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Abstract: Camellia oleifera, a vital woody oil crop in China, has been increasingly threatened by declining soil fertility
and frequent disease outbreaks due to improper cultivation practices. Among these, anthracnose is one of the primary
diseases limiting yield. To explore environmentally friendly and sustainable control strategies, this study employed
biochar as a carrier to deliver Bacillus velezensis SK1-5-2, aiming to evaluate its plant growth-promoting potential and
its efficacy in suppressing anthracnose. Pot experiments demonstrated that biochar-loaded SK1-5-2-GFP significantly
enhanced C. oleifera growth, improved soil physicochemical properties, and increased disease resistance, indicating a
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strong synergistic effect. Compared to CK, the biochar-loaded bacterial treatment (BB) significantly improved plant
height, leaf area, basal stem diameter, chlorophyll content, and fresh weight. Notably, stem diameter in the BB group
increased more substantially than that in the group treated with bacterial suspension alone (BV). Colonization assays
revealed that strain SK1-5-2-GFP stably adhered within the porous structure of biochar and efficiently colonized the
intercellular spaces in the rhizosphere of C. oleifera, with its viability and functionality unaffected by GFP labeling. Soil
properties, total nitrogen, available phosphorus, and organic matter contents in the BB group increased by 55.2%,
334.0%, and 181.0%, respectively, compared to CK. Additionally, available potassium in the biochar-only group (BC)
increased by 63.1%. Regarding soil enzyme activities, the BB group exhibited significant increases in catalase (28.0%),
sucrase (44.4%), urease (57.9%), and acid phosphatase (338.6%) activities compared to CK. Rhizosphere microbial com-
munity analysis showed that BB treatment significantly elevated the relative abundance of beneficial microbes, with Ba-
cillus and Priestia emerging as dominant genera. Among fungal communities, the abundance of Talaromyces increased,
whereas the pathogenic Fusarium genus obviously declined. The anthracnose incidence in the BB group dropped to 55.6%,
markedly lower than that in the BV (60.1%) and BC (77.8%) groups. In conclusion, biochar-loaded B. velezensis enhanced
plant growth and disease resistance in C. oleifera by optimizing the rhizosphere microenvironment, modulating microbial
community composition, and suppressing phytopathogens. This study would provide a novel microbial regulation strategy
for the sustainable cultivation of C. oleifera, offering valuable insights for future applications of agricultural microorgan-

isms and soil improvement technologies.
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A: FRICHBE PCR %%, M: DL2000 DNA marker, 1: PCR *
Y5 B: SEIOLKIN; C: ARIZHE K 10 18
D: FRidHE Rk 20 £8,
A: PCR identification of labeled strains, M: DL2000 DNA marker,

1: PCR product; B: Green fluorescence detection; C: 10 generations
of labeled strains; D: Labeled strain for 20 generations.

1 DEHFAFERBILRIE

Fig. 1 Bacillus velezensis green fluorescent labeling

2.2 #RIZE#R SK1-5-2-GFP 3l 25 R E R A
1€ F

FESF- RO IR IR0 P L8R T R AR (F 2A)
SARICE R (& 2B ) XA B 9 B 11 10 i
fief . ZEREM, GFP AR CHEMIME RN 87%,

5“600 1.00kV.3.8mm x220 UD(F-180)(+LD)

JE AR RRAMTE Ry 84%, AR JE I A4
KMeE N R E 25 . £ GFP bric X Il 3Eir
ZEFAT R A4S BT I A 1 B 2 R

A JURTERR, B: PRidEbk, C: X
A: Original strain, B: Marker strain, C: Control.
B2 DUSRHTIF AT B S i SR R R T AR U
Fig. 2 B. velezensis confronted with C. oleifera anthrac-
nose pathogen plate
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Fig. 3 Environmental scanning with fluorescence confocal microscopy to observe colonization of
labeled strain SK1-5-2 on carbon production
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Fig. 4 Colonization of marker strain SK1-5-2 in the roots of C. oleifera under CLSM
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Tab. 1 Physicochemical properties of soils under different treatments

45 25 A A AP oH

Group Total nitrogen/(g-kg™')  Available phosphorus/(mg-kg™") Fast-acting potassium/(mg-kg™') Organic matter/(g-kg™")
CK 0.29£0.017° 4.61£0.034° 37.97+0.368° 5.41£0.107° 5.25°
BV 0.27+0.083° 1.47+0.247° 23.80+0.170° 4.62+0.108" 5.35°
BC 0.43+0.016" 17.88+0.554" 61.92+0.074" 15.52+0.388* 5.39*
BB 0.45+0.020* 20.00+0.495° 27.22+0.180° 15.22+0.172° 5.39*

I FPIARR/NG FERR 225 3% (P<0.05)

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Fig. 6 Effects of different treatment groups on soil enzyme activity



5 8 W FRTTWUAE - A= 5 538 DL 3 30 2 A T 0 PR il 2 £l A B T RCRBIF 7 1961
100 40 - 20
A e\\° B A i e CK
» a a > BV
g 801 = g 30| a *BC
g b 5 :
2 ®E 10 e BB .
g 60 c X% b
2 S 20+
[ W& . .
% 40 - {E 8 « of
i 2 10} S
£ 20+ b A
3 2 . \
0 0 10} \
CK BV BC BB BV BC BB o ‘.
2 5 Group 2 5 Group
ARG FRER R 27 B (P<0.05) o0l
Different lowercase letters indicate significant difference (P<0.05). 20 _1'0 6 1'0 20
B 7 R[4 R LE X S ST O R 0 PCI
Fig. 7 Effects of different treatment groups on incidence
of C. oleifera anthracnose 40 B eBV
BC
F2 HEN o ZEFEEH *BB
Tab. 2 o diversity index of bacteria 20 oCK
4]
A5 ACE Chaol Shannon Simpson
Group o ok g o
CK 341.24+23.27" 263.954+28.32% 3.69+0.50" 0.107+0.050° 8 o R—— -
BV 378.01£135.86" 265.63+30.04* 4.21£0.40° 0.045+0.031° s
BC 461.63£181.76* 287.69+66.97* 4.29+0.19* 0.032+0.009" 20+ #
BB 399.30+46.33* 271.83+14.78" 4.22+0.01* 0.027+0.002°
e FFIARNS PR R ZE R B (P<0.05) .
Note: Different lowercase letters in the same column indicate —40[ ] I
significant difference (P<0.05). —20 0 20 40
PC1
Shannon 3535 Simpson AR, FALHE 8 %F OTUME (A) MAH (B)
T EEES (£ 3) . BEKE, 5 CK Z®SBEERD S

FHEL, 2540 BR7E $2 2 4R B 40 T 0 b 2 3 RN 2 B
PE T EA —E L, MRS ENET
Fetadh, A EmARS, (HEFHARE,

A TR0 (PCA) S5 WLE 8A, BC
FEA A 55 H A Ab 320 43 5, 3 B AR W e 1) it
A T ARPRAN TR A VA 4540 . BV 5 CK AR
BRI A, U B Rt FH DL SR B 2 AR TR G A
WREE S A R . BB I 5 HoAth % 20 53 25 B
8, WA W £ 48 DU SR 25 RLFT TR 179 Ak B AR
I 41 TR T % 45 ) 79 52 e UG IX 531 T B e g 2 ) e Ak
L, AN R TRt R ), B — o iR

®3 HEM«SHEEY

Tab. 3 o diversity index of fungi

217
Group
CK  355.09+24.04*
BV 203.39+44.68"

ACE Chaol Shannon Simpson

354.87+18.97" 3.38+0.11° 0.107+0.034"
218.46+51.70° 3.79+0.23" 0.061+0.017°
BC  245.14+43.46" 225.83+82.22" 3.67+0.10° 0.062+0.007°
BB  263.17+14.71° 270.08+21.20° 2.81£0.91° 0.248+0.205°
Vs VR NG 5 R 05 2 5 (P<0.05)
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

Fig. 8 Multidimensional grouping principal
component analysis based on OTU

FLIH F A o i A an gl 8B R, &AL 2
()22 S, 26 B4 Ab 7 X0 AR PR B o T 7 4
F R AR T I 2
292 @mEA N EKFFo )by RKFREE LIRS
A AR b FZH A AR PR A% 4 5 T K AR K F
PG P A o e AR X
>1% ) Gl 9 A 10 Fr7R . HETARXS 32 EE>1%5¢
ST TR AR, AL FRAL L2
WITR 12 40 s 3B EE T T ( Pseudomona-
dota) . ZFAUFFIAT] ( Bacillota ) . FRFFZH ]
( Acidobacteriota ) . L B ] ( Verrucomic-
robiota ) . HXZEHE ] ( Actinomycetota ) . FUFT B
I'] ( Bacteroidota ) . #i it J5L 4 ] ( Thermomicro-
biota) . V%M ] ( Planctomycetota ) . 4725 [F
[T ( Chloroflexota ) . ZfFMIE ] ( Gemmatim-
onadota) . fHfLIZEE ] ( Nitrospirota) . #A
WiAF& 1] ( Thermodesulfobacteriota) » CK H{%
PRTE T S ZRAT R ] S AL, BRAFIE T IR



1962

O AE B F R

%46 &

Zo BV BRFFR I TREZ R ] L4 BT in . BC
AP T 1 )RR BA T D L BB o, ZEARAT R ) L
BIREAR . BB ZEFAF 5 1] HL 491 B 2 3% i, (R {0
BT TRIRRAF A 1T LR A9 A
E O N W < - D G 1 S <
(Bacillus) 3=, HAE 3 iz, HAb
RIS 2E S B, 5 CK A, BV 274
WRMEETFTEMHAS, miEKRxRKEB
( Burkholderia ) #1% & MR #T I« J& ( Candidatus
Koribacter ) f=FJE¥BIE FF+; 75 BC H, Hidi
HiJ& ( Thiobacter ) ¥ 1100.0%, #5205 5 iy B
( Sphingomonas ) /i1 T 400%; BB HF ZEA0fT B
J& AR ICH E (Priestia) B2 T BC #1 BV,
W FC o R AR S T CK 39 400% , I HARS T3

ftl Ak B 25 T s BB R 35 50 o SRR el A W R v
172 Al m] BE S 1 A= ) i B 48 DL S B0 2 AT T A
AR RGP AR, T R E Yy i

AE e, PETIR I LS AR AR K

—
(=]
1

e
o0

o
=

S
)

FHX+3E BE Relative abundance
)
'S

(=]

CK

=—— =Pseudomonadota

S uBacillota

u Acidobacteriota

m Verrucomicrobiota
Actinomycetota

uBacteroidota
Thermomicrobiota

uPlanctomycetota

= Chloroflexota
Gemmatimonadota

= Nitrospirota .

» Thermodesulfobacteriota

mCandidatus_Eremiobacterota

wBdellovibrionota

mothers

BV BC BB

B9 @EITKFFE
Fig. 9 Phylum-level abundance plot of bacteria

1.0 -
W Bacillus W Nitrospira unclassified_p__Bacillota
m Thiobacter W Acinetobacter m norank_p__Candidatus_Ereiobacter
8 0.8 W Candidatus_Koribacter m Cohnella Akkermansia
g — B Burkholderia B Mesorhizobium norank_f~_Planctomycetaceae
'g : — W Candidatus_Arthromitus W Sutcliffiella [ ] Clostrizﬁum .
5 == b= == T » Parabwrkholderia m Flavisolibacter m unclassified_p __Actinomycetota
o 06 — Sphingomonas m Gemmatimonas Pseudogulbenkiania
'% W norank_p__Acidobacteriota W Cupriavidus m Citrobacter
© i M Priestia W Thiobacillus Steroidobacter
& 04 Thermomicrobium W Methylobacillus Candidatus_Nitrotoga
X 04— . W Lactobacillus Thermoanaerobaculum W Sulfuritalea
ﬁ D e | W Bradyrhizobium u Cytobacillus m other
% B Caballeronia W Massilia
0.2 B Ramlibacter B Rudaea
W Ralstonia W Novimethylophilus
m Gottfriedia W Fontisphaera
0 W Ectobacillus Novosphingobium
W Usitatibacter W Occallatibacter
CK BV BC BB g Sulfuricaulis B Pedosphaera
B 10 HEEKEEE

Fig. 10 Genus-level abundance map of bacteria

293 ABWNHyEKFELRLKPHELENS
A AST] A B A I A AR PR B FL R T KCE S K
PR PE A A P R A A L HE S AR (AT
BE>1% ) aniEl 11 FE 12 Fis o He T A 32 EE>1%
ESURHERT T AERER, EITKFE, &
PR AR TN 7 Ao 0 m T2
( Ascomycota ) . fHF %] ( Basidiomycota ) .

ARESRAR (unclassified k  Fungi) . a7
( Chytridiomycota ) . % ¥ /R & ] ( Rozell-
omycota ) . ¥KHEEE[] ( Glomeromycota ) . A&
S EWIT] (Fungi_phy Incertae sedis ) , HH ¥
WR AR FE SRR, 5 CK M,

BV iR 1L - BC PR TG
FEEH &, (2R R TR T RN A b ] 5 B B

BB R B A AN B R T A b 1

FHF TR TS A TR

HEEKF L, S5 E i
REJE (Talaromyces) , &AL ZESFIHE . A
SERM: HIILT CK, BV +IEFARER (Tric-
hoderma ) AHXJ BT, /&% )E (Humicola)
Tt BC HOREEART F B ETE, ARBER A 2R A7 W

N B
BC BB CK

11 EHEITKEEE
Phylum-level abundance plot of fungi

—
(=]
1

m Ascomycota

w Basidiomycota

munclassified_k__Fungi

m Chytridiomycota
Rozellomycota

m Glomeromycota
Fungi_phy_Incertae_sedis

m others

o
oo
T

g
=)}
T

et
[\
T

FHXFFBF Relative abundance
(=]
~

(=)

Fig. 11



5% 8 FRTTWUAE - A= 5 538 DL 3 30 2 A T 0 PR il 2 £l A B T RCRBIF 7 1963
W Talaromyces m Archaeosporaceae_gen_Incertae_sedis
munclassified_k__Fungi W unclassified_o__Pezizales
W Fusarium W Zopfiella
W Rozellomycota_gen_Incertae_sedis ~ m Arxiella

Neocosmospora W Ascodesmis
3 W Trichoderma Fusicolla
,g Melanconiella W Ectophoma
g ] munclassified_p _Chytridiomycota W Cystobasidium
N W Xenoacremonium Acaulospora
2 Humicola W others
-q—“j W Fungi_gen Incertae_sedis
&, W Albifimbria
i W Aspergillus
H# i
& W Saitozyma
= m Stachybotrys

m Boothiomyces

M Paraglomus
W Leptodiscella
i Serendipita

munclassified_o__Tremellales

Wunclassified_p__Ascomycota

& 12

Fig. 12

( unclassified-p-Chytridiomycota ) #1 22 %% 16 J&

( Melanconiella) AHXF - EE b B ; BB Hiii
R 8 W A, KRAEE ( Unclassified_k_
Fungi ) AHX £ BA- W3, Mgk )& JE £ B
TR

3 iig
AW LE IR, AW o 038 U1 3T 2R A AT
B SK1-5-2 fghg i E e AS AR K, s 1
FEARDL, FEARACAR PR T i B vE 4540 . B
W, EYRlEhEA, $em T SK1-5-2 fE+
b R AE IR RE AR ), YR T AR AE S5 A B
Uitie, MR R R IL MR 1k,
AL AR T R M, R T MR
YIZZARENE , JTAA SRR T I 25 BRI O 15 16 4
H— T R, SKI1-5-2 fEAYIHIZIFT,
AL A BAF G RE 3G, I8 38 1 4 WA s Wk £ R
oy R EEY AR R ALY B, (RS PIAR &R
KB, HHEZFASMEY R, TR
&, FUREIREIE . WREE . KREESE, M
[ T 34 S RGN R M AR FER I
S5HAMTAHLL, RIS T4
IANE R A P R A AL A 5 S B B T
EME . CAMREMN, EYRHTE &ALk,
LB . FKRE A REME, S RIERUE
HET AR IS IREE, B T A g A W AT
RE ST NI RE 5> 22, Biltn, A 50 2R AT B
FrAYRIE, R P NG EEERK, JF

HEFEBKEEE

Genus-level abundance map of fungi

ot JE T 7 A SR S BUAE A, kA, JTANG
BRI ST R I, AT N33 BB A Yok BES
RTS8 1] SR HAT RS T AR L
Ay, R IR, JF ok I AR AR R
gy, AR A K . ARIFE SR S X et
5, L EE T AEY RT3 B. velezensis
SRR YIRS L DAL A T 5 R T s
Yot g U EE . (AR E R AR, A
FAPOUESE T APk 14, B. velezensis {2 #F )
AR EESN, iR T AR HRUES
e T A T B 4 B 0 T ) R AR

A=) T AR A R &R AR R AL AT Be ¢
KEZATiH. i, EWRNILERS N B.
velezensis f it T 304, LGz P&
B, IR A T 3553 I 2 X A A s 1
AFI o X P FPE R T B. velezensis
AR S RE ST, DT AE R AR A R B AR
PR HRZemt ], HYk, B. velezensis i 1o 43 1 W
TR MM HZEEYER MY, (e
YIRAREE, eyt HHEFR 5 I hE
JEE T A VR MRS ThRE R S R
ARERST, AL, B. velezensis i BERS 4M WAk
RSFRBACH Y, i — 2030 IR S R TR
J1, A R E S, B, REFRA
B, B. velezensis 15 A AR Br A 338 o8 A= AR I8 T
&, /R . WREE . KREREMED
() 2 B B S 0 . X e W RE RS T A Z AL
PSR fa R, anfE & . A LSRR )



1964 o AE A F AR

% 46 &

ol 38 A R A5 R S i rE A A DR E A AR )
A KOS SRR R 0 20 R A R v
AR S TROE M AN SR A P e e ) O T LA B AR
P BRI, MUEY SR G, HIERT
ANFT P B HEPT R, AT R AR AR e E 1 &
A AR SR, YR 4R B. velezensis
R PREH 0 ZEHOAT RS L B TR E R AR E R
I 4y, X RE T A AE 5 R A 0 AR B G T
EAELAER . a0, ZFRAT R BEE /- 2 Fht
AR, WA R R AP E E Y, e A UM
TR IR R 2R K Ak, R EE eI A
Tl 2 W TR K P RE A% 30 o B 4 P A SR R B 2
Yy, BRI EREFES BHIREN, &Y
SN R BRA 25 A D 3R, AT LD I 254 v A
TIRFFEYIAR R R AN . SRR SRR,
M s A BB RE S wildn, A=Wy Sk
HHBRA A, BB B & ST X R e A
TR, I 3 R AR B R e A 35 5T 1]
R, ARG SRR, K B. velezensis izl T
Wb, UG T KA REE T, R
REATR T Y0 2% TG B 17 8 2, SR L B
Jiti FH A= 4 7 B BA A it i B. velezensis (AL FHZ

LREORE, AR A RAURIE T XA Y%
A 5 A Y e PSR B, ol mT
FrEL & Rt iy BB . AWk ol H T 1%
MR, DAMGSRGREAARE ), DR DT R,
HIhREm A LT AT — SR T A
RNE N AR N O E, 2% B e HEAE 9
e . RN e ) . AL IR Y
HEvE . HeamAE b S O T B B AR SR
fit o AR GE AT HE— D4R A R 2R R 1Y 2 W) ke
X} B. velezensis M HiAth Az By b 10 4R AR, I
fli FAEAS ] L AT AEY) R b oyai . it
A, TR R Y . RIS 2 A 2R
fif BT A= W e T A ) A R R AR AR PR BRI B 4R
FHMLE,  DLSEORS fE oo R AR bR i 2 E e, 1R T
RN AT RGN RS, 25 1, £ B.
velezensis 1E b —Mpag (. Al LAY BIIG
W, AN TR A I A K SR IR e
A AR ZS AR Y R B A i 1 B A R A A
HF o

4 4t
AT 1 3R GE ST 51 B DS 240

FFR SK1-5-2 XM AT A KA BAR Prid b 2 1 5%
M, R T E AR LN T 2 E R
ML Z5RERI, AWm e Drnet: 2K i 2 52
F 7 B. velezensis W EFHRE /), T P EELRIRL
o FAECERBE P S T AR A 55 28 B Dl e i e
BHE] AR R E I IR R R R AR R
B, G R R E, PR A B E SR A AL
P, RIS E A s R R . R R SR 5
TR, FERE T U T TR AR PR s A i 4%
et 31 2% AR 9 1 1 B0 2 A . 5 P — it A=
Yy s R L, AR -TAE Y B A R R R
B I B I R RO, UE S AR Sy e A 7 5 W AE
T AR S TR | SRR B T A
(s

2% Tk

[1] YANG C, LIU X, CHEN Z, LIN Y, WANG S. Comparison
of oil content and fatty acid profile of ten new Camellia
oleifera cultivars[J]. Journal of Lipids, 2016(1): 3982486.

[2]  HobhE. BmghZs S-RNase 3 A %5 S HOM A44SR RIPERY
FOMSYTIDY. i RIS, 2022,

MA G Y. Identification of S-RNase gene in Camellia oleif-
era from Vietnam and its influence on hybrid compatibil-
ity[D]. Haikou: Hainan University, 2022. (in Chinese)

B1 &AL, By/NE, #ve, FLBRH, B4, Bk, THHA.

AN Ta) Wy Fob B i b 2% il 5 BT A 204 [J/OL). v DR 2 4R
1-18. (2024-12-13)[2025-02-20]. https://doi.org/10.20048/j.
cnki.issn.1003-0174.001037.
CHEN H, YI X Y, DONG S J, KONG Q B, FENG S L,
CHEN T, DING C B. Analysis of tea oil quality from dif-
ferent species and varieties[J/OL]. Journal of the Chinese
Cereals and Oils Association, 1-18. (2024-12-13)[2025-02-
20]. https://doi.org/10.20048/j.cnki.issn.1003-0174.001037.
(in Chinese)

[4] MUKHERIJEE R, GRUSZEWSKI H A, BILYEU L T. Syn-
ergistic dispersal of plant pathogen spores by jump-droplet
condensation and wind[J]. Proceedings of the National
Academy of Sciences, 2021, 118(34): €2106938118.

[S] CHEN X, CHEN X, TAN Q, MO X, LIU J, ZHOU G. Re-
cent progress on harm, pathogen classification, control and
pathogenic molecular mechanism of anthracnose of oil-tea[J].
Frontiers in Microbiology, 2022, 13: 918339.

[6] GAIKWAD A P, NIMBALKAR C A. Phytotoxicity of cop-
per fungicides to guava fruits[J]. Journal of Environmental
Biology, 2005, 26(1): 155-156.

[71 LIY H, ZHOU B L, QIAN M R, WANG Q, ZHANG H.



5 8 1]

SRTTWLRE AR 0 23 DL S 25 AU T X RS T 2 48 2 S U a8 R AT 5

1965

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Transfer assessment of carbendazim residues from rape
flowers to apicultural products[J]. Journal of Analytical
Methods in Chemistry, 2017: 6075405.

ZHOU L, JIANG Y, LIN Q, WANG X, ZHANG X, XU J,
CHEN Z. Residue transfer and risk assessment of carben-
dazim in tea[J]. Journal of the Science of Food and Agricul-
ture, 2018, 98(14): 5329-5334.

BAURAND P E, DALLINGER R, CAPELLI N, DE
VAUFLEURY A. Metallothionein gene expression in em-
bryos of the terrestrial snail (Cantareus aspersus) exposed to
cadmium and copper in the Bordeaux mixture[J]. Environ-
mental Science and Pollution Research, 2016, 23:
3068-3072.

KRR, matk, WA, XF, AR WO AT
W53 AHBT I RE S I R (1], A2,
2020, 47(11): 3634-3649.

ZHANG D F, GAO Y X, WANG Y J, LIU C, SHI C B.
Classification, antagonistic functions, and application re-
search progress of Bacillus velezensig[J]. Microbiology
China, 2020, 47(11): 3634-3649. (in Chinese)

QIAO R, XU M, JIANG J, SONG Z, WANG M, YANG L,
GUO H, MAO Z. Plant growth promotion and biocontrol
properties of a synthetic community in the control of apple
disease[J]. BMC Plant Biology, 2024, 24: 546.

BASHAN Y, DE-BASHAN L E, PRABHU S R,
HERNANDEZ J P. Advances in plant growth-promoting
bacterial inoculant technology: formulations and practical
perspectives (1998—2013)[J]. Plant and Soil, 2014, 378:
1-33.

SPARROW J S D, HAM G E. Survival of Rhizobium phase-

oli in six carrier materials[J]. Agronomy Journal, 1983, 75(2):

181-184.

TRIVEDI P, PANDEY A. Recovery of plant growth-pro-
moting rhizobacteria from sodium alginate beads after 3
years following storage at 4 “C[J]. Journal of Industrial Mi-
crobiology and Biotechnology, 2008, 35(3): 205-209.

CHEN W, MENG J, HAN X, LAN Y, ZHANG W. Past,
present, and future of biochar[J]. Biochar, 2019, 1: 75-87.
BORTHAKUR P K, BHATTACHARYYA R K, DAS U.
Organic farming[M]. Switzerland: Springer, Cham, 2019.
KAMALI M, SWEYGERS N, AL-SALEM S, APPELS L,
AMINABHAVI T M, DEWIL R. Biochar for soil applica-
tions-sustainability aspects, challenges and future pros-
pects[J]. Chemical Engineering Journal, 2022, 428: 131189.
DINGY,LIUY G, LIUS B, LI Z W, TAN X F, HUANG X
X, ZENG G G, ZHOU L, ZHENG B H. Biochar to improve
soil fertility: a review[J]. Agronomy for Sustainable Devel-
opment, 2016, 36: 1-18.

HOU J, PUGAZHENDHI A, SINDHU R, VINAYAK V,

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

THANH N C, BRINDHADEVI K, NGUYEN THUY L C,
YUAN D. An assessment of biochar as a potential amend-
ment to enhance plant nutrient uptake[J]. Environmental Re-
search, 2022, 214: 113909.

IBRAHIM M M, TONG C, HU K, ZHOU B, SING S, MAO
Y. Biochar-fertilizer interaction modifies N-sorption, en-
zyme activities and microbial functional abundance regulat-
ing nitrogen retention in rhizosphere soil[J]. Science of the
Total Environment, 2020, 739: 140065.

ZHANG M, RIAZ M, LIU B, XIA H, EI-DESOUKI Z,
JIANG C. Two-year study of biochar: achieving excellent
capability of potassium supply via alter clay mineral compo-
sition and potassium-dissolving bacteria activity[J]. Science
of the Total Environment, 2020, 717: 137286.

SHI Y, CHANG E, WANG R, HONG Z, CUI J, XU R. Ef-
fect of biochar incorporation on phosphorus supplementation
and availability in soil: a review[J]. Journal of Soils and
Sediments, 2023, 23(2): 672-686.

PALANSOORIYA K N, WONG J T F, HASHIMOTO Y,
HUANG Y L, RINKLEKBE J, CHANG S X, OK Y S. Re-
sponse of microbial communities to biochar-amended soils: a
critical review[J]. Biochar, 2019, 1: 3-22.

AJENG A A, ABDULLAH R, LING T C, ISMAIL S, LAU
B F, ONG H C, CHANG J S. Bioformulation of biochar as a
potential inoculant carrier for sustainable agriculture[J]. En-
vironmental Technology & Innovation, 2020, 20: 101168.
DE MEDEIROS E V, DA SILVA L F, DA SILVAJ S A,
DA COSTA D P, DE SOUZA C A F, BERGER L R R,
HAMMECKER C. Biochar and Trichoderma spp. in man-
agement of plant diseases caused by soilborne fungal patho-
gens: a review and perspective[J]. Research, Society and
Development, 2021, 10(15): €296101522465.

HE Y, MIAO X, XIA Y, CHEN X, LIU J, ZHOU G. The
research of antagonistic endophytic bacterium Bacillus
velezensis CSUFT-BV4 for growth promotion and induction
of resistance to anthracnose in Camellia oleifera[J]. Micro-
organisms, 2024, 12(4): 763.

IDRIS E E, IGLESIAS D J, TALON M, BORRISS R. Tryp-
tophan-dependent production of indole-3-acetic acid (IAA)
affects level of plant growth promotion by Bacillus amylo-
liquefaciens FZB42[J]. Molecular Plant-Microbe Interactions,
2007, 20(6): 619-626.

JIA H, LV X, SOHAIL M A, LI M, HUANG B, WANG 1J.
Control efficiency of biochar loaded with Bacillus subtilis
Tpb55 against tobacco black shank[J]. Processes, 2022,
10(12): 2663.

fERKYE, SRARAE, MR, HAEIR, RALBE, TR IR
VEAN 5] 5 2t o0 - St Jo S A A ) 22 R R I ().
PAEY) A4, 2024, 45(9): 1857-1867.



1966

% 46 &

[30]

[31]

(32]

[33]

[34]

[35]

[36]

FUY W, ZHANG Z H, TU M, CAT H B, ZHANG HJ, YU
D C. Effects of intercropping different potato varieties on soil
properties and microbial diversity in rubber plantations[J].
Chinese Journal of Tropical Crops, 2024, 45(9): 1857-1867.
(in Chinese)

FIF, SR, AEEE, EE, MR, R, Koo, RE
BT X A RS B AR S X V)
FEERRIA]. FE SRR, 2023(3): 209-217.
WANG Y, WU L, LI J B, WANG J, QU X L, CUl M,
ZHANG W J. Changes in the effective calcium, magnesium,
and sulfur in soils of major grain-producing regions of China
and their impact on crop yield[J]. Soil and Fertilizer Sciences
in China, 2023(3): 209-217. (in Chinese)

ERF, 2R, UK, TKaE, BRER, AER, 2008,

F AR T R 52 G TR R R 119 8 5 B CHOX MR B R B0 1 43
Mr[J/OL]. H EHHFE 44, 1-8. (2025-01-10)[2025-02-07].
http://kns.cnki.net/kems/detail/11.2985.t5.20250110.1007.00
4. html.

QIUR,LICH,LIXJ,ZHANG Y Y, CHEN Y G, BAIJ K,
LI S J. Identification of elderberry Fusarium composite
strains and their pathogenicity analysis on tobacco plants
[J/OL]. Acta Tabacaria Sinica, 1-8. (2025-01-10) [2025-
02-07]. http://kns.cnki.net/kems/detail/11.2985.t5.20250110.
1007.004.html. (in Chinese)

ZHU X, CHEN B, ZHU L, XING B. Effects and mecha-
nisms of biochar-microbe interactions in soil improvement
and pollution remediation: a review[J]. Environmental Pollu-
tion, 2017, 227: 98-115.

KUMAR A, USMANI Z, KUMAR V. Biochar and flyash
inoculated with plant growth promoting rhizobacteria act as
potential biofertilizer for luxuriant growth and yield of to-
mato plant[J]. Journal of Environmental Management, 2017,
190: 20-27.

JIANG Z, LI Q, PENG F, YU J. Biochar loaded with a bac-
terial strain N33 facilitates pecan seedling growth and shapes
rhizosphere microbial community[J]. Plants, 2024, 13(9):
1226.

DUNLAP C A, KIM S J, KWON S W, ROONEY A P. Ba-
cillus velezensis is not a later heterotypic synonym of Bacil-
lus amyloliquefaciens, Bacillus methylotrophicus, Bacillus
amyloliquefaciens subsp. plantarum and ‘Bacillus oryzcola’
are later heterotypic synonyms of Bacillus velezensis based
on phylogenomics[J]. International Journal of Systematic
and Evolutionary Microbiology, 2016, 66(3): 1212-1217.
HASAN N, KHAN I U, FARZAND A, HENG Z, MOOSA
A, SALEEM M, CABMING T. Bacillus altitudinis HNH7
and Bacillus velezensis HNH9 promote plant growth through

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

upregulation of growth-promoting genes in upland cotton[J].
Journal of Applied Microbiology, 2022, 132(5): 3812-3824.
OSTIN A, KOWALYCAK M, BHALERAO R P,
SANDBERG G. Metabolism of indole-3-acetic acid in
Arabidopsis[J]. Plant Physiology, 1998, 118(1): 285-296.
KET, ZER, B, B, B, XRE, WK
R, HRBRIAE Y M R A A R e i S mm AL ] 5 N
W HERE[T]. LRI FERL, 2024, 47(4): 500-511.
ZHANG Y Q,LIJ M, CUI B H, ZHOA S S, XUE R X, LIU
J Q, CAO C D. Research progress on the mechanisms and
applications of rhizosphere microorganisms affecting to-
bacco growth, development, and stress resistance[J]. Bio-
logical Disaster Science, 2024, 47(4): 500-511. (in Chinese)
LA, BT, EEREE, M. AR A Y RER;
A AR E NIRRT E SRR, 2024(10):
249-259.
LIL R, MA F, WANG L L, HE M M. Research progress on
the combined use of biochar and biological measures for the
control of soil-borne diseases[J]. Soil and Fertilizer Sciences
in China, 2024(10): 249-259. (in Chinese)
YUAN J, ZHAO J, WEN T, ZHAO M, LI R, GOOSSENS P,
SHEN Q. Root exudates drive the soil-borne legacy of
aboveground pathogen infection[J]. Microbiome, 2018, 6:
156.
FUHRMAN J A. Microbial community structure and its func-
tional implications[J]. Nature, 2009, 459(7244): 193-199.
TAEY, mEE, NN, HEME, THE, HIEE, B
— bk DUSREHT 25 FUAT B 4 | IR 20 27 3 Bt B H O 2 A=
SFEELT]. PREEIAAAR, 2025, 65(2): 745-757.
WANG C L, HUANG Y T, LIU X, XU L X, WANG Y J,
XIAO H X, MAO L T. Identification, whole-genome analy-
sis, and disease resistance and growth-promoting characteris-
tics of a Bacillus cereus strain[J]. Acta Microbiologica
Sinica, 2025, 65(2): 745-757. (in Chinese)
KLEIN D, EVELEIGH D E. Ecology of Trichoderma[J].
Trichoderma and Gliocladium, 1998, 1: 57-74.
LOU J, FU L, PENG Y, ZHOU L. Metabolites from Alter-
naria fungi and their bioactivities[J]. Molecules, 2013, 18(5):
5891-5935.
BOLAN S, HOU D, WANG L, HALE L,
EGAMBERDIEVA D, TAMMEORG P, BOLAN N. The
potential of biochar as a microbial carrier for agricultural and
environmental applications[J]. Science of the Total Envi-
ronment, 2023, 886: 163968.
JIN L, FENG S, TANG S, DONG P, LI Z. Biological control
of potato late blight with a combination of Streptomyces strains
and biochar[J]. Biological Control, 2023, 183: 105248.



