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1
MO PAU

1. TINH CAP THIET CUA DE TAI

Lac (Arachis hypogaea L.) la cdy trdng can quan trong & mién
Trung Viét Nam, gilp cai tao dat cat va nang cao thu nhap. Tuy nhién,
nang suét lac chiu ap luc 16n tir bénh hai, dac biét 1a bénh héo rii gbe
méc den do nAm Aspergillus niger, 1am cay héo rii, chét hang loat, gay
thiét hai kinh té nghiém trong; mot sé chung A. niger con san sinh doc
t6 Ochratoxin A, tiém an nguy co mat an toan thyc pham. Hién nay,
phong trir bénh chu yéu dwa vao thudc hoa hoc, gay 6 nhiém moi
truong va khang thuée. Vi vay, “Nghién ciru ddi khang sinh hoc nAm
Aspergillus sp. gay bénh héo rii gbc méc den trén ciy lac (Arachis
hypogaea) & tinh Quang Tri va thanh phé Hué” nham xay dung
giai phap sinh hoc an toan, hiéu qua, phuc vu san xuét lac bén virng.

2. MUC TIEU NGHIEN CUU

Tuyén chon céc chang vi sinh vat (VSV) ban dia sinh enzyme
ngoai bao (chitinase, B-1,3- glucanase) ddi khang manh véi nam
Aspergillus sp. gay bénh héo rii gbc mdc den trén cdy lac. Panh gia
hiéu qua déi khang trong diéu kién in vitro va in vivo, 1am 13 co ché
tac dong, 1am co s¢ khoa hoc dé xuét giai phap phong trir sinh hoc an
toan, hiéu qua.

3. NQI DUNG NGHIEN CUU

- Noi dung 1: Phan lap, giam dinh chung nim Aspergillus sp.
gay bénh héo rii goc mdc den trén cay lac.

- Noi dung 2: Tuyén chon céac chung VSV ban dia dbi khang
nam Aspergillus sp. gay bénh.

- N6i dung 3: Xac dinh hoat hyc nhém enzyme ngoai bao ddi
khang Aspergillus sp.

- N6i dung 4: Panh gia kha ning @c ché ndm Aspergillus sp.
gay bénh cuia cac VSV tuyén chon trong diéu kién in vitro va in vivo.
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4. POI TUQNG NGHIEN CUU

- Cac ching Aspergillus sp. gay bénh héo rii gdc mdc den trén lac
tai Quang Tri va Hué.

- Céc chung VSV ban dia ddi khang cao va sinh enzyme
(chitinase, B-1,3- glucanase) manh tir dat trong lac Quang Tri va Hué.

- Gidng Lac L14 cua dia phuong.

5. PHAM VI NGHIEN CUU

5.1. Thoi gian nghién cau

Tir thang 12/2021 dén thang 6/2025.

5.2. Pia diém nghién ciu

Thu miu bénh va dat; thi nghiém ddng rugng tai ving trong lac
Quang Tri, Hué; phan lap, tuyén chon VSV, nghién ciu enzyme, thi
nghiém in vitro, nha ludi tai Vién Céng nghé Sinh hoc, Pai hoc Hué;
chup anh SEM tai Phong thi nghiém Khoa hoc Vit li¢u, Truong Dai
hoc Su pham Pa Nang.

6. NHUNG PONG GOP MOl CUA LUAN AN

Luén an da xac dinh Aspergillus niger la tdc nhan gay bénh héo
rii gdc mdc den trén cay lac tai Quang Tri va Hué; tuyén chon, dinh
danh ba chung Bacillus (B. siamensis 101, B. siamensis 112 va B.
velezensis 137) ban dia dbi khang manh, sinh enzyme ngoai bao cao
va 1am 5 co ché d6i khang thong qua enzyme B-1,3-glucanase. T6i uu
hoa diéu kién nudi cdy thu enzyme hoat tinh cao, budc dau danh gia
hiéu qua hdn hop ba chang Bacillus (ché pham BAZ04) trong diéu
kién in vitro va in vivo.

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

7.1. Y nghia khoa hoc

Luén an xac dinh tac nhan gay bénh héo rii gbc mdc den trén cay
lac, tuyén chon céc ching Bacillus ban dia dbi khang manh va lam rd
co ché dbi khang théng qua enzyme f-1,3-glucanase.

7.2.Y nghia thuc tién

Két qua nghién ctru cho thay tiém nang tng dung ché pham BAZ04
phong trir sinh hoc an toan, hiéu qua va bén viing trong san xuét lac.
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Chuong 1
TONG QUAN VE VAN PE NGHIEN CUU

Lac la cay trong kinh té quan trong & duyén hai mién Trung Viét
Nam nhung dang bi han ché ning suat do bénh héo rii géc mdc den,
chu yéu do nam Aspergillus niger — loai nim dét kho phong trir vi ton
tai lau dai va xam nhiém qua ré. Céac bién phéap hoa hoc hién nay tiém
an rui ro moi truong va khang thude, do do kiém soat sinh hoc duoc
xem la hudng tiép can bén viing. Trong d6, vi sinh vat d6i khang nhu
Bacillus, Trichoderma c6 kha ning uc ché nim bénh théng qua
enzyme ngoai bao, dic biét 1a p-1,3-glucanase phan giai thanh té bao
nam. Tuy nhién, cac nghién ciru gan véi diéu Kién sinh thai dia phuong
tai Quang Tri va Hué con han ché, vi vay viéc tuyén chon vi sinh vat
d6i khang ban dia va 1am rd vai trd cia enzyme B-1,3-glucanase la can
thiét va c6 y nghia khoa hoc, thyc tién.

Chuwong 2
PHUONG PHAP NGHIEN CUU

- Phan lap, tuyén chon VSV: Phan lap, giam dinh Aspergillus
sp. gay bénh va tuyén chon VSV ddi khang ban dia bang phuong phap
ddng nudi ciy va khuéch tan trén dia thach; dinh danh dya trén trinh
ty ITS (nam) va 16S rRNA (vi khuan).

- Nghién ciru enzyme va co ché d6i khang: Xac dinh hoat lyc
B-1,3-glucanase, diéu kién nudi ciy; danh gia co ché dbi khang (MIC—
MFC, giam sinh khéi, SEM).

- Panh gia hiéu qua va an toan sinh hec: Panh gia hiéu qua
trc ché nam (in vitro, in vivo, nha ludi) va an toan sinh hoc (tan huyét,
nhay cam khang sinh, anh huong dén dong vat dat), kha nang sinh IAA
ctia cac chang tuyén chon.
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Chwong 3
NQI DUNG, KET QUA NGHIEN CUU
3.1. Phan lap va dinh danh nim bénh
Pinh danh bing hinh thai: i lya chon 9 chung nAm bénh dic
trung ving bénh dé nghién ctu chuyén sau (Hinh 3.2).
QT1 Q12 Q13 QT4 Q17 Hé "7 s L]

Mat tywoe
khuin lac

Mat san
Khuin bac |

Cubug
bie tw

Bae tir

Hinh 3.2. Pdc diém hinh thai cia cac mau ndm gay bénh héo rii goc
moc den hai lac nubi cdy trén méi triong PDA

Kiém tra theo quy tic Koch va tuyén chiing ddc tinh manh:
Ca 9 chung nAm déu gay bénh (100%), xuat hién triéu ching sau 3-6
ngay; ty 1é cay chét dat 85,7-100%, trong d6 QT1 va H17 gy chét
cao nhit véi sai khac c6 y nghia thong ké.

Pinh danh bing sinh hoc phan tir: Hai ching QT1 va H17
duge giam dinh bang hinh théai va trinh tu ITS1-1TS4, cho két qua
tuong déng 100% vai Aspergillus niger, qua dé xac dinh thudc loai A.
niger trong pham vi nghién cau (Hinh 3.5).
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Hinh 3.5. Cay phat sinh loai ching ndm A. niger QT1 va H17
3.2. Phan lap, tuyén chen chiing VSV ddi khang nim A. niger
3.2.1. Phan lap va sang loc so b chiing d6i khang
Tir 12 mau dét trong lac tai Quang Tri va Hué, phan lap duoc 144
ching VSV déi khang vai A. niger QT1 va H17; trong d6 chon 16 chung
tiém ning dé danh gia dbi khang in vitro (Bang 3.5; Hinh 3.6).
Bdng 3.5. Ty I¢ iic ché cia cac ching VSV doi khang véi nam bénh
QT1 va H17 sau 6 ngay nudi cay

Ty 1é vrc ché (%)
STT| Ching phan lap
QT1 H17
1 H1 45,20+ 0,469 4521+ 0,354
2 K1 61,60+ 0,05° 4550+ 0,354
3 K2 49,86+ 0,13 °f 41,15+0,18¢




Ty 18 vrc ché (%)
STT| Ching phan lap
QT1 H17

4 B8 55,38+ 0,18¢ 45,61+ 0,08¢
5 45K 41,05+ 0,19' 46,44+ 0,209
6 46K 45,10+ 0,03" 4554+ 0,084
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 9" 42,63+ 0,12°¢
10 137 57,14+ 0,13 57,63+ 0,152
11 VL1 37,04+ 3,40 35,82+ 3,367
12 bak3 46,67 + 2,239 40,83+ 2,28°¢
13 HL6 77,41+1,28% 48,30 £ 1,22°
14 Phb3 47,78+ 2,941 27,64+ 2619
15 TPH4 50,37 £2,31°¢ 26,91+ 2,189
16 Phv1 61,48+ 0,64° 23,28+ 2,31"

Céc cher céi khac nhau trén cung mét cot chi s sai khac trung binh
Mau ¢4 ¥ nghia thong ké véi p < 0,05 (Ducan’s test). M + SD: Trung
binh mdu (Mean) + B¢ léch chudn (Standard deviation).



Hinh 3.6. Kha ndng déi khang cua céac ching vi khuan véi ndm bénh
trén méi truong PDA sau 6 ngay nudi cdy (Péi khang véi QT1 tir A-
F twong img la BS, K1, 101, 112 va 137; ddi khang véi H17 tir G-M,
twong vng la B8, K1, 101, 112 va 137).

3.2.2. Tuyén chon cac ching VSV dbi khang sinh enzyme
ngoai bao manh

Tiép tuc sang loc hoat tinh enzyme céac ching dbi khang manh qua
duong kinh viing thuy phan trén thach dia, thu duoc 11 két qua trinh
bay Bang 3.6 va Hinh 3.9.
Bdang 3.6. Kha nang sinh enzime ngoai bao cua cac chung vi sinh vt
doi khang mgnh (mm)

Puong kinh vang thiay phan (mm)
TT|Chiing VSV
1,3- p -glucanase | Chitinase Cellulase
1 H1 18,50+ 0,209 | 20,47+0,15¢ | 17,70+ 0,621
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+ 0,15%
4 B8 26,17+ 0,42 | 26,100,102 | 25,77 £0,25%
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"
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Puong kinh vang thiay phan (mm)
TT| Chang VSV
1,3- p -glucanase | Chitinase Cellulase
8 112 23,93+0,31°> |22,87+0,23%|21,90+0,79"
9 118 21,03+0,15¢ |18,17+0,159| 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+0,159| 17,68+ 0,20¢

Cdc chit cdi khac nhau trén cung mot cot chi sy sai khac trung binh
mau cé ¥ nghia thong ké véi p < 0,05 (Ducan’s test). M + SD: Trung
binh mau (Mean) + D¢ léch chudn

Hinh 3.9. Hoat tinh enzyme -1,3-glucanase (A), chitinase (B) va
Cellulase (C) ciza mét so chung vi sinh vdt phan ldp

3.2.3. Pinh danh cac chiing vi sinh vat déi khang

06 mau VSV phan lap d6i khdng manh, hoat tinh enzyme ngoai
bao cao dugc dinh danh hinh thai két hop phan tu, két qua 5 mau vi
khuan phan lap déu thudc chi Bacillus va dat tén lan luot 1a B.
siamensis B8, B. siamensis 101, B. siamensis 112, B. velezensis K1 va
B. velezensis 137 (Hinh 3.11); chung nim HL6 dugc xac dinh 1a T.
asperellum (Hinh 3.13.)
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nam HL6.



10

3.2.4. Sang lgc cac chiing vi sinh vat d6i khang an toan ddi
véi sw nay mam caa hat lac

X ly hat lac L14 bang 6 ching VSV tuyén chon, két qua ty 1¢
nay mam cao (98,33-99,67%), tuong duong d6i ching va khong khéac
biét c6 ¥ nghia thong ké.

3.2.5. Sang lgc kha ning d6i khang nam A. niger trong
diéu kién nha lwéi

Xét trung binh trén ca hai chang nam bénh QT1 va H17, cac
chang Bacillus 101 va 112 dat hiéu qua cao nhit (86,67%), tiép theo
la Bacillus 137 (83,33%), Trichoderma HL6, Bacillus B8 va K1 cho
hiéu qua thap hon 80%.

Hinh 3.14. Kiém tra khd ndng doi khang giira 3 chiing Bacillus duwoc
lwa chon trén méi trirong LBA sau 48 nudi cay

3.2.7. Nghién ctru vai tré va co ché ddi khang ciia enzyme p-1,3-

glucanase doi véi A. niger trong diéu kién in vitro
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3.2.7.1. Pdnh gid khd nding irc ché A. niger trén méi trwong dic

Bang 3.12. Thir nghiém doi khang véi nam bénh A. niger ciia dich nudi
cdy thé di logi bo té bao bang phirong phdp khuéch tan trén dia thach

Puong kinh ire ché sinh truémg cac

Chiing vi khuin chitng nim bénh (mm)
A.niger QT1 A.niger H17

B. siamensis 101 26,6+ 0,54°¢ 21,1+ 0,44°

B. siamensis 112 25,4+0,46° 20,3+0,46°

B. velezensis 137 28,3+0,61° 23,5+0,53"

Hon hop 3 chiing 30,8+0,58 26,840,662

Bacillus
Déi chung 0,0+0,00¢ 0,0+0,00¢

3.2.7.2. Xdc dinh néng d irc ché téi thiéu (MIC) va néng dg digt
nam toi thiéu (MFC)

Enzyme B3-1,3-glucanase don 1¢ cua B. siamensis 101, B. siamensis
112 va B. velezensis 137 déu c6 MIC = MFC = 0,4 U/mL d6i véi A.
niger QT1 va H17; khi phdi hop enzyme theo ty Ié 1:1:1, hiéu qua diét
nim tang rd rét véi MIC/MFC lan luot 13 0,1/0,2 U/mL (QT1) va
0,2/0,4 U/mL (H17), véi ty 168 MFC/MIC = 2 (Bang 3.13).

Bdng 3.13. Gia tri nong dg irc ché téi thieu (MIC) va gid tri nong do
diét nam téi thiéu (MFC) cia cac chung trén dia vi giéng 96
Kiém soat nAm bénh Kiém soat nam bénh

Nguén enzyme A. niger QT1 A. niger H17
MIC MFC MFC/MIC MICMFC MFC/MIC

B. siamensis 101 0,4 04 1 04 04 1

B. siamensis 112 0,4 04 1 04 04 1

B. velezensis 137 0,4 04 1 04 04 1

Hén hop 3vikhudn 01 0,2 2 02 04 2

MFC |a gid tri nong dé o vi giéng duwoc cdy trdi 1én méi truong PDA

khong quan sat thay sw phét trién cia ndm sau 48 gio.

3.2.7.3. Pdnh gid khd ning ic ché A. niger trén méi truwong long
Kha ning wc ché sinh khéi ndm bénh cia céc chang vi khuén riéng

I& va hdn hop duoc thé hién & Bang 3.14, 3.15 va Hinh 3.18, 3.19.
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Bdng 3.14. Anh huéng cia enzyme B-1,3-glucanase dén sinh khoi
(kho) cua A. niger QT1
Ngudn enzyme Nong d9 enzyme $-1,3-glucanase (U/mL)
p-1,3-glucanase 0 0,2 0,4 0,8 1,6
B. siamensis 101  3,92+0,12¢  3,63+0,119C 2,32+ 0,22 1,81+0,11°¢ 1,35+0,072
B. siamensis 112 3,92+0,12¢ 3,60+0,109 2,28+0,18°C 1,73+0,08°C 1,26+0,142C
B. velezensis 137 3,92+0,12¢ 3,57+0,189 2,11+0,04°® 1,38+0,06°® 1,06+0,0428

Hén hop phdi
tron 3 nguon 3,92+ 0,12¢  3,53+0,129% 1,67+0,15°* 1,05+0,04°* 0,64+0,07 A
enzyme
Phan tich ANOVA (p-value)
Ngudn enzyme (Nhan t6 1) p <0,001
Nong d6 enzyme (Nhan t6 2) p <0,001
Tuong tac (ngudn enzyme x ndng do enzyme) p <0,001

Cac chir cai khac nhau (a, b, c...) chi sy sai khac gitta cdc nong do enzyme co y
nghia thong ké véi p < 0,05 (Ducan’s test). Cdc chit cdi khdc nhau (4, B, C...)
chi sw sai khdc giitta nguon enzyme cé y nghia thong ké véi p < 0,05 (Ducan’s
test). M + SD: Trung binh mdu (Mean) £ dg léch chudn (Standard deviation).
Bdng 3.15. Anh huong cia enzyme f-1,3-glucanase dén sinh khoi

(khd) cua A. niger H17

Ngudn enzyme Nong d9 enzyme f-1,3-glucanase (U/mL)

p-1,3-glucanase 0 0,2 0,4 0,8 1,6

B. siamensis 101  3,19+0,20%¢ 3,060,169 2,25+0,13°¢ 1,63+0,11°¢ 1,39+0,08%

B. siamensis 112  3,19+0,20°E¢  3,01+0,20 98¢ 2,13+0,22 °BC 1 52+0,12PEC 1 29+0,10 3BC
B. velezensis 137 3,19+ 0,208  2,99+0,13%® 1,94+0,51® 1,32+0,10°® 1,06+0,16728
Hon hop phdi tron

3 ngudn enzyme
Phan tich ANOVA (p-value)

3,19+0,20%4  2,9740,23% 1,54+0,19°4 1,03+0,02°4 0,750,103

Ngudn enzyme (Yéu t 1) p <0,001
Nong d enzyme (Yéu t 2) p <0,001
Tuong tic (ngudn enzyme x nong dd enzyme) p =0,085

Ghi chu:Cac chir cdi khdc nhau (a, b, c...) chi sw sai khdc giita cac nong
d6 enzyme c6 y nghia thong ké véi p < 0, 05 (Ducan’s test). Cac chir cai khac
nhau (A, B, C...) chi s sai khdc giita nguon enzyme co y nghia théong ké voi
p < 0,05 (Ducan’s test). M + SD: Trung binh mau (Mean) + dg léch chudn
(Standard deviation).
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Hinh 3.18. Po thi ti 1é % giam sinh khéi (khd) ciia nam bénh A.
niger QT1 dudi anh huong Cia enzyme f-1,3-glucanase

8000 —
Nguon enzyme f-1.3-glucanase

B. stamensiy 101

B. stamensis 112

B velezensis 137

Hon bop phoi trda 3 ngudn enzyme -
2 e £ = — o
s ; o
©
- -
=2 y
B
-
=
T 4o o
v
£
=
g 000

P ’:’/
0 0.2 04 0.8 1.6

Néng 4§ enzyme f-1.3-glucanase (U/mL)

Hinh 3.19. Do thj ti I % giam sinh khai (khd) ciia ndm bénh A.
niger HI17 duwdi danh huong Cua enzyme f-1,3-glucanase
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3.2.7.4. Méi twong quan giira hogt dé enzyme f-1,3-glucanase va
hiéu qud déi khang nam A. niger
Bdng 3.16. Thir nghiém kha ndng i:c ché nam bénh A. niger cua hon
hop enzyme f-1,3-glucanase tinh sach cua cac chung vi khudn ¢ céc
nong dg khac nhau bang phirong phap khuéch tan trén dia thach
Puwong kinh wc ché sinh truéng cac ching nam

Nong do

bénh (mm)
(U/mL) _ .
A.niger QT1 A.niger H17
0 (P6i chung) 0,0+ 0,00 0,0+ 0,00

0,2 ND ND
0,4 23,5+0,49° 20,7+0,43°¢
0,8 26,4+0,17° 25,2+0,17°
1,6 33,3+0,19° 30,3+0,31°

Ghi chu: ND (Not determined): khong xac dinh

Hinh 3.20. Thi nghiém khd néng itc ché cia han hop enzyme p-1,3-
glucanase tir cac chung Bacillus phan ldp dén ching ndm A. niger
QT1 (A) va A. niger H17 (B)

3.2.7.5.Ddnh gid tic dpng ciia enzyme f-1,3-glucanase dén
thanh té bao nam A. niger

Quan sat anh SEM, mau ddi ching c6 bao tir va sgi nam hinh
thai binh thuong, trong khi xur Iy bang enzyme B-1,3-glucanase gay
bién dang va niit v thanh té bao soi ndm, ddng thoi tc ché hoan toan
sy nay mam cua bao tir trén moi truong PDA.
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3.2.8. Panh gié an toan sinh hgc va kha ning trg sinh cia
cac vi khuin Bacillus tuyén chen

Kha ning 1am tan té bao mau: Két qua, ca 3 chang vi khuan
B. siamensis 101, B. siamensis 112 va B. velezensis 137d¢u khong dé
lai biéu hién hoat tinh 1am tan méu trén dia thach.

D§ nhay cam véi khang sinh: Ca 3 chung B. siamensis 101,
B. siamensis 112 va B. velezensis 137 d¢éu man cam véi 6 loai khang
sinh Tetracyline (30ng), Chloramphenicol (30 pg), Trimethoprim
(25png), Levofloxacin (Lv-5pg), Gentamicin (Ge-10 pg) va
Streptomycin (Sm-10 ng).

Anh huwong dén dong vat dat: Cac chung Bacillus tuyén
chon (don 1¢ va phdi hop, 10-10° CFU/mL) khong gay doc cap
tinh d6i voi Eisenia fetida; ty I& chét va giam sinh khdi & mic cho
phép theo 1SO 11268-1:1993 va khdng khéc biét co y nghia thng
ké so voi déi chung (p>0,05).

Kha ning sinh IAA: Ba chung B. siamensis 101, B. siamensis
112 va B. velezensis 137 déu sinh tong hop IAA, véi ham luong ting
theo thoi gian nudi ciy va dat cuc dai sau 72 gio (0,025-0,027
mg/mL), khdng khac biét dang ké gitra cac chung, cho thiy tiém ning
thiic ddy sinh truong thuc vat (Hinh 3.24).

B oo m24h m4§h = 72h

3 [ -
oos [‘ .
o010 '

065 ’
) 4 '
n & L m A vek & av

Hinh 3.24. Binh tinh khad nang sinh Indole-3-acetic acid (IAA) cua
cac chuing Bacillus diroc tuyén chon (A), xdc dinh ham lwong 1AA (B)

Ham layng TAA (g'ml.)
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3.3. Nghién ciru hoat lwc va cac yéu té anh hwéng dén enzyme p-
1,3-glucanase ciia cac chiing vi sinh vat dbi khang nam A. niger
3.3.1. Puong cong tich lily enzyme p-1,3-glucanase

Thoi diém thich hop thu enzyme 12 20-24 gio cho ca ba ching
Bacillus: B. siamensis 101, B. siamensis 112, va B. velezensis 137
(Hinh 3.25, 3.26 va 3.27).

B, stoavemats 101 B, sdamensis 112 B, wlegenihs 137
LI o0 _ “w m 0 2
.| 3 ? B 3 3
.ill e 1 _' 3:: 73 l.‘_' 14:. I _’
= . \ ~ = 4 . = >
L . g i i =im 1% E
| Lo o 3 Lo o | 1 -
© I - . 3 - © P 1w S
& 7 ¥ ® H & 1
3 o 2 3
Bl f = 5! = - =
= i : £ 2 -3 :
8 3 - 3
0 8§ 16 4 2 § 0 E 16 23 32 g 0 8 164 02 -;
¢ o = G
Therd ghan awsin oy (gho) Vot gian oasl exs (g} Thoirl gham sl ciry (e}
" Meat Of chuny Und o Mg 85 chng 1wl " Bt 8 sy 1l
o O —— ODSO e OIS
Moyt & riay (U mg) Bage 35 rhbeg (Umags Bt O ribuy (L mg

Hinh 3.25. Puong cong tich  Hinh 3.26. bwong cong tich  Hinh 3.27. Buong cong tich
liiy enzyme p-1,3-glucanase /iy enzyme f-1,3-glucanase  liy enzyme p-1,3-glucanase
ching B. siamensis 101 chung B. siamensis 112 ching B. velezensis 137

3.3.2. Khao sat anh hwéng cac yéu té dén hoat dé caa enzyme p-
1,3-glucanase

Anh hwéng caa nhiét do: Hoat tinh enzyme p-1,3-glucanase cua ba
chung Bacillus dat cuc dai khoang 50-60°C; B. siamensis 101 ti wu & 50°C,
con B. siamensis 112 va B. velezensis 137 ti uu & 60°C (Hinh 3.28).

. 12000
i, 100.00 //_/{\ 3 .
& T t—F—y
.E £0.00 £ / : I &
E- 60.00 ¥ 1
§ 40.00
= 2000
‘E.
= -
30 40 50 60 T0 80
Nhiét dd (oC)
—=—B_ stamensis 101 B. stamensiz 112 B. velezensis 137

Hinh 3.28. Anh huéng cua nhiét do dén hoat dg enzyme ciia cac
chuing vi khudn
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Anh hwéng cia pH: Enzyme B-1,3-glucanase cua ba chang
Bacillus déu dat hoat d6 ti wu tai pH 5,0 va giam manh ¢ pH qua axit
hodc qué kiém.

Anh hwéng ciaa ion kim loai va céc chat héa hec: Mn?* va Co** lam
tang hoat do B-1,3-glucanase cua ba chung B. siamensis 101, B. siamensis
112 va B. velezensis 137 1én 132-202% so véi di ching; trong khi EDTA,
Urea va Tris 1am giam dang ké hoat d6 enzyme (70-91%) (Hinh 3.30).

250
§100
=" =
= 150
3 - I
© 100 gag BOE s 11 a
E I I I I I | I I -
=,
= 0
- g W 2 . A Al AT S A
:E R‘:Q'@ g Q:::' o “{"\‘;’ 'L_.- vﬁ' Rt q\\ -ﬁﬂ e .
&

wm B stamensis 101 B stamensis 117 B. velezensis 137
Hinh 3.30. Anh hwong ion kim logi va cé&c chat hda hoc d@én hoat dé
enzyme f-1,3-glucanase cua chung vi khuan

3.3.3. Khio sat mat s6 yéu té6 anh hwéng dén sinh tong hop
enzyme f-1,3-glucanase

Anh huéng cia co chit: bot ngd va curdlan 1am ngudn carbon
cho két qua sinh B-1,3-glucanase trong 24 gio nudi cay gan tuong
duong vai curdlan cao hon dai mach, 1Ga mi.

Anh hwéng caa cac loai moi trwdng nudi cay: Moi truong LB
12 Iyra chon t6t cho nudi cay cac chung Bacillus.

Anh hwéng ciia ngudn nite bd sung: Dich chiét nim men dugc
xac dinh 1a ngudn nito ti uu.

Anh hwéng cia ti 1§ cay giong: Ti I¢ cay gidng 7% cho két qua
t6t nhat (Bang 3.23).
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Bdng 3.23. Anh hurong cua ty 1é cdy giong dén kha néng sinh
truong va tich lily enzyme f3-1,3-glucanase cua cac chung Bacillus

B. siamensis 101 B. siamensis 112 B. velezensis 137
Tilé
ffy Hoatdo  Sinhkhdi  foarde  Sinhkhdi  poarge — Sinhkhoi
101!
g(%)g enzyme (x10° enzyme (x10° enzyme (x10°

(UmL)  crumr) (UML) crumu) (UML) cruimL)

1 0,93+0,44¢ 1,51+0,21° 1,70+0,20° 2,40+0,41° 1,88+0,51¢ 1,81+0,34°
5 3,89+0,23" 7,20+0,61® 3,92+0,21* 8,40+0,31® 3,90+0,11° 7,330,542
7 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+0,24°> 8,11+0,63* 3,80+0,40° 8,32+0,322

Céc chir céi khac nhau trén cung mét cot chi s sai khdc cé y nghia
thong ké véi p < 0,05 (Ducan’s test). M+ SD: Trung binh mau (Mean)
+ d¢ léch chudn (Standard deviation). Piéu kién nudi cay: 1 % (Wiv)
bét ngd ; 1 % (w/v) cao nam men, 30 °C, pH 7,0, 150 rpm, 24 gio.
Anh hwéng caa thai gian nudi cly: Thoi gian 24 gio cho hoat
d6, sinh khéi tét nhat d6i cho 3 chung Bacillus (Bang 3.24).
Bing 3.24. Anh hudng cia thoi gian nudi cdy dén kha néing sinh
truong va tich lily enzyme f-1,3-glucanase cua cdac ching Bacillus

B. siamensis 101 B. siamensis 112 B. velezensis 137
Thoi
. »  Sinh khéi A . A .
gian Hoat o Hoatdd  ginngnsi  Hoatdd  ginn knéi
(gio) enzyme (x10° enzyme enzyme

UML) crumyy (Ui (A0 CRUML) () (xA0° CFUIML)

0 0,19+0,10° 0,00002+0,3% 2,60+0,13° 0,00002+0,51* 0,58+0,33°¢ 0,000015+0,50%
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B. siamensis 101 B. siamensis 112 B. velezensis 137

Hoatdo  Sinh khéi Hoat do

enzyme (x10° enzyme enzyme

Sinh khéi Hoatddo  qinp knéi

UML) crumL) (UML) (x10°CFU/ML)  (yjmpy (x10° CFU/mL)

24 515+0,40* 7,52+0,51* 4,40+0,21* 8,94+0,90* 4,41+0,51*  8,44+0,53*
36 3,6610,52° 6,34+0,53% 3,92+0,24" 7,720,912  3,90+0,14®  7,34+0,812

48 1,63+0,53° 3,62+1,14% 1,96+0,41° 4,22+054% 2,08+0,93" 3,82 +1,142

Cac chir cai khdc nhau trén cung mot cot chi sy sai khdc co y
nghia thong ké véi p < 0,05 (Ducan’s test). M + SD: Trung binh mau
(Mean) + d¢ léch chudn (Standard deviation). Piéu kién nudi cay: 1
% (w/v) bot ngé; 1 % (w/v) cao ndm men, ti Ié cay giong 7 %, 30 °C,
pH 7,0, 150 rpm.

Anh hwéng cia nhiét dd nudi cdy: Nhiét do 30°C cho hoat d9,
sinh khéi tét nhat d6i véi 3 chung Bacillus (Bang 3.25).

B. siamensis 101 B. siamensis 112 B. velezensis 137

c Hoatdo Sinhkhdi Hoatdo Sinhkhoi Hoatdo — Sinhkhoi
enzyme (x10° enzyme (x10° enzyme (x10°
(U/mL)  CcFU/mL) (U/mL) cFu/mL) (U/mL) CFU/mL)

25 3,01 +0,62°0,33+0,12" 3,06+0,63 2 0,40+0,34° 3,17°+0,73 0,50+0,21°
305,24 +0,4427,42+0,232 4,49+ 0,1129,11+0,52% 4,52+0,54* 8,24+0,41°
35 3,9+0,42° 7,02+0,60% 3,66+0,322 8,82+0,43* 3,52+0,522 8,520,542
37 2,91+0,60" 7,04+0,512 2,79+0,44 2 8,14+0,31% 2,59+0,40° 7,910,722

Anh hwéng cia pH méi truong nudi cay: pH 7,0 cho hoat do,
sinh khdi tét nhat ddi cho 3 ching Bacillus (Bang 3.26).
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Bdng 3.26. Anh hurong ciia pH méi trirong nudi cdy dén kha nang sinh

truong va hoat do enzyme f-1,3-glucanase cua cac chung Bacillus

pH

B. siamensis 101 B. siamensis 112 B. velezensis 137
Hoatd® Sinhkhoi Hoatdo Sinhkhoi Hoatdd  Sinh khoi
enzyme (x10° enzyme  (x10° enzyme (x10°
(UmL) CFU/mL) (U/mL) CFU/mL) (U/mL) CFU/mL)

5,0
6,0
6,5
7,0
75
8,0

3,01+0,91¢ 0,16+0,3¢ 2,80+0,50 0,52+0,4" 2,85+0,41¢ 0,23+0,62°
3,51+0,32°¢ 0,31+0,62° 3,62+0,44°0,71+0,41% 3,64+0,10° 0,50+0,31°
4,21+0,50° 7,12+0,74% 3,67+0,328,40+0,822 3,74+0,34" 8,11+0,50%
5,43+0,342 7,63+0,82% 4,53+0,1028,84+0,53%4,52 + 0,512 8,51+0,622
4,17+0,11° 4,51+0,50° 3,50+0,426,40+0,332 3,04+0,62"° 7,01+0,22%°
2,8610,21 ¢ 2,30+0,44" 3,21+0,50°3,82+0,60° 2,24+0,63°¢ 5,23+0,44°

Cac chit cai khac nhau trén cung mot cot chi sy sai khac co y

nghia thong ké véi p < 0,05 (Ducan’s test). M + SD: Trung binh mau
(Mean) + dé léch chuan (Standard deviation). Diéu kién nuéi cdy: 1%
(w/v) bot ngo, 1% (w/v) cao nam men; ti lé cdy giéng 7%, 30°C; 150
rpm; thoi gian 24 gio.

Anh huéng cia toe dd lac: Toc do lic 150 rpm, cho hoat do,
sinh khéi tot nhat d6i véi 3 chung Bacillus.

Méi trudng nudi ciy thu enzyme p-1,3-glucanase: LB long;
nguon N bé sung 1a ndm men; Ty 18 ciy gidng: 7%; Thoi gian nudi
cay: 24 gio; Nhiét do nudi cay: 30-35° C; pH moi truong nudi cay l1a
7,0; Téc do lac: 150rpm.

3.4. Panh gia kha ning d6i khang nim A. niger cia cac
chiing Bacillus trong diéu kién in vivo

3.4.1. Higu luc wic ché nam bénh A. niger trong diéu kig¢n
nha lwoi

Sau nhidm nam, cong thirc dbi chirng ghi nhan ty I& cay chét
tang manh (60% sau 7 ngay va 100% sau 14-21 ngay), trong khi
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cay lac xu ly hdn hop dich nudi cdy cua 3 vi khuan (ky hiéu la
BAZ04) khong xuit hién bénh va duy tri ty 1& chét 0% trong subt
thi nghiém (Hinh 3.31).

ééng t.ht.';c'1 eng ‘ Cénthl‘nc 5
Hinh 3.31. Hiéu lyc phong trir bénh HRGMP cua hén hep dich
nudi 3 chung Bacillus (B. siamensis 101, B. siamensis 112 va B.
velezensis 137) trong diéu ki¢n nha luéi: CT 1: Khong nhiem nam,
Xur [y nuoc vo trung (doi ching am); CT 2: Nhiem A. niger QT1,
Xur Iy nudc vo trung (doi chirng bénh); CT 3: Nhiem A. niger QT1,
xir 1y hon hop dich nudi 3 vi khuan; CT 4: Nhiem A. niger H17,
Xur Iy nudc vo trung (doi chung bénh); CT5: Nhiem A. niger H17,
xur 1y hon hop dich nudi 3 vi khuan.

3.4.2. Hiéu qua sinh hoc ciia hén hgp Bacillus (BAZ04)
trén dong rudng

Anh hudng ciaa hdn hop Bacillus dén mét sé chi tiéu sinh
truong, phét trién cay lac: 1am ting chidu cao than chinh va tong s6 canh
cua gidng lac L14 trong cAc giai doan sinh truong tai Hué va Quang Tri.

Anh huéng ciia hdn hep Bacillus dén bénh héori gbc méc den:
lam giam r6 rét bénh héo ril goc moc den trén giong lac L14 tai cac
vung thi nghiém ¢ Hué va Quang Tri (Bang 3.32).
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Bdng 3.32. Anh hurong cua hon hop dich nudi 3 ching Bacillus dén
ti 1é cay chét do bénh héo rii goc moc den trén lac giong L14 tai cac
dia diém nghién ciu (%)
Pha Vang, Hwong Tra, Nam Hai Tri¢u Phong,
Cong thic thanh phé  thanh phé Ling, tinh tinh Quang
Hué Hué  Quang Tri Tri

Hon hep dich
nubi 3 ching 3,57+0,33% 1,16+0,0621,38+0,112 2,11 +£0,20?

Bacillus (CT1)
Trichoderma 408+031% 1,75 +01121,78 +0.142 2,21 + 0282

~(CT2)
Péi chang (CT3)  10,71+1,05° 6,57 +0,62°4,13 + 0,35 8,16 + 0,69°
LSD o5 2,61 3,05 1,07 2,13

Cé~c chir cai khac nhau trén cung mgt ¢t chi su sai khac trung binh
mau co y nghia thong ké véi p < 0,05

Anh hwéng cia hdn hep dich nudi ciy 3 vi dén ning suit lac
va cac yéu to cAu thanh ning suét: cai thién dong bo céac yéu td cau
thanh ning suat va lam ting ning suét thyc thu cua lac L14 trong san
Xuét lac & cAc ving thir nghiém tai Hué va Quang Tri (Hinh 3.32).

wBAZO4 «Trichoderma =4I chirng

‘ "
S L) g
o 146" L aor
298 ., 100 . S
L i v 299
0
FX™ " 2a 244"
‘?” I I I
| I

Phis Vang, thanh phé Muk  Muong Tra, thanh phd Mué  Hal Lang, tinh Quang T Trigu Phang, tinh Qudng Tr

Nany suit (thnha)

Hinh 3.32. Nang sudt lac trén cdc dia diém thir nghiém ¢ Huong Tra,
Phu Vang, Tri¢u Phong va Nam Hdi Lang. Cac chir cai khdc nhau trén
cling mét khu viee (* Theo tén don vi hanh chinh méi cia chinh quyén
2 cap) chi sw sai khdc cé y nghia thong ké véi p < 0,05 (Ducan'’s test).
M + SD: Trung binh mdu (Mean) + d¢ léch chuan (Standard
deviation).
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KET LUAN VA KIEN NGHI

Két luan

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

1. Pi phén 1ap duoc 60 mau nim bénh tir cdy lac bi bénh
HRGMBDP trong ¢ Quang Tri va Hué. Kiém tra theo quy tic Koch va
thir nghiém doc tinh trén 09 chung tuyén chon cho ty Ié chét cay tir
85,7 - 100%. Két qua giam dinh hinh thai va phan tir (ITS) 02 chang
dai dién gay chét 100% (QT1, H17) x4c dinh tac nhan gay bénh 1a loai
Aspergillus niger.

2. Tuyén chon dwoc 03 chung vi khuan (B. siamensis 101,
B. siamensis 112; B. velezensis 137) va 01 chang nam (T. asperellum
HL6) ban dia d6i khang manh vai A. niger. Ba chang Bacillus duoc
lya chon biéu hién hoat tinh enzyme ngoai bao cao (chitinase, S-1,3-
glucanase, cellulase), sinh IAA va dam bao an toan sinh hoc: khong
tan méau, khong doc véi giun dat (10° CFU/mL), man cam véi 06 loai
khang sinh (tetracyline, chloramphenicol, trimethoprim, levofloxacin,
gentamicin va streptomycin) va khdng anh hudng dén nay mam hat
lac.

3. Trong khao sat don yéu td, enzyme B-1,3-glucanase tir 03
chang vi khuan (B. siamensis 101, B. siamensis 112 va B. velezensis
137) dat hoat tinh cao nhat & pH 5,0, 50 — 60 °C, ting hoat tinh boi
Mn2*, Co?*, bi ¢ ché manh béi EDTA va urea. Diéu kién nudi cay
thich hgp cho ba chung Bacillus thu enzyme f3-1,3-glucanase: LB long
(b6 sung 1% bot ngd, 1% cao nim men), pH 7,0, 30 — 35 °C, 150 rpm,
ti 16 ciy gidng 7%, nudi 24 gio. Phéi tron enzyme theo ti 16 1:1:1 1am
giam MIC (0,1 - 0,2 U/mL), MFC (0,2 - 0,4 U/mL) va gay bién dang,
niit v thanh té bao A. niger qua quan sat SEM.
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4. Hdn hop dich nudi cay 3 chung Bacillus (B. siamensis 101,
B. siamensis 112; B. velezensis 137) ty 1¢ 1 : 1 : 1 theo thé tich & nong
d6 108 CFU/mL gidp tc ché A. niger hiéu qua hon don I¢ trong diéu
kién in vitro va nha ludi. Hon hop duy tri ty Ié cdy chét do HRGMP
thap (1,16 - 3,56%), twong duong Trichoderma thuwong mai va ting
ning suat lac tir 20,5 - 22,7% so véi ddi chimng.

Kién nghi

Trién khai khao nghiém dong ruéng ddi v6i hdn hop phdi tron
dich nuoi céy 3 chung Bacillus (B. siamensis 101, B. siamensis 112;
B. velezensis 137) nhiam hoan thién quy trinh san xuat, huéng téi
thuong mai héa san pham va mé rong tng dung trén cac déi tuong cay
trong khac tai mién Trung./.
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1
INTRODUCTION

1. RATIONALE AND SIGNIFICANCE OF THE STUDY

Peanut (Arachis hypogaea L.) is an important upland crop in
central Vietnam, contributing to sandy soil improvement and farmers’
livelihoods. However, its productivity is severely constrained by collar
rot caused by Aspergillus niger, leading to serious yield losses and
potential food safety risks due to ochratoxin A production. Current
disease control relies mainly on chemical fungicides, which cause
environmental pollution and resistance. Therefore, the study entitled
“Biological antagonism against Aspergillus sp. causing collar rot of
peanut in Quang Tri and Hué City” aims to develop safe and effective
biological control solutions to support sustainable peanut production.

2. RESEARCH OBJECTIVES

To screen and select indigenous microbial strains producing
extracellular enzymes (chitinase and B-1,3-glucanase) with strong
antagonistic activity against Aspergillus sp. causing peanut collar rot;
to evaluate their antagonistic efficacy under in vitro and in vivo
conditions; and to elucidate the underlying mechanisms as a scientific
basis for proposing safe and effective biological control strategies.

3. RESEARCH CONTENTS

Content 1: Isolation and identification of Aspergillus sp.
causing peanut collar rot (black mold).

Content 2: Screening and selection of indigenous microbial
strains antagonistic to pathogenic Aspergillus sp.

Content 3: Determination of the activity of extracellular
enzymes antagonistic to Aspergillus sp.

Content 4: Evaluation of the inhibitory effects of selected
microbial strains against pathogenic Aspergillus sp. under in vitro and in
vivo conditions.
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4. RESEARCH SUBJECTS

- Aspergillus sp. strains causing peanut collar rot in Quang
Tri and Hué.

- Indigenous antagonistic microbial strains with strong
production of extracellular enzymes (chitinase and -1,3-glucanase)
isolated from peanut-cultivated soils in Quang Tri and Hué.

- The local peanut cultivar L14.

5. SCOPE OF THE STUDY

5.1. Study period: From December 2021 to June 2025.

5.2. Study locations: Disease and soil sampling and field
experiments were conducted in peanut-growing areas of Quang Tri
and Hué; laboratory and net-house experiments at Hue University;
SEM analysis at the University of Science and Education — The
University of Danang.

6. NOVEL CONTRIBUTIONS OF THE DISSERTATION

The study identified Aspergillus niger as the causal agent of
peanut collar rot in Quang Tri and Hué and selected three indigenous
Bacillus strains (B. siamensis 101, B. siamensis 112, and B. velezensis
137) with strong antagonistic activity. The 3-1,3-glucanase—mediated
antagonistic mechanism was clarified, culture conditions were
optimized for high enzyme activity, and the efficacy of the mixed
formulation BAZ04 was preliminarily evaluated under in vitro and in
vivo conditions.

7. SCIENTIFIC AND PRACTICAL SIGNIFICANCE OF
THE DISSERTATION

7.1. Scientific significance

The dissertation identified the causal agent of peanut collar rot,
selected indigenous Bacillus strains with strong antagonistic activity,
and elucidated the antagonistic mechanism mediated by B-1,3-
glucanase.

7.2. Practical significance

The results demonstrate the potential application of the BAZ04
formulation as a safe, effective, and sustainable biological control
solution for peanut production.
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Chapter 1
OVERVIEW OF THE RESEARCH PROBLEM

Peanut production in central Vietnam is severely constrained by
collar rot caused by the soil-borne fungus Aspergillus niger. As
chemical control poses environmental and resistance risks, biological
control using antagonistic microorganisms such as Bacillus and
Trichoderma, particularly through 3-1,3-glucanase activity, represents
a sustainable alternative. However, studies under local ecological
conditions in Quang Trj and Hué remain limited, highlighting the need
to select indigenous antagonistic microorganisms and clarify the role
of B-1,3-glucanase.

Chapter 2
RESEARCH METHODS

Isolation and screening of microorganisms: Pathogenic
Aspergillus sp. were isolated and identified, and indigenous
antagonistic microorganisms were screened by dual-culture and agar
diffusion assays, with molecular identification based on ITS (fungi)
and 16S rRNA (bacteria) gene sequences.

Enzyme characterization and antagonistic mechanisms: p-1,3-
glucanase activity and optimal conditions were determined, and
antagonistic mechanisms were evaluated through minimum inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC)
assays, fungal biomass reduction, and scanning electron microscopy
(SEM).

Efficacy and biosafety evaluation: Antifungal efficacy was
evaluated under in vitro, in vivo, and net-house conditions, while
biosafety was assessed based on hemolytic activity, antibiotic
susceptibility, effects on soil organisms, and indole-3-acetic acid
(IAA) production.
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Chapter 3
RESEARCH CONTENTS AND RESULTS

3.1. Isolation and identification of the pathogenic fungus
Nine representative pathogenic fungal strains from diseased

areas were selected for detailed morphological analysis (Figure 3.2).
Q1 Q12 Q13 QI+ Q17 Hé H17 HI18 His |

Figure 3.2. Morphological characteristics of fungal isolates causing
peanut collar rot (black mold) cultured on PDA medium
Pathogenicity test based on Koch’s postulates: All nine

fungal strains were pathogenic, causing symptoms within 3-6 days,

with plant mortality ranging from 85.7% to 100%; strains QT1 and

H17 showed the highest and statistically significant mortality.
Molecular identification: were identified by morphological

characteristics and ITS1-ITS4 sequence analysis, showing 100%

similarity to Aspergillus niger, thereby confirming the pathogenic

strains as A. niger (Figure 3.5).
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Figure 3.5. Phylogenetic tree of A. niger strains QT1 and H17
3.2. Isolation and screening of antagonistic microorganisms
against A. niger
3.2.1. Isolation and primary screening of antagonistic strains
From 12 soil samples collected from peanut fields in Quang Tri
and Hué, 144 microbial strains antagonistic to A. niger QT1 and H17
were isolated. Among these, 16 potential strains were selected for in
vitro antagonistic evaluation (Table 3.5; Figure 3.6).
Table 3.5. Inhibition rates of microbial strains antagonistic to
pathogenic fungi QT1 and H17 after 6 days of incubation

Inhibition rate (%)

No. |Isolated strain

QT1 H17
1 H1 45,20+ 0,469 45,21+ 0,35¢
2 K1 61,60+ 0,05° 4550+ 0,35¢

3 K2 49,86+ 0,13°f 41,15+0,18°




No. |Isolated strain Inhibition rate (%)
QT1 H17

4 B8 55,38+ 0,18¢ 45,61+ 0,084
5 45K 41,05+ 0,19' 46,44+ 0,209
6 46K 45,10+ 0,03" 4554+ 0,084
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 9" 42,63+0,12°¢
10 137 57,14+ 0,13 57,63+ 0,152
11 VL1 37,04+ 3,40 35,82+ 3,36"
12 Dak3 46,67 + 2,239 40,83+ 2,28°
13 HL6 77,41+ 1,28% 48,30 £ 1,22°¢
14 PhD3 47,78+ 2,941 27,64+ 2,61°
15 TPH4 50,37 £2,31¢ 26,91+ 2,189
16 PhV1 61,48+ 0,64° 23,28+ 2,31"

Different letters within the same column indicate statistically

significant differences among means at p < 0.05 (Duncan’s test). M

+ SD: mean + standard deviation.




Figure 3.6. Antagonistic activity of bacterial strains against the
pathogenic fungus on PDA after 6 days (QT1: A-F; H17: G-M;
strains B8, K1, 101, 112, and 137).

3.2.2. Selection of antagonistic microorganisms with strong
extracellular enzyme activity
Further screening based on hydrolysis zone diameters identified
11 strongly antagonistic strains with notable extracellular enzyme
activity (Table 3.6; Figure 3.9).
Table 3.6. Extracellular enzyme production capacity of strongly
antagonistic microbial strains (mm)

Microbial Hydrolysis zone diameter (mm)

N strain 1,3- B -glucanase| Chitinase Cellulase

1 H1 18,50+ 0,20¢ | 20,47+0,15°¢ | 17,70+ 0,62¢
s K1 24,97+0,15% | 2583+0,15° | 2547+ 0,06°
3 K2 22,77+ 0,25 | 23,30+ 0,20" | 24,03+ 0,15%
4 B8 26,17+0,42% | 26,10+0,10* | 25,77 +0,25¢%
5| 45K | 20,07+031% | 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"




No Microbial Hydrolysis zone diameter (mm)

| strain |13 B -glucanase| Chitinase Cellulase
8 112 23,93+0,31° | 22,87+0,23 | 21,90+ 0,79
9 118 21,03+ 0,15°¢ 18,17+ 0,159 | 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+ 0,159 | 17,68+ 0,20¢

Different letters within the same column indicate statistically

significant differences among means at p < 0.05 (Duncan’s test). M £
SD: mean + standard deviation.

45K 46K

Figure 3.9. Enzymatic activities of f-1,3-glucanase (A), chitinase
(B), and cellulase (C) of selected isolated microbial strains
3.2.3. Identification of antagonistic Microorganisms
Six strongly antagonistic isolates with high extracellular enzyme
activity were identified by morphological and molecular analyses,
including five Bacillus strains (B. siamensis B8, B. siamensis 101, B.
siamensis 112, B. velezensis K1, and B. velezensis 137) and one fungal
isolate identified as Trichoderma asperellum (Figures 3.11 and 3.13).
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Figure 3.11. Phylogenetic tree based on nucleotide sequences of the 16S
rRNA gene of isolates B8, K1, 101, 112, and 137 and reference strains,

with Paenibacillus polymyxa used as the outgroup.
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Figure 3.13. Phylogenetic tree based on ITS sequences of the fungal
isolate HL6.
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3.2.4 Screening antagonistic microorganisms safe for peanut
germination

Peanut seeds (L14) treated with 6 selected microbial strains
showed high germination rates (98.33-99.67%), comparable to the
control with no statistically significant difference.

3.2.5. Screening for antagonism against A. niger in net-house
conditions

Across both pathogenic strains (QT1 and H17), Bacillus 101 and
112 achieved the highest efficacy (86.67%), followed by Bacillus 137
(83.33%). Trichoderma HL6, Bacillus B8, and K1 showed lower
efficiencies, all below 80%.

Figure 3.14. Antagonistic interaction among the three selected
Bacillus strains on LBA medium after 48 h of incubation.
3.2.7. Role and antagonistic mechanism of beta-1,3-glucanase
against A. niger in vitro
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3.2.7.1. Evaluating A. niger inhibition on solid media
Table 3.12. Antagonistic activity against A. niger of cell-free culture
filtrates from individual and mixed Bacillus strains assessed by the
agar diffusion method
Diameter of growth inhibition of

Bacterial strain pathogenic fungal strains (mm)
A.niger QT1 A.niger H17
B. siamensis 101 26,6+ 0,54°¢ 21,1+ 0,44°¢
B. siamensis 112 25,4+0,46°¢ 20,3+0,46°¢
B. velezensis 137 28,3+0,61° 23,5+0,53"
Mixture of three 50, 5ga 26,8+0,66
Bacillus strains
Control 0,0+0,00¢ 0,0+0,00¢

3.2.7.2. Determination of minimum inhibitory concentration
(MIC) and minimum fungicidal concentration (MFC)
Individual beta-1,3-glucanase from B. siamensis 101, 112,
and B. velezensis 137 showed MIC = MFC = 0.4 U/mL against A.
niger QT1 and H17. When combined at a 1:1:1 ratio, fungicidal
efficacy significantly increased, with MIC/MFC reaching 0.1/0.2
U/mL (QT1) and 0.2/0.4 U/mL (H17), maintaining an MFC/MIC
ratio of 2 (Table 3.13).
Table 3.13. Minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) values of the tested strains
determined using a 96-well microplate assay

Pathogen control Pathogen control
Enzyme source A. niger QT1 A. niger H17
MICMFC MFC/MIC MICMEC MEC/MIC
B. siamensis 101 0,4 0,4 1 04 04 1
B. siamensis 112 0,4 0,4 1 04 04 1
B. velezensis 137 0,4 0,4 1 04 04 1
Hon hop 3vi khugn 0,1 0,2 2 02 04 2

MFC was defined as the concentration at which no fungal growth was
observed on PDA plates after 48 h following subculturing from the
corresponding microplate wells.
3.2.7.3. Evaluating A. niger Inhibition in Liquid Media

The inhibition of pathogenic fungal biomass by individual and
combined bacterial strains is shown in Table 3.13. and 3.14.
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Table 3.14. Effect of beta-1,3-glucanase on the (dry) biomass of A. niger QT1

Beta-1,3- Nong d6 enzyme £-1,3-glucanase (U/mL)
glucanase 0 0,2 0,4 0,8 1,6
source

B.siamensis 101 3,92+0,12°¢ 3,63+0,11% 2,32+ 0,22 1,81+0,11*¢ 1,35+0,07%
B.siamensis 112 3,92+0,12°¢ 3,60+0,10% 2,28+0,18 1,73+0,08"C 1,26+0,14%
B. velezensis 137 3,92+0,12¢ 357+0,18%® 2,11+0,04%® 1,38+0,06"® 1,06+0,04%

Enzyme blend
from three 392+0,12¢ 353+0,129% 1,67+0,154 1,05+0,04"* 0,64+0,07%*
sources
ANOVA analysis (P-value)
Enzyme source (Factor 1) p < 0,001
Enzyme concentration (Factor 2) p < 0,001

Interaction (Enzyme source x Enzyme concentration)  p < 0,001
Different letters (a, b, c...) indicate statistically significant differences between
enzyme concentrations at p < 0.05 (Duncan's test). Different capital letters (A,
B, C...) indicate statistically significant differences between enzyme sources at
p < 0.05 (Duncan’s test). M+SD: Mean Standard deviation.

Table 3.15. Effect of beta-1,3-glucanase on the (dry) biomass of A. niger H17

Beta-1,3- Nong dd enzyme f-1,3-glucanase (U/mL)
glucanase 0 0.2 04 08 1,6
source

B. siamensis 101  3,19+0,20¢¢  3,06+0,169¢ 2 25+0,13°C 1,63+0,11°C 1,39+0,082C
B. siamensis 112 3,19+0,20¢BC  3,01+0,20 9BC 2,13+0,22 °BC 1 52+0,12 PBC 1 29+0,10 2BC
B. velezensis 137 3,19+ 0,208  2,99+0,13% 1,94+0,51°® 1,32+0,10°® 1,06+0,1628

Enzyme blend A dA cA bA aA
from three sources 3,19+0,20 2,97+0,23 9% 154+0,19°* 1,03+0,02"4 0,75+0,10

ANOVA analysis (P-value)

Enzyme source (Factor 1) p <0,001
Enzyme concentration (Factor 2) p <0,001
Interaction (Enzyme source x Enzyme concentration) p =0,085

Different letters (a, b, c...) indicate statistically significant differences
between enzyme concentrations at p < 0.05 (Duncan's test). Different
capital letters (A, B, C...) indicate statistically significant differences
between enzyme sources at p < 0.05 (Duncan's test). M+SD: Mean
+Standard deviation.
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Figure 3.18. Percentage reduction of dry biomass in pathogenic A.
niger QT1 under the effect of beta-1,3-glucanase

' 80.00
Beta-1,3-glucanase concentration
B. siamensis 101
—— B. siamensis 112
B. velezensis 137 i _D
= Enzyme blend from three sources
S 6000  a
@
=
]
-
g
E=]
S 4000
T
4
«
=
=2
&= 2000
e
(=]
00

0 0.2 0.4 0.8 1.6
Beta-1,3-glucanase concentration (U/mL)

Figure 3.19. Percentage reduction of dry biomass in pathogenic A.
niger H17 under the effect of beta-1,3-glucanase
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3.2.7.4. Correlation between beta-1,3-glucanase activity and
antagonistic efficacy against A. niger
Table 3.16. Antifungal activity of purified f-1,3-glucanase enzyme
mixtures from bacterial strains at different concentrations against A.
niger, assessed by the agar diffusion method
Diameter of growth inhibition of pathogenic
fungal strains (mm)

Concentration

(U/mL) - -
A.niger QT1 A.niger H17
0 (Control) 0,0+ 0,00 0,0+ 0,00
0,2 ND ND
0,4 23,5+0,49° 20,7+0,43°
0,8 26,4+0,17° 25,2+0,17"
1,6 33,3+0,19° 30,3+0,31%

Note: ND (Not determined): not determined.

Figure 3.20. Inhibitory effects of the mixed f-1,3-glucanase enzymes from
isolated Bacillus strains against A. niger QT1 (A) and A. niger H17 (B)
3.2.7.5. Impact of beta-1,3-glucanase on A. niger
Cell WallsSEM analysis showed that while control samples
maintained normal spore and hyphal morphology, beta-1,3-glucanase
treatment caused hyphal deformation and cell wall rupture.
Additionally, the enzyme completely inhibited spore germination on
PDA medium.
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3.2.8. Biosafety and Plant Growth Promotion (PGP) of Selected
Bacillus Strains

Hemolytic activity: B. siamensis 101, 112, and B. velezensis 137
showed no hemolytic activity on blood agar.

Antibiotic sensitivity: All three strains were sensitive to six
antibiotics: Tetracycline, Chloramphenicol, Trimethoprim,
Levofloxacin, Gentamicin, and Streptomycin.

Impact on soil fauna: Single and combined Bacillus strains (10’
— 10° CFU/mL) showed no acute toxicity toward Eisenia fetida.
Mortality and biomass loss were within ISO 11268-1:1993 standards
and not statistically different from the control (p > 0.05).

IAA production: All three strains synthesized IAA, peaking at 72
hours (0.025-0.027 mg/mL), indicating strong plant growth
promotion potential (Figure 3.24).
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Figure 3.24. Qualitative analysis of Indole-3-acetic acid (I1AA)
production capacity by selected Bacillus strains (A) and
quantification of 1AA content (B)



16

3.3. Activity and influencing factors of beta-1,3-glucanase from
antagonistic strains

3.3.1. beta-1,3-glucanase accumulation curve
Optimal enzyme harvest time is 20-24 hours for all three Bacillus
strains: B. siamensis 101, 112, and B. velezensis 137 (Figs. 3.25-3.27).
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Figure 3.25. Cumulative curve  Figure 3.26. Cumulative curve  Figure 3.27. Cumulative curve
of beta-1,3-glucanase of beta-1,3-glucanase of beta-1,3-glucanase
production by B. siamensis 101 production by B. siamensis 112 production by B. velezensis 137

3.3.2. Factors influencing beta-1,3-glucanase

Activity effect of temperature: beta -1,3-glucanase activity for
the three Bacillus strains peaked between 50-60°C. Specifically, B.
siamensis 101 optimized at 50°C, while B. siamensis 112 and B.
velezensis 137 optimized at 60°C (Figure 3.28).
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Figure 3.28. Effect of temperature on enzyme activity of the
bacterial strains
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Effect of pH: The B-1,3-glucanase of all three Bacillus strains
exhibited optimal activity at pH 5,0 with a sharp decrease in activity
under highly acidic or alkaline conditions.

Effect of metal ions and chemical agents: Mn?>" and Co?*
markedly enhanced B-1,3-glucanase activity of the three strains (B.
siamensis 101, B. siamensis 112, and B. velezensis 137), increasing
activity to 132-202% relative to the control. In contrast, EDTA, urea,
and Tris significantly reduced enzyme activity to 70-91%.
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Figure 3.20. Effects of metal ions and chemical agents on f-1,3-
glucanase activity of the bacterial strain

3.3.3. Factors affecting beta-1,3-glucanase biosynthesis

Effect of carbon sources: Corn starch and curdlan used as
carbon sources resulted in 3-1,3-glucanase production within 24 h
comparable to curdlan and markedly higher than that obtained with
barley and wheat.

Effect of culture media: LB medium was identified as the most
suitable medium for primary seed culture of Bacillus strains.

Effect of nitrogen sources: Yeast extract was determined to be
the optimal nitrogen source for enzyme production.

Effect of inoculum size: An inoculum size of 7% produced the
best results for bacterial growth and B-1,3-glucanase accumulation
(Table 3.23).
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Table 3.23. Effect of inoculum size on growth and f-1,3-glucanase
accumulation of Bacillus strains

B. siamensis 101 B. siamensis 112 B. velezensis 137

Inoculum . . .
) Enzyme Biomass Enzyme Biomass Enzyme Biomass
size (%)

activity  (x10° activity  (x10° activity  (x10°
(UmL) CFU/mL) (U/mL) CFU/mL) (U/mL) CFU/mL)

1 0,93+0,44° 1,51+0,21° 1,70+0,20°2,40+0,41°1,88+0,51°1,81+0,34°
5 3,89+0,23" 7,200,612 3,92+0,2128,40+0,3173,90+0,11°7,33+0,542
7 4,98+0,117 7,71+0,43% 4,32+0,20%8,50+0,22%4,39+0,4128,80+0,412

10 3,92+0,122 7,42+0,417 3,72+0,24°8,11+0,6323,80+0,40°8,32+0,322

Different letters in the same column indicate statistically significant differences
at p < 0.05 (Duncan's test). M+ SD: Mean * Standard deviation. Culture
conditions: 1% (w/v) corn flour, 1% (w/v) yeast extract, 30°C, pH 7.0, 150 rpm,
24 hours.

Effect of incubation time: An incubation period of 24 h resulted
in the highest enzyme activity and biomass for all three Bacillus strains
(Table 3.24)

Table 3.24. Effect of incubation time on growth and f-1,3-glucanase
accumulation of Bacillus strains during primary seed culture

B. siamensis 101 B. siamensis 112 B. velezensis 137
Time Epnzyme  Biomass Enzyme . nzym )
h - ~_ Biomass (x10° o Biomass (x10°
(hours)  activity (x10° activity activity
CFU/mL) CFU/mL)
(UmL) CFU/mL) (U/mL) (U/mL)

o 0,19+0,10°0,00002+0,3%2,60+0,13°0,00002+0,5120,58+0,33 °0,000015+0,50°
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B. siamensis 101

B. siamensis 112

B. velezensis 137

Time Epzyme  Biomass
(hours) - activity (x10°

(U/mL)  CFU/mL)

Enzyme
activity
(U/mL)

Biomass (x10°
CFU/mL)

24 5,15%0,40% 7,52+0,51% 4,40+0,21* 8,94 £0,90% 4,41+0,51%

Biomass (x10°

CFU/mL)

8,440,532

3 3,66+0,52° 6,34+0,53% 3,92+0,24 7,72+0,91* 3,90+0,14% 7,34+0,812

48 1,63+0,53° 3,62+1,14% 1,96+0,41° 4,22 +0,54% 2,08+0,93" 3,82 +1,14°

Different letters in the same column indicate statistically significant
differences at p < 0.05 (Duncan's test). M+ SD: Mean % Standard
deviation. Culture conditions: 1% (w/v) corn flour, 1% (w/v) yeast
extract, 30°C, pH 7.0, 150 rpm.

Effect of cultivation temperature: A cultivation temperature of

30 °C resulted in the highest enzyme activity and biomass for all three
Bacillus strains (Table 3.25).

Table 3.25. Effect of cultivation temperature on growth and 5-1,3-
glucanase accumulation of Bacillus strains during primary seed culture

B. siamensis 101

B. siamensis 112

B. velezensis 137

0 Enzyme Blomagss Enzyme Blome;ss Enzyme Biomass (x10°
activity (x10 activity (x10 activity CFU/mL)
(UmL) CFU/mL)  (U/mL) CFU/mL) (U/mL)

25 3’01 iO,GZb 0’3310’1213 3,06i0163a 0’4010,34[) 3,17bi0,73 0,5010:21b

30 524+044° 742$023" 4,49+011° 9112052° 4,52£0,54°  8,240,41°

35 39+042° 7,02+0,60°  3,66+0,32 8,82t0,43* 352+0,52*  8,52+0,54

37 2910,60° 7,04+051*  2,79+0,44% 8,14#0,31* 2,59+0,40° 7,910,722

Effect of culture pH: A pH of 7,0 resulted in the highest enzyme
activity and biomass for all three Bacillus strains (Table 3.26).
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Table 3.26. Effect of culture pH on growth and $-1,3-glucanase
activity of Bacillus strains during primary seed culture

pH

B. siamensis 101 B. siamensis 112 B. velezensis 137

Enzyme Biomass Enzyme Biomass Enzyme  Biomass
activity (x10° activity (x10° activity (x10°
(UmL) CFU/mL) (U/mL) CFU/mL) (U/mL) CFU/mL)

50
6,0
6,5
7,0
7,5
8,0

3,01+0,91¢ 0,16+0,3¢ 2,80+0,50° 0,52+0,4° 2,85+0,41°¢ 0,23+0,62°
3,51+0,32°¢ 0,31+0,62° 3,62+0,44 " 0,71+0,412 3,64+0,10° 0,50+0,31°
4,21+0,50° 7,12+0,74? 3,67+0,32° 8,40+0,822 3,74+0,34" 8,11+0,50%°
5,43+0,3427,63+0,82% 4,53+0,10% 8,84+0,5324,52 + 0,512 8,51+0,622
4,17+0,11° 4,51+0,50 3,50+0,42° 6,40+0,33% 3,04+0,62° 7,01+0,22%
2,86+0,21°¢ 2,30+0,44° 3,21+0,50° 3,82+0,60° 2,24+0,63¢ 5,23+0,44°

Different letters in the same column indicate statistically significant
differences at p < 0.05 (Duncan's test). M £ SD: Mean + Standard deviation.
Culture conditions: 1% (w/v) corn flour, 1% (w/v) yeast extract, 7% inoculum
size, 30°C, 150 rpm, 24 hours.

Effect of agitation speed: An agitation speed of 150 rpm resulted in
the highest enzyme activity and biomass for all three Bacillus strains.

Culture conditions for B-1,3-glucanase production: Liquid LB
medium; supplementary nitrogen source: yeast extract; inoculum size:
7%; incubation time: 24 h; cultivation temperature: 30-35 °C; culture
pH: 7.0; agitation speed: 150 rpm.

3.4. Invivo Antagonistic Efficacy of Bacillus Strains Against A. niger

3.4.1. Inhibition of A. niger in Net-house Conditions Post-
infection, the control group showed a rapid increase in mortality (60%
after 7 days; 100% after 14-21 days). In contrast, peanut plants treated
with the 3-strain bacterial consortium (coded BAZ04) showed no
symptoms, maintaining a 0% mortality rate throughout the experiment
(Fig 3.31)
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Figure 3.31. Biological control of groundnut collar rot using Bacillus
strains under net-house conditions following artificial inoculation with
Aspergillus niger. Treatments included: CT1, non-inoculated plants
treated with water only (negative control); CT2, plants inoculated with
A. niger QT1 and treated with water only (positive control); CT3, plants
inoculated with A. niger QT1 and treated with the BAZ04 formulation;
CT4, plants inoculated with A. niger H17 and treated with water only
(positive control); and CT5, plants inoculated with A. niger H17 and
treated with the BAZ04 formulation.

3.4.2. Field efficacy of the Bacillus consortium (BAZ04)

Effect of the BAZ04 formulation on peanut growth and
development: The BAZ04 formulation increased main stem height
and total branch number of the peanut cultivar L14 at different growth
stages in both Hué and Quang Tri.

Effect of the BAZ04 formulation on collar rot (black mold)
disease: The BAZ04 formulation markedly reduced the incidence and
severity of peanut collar rot on the cultivar L14 at experimental sites
in both Hué and Quang Tri (Table 3.32).
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Table 3.32. Percentage of plant mortality due to peanut collar rot
(black mold) under different experimental treatments (%)

Phu Vang, Huong Tra, Hai Lang, Trieu Phong,

Treatment . )
Hue Hue Quang Tri  Quang Tri

BAZ04 (CT1) 3,57+0,33% 1,16+ 0,062 1,38+ 0,112 2,11 +0,202

Trichoderma
408 +0,31* 1,75 +0,1121,78 £ 0,142 2,21 +0,282

(CT2)
Control (CT3) 10,71+1,05* 6,57 +0,62°4,13 + 0,35 8,16 +0,69°
LSD o.05 2,61 3,05 1,07 2,13

Different letters within the same column indicate statistically significant
differences among means at p < 0.05.

Effect of the BAZ04 formulation on peanut yield and yield
components: The BAZ04 formulation improved yield components
and increased the actual yield of the peanut cultivar L14 under field
production conditions in the experimental areas of Hué and Quang Trj
(Figure 3.32).

sBAZDS » Trichoderma  # Dol chimg

18" 2
2 Ty 2 iw
238 228 2 5
. 296 . 238 z
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' | | ‘ | |
| I | I

Pho Vang, et phe Nue  Mrong Tt Buanh phe Mot Mai Ling &0 Quang T Trdw Phoog, Sof Quang Th

Figure 3.32. Peanut yield at testing sites in Huong Tra, Phu Vang, Trieu
Phong, and Nam Hai Lang. Different letters within the same location
indicate statistically significant differences at p < 0.05 (Duncan’s test). M +
SD: Mean * Standard deviation.
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CONCLUSIONS AND ECOMMENDATIONS

Conclusions

Based on the experimental results obtained, the thesis draws the
following conclusions:

1. Atotal of 60 fungal disease isolates were isolated from collar
rot-infected peanut plants in Quang Tri and Hue. Verification through
Koch's postulates and pathogenicity testing of 09 selected strains
yielded plant mortality rates ranging from 85.7% to 100%.
Morphological identification and molecular analysis (ITS sequence)
of two representative strains causing 100% mortality (QT1 and H17)
confirmed the causal agent as Aspergillus niger.

2. Three bacterial strains (Bacillus siamensis 101, Bacillus
siamensis 112, and Bacillus velezensis 137) and one fungal strain
(Trichoderma asperellum HL6) indigenous to the region were selected
for their strong antagonism against A. niger. The three selected
Bacillus strains exhibited high extracellular enzymatic activities
(chitinase, beta-1,3-glucanase, and cellulase), produced IAA, and
demonstrated biosafety compliance: non-hemolytic, non-toxic to
earthworms (at 10° CFU/mL), sensitive to six tested antibiotics
(tetracycline,  chloramphenicol,  trimethoprim, levofloxacin,
gentamicin, and streptomycin), and had no adverse effect on peanut
seed germination.

3. In single-factor experiments, the beta-1,3-glucanase enzyme
produced by the three bacterial strains (B. siamensis 101, B. siamensis
112, and B. velezensis 137) achieved maximum activity at pH 5.0 and
50-60 °C, was enhanced by Mn?* and Co?*, and was strongly inhibited
by EDTA and urea. Optimal culture conditions for beta-1,3-glucanase
harvesting from the three Bacillus strains were: Liquid LB broth
(supplemented with 1% cornmeal and 1% yeast extract), pH 7.0, 30—
35 °C, 150 rpm, 7% inoculum size, and a incubation time of 24 hours.
Formulating the enzymes at a 1:1:1 ratio reduced both MIC (0.1-0.2
U/mL) and MFC (0.2-0.4 U/mL), inducing cell wall deformation and
rupture in A. niger as observed via SEM.
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4. A culture broth mixture containing the three Bacillus strains
(B. siamensis 101, B. siamensis 112, and B. velezensis 137) combined
at a 1:1:1 volume ratio at a concentration of 108 CFU/mL inhibited A.
niger more effectively than individual strains under both in vitro and
greenhouse conditions. The consortium maintained a low incidence of
collar rot-induced mortality (1.16-3.56%), comparable to commercial
Trichoderma, while increasing peanut yield by 20.5-22.7% relative to
the control.

Recommendations

Conduct field trials using the culture broth consortium of the
three Bacillus strains (B. siamensis 101, B. siamensis 112, and B.
velezensis 137) to optimize the production process, aiming toward
product commercialization and expanding its application to other
crops in Central Vietnam./.



