoc trinh bay & Bang 3.20.
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Bing 3.20. Anh hwéng ciia nguon cacbon dén sinh truéng va sinh tong hop enzyme p-

1,3-glucanase

B. siamensis 101

B. siamensis 112

B. velezensis 137

A R Mat do ) Mat do ) Mat do
Nguon  Hoat d6 £ Hoat d¢ £ Hoat d9 £
b té€ bao t€ bao t€ bao
B
m m
CFU/mL) CFU/mL) CFU/mL)
Bot ngo 3,56+0,04* 5,93+0,82* 1,79+0,05* 7,13+0,90* 2,82+0,03* 7,20+1,03?
Dai
alh 2,59+0,03¢ 4,04+0,43° 1,74+0,03* 6,71+1,72* 1,23+0,03¢ 5,00£1,51°
mac
Laami 3,15+0,01° 5,21+0,50® 0,93+0,04° 5,02+0,23° 1,69+0,02° 6,00+1,14°
Curdlan 3,54+0,02® 6,13+0,61* 1,80+0,06* 7,24+0,31* 2,84+0,07?* 7,30+0,70%

Ghi chu: Cac chir cdi khac nhau trén cung mot cot chi su sai khdac co y nghia

thong ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + B¢ léch chudan.

Bang 3.20 cho thay ba chung Bacillus déu sinh trudng va sinh B-1,3-glucanase

trén bon nguén cacbon khdo sat, v&i hoat do enzyme dat tur 0,93 dén 3,56 U/mL. B.

siamensis 101 ¢6 hoat d6 cao nhat trén ca bdn co chat. Bot ngd cho hoat do B-1,3-

glucanase cao nhat & ca ba chung (1,79-3,56 U/mL) va gan tuong duong curdlan sau 24

gid nudi cdy. Do dé tim va chi phi thap hon, bot ngd duge chon lam ngudn cacbon cho

cac thi nghiém tiép theo.

3.3.3.2. Anh hwéng ciia logi méi trwong nuéi ciy
Anh huong ctia moéi truong nudi cay dén sinh trudng va hoat do B-1,3-glucanase

cua ba chung Bacillus dugc khao sat theo phuong phdp dugc trinh bay & muc 2.2.5.3.

Két qua duoc trinh bay & Bang 3.21.

Bing 3.21. Anh hwéng ciia méi trieong nudi cdy dén sinh trudng va sinh tong hop

enzyme f3-1,3-glucanase cua cac chung Bacillus

B. siamensis 101

B. siamensis 112

B. velezensis 137

Moi  Hoatds R0 g MBI pige MA@
trudng enzyme té bao enzyme té bao enzyme te bao
(U/mL) (x10° (U/mL) (x10° (U/mL) (x10°
CFU/mL) CFU/mL) CFU/mL)
MPB  2,82+0,50° 530+1,02° 2,07£022¢ 7,01£1,31* 244:020° 6,72+1,22°
NB  3,67:039" 4,81£0,62° 3,62+021° 6,521,728 3,29+022° 523+1,23°
LB 4,58£020° 7,52+0,34 4,150,330 9,73+0,33% 4,30+0,33" 8,54+0,51°
NBY  2,18+0,11° 4,51£0,61° 2,42+0,10¢ 7,33£0,84% 2,19+0,12¢ 5,31+0,34°

Ghi chu: Cac chir cdi khdac nhau trén cung mot cot chi sy sai khdc co y nghia

théng ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + B¢ léch chudn. Diéu

kién nuéi cay: 1 % (w/v) bét ngé; 10 % giong, 30 °C, pH 7,0, 150 rpm, 24 gio.
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Két qua ¢ Bang 3.21 cho thdy méi truong nudi cdy c6 anh huong dén kha ning
sinh trudong, phat trién va sinh tong hop enzyme B-1,3-glucanase ciia ba ching B.
siamensis 101, B. siamensis 112 va B. velezensis 137. O ca ba chung, hoat d6 enzyme
thay doi 1 rét giita cac mdi trudng, trong d6 méi truong LB cho két qua cao nhat. Cu
thé, hoat do enzyme cua chung B. siamensis 101, B. siamensis 112 va B. velezensis 137
trong moi truong LB lan luot dat 4,58; 4,15 va 4,30 U/mL, cao hon va khac bi¢t co y
nghia théng ké (p < 0,05) so véi cac méi truong MPB, NB va NBY. Trong khi d6, moi
truong NBY cho hoat d6 enzyme thap nhét, chi dat tir 2,18-2,42 U/mL.

V& sinh khéi, mét d6 t& bao vi khuan dao dong trong khoang 4,5x10° dén 9,7x10°
CFU/mL, cho thay cac ching Bacillus déu c6 kha ning sinh trudng tét trong cac loai
moi truong duge khao sat. Tuy nhién, sinh khdi cao nhét duge ghi nhén ¢&@ moi1 truong
LB (7,5 - 9,7x10° CFU/mL), tiép dén 1a NB (4,8 - 6,5x10° CFU/mL), MPB va NBY ¢6
sinh khi thap hon nhung khong sai khic c6 ¥ nghia théng ké so véi NB.

Nhu vdy, mdi truong LB vira dam béo kha ning phat trién t& bao manh, vira kich
thich qua trinh sinh tong hop enzyme B-1,3-glucanase cao nhat. Nguyén nhan cé thé do
thanh phan dinh dudng ctia mdi truong LB (peptone va cao nim men) cung cap day du
ngudn cacbon va nito dé hap thu, dong thoi tao diéu kién thuan loi cho qua trinh sinh téng
hop enzyme ngoai bao. Cac mdi trudng khac nhu MPB hay NBY c¢6 thé thiéu cac yéu t6
dinh dudng hoidc khong can bang vé ngudn dinh dudng, dan dén hoat tinh enzyme thip hon.

Két qua nay cho thdy LB 1a méi truong ph hop cho sy sinh truéng ban dau caa
cac chung Bacillus nghién ctru, duoc lya chon dé trién khai cac khao sat chi tiét vé diéu
kién nudi cdy nham nang cao hiéu suét sinh tong hop enzyme B-1,3-glucanase trong cac
nghién ctru tiép theo.

3.3.3.3. Anh hwéng ciia nguén nito bo sung

Ba ngudn nito hitu co gdm cao ndm men, tripton va peptone (ndng dod 1,0 %)
dugc thém vao méi truong nudi ciy cac ching Bacillus dugc tuyén chon theo phuong
phap & muc 2.2.5.3. Két qua nghién ctru dugc thé hién ¢ Bang 3.22.

Bing 3.22. Anh hwéng ciia nguon nito bé sung dén sinh triedng va sinh tong hop

enzyme f3-1,3-glucanase cua cac chung Bacillus

B. siamensis 101 B. siamensis 112 B. velezensis 137
Ngubn  Hoatds % Hoatds e %% Hoatds e
nito enzyme té bao enzyme té bao enzyme té bao
(U/mL) (x10° (U/mL) (10 (U/mL) (x10°
CFU/mL) CFU/mL) CFU/mL)
Cao nim

men 4,88+0,21* 7,64+0,33* 4,20+0,60* 9,12+0,52* 4,36+0,52* 8,74+0,30*

Tripton ~ 3,04+0,40° 5,41+0,30° 2,99+0,51°¢ 8,10+£0,61° 3,03+£0,20° 6,32+0,22¢
Peptone  3,39+0,24° 5,50+0,31° 3,154+0,10° 8,72+0,70° 3,34+0,22° 7,80+0,54°

Ghi chu: Cac chir cdi khdac nhau trén cung mot cot chi sw sai khdc co y nghia
thong ké véi p < 0,05 (Duncan’s test). M = SD: Trung binh mau £ P¢ léch chudn. Diéu
kién 1én men: 1 % (w/v) bot ngé; 10 % giong, 30 °C, pH 7,0, 150 rpm, 24 gio.
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Dit liéu ¢ Bang 3.20 cho thiy, ca ba chung déu sinh trudng t6t va tich luy enzyme
B-1,3-glucanase cao nhat khi duoc nuéi cay véi cao nam men. Hoat do enzyme va sinh
khdi twong mg cua chung B. siamensis 101 1a 4,88 U/mL, 7,6x10° CFU/mL; chung B.
siamensis 112 1a 4,02 U/mL, 9,1x10° CFU/mL va B. velezensis 137 1a 4,36 U/mL,
8,7x10° CFU/mL. So sanh giita cac chung cho thiy B. siamensis 101 c6 hoat d6 enzyme
cao nhat, chig to kha ning cam trng manh hon so véi B. siamensis 112 va B. velezensis
137 (p < 0,05). Do d6, cao nim men d dugc lya chon 1am ngudn nito chii dao nho kha
ning thuc diy dong thoi su ting truéng sinh khdi va sinh tong hop enzyme PB-1,3-
glucanase cho ca ba chung Bacillus.

3.3.3.4: A?nlg hwong cia ti l.é,cd’y giong , q ,

Ti I¢ cay giong anh hudng dén mat do té bao vi khuan, anh hudng dén thoi gian
pha lag, do d6 anh huong dén sinh truong va kha niang sinh tong hop enzyme cua té bao.
Pé tham do anh huodng cia ti 1¢ cay gidng dén hoat 46 enzyme B-1,3-glucanase chiing
t61 tién hanh nuoi cdy ba chung B. siamensis 101, B. siamensis 112 va B. velezensis 137
da dugc tuyén chon véi ti 1& cdy giéng 1an lugt 1a 1 %, 5 %, 7 % va 10 %. Két qua nghién
clru 6 Bang 3.23 cho thay, ti 16 cdy gidng tir 1 % dén 10% anh hudng dén hoat d6 enzyme
B-1,3-glucanase va sinh khoi ba chiing Bacillus.

Bing 3.23. Anh huéng ciia ti 1¢ cdy giong dén sinh truong va sinh tong hop enzyme p-
1,3-glucanase cua cdc chung Bacillus

Ti 18 B. siamensis 101 B. siamensis 112 B. velezensis 137
i
' Mat do Mat do Mat do
cly  Hoatdy .  Hoatdd . °  Hoatdd . °
gibng  enzyme té bao enzvime té bao enzvime té bao
zy zy zy
(x10° (x10° (x10°
% U/mL U/mL U/mL
o) UL ey UMD gy V™Y cRusm

1 093+£0,44° 1,51+021° 1,70£0,20° 2,40+0,41> 1,88+0,51¢ 1,81+0,34°
5 3,89+0,23" 7,2040,61° 3,92+0,21° 8,40+0,31* 3,90+0,11° 7,33+0,54°

4,98+0,11° 7,71£0,43* 4,32+0,20° 8,50+0,22° 4,39+0,41° 8,80:0,41°
10 3,92+0,12* 7,42+0,41* 3,72+024> 8,11+0,63* 3,80+0,40° 8,32+0,32°

Ghi chii: Céc chir cdi khdc nhau trén ciing mét ¢ét chi sw sai khdc cé y nghia thong
ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mau + D¢ léch chuan. Piéu kién nudi
cay: 1 % (wh) bét ngé ; 1 % (wh) cao nam men, 30°C, pH 7,0, 150 rpm, 24 gio.

Bang 3.23 cho thdy, ti 1& ciy giéng 7 % (v/v) 1 phu hop nhit cho sinh trudng va

tich lily enzyme B-1,3-glucanase ddi v6i ca ba chung Bacillus. Tai diéu kién nay, hoat
dé enzyme dat mirc cao nhét, cu thé: chung B. siamensis 101 dat 4,98 U/mL, ching B.
siamensis 112 dat 5,32 U/mL va chung B. velezensis 137 dat 5,39 U/mL. Cac gia tri nay
khac biét co y nghia thong ké (p < 0,05) so véi cac ti 1¢ cdy gidng con lai, diéu nay cho
thdy 7 % la ngudng cdy giong thich hop dé dat hi¢u suat sinh tong hop enzyme cao nhat.

Khi tiép tuc ting ti 1& cay gidng 1én 10 %, hoat d6 enzyme c6 xu huéng giam
manh, chi con 3,92 U/mL (chung B. siamensis 101) va 3,72 U/mL (ching B. siamensis
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112). Su suy gidm nay c6 thé do mat do té bao qué cao dan dén su canh tranh va can
kiét nhanh chong nguén dinh dudng, dong thoi sy tich Iy cic san pham trao d6i chat
thir cAp ¢ thé gay e ché nguoc qua trinh sinh tong hop B-1,3-glucanase. Nguoc lai, tai
cac ti 1& cay giéng thap hon 7 %, hoat luc enzyme thu duoc ciing khong cao, dao dong
trong khoang tir 1,70 U/mL dén 3,92 U/mL. Mat do té bao dao dong tir 1,5%10° dén
8,8x10° CFU/mL. Ti 1& cdy gidng 1% cho mat do té bao khac biét co y nghia thong ke,
trong khi cac muc 5%, 7% va 10% khong khac biét co y nghia & ca ba chung. Véi két
qua thu duoc nhu trén, chiing toi lua chon ti 18 cdy gidng 7 % (v/v) dé str dung cho céc
nghién ctru tiép theo.

3.3.3.5. Anh hwé’ng cua thoi giqn nudi cdy

Thoi gian nuoi cay anh hudng dén sinh trudng va hoat do B-1,3-glucanase cua vi
khuan. Két qua ¢ Bang 3.24 cho thiy ca ba ching Bacillus dat hoat 46 enzyme cao nhat
sau 24 gid nudi cdy. Trong d6, hoat do enyzme cta chung B. siamensis 101 dat cao nhat
1a 5,15 U/mL, ching B. siamensis 112 1a 4,40 U/mL va c6 su khac bi¢t co6 y nghia théng
ké véi cac thoi diém khao sat khac. Riéng chung B. velezensis 137, hoat 46 enzyme p-
1,3-glucanase dat cao nhét trong thoi diém khao sat 24 gio (4,41 U/mL) va 36 gio (3,9
U/mL), chua c6 su khéac biét ¢6 ¥ nghia thong ké.

Bing 3.24. Anh hwéng cia thoi gian nudi cdy dén sinh trieong va sinh tong hop
enzyme f3-1,3-glucanase cua cac chung Bacillus

B. siamensis 101 B. siamensis 112 B. velezensis 137
Ol Mat do Mat do Mat do
ot poarde M9 Hoards A0 Hoatdg ardo
gian te bao enzvime té bao enzvime té bao
&) ) /y 0 (x10° v /y b (x10° v /y 0 (x10°
m m m
CFU/mL) CFU/mL) CFU/mL)

0  0,19£0,10° 0,00002+0,3° 2,60+0,13> 0,00002£0,51° (,58+0.33°¢ 0,000015+0,50°
24 5,15+0,40° 7,5240,51° 4,40+021* 8,94 +0,90° 4,41+0,51°  8,44+0,53°
36 3,66£0,52°  6,34+0,53* 3,924024° 7,72 +0,91*  3,90+0,14*  7,34+0,81°
48 1,63£0,53¢  3,62+1,14° 1,96+£041° 4,22 40,54  2,08£0,93" 3,82 +1,14°

Ghi chu: Cac chit cdi khdac nhau trén cung mot cot chi sw sai khac co y nghia
thong ké véi p < 0,05 (Duncan’s test). M £ SD: Trung binh mdu + D¢ léch chudn. Piéu
kién nuéi cdy: 1 % (w/v) bét ngé; 1 % (w/v) cao nam men, ti I¢ cdy giong 7 %, 30 °C,
pH 7,0, 150 rpm.

Vé sinh khoi, mat d6 té bao vi khuan dao dong trong khoang 3,6x10° dén 8,9x10°
CFU/mL. Sinh khbi cao nhat duoc ghi nhan trong 24 gid dau nudi cay dat 7,5x10°
CFU/mL vo6i chung B. siamensis 101, dat 8,9%10° CFU/mL ¢ chung B. siamensis 112
va 8,4x10° CFU/mL ¢ chung B. velezensis 137.

Cin ctr vao két qua nay ching toi lua chon thoi gian nuéi cay 1a 24 gid cho céac

nghién ctru tiép theo.
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3.3.3.6. Anh huéng ciia nhiét dp nudi cdy

Nhiét dd nuoi1 céy la yéu td dic biét quan trong anh hudng tryuc tiép dén su tang
truong sinh khoi va kha ning sinh tong hop enzyme B-1,3-glucanase cua VSV. Do do,
dé xac dinh ngudng nhiét do phu hop, ca ba chung Bacillus dugc nudi ciy trong cac
diéu kién d3 lya chon tir cac khéo sat trude do, vaoi cac dai nhiét do thay ddi khéac nhau.
Két qua khdo sat dugc thé hién chi tiét tai Bang 3.25.
Bing 3.25. Anh huéng ciia nhiét dé nudi cdy dén sinh truéng va sinh tong hop enzyme

p-1,3-glucanase cua cdac chung Bacillus

B. siamensis 101 B. siamensis 112 B. velezensis 137
p Mat do 4 Mat do 4 Mat do
Hoat do , Hoat do , Hoat do ,
roc oatdo & bao oar o & bao e
enzyme . enzyme . enzyme .
(U/mL) (x10 (U/mL) (x10 (U/mL) (x10
CFU/mL) CFU/mL) CFU/mL)

25 3,01 +0,62° 0,33+0,12° 3,06£0,63* 0,40+0,34" 3,17°+0,73 0,50+0,21°
30 524+044° 7424023 4,49+ 0,11° 9,11£0,52° 4,52+0,54* 8,24+0,41
35 3,9+0,42°  7,0240,60° 3,66+0,32° 8,82+0,43" 3,5240,52° 8,52+0,54°
37 2,9140,60° 7,04£0,51° 2,79+0,44* 8,14+0,31* 2,59+0,40° 7,91+0,72°

Ghi chu: Cac chir cdi khdac nhau trén cung mot cot chi sw sai khac co y nghia
théng ké véi p < 0,05 (Duncan’s test). M £ SD: Trung binh mdu + D¢ 1éch chudn. Piéu
kién nuéi cay: 1 % (w/v) bt ngé ; 1 % (w/v) cao ndm men, ti 1é cdy giong 7 %, pH 7,0,
150 rpm, 24 gio.

Két qua khao sat thé hién & Bang 3.25 cho thay, khi ting nhiét do tir 25 °C dén
30 °C thi sinh khéi va hoat d6 enzyme cua ca ba chung Bacillus déu tang. O nhiét do 30
°C, ca ba chung déu ghi nhan muc sinh khdi va hoat do enzyme cao nhat véi cac gia tri
O cac chung B. siamensis 101, B. siamensis 112, B. velezensis 137 1an luot 13 5,24 U/mL,
4,49 U/mL va 4,52 U/mL. Khi tdng nhiét do 1én 35 °C va 37 °C méc du sinh khdi duy tri
¢ muc cao nhung hoat do cia enzyme giam xuéng r0 rét, ghi nhan 2,91 U/mL & ching
B. siamensis 101; 2,79 U/mL & chung B. siamensis 112 va 2,59 U/mL & chung B.
velezensis 137. Diéu ndy c6 thé 1a do suy giam sinh tong hop enzyme hodc bién tinh
protéin. Vi két qua nghién ctru thu duge, chung t6i lua chon 30 °C cho cac khao sat
thuc nghi¢m tiép theo.

3.3.3.7. Anh hwéng ciia pH ban ddu ciia méi truwong nudi cdy

pH méi truong nudi ciy 1 yéu té méi trudng quan trong c¢6 anh hudng dén sinh
trudng, phat trién va kha ning sinh tong hop enzyme cua VSV. Két qua khao sat anh
hudng ctia pH ban dau ctia moi trudng nudi cay dén sinh truong va tich liy enzyme p-
1,3-glucanase ctia ba chung Bacillus dugc trinh bay & Bang 3.26.
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Bing 3.26. Anh hwéng ciia pH méi trieong nudi cdy dén sinh truéng va sinh tong hop

enzyme f3-1,3-glucanase cua cac chung Bacillus

B. siamensis 101

B. siamensis 112

B. velezensis 137

) Mat do ) Mat do ) Mat do
Hoat do oL Hoat do oL Hoat do oL
pH té bao té bao té bao
enzyme enzyme enzyme
Y (x10° Y (x10° Y (x10°
(U/mL) (U/mL) (U/mL)
CFU/mL) CFU/mL) CFU/mL)
5,0 3,01£0,91° 0,16£0,3¢ 2,80+0,50° 0,52+0,4°> 2,85+0.41°¢ 0,23+0,62°
6,0 3,51£0,32¢ 0,31£0,62° 3,62+0,44> 0,71+0,41* 3,64+0,10° 0,50+0,31¢
6,5 421£0,50°> 7,12+0,74* 3,67+0,32° 8,40+0,82* 3,74+0,34> 8,11+0,50%
7,0 5,43+0,34* 7,63+0,82* 4,53+0,10* 8,84+0,53* 4,52+0,51* 8,51+0,62*
7,5 4,17+0,11° 4,51+0,50* 3,50+0,42° 6,40+0,33* 3,04+0,62° 7,01+0,22%
8,0 2,86+0,21°¢ 2,30+0,44° 3,21+0,50° 3,82+0,60° 2,24+0,63° 5,23+0,44°

Ghi chu: Cac chir cai khdac nhau trén cung mot cot chi sw sai khac co y nghia
thong ké véi p < 0,05 (Duncan’s test). M £ SD: Trung binh mdu + D¢ léch chudn. Piéu
kién nudi cdy: 1% (w/v) bot ngd; 1% (w/v) cao ndm men; ti 1é cdy giong 7%; 30°C; 150
rpm; thoi gian 24 gio.

Két qua & Bang 3.26 cho thay ca ba chung Bacillus c6 kha ning chiu duoc pH
twong ddi rong tir pH 5,0 dén pH 8,0; sinh trudng, phat trién tot va hoat d6 enzyme B-
1,3-glucanase cao & pH 6,5 va pH 7,0. O pH 5,0-6,0, sinh khdi va hoat d6 enzyme déu
thap. Piéu nay c6 thé do moi truong axit khong thuan loi cho qua trinh trao d6i chat
ctia cac ching Bacillus. Khi moi trudng nudi cay c6 pH trung tinh, ghi nhan mat do té
bao va ca hoat do enzyme déu tang lén, trong do tai pH 7,0 ghi nhan cac gia tri cuc dai
0 ca ba chung. Tuy nhién, khi tang 1&én pH 7,5 va pH 8,0, hoat d§ enzyme giam rd rét
va sinh khdi ciing ¢6 xu hudng giam, cho thiy & mdi truong kiém nhe ciing 1am giam
hoat d§ va giam su sinh trudéng. Xu hudng nay dugc ghi nhan tuong tu ¢ ca 3 chung
B. siamensis 101, B. siamensis 112 va B. velezensis 137. Nhin chung, pH phu hop
cho ca ba chung nam trong khoang 6,5 dén 7,0, & khoang pH nay vira dam bao sinh
truong t6i da, vira thuan lgi cho sinh tong hop enzyme p-1,3-glucanase. Két qua nay
cling phu hop véi cac Bacillus wa moi trudong trung tinh. Do do6, pH 7,0 dugc lya chon
cho cac khao sat tiép theo.

3.3.3.8. 4’nh hwéng cﬁalté'c dé lic , , ,

Toc d6 lac anh hudng dén viéc cung cap oxi, mirc d0 phan tan té bao, cac chat
trong mdi truong nudi cdy VSV. Qua do, tbe do lic anh huéng dén sinh truéng va sinh
tong hop enzyme ngoai bao, do d6 can xac dinh mirc thich hop cho nuéi ciy. Két qua
khao sat anh hudng cia téc do lic dén sinh truong va hoat do enzyme B-1,3-glucanase

cua ba chung Bacillus dugc trinh bay & Bang 3.27.
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Bing 3.27. Anh hwéng cia toc do lic dén sinh triedng va sinh tong hop enzyme S-1,3-
glucanase cua cdc chung Bacillus

B. siamensis 101 B. siamensis 112 B. velezensis 137
T6 Mat do Mat do Mat do
¢ Hoatdd ..o Hoatds .- Hoatdd .. -
do lac té bao té bao te bao
enzyme 0 enzyme 0 enzyme 0
(rpm) (x10 (x10 (x10
U/mL U/mL U/mL
Umb - cpomyy V™D cpumyy UM™Y cpu/mL

100 2,28+0,79° 1,34+0,31° 2,02+0,45° 1,51+0,23* 2,17+0,91° 1,80+0,41?
150 5,66+0,11* 7,60+0,44* 4,61+0,10*° 8,71+0,60* 4,62+0,31* 8,22+0,53?
180  4,55+0,28" 17,41+0,24* 3,90+0,39° 8,24+0,43* 3,86+0,44° 8,13+0,33*
200  3,79+0,82° 17,42+0,31* 3,76+0,63° 8,51+0,74* 3,59+0,50° 8,04+0,41°
Ghi chu: Cac chir cdi khdac nhau trén cung mot cot chi sw sai khdac co y nghia
thong ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + D¢ léch chudn
(Standard deviation). Piéu kién nudi cay: 1 % (w/v) bét ngé,; 1 % (w/v) cao ndm men;
giong 7 %, 30 °C, pH 7,0, thoi gian 24 gio.
Két qua & Bang 3.27 cho thdy, & toc do lic 100rpm hoat do enzyme P-1,3-

glucanase va sinh khéi té bao cua ca ba chung Bacillus déu duoc & muc thap dao dong
tor 1,3 - 2,8 x10° CFU/mL va hoat d§ enzyme cling thép 0 muc tu 2,02-2,28 U/mL. Tuy
nhién, khi tdc do lic ting 1én & cac gia tri 150, 180 va 200 rpm thi déu ghi nhan sinh
khéi ctia ca ba chung ting cao dat tir 7,4 — 8,7 CFU/mL khac biét c6 y nghia thong ké
so v&i cac gia tri ghi nhan & tbe do lac 100 rpm. O tdc do lac 150 rpm, hoat d§ enzyme
B-1,3-glucanase cua ca ba ching déu dat cuc dai, chung B. siamensis 101 dat 5,66 U/mL
va sinh khéi dat 7,6 x 10° CFU/mL, chung B. siamensis 112 dat 4,61 U/mL va sinh khoi
dat 8,7 x 10° CFU/mL, chung B. velezensis 137 dat 4,62 U/mL va sinh khdi dat 8,2 x
10° CFU/mL. Sy suy giam kha ning sinh truéng va san xuat enzyme & toc do lac thap
c6 thé lién quan dén tinh trang han ché oxygen hoa tan, lam anh huéng dén hoat dong
trao d6i chat cua té bao. Khi toc d6 lic dugc diéu chinh ting dan, hiéu qua chuyén khdi
oxygen va muc do d@)ng nhét ctia méi truong nudi céy duoc cai thién, qua do tao diéu
kién thuan lgi cho su phat trién cua Bacillus va qua trinh sinh téng hop enzyme. Tuy
nhién, & khoang 180-200 rpm, hoat d0 B-1,3-glucanase c6 xu hudéng gidm mac du sinh
khdi van duy tri & muc cao. Hién tugng nay co thé bat nguén tur tac dong bat loi cta luc
cit co hoc & tdc do khudy tron 16n, gay anh hudng dén kha ning tiét enzyme hodc do 6n
dinh cau trac cta enzyme. Trén co s& két qua thyc nghiém, 150 rpm duoc xac dinh 1a
tdc d6 lic phu hop nhit trong cac diéu kién khao sat, dap tng dong thoi yéu cau sinh
trudng va tao thanh B-1,3-glucanase ctia ca ba chung Bacillus.

Dir lidu tir cac Bang 3.20 dén 3.28, cac diéu kién nudi cay thich hop cho ba chiing
Bacillus (B. siamensis 101, B. siamensis 112 va B. velezensis 137) & quy mo phong thi
nghi¢m da dugc xac 1ap nhu sau: Moéi truong LB 1ong; 1% (w/v) bt ngo; 1 % (w/v) cao
nam men; ti 1& cdy giéng 7 %; thoi gian nudi cay 24 gio; nhiét d6 nudi ciy 30 - 35 °C;
pH ban dau méi truong nuoi céy 7,0; toc do lac 150 rpm.



111

Pé danh gia két qua khao sat thuc nghiém, ba ching Bacillus gdm B. siamensis
101, B. siamensis 112 va B. velezensis 137 dugc so sanh gitra diéu kién nuoi céy ban
dau va diéu kién nudi céy lya chon sau khao sat. Cac chi tiéu danh gia gém mat do té
bao, hoat d6 B-1,3-glucanase va kha ning d6i khang (dudng kinh vong tc ché cua dich
nudi cay ly tam loai té bao) v6i hai ching nim bénh A. niger QT1 va H17. Két qua so
sanh duogc trinh bay tai Bang 3.28.

Bing 3.28. MGt dé té bao, hoat dé enzyme [S-1,3-glucanase va kha nang déi khdng
nam A. niger ciia ba ching Bacillus truée va sau khi lya chon diéu kién nuéi cdy

Pwong kinh  DPwong kinh
vong e ché  vong trc ché
nim QT1 nam H17

Piéu Matdoté  Hoat dd
TT  Ching kién  bao (x10° enzyme
nudi cdy CFU/mL) (U/mL)

(mm) (mm)
Ban
B. £ 5,90+0,119  3,56+0,04¢ 26,60+0,52° 21,11+0,40°
a
1 siamensis U
Luwa
101 ch.on 7,50+£0,62°¢ 5,68+0,31* 26,31+0,90° 20,62+ 0,43
Ban
B. £ 7,11+£0,12¢  1,79+0,05°¢ 25,44+0,50® 20,31+0,51"
a
2 siamensis U
Lwa
112 h. 8,80+0,24* 4,81+0,23" 25,60+0,22° 19,74+0,54"
chon
Ban
B. & 7,2240,50%  2.83+0,039 28,33+0,64* 23,50+0,52°
u
3 velezensis
Luwa
137 ch.on 8,310,432  4,70+0,07° 27,92+0,44* 22,90+0,54 2

Ghi chu: Cac chir cdi khdac nhau trén cung mot cot chi sy sai khac co y nghia
thong ké véi p < 0,05 (Duncan’s test). M + SD: Trung binh mdu + Bé léch chudn.

Két qua ¢ Bang 3.28 cho thay, viéc diéu chinh cac yéu té nudi ciy (mdi truong,
ngudn nito, chat cam Gng, pH, thoi gian nudi, ti 18 cdy giong va toc do lac) da cai
thién kha nang sinh trudong va gia tang hoat do enzyme B-1,3-glucanase cua ca ba
chung Bacillus dugc tuyén chon. So véi diéu kién ban dau, mat do té bao (1o0°
CFU/mL) cta cac chung B. siamensis 101, B. siamensis 112 va B. velezensis 137 1an
lugt tang tur 5,90 1én 7,50; 7,11 lén 8,80 va 7,22 1én 8,31 CFU/mL. Hoat do pB-1,3-
glucanase (U/mL) cling tang twong tng tr 3,56 1én 5,68; 1,79 1én 4,81 va 2,83 1én
4,70 U/mL. Két qua cho thay diéu kién nuoi cy lya chon da cai thién ca mat do té
bao va hoat d6 p-1,3-glucanase & ba chung nghién ctru. Két qua nghién ciru nay ciing
pht hop véi nhiéu nghién ctru trén thé gisi va Viét Nam gan day vé toi uu hoa san
xuét enzyme tir vi khuan thudc chi Bacillus, trong d6 cac yéu t6 nhu ngudn cacbon
cam ng (laminarin, curdlan), ngudn nito hiru co va pH t6i vu c6 anh huéng quyét
dinh dén kha nang tiét enzyme B-1,3-glucanase (Dewi et al., 2016; Zhang et al., 2022;
A et al., 2024; Thi et al., 2024).
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Két qua ¢ Bang 3.28 cling ghi nhan hi¢n tugong mat do té bao vi khuan va hoat
d6 enzyme B-1,3-glucanase trong dich nudi cdy cta ca 03 ching Bacillus gia ting 1d rét
(6 chung B. siamensis 112, hoat d§ B-1,3-glucanase tang tir 1,79 U/mL 1én 4,81 U/mL),
nhung dudng kinh vong tre ché su sinh truéng cia ndm bénh A. niger QT1 va H17 trén
dia thach lai khong gia ting twong ung theo quan h¢ tuyén tinh. O ching B. siamensis
101 va B. siamensis 112, su thay d6i vong trc ché 1a khong c6 ¥ nghia théng ké (p>0,05),
trong khi chung B. velezensis 137 van duy tri gia tri cao nhét, co ban 6n dinh. Dit liéu
nay cho thdy mdi lién hé giita kha ning sinh B-1,3-glucanase va hoat tinh d6i khang
khong don thudn theo quan hé tuyén tinh. Hién twong nay cé thé dugc giai thich do dich
nudi cdy ly tAm loai té bao chtra nhiéu san phdm ngoai bao va hoat tinh d6i khang quan
sat duoc 1a két qua tong hop cta cac thanh phan cé trong dich nudi. Bén canh dé, dudng
kinh vong trc ché con phu thudc vao kha ning khuéch tan cta cac thanh phan hoat tinh

trong moi truong thach

Puong kinh vong trc ché trong phép thir khuéch tan trén thach chiu anh huéng
ctia nhiéu yéu t6, bao gom ndng do va hé sd khuéch tan ciia chat khang nim, thoi gian
khuéch tan va ngudng nong do can thiét dé tc ché sy phat trién ciia vi sinh vat (Shen et
al., 2024). Bén canh d6, cdu tric mang gel c6 thé anh hudng dén kha ning khuéch tan
clia cac phan tir sinh hoc. Cac nghién ctru trén gel agarose cho thay kich thudc 18 x6p
phu thudc vao nong do polymer va diéu kién hinh thanh gel, tir d6 ¢6 thé anh huéng dén
su di chuyén cua cac phan tir trong méi truong (Fatin-Rouge et al., 2004). Mic du co
kich thudc phén tir twvong doi nho, kha nang khuéch tan cua B-1,3-glucanase trong moi
truong thach van c¢6 thé chiu anh hudng cua ciu triic mang gel va cic tuong tac gitta
protein voi thanh phan moéi truong. Nhitng yéu t6 nay c6 kha ning 1am giam téc do
khuéch tan ctia enzyme so voi trong dung dich tu do, qua d6 anh hudng dén su phan bd
enzyme trong moi truong thach (Gutenwik et al., 2004).

Két hop véi cac két qua vé kha ning ¢rc ché nim cua phan doan enzyme ngoai
bao co hoat tinh B-1,3-glucanase & cac dit li¢u lién quan dén giam sinh khdi, c6 MIC,
MFC, hiéu ng phu thudc hoat do va gay bién dang thanh quan sat bang SEM, c6 thé
nhan dinh enzyme nay 1a mot thanh phan c6 lién quan va goép phan vao hoat tinh d6i
khang A. niger cta cac chung Bacillus duge tuyén chon. Tuy nhién, mic do dbi
khang quan sat dugc c6 thé 1a két qua tong hgp ciia nhiéu yéu t6 sinh hoc khac nhau,
trong d6 B-1,3-glucanase khong phai 1a yéu t6 duy nhét quyét dinh. Vi vay, viéc xac
dinh cac diéu kién thich hop cho sinh tong hop B-1,3-glucanase trong nghién ciru nay
¢ y nghia trong viéc lam rd dic tinh sinh enzyme cua cac ching Bacillus, dong thoi
cung cip co so dé tiép tuc danh gia vai tro ctia enzyme nay trong hé théng ddi khang

vO1 A. niger.
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3.4. HIEU QUA PHONG TRU BENH HEO RU GOC MOC PEN CUA HON
HOQP DICH NUOI BA CHUNG BACILLUS TRONG PIEU KIEN NHA LUOI VA
PONG RUQNG

3.4.1. Hiéu qua phong trir bénh trong diéu kién nha luéi

Hiéu qua phong trir bénh HRGMD ctia hon hop dich nudi ba chung Bacillus (B.
siamensis 101, B. siamensis 112 va B. velezensis 137- ky hiéu 1a BAZ04) trong diéu
kién nha ludi duoc danh gia thong qua theo dai ti 18 cay lac chét sau khi gay nhiém nhan
tao hai ching ndm bénh A. niger QT1 va H17. Thi nghiém duoc bd tri véi ddy du cac
nhom ddi chimg 4m, d6i ching bénh va nghiém thirc xr Iy, nham dam bao danh gia hiéu
qua phong trir. Két qua thi nghiém dugc trinh bay ¢ Hinh 3.31 va Bang 3.29.

-

S

ey

Cong thive

SN

ng thir

1 Cong thirc 4 Co e5
Hinh 3.31. Hiéu licc phong trir bénh héo rii goc moc den ciia hon hop dich nudi ba
ching Bacillus (B. siamensis 101, B. siamensis 112 va B. velezensis 137) trong diéu kién
nha ludi: CT 1: Khéng nhiém nam, xir Iy nwée vé trimg (doi chimg am); CT 2: Nhiém A.
niger QT1, xit Iy nuwéc vé trimg (doi chitng bénh); CT 3: Nhiém A. niger QTI, xit Iy hon
hop dich nudi ba chiing Bacillus; CT 4: Nhiém A. niger H17, xit Iy nuéc vé tring (doi

chitng bénh); CT5: Nhiém A. niger H17, xit Iy hon hop dich nuéi ba ching Bacillus.
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Bing 3.29. Hiéu qud phong trir bénh héo rii géc moc den ciia hon hop phéi trén dich nudi ba ching Bacillus trong nha luéi

Ti 18 ciy chét ¢ cAc ngay sau nhiém
nim A.niger QT1 (%)

Ti 1¢ cAy chét & cac ngay sau nhiém nam A.niger H17(%)

Nghiém Hiéu qua Hiéu qua
thirc 5 7 14 21 28 45 phongtriré¢ 5 7 14 21 28 45 phong trir &
NSNNB NSNNB NSNNB NSNNB NSNNB NSNNB 45 NSNNB NSNNB NSNNBNSNNBNSNNBNSNNBNSNNB 45 NSNNB
(%) (%)
CT1 0,00 000 000 000 000 0,00 0,00 0,00 000 000 000 0,00
Pbi chung am) +0,00° £0,00® 40,00 +0,00® +0,00° 40,00 +0,00> +0,00> +0,00° +0,00> *0,00° +0,00°
CT 2 — Nhiém
A. niger QT1

va CT4 — Nhiém 26,67 60,00 100 100 100 100 0,0 26,67 26,67 60,00 100 190 100 0,00
A-niger HIT 111,552 20,000 £0,00° =0,00* 0,00® £0,00® =0,00° =+11,55%+11,55"+20,00° £0,00 £0,00* £0,00* +0,00°
(D6i chimg

bénh)

CT3vaCT>5

1 1 X 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,67 26,67 26,67 2667 26.6
(Xu Iy bang hon 100-0,00° ,67 20,67 73,33

hop dich nudi ba +0,00® +0,00°® +0,00® +0,00® +0,00® +0,00° +0,00° £11,55+11,55°+11,552£11,55°11,55" £11,55°
chung Bacillus)

Ghi chii: Cdc chit cdi khdc nhau trén cimg mét ¢dt chi sw sai khdc c6 Y nghia thong ké véi p < 0,05 (Duncan’s test).

M+ 8SD: Trung binh mau + g 1éch chudn.
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Két qua theo doi thi nghiém & nha ludi cho thy, & nghiém thic dbi ching 4m
(CT 1), khong giy nhiém nidm bénh va chi xur 1y bang nudc vo tring, ti 18 cay chét luon
duy tri & mirc 0,00% trong sudt 45 ngay thi nghiém. Cac gia tri ndy khong c6 bién dong
va khong sai khac thong ké gitra cac thoi diém quan sat, phan anh diéu kién nha luéi 6n
dinh va cay lac sinh truéng binh thuong khi khong c6 tac dong cua tac nhan gay bénh.
Diéu nay cho thiy hién twong ciy chét ¢ cac nghiém thirc con lai 1a do anh hudng truc
tiép ctia ndm A. niger, chtr khong phai do cac yéu té bat loi cia moi trudng thi nghiém.

Nguoc lai, & cac nghiém thirc ddi ching bénh, xtr Iy bang bao tir A. niger & ndng
d6 10° bao ti/mL, nghiém thic CT2 nhiém chung A. niger QT1, nghiém thirc CT 4
nhiém ndm bénh ching 4. niger H17 va khong xtr 1y v6i hdn hop dich nudi ba ching
Bacillus,. Két qua, xuét hién cay lac bi chét véi tridu chirng bénh HRGMD dién hinh
trong tuan thar nhat, ti 1& chét 1én dén 100% sau 2 dén 3 tuan sau nhiém nidm bénh tuy
chung nam bénh. Trong do, & nghiém thuc CT2, doi ching bénh v&i 4. niger QT1, ti 1€
cay lac chét ghi nhan 26,67 % & 5 NSNNB, tang 1én 60,00 % & 7 NSNNB va chét 100
% & 14 NSNNB. O nghiém thirc CT4, ddi ching bénh voi ching A. niger H17, ti 1é cay
biéu hién bénh HRGMP bi chét ghi nhan 26,67 % & 5 NSNNB, ting 1én 60,00 % & 14
NSNNB va chét 100 % & 21 NSNNB. Cac gié tri nay déu sai khac c6 y nghia thong keé
so v6i ddi chung (p < 0,05). Cac cay lac bi chét déu c6 biéu hién dic trung cua bénh
HRGMBD, phan lap lai nam bénh tur cay lac bi chét va kiém tra hinh thai, bao tir ndm
bénh cho thy cic chung nim twong dong véi cac chung ndm A. niger QT1 va A. niger
H17 lay nhiém vao. Két qua ndy mét 1an nita cho thay hai ching nAm 4. niger QT1 va
H17 sir dung trong thi nghiém c6 doc luc cao va md hinh gdy nhiém nhan tao duoc thiét
1ap 1a phu hop dé danh gia hiéu qua phong trur.

Trong khi d6, & cac nghiém thuc xir 1y bang hdn hop phéi tron dich nudi ba
ching Bacillus ndng d6 (108 CFU/mL) & giai doan hat va cay con, sau d6 1ay nhiém
nhan tao nam bénh ¢ néng do 10°bao tu/mL, nghiém thic CT3 lay nhiém véi ching
A. niger QT1, nghiém thirc CT5 1y nhiém véi ching A. niger H17, cho két qua khac
biét c6 y nghia théng ké so véi ddi chirng bénh. Trong d6, & nghiém thirc CT3, khong
ghi nhan cay bi bénh HRGMBD, khong ghi nhan cay chét, trong toan bo 45 NSNNB.
O nghiém thtc xir Iy CT5, ghi nhan hiéu qua phong trir khong cao bang QT1. Ti 18
cay chét & nghiém thic CT5 duy tri ¢ mic 26,67% tir 7 NSN dén 45 NSNNB, thip
hon c6 y nghia so voi d6i chimg bénh (100 % cay chét). Cac nghiém thirc xtr Iy ¢ su
khac biét c6 y nghia théng ké so v&i ddi chimg (p < 0,05).

Két qua thu duoc tir Bang 3.29 ghi nhan hiéu qua phong trir bénh HRGMBD ciia hdn
hop dich nudi ba ching Bacillus dbi véi A. niger H17 14 73,33 % va 100 % dbi voi A. niger
QT1, sau 45 ngay theo ddi. Su khac nhau vé hi¢u qua phong trir d6i véi hai ching ndm bénh
A. niger QT1 va H17 c6 thé lién quan dén su khac biét vé dic tinh cua timg chung nim. Két
qua nay cho thay hdn hop dich nuéi cay ba chiing Bacillus c6 kha nang han ché bénh trong
diéu kién nha ludi. Hon hop dich nu6i cta ba chung Bacillus (B. siamensis 101, B. siamensis
112 va B. velezensis 137 ) chira té bao sdng va c6 thé chira cac enzyme, chat chuyén hoa dugce
tao ra trong qua trinh nudi cdy. Khi duoc xtr Iy vao dat, cac ching Bacillus con c6 thé tham
gia d6i khang thong qua canh tranh dinh dudng va tuong tic trong ving ré. Do d6, hiéu qua
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phong trir bénh HRGMBD & nha ludi co thé 1a két qua cta nhiéu yéu t6 lién quan dén hoat
dong ctia cac ching Bacillus va céc san pham do chiing tao ra. Nhitng két qua thu duoc trong
nghién ctru nay c6 su twong dong véi cac nhan dinh di duge cong bd vé tiém ning doi khang
nam bénh thuc vat ctia cdc nhom VSV thude chi Streptomyces, Pseudomonas va Bacillus.
Dic biét, cac vi khuan thude chi Bacillus da thu hat su quan tam nghién ctru va dugc khai
thac 1am tac nhan kiém soat sinh hoc nho kha ning trc ché mét sd loai ndm gy bénh trén cay
tréng (Jangir et al., 2018; Andri€ et al., 2020).

Hiéu qua phong trir bénh HRGMBD trong khoang 45 NSNNB ¢ nha ludi cung cip
bang chimg thuc nghiém quan trong vé hiéu luc ctia hdn hop dich nuéi ba chung Bacillus
(B. siamensis 101, B. siamensis 112 va B. velezensis 137) trong diéu kién 1ay nhiém nhan
tao & nha ludi. Két qua nay cho thiy tiém ning ctia hdn hop dich nudi cdy Bacillus trong
kiém so4t sinh hoc bénh HRGMD hai lac va 1a co sé khoa hoc cho cac nghién clru tiép
theo trong diéu kién dong rudng.

3.4.2. Hiéu qua thir nghi¢ém trén déng rudng

3.4.2.1. Anh hwéng ciia hén hop dich nuéi ba chiing Bacillus dén mét sé chi
tiéu sinh trwéng, phdt trién cdy lac

Anh huéng chiéu cao than chinh

O cay lac, chiéu cao than chinh 13 mot trong nhitng chi tiéu hinh thai duogc sir
dung dé danh gia tinh trang sinh trudng va co lién quan dén kha ning hinh thanh ning
suat. Chi tiéu nay phu thudc vao dic tinh di truyén cia giong ciing nhu diéu kién canh
tac. Khi cdy dat chiéu cao phu hop, cau tric than va tan c6 thé phat trién hai hoa, tao
diéu kién thuan loi cho qua trinh ra hoa, hinh thanh qua va tich lily chat dong hoa. Sy
sinh trudng can dbi con gop phan ning cao kha ning thich nghi vi diéu kién méi truong,
qua d6 hd trg qua trinh hinh thanh va phat trién nang suét cay lac. Anh hudng ctia hdn
hop dich nudi ba chiing Bacillus dén chiéu cao than lac duoc trinh bay & Bang 3.30. Hon
hop dich nudi ba chung Bacillus ¢6 anh huong tich cuc dén chiéu cao than chinh cia
gidng lac L14, tuy nhién mirc d6 tic dong khac nhau theo giai doan sinh truong va diéu
kién sinh thai cta timg ving trong.

Giai doan cdy con, tai cac dia diém Phu Vang va Huong Tra, chiéu cao cdy giita cac
nghiém thirc chua c6 su khac biét co y nghia thong ké, dao dong trong khoang 3,56 - 4,55
cm. Piéu nay ciing pht hop véi sinh trudng ban dau cia cay lac chu yéu phu thudc vao
nguén dinh dudng dy trir trong hat, nén tic dong cua hdn hop dich nudi ba chung Bacillus
sinh hoc chua biéu hién rd. Tuy nhién, tai dia diém Nam Hai Lang va Tri€u Phong, chiéu
cao cdy & cac nghiém thic xir 1y dat 4,21 - 4,77 cm, cao hon 15 rét so voi ddi chimg am
(CT3) tir 3,05 - 3,23 cm, vuot LSDo,0s, chirng t6 hon hop dich nuoi ba ching Bacillus co
khéa nang hd tro sinh truéng sém trong diéu kién dat cat ven bién nghéo dinh dudng.

Giai doan ra hoa, anh hudng ctia hdn hop dich nudi ba chung Bacillus bat dau thé
hién rd hon. Tai Phtt Vang va Huong Tra, sir dung hon hop dich nudi ba chiing Bacillus cho
chiéu cao cay dat 17,86 - 18,07 cm, cao hon ddi chtg am (CT3) tir 1,93 - 2,78 cm. Pic biét,
tai dia diém Nam Hai Lang, chiéu cao cAy & nghiém thirc st dung hdn hop dich nui ba chiing
Bacillus va nghiém thtc st dung ché phdm Trichoderma dat 19,12 - 20,52 cm, cao hon dbi
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chimg am (CT3) 3,28 - 4,68 cm, vugt LSDo,os (2,85 cm). Két qua nay cho thdy hdn hop dich
nudi ba ching Bacillus thic dy sinh truéng than chinh trong giai doan sinh truéng sinh
dudng manh, khi nhu cau dinh dudng va hoat dong trao doi chat cua ciy ting cao.

Giai dogn hinh thanh qua lac, sy khéc biét gitra cac nghi¢m thic trd nén ro rét va on
dinh hon. Tai dia diém Nam Hai Lang, chiéu cao cdy & nghiém thirc sir dung hén hop dich
nudi ba ching Bacillus va nghiém thirc str dung ché phim Trichoderma dat 31,63 - 32,39 cm,
cao hon d6i chimg am (24,16 cm) tr 7,47 - 8,23 cm; tai Triéu Phong, murc tang dat 6,05 -
9,10 cm so voi déi chimg 4m. Ngay ca tai cac ving thudc thanh phd Hué, & nghiém thie sir
dung hdn hop dich nuéi ba ching Bacillus van cho chiéu cao cao hon d6i chimg am tir 1,88—
2,88 cm, cho thiy hdn hop dich nuéi ba ching Bacillus duy tri wu thé sinh trueéng & giai doan
sinh san, gop phan tao nén tang thun lgi cho qua trinh hinh thanh qua lac.

Bing 3.30. Anh huéng ciia hon hop dich nudi ba ching Bacillus dén chiéu cao than
chinh & cdc giai doan phdt trién ciia giong lac L14 trén dong rudng

R , Cay con Hinh thanh Trwéce thu
Cong thure Ra hoa (cm) ,
(cm) qua (cm) hoach (cm)

Phii Vang, thanh phé Hué

Hon hop dich nudi ba

chung Bacillus (CT1)

Trichoderma (CT2) 3,56+0,28* 17,12+1,03**  27,43+1,89**  33,56+2,65 "

Do6i chimg am (CT3) 3,91+0,36* 16,14+1,10°®  26,34+1,58>  32,49+3,05°
LSD .05 1,20 1,57 1,78 2,01

4,38+0,26* 18,07+1,72*°  28,22+1,31*°  34,82+2,19%

Hwong Tra, thanh phé Hué

Hodn hop dich nudi ba

chung Bacillus (CT1)

Trichoderma (CT2) 4,13+0,30* 17,54+1,40* 28,94+1,62%" 32,31+2,46°

Pbi ching 4m (CT3) 4,480,392 15,08+ 1,27°  26,55+2,44>  32.44+292°
LSD .05 1,42 1,45 2,68 2,06

4,55+0,25* 17,86x1,71*  29,43+2,24* 34,91+2,34%

Nam Hai Lang, tinh Quang Tri

Hon hop dich nudi ba

chung Bacillus (CT1)

Trichoderma (CT2) 4,21+0,25* 20,52+1,52* 31,63+2,45* 36,49+3,25%

Do6i chimg am (CT3) 3,23+0,16° 1584+ 128" 24,16+ 1,93 30,17+2,11°
LSD .05 0,62 2,85 1,72 2,68

4,61+0,26* 19,12+1,26* 32,39+1,94* 37,68+1,36%

Triéu Phong, tinh Quang Tri

Hon hop dich nudi ba

chung Bacillus (CT1)

Trichoderma (CT2) 4,77+0,36* 18,92+1,66*  28,16+2,78* 35,75+2,86*

Pbi chimg am (CT3) 3,05+0,30° 14,52+1,32°  22,11+2,03> 27,89+2,37"
LSD .05 0,75 1,55 3,56 1,66

4,63£0,43* 19,46+1,16*  31,21£2,68* 36,28+2,82°

Ghi chii: Cdc gid tri la trung binh theo tirng dia diém; so sanh thong ké (LSDo,0s)
va ky hiéu chit cdi dwoc thuc hién riéng cho tung vung.
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Giai doan truéc thu hoach, tic dong ctia hdn hop dich nudi ba ching Bacillus
thé hién rd nhat, dic biét tai cac vung tréng lac thugc tinh Quang Tri. Tai dia diém
Nam Hai Ling, & nghiém thirc st dung hon hop dich nudi ba ching Bacillus dat
37,68 cm, cao hon dbi ching am 7,51 cm; tai Triéu Phong, & nghiém thirc sir dung
hdn hop dich nuéi ba ching Bacillus va nghiém thuc st dung ché pham Trichoderma
cao hon dbi chimg am 7,86 - 8,39 cm, cac sai khac déu co y nghia thdng ké. Diéu
nay cho thay hdn hop dich nudi ba chung Bacillus khong chi kich thich sinh trudng
s6m ma con giup duy tri tbe do sinh trudng than chinh dén cudi vu, nhit 1a trong diéu
kién bat lgi vé dat dai.

Nhin chung, hdn hop dich nudi cy ba ching Bacillus 1am ting chiéu cao than
chinh cay lac L14 so véi ddi chimg 4m va khong khac biét co y nghia so v6i ché pham
Trichoderma. Su gia ting chiéu cao than chinh cia cdy lac trong nghiém thtrc sir dung
hdn hop dich nudi ba chiung Bacillus ¢ thé lién quan dén kha nang hd tro sinh truong
ctia Bacillus thong qua diéu hoa sinh truong va tang kha nang hap thu dinh dudng cia
cay (Bhattacharyya & Jha, 2011; Khoso et al., 2024). Két qua nghién ctru nay ciing phu
hép véi cac cong bd gin gin day, ghi nhan Bacillus va Trichoderma c6 kha nang hd trg
sinh trudng cay trong trong diéu kién dinh dudng han ché hoidc chiu stress moi truong,
d6ng thoi gop phan duy tri sinh trudng & giai doan sinh san va cai thién ning suat (Khoso
et al., 2024; Bigatton et al., 2024).

Anh huéng dén tong sé canh

Anh hudng ctia hdn hop dich nudi ba chiing Bacillus dén tong s6 canh & cac giai
doan phat trién cua giéng L14 trén rudng lac ¢ thanh phd Hué va tinh Quang Tri duoc
thé hién ¢ Bang 3.31.

Giai doan cdy con: tai cac viung Phit Vang va Huong Tra, tong sb canh giita
cac nghiém thirc chua c6 su khac biét c6 ¥ nghia thong ké, véi gia tri dao dong tir
2,33 - 3,66 canh/cdy. Tuy nhién, tai Nam Hai Lang va Triéu Phong, d6i ching am
(CT3) cho s canh thap hon c6 y nghia (Nam Hai Lang: 2,97 canh; Triéu Phong: 2,73
canh) so voi cac nghiém thuc xu ly (3,47 - 3,93 canh), vugt LSDo,0s, phdn dnh vai tro
hd trg sinh truéng sdm ciia hdn hop dich nudi ba chiing Bacillus trong diéu kién dat
cat ven bién.

Giai doan ra hoa, anh hudng cua hén hop dich nudi ba ching Bacillus bat
dau thé hién rd hon. Tai Phu Vang, CT1 dat 4,60 canh/cay, cao hon doi chung am
(CT3) la 3,67 canh/cay, chénh Iéch 0,93 canh, xép xi LSDo,0s (0,95). Xu hudng
tuong ty dugc ghi nhan tai Heong Tra, Nam Hai Lang va Tri€u Phong, trong d6
cac nghiém thie xir 1y (CT1, CT2) déu cho sé canh cao hon ddi ching am (CT3)
tr 0,53 - 0,83 canh/cay.

Giai dogn hinh thanh qua, su khac biét gitra cac nghi¢m thuc trd nén 10 rét va
on dinh hon. Tai Phu Vang, CT1 va CT2 dat 5,24 - 5,45 canh/cay, cao hon doi ching
am (3,95 canh/cay). Tai Huong Tra, CT1 dat 4,32 canh/cay, cao hon doi chirng am 0,99
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canh; tai Nam Hai Lang va Triéu Phong, muc ting dao dong tir 0,87 - 1,17 canh/cay, tat
ca déu co y nghia thong ké. Piéu nay cho thdy hdn hop dich nuéi ba ching Bacillus thic
day manh qua trinh phan canh khi cay budc vao giai doan sinh trudng sinh san.
Bing 3.31. Anh hwéng ciia hon hop dich nuéi ba ching Bacillus dén tong sé canh ¢
cdc giai doan phat trién cua giong L14 trén dong ruong
Hinh thanh  Trwéc thu
qua hoach

Cong thirc Cay con Ra hoa

Phii Vang, thanh phé Hué

Honhop dichnuoiba =5 ¢ 0291 4,606032% 545:049°  5,67+0,39°

chung Bacillus (CT1) ’ ’ ’ ’ ’ ’ ’ ’
Ché pham Trichoderma

1) 3,54£0,31° 4,35:0,34° 524+035° 541+043°

Péi ching 4m (CT3)  3,23+0,23* 3,67+0,28" 3,95+026 4,10= 0,26
LSD 0.5 0,48 0,95 1,15 0,74

Hwong Tra, thanh phé Hué

Honhop dichnuoiba =) o) 0160 3.676025% 4.32+4031°  4,67+40,32°

chung Bacillus (CT1) ’ ’ ’ ’ ’ ’ ’ ’

Trichoderma (CT2) 2,42+0,21* 3,53+0,31* 4,25+0,37* 4,47+0,39*
Pbi chimg am (CT3) 2,33+0,17* 3,00+0,23* 3,33+£026° 3,67+0,23°
LSD .05 0,52 0,75 0,68 0,66
Nam Hai Lang, tinh Quang Tri*

Hon hop dich nudi ba
chung Bacillus (CT1)
Trichoderma (CT2) 3,77£0,18* 4,23+0,37* 4,70+ 0,41* 4,83+0,43*
Péi chimg am (CT3) 2,97+0,26" 3,574+0,23> 3,80+£0,29° 4,03+0,29°
LSD .05 0,61 0,66 0,64 0,52
Tri¢u Phong, tinh Quang Tri

3,93£0,24° 4,30+0,34* 4,93+0,34* 5,10+£0,31°

Hén hop dich nuéi ba

chung Bacillus (CT1)

Trichoderma (CT2) 3,47+£0,31* 4,03+0,35* 4,33+0,22* 4,60+ 0,26*

Péi chimg am (CT3)  2,73+0,16° 327+028> 3,50+0,19° 3,57+0,35"
LSD .05 0,59 0,69 0,46 0,71

3,80+0,21* 4,10+0,39* 4,67+0,18*  4,80+0,24°

Ghi chii: Cdc gid tri la trung binh theo tirng dia diém; so sanh thong ké (LSDo,0s)
va ky hiéu chir cdi dwoc thuc hién riéng cho tung vung (* Theo don vi hanh chinh moi
ciia chinh quyén 2 cdp)
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Trudc thu hoach, tac dong tich cuc ctia hon hop dich nudi ba chiing Bacillus duge
duy tri va thé hién rd nhat. Tai Phi Vang, CT1 dat 5,67 canh/cay, cao hon d6i ching
1,57 canh; tai Huong Tra, muac tang dat 1,00 canh; tai Nam Hai Lang va Triéu Phong,
CT1 cho sb canh cao hon dbi chimg tir 1,07 - 1,23 canh/cay, vuot LSDo,0s. Nhin chung,
CT1 ludn cho gia trj cao nhat, tiép dén 1a CT2, trong khi dbi chimg dat thip nhét & tat
ca cac vung.

Sy gia ting tong s6 canh cua cdy lac khi xir Iy hdn hop dich nuéi ba ching
Bacillus c6 thé lién quan dén hoat dong cua cac vi khuan kich thich sinh trudng thuc
vat, dac biét cac loai thudc chi Bacillus, thong qua vi¢e kich thich sinh truong chdi bén,
diéu hoa can bang hormone (auxin—cytokinin) va cai thién kha ning hap thu dinh dudng
khoang (Khoso et al., 2024). Cac nghién ctru da cho thiy PGPR c6 vai tro quan trong
trong thiic ddy phan canh va tang s6 nhanh hiru hiéu, tir 46 gop phan nang cao tiém ning
nang suit ctia cay trong (Backer et al., 2018).

Hiéu qua cua hon hop dich nuoi ba chung Bacillus thé hién rd rét hon tai cac vung
trong lac & tinh Quang Tri va thanh phd Hué so véi ddi chirng va cho két qua twong duong
v6i sit dung ché pham Trichoderma. Két qua nay phut hop véi nhan dinh rang VSV viing
ré gitp cay thich nghi tot hon véi diéu kién bat loi, thong qua cai thién sinh truong bo ré
va kha nang khai thac dinh dudng trong dat (Santoyo et al., 2021).

Nhu vdy, viéc ting tong s canh/cay & cac nghiém thirc xir Iy, dic biét 1a hdn hop
dich nudi ba ching Bacillus, cho thiy tiém ning tich cuc trong viéc nang cao sinh truéng
sinh dudng va tao tién dé cho tang s6 canh hitu hiéu va nang suit lac & cac khu vuc thir
nghiém ¢ tinh Quang Tri va thanh phd Hué.

3.4.2.2. Hiéu qud phong trir bénh héo rii goc méc den ciia hén hop dich nuébi
ba chiing Bacillus

Anh huéng cta hdn hop dich nuéi ba ching Bacillus dén bénh HRGMD thir
nghiém trén 2 ving trong lac ¢ thanh phd Hué va 2 ving trong lac & tinh Quang Tri véi
gidng lac L14 duoc trinh bay & Bang 3.32

Bing 3.32. Anh hwong ciia hon hop dich nudi ba ching Bacillus dén ti 1é cdy chét do
bénh héo rii goc moc den trén lac giong L14 tai cdc dia diém nghién civu (%)

Huwong Tra, Nam Hiai  Tri€u Phong,
thanh phé  Ling, tinh  tinh Quéng
Hué Quang Tri Tri

Phu Vang,

N ng,
Cong thire thanh phd Hué

Hén hop dich nudi ba

chung Bacillus (CT1)

Trichoderma (CT2) 4,08 +£0,31° 1,75 £0,11% 1,78 £0,14®> 221 +0,28°

Péi ching 4m (CT3)  10,71£1,05° 6,57 £0,62* 4,13 £0,35 8,16 = 0,69
LSD .05 2,61 3,05 1,07 2,13

3,57+0,33" 1,16+0,06" 1,38+0,11" 2,11 +0,20"

Ghi chii: Cac gid tri la trung binh theo tirng dia diém; so sanh thong ké (LSDo,05)
va ky hiéu chit cai dwoc thuc hién riéng cho tung vung.
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Két qua Bang 3.32 cho thay, tai ca bn dia diém thir nghiém (Pha Vang, Huong
Tra, Nam Hai Lang va Triéu Phong), ti 1& cdy lac chét do bénh héo rii gbc mbc den
(HRGMBP) & nghiém thirc xir Iy bang hdn hop dich nudi cay ba ching Bacillus (CT1)
va ché pham Trichoderma (CT2) déu thap hon c6 ¥ nghia thdng ké so voi nghiém thirc
d6i chimg 4m (CT3) & mirc LSDo,os.

Cu thé, tai Phu Vang (thanh phé Hué), ti 1& cay chét ¢ CT1 1a 3,57 %, thap
hon dang ké so v&i ddi chimg (10,71 %, LSDo,0s = 2,61). Twong tu, & Huong Tra,
ti 16 bénh HRGMD giam tir 6,57% (CT3) xudng 1,16% (CT1); tai Nam Hai Lang,
tlr 4,13% (CT3) xubng 1,38% (CT1); va tai Triéu Phong, tir 8,16% (CT3) xudng
2,11% (CT1). Mirc giam nay déu vuot ngudng LSDo,es tuong tng, cho thdy hdn
hop dich nudi ba chang Bacillus ¢6 hiéu qua thong ké trong giam ti 1é cdy chét do
bénh HRGMD ¢ diéu kién thuc nghiém rudéng moé hinh. Khi so sanh ti 1€ cay chét &
nghiém thirc xir 1y bang hdn hop dich nudi ba chung Bacillus (CT1) khong khac
biét c6 ¥ nghia thong ké so véi nghiém thitc xu 1y bang ché pham Trichoderma
(CT2) (p > 0,05).

Két qua giam ti 1é cAy chét do bénh HRGMD cho thay hdn hop dich nuéi ba
chung Bacillus ¢ kha nang han ché bénh trén cay lac L14 trong diéu kién dong rudng.
Két qua nay phu hop véi cac nghién cru ghi nhan kha ning han ché nam bénh cua
Bacillus thong qua nhiéu co ché khac nhau (Andargie et al., 2025). Tuy nhién, hiéu qua
phong trir ngoai dong rudng con chiu anh huong cua diéu kién moi trudng, canh tac va
ap luc bénh (Lamichhane et al., 2022; Awoke et al., 2025). Bén canh do, thuc té déng
ruong, khong loai trir kha nang cay lac chiu tic dong dong nhiém (co-infection) hodc
nhiém tht cdp ctia cac ndm bénh truyén qua dat khac (S. rolfsii, R. solani). Do d6, mic
du d3 két hop chan doén triéu chtng va phan 1ap mau dai dién, chua thé quy toan bo cay
chét ngoai dong rudng cho A. niger do kha ning dong nhidm cac tac nhin giy bénh
khac. Vi vay, hiéu qua phong trir ciia hdn hop dich nudi ba ching Bacillus c6 thé phan
anh tac dong d6i khang vdi A. niger va cac nam bénh khac trong dat. Can tiép tuc xac
dinh vai tro clia ting tac nhan gay bénh va danh gia qua nhiéu vu dé lam rd tinh 6n dinh
cua hiéu qua phong trur.

3.4.2.3. Anh hwéng ciia hén hop dich nuéi ba chiing Bacillus dén ning
sudt lac

Anh huong ctia hdn hop dich nudi ba ching Bacillus dén cac yéu t6 cau thanh
nang suit va nang suat thuc thu lac duoc trinh bay ¢ Bang 3.33 va Hinh 3.32 cho thay
hdn hop dich nudi ba chung Bacillus (CT1) tac dong tich cuc va ddng bd dén cac yéu tb
ciu thanh ning sut va ning suit lac gidng L14, tuy mirc d6 anh hudng c6 khac nhau
gifra cac ving nghién ctiru. Hon hop dich nudi ciy ba ching Bacillus 1am ting ti 18 hoa
hitu hiéu, sb qua chic va khdi luong hat, qua d6 gép phan cai thién ning suit lac L14
trong diéu kién dong rudng.
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Anh hwéng dén cac yéu to cAu thanh niing suit

Tong s6 hoa/cay ¢ hai ving ¢ thanh phé Hué nhin chung khong khac biét co y
nghia théng ké giita cac cong thire, dao dong tir 53,10-54,30 hoa/cay (Pht Vang, Huong
Tra). Diéu nay cho thiy hdn hop dich nuéi ba ching Bacillus khong 1am thay dbi dang
ké sb hoa hinh thanh, phi hop v6i dic diém sinh 1y ctia cay lac 13 s6 hoa chiu 4nh huong
manh cta yéu t6 giéng va diéu kién khi hau. Tuy nhién, tai cac ving Quang Tri, CT1
cho s hoa cao hon 3 rét (Nam Hai Lang: 55,30 hoa; Triéu Phong: 56,93 hoa) so véi
CT3 (50,60—52,47 hoa), diéu nay c6 thé nho kha ning ctia hdn hop dich nudi ba ching
Bacillus thic déy sinh truéng manh hon trong diéu kién thd nhudng va khi hau tai cac
vung thir nghiém & Quang Tri.

Tong sé qua/cay va ti 1¢ hoa hiru hiéu (%) chiu tic dong rd rét cua hon hop
dich nudi ba chung Bacillus. Tai Pha Vang, CT1 dat 21,63 qua/cay va 23,93% hoa
hiru hiéu, cao hon ddi chung (19,50 qua; 21,87%). Xu hudng nay ldp lai & Huong
Tra va dac biét ro tai Nam Hai Lang va Tri€éu Phong, noi CT1 cho 24,63-25,93
qué/cay va 25,64-26,46% hoa hitu hiéu, cao hon ddi chung tir 2,30-3,30 qua/cay
va 2,35-3,76%, vugt LSDo,0s. Piéu nay cho thdy hén hop dich nudi ba chung
Bacillus 1am ting hiéu qua chuyén hoa hoa thanh qua, mot yéu té lién quan dén
ting ning suét lac.

S0 qua chic/cay, su khac biét giira cac nghiém thirc rat ré rét. O Phi Vang,
CTI dat 12,87 qua chic/cay, cao hon ddi ching 1,04 qué; tai Huong Tra, mic ting
dat 3,20 qud; tai Nam Hai Lang, Tri€éu Phong, mtc tang dat 3,06-2,40 qua chéc/cﬁy,
tat ca déu co ¥y nghia thdng ké. Piéu nay khang dinh hdn hop dich nudi ba ching
Bacillus gitip giam rung qua non va ting ti 18 qua chic, 1a yéu td tryc tiép nang cao
ning suat thyc thu.

Vé khdi lugng 100 qua kho va 100 hat, CT1 nhin chung cho gia tri cao hon hodc
twong duong CT2 va cao hon dbi ching tai hau hét cac ving. Pic biét tai Phii Vang,
khoi lugng 100 qua khé ¢ CT1 dat 139,51 g, cao hon dbi ching 17,48 g; khoi luong
100 hat tiang tir 32,23 g (CT3) 1én 34,98 g (CT1). Mic du & mot s6 ving Quang Tri,
sai khac vé khdi lugng 100 qua kho chua vugt LSDo,os, nhung xu huéng ting dong
nhat cho thiy hon hop dich nudi ba ching Bacillus gop phan cai thién qué trinh tich
Ity vat chét vao hat.
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Bing 3.33. Anh huéng ciia hén hop dich nuéi ba chiing Bacillus dén cdc yéu té cdau thanh nang sudt lac giong L14

trong diéu kién dong ruong

Tong s6 Tong s6 Ti 16 hoa hitu S("i' qua Khdi lwong Khoéi lwong Nf‘lng su‘z‘it Nang surs?'lt
Cong thirc hoa/cay qué/cay hicu (%) chac/cay 100 qua kho 100 hat ly :thuyet thuye té
(hoa) (qua) : (qua) (gam) (gam) (tan/ha) (tan/ha)
Phii Vang, thanh phé Hué

CT1 53,80+ 4,95* 21,63+2,08* 23,93+1,34* 12,87 £0,77* 139,51+ 8,65* 34,98+ 2,34* 4,21+0,39* 2,95+0,28%

CT2 53,73+ 4,08* 21,23+1,70** 23,01+1,38* 12,37+0,96° 137,57+7,70* 34,11+2,59* 3,94+0,31* 2,91+0,23%

CT3 (D/c am) 54,10+5,30* 19,50+ 1,64° 21,87+1,09° 11,83+£0,95¢ 122,03+7,08° 32,23+290°% 3,31+0,32> 2,28+0,19°
LSD 0,05 2,47 1,76 1,08 0,41 7,15 0,99 0,51 0,49

Huwong Tra, thanh pho Hué

CT1 54,30+5,00* 22,23+1,47* 24,01£2,21* 13,03+1,20* 146,01+9,78* 36,87+2,21* 4,63+0,28* 3,16+0,192

CT2 53,87+4,09 22,13+1,64* 23,97+1,82* 12,87+0,98* 138,48+9,14° 3545+2,75* 4,61+0,41* 3,05+0,24°

CT3 (D/c am) 53,10+5,20* 20,27+1,84% 22,05+2,16* 9,83+0,96° 123,14+£8,62¢ 32,08£2,56° 323 +£0,29° 2,53+0,22°
LSD 0,05 2,30 2,44 6,08 2,75 4,13 1,75 0,59 0,39

Nam Hai Lang, tinh Quang Tri*

CT1 55,3+£1,99* 24,63+2,27* 25,64+1,72* 14,13+0,93* 160,33+8,97* 36,98+2,88* 5,29+0,31* 3,18+0,29°

CT2 54,27+ 4,83* 2330+1,77* 24,79+1,88* 13,47+1,02* 159,12+7,73* 35,77+1,75%> 4,85+0,34* 2,99+0,23*

CT3 (D/c am) 50,60+ 3,54 2033+1,99° 21,88+1,97° 11,07£0,91° 158,67+8,19* 33,75+1,86* 3,41+0,17° 2,43+£0,24°
LSD ¢,05 1,84 1,62 2,37 1,75 3,93 2,74 0,51 0,29

Tri¢u Phong, tinh Quang Tri

CT1 56,93+ 3,76* 25,93+1,55* 26,46+0,95* 15,07+1,32* 160,46+8,99* 38,44+ 3,54* 535+0,32* 3,070,267

CT2 55,80+4,13* 24,90+2,19* 25,99+2,31* 14,50+143* 159,67+9,58* 37,21+2,83* 523+0,41* 2,97+0,24%

CT3 (P/c am) 52,47+4,25° 22,63+2,05° 24,11+1,69* 12,67+1,16°> 159,21+7,96* 3432+336° 3,92+035% 244+0,20°
LSD ¢,05 1,84 2,04 2,97 1,14 8,42 2,46 0,41 0,31

Ghi chii: Cdc gid tri la trung binh theo timg dia diém; so sanh thong ké (LSDo,os) va ky hiéu chit cdi dwoc thwe hién riéng cho
tirng viing (* Theo don vi hanh chinh méi ciia chinh quyén 2 cdp)
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Anh hwéng dén ning suit lac
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Hinh 3.32. Nang sudt lac trén cdc dia diém thir nghiém & Huwong Tra, Phii Vang,
Triéu Phong va Nam Hai Lang. Cdc chir cai khdc nhau trén cung mot khu vuc
(* Theo {én don vi hanh chinh mdi cua chinh quyén 2 cap) chi sgf~sai khac co y
nghia thong ké voi p < 0,05 (Duncan’s test). M £ SD: Trung binh mau (Mean) + do
léch chuan (Standard deviation).

Dit liéu ¢ Hinh 3.32 cho thiy ning suit thuc thu (NSTT) cta nghiém thuc
CT1 déu tang ro rét so vo1 nghiém thuc ddi chung. Cu thé, tai khu vuc Phu Vang,
NSTT ting tir 2,28 tin/ha & CT3 1én 2,95 tdn/ha & CT1, trong khi tai Huong Tra,
NSTT ghi nhan mirc ting tir 2,53 tdn/ha 1én 3,16 tdn/ha khi 4p dung CT1. Tuong
tu, tai Nam Hai Lang va Tri¢u Phong, NSTT cua CTI1 dat lan luot 3,18 va 3,07
tdn/ha, cao hon so v6i ddi chung trong khoang 0,63 - 0,75 tin/ha. Tong hop bon dia
diém thtr nghiém, NSTT & CT1 ting 24,90-30,86% so v&i d6i chung am. Két qua
phan tich théng ké cho thay khong ghi nhan su sai khac c¢6 y nghia giita hai nghiém
thtrc xtr 1y bang hdn hop dich nudi ba chung Bacillus (CT1) va ché pham sinh hoc
thuong mai Trichoderma (CT2) (p > 0,05).

Két qua nghién ctru cta ludn an twong ddng véi nhitng nghién ciru gn day vé
VSV kich thich sinh truong thuc vat (PGPR), dac bi¢t 1a cac chung thudc chi Bacillus.
Thong qua viée cai thién kha nang hip thu va st dung dinh dudng cua cdy, diéu hoa can
bang hormone sinh truedng (auxin—cytokinin), lam giam stress sinh hoc lién quan dén
bénh hai ving r&, cac chung Bacillus khong chi thuc diy su phat trién sinh dudng cta
cAy ma con gitp ning cao ti 1 dau qua va tich lity vat chat kho & cdy trong thudc ho dau
(Patel et al., 2023; Khoso et al., 2024). Bén canh d6, hiéu qua ctia hon hop dich nudi ba
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chung Bacillus duwoc ghi nhan 1 rang hon trén cac ving dét cat cua tinh Quang Tri, noi
diéu kién dat nghéo dinh dudng va chiu ap lyc bénh hai cao. Cac ché pham vi sinh ¢6
Bacillus thuong c6 kha nang han ché ndm bénh va hd tro sinh trudng cay tréng, cho hiéu
qua vuot trdi trong nhitng diéu kién sinh thai bat lgi (Hashem et al., 2019; Santoyo, et
al., 2021; W. Dong et al., 2023).

Nhu vay, ba chung B. siamensis 101, B. siamensis 112 va B. velezensis 137
c6 kha niang dbi khang v&i ndm bénh A. niger, dong thoi con co kha nang sinh IAA
va ¢6 thé tic dong dén sinh truong cua cay lac. Nang suét thyc thu ting so véi dbi
chirng trong thtr nghiém trén doéng rudng co thé 1a két qua tong hop cua giam bénh,
kich thich sinh trudng, cai thién mot sb yéu t cau thanh ning suét cua lac. Két qua
thuc nghiém nay cing véi viéc dap g céac chi tiéu khio sat vé an toan sinh hoc,
cho thiy tiém ning ung dung trong phong trir bénh HRGMP va nang cao ning suat
lac cua hd hgp ba chung Bacillus dugc tuyén chon. Tuy nhién, thtr nghiém mé&i
duoc thuc hién tai bon dia diém trong mdt vy, do do can tiép tuc danh gia qua nhiéu
vu va diéu kién canh tac khac nhau dé xac dinh tinh 6n dinh cta hiéu qua cua hd
hop ba chang Bacillus dugc tuyén chon (Hinh PL 9.1 ¢ Phy luc IX va PL 10.1, PL
10.2 ¢ Phu luc X.
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KET LUAN VA KIEN NGHI

KET LUAN

Dua trén cac két qua nghién ctru dat dugc, luan an dua ra cac két luan nhu sau:

1. Pa phan 1ap duoc 60 mau nam tir cay lac bi bénh héo rii géc mbc den tai Quang
Tri va thanh ph6 Hué. Kiém tra theo quy tic Koch va danh gia doc tinh trén 09 chung
tuyén chon cho thay ti 1¢ cay chét dat 85,7-100%. Trén co s& két hop dic diém hinh thai
va phan tich trinh ty ving ITS-rDNA, hai chiing dai dién c6 kha ning gy bénh cao nhat
gy chét 100% (QT1 va H17) dugc dinh danh so bo 1a Aspergillus niger, duge ky hiéu
1a A. niger QT1 va A. niger H17.

2. Tuyén chon dugc 03 chung vi khuan (B. siamensis 101, B. siamensis 112; B.
velezensis 137) ban dia d6i khang 6n dinh véi hai ching ndm bénh 4. niger QT1 va A.
niger H17. Ba chung Bacillus dugc lya chon co biéu hién enzyme ngoai bao chitinase, -
1,3-glucanase, cellulase; sinh IAA va dap g cac tiéu chi an toan sinh hoc dugc khao sat
nhu khong gy tan mau, khong doc véi giun dat (10° CFU/g dat kho), man cam véi 06
loai khéng sinh (tetracyline, chloramphenicol, trimethoprim, levofloxacin, gentamicin va
streptomycin) va khong anh huong dén ti 1é nidy mam hat lac.

3. Trong khao sat don yéu t6, phan doan enzyme ngoai bao c¢6 hoat tinh B-1,3-
glucanase tir 03 chuing vi khuan (B. siamensis 101, B. siamensis 112 va B. velezensis 137)
dat hoat tinh cao nhat & pH 5,0, nhiét dd phan mg 50 — 60 °C, tdng hoat tinh bdi Mn?*,
Co*", bi trc ché manh bdi EDTA va urea. Diéu kién nudi ciy thich hop cho ba chung
Bacillus thu dich enzyme ngoai bao c¢6 hoat tinh p-1,3-glucanase la: LB 16ng (b6 sung 1%
bot ngo, 1% cao nam men), pH 7,0, nhiét 6 nudi céy 30— 35 °C, tbe do 1ac150 rpm, ti 1€
ciy giong 7% va thoi gian nudi 24 gio. Phdi tron phan doan enzyme ngoai bao c6 hoat
tinh B-1,3-glucanase ti 1¢ 1:1:1 theo thé tich lam giam MIC (0,1 - 0,2 U/mL), MFC (0,2 -
0,4 U/mL) va gay bién dang, nirt v& thanh té bao A. niger QT1 va H17 qua quan sat SEM.

4. Hon hop phdi tron dich nudi cay 3 ching vi khuan (B. siamensis 101, B.
siamensis 112; B. velezensis 137) ti1¢ 1 : 1 : 1 theo thé tich & mt d6 té bao 10° CFU/mL
trc ché A. niger QT1 va H17 hiéu qua hon ching don 1¢ trong diéu kién in vitro dong
thoi gitp duy tri ti 16 cay lac chét do bénh héo rii gbc mbc den & muc thip (1,16 -
3,57%) va lam ting ning suat thyc thu dao dong tir 24,90% dén 30,86% tai bon dia
diém thir nghiém dong rudng so véi dbi ching am.

KIEN NGHI

Tiép tuc danh gia hiéu luc phong trir bénh héo rii gdc mdc den ciia hdn hop dich
nudi cay ba chung vi khuan: B. siamensis 101, B. siamensis 112 va B. velezensis 137 qua
nhiéu vu trong diéu kién canh tac khac nhau va nghién ciru anh huéng 1én vi sinh vat c6
ich trong dat; dong thoi nghién ctru dang ché pham, mat do té bao séng, do on dinh, thoi
gian va diéu kién bao quan, hi¢u lyc sau luu kho 1am co s& cho vi¢e danh gid kha nang
g dung trong phong trir bénh héo rii gdc mébc den trén cdy lac tai mién Trung./.
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PHU LUC
Phu luc I
HOA CHAT, DUNG DICH PEM, MOI TRUONG NUOI CAY

1. Héa chat

K>2HPO4; MgS04.7H20; NaNOs3; KCl; FeS04.7H20 (Xilong Chemical, Trung
Quéc); Tryptone, 3,5-dinitrosalicylic (DNS), glucose, phenol, chloroform, isopropanol
(Merck, Buc); curdlan; laminarin; peptone; yeast extract; meat extract (HIMEDIA, An
bJ); agar (Hai Long, Viét Nam); CTAB (ABT- Vi¢t Nam); Bacto agar, EDTA, IPTG,
X-gal (Bio-Rad, M¥); bovine serum albumin (Nacalai, Nhat Ban); zeocine, imidazole...

2. Cac dung dich va dém

bém Phosphate-Citrate (NaH2PO4 0,2 M va acid citric 0,1 M) véi cac mirc pH
4,0-6,0; dém Phosphate (NaH>PO4 0,2 M va Na,HPO4 0,2 M) v6i cac muc pH 6,0-8,0;
dém CTAB (100 mM Tris-HCI, pH 8; 1,4 M NaCl; 20 mM EDTA; 2% CTAB; 0,2% -
mercaptoethanol); dém sodium citrate (pH 2,0-4,0), dém sodium acetate (pH 4,0-6,0),
dém potassium phosphate (pH 6,0-8,0), dém Tris-HCI (pH 8,0-9,0).

3. Mbi trwdng nudi ciy

Bdng PL1.1. Cac logi méi truong chinh sir dung trong nghién ciru

TT Tén moi truong Thanh phin méi trudng

_ Men banh mi (5 g), FeSO4-7H20 (0.5 g), MgS0O4-7H20
Moi truong sang loc

1 (0.5 g), KC1 (0.5 g), NaNO3 (3 g), K2 HPO 4 (1 g), agar
hoat tinh glucanase
(20 g)

Khoai tay (thai lat): 200g (1ay nudc chiét)

PDA (Potato | - Glucose (Dextrose): 20g
2
Dextrose Agar) - Agar: 15-20g
- Nudre cit vira da: 1000ml
- Khoai tay (thai lat): 200g (1ay nudc chiét)
PDB (Potato
3 - Glucose (Dextrose): 20g
Dextrose Broth)

Nude cat vira da: 1000ml




TT

Tén moi truong

Thanh phin méi trudong

WA (Water Agar)

Agar: 15-20g
Nudc cat: 1000ml

LB  (Luria-Bertani
Miller)

Tryptone: 10g

Yeast Extract (Cao ndm men): 5g
NaCl: 10g (Miller) hoac 5g (Lennox)
Agar: 15g (néu 1a LB Agar)

Nudc cat vira da: 1000ml

NA (Nutrient Agar)

Peptone: 5¢g
Beef Extract (Cao thit): 3g
Agar: 15g

Nudc cit vira da: 1000ml

NB (Nutrient Broth)

Peptone: 5¢g
Beef Extract (Cao thit): 3g

Nudc cat vira da: 1000ml




Phu luc II
KHAO SAT TiNH HINH BENH LAC VA THU MAU NGHIEN CUU
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Hinh PL2.1. Mét s6 dia diém khdo sdt tinh hinh bénh lac va thu mau nghién cvu khu vuc
cay lac bi nhiém bénh héo rii g6'c moc den



Triéu chitng héo rii goc moc den dwoce quan sdt trén giong lac L14 ngoadi dong
ruéng. A. Hinh dnh cdn canh cdy bi théi ¢ viing cé ré; B. Cdy xudt hién triéu chirng
bénh héo rii géc méc den tai tinh Quéng Tri (Vong tron dé chi cdy bi bénh HRGMP

trén cay lac).

Cay lac bi nhiém bénh héo rii goc moc den xuyén suot qud trinh phdt trién tir khi néy
mam (A), cdy con (B) va truéng thanh tao qua (C)

Hinh PL2.2. Mt s6 triéu chirng vée cay lac bi bénh héo rii géc moc den thu dwoc trong
qua trinh khao sat



Phu luc I1I

TRIEU CHUNG BENH HEO RU GOC MOC DEN TREN CAY LAC
SAU KHI LAY NHIEM NHAN TAO VOI NAM Aspergillus niger

Hinh PL3.1. Tri¢u ching bénh héo rii ‘gé'c méc den trén cdy lac trong thi nghiém lay
nhiém nhdn tao bang nam Aspergillus niger.



. ] ] ] Phl;lq luc IV ) ]
ANH HUONG CUA‘CAC CHUNQ VI SIl}IH VéT DQI KHANG
B8, K1, 101, 112, 137 VA HL6 PEN TI LE NAY MAM CUA HAT LAC

Hinh PL4.1. Anh huéng cua cdc chung vi sinh vt doi khang BS, K1, 101, 112, 137 va
HL6 deén ti I¢ nay mam cua hat lac giong L14



ANH HUONG CUA PHAN POAN ENZYME NGOAI BAO

Phu luc V

CO HOAT TINH B-1,3-GLUCANASE DEN SINH KHOI KHO CUA A. NIGER

Bing PL5.1. Ti 1é % giam sinh khoi khé ciia A. niger QT1 duwéi tac dong ciia phan

doan enzyme ngoai bao co hoat tinh f-1,3-glucanase

Nguon enzyme

Hoat d§ enzyme p-1,3-glucanase (U/mL)

p-1,3-glucanase 0.2 0.4 0.8 1.6

B. siamensis 101 7,28+0,57 40,60+7,44  53,65+3,89  65,56+0,73

B. siamensis 112 8,12+1,89  41,75+£5,14  55,87£3,18  67,72+4,44

B. velezensis 137 8,89+1,80  46,02+t1,41  64,78«t1,91  72,93+1,98
Hon hop

phdi tron tir ba 9,90+4,19  57,38+4,59  73,29+1,44  83,58+1,82

chung Bacillus

Ghi chii: Boi chitng 0 U/mL sir dung nwdc cdt vé tring, dieoc bo tri chung

cho 4 nguén enzyme. Hiéu suat giam sinh khdi khé H (%) duoc tinh theo sinh

khéi kho cua nghiém thirc so v&i dbi ching chung khong bd sung enzyme (0

U/mL). Gia tri H ciia ddi ching dugc quy udc bang 0%. M + SD: trung binh +

dé 1éch chudn (n = 3).



Bing PL5.2. Ti 1¢é % giam sinh khoi khé ciia A. niger H17 duwedi tac ddng ciia phén

doan enzyme ngoai bao co hoat tinh f-1,3-glucanase

Nguon enzyme

Hoat d¢ enzyme f-1,3-glucanase (U/mL)

p-1,3-glucanase 0.2 0.4 0.8 1.6

B. siamensis 101 4,12+1,72 29,32+£3,60  48,64+5,35 56,28+2,09

B. siamensis 112 5,61+1,59  32,79+10,62  52,39+3,40 59,47+5,11

B. velezensis 137 6,42+2,02 38,85+11,92  58,59+1,29 66,76+4,00
Hoén hop

phdi trén tir ba 7,11+£1,93 51,40+9,04 67,76+2,58  76,35+3,51

chung Bacillus

Ghi chii: Boi chitng 0 U/mL sir dung miede cat vo tring, dwoe bo tri chung cho 4

nguon enzyme va khong dwa vao ANOVA hai nhdn té. Hiéu suat giam sinh khéi kho H

(%) dugc tinh theo sinh khéi kho ciia nghiém thic so véi d6i ching chung khong b

sung enzyme (0 U/mL). Gia tri H cta ddi ching dugc quy udc bang 0%. M + SD: trung

binh + dg léch chuan (n = 3).



Phu luc VI
KET QUA PHAN TiCH MOI TUONG QUAN GIUA HOAT PQ ENZYME B-1,3-
GLUCANASE VOI PUONG KINH VUNG UC CHE A. niger QT1 VA A. niger H17

Normal P-P Plot of Regression Standardized Residual Normal P-P Plot of Regression Standardized Residual
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Hinh PL6.1. D6 thi moi twong quan giita hoat do enzyme f-1,3-glucanase voi duwong
kinh vung wc ché A. niger QT1 va A. niger H17



Phu luc VII
KHA NANG KiCH THiCH PHAT TRIEN RE CAY LAC
CUA CAC CHUNG BACILLUS PUQC TUYEN CHON

Hinh PL7.1. Kha néng kich thich phdt trién ré ciia cdc ching Bacillus dwoc tuyén chon



o ) Phuy Iyc VIII ]
CHUAN BI HON HQP DICH NUOI BA CHUNG Bacillus

My

Hinh PL8.1. Qud trinh chudn bi hon hop dich nuéi ba ching Bacillus (B. siamensis 101,
B. siamensis 112 va B. velezensis 137)
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Phu luc X ‘
GIAY XAC NHAN KHU VUC THU NGHIEM TREN PONG RUONG
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Ly ban nhin dén pherimp Huomg Win, ih) «d Huomg Tra h Thira Thi

xac nhin Vién Cong nghé sinh hoc. Prai b Hué &3 bd el mia kinh thr Ny
dung ché phim vi sinh phimg ©

12 ndim bénh fo i trén cdy lage thude ndi dung
nghi€n ciru cua A& @i “Nebide cia v it tricn r_'!fé_,u.&fr:nj v simdr od Baad e
ez cae phivrg chiing bénh béo rif i cdy fge trdug & ke vare reidn Traors ™.
MG sd: CT-202209.000H.04, do TS, Nguyfn Thi Thu Thay lam chi nhigm & i
nhur sau

Lo o guean chis oe 08 i Bai hee Hué

2. Co quan thue hign dé Wi Vidn cong nghé sinh hpe

3. MG dung thire hidn

B4 hinh thar nghigm omg dyng che pham vi sinh pldag uhﬁng nim bénh héo
trén ciy lac.
[¥ém tich thue hagén: 1000 m°

A Bl thir nghiém duoe bé i trén rudng cia gia dinh fng Hb Bang Mi:

Higu lye phong chong nam bénh héo i loc cia chié phikm vi sinh g &
hom B5%
Theni gian thye hign: b thang | din ihiing & néim 2023

Huwomg Viin, ngdy L2 thing € nitm 2023
™. UBND phusimg Huromg Wi
-
KT C}T'I.:I T!C'“ -

-~

UBND HUYEN PHU VANG CONG HOA XA HOLOHU NGHTA VIET NAM

UBND TT PHU A — Tar don — Hanh phiic

GIAY XAC NHAN

Trung thm dich va néng nghidp, huyén Phic Vang, tinh Thisa Thign Hué xic nhin
Vien Céng nghé sinh hoc, Bai hoc Hud &5 bd tri mé hinh thir nghigm dmg dung ché
phim vi sinh phing ching ndm bénh héo ri trén edy lpc thieje ndi dung nghién ein
et 82 nak: “Ngphidn o vd phde ieidn chd phde vi sinde od Bogs gl srzyme coae
phing ching bfnk héw e trén oy toc trdng & ki wre seidie Trong™ Ma sh: CT-
2022.00.DHH.04, do TS, Mauydn Thi Thu Thiay Fim chi nhigm dé i nhu sms:

1. Cor quan ehi 1r 38 tai: Bai hoce Hud

2. Co guan thuc hign dé tai: Vién cong nehd sinh hee

3. Mde dung thyuc hagn

844 hinh thit nghiéen g dung ché phim vi sinh phang chéng nim bénh héo rik
rénm edy lac

[¥ién tich thue hidn: 1000 m*

M4 hinh thie nghidém dage b iri tridn rudng cim gia dinh Gng Tran Hidu i 16 din
phedi WiEn Trinh, thi tefin Pha Ba, huyén Phio Vang, tinh Thira Thidn Hué.

Hiéu lge phing ching nim bénh hée 6 lac cis chi phim vi sinh dat hifu qud
T 25%,

4. Thixi gian thye hién i hink: i thing 1 dén ihiing & ndam 2023

Pl Vang. ngiy 50 thang & ndm 2023

E{BW TT PHL BA

Hinh PL10.1. Gidy xdc nhdn cdc dia diém thie nghiém & thanh pho Hué



UBND HUYEN AL LANG CONG A XA HOD CHO NGHLA VIET NAM
UMD xh Tl Plosg mije Hpy - T do — Hanh phie

GIAY XAC NHAN

Uy ban nhin din x8 Hal Phong, boyén Hii Lang, tinh Quing Tri xbc nhin

Wign Céng nghd sinh bge. Do hpe Hué &3 bi iri md hinh thir nghiém st dung
ché phdm vi sinh phing ching nfim bénh héo i lac thudc nii dung nghién cin i
8 = Nghidn esru v pivs iride chd pirdor vi sink o gt tink engpane cao phing
chimg Bénk Rée rd tén ody lpe wrdmg & kha owre mide Trang® do
TS. Nguydn Thj The Thiy lim chi nhigm dé thi nbe s

1. Co guan chil tri d& 14i; Bgi hpe Hod

2. Co quan thiee hién dé tai: Vién cdng nghé sinh hoc

3. M dung thige hidn

Wi hiind thir nghiém sir dung ché phim vi sinh phang chéng nim bénh héo ri lac

Drén tich thyre hién: 1000 m*

Wb hinh thir nghigm dugre b iri trén rudmg cia gia dinh éng Hodng Tin Loi tad

thitn Cla HA, x3 HAi Phong, huydn Hal Lang, tinh Qudng Tri.

4, Thixi gian thiee hign: vir thiing 01 dén thing & nim 2023,

Hii Phong, ngay 29 thdng 6 ndm 2023

COMNG HOA XA QD CHO NGHTA VIET NAM
P Higr = Ty da = Hlgnh pluie

GIAY XIN XAC NHAN

Kinh giri: L1 ban nhin din <8 Tri¢u Thanhk, huyén Trigu Phong. tinh Quing Tri.

Tai vén Mpgaydn Xuin Hidu, hén damg edng thc ti Treimg THCS&THPT Cira Vide,
tinh Qudng Tri, dang hoe nghidn ciru sinh 19i Vidn Cong nghi Sinh hoe, Bai hoe Hel, 1
think vién tham gia thipe hign o i “Nphidn cirw v plds teide cind phdm W sink cd kogr
tink emzywe cao phing chdug bink bée ri trén ey Ipc tedng & K vire midn Trang™ da
TS. Npuydn Thj Thu Thiby ldm chi nhigm d& thi. Trong qué trink thare hign 42 tii, nham
nghién ciru o trién khai nghién ciru rén redng cda gia dinh ba Lé Thi Thao tai Thin An
Tiém, x3 Tridu Thinh, nay 833 xin Uy ban nhin dén %A Tri¢u Thinh xic nhdn cho ching 1
ciic ndi dung nhir sau: Vidn Cong nghi Sinh hec, Bai hoe Huo d3 bl iri mé hinh thir nghiém
sir dyng ché phim vi sinh phieg ching ndm bénh héo ol lae thude ndi dung nghién oi cia
S i “Nghidn ciru v phir tridn obd phim v sink of ot tink engyare cas phing ching
Bink hée il irén ciy lpe irdng & ki viee avidn Trung™ do TS, Nguyén Thj Thu Thiy
Nam chil nhidm 38 ti mher sau:

1. Cor quan chil ri 82 taiz Bri hoe Hoé

2. Cor quan thye hign 4 tai: Vign Cling nghé Sink hoe

3. Miji dung thie hifn:

« Wi hinh thilr nghibm sir dyng ché pldim vi sinh phéng chiing nim bink béo ril lae

- Dién tich thye hign: 1000 m?

- B hinh thir nghigm duge bd i trén rudng cda gia dink ba L& Thi Thao i Thin An
Tiém, xa Trigu Thinh, huy@n Trigw Phong. tinh Quing Tri.

4, Thivi gisn thye hign: tir thiing 01 dén thiing 6 nim 2023.1,

Trige Thiwb, sgey 29 thdng & ndwm 7025
NGUOT XIN XAC NILAN HEIMX‘_& A UBND XA TRIEU THANH

TR AN NTLAN [N

g (s

puyén Xudn Hidu

Hinh PL10.2. Gicfy xdc nhdn cde dia diém thir nghiém o tinh Quang Tri



PAI HOC HUE
VIEN CONG NGHE SINH HQC

XAC NHAN HOAN THANH CHINH SUA LUAN AN TIEN SI

Ho va tén nghién ctru sinh: Nguyén Xuén Hiéu

Pé tai luin 4n: Nghién ciru dbi khang sinh hoc nAm Aspergillus sp. gay bénh
héo rii gbc mbc den trén ciy lac (Arachis hypogaea) & tinh Quing Tri
va thanh phd Hué

Nganh: Sinh hoc Ma sb: 9420101

Ngay bio vé cip Pai hoc Hué: 26/8/2026

NGUOI HUONG DAN KHOA HOQC NGHIEN CU'U SINH

IV

PGS.TS. Nguyén Thi Thu Thiy Nguyén Xuén Hiéu

CHU TICH HOI PONG

/

- GS.TS. Tran Piing Hoa




