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AR TR 5 1A AR 2 R I RS E C R S L AR
KARBE bW T AR i ) RUBE AR BAREHT, #lF N 2R
PR A% 46 0T DL R o N AR T PR B P AR A i K
AL B AL AT AR N AR T AE e 45 AR R i AL R
(1), i P9 26 SR 58 3 8% 20 A 9 b 18 K P A%
Al A8 ok AR B UAL L ER O L R (|
W ) BRI A B AT N R AR Y
WS FALHE . Ferreira 28 A 10 Bl A% 4 ( Euca-
lyptus spp. ) B 43 85 19 ZF 0 FF 18 (Bacillus) B 3K 1#
(Enterococcus) &2 T & (Paenibacillus) W BT 7
(Methylobacterium) % P A 40 T8 23 I\ Fh 7 22 5 5% % 3|
I, Sk 096 1 (glp) 2 AR 10 33X 26 Py A 1 O 2
il 2 B of, W7 LA BE— 20 A& SR 8BS . Ringel-
berg %W 5% % M1, Bl F g B2 Y /N 2 B (Wheat-
grass) $E it T K HR 2 A T, B DR R AR A 21 1
FRAS B AH R R 25 09 N A4 B . Gagne-Bourgue 252X 1
KB (Panicum virgatum) B~ N 2E T 1Y 1 BLAL 7 E 17
TORSE, R BLER AU B 7E R b B9 ZF J AT T R (Ba-
cillus) FIAT B J& (Microbacterium) , 5 2 4F 4k 52 Hi 21
TEZA

PN AR TR E SR iR

@ 32 o S BH At R A6
AL

, UES L
& T
FEE i

Y

+ 8t 4 B % Tt

KA 4 T FLACHE
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Fig. 1 Transmission mode of endophytic bacteria in seeds
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CURIEZ 23 W L2  PNOE -2l £ ¥ e
— TR A 2 R A X B TR 1 2
4 b L M A K R R B B B b S LA
TR FHT ORI R A T AR (4

[ 1D D G e o/ L Al A o I N
T EAE W) Fh T bR UL R A 2 AT B (Bacillus) 28
FHFT 5B (Paenibacillus) 72 1 )& (Pantoea) A% i
i J& (Pseudomonas) % BR & J& (Staphylococcus) W
¥ W J& (Enterobacter) . W 3 ¥ B J& (Methylobacte-
rium) BRI & (Erwinia) FUAS 3 FF # J& (A cineto-
bacter) 5E™ . X F RN AR FLTH AN TR AE AR Y DT
b UL ) JE A BE A AR (Alternaria) K f)& (Clado-
sporium) ¥ % W & (Penicillium) | [l BR A J& (Epicoc-
cum) RS W J& (Mycosphaerella) \$4 25 5 % J& (Pho-
mopsis) %M F L A W HGE LD LA
% W JE (Streptomyces) AU K K@ & (Nocardiop-
sis) 3B 2% 50 [ 18 B (Frankiaceae ) 5% N A B ELFE
2 iR Py o R R D B 23 B TR [ A AR ) Fh T
WAER R ZR ISR 1R .
2.1 FMRAAEFRAERIMTFRNERESHY

4l B FR B S — Tl AL e 0 Bl 5 N AR T 2 R R AT
5T T B, BV e - 2 i 2R AT WIS TH 5 L BER AR
o385 A W IS A0 R Uk A L A SO R O A A T 1
X T BEAT RO o B A Al I DNA BEAT 16S
rRNA JE[H 5 41 43 BF G A0 S o B DS € 5517 R T 4l
B % HOR S BERE W 1 B2 i XS L (Caragana leuco-
phloea) B 1 I 4385 51| 32 #k P9 A= 4l B8, 16S rRNA FE A
Fe 91 53 B k7R, 30 bk 5 28 AT )8 (Bacillus) MAULE
95%~99% , 1 ¥k 5 i 2 I 5 48 18 J& (Sphingomonas)
FAALME 7 99% , 1 bk 5 0 A T )& (Escherichia) U ¥
S 98% o AN IRl A B Al 23 %k A N AR TR 1Y 2 R AR
SR, B A A0S o b 3R O vk CH R R R BV
(Hippophae rhamnoides) Fh ¥ 5 43 25 15 2] 4 ¥k P9 4= 4l
W, 0 & T2 AT B R (Bacillus) ) % Bk W R
(Staphylococcus) FB il 1 J& (Pseudomonas) ; 2 %
BV R rh o B AR B S BRI A AT L S e TR A BK
W& (Staphylococcus)  2F T Wi J& (Bacillus) F1 A 5l
& (Acinetobacter) o
2.2 FMRAEEFRAEBRIMTFRNERESHY

afi K5 97 07 ¥k TGk 58 A R I RD - 9 A T 0 TR RE 4
A Z RV, 456 IR 7 AR W 2w HOR TR R 7 N AR
T 1Y b 288 352 1% 22 R P A A 4 D ) DA A 5 T 2 e
PLER IR0, BT R

JHEYJ5 247 16S rDNA b [ SC 2 ¥y L oK 3 B il
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PR B K 2 85443 B1 (Terminal-restriction fragment
length polymorphism, T-RFLP) |28 ¥ # B &t ik i vk
(Denatured gradientgel electrophoresis, DGGE) | & i
i ¥ 4% R (High-throughput sequencing) DL ) %% 3
YA BT, e T B R R e e s A AR
PR 22 R T 1, AR A5 SR Y e 3 A D R R 43 S ke
PG B g VL TR A 52 A4S 7 b Y b e by gk
A A A 20 B RN N 2R LT 2 R S BT, S R SR WL A R OR
[ 7= M 14 b 2858 ( Buplewurum chinense ) # ¥4 ) 8 A=
2 A O B T T R B 2 0 TR 8 (Sphingomonas)
i 18,3020 , N A= FUTA P 0 35 R s O 4 9 R R 1 B (Pa-
piliotrema) , /5 41.35% . B& bt Z 4k, Liu 5857 2R H
qPCR 7% H PR DU Py F A, b XU g A% 56 (8 AL b 4

AT 2R VEEAT RS, A SRR - T W A AR TR )
MK B2 5500, B2 ] (Proteobacteria) Fl i £&
i '] (Actinobacteria) A L # B 1], 33X W9 41 o5 & 40 B )7
B 90% L I, JEBERE ] (Firmicutes) fELFFE 1] (Bac-
teroidetes) ¢ B [ ] (Chloroflflexi) K 5 '] (Armati-
monadetes) \#2 i '] (Fusobacteria) & #F i# ] ( Acido-
bacteria) Fl #EK I 1] (Deinococcus— Thermus ) A 1 &
B> YR SR, SRSl 35 O I AR R IR ik
AHZE G, PR 8 7R Bl AR TR 22 REME SR R S, 4l
B35 07 125 Ry i A A D RE T AR AR BE 2 g kT R
B5 S5 07 2 R0 N A TR AR W D RE AR R L T K &R
LK Ay HE — A R I 1 N AR R R A A 2 AR A
KET KR BEE R etk 510

1 HETARBEIEVHNEREME
Table 1 Types of endophytic bacteria isolated from different host plants

AT /)% li-k7] Z7% ik
A Pachycereus pringlei [32]
e m ) i Solanum [ycopersicum [33]
AHORFRIR Bacillus ¥ JK Cucumis sativus [34]
R 5338 )L Caragana leucophloea [27]
INZZ Triticum aestivum [35]
KE AT A B Paenibacillus # N Cucumis sativus [34]
16t Arachis hypogaea [36]
INZZE Triticum aestivum [35]
W& Brassica napus [37]
Z Wi )@ Pantoea {64 Arachis hypogaea [36]
W &F Fragaria ananassa [38]
# JK Cucumis sativus [34]
Y 2 B S M T 8 Sphingomonas . FRAL: Pinyon virginiana [39]
A 4 VP Hippophae rhamnoides [28]
) Ch, ;. N ) ¥R 5. Crotalaria pumila [40]
Endophytic bacteria H L FF 3 8 Methylobacterium RIS Tylosema esculentum [41]
. R . Jb 41 Bupleurum chinense [30]
RL/NT R Curtobacterium 47 ¥ 5 Tylosema esculentum [41]
WA ER T Staphylococcus # K Cucumis sativus [34]
R SC B T 8 Erwinia VYl Hippophae rhamnoides [28]
RN JE Stenotrophomonas MME Coffea arabica [42]
AT B Acinetobacter K& Glycine max [43]
Blp% K K # & Kosakonia LRI & Tylosema esculentum [41]
1A & & Sanguibacter MWL Nicotiana tabacum [44]
SR B Aerococcus W& Fraxinus [45]
KB E Aeromonas K Glycine max [46]
AT B Microbacterium % JK Cucumis sativus [34]
WL T BUE & Chitinophaga LR35 Tylosema esculentum [41]
2] EEEE—%J ' B F 00 A lternaria K44 Centaurea cyanus [47]
Endophytic fungi B Dendrobium nobile (48]
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WA L/ g FE 4 EEPEN
& 32 N Papaver rhoeas [49]
e g B Ponicillium HE ¥ Garden-ia jasmin‘uz‘de.\‘ [50]
I} Paeonia suffruticosa [50]
1822 Dendrobium nobile [51]
WA T 8 Fusari
% wartun B2 #E Rumex acestosa [49]
. B N Raphanus sativus [52]
& J@ Aspergillus
persii K EH Centaurea cyanus [47]
A5 H 8 Cladosporium FF#k Toona sinensis [53]
WA UZE S F B Diaporthe SN Cinchona ledgeriana [54]
FIE 1 J& Beauveria £ 822 Dendrobium nobile [51]
HIAE R B Aureobasidium KK Cannabis sativa [55]
Bk BR B Epicoccum K41 Plantago lanceolata [49]
Jis I B BF Tulasnella £ 822 Dendrobium nobile [51]
JiEH I W JE Cochliobolus KWK Cannabis sativa [55]
WIHE & Colletotrichum = FME Torreya yunnanensis [56]
N Wk A 8 Nocardiopsis R Camptotheca acuminata [25]
P 2 R Socardiop ’
95 2% 52 [C & B} Frankiaceae e Eucalyptus spp. [18]

Endophytic actinomycetes e
P Y BB T 8 Streptomyces

EW Camptotheca acuminata [25]

3 MFRNAERMNEYERKNRHIER
3.1 FHEYMHRATEYEK

Pl 7 P9 A BT DA o 7 A A R S R A G
15 5 43 7 1 B4 0 A AR R Wl R Y 3R Gy RK
SRR A . I TR (TAA) J& — B ig| Wk i 26
L&Y, /T AR A ) A K AR EIR R R &, i Flh
N AR TR AR B I SR AT TR | EAE Y Al N AL R LA
ERARAERK HEmfE A K EE . Herrera %5
N Tl v 53 1 ZE AT T (Bacillus) FNZ B (Pan-
toea) W] LA AE W BE 2 8 AR HE N AERK R T . W
RN T ok B ALK RS B b 4 B 3 R AR )
W 2, T 1) P9 2B 40 T 2F J8 KT B8 ( Bacillus) F 15 #F 38 (En-
terobacter) , RETE B Al K FE M SE A D SEAEY) AL
25 W R OE R O R &)y A R TR R B R A AR AR T .
7] £ 19, Choi 55 BT 45 35 3¢ (Capsella bursa-pasto-
ris) B T o B 0 2R HAT TR ( Bacillus) MLAL ™ A2 7] i
PE W2 3 635 mg/L M1 21 pg/mLIAA, 78 Fr A B bk b
e T 4 MLAT B 18 T 776 3 2% LU AR 8% e (1) ol
FHEEGKE . BRILZAN, WAETER T L™ 4 R &R
TR 3R A 0 A K, — R DK RS Bl o 3 1 N A A T
VE WY 2 H KT B (Bacillus amyloliquefaciens) 7= 4 77 %
FOEA T A A W R K R R e R R

R A AR AT AR N DR A R R R R
3.2 EEEYRKEFTERE

il P9 25 B A A KR 3% RO TR A7
B2 T B AT fE 1 7 A A ) R R A
AR R RRAR m R W SR R RE T e
I A R R 7 AR A LR | RN A kR A
ok 5 B R W) ARARE FR L R T 9 AE TA RE I RS
VEPERE R R OF A B T A W OB RO L X R
WAL BV R R A Y AE K R E B R — .
B, Zhang %" K A5 Fh T Hh 43 B 1972 B ( Pantoea)
0 H M TR (Xanthomonas) 43 85 ¥k ELAT B 1 35 486 5 14
P [R) 7 5 DR 2 rp A7 A — 2 AL 2 2 R M 1 Bk 2
PR3 S Bk A A 23 505 DR 5 A 4k, DT AR E UK e 2E
oo [ AUE R Bl o8 AR TR R FE AR A AR Y T2 AL
il 22—, PN 2E T BB A% 7= A 2 D AR R K A G T
EMY R ERKITHE A S ER TR, L — 5T
LW R 5. (Crotalaria pumila) Rl A% O U 90 41
A S A A VR B A G A X s
2 5 /ARG DR AT DUAE Bh e kAR A .
4, Puente S5 U T B A RSN T A B
LIRE , L2 FE A PN AR BCEA 1 ( Pseudomonas)
SENDOZ2 ., & 8l ¥ 1 (Acinetobacter) SENDO1 il 2 18
FF A (Bacillus) SENDOG 38 33 ¥ i 4 A 007 1) ok 20241l
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il 5~ N AR TR N ACRE fe o 1 EAR AR G, T EL A RE
P g A AW P (3R 2) , B0 35 A X AR ) B A
BLEI 64375 T R SR HT B A 0 B w sl iy K R AUt
FR A= W ik 30 RE T, LA R S 0 R 4 J T 5 L R AR i
PR AR A= W 3 RE 9010 M AR R, XD T 9 A B AE
25 B A W R AR A A T R A2 AR BT PR LR A T
AR T, AEE (D - AR R e g A
ARAFE SR 5 (2) 7= LA ) AR A5 1, 91 R
i JOk 2 TR 375 5 i 5 B A AR W R 5 (3) 3 5 T S Ak

WEPE

4.1 REEYIEYHERNTE

4.1.1  Fpd)gm R4 BT AR TE AT LUE S 0 ) o s
A 2B A DT BT LB 90 3 8 & A= A0 P AR T AT o3 22 b
oA ARV BE T AT AR A P 1) AR A s AR A=
S0, ELAT 0 e D R 2R K AR T, AN R
i n] DL 3E S o3 A AR ) R B0 A AR AR AR
PR R g T AR R B KA AR AR DT 1
S 1 6P R HEBTRE I3, 40, Rashad 55" DA
75 B (Trigonella foenum-graecum) # 1 P 4 B 43 85 ik
85 poR B, — BRIV i YETC 6 R B (Achromobacter)
F23KW, 7= A i 15 1 4 W LA L K e & 1 9 D e
i 51 WS 22 A% B ( Thanatephorus) 8 /> 43.75% , [7) i 24

X2 HBETAREUHFRNEERRE BTN

Table 2 Isolation of endophytic bacteria from different plant seeds for promoting growth and stress resistance

il 5ok U5 A BT Tihe

PN 275 3CHik

AR Zeamays e g

W SRV R 2 Ik
Ml N3 Pachycereus pringlei JoHLEE FIAG HLES 1Y 34 7%

KK Cannabis stativa

A TAA W R RV i AR

AR Porceae gy ot k

rium

Bt g% a8

{2 JE AR A ZE 09 A K TEHLBE A1 50 2 AR FE IC TR & Burkholderia JiFE 1R & Enterobacter 32 18
J& Pantoea (X B 1 J& Pseudomonas

1B B 5 )& Pseudomonas 32 1 )& Pantoea 4 #0411 J& Bacillus [71]
1B B it 7 )& Pseudomonas . % L ¥F # Bacillius [32]

"B S BB Paenibacillus 12 8 Pantoea 3K R Ba-

[70]

Z W@ Pantoea AR BN J& Pseudomonas S J& Microbac-
terium JEEFAANF W IR Paenibacillus 4 EFF W& Chryseobacte- [72]

INFZ Triticum aestivum — TAA 7= 15 3%k Ik B g 26 cillus [73]
baS N /=N R ’
. ) e e AT B Bacillus 35 2F AT # & Paenibacillus 7 # En-
i nis s s Wi s e P . .
BB, Cucumis sativus UL N terobacter %I ERE Staphylococcus AT J& Microbacterium [34]
2 B e o b

22 Orchidaceae fi%?}%’l%‘f b 1 ) AL 1A 5 2 IR 18 G J@ Burkholderia JafT 7 J& Enterobacter [74]

T Solanum lycopersicum Y% B £ R BT @ Pseudomonas 1K & )@ Bacillus [33]

JF 3¢ Brassica juncea 7R A B P T B Pseudomonas [75]
728 Phragmites australis BRI PrEFEE M B EIE Pseudomonas 32 1 J& Pantoea [76,77]

¥R 5 Crotalaria pumila 55 5 45 J& i 2 1 HH L KT 1R )& Methylobacterium [78]

Pk IAN B R AR B 7
LR

IKF&E Oryza sativa

HOETE & Herbaspirllum JFF 1 J& Microbacterium FF 5% [G
W& kosakonia AR H ML JE Pseudomonas 352 1 % J& Paeni- [79,80]
bacillus B FAFFE & Ochrobactrum 35 ¥ 1# J& Flavobacterium

5 Phaseolus vulgaris  =¥IBE iR MW AEE B Aureobasidium [81]
BAT Phyllostachys edulis 3595 Bi f V115 J& Shiraia [82]
PFEE Lolium perenne e3P A K T B Epichloé [83]
B N Raphanus sativus gﬁﬁ%iﬁ PR 5 J& Aspergillus [52]

KK Cannabis stativa — BEERER M 7= A2 AR Ak

FAEEE B Auwreobasidium FERG I )E Alternaria JiEHLIEH & Co-
chliobolus

[84]
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AT MR VR T AR R R AR L A
WA AR RS o 35 (Phragmites australis) i F
o3 85 R B TR E (Pseudomonas ) 23 53 Wb A HI B 4T
S A, LA R e A O £ 8k T TR (Fu-
sarium oxysporum) , 73 b 73 B B 5 6 AR B T (Fluo-
resces) W AT LA 43 W — B 2R 11 G fulf G 6 A S0 L 10 Gl A=
Y B BT LR AR A AL, B 2 2 2B B 0 Kk 2F L B
4y v AR R, 4R e B S AR A
Br ot Z A, - N 2R I8 AT DL A —2E g k2R ik R
LR AT LA BRI JFEAR . Yang 25 % 0F 58 & B8 B oK
(Zea mays) F ¥ N A= 4 T 2 #1416 (Bacillus) 1 & A
A W 7 AR OG B (AL A& bioA L bmyB . ituC . fenD |
sTfAA (srfAB . yngG Fl yndJ) , iX %6 K 3 3 g 55 i JK
Pr A R X R W (Talaromyces funchoosus) %R 5 5
(Penicillium oxalicum ) F1 5+ 9 10 W& ( Fusarium verti-
cillioides) ¥ SRR BLH HLYE -

4.1.2 sEEHHA R RGHK A YRS
W2 F AW AFEE X PSR L H LR, N T2
Yy & B sl AR R A AT e 58 A R R 2 AR A
0 T o 3, A R e M AT T P A T T
DA T~ 1 A W) & R s Wy Ho vk A R B v 18 e A
Yy AR WOE SRR AR R, N R
(Festuca rubra) ¥ 43 85 19 W A= B I Epichloé fes-
tucae, '© W45 by % B B W & A W (Claviceps pur-
purea) YL B TE R 28052 47 fi AL B A ) v R
A kB L R SRy 22 AR T AT DL AR A e (T 22 A
MR TR A o AR, AW Epi-
chloéfestucae W RE ™= A 155 Ve B 14 22 ff1 40 2 TR , 3% 26 4H A
ERE S T — @ B B A R P20 30 A K
Melchior 58" 5 & # ¢ 2 J& ¥ & ¥ % (Festuca
elata) M F W 4 B 1 Neotyphodium 23 7= 2 i W)
B A B SRR A S ORIR B &
Bz PR VL B B o AN, Jensen B VHF Y T & E
(Vicia faba) F ¥ 45 Fh 5k 61 7
ana) 5% W EF A2 W R A R R AR 4R L4 B 1Y A
F AR B 22 [ AR B, R AR M R 7 N A |/
T L A g e R B R R

4.2 REEDXIEEYHBER TS

4.2.1 Eakatx FWEE R RS 6 R YOk
Fo e AL B 55 rp 8835 e Wy, DT 0 20 PR G S g L B A2

W (Beauveria bassi-

XF 5 FEERE ORI TR B B VB A
J5 B AL Y BE G RN A T 5 S G
AL WETEE KBy 1 Tl & SR b i o8 A 40 ]
DL o 3 4 SR T A2 f Bl AR TR TR L R
EURT DL 22 ik o 455 Jam X AV ) 0 BE M L 38 AT LA el - 4 v
04 JE A W AT AP DR Rl N AR T RT DR AR AT )
AR SR RS & BLAE Cu™ il T 4 |
# (Sesbania cannabina) ¥ 5 vh 43 8 09 N 46 T 41 48 1k
F U AN 1 ( Cellulosimicrobium) SC35 HI AR I8 A 422 Fi
TES) P b, A H R A R R N, AR KA B
HE o P AR L RT LA o AR R A B A A B AR
A IK -, T 5 0 4R i R O AR B A AL L DR
W RS S AT e S B0 A0 A R 45 AR
PERE AR5 o B, B B (Elymus dahuricus) ¥
R AR LT Neoz‘yphodzum i 5 A S A B (R F
PO 1l R 3 4 AL W i o 4R A S AR AR L W B A
[LERINIE=N v SR g = U RTUR s ) | W e X e 7K 3
i % A JE AR P EYY . [ RE M K R IF (Dys-
phania ambrosioides) ¥ 143 B Y A A EL TR R EK
(Epicoccum nigrum)FZT214 43 $& &5 fi 4 W) A [F)

5T W B0 52 RS B U (GSH) 7t B A
e B 3ok e R I L U T R R X W A R

T
4.2.2 wf ook AWAEER R 2 B A KB AT 2
TR AR A A R Y S A A 3 R 4L (ROS)
K- T B T REME B A T AR LA R kK S5 TR
R, 33K T ORI A KR G2 R T R e AN AR 7 R R
JR S B 5 3 B AE SR B A B 1 R T A T AR B B
A AR e A R L 33X 28 P AR BTE SR A R AT DA
EAEP AR A 4B TLRHHCR RN 3 R AR B i
F oy e B 3R IZ W (Pantoea) Tl 5 8k 2 18 FF 1 ( Ba-
cillus) , ¥ Wy 30 N B AE W1 & A BURAE . 5
ANIFIE R B, A6 A2 (Arachis hypogaea) Tl —F 16 35 7 A
A0 2 AT T (Bacillus) J& Tl 20 R 22 55 0, 4% 5 F
o R AR UK T BEAT [ I ) TR Wi 1 A, 3 2 9 T
AR OOE B 7K i VG iR 32 38 DR 4 50 T ek e R R Y
JR — B DAE #E (A vena sativa) Fl =1 H1 43 55 1 15
B g B A} (Aurantimonadaceae) 40 B % A3 8 & N &
A=W B LAY B TR T R 0 2R PR L RE 8 1Y I 40 T
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v (Arabidopsis thaliana) %) 1) A= W) 1 F S = 5 =
2y 1. AR EH XA W B R AR M T R
Pk, B 18 3 el A A 2 405 R T R O R 4L (ROS ) O 22 fit
PURG IT g ER W RIRE Y BT R A AR BT
Epichloé gansuensis 1E£5 W30 v DL b8 B 5 B (A ch-
natherum inebrians) (4= 9] 7 i B, 6045 25 35 3 8 [ B
VA R AR R A B RS S MR
G I B ARz R AR B o A R R A T R
A B A DT H g D A i R O 4 A
Pt

4.2.3 #FH MHPAEKEFSRE D, T RhGE L
PR A KA E i AR E Y N 2 —, T R
23 S BUR W) Bl 5 0 K R BRI 52 K 4 FY) BT Y s
AT (B A ) 0 A 2 B4 . T 5 a3 T
AR MM LM A 2 R U R R g e ke
TCAE Wy 0 02 oA A T S e AR AL Bl O AR A ) 1
LB (SOD) i AL Z B (CAT) ) (B g B A8 4 (i
SR H AR T SEEE) 0 A WA ORI VR R 1 FR 2R
ok 5 Bh AR A s R S Y, Bk L Ay BT
K (Zea mays) Fh 1) N A= 8 A #1118 1% ¥ # ( Entero-
bacter cloacae) ¥ Fh T /N2 fE % 2 B\ T fin 22 1Y
ROR A BN A M T RO . [FAERY,
Jeong 21 I AR BT 55 15 (Lactuca serriola) i F 1 43
B 2% IR BE 5 IS B (kosakonia cowanii) , 1€ T 50
T, XU ST (Arabidopsis thaliana) B 4 K B A 4
HEAE T o a2 A 5T U 3 B I 2 TR TR X T 2R B b
8RR R K A3 a5 T R AR A EEAEN L EE TR
i 38 25 A T R BN BRI AR S AE R B R — R
W%, Sulman %R R T E K (Zea mays) FhF M AE
AT AE T 5 A R E ORI, R AE TR T
Fe P A BN T (Pseudomonas) , 4 5 1 K /Y il 2 iR
L X AT AE 5 A R A A Ll E 1y A OC, DA
K I 22 2 A R T T e VR B L X A B T AR R A Y K
O3 R IR AP IR A 32 T B3 L ) o ARk B A
T EKL B A AR, BD Il 2R (Pro) i 4 b A il
(CAT) A e H Bk E AL W Bl (GPX) (A e H KL It
it} (GR) Fl i S8 AL Wy 5 AL i (SOD) B R

5 RE
iR AR 00 1 5 R 0 T TR L B A L

Jo B PR A M, b S R M RUE IR R R
HEAG AR G AR e AT R A A A B AR
L BE R AR AR R MR R X S Rl Y A
e b oy T A E A, R BOAE W OO IR AR P
W o A A TR O KT A% B AR T T A A 2 R A
FLYI AR B | 38 2o 58 e 57 20 RS 5 W0 i, AH B A T fie
YA o ERD T N AT A AR PR R ) A
B Z 0 R X R IR R R G A A AR oy 2
[F1) F A EL A % 00 T i o b P A T R A
Yy HE R AN AT, AR SE R R B A S R IR E 1
T2 RENE . R, TR AT Bl P4 2R BT A 20 4 1 AL i
A BT BE X T e AR A AR G A A AR ) 2 A A
HAFTRE L.

BE& 7 Ao e AL R 4 o7 A B B R
B % 8 s AATTRS Foft = 9 AR B A AR A BT R A R
2 [0 Tl PN A TR 38 T R IR S L I B D A TR AE
L) b 555 2 AR WIS VR AR R, D Al A 7 ok
TERIEE R AR SR, H AR A AR B 5 IR BT
B AT T R AR B (R

(1) Fh 7 P4 AR B 98 A% 16 7 ORI 2 BE PR .
L X 65 PN A T ) 20 AT R E R 3 A5 22 R A ) BT 5
LD S BOC R A T AR A A T A
AL 18 Al 8 3R 7 Ik AR RS 3R 5 IR AR EE 5 g U5 o
KeAE R T N AT AR E o BE G %k D 2 R 1 g
B, AT T 2KV L BIE T PA AR B AR i 2 L RE B
el AR T NAERRMEZHER . AN ER
JE T B B ORI AR T — AU, B R S N AT
HH BT E Ry BBy A 56 R FE A A, 28 SCHK AL
3 b A IRTE

(2) H¥-Fh 1 N A LA AR HLRI TS . AR
KA ETE C 28 B W A oA A B AT 2 M fie 2R BTt
TIRE  AH 2 HL B i A T2 R0 R KRS ORISR
HEZVAEW BRI AR . RORTE BIRATT A
KAMEFE, 0B N AR R BT R R B B AR e
LRl b 255 8 A o B S 2 e ARG L 2 7 vk
AT LA T N AR T S R AR B BIL R A T A
0 HHE i B, O R — 28R 1 P9 AR TR AR S BIF 5T 1 A
i A A A e B0 L A R R B B AR 3 2 T T 4R
B E R T A RIS S %



8 GRASSLAND AND TURF (2025)

Vol. 45 No. 2

(3) i W& A7 4 14 bk A T 328 9 1R A AR O
Ko MFANAREEMY ERER JREHIE PR
it £ LA S A 18 SR A8 D7 P i B B 1R T A
o+ A AR R R A AR K R A L A EE AL mT LA
B TR R B4 A T N AR TR f PEAR , (0 5 45 1R
TE A6 AR 1A AR h Rk i — B AR T N AR T
{14 235 ¥y R AE AT T, R I AR v A ) S T R B B A
HRERH B S5 oh, nEE A ai P AR T A S A R
70 A AR A A~ A 2 R 2 R A 2P DR R AR )
L ARTINIE S A

S 30k

[1] Misganaw G,Simachew A, Gessesse A. Endophytes of fin-
ger millet (Eleusine coracana) seeds[J]. Symbiosis, 2019,
78(3):203—213.

[2] Angela S,Birgit R, Ulrike P, ez a/. Cultivation-independent
population analysis of bacterial endophytes in three potato
varieties based on eubacterial and Actinomycetes - specific
PCR of 16S rRNA genes [J]. Fems Microbiology Ecol-
ogy,2002,39(1) :23—32.

[3] MM . B A B A = IML dbat i B RO R,
2009.

[4] Baker K F,Smith S H. Dynamics of Seed Transmission of
Plant Pathogens [J]. Annual Review of Phytopathology,
1966,4(1):311—332.

[5] Berg G, Raaijmakers J] M. Saving seed microbiomes[J].
The ISME journal, 2018,12(5) : 1167—1170.

[6] Liu H, Carvalhais L. C, Crawford M, ez al. Inner plant val-
ues: diversity, colonization and benefits from endophytic
bacteria[ J]. Frontiers in Microbiology,2017,8:2552.

[7] Cope-Selby N, Cookson A, Squance M, ez al. Endophytic
bacteria in Miscanthus seed: implications for germination,
vertical inheritance of endophytes, plant evolution and
breeding[J]. Geb Bioenergy,2017,9(1) :57—77.

[8] Compant S, Clcbment C, Sessitsch A. Plant growth-pro-
moting bacteria in the rhizo— and endosphere of plants:
Their role, colonization, mechanisms involved and pros-
pects for utilization [J]. Soil Biology and Biochemistry,
2010,42(5) :669—678.

[9] Verma S K, Kingsley K, Irizarry 1, ez al. Seed-vectored en-
dophytic bacteria modulate development of rice seedlings
[J]. Journal of Applied Microbiology, 2017, 122 (6) :
1680—1691.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

Vorholt J A. Microbial life in the phyllosphere[ J]. Nature
Reviews Microbiology, 2012,10(12) : 828 —840.

Gaiero J R,Mccall C A, Thompson K A, ez al. Inside the
root microbiome: bacterial root endophytes and plant
growth promotion[J]. American Journal of Botany, 2013,
100(9):1738—1750.

Mei C, Amaradasa B S, Chretien R L, ez a/. A Potential
Application of Endophytic Bacteria in Strawberry Produc-
tion[ J|. Horticulturae, 2021,7(11) : 504.

YU TR, w4 42 R A T 0 A LR AL
AT A LT]. A 2R W $R 52 4R, 2023, 31(9) -
1965—1979.

AT I , 7 SE s AT R L A5 . R T N AR R A E AR
4 Jm BUME B D RE AL AF ST RS (T]. AR e
2021,48(6):2187—2194.

Vandenkoornhuyse P, Quaiser A, Duhamel M, ez al. The
importance of the microbiome of the plant holobiont[J].
New Phytologist, 2015,206(4) : 1196 —1206.

Brader G, Compant S, Vescio K, ez al. Ecology and ge-
nomic insights into plant-pathogenic and plant-nonpatho-
genic endophytes[J]. Annual Review of Phytopathology,
2017,55(1):61—83.

Shade A, Jacques M A, Barret M. Ecological patterns of
seed microbiome diversity, transmission, and assembly
[J]. Current Opinion in Microbiology,2017,37:15—22.
Ferreira A, Quecine M C, Lacava P T, ez al. Diversity of
endophytic bacteria from Eucalyptus species seeds and
colonization of seedlings by Pantoea agglomerans [J].
FEMS microbiology letters, 2008,287(1) : 8— 14.
Ringelberg D, Foley K, Reynolds C M. Bacterial endo-
phyte communities of two wheatgrass varieties following
propagation in different growing media[ J]. Canadian Jour-
nal of Microbiology,2012,58(1) :67—80.

Gagne -Bourgue F, Aliferis K, Seguin P, ez al. Isolation
and characterization of indigenous endophytic bacteria as-
sociated with leaves of switchgrass (Panicum virgatum
L.) cultivars[J]. Journal of Applied Microbiology, 2013,
114(3) :836—853.

Johnston—Monje D, Lundberg D S, Lazarovits G, e al.
Bacterial populations in juvenile maize rhizospheres origi-
nate from both seed and soil[ J]. Plant and Soil, 2016, 405
(1):337—355.

Adam E, Bernhart M, Miiller H, et a/. The Cucurbita



BOE 5 OB 2025 4F 9

[23]

[24]

[25]

[28]

[30]

[31]

[33]

[34]

pepo seed microbiome: genotype—specific composition
and implications for breeding [J]. Plant and Soil, 2018,
422(1—2):35—49.

Abdelfattah A, Wisniewski M, Schena L, et al. Experi-
mental evidence of microbial inheritance in plants and
transmission routes {rom seed to phyllosphere and root
[J]. Environmental Microbiology, 2021, 23 (4) : 2199—
2214.

Rodriguez R J, White J F, Arnold A E, ez al. Fungal endo-
phytes: diversity and functional roles [J]. New Phytol,
2009,182(2):314—330.

Wk e 3% | FEHPE , BRI T, 45 . B AR T N A S Y 2y
B E KBTS Y B o i D] BUE Y Sl R,
2014,41(6):1109—1120.

BIRAR . ARAR I L ey FE B M L S 9 A AN R 2 R PR DT
FE[D]. 2 H AR K5, 2010.

I IGE S, B, 25 R Af L AF . 1 B ER G L AN T A AR 2 B0
oy A 5 o e e L] BUE Y aE E AR, 2016, 43 (1) -
164—171.

KM, SRR IS, T O, S PO [ AR 8 v [ Vb R
T A 2 AR (D], A A o i, 2020, 40(15) -

VAL it A KRS Fh 1 AT % 95 9 24 40T A0 2 RE MO0 b
FARE W IR [ D] bt b E Rl K3, 2014,
FEAT AR, X 45 . SR N AR R AT S
ZHAELT]. APBEIE L 2022,44(1) : 36— 44.

Liu D,Cai J,He H, ez al. Anemochore Seeds Harbor Dis-
tinct Fungal and Bacterial Abundance, Composition, and
Functional Profiles [J]. Journal of fungi (Basel, Switzer-
land ), 2022,8(1):89.

Puente M E, Li C Y, Bashan Y. Microbial populations
and activities in the rhizoplane of rock— weathering desert
plants. 1I. Growth promotion of cactus seedlings[ J]. Plant
Biology,2010,6(5) :643—650.

Sundaramoorthy S, Balabaskar P. Evaluation of combined
efficacy of Pseudomonas fluorescens and Bacillus subtilis
in managing tomato wilt caused by Fusarium oxysporum
f. sp. lycopersici (Fol) [J].
2013,12(4):154—161.
Khalaf E M, Raizada M N. Bacterial Seed Endophytes of

Plant Pathology Journal,

Domesticated Cucurbits Antagonize Fungal and Oomy-
cete Pathogens Including Powdery Mildew [ J]. Frontiers
in Microbiology, 2018,9:42.

[36]

[37]

[39]

[40]

[42]

[44]

[45]

Diaz Herrera S, Grossi C, Zawoznik M, et al. Wheat
seeds harbour bacterial endophytes with potential as plant
growth promoters and biocontrol agents of Fusarium gra-
minearum [J]. Microbiological Research, 2016 (186/
187):37—43.

Sobolev V S,Orner V A, Arias R S. Distribution of bacte-
rial endophytes in peanut seeds obtained from axenic and
control plant material under field conditions[J]. Plant and
Soil, 2013,371(1—2) : 367—376.

Rybakova D, Mancinelli R, Wikstrom M, ez al. The struc-
ture of the Brassica napus seed microbiome is cultivar—
dependent and affects the interactions of symbionts and
pathogens[ J]. Microbiome,2017,5(1) : 104.

Kukkurainen S, Leino A, Vahamiko S, ez al/. Occurrence
and Location of Endophytic Bacteria in Garden and Wild
Strawberry[ J]. HortScience, 2005,40(2) : 348—352.
White J F, Verma S K. Prologue to book 'Seed Endo-
phytes’'[M]. Seed Endophytes: Biology and Biotechnol-
ogy,2019.

Ariadna S L, Isabel P, Vincent S, ez al/. Seed Endophyte
Microbiome of Crotalaria pumila Unpeeled: Identifica-
tion of Plant— Beneficial Methylobacteria [J]. Interna-
tional Journal of Molecular Sciences,2018,19(1):291.
Maruwa C P, Lasse G J, Barbara R H. Isolation and char-
acterization of culturable seed —associated bacterial endo-
phytes from gnotobiotically grown Marama bean seedlings
[J]. Fems Microbiology Ecology,2016,92(6) : fiw083.
Vega, F E, Monica P R, Francisco P, ez al. Endophytic
bacteria in Coffea arabica 1.[J]. Journal of basic microbi-
ology,2005,45(5) : 371—380.

Lopez—Lopez A,Rogel M A, Ormeno— Orrillo E, ez al.
Phaseolus vulgaris seed—borne endophytic community
with novel bacterial species such as Rhizobium endophyti-
cum sp. nov [J]. Systematic and Applied Microbiology,
2010,33(6):322—327.

Mastretta C, Taghavi S, Lelie D, ez a/. Endophytic bacte-
ria from seeds of Nicotiana tabacum can reduce cadmium
phytotoxicity [ J]. International Journal of Phytoremedia-
tion, 2009,11(3) : 251—267.

Donnarumma F, Capuana M, Vettori C, et al. Isolation
and characterisation of bacterial colonies from seeds and
in vitro cultures of Fraxinus spp. from Italian sites [J].

Plant biology (Stuttgart, Germany) , 2011, 13 (1) :



10 GRASSILAND AND TURF(2025) Vol. 45 No. 2
169—176. [58] Choi B,Kim T M, Jeong S, et al. Effects of Seed Endo-

[46] Oehrle N W, Karr D B, Kremer R J, ez a/. Enhanced at- phytic Bacteria on Life History and Reproductive Traits
tachment of Bradyrhizobium japonicum to soybean in a Cosmopolitan Weed, Capsella bursa— pastoris [J].
through reduced root colonization of internally seedborne Plants, 2022,11(19) : 2642.
microorganisms [J]. Canadian Journal of Microbiology, [59] Shahzad R, Waqas M, Khan A L, ez al. Seed—borne en-
2000,46(7) :600—606. dophytic Bacillus amyloliquefaciens RWL—1 produces

[47] Hodgson S, De Cates C,Hodgson J, ez al. Vertical trans- gibberellins and regulates endogenous phytohormones of
mission of fungal endophytes is widespread in forbs[J]. Oryza sativa [J]. Plant Physiology and Biochemistry,
Ecology and evolution, 2014,4(8):1199—1208. 2016,106:236—243.

(48] Mo B, S PCH, w PH L 45 . ST v 8 W 1 4 B0 iRt [60] Shahzad R, Khan A L, Bilal S, ez a/. What Is There in
Bl 7 N AR VR 25 A N o B [T]. R T, 2020, 39(8) Seeds? Vertically Transmitted Endophytic Resources
94—98. for Sustainable Improvement in Plant Growth[J]. Fron-

[49] Susan H, Catherine D C, Joshua H, et al. Vertical trans- tiers in Plant Science,2018,9:24.
mission of fungal endophytes is widespread in forbs[J]. [61] Zhang X,Ma Y N, Wang X, et al. Dynamics of rice micro-
Ecology and evolution, 2014,4(8) :1199—1208. biomes reveal core vertically transmitted seed endophytes

(50] bR, 32 5 4 . DU 1A H AR IR 2 0 Bk 7 1 2E TR 21 [J]. Microbiome,2022,10(1) : 216.

WLT). ZRAeARolk ke 2248 ,2020,48(1) : 88— 94. [62] Puente M E,Li C Y, Bashan Y. Endophytic bacteria in

[51] Khamchatra N M, Dixon K, Chayamarit K, ez a/. Using in cacti seeds can improve the development of cactus seed-
situ seed baiting technique to isolate and identify endo- lings [J]. Environmental &. Experimental Botany, 2009,
phytic and mycorrhizal fungi from seeds of a threatened 66(3):402—408.
epiphytic orchid, Dendrobium friedericksianum Rchb. f. [63] YaD,XinY L,Yan W, ez a/. The differences and over-
(Orchidaceae) [J]. Agriculture and Natural Resources, laps in the seed—resident microbiome of four Legumi-
2016,50(1):8—13. nous and three Gramineous forages [J]. Microbial Bio-

[52] Sun B T, Akutse K S, Xia X F, ez a/. Endophytic effects technology, 2020,13(5) : 1461 — 1476.
of Aspergillus oryzae on radish (Raphanus sativus) and [64] Matsumoto H,Fan X, Wang Y, ez al. Bacterial seed endo-
its herbivore, Plutella xylostella [J]. Planta, 2018, 248 phyte shapes disease resistance in rice[ J]. Nature Plants,
(3):705—714. 2021,7(1):60—72.

[53] Rahmawati N, Isfandito A R, Astuti D I, ez a/. Endo- [65] FHHEFS , ZEOR 5K T B, 45 . AR W) 1A AE T 0 ik A ) X A2 )
phytic Fungi from Surian ( Toona sinensis Roem) and An- Joly 38 TP BF ST UE R (T]. TP AR W, 2023, 43(2)
tioxidant Potency from its Culture [J]. Asian Journal of 212—220.

Plant Sciences,2016,15(1/2) :8—15. [66] Wang Y L,Zhang H B. Assembly and Function of Seed

[54] Shoji M, Andria A, Chinami K, ez a/. Composition of the Endophytes in Response to Environmental Stress [J]. J
endophytic filamentous fungi associated with Cinchona Microbiol Biotechnol, 2023,33(9) : 1119—1129.
ledgeriana seeds and production of Cinchona alkaloids[J]. [67] HSPe e, 440 55, 452, 55 . SR Y N A 20 58 6 JL AP
Journal of natural medicines,2016,70(2) :271—275. J BT B AE T St B 4 A [C T/ /v A ) s B~

[55] Punja Z K, Collyer D, Scott C, ez al. Pathogens and S v R W B 24 2 2008 4F 25 RAE 238 304 L 2008
molds affecting production and quality of Cannabis sativa 599—600.

L[J]. Frontiers in plant science,2019,10(17):1120. [68] FMNHH . &S T NAEREX T FAEYWE R ENES

[56] A=mlfi, JHE L, 00 XU, 45 . == pig AEFD T P4 2E L BTG 43 5[ D ] AR T E R4, 2018.

M TE B A S RO R (7). A= R B 27, 2016, 39 [69] Rashad E M, Shaheen D M, Al—Askar A A, ez al. Seed
(1):20—26. Endophytic Achromobacter sp. F23KW as a Promising
[57] XUk, PhG, SR EG 5%, 55 . 22 AR b ] 43 A 05| Wk 2 TR 1Y Y Growth Promoter and Biocontrol of Rhizoctonia Root Rot

AN ZFEELT]. A 2, 2010,18(2) 1 182—187.

of Fenugreek[J]. Molecules, 2022,27(17) : 5546.



Fask HoW

wWOJE 5 BB 2025 4F 11

[71]

[72]

[74]

[76]

[78]

[79]

David J M, Raizada M N, Gilbert M T P. Conservation
and Diversity of Seed Associated Endophytes in Zea
across Boundaries of Evolution, Ethnography and Ecology
[J]. PloS one, 2011,6(6):e20396.

Scott M, Rani M, Samsatly J, ez a/. Endophytes of indus-
trial hemp (Cannabis sativa 1..) cultivars: Identification
of culturable bacteria and fungi in leaves, petioles, and
seeds [J]. Canadian Journal of Microbiology, 2018, 64
(10):1—17.

Verma S, White J. Indigenous endophytic seed bacteria
promote seedling development and defend against fungal
disease in browntop millet (Urochloa ramosa 1..) [J].
Journal of applied microbiology,2018,124(3) : 764—778.
Kuzniar A, Wlodarczyk K, Grzadziel J, ez al. New Insight
into the Composition of Wheat Seed Microbiotal J]. Inter-
national Journal of Molecular Sciences, 2020, 21 (13) :
4634.

Tsavkelova E A, Cherdyntseva T A, Botina S G, et al.
Bacteria associated with orchid roots and microbial pro-
duction of auxin[J]. Microbiological research, 2007, 162
(1):69—76.

Choi B, Jeong S, Kim E. Variation of the seed endophytic
bacteria among plant populations and their plant growth-
promoting activities in a wild mustard plant species, Cap-
sella bursa-pastoris[ J]. Ecology Evolution, 2022, 12(3) :
e8683.

Soares M, L1 H, Kowalski K P, ez a/. Functional role of
bacteria from invasive Phragmites australis in promotion
of host growth [J]. Microbial ecology, 2016, 72:
407—417.

Satish V, Kathryn K, Marshall B, ez a/. Fungal Disease
Prevention in Seedlings of Rice (Oryza sativa) and Other
Grasses by Growth— Promoting Seed — Associated Endo-
phytic Bacteria from Invasive Phragmites australis [J].
Microorganisms, 2018,6(1) :21.

Sanchez—Lopez A, Pintelon I, Stevens V , ez al. Seed En-
dophyte Microbiome of Crotalaria pumila Unpeeled:
Identification of Plant-Beneficial Methylobacteria[ J]. In-
ternational Journal of Molecular Sciences, 2018, 19
(1):291.

Sessitsch A, Hardoim P, Déring J, ez al. Functional char-
acteristics of an endophyte community colonizing rice

roots as revealed by metagenomic analysis[J]. Molecular

[80]

[81]

[82]

[84]

[85]

[86]

[88]

[90]

Plant— Microbe Interactions, 2012,25(1) : 28— 36.
Walitang D I, Kim K, Madhaiyan M, ez a/. Characterizing
endophytic competence and plant growth promotion of
bacterial endophytes inhabiting the seed endosphere of
Rice[ J]. BMC microbiology,2017,17(1) :209.

Parsa S, Garcia—Lemos A M, Castillo K, ez a/. Fungal
endophytes in germinated seeds of the common bean,
Phaseolus vulgaris [J]. Fungal biology, 2016, 120 (5) :
783—790.

Shen X Y, Cheng Y L, Cai C J, et al. Diversity and anti-
microbial activity of culturable endophytic fungi isolated
from moso bamboo seeds [J]. PloS one, 2014, 9 (4) :
€95838.

Liu J, Nagabhyru P, Schardl C L. Epichloé festucae endo-
phytic growth in florets, seeds, and seedlings of perennial
ryegrass (Lolium perenne)[J]. Mycologia,2017,109(5) :
691—700.

Punja Z K, Collyer D, Scott C, es al. Pathogens and
molds affecting production and quality of Cannabis sativa
L[J]. Frontiers in plant science, 2019, 10:1120.

White J F,Kingsley K I, Kowalski K P, ez a/. Disease pro-
tection and allelopathic interactions of seed — transmitted
endophytic pseudomonads of invasive reed grass (Phrag-
mites australis) [J]. Plant and Soil, 2018, 422 (1/2) .
195—208.

Yang F, Zhang R, Wu X, ez a/. An endophytic strain of
the genus Bacillus isolated from the seeds of maize ( Zea
mays 1..) has antagonistic activity against maize patho-
genic strains [J]. Microbial Pathogenesis, 2020, 142:
104074.

De Bobadilla M F, Vitiello A, Erb M, ez a/. Plant defense
strategies against attack by multiple herbivores [J].
Trends in Plant Science, 2022,27(6) : 528 —535.

Qin J, Wu M, Liu H, ez al. Endophyte infection and
methyl jasmonate treatment increased the resistance of
Achnatherum sibiricum to insect herbivores independently
[J]. Toxins,2018,11(1):7.

Miika L., Kari S, Marjo H, ez al. Epichloé¢ Endophyte-Pro-
moted Seed Pathogen Increases Host Grass Resistance
Against Insect Herbivory&.#13[J]. Frontiers in Microbi-
ology,2022,12:786619.

Melchior E A, Smith J K, Schneider L G, ez al. Effects of

endophyte -infected tall fescue seed and red clover isofla-



12

GRASSLAND AND TURF (2025)

Vol. 45 No. 2

[91]

[96]

[98]

[99]

vones on rumen microbial populations and physiological
parameters of beef cattle [J]. Translational Animal Sci-
ence,2019,3(1):315—328.

Jensen R E, Cabral C, Enkegaard A, et al. Flakkebjerg,
Denmark. /Raw. Influence of the plant interacting ento-
mopathogenic fungus Beauveria bassiana on parasitoid
host choice - behavior, development, and plant defense
pathways[ J]. Plos One, 2020,15(9) :e0238943.

PRI . AE P8 S AR B A 35 7K A B g R TR [T,
WU A SRR, 2019,42(12) : 82.

SR U4 . e T AR P A A TR G SR A7 5 R AR TR G
J& )82 K AL B S [D ] B et et R R,
2011.

1S L e s R A S 1 A N (o S = T
[D]. KA PR K%, 2020,

Wan Y, Luo S, Chen J, er al. Effect of endophyte—
infection on growth parameters and Cd—induced phyto-
toxicity of Cd—hyperaccumulator Solanum nigrum L[J].
Chemosphere,2012,89(6) : 743—750.

Zhang X, L1 C, Nan Z. Effects of cadmium stress on seed
germination and seedling growth of Elymus dahuricus in-
fected with the Neotyphodium endophyte [J]. Science
China Life Sciences,2012,55(9):793—799.

Parmar S, Sharma V K, Li T, ez a/. Fungal Seed Endo-
phyte FZT214 Improves Dysphania ambrosioides Cd Tol-
erance Throughout Different Developmental Stages[J].
Frontiers in Microbiology,2021,12:783475.

Krasensky J, Jonak C. Drought, salt, and temperature
stress—induced metabolic rearrangements and regulatory
networks [J]. Journal of Experimental Botany, 2012, 63
(4):1593—1608.

Szymanska S, Borruso L, Brusetti L, ez a/. Bacterial mi-
crobiome of root-associated endophytes of Salicornia euro-
paea in correspondence to different levels of salinity [J].
Environmental Science and Pollution Research, 2018, 25

(25):25420—25431.

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

Pal K K, Dey R, Sherathia D N, ez a/. Alleviation of Sa-
linity Stress in Peanut by Application of Endophytic Bac-
teria®.#13 [J]. Frontiers in Microbiology, 2021, 12:
650771.

Jiang L, Peng Y, Kim KH, ez al. Jeongeuplla avenae
gen. nov., sp. nov., a novel 8 —carotene— producing
bacterium that alleviates salinity stress in Arabidopsis&.#
13[J]. Frontiers in Microbiology, 2023, 14:1265308.
Cheng C,Wang J,Hou W, ez a/. Elucidating the Molecu-
lar Mechanisms by which Seed—Borne Endophytic
Fungi, Epichloé gansuensis, Increases the Tolerance of
Achnatherum inebrians to NaCl Stress[J]. International
Journal of Molecular Sciences, 2021,22(24):13191.
FEFAR . BB AN B X T 5 R M H S S 3 R Y
WD B& A SR HIm i Ky, 2011,

Tiwari S, Lata C, Chauhan P S, ez a/. A Functional Ge-
nomic Perspective on Drought Signalling and its Cross-
talk with Phytohormone —mediated Signalling Pathways
in Plants [J].
469—482.
FLWRLL . EOR Tl oA A T R0 B4 S S B HOR /N A R
KATFRE T W BB (D], A7 % TE AL R A BL R
2%,2014.

Current Genomics, 2017, 18 (6)

Jeong S, Kim T M, Choi B, e a/. Invasive Lactuca ser-
riola seeds contain endophytic bacteria that contribute to
drought tolerance [ J]. Scientific Reports, 2021, 11(1) :
13307.

Molinart H B C, Marur C J, Filho J C B, e a/. Osmotic
adjustment in transgenic citrus rootstock Carrizo citrange
( Citrus sinensis Osb. x Poncirus trifoliata 1.. Raf.)
overproducing proline[ J]. Plant Science, 2004, 167(6) :
1375—1381.

Sulman S, Muhammad N, Muhammad Y, ez a/. Explor-
ing Potential of Seed Endophytic Bacteria for Enhancing
Drought Stress Resilience in Maize (Zea mays 1.. ) [J].
Sustainability, 2022, 14(2) : 673.



BASHE F oW O 5 OB 2025 4F 13

Research advances in the growth—promoting and
stress resistance mechanisms of seed endophytes

LI Shan-jia"*, YUAN Ya-ling', WU Le-le',LI Jiang-yong'
(1. College of Life Science and Engineering , Lanzhou University of Technology, Lanzhou 730050, China;
2. Key Laboratory of Cold and Arid Zone Land Surface Processes and Climate Change , Chinese Academy
of Sciences, Lanzhou 730000, China)

Abstract: A diverse community of endophytes colonizes various plant organs. These microorganisms migrate
from the environment to the plant through horizontal and vertical transmission. Horizontal transmission occurs via en-
vironmental routes such as inter—roots, stomata, some pollinators or flowers, enabling colonization of multiple plant
organs. Vertical transmission, in contrast, involves the inheritance of endphytes through seeds to the next generation.
These seed endophytes not only promote the plant's own growth and development, but also enhance the plant’s ability
to tolerate adversities such as salinity, drought, pests and diseases. This review provides an overview of the transmis-
sion modes and diversity of seed endophytes, with a focus on recent advances in understanding their roles in plant—
microbe symbiosis at the physiological level. We discuss their contributions to promoting plant growth and enhancing
plant resistance to biotic stresses (inhibition of pathogens, resistance to herbivores and insects) and abiotic stresses
(heavy metal tolerance, salinity tolerance, and drought tolerance ). Finally, we explore the future research directions of
seed endophytes in terms of colonization, diversity , development of beneficial strains, and mechanisms of growth pro-
motion and stress tolerance.

Key words:seed endophytes; transmissions ;diversity ; growth-promoting ; salt tolerance ;drought resistance
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