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Progress in research concerning the diversity, function, and
application of plant endophytes
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Abstract: Plant endophytes are non-pathogenic microbial groups residing inside or in the
interstices of plant tissue. They constitute a pivotal component of the plant microecological
environment. These organisms are distinguished by their remarkable biodiversity and wide
distribution across diverse regions of the host plant. Plant endophytes exhibit high species diversity,
host plant diversity, habitat diversity, and functional diversity. They can secrete hormones that
regulate plant growth and enhance the nutrient absorption capacity of their hosts to promote plant
growth. Additionally, endophytes can promote plant growth indirectly by enhancing the host plant
resistance to abiotic and biotic stresses. Notably, these endophytes are capable of producing
substantial secondary metabolites, which exhibit antimicrobial, antiviral, antioxidant, and other
biological activities. This capacity offers considerable potential for the development of novel
pharmaceuticals, the extraction of natural products, and the creation of biopesticides. Endophytes
have a wide range of applications in agriculture, industry, and medicine. They can be used as
biocontrol agents to enhance crop yields or used for the production of natural pigments and
perfumes and the development of novel pharmaceuticals. However, the research on plant
endophytes still faces many challenges in species identification and function verification, molecular
mechanism analysis of endophyte-host interactions, practical application technology, and safety
evaluation.

Keywords: plant endophytes; diversity; functional mechanisms; applied research

FEL ) N 4 T (plant endophytes)S&$8 A 1 75 AH
Yy 2 2R N B 2R B LA S s B N BB A AR
&, 578 EMYIE RERE R B A CR MRS
K RS o LR VRN R
ABRGEWELA AT, NAERSEEiEad
KN RIS 1 s AT ENLE, REfe 4
RIS Ak Wb ) A 18 R PR e 1o 9T R BN AR
BRI TR AR ) A K s v vp & 15 2 AR )
Hur, WA ARMRMZENE . i F kN e &
BN E . EEYE . AR R Y

PRA 27 1 v 245 58 Y 2 S5 27 BRI T 58 R
W LAY SR, AR N AR TR AT SE o [ U
LweE. . W EREER . A 1-E A
N J5E-1-FR iR (1-aminocyclopropane-1-carboxylic
acid, ACC) i 2 . Ak B 1A $2 i He ) 0 MRS
3 TR TT R B WSO P, 1 s A ) i Bt v
FIPURRE ST, BCEMEYX IR0 R IoieE, 2
PRI EAE A K BRI B . AR TE R HR
(ML IVREE 71 122 (i 2 =R 7/Ra o8 NP A T B D i
Yy RS2, IR A 7 A R R AR A
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P& AR L 52 P AR AR, A,
A T R AE 7 W 7 B 24 45Uk B AT 4T MR
PR . PUAAL S AT, T R s,
B R PRIt T A AT REE

it 4 BR K AR 245 1) SR 1 L rp 2 BUAR
PEHERE RN, 245 PR N AR R TS AR AR
0 A W BB TR 4 R R DA A2
KiE. AHEYBARELRME, HNAR
AR R B 25T B AL S BB 8 R AR
PR, B A BT A R AR R HL T 24
GERZ/TiD (o 1) SN T/ E R % s =SS
EAERRTSE, FEfO AR HARGUR, MR A
PR L A DB B U E W SRR % o T A
R BRI AERETT R R R WIIE R, AT
S E AR THE IR 23 MR B AR AR W 38 i 52
Phs W= JLT B . BAR ER 00 P AR TR U
THYEAL VA A2, Tl RS POV IR 38 4
HEFR A0 I G5, R B AR AR SRR
TS5 B IR EE AR A PR 0, R, A
IS ATS T 3 22 P, 4 P A T R 28 £ o
B4 E SO RERE . N AR T 5 e A Rl AT
YERIAY 2> T-HLH0 . SERR R B 5 22 4 P
Fo ALRGEE T NAERETIRNZ 40 E,
VIS TRACAE ) - e Wy o Rl o AL B i,
N AR IR B R AR ) S IR R AR
P20 5 1) PP E AR I T e S 2 g Al T 52 B
LR ST S EOR AR . B 2 BHah & Rk
QRS R IR- A 2 AR - KA ™l
QB EE A PR IR K R

1 AAEEZHEFR

1.1 NEEBZHMN

WA REAVE N — R RBEY R, R
WA R R 2R e E Y R 2R
TEAE ERLYIAS [FEBA 19 43 A 22 A6 LA K T g

P4 actamicro@im.ac.cn, 7% 010-64807516

FEE, HA ERFFRFI 0, HEretz
FZMEBEME IS, PHRRV, NARD
FPE B E R R O KA W E 2R o
WOB AU R B, A AT b X L)
AR T RS ST Y H
o, HNAEREMEMEHEZ . T HARX
S, U DR R 2 B FE AR AR, R
R 25 A I BB R P s, X Fh R
BE e fE A] BE R e 28 A AN BUR A Al Y AR A 5 AT
PR, SE T e A R A S R T .
SNV XoF e 15 12 2 s 2T AR 11 3 8 DL AR
[ 21 5 M5 (Rhizophora stylosa Griff.)]. Fk i #
(Kandelia candel Sheue & al.) Fll K [(Bruguiera
gymnorrhiza (L.) Savigny)| P BF5E & B8, ALY
PP 4y B A5 01Y 3 500 MR A B 28 T 1
W] HPRIMESE], HAEOM N A
HW R, MRk, AR, +
BEPE 25 S S 2L 3 R N AR L RUE B R
A TR (51.9%-75.4%),  ELBCA il e %
3 T AR AR . AR AR A A b o)
A FLA R P A e . ke 2 U R AT R B
HATC W BT A Y b 22 A AR, B
ITATAFTE TAE AR . 25 . fB . RO
ASERAE o AR B By AUV X &2 A AR M (Tamarix
ramosissima Ledeb.) AR A B (RIRI . A&
. IR R SR L (WL . B B AR B
BREVERFIEIEAT TGS, RIS A A I e
ZURAL N A L RE IR PR A TE 22 5%, L3R
ERA S TV P 1t A YA B S I DA 0 20 B )
Ko AR L 2R T A, PRI I 2 T 78
W, WAEREMSEE, FE kA R ER
A e SFUIRE L A BT T 2 B AR B 2 A
(Camellia sinensis cv. Bixiangzao) fil % F (C.
sinensis cv. Mingfeng) (1) e I AR &R 534 2 W e v
KA Y, SR RS AR RN AR A e



ks | AR, 2025, 65(4)

1449

ZREPE R T ASEE, ELAS R R 5B Y o A TR
PR A2 [, 28t v Ao
KR TR, MRAPRAELNRE F2Zok A 14, Gao
SISV )RR A1 1 BE K BE £ 45 M (restriction
fragment length polymorphism, RFLP)$; A F1 4 7
5 [6] B X (internal transcribed spacer, ITS) rDNA
SCEEF A s T A A FHEY) H %
[Smilax japonica (Kunth) P. Li & C. X. Fu] A~ [A] 2=
WHENARN MG, SR ERIZEY N
AWIERFNFE TR,

WA Z RV R Rm AR 2, dGTE
TP T AL ER A B . M PR . /INVERIREE
ZHHER., mEEYORIE, ERKE ., Bk
RIS PR PR (Ui | ) AR,
IS, R A B IR AnRUE A | AR )
W0 A B 2R E P A s e R H R AR
DA AR s R i 9 2 U — e iR, (BAT 7R
WEARL, WX ZRER AR S IR EE A
AR ARG D, XA ) N A TR AT
WAXTBEZ . B, WA Z R AN
WA, LAAis s Hoor A i S AR S TR .

1.2 REFEZHMEMRRGE

TN AR TR )2 B TR ) 2 R0 85 B 4
U M s AR B, AR . 2E L i 4B
KR B, BRERERE D WAAAENE
WU N AR R, BeRE R, T
AT . NAE T RN AR R . TN
A AT B AE T 35 1A N AR o7 8 AU A
BRI IR R AR W 2 R P E N T B . AR
5% 52 Y 7~ PN A TR R A 25 48 2 BRI ARE A1 1Y) G S
IR

A T 2 FEVE 5 T 1k 85 AR i ks
TR RIS T A2 0y BP0tk gR ikl
it N TG FRHRS N A AT 55 % . 2B Kealifl,
RIARE R Wk, JPESGIEAS: . A A LR

P K 56 P P 45y ik AT o 28 S B SR
W AL RERE SRR 4 AT R N AR TR, 35t T K o
AAEEFRR, BTN AE R ZHEVEA TR .
R SRR AT R IR ik B AR B,
JE XL DX 4 e #E R A b 3L o B Al 4k
232 BRATREFRNAE LR . Sy UR A8V
5 X% 7N 35 A6 2% (Camellia luteoflora Y. K. Li ex
Hung T. Chang & F. A. Zeng) N A= ELRHEA 740 25 46
b, Iy AT E] 261 BRI AR B, S5
BN HRSE T 159 H 22 )8, Hri,
& H J& (Colletotrichum). 0] J& 5T J&
(Diaporthe), 1% Z & )& (Pestalotiopsis) I
Wm . CHUTREY, MUKW 20k %
M AR A0 RE L Hoh AR R R
(Agrobacterium) . KT & (Bacillus). WiFf
J& (Enterobacter) . Wi g1 H J& (Klebsiella), H
AT 7 J8 (Methylobacterium) . 1Z W J& (Pantoea)
LKA B 1 (Pseudomonas ) 524

bt o L I P R A R T, R
T SRR IR B, A AR Tk
HW AT ZREEDTSE SR TR AR . X BT
Lt TAES A Y oy B SR B, dlid DNA
8 804 K (DNA fingerprinting technology) . 5 il
11 I ¥ (high-throughput sequencing, HTS), 7% 4
2H %% (metagenomics) . ITS J& A - 55 4 R F
B, AT o AR ) A A BB AL Y AR A N 22
FEPE

DNA 58 A, HI DNA ¢ Fhric4i A,
L HAHETE DNA 53 F7KF AN N A T =2 8] 7
2 5ok st L A8 5, B s AN A IN A2 T DNA
2N, BT BT N AR TR Y 2
Mo, ARG BRI M A B 22 A8 (restriction
fragment length polymorphism, RFLP), Bf#L{ 14
% & DNA (randomly amplified polymorphic
DNA, RAPD). Z& ¥4 B % X F UK (denaturing
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gradient gel electrophoresis, DGGE)Z:12% | Jj 2147
P i 16S rRNA 3 [H PCR-RFLP Jy i 1
THYNAEMEENS D SR AT, BAR™
A A I AS WA FMEAAEN B 2SR, &
WA 58 K 3R AT RE 52 el N 2B TR R VR 46540 . LAk,
gk H Bk 20T A T P b VS Y U A AR M
(Salicornia europaea L) 43 H 14 BRIN A ELH
il ik RAPD 0 & Bk SE L BAT 6 AN [ 7
5o BRITEEEELTFI 16S rRNA K PR 3 e 5
5 PCR-DGGE A, BT T 1508 T 35
PR 5 K BR Hb v 5 U8 TR BE 2 M 7 [Phragmites
australis (Cav.) Trin. ex Steud]| WA= & HER) ZHEME:,
GPR TR, TGRS IR T 35 N AR R A
TEBHEER, DA ETTAUATE]
HES

VTR, %k R 27 RN N A A 5 TR] B IXC
(internal transcribed spacer, ITS)JE [K I ¢ 1, 9%
TR 2RI . DR 454 )
¥ H AR X} N2 (Panax ginseng C. A. Mey.)# 1A
PN LR AT TR A, KIMASH
TN A B EA 2R, B AR
IR 22 5 . Maryani Z£20%t DA ERE J& 78 0 B A
BB (Musa rubinea) 53 &5 B9 B0 1 (Fusarium
sp) AR HEAT S8 e i), OB ASREAE AT ITS
S A E T X B YR T 4 DR 2
A . Soltani ZEPY XF M i I A K (Cupressus
sempervirens L.) "1 B EL I N AE A TSOE I,
Je i i PCR 47 3§ M J3 A% Bl /& DNA 1 ITS
rDNA J¥ 51, JFl ] NCBI R F R TR
AT RS, T T 11 A HERASZEHEIT,

e 3 5 O H R R RE S A SR s A7 AR
BRI P H B, © A ) 9 A= T B 53 40 5
712 BT e AR . Lin 2512 W) g 3
FP L ARXS 2 AT 4R R B (BXZ L MF) Y 28 1
(Camellia sinensis)FEA N AR BEAT o34, K IUAR

P4 actamicro@im.ac.cn, 7% 010-64807516

A T IR ZHAL N AR, HUUEZENE
M, BT AR AR AR B H AR AR
HLE T HLZRAM N AEEIE . X EEHTEA
IR TR 2L, b dE— P EIE T 1
Yy A= T BT IR W PR 2R . B ROR Y
AW, AT Z R B SR AR S TR
A R~ A ity A B 22 4 A B

2 AAEWAENFIIR

WA RO R EM Y R AE KRR E R
FHEEYRE, XA KR AAE AT R
HERAE AR AEEH . Hi AN
T H e N AR TR A W AR R R, 5
HAE A AP R E SR B (A . B
PRAEYVAY M RE JT 5 TR 2B A FH R B0 AE X
AYEaAngTER . PUT R SRS Ay
3B Pt L U E SR BT, A,
A TR I B R A P O A A 7 6 1 B A
YER, #E—LF& 7 HXE DA ENLT
X —FR YY) g e R 52 W T N AR R A A K
B AR T B E AR ASOME RN Y T .

2.1 REMEH

FE ) P A T ek 22 R L A R AR A AR
Hrp L HEA A YR . s R i M e T
R URe 1. BRI, NAER RS 5 A
£ E 15| £k (indole-3-acetic acid, IAA), 2l
S (cytokinin, CTK) M 755 Z (gibberellins, GAs)
EREYIRER, ALY N BRI R K, TR
AR . WP, ZME N AR R Rk,
an L AT B J® (Microbacterium) . % 0 KT & &
(Bacillus) . BIEREE J& (Paracoccus) M ¥ 5 1 s
(Xanthomonas)%, HA&H W 1AA WRES), Hp
ZEAUHT TR & (Bacillus) R MR TE & B TAA J7 TH 2R 3
Jo R g B e R AR PRI R, BRI
Z [ AT B (B. aryabhattai) e i 25 3 5 A
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(Solanum tuberosum L)Y TAA j= i, HETAE
RS . B THEARKEK, 78
BT REBEESEPHR AR, B AR
(Brassica rapa var. glabra Regel)ZEAE 1151 2 Ff
ZEAT H B RE S A TAA, I ELXF SR B i
Wi AR B R A fE ]
gk R B DB R K B, M CTK J5 . HE%F
[Fragaria xananassa (Weston) Duchesne ex Rozier]
SRS ARBUR T B SE . Cheng 2505 4
W, FE R ZE JOFT B (B, cereus) /KRG, H:
CTK Firlip & b, XHEWAER T Fiia T
A B B R R . Afzal PN 9E &
B, DL S W 28 6 4T & (B. velezensis) W] fifi /)N %
(Triticum aestivum L)W W) GAs ¥ B 3G il
54%. FEEHEEPIE R, DU 2R AT R RE
YR E GAs & a2 BT = 5 T R G
TR A bt gk S A0 i & AR T vk vk
M 2 W [Gynostemma  pentaphyllum (Thunb.)
Makino] H2 s 4= 3 v 73 5 1 9 PR B A A [F] A5 B2
ACC BB H R ACC I 2l FE s, JHerp
3 PR RE AR VE R R, A5RRY], 7T HRE ACC
itz Bl 4 1) 2 PR X K AR (Oryza sativa L) AR
RINERK KT R ARRENRAEEM B
To A 2 A ) b 85 (Rehmannia glutinosa)
PZE il 7 bk TAA PP AE 1.322 mg/L D) -
BRI, % 872 TR (Pantoea ananatis) DH92
7P TAA 2, T 34.696 mg/L.

PN A TR T o S R AR R L. B BPAE R
HICR MRS MEITR MM, AR,
A AT, AR AR T A e AR
NHYRALECE IR, BE MUY AR KRR
AR B A ¥ 2k K . Rasheeda %51 A 55 1
(Camellia sinensis L)F{EH(Arachis hypogaea L.)
Hh o3 H A PN AR TR T K AR R TR (Rhizobium
mayense) B = [ A BHGVE, A B THYEE +

B AR ICE . Anand FPIF ST UESL, 5 b
P2b-2R N AE H A IR PR 1Y SRS (Pinus thunbergii
Parl )&, 7ERUA FRIAE b &1y v i) [ AR 1Y o
iR 7 A ER L R T Wi YN i}
[Pueraria montana (Lour.) Merr. JARJ&I . 3 R AR
ML P B B N A A D, 2R
J& (Bacillus) HOUHGERE, T BEMARRE A %
B, PPAERERRER L 1 IAA R A R
Wu BI040 T 4 A AR F IR & H 4 (Populus
tomentosa Carr) AR RACEY) . e sk Bds SR Bs
WUE A, RIUEE Leuce AR R & &k
B, HZE S EE XA SR RS R
WK, BFFEHIN GLABRA3 3L KX} E 75 R 4
WERICHE L, WA PopGL3 /KR & B
BEH, ARHBEETAE R Wb, MG o AR M R AR PR
ME A, JEMR T A ER A LI a A K
AR R B AR K EH o Zhao FHI N K T
[Glycine max (L.) Merr. JARJE H R D i e 6 #R N
AR TR, Ik DA A TR A s v R B L A BT
PE, b 5 BRI AR T B TR AU, O ol
iF PCR A M HILKN 4] DNA H 488 H T nifH
BEH, 5T SR IR IR 9 A TR AN I RE S A AL )
A, ELAT I T LA R

TERWRAE N, T3 i8R 22 DUERS
PETCHLBERR L A TE o AR Tl a0 I IR
O3 TR HURR AR e pH (HL, 5o
T R it O V8 ik X S XE VA PEWR IR ER , DA T 2 s
WA 2 . Xue SRS R W], 2442 P 0
[Larix gmelinii (Rupr.) Kuzen]# PN A9 28 25 #04T 1
J& (Paenibacillus) B . 75 1) 8 IR £ 38 %5 R 1
REAS AT 4R Tt 3 i 19 A &4 . Mahdi 451
M ZE 4 (Chenopodium quinoa Willd.) # ¥ #3358
3B B VD 7R [T (Serratia marcescens) HAT
WSWERE ), PIVAREERRES R UL, 068
MEALRE . BEIR S B CRE , @ A L

http://journals.im.ac.cn/actamicrocn
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MR A 7 NV B, I ] e 2R 2 Fh e AR e
TR R M A . Liu P58 T 50 FioR
[F] 35 [K] 784 3/ 5% (Brassica napus L.)TE 85 BR il 2% 14
T, B (C2)38 1 8 i 7 TR R S5 A 3 (i
AR TSIV P A 2 e AR P AR S5 2R 6 ) 1 s o R
e, AT AR SR AN e AEAR o Zhao 0OV
% kW, N H MW S F (Sophora
alopecuroides L.)FLJEE AL 3 B3 1 48 BRINZE T,
Zed e, A e 4 RO R IR S A AR
L o B R ZF A FF B (Bacillus megaterium)
124 Fil Z2 56 25 ZE #0 KT B8 (Paenibacillus polymyxa)
122 R BAF A BRRCR , Bl it — 2k
S5, 0% 2 BRI R N AR R, B
PRI/ NZE G 1 1 R i e Y0 ) e 15
TERFFRVERIDTI, R3Eh RO 2 I P
AT AFAE . — SR IR N A 3 b AR PR
PRA T ] AT AR SR R i I AL, A
IR SR - e P AW B S-S5 5T
KB, B EE KT B (Bacillus mucilaginosus
Krassilnikov) F1 B K ZF AT & (Bacillus megaterium)
RENE (e 1 B A W3 it (Solanum lycopersicum
L.). & JK (Cucumis melo L.) F1 ¥4 JK [Citrullus
lanatus (Thunb.) Matsum. & Nakai] X} 8]l 7€ 2 19
W, AR TR AT, BT —E R L
i T BALAIE T . Mehra 20525 i AR
5 VF Al BE OB R ZF A B (Bacillus
megateriumde Bary) Fl fift 8 T8 4 81 9f H 45 [C
(Frateuria aurantia) X ¥ H % (Matricaria
chamomilla L)/ KMREMI R Z2m, K 75%
A2 AT 5 5V B B A R TR A A B
THEH AR A ERE, R TR E . 22 H
. AEEL. et ILAE TR, RN, A
fift B A B G, SRR T A
TREEE S s - S € SR, 7/ B PO : L 5 B Ry 8
AR, TR AR O BhoAS [l AL ) 2 A

P4 actamicro@im.ac.cn, 7% 010-64807516

M Br B (plant growth promoting rhizobacteria,
PGPR) I ¥k % # T H1 1€ 7 1 (Peucedanum
praeruptorum) PR + 58, LA 35 IE R IR
PGPR 7] LA & FAERTWIAR PR - 4 LA K252
SHRGE, HAPLL S [HERIR & 4 2 AT HE
(Bacillus thuringiensis) |23 R e R o3

TEPRBAME R i, I py gk 2D
REE P T RAETE . WA BB A BLA TR
RS ECA Feo BB S MR IA K HLEL AL A )
REGEFIFHATE S, Freitas SECYHFGT K BUM: 2 2F
i ¥ B (Bacillus subtilis) GB03 HE ¢ #f K 2
(Manihot esculenta Crantz) fL B2k 0 HK , ol i
PR PR BRI KE Fe’ R IR Fe®*, 5 Bh Ul g %
[Arabidopsis thaliana (L.) Heynh.] W I 8k JC &K
ik Bk ZE53T N 25 A W) = & [Panax notoginseng
(Burk.) F.H. Chen] "' 43 B 1Y 2 #k N 2E T (PNS.
PN15) A 7 A 8 4R 0 22 oK fige it i) o 1
Zhao MR, KGRI 3L 43 B A 5]
276 BRAERE, HhAa 6 Bk B R A4 il i
PR T 76%, I HX S8R BRAR B 45 ) A Bk 3
RYRE T, XEEE I E R R BT 5 A
[F] /) J& , 4> 9 2 Enterobacter. A 8 FF H @
Gl W R
(Ochrobactrum) 1 Bacillus, %5938, k™
A BRECER R RE S B AT I OR R R R
(Phytophthora sojae) i Y 2Z [B] ££7E 5k 25 1 TEAH
KRR, [ R G NER,

g LR, MY N A EE A BUEYEER
8 i o0 KB M i T R WRSCRE T A5 22 Rl L 42
YA, I AR ML P HR 52 A SR A AR )
e FAEYI B IR T R B R T . RSRBESE AT
2B BRIV N A TR RO PR A= HLAR O 28 0 S
Z A AE TR bR, DAIE AN [) A 2 DXl 4 8
FERU I TR, AR AR P BRI 2 A |
A B R IR . TR, S5 A B AR

(Acinetobacter). Pseudomonas .
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LA G T B, IR AEAT N A2 R S A B
R eI i B B - 5 i K € B i W S S R e 7
PAE L
2.2 HAEEYIANE

DAL A T3 RO i T B RO RGNS
AT A ALY BT, AR TR AR
JR3E IR B E A 4 R P E AR AR AR Y a1
itk

PO 50 T5 1, PN AR TR I T Y
A IR AE AT B ARG 1k, 3 s e ) 1 T 5
REJT . T 5HHE 25 A ) A K S50
RN, REEREA . e BT g
Frid Ak . DG E A E . JeAEMSZI . an
MIZET:, B HE R R g R S5
BT e 5 8 T A 40, Ansari %P7 i
F AR 5.0 1§ (Pseudomonas azotoformans) FAPS,
R BETE T B4 T el /N2 i A KR 50
HOEBE, S AEKME . Abid FPFE #
B, $ERhERE N A AR 19 /N2 (Triticum aestivum
LOTETFRMT, iR A &K & R IR A
B2 15%, AL FEERRIE RN, IhE R 5
BB AT R RN 30%. kA I &
B, MIKFE(Oryza sativa L)W Fr 4385 B9 N A= il 2
& M 055 % 1 (Streptomyces albus) OsiLf-2 T 2%
fif TR X KRR, G EERRE.
7 DA R Bt S A NS G T W) o i AR
FEIR A S R R N A TR B IR 42 AR AT A
A, BEDR R IR R )2 0 EAEDL A i —
B . Sodhi 251 % B, Nigrospora oryzae
#20STUR9a 1y — Ff AL A A A 30 P9 2 BT
RENS 2% /KRB (Oryza sativa L)R)T5M0a, £+
ST, AbERGE R AE Y AR R K A SRR
Wy 2 A a2 A T 1 o 5 i 2 I N T 50.31%
39.47%. 32.95% Fi1 50.42%.

rEhphaa Iy, s R BRI YOG B AR

H, BURHEAR R, SRERE T THHAY
2R S LR R R L AR, ERDGE VR
FEOGE AR, SRk . 45 .
A Ay KRR, MR R AR
A5 K AL 25 i D R [ G RO A AE R
[ 3E T AR B T A2 . AL B Az R AT A HE
FIALEI A AF . Szymanska 252 % 30, i FC AR B
[ (Pseudomonas stutzeri) ISE12 BEWE LG 16 EPT
FACBI RS, FEARH 3 AV % (Brassica napus
Lo, 250 b i Ui s e H ik & LA AR
F it SE ALK, il 40 O RE L HE, TR R
. skEREESI N F K (Zea mays LYW Z 43
B 25 BRN AR EOE L Horh b R 5T 4B
(Setophoma terrestris) DYM7 FllWg 5& ' i I 18
(Exserohilum rostratum) DYMI11 7E 0.15 mol/L
NaCl i Al i FOK P &, $E stk .
R LA G, BRI RS &, 38
oKt Eh E F1 . Sodhi ZE0 % I, Nigrospora
oryzae #20STUR9a {1y — i ) A= K A ik 4 A=
HH, BEWSSZH/KFE(Oryza sativa LR ER kA ,
TEERIGES , AR A YA K G . HEERER
Wy 2 FVE 375 ] 19 ) Jo 2 HE 3 0 M T 48.39%
30.94% . 25.32% H1 43.67%, B85 KA e
K& [Glycine max (L.) Merr. JHJ& PN A MG B 2E AT
A (Bacillus subtilis) 127 Fff & [ ZF f0FF 7 (B.
proteolyticus) 133, TEERMME TR 2 Fh i bk
RESE = K AR, B3 2440 .

PO P38 5 T, IR A S S RO A
Mo TEARE ST, WA TUZE YRS s Al ) 1Y
AKRES, REEYE . AXEEKE . BRI
SRR JE SR Kb 1 7 aR ), iR i
) PN A= LT A SZ 0 S O 8 3 . Hubbard 2800
B, BRI/ NAE [Triticum turgidum Linn. var. durum
(Desf.) Yan.ex P.C.Kuo]H' [ 6 Fit PN A= & n] it i#F
TEMER N NENAER, THAESRZGT,
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REFE I SO i TR (Fv/iFm) . R . F
Y5y Fh - Jii i (average seed weight, ASW)F1 & i
Ji #2 (total seed weight, TSW), Wagqas 57 B 5¢
LKW, eI E T, WA TE Paecilomyces
formosus LWL Bg 42 F+ 48 # (Oryza sativa subsp.
Jjaponica Kato.) [tk . B . THMITLEERE
i, FRAR NI A S S B YK, SR
Hhr, BRI R A2 . 0 e A g
T 45T 7 4 A% W 5 HKB (Lentinula edodes
mycovirus HKB, LeV-HKB) ) 7 # B ik M HL I &5
R AE 25 °CHI 37 °C (i i) & X IR sx AR 55
(Trichoderma atroviride) 4yt , &I LeV-HKB
T el I XA 7] 7 2 T R R TS iR AP A 25 57
XA AV I N AR B Pantoea alhagi
NX-11 K H A 2208 AT 22 fi 1l %F 7K 8 (Oryza
sativa L) 2. MK SR . T AT
FOK RIS, ol S A TR TR
K R 7R AR RN IS Ve L 52 R A AE L
i 1 iR K R v IR R 32 1 . H AR BT 5E 2 4R
T WARVEY), MM . B AR SRR AR S ER
S5 N AR N AR T AR TR W R A E R D
P 5 Jw 3B D7 TE A AR T AT e A E
A IR G R A AR N 4R W (T 52
P, W B HAE VS G L b A fF . Mesa-Marin
AUV g FE W, PGPR A Yl 2 V6 K B (Spartina
maritima) i 2 WEW AL B, fREIR R ALK,
ZfmEamhE, RAPUEAEN . R
I, N Bacillus subtilis LSE02 1E Cd*' FlI
Cu M F, REMEUFRTGZE | ME | ¥
(Lactuca sativa var. asparagina L. H. Bailey ex
Holub) A4, BRI AT & IR 70 4 7 i
B A B G s R B RS . X
FE i U %k ) L 3% (Cirsium  arvense var.
integrifolium Wimm. & Grab.) N 4= i FIAFFE &,
1t Cd Jia N EMEM IR, S fe A4 K

P4 actamicro@im.ac.cn, 7% 010-64807516

WS PLRAERE, 1T TR AEY RS Cd
MEE, Hir, AREESRTGREARET S8
AL TR IR SRS MR 8, BRESG AN, HoAtdt
BRI BB AR

Zr L RIR, AEY) N A TR O e SR A D
i GEA NS NS W5 717 SIERE Y A a7 | = 2 B ol
AT TR TR A L IR A
4RI a AR A Y I aa i . AR TR AE
WAEY AR AR ARTE S . BROLAER L R B
BT Y R R | WS YU R S84 7 T
KRIFHEBFENER, MM 1 HE A Y W0 X e
YA KA ARG, R4S HETE 7R W
RAEY IR T REMIE, Hifkdh T —H#tHE
AU AR N A R R, EXTER .
BP A RO IR AR S B T A N AR TR TR 1 2 R
A, H AT S Y7 D 3Rk 45 2
T 1) T AEBLEI A i — 2P B . ARk A5
UREIR AR RN AE TR PUa MG, 5838 =L
PN A TR T R, DA A (] A 2 DX IBR
AR TR, Al A P i B g, |
T B I A U
23 HmEYImE

PN A TR TR 3 5 A AR Y PUA Y EhaE Oy T
AR CEENME, Wil —RIEJm A
AP, AR R R A g . R E A&
ZRE AR AEY I, REAEYNERARKS
EWKE -

WA BB 1S A ™ A R pitk, BLE
2 G 3k 15 P PU M (systemic acquired resistance,
SAR) 1 5 § & 4t i £ (induced systemic
resistance, ISR). X &30 P 2 W 4K #t T 7K 4 iR
(salicylic acid, SA). ZK#i ik (jasmonic acid, JA)%
WMERGE S TR, YY) R Z B0 A 42
iy, AR R M R R AR A
BB Rk, R AR bR IR A B R
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&, P g IR MG R B BE 1 o Cao
I g 260, BRI ST [Arabidopsis thaliana (L.)
Heynh.| Rl EL S, 4% 56K F CHE B9F AR
PR AE S, BRI SA A ik
ICS1 A8 THYZS G RE ), HEMIfEdE SA A9
A, NADPH % flfi ™ A4 1) i A AL = (HL0,) A
Vi BE 6 7 XA ' CHE (¥ % 2 b (CHE-SOH),
JE IR H,0,-CHE-SOH {55 588k, iZMihY SA |
N- 32 FE WK BE 12 (N-hydroxypipecolic acid, NHP)#4J
BUE SRR, 2T SAR, #FSE U] H,0,
i of Fi AL PR CHE W PR, #Emils T R 5
SA A LA AL, VEBTRUTBE S R B, A
N A B P AL B3 75T (Solanum ycopersicum L.)Fh
5] S AR T 4l v N R e Y B A AE g,
BLH W KA A5 5 00 B8 1 22 e AL BOHG = Al
ZF 168 FF 14 (B. subtilis) HYT-12-1., HYT-151-1 #I
LZ7-133 2 J JA 38 #% 1% % ISR; i
Curtobacterium lutuum NA-397-SYM-1 FI Enterobacter
sp. LB-Z-FJ-1 W [ BHE0TE SA #1 JA @i, B
WG S VM2, ZMEE 7R 1 N AR 5 A
P ISR BIZ FEMERL .

TEPUI S5 L 77 1T, P9 AR T a5 A
oA E SR BB KA S . AR AR S
Br, P bR o, S D B TR A F A
VIS o W SIS R B, DN A (0
%5 1 (Streptomyces flavofuscus) G1 B & B H i
W) SO0 S 2R SR B Be e T (Valsa mali) . IHSRTE
9% 1 (Sclerotinia sclerotiorum) . /)N 75 %5 55 1
(Fusarium graminearum)<§ 22 P Ji 7 #5454 [7]
2 BE (0046 A . Kim SV 5 T4 5 B
(Streptomyces)H (1)1 4 55 3 55 55 11 (Streptomyces
blastmyceticus) 12-6, 7 B H X A5 9095 IR L T8 1Y
PRI, X2 MY I B W B A B
MHVER, AW B AR Y SR A TR AT

e B e CAEUIIR S R W], DA 2 A ) B

(Rehmannia glutlnosa)ﬁ%xﬁF'ﬁ}ZIjJ FEH 2 BRI
AT (DH9 1 DH92), 3% 2 ¥R E X R AE AL 25
o3 Y BU TR 9 F 8 981 TR (Fusarium oxysporum) Jié
P B S PUE T, IR R T 31.00%,
Herb DHO2 ARG o 3, A% 32.20%,
TEA AT h i o R i 2 PN A T Ak B
iF AR AERE R, B A K s AR RN 15 45 B A
BEAR, RERR I AR P HILE 32% LT, miBiia
ROREIE 75% LU B, X —AF5 R AN 2R
RBTIAA AR ZE s it 1R A BRI 1%

P AR TR TERAE 3 Uy Tl R 5 A
HOEFHRE AU DR G R R it , b REREZ R
15 EXPR I AR SCE R RO, S R E, 7
EEEEE'E"J*E%/\M%@D%%\ AHLIR . EHER |
A GWAE), fedt HErh AR,
2 AR R A A R R s (], AR AR
(1R 7K e il S5 0 PR ) Jo ] DA 3 AR G, sl
HxHEWRfEE . Lin UL, i 52488 2T
W (Bacillus halotolerans). F}+ ik & 2F #0 FF &
(B. kochiiy, K ¥ UL W) ZF 1 4T W (B.
oceanisediminis) . 5 /NSEHFT I (B. pumilus) . 7k
TE 2F {0 AT 55 (B. toyonensis). Wk 25 6 FF B (B.
cereus) ., ‘PLRAR IR (Pseudomonas aeruginosa)
FIME EIR ZE FFT 18 (B. pseudomycoides) GE WS AT 4L
A -3 P AR 25 2R . Mantzoukas 5570
5% 1 R4 118 1 [ Beauveria bassiana (Bals.-Criv.)
Vuill.]A 2 47k 78 kR GHA A1 PPRI 5339 L) &
> DA SBT3 5 1) B A TR (APO 10 1)%
& N (Cucumis melo L.) Fl ¥ %
ananassa (Weston) Duchesne ex Rozier]#H k£ 1 4
AR, R BT AT S L T TR AR A 8 2 M A
2 P e s, AR AR BRAH L, &iﬂi_
FRAE ) o ORI ) b R AR e 0 D
FHERS IE B R R APO101 Al PPRI 5339 LIEE’J
T, ACFNR S Bk

[Fragariax
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TEPE R AE Y Y 2R B e eV 1, AR T RE
g 7= HA BR AR DI RERY I BT, AnA= 1 me |
JUT il . ARAREHIAR . wRaw s, X
SE ) oSG N T E EAEM R SE b gy BF
GERW, AR TR R 0 B i A s e A nT LLRH
IR R AR, SR E N AR s IR AR W) RE 22
il AR 2T A AR R I RIVE T L 4R e A ) 1 AR )
MM I ASFE %0, Saikkonen %71 it 7E 3 4
06 59\ B M =5 (Festuca ovina L)WY N AR TR E
BRI 3 N AR R TR R A R P i A AT, R
PR AR TR X R e R ) e A D 3 T DLBH IR 2 A
2. FREOP R KK, HIFD kS
(Pedicularis resupinata LYE AR 274 250, 1
W 7 3 25 58 AL £ 5P (Stipa purpurea Griseb.) {5
I, WMHHAK, 5 Epichloé WA HEILA
SAEA e g X AR ], IR, B
G HN S ar RSN, S T A
AR RIESHE AR, (B R EHE R R I
e FANHE R (BO)MERR, 2540 7 R TR 4 M R
HW D8 T A ELA T RAAK, MmN
A TR 3 A R AR R IE A R AE B i
YIRS AR Y/h

SN AR TR AR P bE U5 T 2 RS B
BCR, BT IS AT 22 4 vh A DA W S
O E RS, X T BB RERN A TR LA SR %
HIPPF RIS D W, A S
0 N R B 2 [) 5 2 R B AR T I 245 i R 58 4
BT, JCH AR5 2 ) R A AL AT
S . ARRMEFETG BE— L TSI, B
ABRENAE S8 FHED AR, Al
AR 20 EI R R
24 REBERERHE = EFEMS

TN AR TR IR AR - ) 2R 5, B
Y. R FER. BANER. K. ZIK
KK, sl S SRS E Y, AU RS

P4 actamicro@im.ac.cn, 7% 010-64807516

MR AERKFEE, BRI HSTAE A
BEE. R BomiE . malmis ) LB
B ORI R . FIRL RS R, AR
He, XA Y)Y 2 R0 A WIS PR A A2 G T,
JUHAEGUME . Bl . bUwEE . PR Pk
KR T T R B R T . e S
SER I, 2 S YIS ) I e N AR R TR
JA G RES Sy, R P BT B AT R U 5
PR IS R S (B HG e TR . 2R T I R . -k
WRIER . BERR . JEER . EERSEHWRBB PR . R
HOyE e s TR 107 92 15 2 ) o 3 s s
g

TEDUMIR R T, AR i RS
Y, ZmIRMERITFTORL, NAER
Taxomyces andreanae g & W5 A2 BES), 1 Ab,
fiti 75 B4 ) # J2 [ Clausena lansium (Lour.) Skeels]
7 N 4 B B Colletotrichum gloeosporioides
HPY-2-1 Fl 3£ W # F K (Leptospermum
brachyandrum Druce) "' - N 4= E & Diaporthe
foeniculina SCBG-15 4> & 4 () 1k & ¥ B11,
B33 1 B34, HyfEdiih W& i@, Horp
B11 i& B A7 Hit i F 48 74 AR 4 5% (0 3 49 R T
(methicillin
MRSA) P, MEEH N b 25 3 W (Blattidae)
o B AT B 4 Bk AV F I (Serratia
marcescens), WP R WA12-1-18 Befa g r= 4k
21 {0 (0 K 1Y R 1 41 2 (prodigiosin) B A T g 15
PR, I R B 288 T B e Al . Huang
AEI0) YRR 4 (Curcuma wenyujin) F 43 85 H A
He Y SR AT B (Bacillus siamensis) WYJ-E14
TR R 1 AR 7 0 3 3 22 o A 410 o) e R A
R 250 o, ZE R 8 MR ™ R
AYU A AR TS SR, PUMIE TS
A BRI A XD, H 2 A TS E B B
TR, B HZFRHHRRA T H

resistant ~ Staphylococcus  aureus,
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A L

PR EEY A 2, AR e . B
0. 5w RS Y MRS, X A EUE R
AIVE AR EER, I A8 BT 25 ) A
BRI b Bl A AN
(Taxus wallichiana var. chinensis)F Jiz 943125 21 1)
RELE P BB 2 e R G W N AR H A
HARI =X A 658k 8 (Candida albicans) ., K
W ¥F T8 (Escherichia coli). 4= ¥ {0 % %5 K
(Staphylococcus aureus). Hi & ZF 1 +F & (B.
subtilis) . HERAR S (Pseudomonas aeruginosa)
A5 5 RNBUR A A I . Makuwa 55 A2
FRY) Dicoma anomala B AN 2H 23 b 43 55 HY
PINAAEE, 20l )E T 2R AT 8 (Bacillus) .
%) BRK W & (Staphylococcus). B 3% ¥ M W R
(Stenotrophomonas). W ¥T 14 J& (Enterobacter) 1
2 18 )& (Pantoea), H:H 7 A A 40 RHL B ) %)
K 1% ¥ B (Escherichia coli). W& IR Zf #9 T
(Bacillus cereus). 4 & A% KR (Staphylococcus
aureus) . Hi LR MR 50 B (Pseudomonas aeruginosa)
Mr=g v S5 10 EE(Klebsiella oxytoca)%ﬁ 5 Fhom
e I A VI /T = IR S [ 7 )i N
0.312-0.625 mg/mL, JS48 & R — S840 i ) i 2
AL, B AR HIBL A B ) 800 A3 75 TR ADESE
DAHESh R AT 2 A AR 25 )

FE UG B 06 ME A, R T K
(Cirsium japonicum) W & E. 1 Coniothyrium sp.
DJ-1 w43 25t 40 i B A e IR e B 3 AR il
(SARS-CoV-2 Mpro){fi i fb22 17, BEA 2
il 7 284 5k IR s B 3 2R 1 B 7k . Basumatary
SEOOVAE R il (Solanum lycopersicum L) R kK H 43
[T S v G ol O = G i Tl o A L 52
(tomato yellow leaf curl virus, TYLCV) A I} & )
RO o 3 6 2 L3 B PN A TR AT RE R R 2R OR A
PUR BRI TIE M OCHE . SRIMT, X Z R AE Y0 5

()N AR R BT T TSI AN I, /5 SR BT FE AL A
WIE, WAKE 553 B PR s Y o

PTG PEF ST, Chen S50 & BV 1 i
KN B Acremonium vitellinum W& 55 = AG4E
WX MRS B (Helicoverpa armigera) B A 15 A G
P, 575 3 D2 21 W B il (Kandelia obovata
Sheue & al.) N 4= E.[# Fusarium solani QJS4-1-2
BB h o AR B AL E Y, R AR A2
(Helicoverpa armigera) %)) H A= K A #10 ill 3% M .
Song 2% IR N AE B (YC F BB) 3P /N A2
(Triticum aestivum L)), 34w T /N MR
HOSRRIIR . T A . SN E R R T SR Y o
X B B S E AT . AR R
B AR S U OC, NS R 1 R 45 4 45 17
(Rhopalosiphum padi) [ BUE RCR FIF RS G 1 .
BEAERAR R AU T e 25 B fif i,
i1 AT B TR IR B R R 2R 5. AR
(CRTAE5i I (EDO R Uk S U IEZRh S (E 7/ R I 5
IPT R NAE R AT IR A D, THIRARTE N AE RS
T A e B AE EAE AL

FEPUAAR I PE DT D, — P B R R
B9 R Ml [ Cyclocarya paliurus (Batalin) Iljinsk.] P
A HH K RERLSE ), X DPPH, -OH |
0, . NO, % HMBHEAERES, X Feo B
AEEAREST . Tao A5 I BT HLERE g A= BT 12
R M oh 20t e IR B AR AR s M SR, X
V22 B R R AR S P B s b Bl e (B A 0 | N 2
YA TR YRR SE AN 2, R o A 5 0k
FEAR S ZHU AT TR

PG PE VAT IR, PRAE TR AP A
21 5 42 (Taxus wallichiana var. chinensis) 53 B 15
B 8 FhNAEEEE, HTEk ZGG-5 B E N
TE # BR L 25 (Phycomycetes sp.), F. A PI3K il
WYE, S SR B PR YA G . Harper
ST TR N BE (Tripterygium wilfordii Hook. £)H

http://journals.im.ac.cn/actamicrocn
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ISR N A B Fusarium subglutinans, H:
Ry ) i R S AL S ) B 0
TG PE . SR, XA () A 25 R B R A P b 28
A B Y S e TR T TR EIR RN 2, SRS
DI, A T e 5 AT A g I I 1 A P A
TR

ZE ERTIER, AR AR I P R S
H£Z, WIEEYE . k. FORFEZMLE
Y, XS AU RS AR A AR A
KE, bR PR A Y KA Y i aa i RE
Jio ARk, XS CH AR BT . BT .
PUWTE . DU PR B S I 45 T B
R E AR WIS T, B B2 W R A A 2 1Y)
AR THEEGRE ., SR, HET T UM
PU BE S LA R R A 25 T 5 ol b Ry e R 1Y
WAE TSR D, H 240 T 9250 % B B
RIS, X470 B o ) A AL A R B [R]85 L Bt
AN AR TR 5 A SR AR SO B AR B T BLD
DA B AN [) Az 285 B 558 FTAR ) e 23S oA A AT 1) 5 0
NGRS T IR RAN A IRA . AR 5T
MR, B HZ2#RHEOREAIRTE N AR IR
ZAR Yy 0 L AT P LB, 4 i i 22
BAAEYTEER A ST, LUE AN [5] 0
GURI TR, B | AR AR LR A A 40 I
PRULTE 2o R HEEY BEIR, IR
BRI FIAE AR 2519 T K S5 R

3 WAERH R AR

UCAFER, FlE X AR ST BB R A
W FE A S BN AR AN A b i ERE A R &
/R EEAEM, HACS Yk R
ZHEYREE, WMPURTE . PUE . SRR AR
FRPEP®, el . Tl R B 2455 2o A4S 450 v B
B RN T

P4 actamicro@im.ac.cn, 7% 010-64807516

3.1 AEEERLGUEEIN A

PR AR TR AR AR A B A T Y T T o
EAMERAEDGGH], A SRR |
YA R OB SR E, B A U
A AR, RPN TE, WD R A
M . [FIEE, AR TR AR S AR AR K A i
FIF 3B 2 5 AL TR, X ORe IR
Bi . YRR RS R GV S AESh AR R RSk K e
RAEHEEAER

WAE R AR U R R SR E SR
Yo Ko s AR 7 R RGBT RLE], Ao
il B AR, O AR YIRS R IR . A
A SR IT R, N A R R PR A A R
Py o ke 400 i o D o ) AR BB, AT AR AP e 2
W Rz E R, BRI Ny T
XF/INZE R T A RS UE N AE AT, 306/
W E MBI A B, RigE G
WFFE & B0, WA HL-1 w3 504 R A 7
F, ARAE T B2 (Stellaria media L), JKZE
(Chenopodium album L.), #E(C. glaucum L.)F1%
A6 35 (Elsholtzia densa Benth.) 5 2% B (1 A= K,
FLrp X 2k (Stellaria media L)) EUR AL T H:
il 3 FhZehe [RIE, FEY N A T RE S 2 IR )
WER L 4R R O A R A R BR S TRE AAE
A R AR A AR, SRTERAEY ) =
A BT . AR N AR TR A AT B R SR A A ) B 5
FOMAR, EREE L WA YR (0 TAA
CTK)RHFFAR R LT « BN BSCR LA K
B NEATEFIRCRI, s S LA
il 4£ 4% [Aegiceras corniculatum (L.) Blanco] #R
TSN 3 RN TR RS T R A [ UM
B o 3K SRR (A5 PN 2R TR A 4 AR 7 i
s B AR T HZ — WA GRS i 42
FBEFOT R AR AN (eI ke i
e85 X u i i A A KU e+
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SBEE D, WA Bh A S
HEJE, BEL WA YR . B R S i,
P LR, WGE R IRMOREE . A AR
AT AR, R P AR T T e R AR ARSI
i 68 AR B AE Y e 25 (Solanum nigrum L)X 531
EHARRET . AN, WA MR A ILIREEZ &
i L E AR, W SRR AR
e AL B (superoxide dismutase, SOD)/r b, $#
FHAE Y 4w W, IR B IR A Y 1 RS
FUO i feed SRV OSRIESE AR AR AR AT AR
[BIYE K 5 [Glycine max (L.) Merr. JHEA 315, B3
PEim T NHE-N. 8 B SOOIk 6 v, I
R I8 IR B 4 5 NO3-N &it, FEIRABEAET
T OGS IR R T R T B R
Gh, NAEREAE AR, Al ez e
BHEH, BRSBTS Y, $EmAEAass . Sk
N A= T I A R A P A v R T, fE
TEMIA K, IFHsRA Y bR e 1110,

JAE N AE AR AN A 7 BOA B R vh 2 4
HHEEEH, EmmiG—pkik. Flan, 1mE
Lo —PRRR I T HAEA RAE Y R A HE AR X
HAZZEABR, HBGSCRA e Gk 2 57 4
WS RPN S, S T ).
B, AR IE AR P A TR AR A AR A P 1)
RS 55 Y EAEYLE ZAE
W, LA s TR, B AR,
FEmagE X & R IIAME AR 7, DEshmA:
AR BR e A L AT o W, G N AR
TR AR I, KA B TP R
I8 AT
3.2 REEEIT USRI N A

DA A TR R L R P A 2 R E AR T )
TE Tl sk i 0 H 4352 800G . T4k, Bl
B WA WTRARE AR R 2Lt 28, WA
TERGHIA A . RIE R KFRIT R, U

WA 25 55 1 Wy M i) 9 25 T 1 e B ) el #)
FHRT

e PR A= 77 D7 T, PN AR T PR B 3
TN B =S E S G i WL
TERIME . LPHEZR M . E RS 2 Bl 2R B G
ORI . B 5¢ B (Chaetomium) 1 K 5 &
(Trichoderma) W AR Z W ELIR RIS P 4T 4E R
M) BAEE MR, Hh, BRAKRE
(Trichoderma reesei) Vi A %5 J& WA T YL ER
RENS i R MM ET Y R Ml , A48, 958U e
LT P AR AU AR BN Tz N N A
LWL B, HLCOREE (T, reesei) T /12
(R ET 4 25 T RE A% X R BT 27 4 R 2K A Y b Y £F
AR IEAT A RS, R LR AL Ty ] A e, 22
K WEER AR v] K WERE e AL A S, DTk
A B R RO, AR SR A R
TH TR SRR SRR Ak, AR
W (Hevea brasiliensis) N 4= Vb 55 K B (Serratia
bizio) = 7 IR IV i ) G N AR DR IR 2 —, i
o X Z R EATOEST L sE A B T D Ak
SmLipasel , F11Z35E P Gmt 04 B 105 il 78 A 4 4%
TSR BL T — & i TF R SN E, B RE
AT AL g 5 T B AR B, R AR 7
PEWTER MG s HeAh, ZARWIREAEESR . B
AR AT T AT A7 A T AR B LT A S5, AnAe
BE A AT B S BRA LTS

TERROR KA RO R ImE, WA A
AT PE AL BT PO . FRINRE . LA fLSE
IfE, o0 N A L R AR FA RR A AR X
BRGNS S I TE T RETE A T
K AR R A BE 7 B R B EL RV ) .
TR AR —Fh i AR A R AR R
BA Gt @5 AREH ISR, itk
b W O BRI R A
Torulaspora delbrueckii %§ 37 F il 5 5% 4 KR Y
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TR & O A, AR T BT RS R AR R
I CIRAR LR, VLR AT A8 FKCR SRR
LM RHEEROE P EESE, 580 B N AR I )
DL A e A A EXUR Y A6 & 0 T £l
k5] El-Sayed 251V 4 & (Origanum vulgare
L) w4y 25 009 N A BB Monascus ruber
SRZ112 AL A Z R AR, Xee@ R AA RUf
AP AL NPT M, ] DAVE S KRR 8 3 0
TEMMEATTIL,

TEAED AR 25 5 A e R 48 7 TH, NAE TR
Wt oA R . LT B . A RS A
PUEAEFH AP I, X it oA A A A BB 7 A
AR o BN, A R ZE AR IR (Bacillus
subtilis)RE " = Z R BT E R FPURK, X RIEAT
5] (Bacillus anthracis) . HNE K E ] (Fusarium
oxysporum) 55 22 TR W) s J5E T 0 IR FH B 2
FEAE 19 35 B i v o B E s T SR R
(Trichoderma viride)RETEAE AR 22 & il PR e B
5 SRR (Fusarium) 358 R 25, A AR
JE X REPIAR R (AR e A 3 1 R A [l
TR AR TR B O3 i I ER LS )
MURETT . P LI A A, SRR YR
£ o B RZFEMFT H (Bacillus megaterium) Be W 1~
Az A LR AN TR T S5 ) 5, 0 ik 8 v A
PEREILE Y, dEmide s L P B A R, e
PERE P08 8 B WSO A P L AR ) A R A 5
FEREEE TR A, SRR RE S R
WAL IR, RERREFERK, #
R A X K 3 R 3 O RE T o AR PRAE AR 20
B ORY 2 AT T (Bacillus). B
Pseudomonas adaceae 55, W] 7= H: 05| Wk £, R 55 HH
W E , RIS AR R A oy R, 3
TR 28 B A AR RS A, DT 22 o A P % 7K 23
FFR53 B mcRE 13120,

JAE N A TR TR Tl AU 1 T AE 9 2 B
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12 BUR, (H DS 50 5 B R Pl Ak i 5
e B R 5 2Pk . HAT, 2050 R
A5 B 7E S 50 28 B Be s/ NS SR i B, k=
FOAUAZE Tl A AR 7 B A R A T 25, PRt
R R RS N AR TR R RS 35 . 7 0 B 4l
5 RBHEAR PR, b= T2, B
MRAE P A, 2 m = i B AR e M, S
AT AR ERR . [RIEE, N e E N A
RS ) R B B 5 R B, AN W 9 e JH vy S el
FIIIEL

3.3 RERAEEDTENA

DA A TR B 24 Sl iy R B, U A
R RGBT .
21 5. 2 (Taxus spp.) W A= H B 7= A 1) 58 F2 g
(paclitaxel), 1Fb i ZSPrie 25 sy, @il
S ) 248 SR S AN A 22 53 240 A A R I e 2
MOXG5E, ) 0 TR . N SR A 2
FEREIR YT, B Ak, Harper 2507 TR A T
(Tripterygium wilfordii Hook.f.) 135 iY N A L3
Fusarium subglutinans 7 =4 " 4 ik MR 28
fk& %) subglutionol A Al B, FLAT It 25 5 2 41 il
WPE, 8 B SR R A RS AR R SO
BRI T R AR T LB .

AR, AR = A i HAb ik AR =4
WMAEYTE . w5 HEIASESE, WL R
PR RIS i, J6 S A AR B T Y
S A s = AL A&, DL RONAE Y AR B
Pestalotiopsis palmarum ™73 55 () 40 M 5 1 — R
Bk AT 4= %) sinopestalotiollides A-D, ] g 7= H T
i T PRS2 ke R AR T B 2y
PIRoRIE, W 2T A SRt 1R R B

JAE N AR TR AE IS 24 AT I T )
AT 25 S MR B B A, s AH ST T A
WS FRREE N H ARG A 2R G, AL
i B 22 ELA W3 24 T P Y N A TR O AR AR
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HAENLH S EAAE e 2 AU, B D
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fE 7 RRE,  E X Zh RE ML ) A TR ABIF 5 R
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RPN TTER, RS e B A A, HESh
BT TE ITRA S, T BUR IR Z A S PR
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FEIR I 5 Tk R MU A B, AN 1 SE T 5T A0
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RE BN AT ST R FE B SO A R S, DL Ko
T g Bk i esdR e SBk;
X iR 5B,

E& A 35 0¢ RATE 7 A

VR P AT AEAT AR T RE 23 52 W AS SCHI 4
AR E AT el AR R

B3k

[1] NASIRUDDIN N, CHEN GY, YU ZX, ZHAO T.
Endophytes of terrestrial plants: a potential source of
bioactive secondary metabolites[J]. Journal of Food and
Nutrition Research, 2020, 8(7): 362-377.

[2] RUDGERS JA, FISCHER S, CLAY K. Managing plant
symbiosis: fungal endophyte genotype alters plant
community composition[J]. Journal of Applied Ecology,
2010, 47(2): 468-477.

[3] TRIVEDI P, LEACH JE, TRINGE SG, SA TM, SINGH
BK. Plant-microbiome interactions: from community
assembly to plant health[J]. Nature Reviews Microbiology,
2020, 18(11): 607-621.

(4] A, EOR . RN A T G AR I Y 5
JE]. A4k, 2016, 36(4): 1-6.

YANG Z, CAO J. Research progress of endophytic fungi
and their secondary metabolites[J]. Journal of Microbiology,
2016, 36(4): 1-6 (in Chinese).

(5] Bdet, sKIEDT, PN, X 4 Jg, B4, ML, TR .

25 IR - N A T - MR B U W AR BIE St Jg (0. vh e
24,2024, 55(15): 5264-5273.
CHENG LY, ZHANG GH, SUN Y, ZHAO JL, NI CY,
SUN Y, XU LC. Research progress on tripartite
interaction of medicinal plants-endophytic fungi-rhizosphere
microbes[J]. Chinese Herbal Medicine, 2024, 55(15):
5264-5273 (in Chinese).

(6] XA . ™7 7 A A TR 19935 1 U 0 e i 1 14 R T 114
WA T YRR D] TN ) AR 2y 2= Bl |- 2= 7 it

http://journals.im.ac.cn/actamicrocn



1462

ZHANG Jingyi et al. | Acta Microbiologica Sinica, 2025, 65(4)

3, 2014,

LIU WZ. Activity screening of endophytic fungi from
Pogostemon cablin and study on secondary metabolites
of Lacrima Hygrophila[D]. Guangzhou: Master’s
Thesis of Guangdong Pharmaceutical University, 2014
(in Chinese).

[7] ZE7 . AR T A BB ST e (D). Fh 7ML, 2024,
42(17): 142-145.

ZUO J. Research progress of endophytic bacteria in plant
seeds[J]. Seed Science & Technology, 2024, 42(17):
142-145 (in Chinese).

(8] D&, WAFIA, £12, ZRyR4, G5k W] . R fie A TR Y

Ty Be K AE AT R 2 Al b i T 7], R 2R 4R, 2023,
60(6): 1555-1568.
MAY, CAO MY, SHI XJ, LI ZL, LUO YM. Functions of
plant growth-promoting bacteria and their application in
sustainable agriculture[J]. Acta Pedologica Sinica, 2023,
60(6): 1555-1568 (in Chinese).

(9] VFEEH, FhAF, 280 . R B B AL RL A e b Ak
Jkifﬂﬂiﬂﬂﬁr“ﬂi ﬁffmmm 2016(1): 1-6.

XU JG, SUN T, LI S. Application of microbial fertilizers
in agricultural production of China[J]. Crops, 2016(1):
1-6 (in Chinese).

[10] M 3BT, w2 . 4B oA A T 1 0T 5 MG 60 K 17 P i

0], Al A 5% 45, 2011(2): 74-77.

XIAO SX, GAO JM. Research situation and application
progress of endophytic bacteria in plants[J]. Agricultural
Technology & Equipment, 2011(2): 74-77 (in Chinese).

(1] 8. A A R AR S A 2800 A [D). TR T AR T
FERZAA 22 83, 2013.

GAO J. Diversity and ecological distribution of
endophytic fungi[D]. Zhanjiang: Master’s Thesis of
Guangdong Ocean University, 2013 (in Chinese).

[12] Whasize, B2 BE, TFIA, ﬂ*iﬂb %ﬁi LN A T

5 B R BT R[], AR SRR, 2010, 19(7):
1750-1754.
YAO LA, HU ZB, WANG LL, ZHOU JY, LI WK.
Research development of the relatioship between plant
endophyte and host[J]. Ecology and Environmental
Sciences, 2010, 19(7): 1750-1754 (in Chinese).

[13] HEEHE, 250k, #hH, £F¥, Gontcharov Andrey. FEHIAN[H]

A AT B R A AR ELR REVE RRAE (). IS, 2024,
22(3): 290-300.
SHAO MQ, LI S, SUNY, WANG Q, GONTCHAROV A.
Characteristics of culturable endophytic fungal communities
detected at different growing stages of Tamarix
ramosissima[J]. Fungal Research, 2024, 22(3): 290-300
(in Chinese).

[14] rifgse, X Ef, 155, skEI0E, B2, (L, X e .

FARAL I PN A 20 T Y 22 R i&ﬂ@ﬁﬁ*ﬁ[ﬂ. W A
b R 4R (B SRELERR), 2023, 49(6): 675-683.
LIN HY, LIU CW, YANG Y, ZHANG ZX, ZENG CZ,
WU G, LIU ZH. Diversity and source analysis of
endophytic bacteria in tea roots and leaves[J]. Journal of
Hunan Agricultural University (Natural Sciences), 2023,
49(6): 675-683 (in Chinese).

[15] GAO XX, ZHOU H, XU DY, YU CH, CHEN YQ, QU
LH. High diversity of endophytic fungi from the
pharmaceutical plant, Heterosmilax Japonica Kunth

P4 actamicro@im.ac.cn, 7% 010-64807516

revealed by cultivation-independent approach[J]. FEMS
Microbiology Letters, 2005, 249(2): 255-266.

[16] i R B E 252 AR AR P 5
th&%é VLA RRE, 2019, 47(20): 13-19.

GUO BH. Current status and prospects of ecological roles
and natural products of endophytes in plants[J]. Jiangsu
Agricultural Sciences, 2019, 47(20): 13-19 (in Chinese).

[17] sHaHa . A AR TR 5 8 PH 00 1 o3 (AR OGP [D].

RS LI PY R AR 2418 3, 2018.
ZHANG YY. Correlation between endophytic fungi and
main active components of Cynomorium songaricum[D].
Taiyuan: Master’s Thesis of Shanxi University, 2018
(in Chinese).

(18] wife, ¥ Bk . UEM R ZHE0E A S D RE
RWFTEHERE ). LEMZAENE, 2022, 30(10): 164-176.
GAO C, GUO LD. Progress on microbial species
diversity, community assembly and functional traits[J].
Biodiversity Science, 2022, 30(10): 164-176 (in Chinese).

(191 JB) &, fal#Ig, PRIKGT, SRAEDT, SRS, SOREME, X

W R0 A R R BIR . A EoAR

J&, 2023, 13(1): 55-64.

TANG GX, HE LW, CHEN YY, ZHANG JY, DAI YQ,

LV HX, LIU LH. Techniques on colonization and

detection of plant endophytes and its application[J].

Current Biotechnology, 2023, 13(1): 55-64 (in Chinese).

XN, EA0HI, PG, LB 7AW e BORTE Y

VAL A T 0 2 M TP Y O [, 2 TR R AR ) BT U

2006, 28(3): 9-14.

DENG MY, WANG BC, YANG ZC, WANG L. The

application of techniques of molecular biology in

classification and identification of endophytes[J]. Amino

Acids & Biotic Resources, 2006, 28(3): 9-14 (in Chinese).

MR 2R, XBHE, Bl , thikige, BR20 8 YN A TE

FEVR A S LT RERF aT R [0]. A Bl2, 2023, 35(2):

132-139.

CHEN ZR, LIU XY, ZHAO XD, MA HZ, LIANG HC.

Research progress on community composition and

function of endophytes in plants[J]. Chinese Bulletin of

Life Sciences, 2023, 35(2): 132- 139 (in Chinese).

[22] XU, i, 35 L, BEERE, 2005, SSC8R . IR

Ll DX 75 88 0k N A FL TR %ﬁ@*ﬂﬁ%(ﬁ PERFSE[T].
rhEiAE E 4, 2024, 49(5): 519-526.
LIU WJ, ZHANG JF, HE MF, TANG JH, JIANG SL,
GUO WQ. Diversity and antibacterial activity of
endophytic fungi from bryophyte species in Jinggangshan
area[J]. Chinese Journal of Antibiotics, 2024, 49(5):
519-526 (in Chinese).

(23] S, Mo, ¥ fiv, ZRURNG, 00 . /NBEAEAE N A EL B

ZREME AT AP TR IR [I]. T VEAR S, 2024, 44(2):
382-395.
YI H, HE J, YANG X, RONG ST, WANG L. Diversity
analysis of endophytic fungi and preliminary screening of
antibacterial activity in Camellia luteofloralJ]. Guihaia,
2024, 44(2): 382-395 (in Chinese).

[24] AFZAL 1, SHINWARI ZK, SIKANDAR S, SHAHZAD
S. Plant beneficial endophytic bacteria: Mechanisms,
diversity, host range and genetic determinants[J].
Microbiological Research, 2019, 221: 36-49.

[25] JTELYr, WHHETR, WL, AREE, TR . 16S tDNA-RFLP

[20

—

[21

—_—



ks | AR, 2025, 65(4)

1463

[26]

(27]

(28]

[29]

OIMTANIR] 7 NS A T 2 A PR ). VIR P R 2 R
27224k, 2015, 27(5): 51-54.

WAN HJ, XIE YF, XIE B, ZHU JH, MA GQ. Analysis
the differences of endophyte bacterias in panxiginsengs
by 16S rDNA-RFLP method[J]. Journal of Jiangxi
University of Traditional Chinese Medicine, 2015, 27(5):
51-54 (in Chinese).

SRR, 5V S, R, JRA, BN, BRIEAE, AR,
SR 5 A T DA A LT 0 1 S R K ™ S A T
AR RTEL]. | PUAED), 2021, 41(6): 883-889.
ZHANG YQ, FANG HY, CAO HM, GONG B, DENG
ZJ, CHEN MH, SONG JJ, ZHANG H. Endophytic fungi
isolated from Salicornia europaea and their antibacteria
activities to aquatic spoilage bacteria[J]. Guihaia, 2021,
41(6): 883-889 (in Chinese).

KT, KB, ER BRIRSE, AW {5 TS
PR35 AR TR 2 REPERT T (0], 4 5 TR 23R,
2017, 17(4): 1407-1412.

ZHANG W/, CUI YB, WANG Y, CHEN ZL, LI YQ. On
the endophytic bacteria diversity of the reed in the sludge
drying reed bed[J]. Journal of Safety and Environment,
2017, 17(4): 1407-1412 (in Chinese).

A%, XUHRME, PhEN 0%, 5KIF R, FRI, AR, B, XI55
W . 454 M7 J5 X NS Fh T N A AR RSB E ).
FREEZ(5 ., 2017, 34(3): 28-32.

MA W, LIU ZP, SUN LY, ZHANG KX, XU J, WEN D,
ZHAO R, LIU XB. Endophytic fungi diversity of ginseng
seeds by using 454 GS FLX[J]. Information on Traditional
Chinese Medicine, 2017, 34(3): 28-32 (in Chinese).
MARYANI N, YULIANTI S, RAMADHANI I,
KHASTINI RO, LEKSONO SM. Diversity of Fusarium
endophytes isolated from wild bananas in pandenglang,
Indonesia[J]. Journal of Tropical Biodiversity and
Biotechnology, 2023, 8(1): 76897.

SOLTANI J, HOSSEYNI MOGHADDAM MS. Fungal
endophyte diversity and bioactivity in the Mediterranean
cypress Cupressus sempervirens[J]. Current Microbiology,
2015, 70(4): 580-586.

LIN HY, LIU CW, PENG Z, TAN B, WANG KB, LIU
ZH. Distribution pattern of endophytic bacteria and fungi
in tea plants[J]. Frontiers in Microbiology, 2022, 13:
872034.

POTHIER JF, WISNIEWSKI-DYE F, WEISS-GAYET
M, MOENNE-LOCCOZ Y, PRIGENT-COMBARET C.
Promoter-trap identification of wheat seed extract-induced
genes in the plant-growth-promoting rhizobacterium
Azospirillum brasilense Sp245[J]. Microbiology, 2007,
153(Pt 10): 3608-3622.

H5 50, W, IRISEL, /NI, EARR | BT AL A
TAA NZEZF MUFF TR 40 85 3 Ko™ iR k2R AL & W1 F
FE[J]. WAHGH IR, 2020, 49(6): 420-426.

DONG MM, YUAN B, XU LX, CAO XY, JIANG JH.
Isolation and identification of endophytic Bacillus sp.
producing iaa from Taxus wallichiana var. mairei and its
lipopeptide production[J]. Subtropical Plant Science,
2020, 49(6): 420-426 (in Chinese).

RN, TERERY, AR, ORI, R, EuK, MEE.
ThAR EARBR ™ TAA ZF AR IR 473 25 5 B fie A= S8R BF
SE[J]. LRI AR ), 2020, 36(9): 109-116.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

LI PG, YAO YQ, SONG JX, WANG TQ, ZHOU B,
WANG B, LIN RS. Isolation and identification of
IAA-producing Bacillus sp. on potato rhizosphere and its
growth-promoting effect[J]. Biotechnology Bulletin,
2020, 36(9): 109-116 (in Chinese).

BEDF, BeAE, ik, KR, M5, 57 . 2 I
AW TAA BE A A= THARE R E [)]. LBk FiaE 4k,
2022, 28(1): 22-23, 39.

LU YJ, TENG F, JIANG S, ZHENG YX, YAN XY,
WANG F. Determination of IAA-producing ability and
growth-promoting function of two soil microorganisms[J].
Anhui Agricultural Science Bulletin, 2022, 28(1): 22-23,
39 (in Chinese).

SRR, X, AR B, HAr % KT 6-BA X LL S A
LSS B FZ R [T]. A= )22, 2019, 36(5): 62-66.
ZHANG LY, LIU XX, ZHU CH, GAN LJ. Effects of KT
and 6-BA on the fruit quality in ‘Hongyan’ strawberry[J].
Journal of Biology, 2019, 36(5): 62-66 (in Chinese).
CHENG S, JIANG JW, TAN LT, DENG JX, LIANG PY,
SU H, SUN ZX, ZHOU Y. Plant growth-promoting
ability of mycorrhizal Fusarium strain KB-3 enhanced by
its IAA producing endohyphal bacterium, Klebsiella
aerogenes[J]. Frontiers in Microbiology, 2022, 13:
855399.

AFZAL A, BAHADER S, UL HASSAN T, NAZ 1, DIN
AU. Rock phosphate solubilization by plant growth-
promoting Bacillus velezensis and its impact on wheat
growth and yield[J]. Geomicrobiology Journal, 2023,
40(2): 131-142.

FEAEL, i E, B, o PO%, 2 2% RAEYIAR
PR A T A 08 S AR "2 PR (D). oh A R
2, 2023, 28(1): 137-152.

KANG SM, WU RY, MU WQ, SHANG QM, LI PL.
Isolation and biological characteristics investigation of
superior plant growth promoting rhizobacteria[J]. Journal
of China Agricultural University, 2023, 28(1): 137-152
(in Chinese).

Kk, B & AT IRAUR I e, 2ERUA, R 5 v - AL
P B ACC itz B 4 1 28 B PN A A0 AT 110 53
YooE R HAM LR AR 3], BB ~4 2% K, 2015, 35(3):
23-30.

ZHANG T, Nazierbieke Wulumuhan, GONG FJ, Borrathybay
Entomack. Isolation, characterization, antimicrobial &
plant growth promoting atcivities of ACC deaminase-
containing endophytic bacteria from Gynostemma
pentaphyllum Makino[J]. Journal of Microbiology, 2015,
35(3): 23-30 (in Chinese).

R R, RIS, XA L, 0], F IR, SR, £70],
JEIEE, ARHETT . SE DU AL 225 T A9 L B P A 40 7 O
PE K FAE A2 W AE U], A B 3R, 2021, 61(8):
2338-2357.

ZHAO LF, XU YJ, DENG ZS, LAI XH, ZHOU JY, MA
SZ, FU K, ZHOU P, ZHU YF. Screening, identification
and growth-promoting of antagonistic endophytic
bacteria associated with Rehmannia glutinosa against
Fusarium oxysporum f. sp. vasinfectum[J]. Acta Microbiologica
Sinica, 2021, 61(8): 2338-2357 (in Chinese).
RASHEEDA SM, MARY SONALI J, SENTHIL
KUMAR P, RANGASAMY G, VEENA GAYATHRI K,

http://journals.im.ac.cn/actamicrocn



1464

ZHANG Jingyi et al. | Acta Microbiologica Sinica, 2025, 65(4)

[43]

[44]

[45]

[47]

[49]

[50]

[51]

[52]

PARTHASARATHY V. Rhizobium mayense sp. nov., an
efficient plant growth-promoting nitrogen-fixing bacteria
isolated from rhizosphere soil[J]. Environmental Research,
2023, 220: 115200.

ANAND R, GRAYSTON S, CHANWAY C. N,-fixation
and seedling growth promotion of lodgepole pine by
endophytic Paenibacillus polymyxa[J]. Microbial Ecology,
2013, 66(2): 369-374.

BN, PR, R, AEE, M AL e, EEE).
J VB AR PN A R Y 03 B A B AR AR R (D). R
YR, 2023, 50(5): 2017-2028.

HUANG XQ, CHEN H, LI FH, LIANG RF, XIAO D,
HE LF, WANG AQ. Endophytic bacteria from Pueraria
montana var. lobata in Guangxi: isolation, identification,
and characterization of plant growth-promoting effect[J].
Microbiology China, 2023, 50(5): 2017-2028 (in Chinese).
WU JD, LIU SJ, ZHANG HY, CHEN SS, SI JN, LIU L,
WANG Y, TAN SX, DU YX, JIN ZL, XIE JB, ZHANG
DQ. Flavones enrich rhizosphere Pseudomonas to
enhance nitrogen utilization and secondary root growth in
Populus[J]. Nature Communications, 2025, 16(1): 1461.
ZHAO LF, XU YJ, LAI XH. Antagonistic endophytic
bacteria associated with nodules of soybean (Glycine max
L.) and plant growth-promoting properties[J]. Brazilian
Journal of Microbiology, 2018, 49(2): 269-278.

XUE H, TU Y, MA TF, JIANG N, PIAO CG, LI Y.
Taxonomic study of three novel Paenibacillus species
with cold-adapted plant growth-promoting capacities
isolated from root of Larix gmelinii[J]. Microorganisms,
2023, 11(1): 130.

MAHDI I, HAFIDI M, ALLAOUI A, BISKRI L.
Halotolerant endophytic bacterium Serratia rubidaea
EDI1 enhances phosphate solubilization and promotes
seed germination[J]. Agriculture, 2021, 11(3): 224.

LIU C, BAI Z, LUO Y, ZHANG YF, WANG YF, LIU
HX, LUO M, HUANG XF, CHEN AL, MA LG, CHEN
C, YUAN JW, XU Y, ZHU YT, MU JX, AN R, YANG
CL, CHEN H, CHEN JJ, LI ZF, LI XD, DONG YC,
ZHAO JH, SHEN XX, JIANG LX, FENG XZ, YU P,
WANG DJ, CHEN XP, LI NN. Multiomics dissection of
Brassica napus L. lateral roots and endophytes
interactions under phosphorus starvation[J]. Nature
Communications, 2024, 15(1): 9732.

ZHAO LF, XU YJ, LAI XH, SHAN CJ, DENG ZS, JI
YL. Screening and characterization of endophytic
Bacillus and Paenibacillus strains from medicinal plant
Lonicera japonica for use as potential plant growth
promoters[J]. Brazilian Journal of Microbiology, 2015,
46(4): 977-989.

HRWEF-, Y002, 0535, B4, Bebh o, XS4 . ik
B ) BE A AR A W i £ 28T BE S (0], K AR R A AR
2020, 34(4): 370-375.

GENG LP, FAN J, WANG JY, ZHAO QL, XUE PY, LIU
WI. Study on salt tolerance of functional microbes with
ability to dissolve insoluble phosphate and potassium[J].
Journal of Soil and Water Conservation, 2020, 34(4): 370-
375 (in Chinese).

PRIYANKA M, PRAKHYATH KM, CHARUL K,

>4 actamicro@im.ac.cn, 7 010-64807516

[53]

[54]

[55]

[56]

[57]

(58]

[59

[

[60]

[61]

YOGENDRA ND, DIPENDER K, PADALIA RC.
Influence of phosphate and potassium solubilizing
bacteria on performance of crop, endophytic and
rhizosphere microbial population in chamomile[J]. Indian
Journal of Horticulture, 2024, 81(3): 294-300.

SKH, EE, XIRTE, B, SASE, AWk . AR BRAE
A RN AL FT AR ity o5 AR B 1 e B S A
1], PELZY, 2025, 56(3): 987-997.

ZHANG M, WANG PH, LIU ZY, ZHONG Y, GUO DQ
ZHOU N. Effect of different plant growth-promoting
rhizobacteria on transition of phosphorus and potassium
element in rhizosphere soil and roots quality of
Peucedanum praeruptorum[J]. Chinese Herbal Medicine,
2025, 56(3): 987-997 (in Chinese).

FREITAS MA, MEDEIROS FHV, CARVALHO SP,
GUILHERME LRG, TEIXEIRA WD, ZHANG HM,
PARE PW. Augmenting iron accumulation in cassava by
the beneficial soil bacterium Bacillus subtilis (GBO3)[J].
Frontiers in Plant Science, 2015, 6: 596.

SKIK, BRE 2, ERE, MY, 20k, Gl =t
Yy 9 A AN 1A A VR FH 3], K% Tl R 242441z, 2018,
37(4): 244-248.

ZHANG L, CHEN YH, WANG XY, XIE XT, LI YJ, JIN
ZX. The growth-promoting function of endophytic
bacteria from Panax notoginseng[J]. Journal of Dalian
Polytechnic University, 2018, 37(4): 244-248 (in Chinese).
ThHEAR, T AL . TSR ) 14 5 M) B AR ) 1 i )i
BLHI[I]. 7 2 R 2 2= (A R B # AR, 2022, 43(4):
391-399.

MA FL, MA YH. Effect of drought stress on plants and
their response mechanism[J]. Journal of Ningxia
University (Natural Science Edition), 2022, 43(4): 391-399
(in Chinese).

ANSARI FA, JABEEN M, AHMAD 1. Pseudomonas
azotoformans FAPS5, a novel biofilm-forming PGPR
strain, alleviates drought stress in wheat plant[J].
International Journal of Environmental Science and
Technology, 2021, 18(12): 3855-3870.

ABID M, ALI S, QI LK, ZAHOOR R, TIAN ZW, JIANG
D, SNIDER JL, DAI TB. Physiological and biochemical
changes during drought and recovery periods at tillering
and jointing stages in wheat (Triticum aestivum L.)[J].
Scientific Reports, 2018, 8(1): 4615.

Wk 0 0 . K RS N AR i £ T Streptomyces albidoflavus
OsiLf-2 £ & 1 T RE T AT FE[D]. Kb Wi pg K2
fifl 22 B3, 2020.

YAO QQ. Study on improving drought resistance of host
by endophytic actinomycetes Streptomyces albidoflavus
Osilf-2 in rice[D]. Changsha: Master’s Thesis of Hunan
University, 2020 (in Chinese).

SODHI GK, SAXENA S. Plant growth-promoting
endophyte Nigrospora oryzae mitigates abiotic stress in
rice (Oryza sativa L.)[J]. FEMS Microbiology Ecology,
2023, 99(9): fiad094.

FEHL, TS, IRGEAR . 2R W0 X R A= KR R ) L T
Eh A AL O TS R (D). S TR F D, 2020, 18(8):
2741-2746.

QI Q, MA SR, XU WD. Advances in the effects of salt



ks | AR, 2025, 65(4)

1465

[62]

[68]

[69]

stress on plant growth and physiological mechanisms of
salt tolerance[J]. Molecular Plant Breeding, 2020, 18(8):
2741-2746 (in Chinese).

SZYMANSKA S, DABROWSKA GB, TYBURSKI J,
NIEDOJADLO K, PIERNIK A, HRYNKIEWICZ K.
Boosting the Brassica napus L. tolerance to salinity by
the halotolerant strain Pseudomonas stutzeri ISE12[J].
Environmental and Experimental Botany, 2019, 163:
55-68.

SR, TS, HORMG, B H B PRI, XA, 1% U,
JUI3 . B SR B o K AR 28 PN A LT 20 2 T R e A=
INBE[N]. YA 4R, 2024, 51(10): 4089-4103.
ZHANG J, ZHANG T, XIAO YP, GE SA, XU L, LIU
XY, HOU LF, ZENG FL. Isolation of endophytic fungi
from the roots of maize in the saline-alkaline land in
Huanghua and screening of strains improving salt
tolerance and growth of maize[J]. Microbiology China,
2024, 51(10): 4089-4103 (in Chinese).

BT K, BREZE, BRI, e . WIRR N A ZE AT RO £
JoiR3E T DR 4 R AR A A T it S S A R
W[, S il e, 2022, 49(5): 1664-1677.

ZHAO LF, XU YJ, SHAO X, YANG JY. Two endophytic
Bacillus strains from soybean nodules affect superoxide
dismutase and peroxidase activities in soybean seedlings
under salt stress[J]. Microbiology China, 2022, 49(5):
1664-1677 (in Chinese).

ACUNA-RODRIGUEZ IS, NEWSHAM KK, GUNDEL
PE, TORRES-DIAZ C, MOLINA-MONTENEGRO MA.
Functional roles of microbial symbionts in plant cold
tolerance[J]. Ecology Letters, 2020, 23(6): 1034-1048.
HUBBARD M, GERMIDA JJ, VUJANOVIC V. Fungal
endophytes enhance wheat heat and drought tolerance in
terms of grain yield and second-generation seed
viability[J]. Journal of Applied Microbiology, 2014,
116(1): 109-122.

WAQAS M, KHAN AL, SHAHZAD R, ULLAH I,
KHAN AR, LEE 1J. Mutualistic fungal endophytes
produce phytohormones and organic acids that promote
Japonica rice plant growth under prolonged heat stress[J].
Journal of Zhejiang University Science B, 2015, 16(12):
1011-1018.

SR, MR, HARKE, AR, IR . R iR IEa S
FLTRA TF LeV-HKB X 7 4 14 22 5T 4% A 85 58 1 152
Wi [J]. £ B AR, 2020, 27(4): 143-148.

GUO MP, YE ZM, SHEN GY, BIAN YB, XU ZY. Effects
of mycovirus LeV-HKB on resistance of heat stress
challenged Lentinula edodes mycelia against Trichoderma
atroviride[J]. Acta Edulis Fungi, 2020, 27(4): 143-148
(in Chinese).

BRAF, e, R T, TRIE DR, BEWTIT, PR, ARG,
PR, /N, VF5%5AT . A 4N Pantoea alhagi NX-11
Lo FCH A 22 X IR TR 38 T 2K B A4 A= RO ], 7L
AR A4, 2022, 38(2): 296-303.

ZHAO YX, YANG YB, ZHU YF, ZHANG GQ, XUE TT,
SUN L, LEI P, XU H, FENG XH, XU ZQ. Effects of
endophytic bacterium Pantoea alhagi NX-11 and its
extracellular polysaccharides on the growth of paddy rice
seedlings under low tempera-ture stress[J]. Jiangsu

[70]

[71]

[72

—

[73

—

[74

—

[75

—_

[76]

[77]

(78]

Journal of Agricultural Sciences, 2022, 38(2): 296-303
(in Chinese).

MESA-MARIN J, DEL-SAZ NF, RODRIGUEZ-
LLORENTE ID, REDONDO-GOMEZ S, PAJUELO E,
RIBAS-CARBO M, MATEOS-NARANJO E. PGPR
reduce root respiration and oxidative stress enhancing
Spartina maritima rtoot growth and heavy metal
rhizoaccumulation[J]. Frontiers in Plant Science, 2018, 9:
1500.

JREFHIHE . PN A= TR LSE02 4 5 25 2 g =5 1w 4 Hi <3 Jis
BHLHIBEFE[D]. 75 & BB A R A A8 5,
2022.

ZHAN YY. Study on the mechanism of endophyte LSE02
mediating stem and leaf vegetables to respond to heavy
metal stress[D]. Nanchang: Master’ s Thesis of Nanchang
Hangkong University, 2022 (in Chinese).

XL, 2=HIEE, SAaxth, BRYE . RLSEN AR 4 2 e
X RRAIRE AINR L[], 2R, 2024, 52(24): 59-61.
LIU JL, LI MF, WU QW, CHEN 1J. Response of
endophytic bacterial diversity in Cirsium arvense to
cadmium stress[J]. Journal of Anhui Agricultural
Sciences, 2024, 52(24): 59-61 (in Chinese).

CAO LJ, KARAPETYAN S, YOO H, CHEN TY,
MWIMBA M, ZHANG X, DONG XN. H,0,
sulfenylates CHE, linking local infection to the
establishment of systemic acquired resistance[J]. Science,
2024, 385(6714): 1211-1217.

VBB 2 i KRS o 1] 85 3% I A 20 R 1) 22 A
B KA A T DI BEAIE T [D]. Lot b E A0l R 1l -2
i3, 2014,

XU MS. Diversity analysis of culturable endophytic
bacteria in tomato and rice seeds and study on the
function of growth-promoting bacteria[D]. Beijing:
Doctoral Dissertation of China Agricultural University,
2014 (in Chinese).

AL, MM, WAEY . AF DN LR
Streptomyces flavofuscus G1 & PR H 4 11 1% P B 2T
T[], A 24224R, 2015, 17(5): 616-621.

CAO Y, WEI SP, JI ZQ. Investigation on antimicrobial
compounds from fermentation broth of Streptomyces
flavofuscus G1, an endophyte isolated from Euonymus
japonicas[J]. Chinese Journal of Pesticide Science, 2015,
17(5): 616-621 (in Chinese).

KIM YJ, KIM JH, RHO JY. Antifungal activities of
Streptomyces blastmyceticus strain 12-6 against plant
pathogenic fungi[J]. Mycobiology, 2019, 47(3): 329-334.
LIU GY, LIN X, XU SY, LIU G, LIU E, MU W.
Screening, identification and application of soil bacteria
with nematicidal activity against root-knot nematode
(Meloidogyne incognita) on tomato[J]. Pest Management
Science, 2020, 76(6): 2217-2224.

MANTZOUKAS S, DASKALAKI E, KITSIOU F,
PAPANTZIKOS V, SERVIS D, BITIVANOS S,
PATAKIOUTAS G, ELIOPOULOS PA. Dual action of
Beauveria  bassiana (Hypocreales; Cordycipitaceae)
endophytic stains as biocontrol agents against sucking
pests and plant growth biostimulants on melon and
strawberry field plants[J]. Microorganisms, 2022, 10(11):

http://journals.im.ac.cn/actamicrocn



1466

ZHANG Jingyi et al. | Acta Microbiologica Sinica, 2025, 65(4)

[80

[82

(83

[84

[85

]

—

]

]

—_

]

—

2306.

SAIKKONEN K, RUOKOLAINEN K, HUITU O,
GUNDEL PE, PILTTI T, HAMILTON CE, HELANDER
M. Fungal endophytes help prevent weed invasions[J].
Agriculture, Ecosystems & Environment, 2013, 165: 1-5.
BRI, BT, ez, SRR | A B XA A A i
TEAEE PR RIE SRR [T]. Bk, 2025, 34(1):
135-150.

LI Y, MENG SY, FENG XY, BAO GS. Effect of the
Epichlo? endophyte on the root morphology of Stipa
purpurea infected by the hemiparasite Pedicularis
kansuensis[J]. Acta Prataculturae Sinica, 2025, 34(1):
135-150 (in Chinese).

RS, BN, Fa 56, BUGARL, WA, XIE R, FLEG, &
S K 47 MOEETRS 7 T X 7K A A B A AR R 28 K 1N A4 20 T
75 4R AR 52 0 [, T8 R Al R 2 4 (A SRR R,
2019, 45(2): 124-130.

LI P, LI J, TU NM, HUANG HY, TAN G, LIU DG,
ZHOU 1JY, GU YB. Effects of exogenous addition of
Cd-tolerant bacteria on Cd uptake and accumulation and
endophytic bacterial community structure in rice[J].
Journal of Hunan Agricultural University (Natural
Sciences), 2019, 45(2): 124-130 (in Chinese).

rE, BAPR, TR, 2R S0 R A AR PR
HOFIEFEERELT]. TAE YA 2RAE, 2018, 38(3): 103-113.
JIN J, ZHAO Q, ZHANG XM, LI WJ. Research progress
on bioactive products from endophytes[J]. Journal of
Microbiology, 2018, 38(3): 103-113 (in Chinese).
STIERLE A, STROBEL G, STIERLE D. Taxol and
taxane production by Taxomyces andreanae, an endophytic
fungus of Pacific yew[J]. Science, 1993, 260(5105):
214-216.

[ 75 i . A M0 N A2 BLTE Colletotrichum gloeosporioides
F Diaporthe foeniculina W)UK BAR ™= Py o HoA= 3 M
WEFE[D]. JbaT: AP ERL AR R0 -2 8 5L, 2022.
LU XX. Study on secondary metabolites and biological
activities of endophytic fungi Colletotrichum gloeosporioides
and Diaporthe foeniculina[D]. Beijing: Master’s Thesis
of University of Chinese Academy of Sciences, 2022 (in
Chinese).

AREEA . W73 A ARG T VD R TR T A=A )
WL R MBI PRI P B SE D). M )RR
SRR S, 2018.

LIN PB. Preliminary study on anti-tumor activity of
prodigiosin, a secondary metabolite of Serratia marcescens
from cockroach intestine[D]. Guangzhou: Master’s
Thesis of Guangdong Pharmaceutical University, 2018
(in Chinese).

HUANG XP, CHEN ZH, WANG LL, RAN J, WANG JL,
JIANG J, ZHANG DX, XIANG TH, ZENG ZH.
Metabolite profiling and genomic properties of an
endophytic Bacillus siamensis strain with anti-tumor
activity isolated from medicinal plant Curcuma
Wenyujin[J]. Plant Cell, Tissue and Organ Culture
(PCTOC), 2024, 156(2): 64.

WRIBUR, XI55 2R, EHAE, TPRIG. sMA SN ERR
WA AR 7 W BT T P BRI S (0] T AR AR L, 2017,
44(6): 76-71.

P4 actamicro@im.ac.cn, 7% 010-64807516

[88]

[89

—

[90]

[91]

[92]

(93]

[94]

[95]

CHEN SJ, LIU QL, WANG CH, YIN SJ. Study on the
antifungal activities of endophytic fungi isolated from
Taxus[J]. Guangdong Chemical Industry, 2017, 44(6):
76-77 (in Chinese).

MAKUWA SC, SEREPA-DLAMINI MH. The antibacterial
activity of crude extracts of secondary metabolites from
bacterial endophytes associated with Dicoma anomalalJ].
International Journal of Microbiology, 2021, 2021:
8812043.

I, B, B, AHEF, S, TEA . KB
Coniothyrium sp. DJ-1 i SARS-CoV-2 MPRO % 14 i1
FE2E RS IFFE[)]. H B 24, 2023, 54(10): 3071-3079.
ZENG JC, YANG R, HUANG J, LI YP, GAO L, WANG
WG. Chemical constituents with potential anti-SARS-
CoV-2 MP™ activity from endophytic fungus Coniothyrium
sp. DJ-1 of Cirsium japonicum[J]. Chinese Traditional
and Herbal Drugs, 2023, 54(10): 3071-3079 (in Chinese).
BASUMATARY B, DAS D, CHOUDHURY BN,
DUTTA P, BHATTACHARYYA A. Isolation and
characterization of endophytic bacteria from tomato
foliage and their in vitro efficacy against root-knot
nematodes[J]. Journal of Nematology, 2021, 53:
€2021-104.

CHEN D, ZHANG P, LIU T, WANG XF, LI ZX, LI W,
WANG FL. Insecticidal activities of chloramphenicol
derivatives isolated from a marine Alga-derived
endophytic fungus, Acremonium vitellinum, against the
cotton bollworm, Helicoverpa armigera (Hiibner)
(Lepidoptera: Noctuidae)[J]. Molecules, 2018, 23(11):
2995.

R, B, A7 T, SR, XIDERH, SEis A, B,
PN BLF, 22511 . 1R B N 4 BT Fusariumsolani
sp. WA W) SRS PERSET]. vh B 25 ),
2024, 43(2): 35-40.

WU XL, LUO YP, HE YL, YING HM, LIU GY, SU JY,
YANG C, SUN L, LI SC. Study on secondary
metabolites and insecticidal activities of the fungus
Fusariumsolani sp. from Kandelia candela[J]. Chinese
Journal of Marine Drugs, 2024, 43(2): 35-40 (in Chinese).
SONG YY, CUI HY, GUO WX, SINDHU L, LV SH, LI
LL, YU Y, MEN XY. Endophytic fungi improved wheat
resistance to Rhopalosiphum padi by decreasing its
feeding efficiency and population fitness[J]. Ecotoxicology
and Environmental Safety, 2024, 270: 115865.

AT —, JRESE, 227, £, XS AR, RN . T
A ECRR AR AU T A TS PRI 0], v I R R
FIAJEE2Y, 2021, 30(18): 16-20.

HU SY, ZHOU YQ, AN N, SHI ZH, ZHAO LC, TAN
XM. Study on the antioxidant activity of secondary
metabolites from endophytic fungi of Cyclocarya paliurus
(Batal.) Iljinsk[J]. Chinese Journal of Ethnomedicine and
Ethnopharmacy, 2021, 30(18): 16-20 (in Chinese).

TAO X, CHEN XX, DONG RH, WANG G, XU XZ, YU
Q, CHEN Y, WANG XF, XIE JH. Characterization and
antioxidant properties of three exopolysaccharides produced
by the Cyclocarya paliurus endophytic fungus[J].
International Journal of Biological Macromolecules,
2024, 271(Pt 1): 132110.



ks | AR, 2025, 65(4)

1467

[96]

[97]

[100] 74

[101]

[102

—

[103

—_

[104]

YR, B h R, BRDUR, SR T, SRSCAK, skl
L1 SIAZ N A LT R A ARG ) B A= Wi P[]
rhki2h, 2024, 46(10): 3324-3329.

CHEN LL, YANG ZD, WEI HN, MA KZ, GUO WL,
ZHANG T. Secondary metabolites from endophytic
fungi of Taxus wallichiana var. chinensis and their
biological activities[J]. Chinese Traditional Patent
Medicine, 2024, 46(10): 3324-3329 (in Chinese).
HARPER JK, ARIF AM, FORD EJ, STROBEL GA,
PORCO JA, TOMER DP, ONEILL KL, HEIDER EM,
GRANT DM. Pestacin: a 1,3-dihydro isobenzofuran from
Pestalotiopsis microspora possessing antioxidant and
antimycotic activities[J]. Tetrahedron, 2003, 59(14):
2471-2476.

BT, G, T A A R A AR Pt
ek R[], 25 %EiR, 2020, 9(4): 156-161.

LI QX, ZHOU FM, DING ZS. research progress on the
secondary metabolites of endophytes[J]. Pharmaceutical
Information, 2020,9(4):156-161 (in Chinese).

AL, WRAELS, X208 . AN A Tl BB A A e
FRIBFFEHE R[], 2EAS"FA4E, 2006, 26(7): 2395-2401.
SHI JY, CHEN WX, LIU AY. Advances in the study of
endophytes and their effects on control of plant
diseases[J]. Acta Ecologica Sinica, 2006, 26(7):
2395-2401 (in Chinese).

B AP IR EAR O RUE BT A ], ARl
BHL 5 &, 2022. https://doi.org/10.37155/2811-0617-
0102-20.

XIAO H. Application of biological control in agricultural
pest control[J]. Agricultural Science and Technology
and Development, 2022. https://doi. org/10.37155/2811-
0617-0102-20 (in Chinese).

RUMFEE, D7 . P AR B HL-1 o] SR P SR A ) e LR
FEEPEREM 0], B, 2019, 27(5): 1301-1308.
ZHU HX, MA YQ. Development of the wettable
powder of fungal endophyte HL-1 and evaluation of its
herbicidal activity[J]. Acta Agrestia Sinica, 2019, 27(5):
1301-1308 (in Chinese).

SRS, RIS AL, AR . ALY N A SR A S A
PERFGEHE R [J]. A=A 1F 5%, 2020(3): 226-239.

QIANG MK, XU YZ, GAO R. research progress in
stress resistance of plants mediated by endophytic
bacteria[J]. Botanical Research, 2020(3): 226-239
(in Chinese).

WL, WP, E 28, O . A AE R R — Bk N 2
Il S0 TR 1) O e S G SR AR PRI SR (7], Mol B2 5T,
2021, 34(1): 181-186.

LIN HP, XIE CY, WANG Y, CHENG XL. Screening of
endophytic nitrogen fixation bacteria from roots of
Aegiceras corniculatum and optimization of their
culture conditions[J]. Forest Research, 2021, 34(1):
181-186 (in Chinese).

W IRAE, £ oA, SRR, L. LB R i
AR M K LB R 5T E R (], FEE FR 5
AEkl2=4z, 1997, 3(3): 201-208.

PAN XH, SHI QH, GUO JY, WANG YR. Advance in
the study of effects of inorganic phospate on plant leaf
photosynthesis and its mechanism[J]. Plant Natrition
and Fertilizen Science, 1997, 3(3): 201-208 (in Chinese).

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

AT, XIWEEE, £ 8l, 254, SEAEIR, /A it
FEHH I it AR o i A TR0 R 2 - K [ /AR B 1 8 S5 4
A R BRE IR ]. AR} E, 2021, 49(8): 65-73.
SHU JH, LIU XX, WANG ZY, LI A, MENG ZB,
WANG XL. Effect of reduced fertilizer and applying
growth-promoting bacteria (PGPR) on growth of
soybean and corn under the intercropping pattern[J].
Guizhou Agricultural Sciences, 2021, 49(8): 65-73 (in
Chinese).

FEARIR, B oR, SRAMENT, BT, XS, K, 52
B0 A AR AT P RRAT R AR PR S s
TEREEIRI[D]. R4, 2024, 14(2): 42-53.

JJANG YM, QIN YR, ZHANG YZ, HUANG XL,
DENG HL, MO DY, MENG ER. Effects of endophytic
bacteria on rhizosphere soil fertility changes of Chinese
endemic plant Pteroceltis tatarinowii[J]. Journal of
Agriculture, 2024, 14(2): 42-53 (in Chinese).

HPY, A R, BRATIE, X, R, B, WIE
58, W, 5k W8, BT PFS A B A VN
TR 1) T 0 45 B Bl 2 R 23 T (0], B TP RHEL,
2017, 38(9): 108-112, 118.

LI YL, FAN LY, HOU YY, LIU C, WANG YT, SHI RJ,
CHANG ZY, TIAN Y, ZHANG XZ, HAO GP.
Screening, identification of endophytic fungus produing
raw starch-degrading enzyme from Salvia miltiorrhiza
Bge. and its enzymatic properties[J]. Science and
Technology of Food Industry, 2017, 38(9): 108-112, 118
(in Chinese).

R0, SR, 1 TAE, sk/NE, SRS AN A T TE AR AR
Yo7 AR HERBTI]. FhFRHE, 2021, 39(12): 8-9, 15.
LI Q, CHAI S, FENG QX, ZHANG XL, CAI T.
Application of endophytes in crops[J]. Seed Science &
Technology, 2021, 39(12): 8-9, 15 (in Chinese).

FANG H, ZHAO C, LI YC, SONG YQ, WU Y, SONG
XY, WU JP, YANG LR. Multi-omics study on the mixed
culture of Trichoderma reesei and Aspergillus niger with
improved lignocellulase production[J]. Biomass and
Bioenergy, 2024, 190: 107374.

CHANG JJ, WANG J, LI ZH, WANG L, LU P, ZHONG
YH, LIU H. High-level expression of (3-glucosidase in
Aspergillus niger ATCC 20611 using the Trichoderma
reesei promoter Pcdnal to enhance cellulose
degradation[J]. Fermentation, 2024, 10(9): 461.

BUZ, B, V5, SB0F, sk A A= bR
FC TR I i 5 D SmLipase 1 1 5 [ R R 35 43 HT U], 2
PRI2027 55 10 AR P27, 2019, 38(2): 694-698.

YAN Y, MA S, SUN XP, GONG SF, ZHANG JM.
Cloning and expression analysis of lipase gene
SmLipasel from the endophyte Serratia marcescens of
rubber tree[J]. Genomics and Applied Biology, 2019,
38(2): 694-698 (in Chinese).

SRARER, PNRLE, SR, SO, SRR, mARAR . R
VAL A= T A AR A P R S (0], TR RO B
2023, 27(1): 85-90, 98.

ZHANG JJ, SUN YT, GUO Y, GAO WH, HAN JH,
GAO LS. Biological activity and application prospect of
endophytes[J]. Journal of Hebei Agricultural Sciences,
2023, 27(1): 85-90, 98 (in Chinese).

YRR, X LB, FEE I, XIUK, 5B, skl AR

http://journals.im.ac.cn/actamicrocn



1468

ZHANG Jingyi et al. | Acta Microbiologica Sinica, 2025, 65(4)

[114]

[116] EL-SAYED ER, GACH I,

& WA RS SRR D], &SRR, 2023, 44(19):
259-269.

LI MY, LIU AQ, TANG DB/P), LIU B, ZHANG XG,
ZHANG J. Research progress on aroma-producing
microorganisms[J]. Food Science, 2023, 44(19): 259-269
(in Chinese).

Hh R BOGER 27— IR P 200 T R € 3 DR R Aot
Kl 46978 CN202310608793.4[P]. 2023-10-03.
South-Central University for Nationalities. A cosmetic
using bacterial melanin as raw material and its
preparation method: CN202310608793.4[P]. 2023-10-03
(in Chinese).

[115] REH, SIEIR, 25, P EuE, &b ERNER

Torulaspora delbrueckii 58 AN F S KUY A LAY
AT, &SRR, 2023, 44(20): 330-342.

SONG XM, MA SY, LI ZJ, LUO HB, HUANG D.
Effect of co-fermentation with the apple endophyte
Torulaspora delbrueckii on the synthesis of the flavor
substances of apple vinegar[J]. Food Science, 2023,
44(20): 330-342 (in Chinese).

OLEJNICZAK T,
BORATYNSKI F. A new endophyte Monascus ruber
SRZ112 as an efficient production platform of natural
pigments using agro-industrial wastes[J]. Scientific
Reports, 2022, 12(1): 12611.

(117] B, SR TE . AN 525 AT 5 B A AR e T 15

HER[I]. #riT Al B, 2005, 46(3): 213-215, 219.
HUANG HC, QIU JP. Advances in research on control
plant disease with Bacillus subtilis[J]. Journal of
Zhejiang Agricultural Sciences, 2005, 46(3): 213-215,
219 (in Chinese).

[118] JUHE, SR, 2 EPC. AR YR F ALY Piia T

(9 L K AR AL [0, B AR B B 06 o7 i, 2019,
35(6): 966-976.

YOU JQ, WU MD, LI GQ. Application and mechanism
of Trichoderma in biological control of plant disease[J].
Chinese Journal of Biological Control, 2019, 35(6):
966-976 (in Chinese).

XS, 25w, FIPEER, RMOMS, BRSO, BV . FOREF
JOHT T 9 BT AF 5T 2E R (0], AL 7 ARl 274, 2016,
44(4): 117-120.

LIU L, LI L, YAN HX, ZHANG PP, LIANG WH,

—

P4 actamicro@im.ac.cn, 7% 010-64807516

[120]

[121]

[122]

[123]

[124]

[125]

ZHAO HT. Research progress of application of Bacillus
megaterium[J]. Journal of Northern Agriculture, 2016,
44(4): 117-120 (in Chinese).

RSO, HEARA, 25 22 AP A AR RO A 0 A I fie
HEAE FH K ML IF 98 0 R [0]. AE A Bk 2%, 2022, 34(2):

118-127.

MU WQ, KANG SM, LI PL. Research progress on
growth promotion and mechanism of rhizosphere
growth-promoting bacteria[J]. Life Science, 2022,
34(2): 118-127 (in Chinese).

ZHAO S, TANG YFE, WANG RH, NAJAFI M. Mechanisms
of cancer cell death induction by paclitaxel: an updated
review[J]. Apoptosis, 2022, 27(9/10): 647-667.

PINLIR, 3EEFH, FEAR, sRBE, £7°, B, R %
FZBE Y6 WS e SR LRI DE S e (0], A9 1A
27412, 2024, 40(5): 1380-1405.

SUN FS, DANG SY, ZHENG DR, ZHANG H, WANG
Y, LI YH, WU H. Advances in paclitaxel biosynthesis
and transcriptional regulation mechanisms[J]. Chinese
Journal of Biotechnology, 2024, 40(5): 1380-1405
(in Chinese).

L INIE, SIS R, AN, ARIRER, B AR ARG
TR T 23 T AR 1 K TR0 B BRI D). P R ARl R
IR (EIRBI2E), 2024, 44(6): 63-71.

FENG LY, HU QX, SONG P, LIN ZS, FENG L. Effects
of combined inoculation of endophytic fungi on the
growth and nutrient content of Tripterygium wilfordii[J].
Journal of Southwest Forestry University (Natural

Science), 2024, 44(6): 63-71 (in Chinese).

NI, A7 T . A A AR T RAL R R B AR AR
W AT BE R[] SRS SR IR, 2021, 36(10):
2200-2206.

BU XY, YANG WL. Research progress on antibacterial
mechanism of plant endophytes and antibacterial

secondary metabolites[J]. Drugs & Clinic, 2021, 36(10):
2200-2206 (in Chinese).

RBIRE, HWE, AL, A e IR, JH A, SR . M%)

PN A= T S CHER AL T BRI IR A FHERIR (D], TR0
Blat, 2018, 46(6): 12-16.

SONG WW, ZHU H, YU FY, NIU XQ, TANG QH, QIN
WQ. Jiangsu Agricultural Sciences, 2018, 46(6): 12-16
(in Chinese).



