S R E i AR R
RERBAMEDBEREZRA
FREY A e DR - B BARY BHE  XE - R

N

CHLYRALEHRELS YT HE - £

1

2B R AR AR AR o M T ELE o £

S E kAR EHEARRG MBI RA o FHATELE o £

LR EEAREHEARGAEREARS c MM TELE o 28
THIPRALREEARTRERRERGRAT S T THE - £

#H %

BAERZI B ARG RREBEM A M TEZETRHBAEY  EAR - FS
BAREGMZART » CodBRREFEEIRHERRE  WHRERER > BILL
BAHG RIABRAAREESL ESkE MBEARCR L BEAIREEDNEHRIK
BEAR RV AEARAEZRFEEDHIR S EREZAFR > B FHRME
RBREME - AMRBFRADREFHEREER - A EEARBILEEER
MAFEHATHYAREL L XERES it TAFBRREREL - &
BHKERAZEZHARRS o A FABAIRS M AR R HHE T F & A 7
RERE MBBRE -FEE KERANIIAEZRAMAVDHBEEEARES
KRR P A5 LA Bacillus subtilis 151B # %] & 5 A5 4T3 A - KE KRR PEE B
subtilis 151B1 MBS HHEMAE R  RIZEHSEHRR LR S HH) BB
FRE BTN EE AN A RIREE BRI ORI TSN AEY
fett e RS e AREAM R TR THRAMEMERER AR
ISR B R B ARFERAR = K22 8A - 151B] AT ERAFH
BRABEAESE -RVEBAKRTHACAARRESE > BFREBES > XEFR
HIMERBRR BREEBENTREBLARRR T AR AEBRESL T2 264
BMER R o AR EEEWEME > RERAE  RAFMEE > BREAXK
IR BERRR > FIRERELE  REUEABAYE > BIRRAKEYTHKSE
FERBABY RN ADRRAG L ERHERARE S ERERARRA AL
B RYERF P oA ERITFER B subtilis 151B1 REIWAFhe A% > £ &
HERBLIETHRZYZTER SN MG FAMEZER 0 FIRRE
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Fusarium spp.&. Penicillium spp. %% R A& *» ¥mFRAZAAF ALK AT @E &
Trichoderma spp. 7% 2% & : WA Z/KE R Aoty > T A 2404 58 R 5 L&
XENABERR  HmIKRABZARAE  TYERAKRBE Y RRENGL
YA GRELRERBT AARAHEZAMEAVERES HRERBEEER¥E
GEBRKEZSGBERESN > “TmEESBEARFN - RIIREEME  FIK
LR RERFAEFZHER  HRRARDSLERBILAGHEAR -

MéesE: KERm~ £HRE -~ £hEH - ARRWE - RERER - BAH -
&L

% =

R4R ZF (Next Generation sequencing, NGS) 2 if 55 F 788 A2 & 7k LA A
IAZIMAENBIRELEANS HHBREME AL AMBIRO A MR - @
BRI R F AR B B X A B AT 0 SRR A RE AR AY
### % (Human Microbiome Project) » . B X F AR P HEMA MR EL T EAR
X MR T o M e b BT8R AR M LA 09 3R e B a9 B R BE X PR T
BB EAE DA BR R EFER - AERBARERAAREZ S ENMAEY
Bacillus subtilis 151B1 # 5| & & A1) » 330 5 A WA DAY R T BIERMA
- REGRE - BREBRKERBZIER TGN BSAE o 74 G KRR F B
ZJER » BRANAEMRIEE R AR KE R A ST TN B subtilis 151B1 % 7| #
VEiR K7L SRR B ROK R R KB P AN R RBARR AR T ZHE -
HALAAEGAERRBTE —MAEDRARHEIERL THEE -BAE EE
HREREFSLHBER > MEwEESBEERF N RIFRFEME > FIRAC
SRERAEFZMER > HAERRARERRRTAZYBAR -

KRR AR DR

LR AR T BT SRR A BRI E — RPN
AMBEBZ DR MBAN—HEERT  BEAR - YR AE MR A8

122



TR REFMAP AR FL R

BRI A W R A I B XA BB A M8 (microbiome) @Y o & B R 4K E
T BT 2 2 ST 90% ARk R AR B B ey A MR FE A i > B AT S a0l
BRI ~ R KA Rk F A IZ R - RAER o K-
F AR SR ~ BEMIATE ~ HAL R SRR~ BRI A B BRI RE AP RiR
BB~ B A RE R HER SO ERRFE M FALELC-HAEDBEE
A A BByl A % AR R RO o MR LA A M A (Fecal Microbiota
Transplant, FMT) # B2 /R 7% /6 B R 295 B - b B R 7 A EZZRAFR A2
BABAMBEENES > EEEHEAAWRE T4 > mEREREXMEREE
B R HEBRE ~ RAMEREXHR > BMAHBEMARTTHRARL "H
BERE, vERG-RCD o FENHEH B GREAMAMEDRR 0 XT
2 B MAE M (plant microbiome, phytobiome) @ ¥ £ 3E ~ idnfo B ¥ 4 B3R
BRRZERME  02FREABEMBEL TRBIBEGENMAEDRBZIBIR
B  ER2016F TR T EM M AEMBAR R FEZ BT RERLE
(Phytobiomes: a roadmap for research and translation) ; © #2019 € #Phytobiomes
#3714 & [ Phytobiomes#t R X I B ik & - RAL KRR G KT 0 T3t fTH
Phytobiomes#t % /L T I E A N BB A R AN EFRALEHND - £
HAEMBA R L - BEMEGRE>HAEEEY L3R (bulk soil) ~ MR E
(thizosphere) ~ # % (phyllosphere) R4 %% M 3F (endosphere) Z A A hEF4E R K
e BREKRTFRAZHEDBAERRARALEFHIBCEAER (core
microbiome) EFFERAC  BATTF A RAFA A AT ENFEZH T HUA D E K
EHEFTIREGEIER - RAZEREHTA MR A MFEEZ R ZPD) .

BEANEEREZEA

%4 # (probiotics) i %37 % FdFuller (1989) # & » 235 B A 445 RITEH
EA AR -T2 E R A T Wtk B AR AR R PUR T~ RS R OB AR 1 R
ZhHREMRDHES AP RARAFE R0 A BALBRRD - E5AFH - Ik
KA MIH BERY CAhHEARREABBERE WHRREALRK
BIERRZ A% - RAZEAAF - REIERAER - BARBEE A 9B R R
%8 o MmBacillus Al B A A THIRBIREBEZNABF > XA EABIER
BK (cyclic lipopeptides) #8 —R XM E4 ~ LA ME ~BF - REALFTEREN 0 T
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BARRES - AR~ RRAHERBEZ M > BILFHRFEAEDREET LY
bR R TFREB RO A BAR O FTRERANE R - Eax T ¥4 F37.
AEBEARET B2 G R RBHRE 8 — Bacillus subtilis 151B1 Bk » &
RETAERESHEY  wER - Fh A% EA - XHEABERE DA
REARAEZHREHUR  LESHsMEETRN ~ BHLEHEE A M E R
HE BRIk LR E A RATE SRR BT A A R ER o
% B. subtilis 1SIBIAMERILE Mot ~ BRARIFERBRZAET » BT HHEY
MEAMRE  wERERRRAEARRET  wBERRER - AR FIR0,
TR AR ER G2 A BB - BN§B. subtilis 151B1 #4458 b 74k X3
BRARBE R BRRERELNEMFAABET AR EBNEEH R - &
8 % ¥ % (Fusarium oxysporum f.sp. raphani) ~ % 3 % A & (F
oxysporum f.sp. pisi) ~ + FEFRIB & & A NP E R 693 £ XS-HEER
HadpCO s R R BT 1S1B1 A MR35 BeS-HAE A sy > 7T v sk S-H 238 F Ao i 42
EPHNAERAEBREAREZAER -

R % B. subtilis 151B1 B-5% F By 6 o 2 2 B A F Al #4188~ » B. subtilis 151B1
THHlm B AZE Y BREFEHBEA EPERRATRIER LRG>
S B R R AmBATERTY - BdR PIREEB. subtilis 151B1 A A 3% 54N
%)% 2 PAL ~ POXBRPRIa%$ 0 R REAMAR KRR (FEAN RBELE
) o 34 B. subtilis 151Bl& B8B83 A W BIT B ERIEZE F RAMA, > &3A7E A
% 0 AR KRR EF BT o4 B A RARE LB A M > & Operational Taxonomic
Units (OUTs) X 448 5 38 » 47 & R 88 ~B. subtilis 151B1Z A » T F € B ERE
ERETMEZEEERSHN > MER UGG AMEZ AR (B— B=) -
BARE LB TG EMES ARG AAT20L X e AFHN SHERTR > A
B. subtilis 151B148 877K 2 1 B R 32 <] 3% iR BB 138 F ¥ 7042 A4t (Bacillaceae)
B 3.8 B #+ (Lactobacillaceae) B & & » MEK T AR A AKX T ERHA B
(Xanthomonadales) .45 £ 4% B £ 3 & A7 4k Lb 9] #2 % 2 Rhodanobacteraceae & 18 3,
K.# B (Burkholderiales) %18 % K, # (Burkholderiaceae) % tm i a2t 8 (B — ~
Ao BLILATSEXMBYERBABE T AT WEERBBEEZAKTEAN
B. subtilis 151B1 » Bk HBEB bt YE L HBRELE LAV EA
B. subtilis 151B17T R, 88 % 3% im Rk B £ 38 ¥ Bacillus spp.& Lactobacillus spp.% 3 B
%P9 (Fimicutes) B2 WE (B=-A) MmAeME» TAHYEAN0LZHEH
FHA1 5 & RT R, 36 A B. subtilis 151B148 £ 7K 2 $ B8R 32 T B8 3% FF ISR ) +
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P #E %A (Nectriaceae) 4w Fusarium spp. > $1 487 #F (Aspergillaceae) 4v
Penicillium spp. % B A%AE > W & H Trichoderma spp. %% & (B— B &
EARBERER) - Ad SWLABSLXMBEERBAHRE PR THRE  nEER
BIBEE AL T EANB. subtilis 151B1 > SUKZHBRRIZA A YR EE LA B
% EE > BFREAB subtilis 151B14% > 7T B A&AR B X 38 F Fusarium spp. &

S L A

7
z

Gp ¥

Penicillium spp. % A %28 > ™3¢ hoTrichoderma spp. %% & (B = - B)°

A

Water

Bacillaceae 0.42%

Lactobacillaceae

Enterobacteriaceae
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Bacteroidaceae
2.22%

Others
1031%
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= Acidobacteriaceae_Subgroup_1
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Water
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0.91%

Trichocomaceae
0.03%

Cucurbitariaceae
3.81%

Hypocreaceae
2.90%

2

/

3

/
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N
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1G30_KF_AS9
9.98%
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# Rikenellaceae
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« Enterobacteriaceae
Lactobacillaceae

= solibacteraceae_Subgroup_3

Didymellaceae 0.24%
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32.05%
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= Aspergillaceae
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= Plectosphaerellaceae
Stachybotryaceae

» Chaetomiaceae
unidentified

= Hypocreaceae

= Mortierellace ae

= Mucoraceae
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* Microascaceae
Lasiosphaeriaceae

151B1
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Lactobacillaceae

Enterobacteriaceae

Burkholderiaceae

Bacteroidaceae

1.59%

1.99%

1.81%

2.29%

V.

Others
5.43%
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= JG30_KF_AS9

= WD2101_soil_group

= Lachnospiraceae

= Bacteroidaceae

= Pedosphaer aceae

= Acidobacteriaceae_Subgroup_1

Acidothermaceae

® Veillonellaceae
= Prevotellaceae

151B1

‘ Ktedonobacteraceae

bacteraceae
11.14%

1G30_KF_AS9
6.62%

» Rhodanobacteraceae
Others.

= Ruminococcaceae

= Chitinophagaceae

= Rikenellaceae

= Burkholderiaceae

= Enterobacteriaceae
Lactobacillaceae

= solibacteraceae_Subgroup_3

= Acidaminococcaceae

0.10%

eae 0.42%

eae 0.16%

Nectriaceae
19.21%

Aspergillaceae
11.44%

* Chaetomiaceae

Trichocomaceae i
153% \
Cucurbitariaceae \
2.03% |
Hypocreaceae
8.11% '
= Nectriaceae
« Aspergillaceae
= Others

= Sordariales_fam_incertae_sedis

= Cucurbitariaceae

= Trichocomaceae

= Plectosphaerellaceae
Stachybotryaceae

unidentified
= Hypocreaceae
* Mortierellaceae
= Mucoraceae
= Hypocreales_fam_Incertae_sedis
* Microascaceae
Lasiosphaeriaceae

B— @ FREKRREMEDBAAH YR LA 20 2RAEDFAZAAHLLTH (FF

A RBEREM) -

Fig. 1. The relative abundance of top 20 microbial families in the rhizosphere
microbiome of passion fruit plants. (A) Bacterial communities; (B) fungal communities.

The rhizosphere microbiome samples were from the rhizosphere soil of passion fruit
plants with the treatment of Bacillus subtilis 151B1 liquid formulation at 100-fold
dilution once per week for 28 weeks. The treatment with water was used as a control.
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(A) Sphingobacterium ' Phylum ( B) Torula ' Phylum
Chthoniobacter 1 Acidobacteria i [ iedg_ 1
| I Planctomycetales_bacterium_Ellin6207 I Actinobacteria Plectosphaerella B Basigiomycota
I _C:i 4 0.5 Mortierella 0.5 Mortierellomycotz
Mucilaginibacter Chioroflexi Ak Mucoromycota
4 Candidatus_Solibacter 0 Firmicutes Cladosporium &
N S — e 1 e s
| ADUrbBIN063_1 Planctomycetes W Gibellulopsis
H Candidatus_Udaeobacter -1 | Proteobacteria I — Pyrenochaetopsis -1
i HSB_OF53_F07 I8 verrucomicrobia L Penicillium .
| | - Acidibacter Myrmecridium
Bryobacter ( Zopfiella
Ottowia Chaetosphaeria
I Alkanibacter 1. Sistotrema
=1 | Granulicella l Cephalotrichum
& | Rhodanobacter [ Chaetomium
il | Acidothermus Chloridium
' Chujaibacter Coniochaeta
Castellaniella Trichoderma
= ] bacterium_Ellin516 Pseudallescheria
Acidipila | Colletotrichum
Phascolarctobacterium Mucor
Butyricicoccus Monascus
Bacillus Talaromyces
[Ruminococcus]._torques_group i Sarocladium
| Megasphaera If f__Stachybotryaceae;g__unidentified
Streptococcus Conlarium
T Escherichia_Shigella | | Apiotrichum
Oscillibacter Staphylotrichum
Bacteroides Curvularia
Faecalibacterium Lecanicillium
Ruminococcaceae_UCG_014 Fusicolla
Lactobacillus [ Polyschema
Alistipes - f__Chaetomiaceae;g__unidentified
[ | B Fusobacterium Cylindrocarpon
-
g = Z § = =

v

B— - B&RMEHKRBHA Bacillus subtilis 151B1 $% 4 ¥y 3 B 4% B4 £ Y B8 2 48 %
WEAR IS L2 MAMANBBE W FEA RBXER) -

Fig. 2. Relative abundance of the top 35 taxa in the rhizophere microbiome of passion
fruit plants between the treatment with water and with Bacillus subtilis 151B1 liquid
formulation by heatmap analysis. (A) Heatmap of top 35 bacterial families; (B) Heatmap
of top 35 fungal families. The rhizosphere microbiome samples were from the rhizophere
soil of passion fruit plants with the treatment of Bacillus subtilis 151B1 liquid formulation at
100-fold dilution once per week for 28 weeks. The treatment with water was used as a
control.

LABNRERBRZER

BRREEBRENEELS  BRAEITE - 2RF AR RIR%E > THAHR
BEY - HEBENE S AABRENE > M Fééi}%?%%%j:% DR T R AT B
ERAR RERBEMAG > BFAEARB2 ENE BRyeEiHetEts
Ml EABRTRKRMA  MURLRERK> ERAERSHMREER » B
kBB EM S BB EAT - FARGHAN ﬁﬁ&ﬁ%‘i%ﬁw%iﬁﬂa 2R bk
BENZRRABITRERELEE S > BEREQOLOLHRRE  BBREMS AK
BRING o doi i BE 2 Sh3E &%&iﬁﬁ&%&#ﬁﬁi%ﬂ%’ AR MR B R
HEBRARERET I TRE SR - AFHERE > mh EAKREHE TR TR
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M EREAA 2Kk - DR RZEREERNRG > RS BEER TR
HEFRBHESE R -—RTLE E0TARDREEMA - MMAMRTRANREY
BN A EMANM AT A XBREET T ARIRIE P W B % > 4o Maloney ef al.
3 Bacillus cereus Ty MBREEF _RAF=ZARBREFD BEBRAT
FEREELMMBHF? > Bacillus % 6 et i R 4 HE BT 5 A3 LA~ LR
BMGEREO - AURBT > T BRRMAMBRRYE S CERLERAS -
BEEAFABES AR STRARTZAAYEN - AMBRETREARE  AH
MAMNBEELER > BAT AR S4HHIRH - R EBSE S QL > BN BH B
bE B R B MM AT RS X B AT R R R A Bl
BENSM B HRERMAERGERERBELRN - 6 Ed > AIRMAY
BITREBREMBAANR AR RAEANHHBABRBREM PREEZREY
BABRM A R R E S ARG PR ERATAMETEAEMRE - ek
JER % B. subtilis 151B1 Btk > B A B AR & R4 (malathion) & &&=
(deltamethrin) $1#% i %) = o (tricyclazole) 2% R (FE A RBEEEH) -

BABNEHFAERZRER

HAEENEEAMZIER » ALRN194045 K 25 04530, 00 3% & # Streptomyces
aureofaciensfg B &4 » TR EGH M2 A Kk - WM BEREHMERZ B FEEZRE
AT A A Z 54 Echlortetracycline® o 2k i B & #8484 & B 2k b 80 % R YR A
ARAMIREBEBRAREZIEZRAET R  ERANEFTETER Mk
FIRE - K P eREN20065Ae47 A 2 B 0 oty E B3 2017 AL 3% 7 FE 1K
RAGRAAKE > f2H 220145 CefeAARB3EN Lo EhER Tl o £
TIRBE IR ERRBEXE RBERREEART A B RAH R
Mme et Ah E L L BN  MRAARAYRZBABZEAZELE
ZBBRAKEBARERD A MBEN MR T TRAGAELREEHE
WA A T T RIS RN BAR A KOS HP R AR B
A B > 4o: B. subtilis ~ B. amyloliquefaciens ~ B. velezensis ~ B. clausii ~ B. coagulans
RB. licheniformis% %8B MR MEDEHXLEMNTE > MEAVNEFELELEEH
(qualified presumption of safety, QPS) Z #4 4 ¥kt ity @ FECOND o dn & 4780
REEEBGI07TF8A2AMAEZTHES ~ RE - KEHMZ NS 24
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W& P ¥ a4t @B R A B subtilis ~ B. amyloliquefaciens ~ B. coagulans ~ B.
licheniformis ~ B. pumilus ~ B. badius & B. cereus > [ % Ff B 2 B. subtilis 151B143
Mty GRARETTRAFHRRAABAAZIANEE REIAKERES -
MERSLE @ RIBIFHLRAES S RO BERLRA%RTHALARRESE
FAREE Sok > HEFARGRERER ROBEHENTRHBLRE B F KB
HARH  BERNBLTEHMESEZEAARIMERDZ MKREA RKELE
#) -

BERANKERAZERA

MERPHAKE DR RIEALEYEREAEERZIE T BIKERAT
BRI ERAEY AT RARAEKERAIIER  BRITRAERAAZE
R HRIAKEZ AR -RIRERIRILEIL R PR A REEREZAER
ANKERERBACKEES ERERANN > ALBALERAARSHARAMEZ
HAFREMBERFTESY  ZAR Ty d  BF (CRABALEGH) &
MBI AFMER AL BRACRRAKRBKREEIRARR > TIPFRE R » 5K
EEMEROEE  BHNEBEHENRRME@E » T €A 5 2% B a9
2R c BEAMAENARG TTHEARMORR > BB AANBRE T > ol
ROBAREMTRERABZRE - sh TARRETZLRAZIERAAL
NRBENHIERANZ > LEHERARTE > L TEBRE LB @0 -~ @i
FORBARARE > BHERHRAEMNZI IR A% > FRIMRBR L3P H] K
ERBBOREAFEH AP F AR AR @RARNEELANATRT > THIBHEE
BoNRERGBABERZEBFHAFERERK > TARZWHERADKER
2 AR o WA [ R F 45 R AT B A A AT B ISIB LK E IR R ot > B8
WEBEWHEHE  RORAZR > RAEHKLE > BRAZIPHEGEER XA
Vibrionales (98 & B ) &% & & & 2V B i F Achromobacter insuavis ~ Klebsiella
pneumoniae ~ Serratia plymuthica ~ Escherichia coli% 5 R 8 » IR &RIEE o 7T
HERBRE  BREAKEFTARYE  ALRAKE T RAERG LR
KRG ERARE S ERERARADE (BEAN RELREH) -
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SRR E

B—HMAMBAREA S HEAR > REEEBRAE BRI EH LA
B RMEREE - GBERAMB X AR RME > MAEAREE S BIARRE
A58 FR4E T35 o # S5 ARIRAME L B B4 2 A4 - A BRI AR E S
WWMFN 0 RTRE—RAERNEREMRERE RS - REBERERE-ES
AR KERMES DRI mik Bl g B i 8 EA LR
BRI EE c MREREFRMTZIEA > RAMIRE —BIE P M W ER
ZRR o AR AR AR MAMERES  EENERGHREL > #
AREBERTUAMBFRZLERLATE R AR H KM% 0 sbia b B AAMR
FER B MR ENE SR MAY AR ELBEIR T AGFNE > FTHLELA
32 MU B #E (core microbiome) R ITEHRARAELEMMAE LA R -

#HOOOM

AARAZHENR" B EMABRNRELEZIRER B E3E GHE 45 MOST
107-2321-B-005-011 & MOST 108-2321-B-005-006) BRATHE IR E £ % B €S
Tk By 108 B 109 F B A4zt £ A B B4 Aow i e A w3 (G E 438 108
B-1422-#-B1(4) ; 109 B #-12.22-#%-Bl(4)) L &8y > 538 - BITERE
Y285 YEREARGBENHREM K - REAMBIEHR K B RE=H
BEREMRBIS T E W BRI R > TFRMP R -
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ABSTRACT
Application of Probiotic Microbiomes in Agriculture

Huang, T. P. ', Chen, Y. H.!, Huang, W. D.2, Lin, C. S.?, Kao, C. Y.4, Lu, C. L.#, Yang, S. S5,
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Taiwan, R.O.C.
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Taiwan, R.O.C.

Pesticide Residue Analysis Center, College of Agriculture and Natural Resources, National Chung
Hsing University, Taichung , Taiwan, R.O.C.

Probiotics are referred to as live microorganisms which could modulate gastrointestinal
microbial communities and are beneficial to the hosts. They are known to improve intestinal
microbial balance, to improve feed utilization, to promote growth, to strengthen immune
response, and to suppress pathogens infections in humans and animals. They also could be
used as biofertilizers to provide nutrients for the crop; as biostimulants to protect plants against
abiotic stress; and as biopesticides to protect plants against biotic stress. They could be as a
potential alternative or additional products to the agrochemicals and antibiotics due to their
non-toxic, safe nature to the humans, animals and environments. By integration and
collaboration of various professions, we propose to develop and optimize fermentation
technology probiotic microbiomes products and validate their efficacy in various agricultural
applications. Here, Bacillus subtilis strain 151 based products developed by our team for
application in agriculture will be discussed. Our results indicated that B. subtilis 151B1
possessed plant growth promoting traits including activities in production of protease, amylase,
cellulose, lipase and IAA, and phosphorus-solubilizing and could be used as a biofertilizer.
They also could be used as a biopesticide to control various plant diseases caused by bacterial
and fungal pathogens. Moreover, B. subtilis 151Blexhibited activities in degradation of
pesticides malathion and deltamethrin, and a fungicide tricyclazole. Our findings indicated that
the use B. subtilis 151B1 as feed additive for the hogs increased the feed intake and growth rate,
and shortened the feeding time in comparison to the control. It also improved the weight of
pork tenderloin and the texture of short fillet. Additionally, the H»>S and thiol contents in the
hog feces were decreased with the feed additive of B. subtilis 151B1 suggesting a potential for
the improvement of the farm environment. The application of B. subtilis 151B1 as aquaculture
feed additive improved the feed conversion ratio and enhanced the fishes growth. While the
strain 151B1 showed ability in reduction of NO3 in the water of the aquaculture farm. By next
generation sequence analysis, we found that application of strain 151B1 could reduce the
pathogenic Fusarium spp. and Penicillium spp. population and enhance the beneficial Bacillus
spp. And Lactobacillus spp., and Trichoderma spp. in the rhizosphere microbiome. Similarly,
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the decrease of the pathogenic Fusobacteriales and Vibrionales population and the increase in
beneficial Lactobacillales in the gut microbiota of the fishes with the treatment of strain 151B1
were found, suggesting a potential of strain 151B1 in the reduction of fish disease incidence. In
conclusion, the probiotic microbiome developed possessed excellent potential for future
applications in crop protection, as feed additives to promote productive performance of
livestock, and in aquaculture. The practical applications of Bacillus based probiotic products
could serve as alternatives of chemical pesticides, fertilizers and antibiotics for sustainable
agriculture, and finally ensure food safety and sustainable environments to the publics.

Key words: Aquafeeds, Biopesticides, Biofertilizers, Feed additives, Next generation
sequencing, Probiotics, Microbiome.
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