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i E: (RN LRERINAESHAZMEER. (B8] AT HAMR
B h R (Pentadesma butyracea Sabine) T N AW BHR KX A& IE, [HE] AL
FREBREARTHRANAA R T TIHARALRAE, oW TS BHALEE
A A KR, [ZBR] 5HAXMNHTHILARBSH T I TREAALDEH G S HFH
(Shannon #54%) PR3, m AL AE ZAEREK, FRAFE (Bacillus) « &K
® (Brucella) . # & AFH (Chimaeribacter) 5 &)\ £ B 2 £ H R ATA-F P05 2,
BB HE (Pseudomonas) « TNAFH (Acinetobacter) . F=#BATH (Alcaligenes) %
BN A A R AR RGO T T %2 B EIE B (Stenotrophomonas) 49N £ 48
RAEHAKMGOFTFHRARSFENGS . LI, HRAEHRN T AMES L5
(Neopestalotiopsis) %388 (Fusarium) . Fail# % £.38 (Pestalotiopsis) % /&89 N &£
HARAAE, MmARBGHRNTNAEALAZEZAT B FHMIEE (Xenoacremonium)
Pseudocosmospora~ Aureobasidium 5 . #2 A£ K 3 it %5 € 25 X R I oh RAY T LA 55
MR SR, BRAREAKS %, THEKRENGAKR T/, LF S Hh@BRELA R
BXERERMRS. RAEAKFERZEREAH, REAESAE ARG EAK PBS3-
48(Stenotrophomonas) it Bl AL i AP T L3RG A K. [L0] AL RBT T A
FTHAMBTRERANELRFBGER, FEBT EIHREARESRGALDEH, HEN
BT AT 69N LR FFAFAER R IE AT N AR T RRE T T3,
KA R ATALE; AHRAT; RAEKSE; SRLL
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Abstract: [Background] Plant endophytes and their hosts engage in diverse mutualistic
interactions. [Objective] To investigate the composition and functional characteristics of
endophytes in typical recalcitrant seeds of Pentadesma butyracea Sabine (Pb). [Methods] We
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employed the culture method to study the culturable endophytes in pre- and post-germination
Pb seeds and examined the plant growth-promoting effects of the isolated endophytes. [Results]
Compared with pre-germination seeds, the post-germination seeds exhibited significantly
increased diversity (Shannon index) of endophytic bacteria and decreased diversity of
endophytic fungi. The endophytic bacterial genera such as Bacillus, Brucella, and
Chimaeribacte were isolated only from pre-germination seeds, whereas genera such as
Pseudomonas, Acinetobacter, and Alcaligenes were isolated only from post-germination seeds.
Endophytic bacteria of Stenotrophomonas demonstrated high abundance in both pre- and post-
germination seeds. The endophytic fungi in pre-germination seeds were dominated by
Neopestalotiopsis, Fusarium, and Pestalotiopsis, while those in post-germination seeds were
dominated by Xenoacremonium, Pseudocosmospora, and Aureobasidium. Among the
endophytic bacteria isolated from Pb seeds, we identified five strains with phosphorus-
solubilizing ability, five strains with nitrogen-fixing ability, and seven strains with siderophore-
producing function, of which five bacterial strains have both phosphorus-solubilizing and
nitrogen-fixing abilities. Strain PBS3-48 (Stenotrophomonas), with both phosphorus-
solubilizing and nitrogen-fixing functions, promoted the germination of Pb seed tissue blocks.
[Conclusion] The results reveal significant disparities in the culturable endophytic microbiota
between pre- and post-germination seeds, and multiple endophytic bacterial strains exhibiting
plant growth-promoting effects are successfully isolated. This study provides insights into the
characterization of endophytic microbiota in recalcitrant seeds and lays the groundwork for
targeted exploration of functional endophyte resources.

Keywords: Pentadesma butyracea Sabine; seed endophytes; recalcitrant seeds; plant growth-
promoting bacteria; function identification

MFEEVEEENZESRE, LESMMENER (sced-borne endophytes) AIELHR
B, HAHEENESSNERTUIBEMFERGEE TR, HEFREREXHMEERS
MBEMERKEBPRFEEEERD. IEFR, MENERSBIIMURANLRE, BNS
MEYFF O BHAENAEMAECFIRAEER . ARER, BEMREREEEIES
FHRERMGEREERS, NEEBETEBIRZE (Indole acetic acid, IAA) | FRER

(Gibberelin, GA) EEYIEER,; Dl AEREE. ERBZS/KER". SEMERK". £
WERERBT I ESMTEHEHENER. EESEENE, MFRERHEEIEEX
RIFRE. Blan, MEREEIESEMERRERBINEEERD, ESEMSEAEHET
SR IERRAY, A, BERARRREETIES RS (induced systemic resistance,
ISR) IESEEYIXYRREIHERAL., BEFXERE, MFRERCH ZNATERIHES
REMESFRI AT RS A BT+,

JEMR (Pentadesma butyracea Sabine) REEEEIEHRBRIRSZSTA, 2mTHRIEEF
IR R, ERSCESHAS, (MIELERSERA R o, HEWSHESILA
SRHEN, ERSHIIREEENR, ERTHAERE B MCIZRARE, EXRIR
NEFPRIZEEEFER. BRRFESME,, BhRNER. HIRbaESMHEYESE
Bs>, SRR, ILEEER =X EY), EEnME. at. fvE. i\, k.
HESRAT RESRSSTGIEELERY), (BRXNESERRETE, BTFSIEMAZELT
HFIBNEN, BHRENT. STENFEMEEN=ENRS, HERFEENTIIR
SOOI EREMNEETN, IEHRMFEHRBNTU T, Fh BRI AR 2 RE
EFITFRPL, FFRBIRE . FISMFEENS . BRFEZI, aTRIEENGE 2 ARINEE,
SEREME, AERXEE.



B, XFEHROARTIEEFEEESER, GRNERY. SFNMESSIRESL
TRy FRCYIE@IE. KTt FEEERAERESNERFZ IEENERES
M, BRIEAEARIRE. AXETRERSEIENNSHETREEIER, NAMED
R AR R M RN PR SRR E R SR R R KIS T,
| H ST
1.1 %t

NARIER T E =S XN EERE e MNEiE 22 S EEraXhRIEEDE (R
££101°25", b5 21°41", BRVERIREXSUR, F159iE 21 °C-22 *CZ[E), FHMERE 400
mm, B#k%J 570 m) PEKRIERRVE AR FBEREKEAAN R (RS2 40 cm) RS
R T HARIIR.

12 #EHxFE

SFABEAREFED (gL) ;

PDA EYAEFHREDY (g/L)

PRI EERR (gl) | SREESECHTHH. FEERESIRHERE, ARk
BB, MEFRAER000.20;

BBEFRE (L) | SIEKRBECHTH0E. MERE 0.50, LKRERE 030, Sk
#90.30, SLER 0.30, LKERERIEEX 0.03, PUKFRERES 0.03, BEERES 5.00;

HEHEFE (gL) : SREINKCIHTEUH. B8 10.00, FERE 0.50, TKERE
0.30, SR 0.30, BEERE”HN 0.20, CI/KIRERILEX 0.03, PUZKHRERR 0.03, BEERES 0.10,
EHKAEK:7.50, TS 18.00, pH6.8-7.2;

FTEEFE (gL) : SERE/INECIHITH0E. EE0E 10.00, FHRERER 0.50, TKMMEREE
0.30, S4¥5R 0.30, BEERSI”HN 0.20, L/KERERILEX 0.03, PU7KERERSR 0.03, BEERES 0.10,
15 18.00, pH6.8-7.2;

Cas (Chrome Azurol S) IEFFHE (g/L) : CAS MUIEFREE 10.78,

1.3 EZRFIFNL

DNA REUEHIR, IERERAEMRRBROERAT; SEEOI, DERNEDMRER
BIRAE, PCRAY, [ IHETRIFLWNREZBIRAE, B2LIES, HEEADMNERT
SEABRAR; BNEREFE, KCHEWiIRE ; MEKTEIR, LigmkEEIiH
EEERAE, MR, ItEREEVRIAIRAT]; CAS mliEAE, SEaRTIE
BEEMRAERATL
1.4 HFEFREESRIER

KSR RAREE MR RSS, AFEARERTITRE, B2, SHFHRETRX
T 30 min, KRFREMENREREDINEHEY), SR BRRTHFREKD, B
BT TR EE PR TS TREES . 5% e 5 min, ZoEZKHIE 2-3 %, 0.1%
FRIFE 10 min, FEKFSE SR, TERBERTREKS , BRE—REEMFRIFTEX
100 uL ;375 F PDA FIFARBENEFE L, BT REREESHIIERNE. DEREERA
REAML %, BEREESEIMNFETE S TIFETERIR, FRTEEJIERA/IMET
/MR, EMTE PDA 1B57E (HRE) HRAEEERERE (@ER) £, 810FREW 9
MRAVBIERVELSR, SMERE 15 MNEE., BiEfiErDEEERT 25 ClERts



FEAEFLEFE 72h, NS 3 RFHRIENFEIR EARRSSEHEN R ERHTANE, BSEL
FEERNINEAREIET 16S RNA FiEAH T FENFEE, NEERBEY 18 1TS F5
BHTERE.
1.5 RERNRDFEE

58 CTAB iZERS BRINAEEEREAE DNA, AERAEAS Y (BRItEERLEY
BRATEK) 27F (5'-AGTTTGATCMTGG-CTCAG-3') F1 1492R (5'-GGTTACCT-
TGTTACGACT-3") , ERE({FFIS |4 ITS4 (5-TCCTCCGCCTTATTGATATGC-3') , ITS5 (5'-
GGAAGTAAAAGTCGTAACAAGG-3") , XHEENAIAAERE DNA #17 PCR ¥ 18, 25 uLPCR
JIEAZ : 2xTaq PCR Mixture 22 pL (2mmol/L) , E T34 1 uL (10pmol/L) , DNA #&
R 1 pL, A PCR ¥ ISTERE: 94 °CHFRZEME 5 min, 94 °CZE30s, 50 “GEK 45 s,
72 *CREfR 45 s, fBIRREDY 330K, 72 ‘CHROEEME 10 min, 4 CiEIEREN., RAEER PCR
Y IEFERS: 94 °CFAZME 4 min, 94 °CZEME 1 min, 54 °CIBX 1 min, 72 °CEE{# 1 min, &
NREL9 35 R, 72 CFROFE(R 10min, 4 CIELERMN, 1%HERBEEERAEER KGN PCR 7
1EF=Y), BN SEHNEREE DBETEN TREBRATHTURF, MFERE NCBI X
FEERRHATEEY, TR0 BREED E., WEAREREINEHFIERED e AEMIR
{4 MAGE 11 8%, EEXITiEERR clustal W, #ZE4757% neighbor-joining, IRZE bootstrap /I 1
000,
1.6 JEHRMFREARRERENEE

BRSS! fFRSEERKEREMINE SRR MR TR TR
EFEERLE, ABNFIREER 3 MR, BT 25 CHEFR 7 d EUEREKRESERE
KAFRERE, EREKNEREERMEFRNTREAE L 25 CREEF 74, W
TR EEFEEBREERATTRENEEN. 81 ERER 3 MEFEFEAES. IEERERE
B D 5EE%ER d, B D/dVERGEEKREREN, tHEWK, EREIHEE,

BBEESELT: RS ERKEREMING S ENREARREM TSN
BEEhiEAREE, S8PFREEM 3 MR, BiRT 25 CTHER 7 d BMRESREEEMT
MBEbtEFRE FIEEERKFEAKRE , Br-tKRE N ERE KM EMEA T B RS
FrE L 25 CHELEs: 7 d, MRERESIFEEG AR BIEEN. B EKE
3 MEFEENEES. NEBBEER D SEEER d. B D/d tWERGERKABEE
B, tUEWK, AR OEEE,

REIhEES IR (FRZTERXENEFHING B ENAEEM THRRIEFETIR
L. BANFIRLEER 3 N e, BT 25 CTREEFR 7 d EMERERRRIAEKER, SEREE
FE A KRIFNESREREMESIEFRERTHIEFE L, R 2 MiEHE FE%RR
EKIER, LSS HEFRE E R EEE K, BESFHEFE FIRESE KRIFIIE,
XHEFRIERED DB ARHEEINENR. 81 EREN 3 MEFEFIES.

FHERNEEY: FRLIESEXENEMINGEHENHEEREMT Cas BFE
FtR b, BNFREERM 3 ANE, BT 25 CTEH 7 4 ENREMENE KIS R, 6EBiE
Cas g FAE P KA AR BSIEEIRNERII ARG REAREINER. 81 E
HEM 3 NMEFREFEAES. IIEEeEEER D SEEER d, B D/d tHEREEER™



BREIREESD, LUEOR, FrekEiARBEIEGE,
L7 (RERAEMAENE MR FRRHZR

IHIOFRE 100 g EERERA 250 mL BNAERRF, IO 50 mL BEKEITEETFHAS
[EZSKETRAF 121 °CRE 20 min, EEENRELEFEERSREH. ERTIEERY 3 4R
CMEEREMNTHARAERAEFES, BT 35 *GERF 180 r/min 1575 48h, 4 °C. 8000
r/min BOKERRTNUE, IIALTEKER, EHESRKEN 1.5x0° CFU/mL, BEREH
SERIVERRM AR NRRHIEFIESRT, 4 10s, EEMEERP 2R
PSRN 3 RERRMFHERAR, BHRE 5 MNES. CK ALEAREHESTIREEA
FToBEIKA, EEERRMA 25 CROERIB=ESS, BRI 12vd, 15 d FFAFIHERR
MFRLRRBERIER, TN AERNEEREENR. EASTHNEE RRMFAERRA
FERINRFE,

KRHFER= (50 dFFRFE / MFRBE) x100%

BHFH= (30dFFRTE / MFRBE) x100%
1.8 EE4bIE

{5/ Excel 2018 B4+ BEUENTEHERIREZ, F SPSS 27 BIBHITRERGESD
T (ANOVA) , 138755714 518 Duncan EGEiEZE % (Duncan's new multiple range test)
EVIRARIER, LA P<0.05 AESBFITEEN.
2 BRE55H
2.1 EBRAIAEAL B RIS 7 A 4R 254 1

TR SIHEARERRMFHESER 70 HRaEFREHER, HFiEARIE nEM
FHoEE 20 #% (PBS1-1-PBS1-20) , BEAREEARMFHIESI 50 ¥k (PBS3-1-PBS3-
50) . 1@ 16S rRNA EEFRFILLXS, 70 BREHMEITE9 25 2 OTU, 16 1ME (R 1) .
Hep, EHREARIFMFHOBEEEIR 20 SRREMAEIFES 11 4 OTU, BEABRIFFH
DEBEIR 50 tRAAEHEIFE 18 4~ OTU, BBARRIFIBAREMFHE 4 M HE OTU, I3
EHAWNE, 982 Erwinia (OTU1) . Stenotrophomonas (OTU4, OTUI15 #1 OTU16) (&
1 .
F=1 HARMFAIEFRRNEMAREIALE

Table 1 Classification of culturable endophytic bacteria in Pb seeds.

OTU k%5 &4 B R 5 (k) FHXF B
oTuU Generic name Strain number (Accession number) Relative abundance (%)
number U s
i A Wi K 5
Pre-germination Post-germination
OTU1 Erwinia PBS1-12(PQ614749); PBS1-13(PQ578347); 10.00% 10.00%

PBS3-1(PQ586494); PBS3-3(PQ586496);
PBS3-7(PQ586500); PBS3-12(PQ586504);
PBS3-27(PQ586517)
oTU2 Pantoea PBS3-2(PQ586495); PBS3-4(PQ586497); 0 14.00%
PBS3-5(PQ586498); PBS3-6(PQ586499);
PBS3-8(PQ586501); PBS3-9(PQ586502);
PBS3-11(PQ586503)
oTU3 Pseudomonas PBS3-49(PQ586533) 0 2.00%

OoTU4 Stenotrophomonas PBS1-16(PQ578350); PBS3-13(PQ586505); 5.00% 38.00%
PBS3-14(PQ586506); PBS3-15(PQ586507);
PBS3-17(PQ586509); PBS3-19(PQ586511);
PBS3-21(PQ586513); PBS3-25(PQ586515);
PBS3-30(PQ586520); PBS3-32(PQ586521);



PBS3-33(PQ586522); PBS3-38(PQ586524);
PBS3-39(PQ586525); PBS3-41(PQ586527);
PBS3-43(PQ586529); PBS3-44(PQ586530);
PBS3-46(PQ586531); PBS3-47(PQ586532):
PBS3-48(PQ614748); PBS3-50(PQ586535)

OTUS Acinetobacter PBS3-18(PQ586510) 0 2.00%
OoTUé Alcaligenes PBS3-20(PQ586512) 0 2.00%
oTu7 Acinetobacter PBS3-24(PQ586514) 0 2.00%
OoTus Burkholderia PBS3-26(PQ586516) 0 2.00%
OoTu9 Alcaligenes PBS3-28(PQ586518) 0 2.00%
OTU10 Bacillus PBS1-18(PQ578352) 5.00% 0
OTUIl  serratia PBS3-36(PQ586523) 0 2.00%
OoTu12 Sanguibacter PBS3-40(PQ586526) 0 2.00%
OTUI3  sphingobacterium  PBS3-29(PQ586519) 0 2.00%
OTU14 Providencia PBS3-23(PQ625855) 0 2.00%
0TU15 PBS1-5(PQ578340); PBS1-6(PQ578341);

Stenotrophomonas PBS1-7(PQ578342); PBS1-17(PQ578351); 25.00% 2.00%

PBS1-20(PQ578354); PBS3-22(PQ614746);
OIS ororoppanorss PO ISP O IBEEIN s aoo
OTul17 Bacillus PBS1-1(PQ578336) 5.00%
OB g RIS o
OTUI®  serratia PBS1-19(PQ578353) 5.00% 0
OTU20 Brucella PBS1-3(PQ578338) 5.00% 0
OoTuz21 Chimaeribacter PBS1-10(PQ578345); PBS1-14 (PQ578348)  10.00% 0
oTu22 Rahnella PBS1-11(PQ578346) 5.00% 0
OTUZ3  sphingobacterium  PBS3-35(PQ625853); PBS3-37 (PQ625854) 0 4.00%
OTU24  providencia PBS3-31(PQ614747) 0% 2.00%
oTu2s unclassfied )
PBS3-10; PBS3-34 0 4.00%

Pseudomonas sp.

FERRBISHARERRMTPESER 39 KelEFRERR, HPHEARIEHRM
FHoEE 8 ¥k (FPBS1-1-FPBS1-8) , BEREHEHRIFFH5EE] 31 #k (FPBS3-1-FPBS3-
31) . BIEREFFILLYS, 39 BRREREIIE 84 0TU, 7T1MNE (R2) . H, BEKAE
FEMERMF PO BESEIRY 8 tRRERRIAXN 4 1 OTU, BERGRIFFHOBEEZIRI 31 15
REEEFE 44 0TU (R2)

R2 HHRMTAERARNEERTL
Table 2 Classification of culturable endophytic fungi from Pb seeds

OTU 4T R4 WS 5 (R T) AHXS 2

OoTU Generic name Strain number (Accession number) Relative abundance (%)

number 5 i WK e
Pre-germination  Post-germination

OTU1 Fusarium FPBS1-7(PQ849079); FPBS1-8(PQ849080) 29.00% 0

oTuU2 Neopestalotiopsis FPBS1-6(PQ849078) 14.00% 0

OTU3 Neopestalotiopsis FPBS1-1(PQ849073); FPBS1-3(PQ849075); 43.00% 0

FPBS1-4(PQ849076)
oTuU4 Pestalotiopsis FPBS1-2(PQ849074); FPBS1-5(PQ849077) 14.00% 0



OTUS Xenoacremonium FPBS3-1(PQ849081); FPBS3-2(PQ849082); 0 74.00%
FPBS3-3(PQ849083); FPBS3-4(PQ849084);
FPBS3-5(PQ849085); FPBS3-6(PQ849086);
FPBS3-7(PQ849087); FPBS3-8(PQ849088);
FPBS3-9(PQ849089); FPBS3-11(PQ849091);
FPBS3-12(PQ849092); FPBS3-13(PQ849093);
FPBS3-14(PQ849094); FPBS3-15(PQ849095);
FPBS3-16(PQ849096); FPBS3-18(PQ849098);
FPBS3-19(PQ849099); FPBS3-20(PQ849100);
FPBS3-21(PQ849101); FPBS3-25(PQ849105);
FPBS3-26(PQ849106); FPBS3-28(PQ849108);
FPBS3-31(PQ849111)
OTU6 Pseudocosmospora  FPBS3-22(PQ849102); FPBS3-23(PQ849103); 0 19.00%
FPBS3-24(PQ849104); FPBS3-27(PQ849107);
FPBS3-29(PQ849109); FPBS3-30(PQ849110)

oTu7 Aureobasidium FPBS3-10(PQ849090) 0 3.00%
OoTuU8 Nectriaceae FPBS3-17(PQ849097) 0 3.00%
A B
100 unclassfied Pseudomonas.sp. 225
 — Bacillus
90 ! Rahnella i;:
80 =— ' Chimaeribacter .
S = == - Brucella Nao
5 70 * Providencia :
2 60 * Sphingobacterium w 221
3 * Sanguibacter 3
£ 50 * Serratia £ 220
< 40 + Burkholderia 5 219
o + Alcaligenes g
S 30 « Acinetobacter 2218
o - Stenotrophomonas K
~ 20 Pseudomonas 2.17
1o ! Enwini .
o | I i 215
Pre-germination Post-germination Pre-germination ~ Post-germination
C
100 — D
—_ 1.4
280 , 1.2
§ * Nectriaceae
@ 70 * Aureobasidium 1.0
5 60 * Pseudocosmospora
= 50 + Xenoacremonium x 0.8
E . 3}
S Pestalotiopsis 2
40 i = 0.6
L + Neopestalotiopsis g
£ 30 . Fusarium g
S £ 04
& 20 =
10 0.2
0 0
Pre-germination  Post-germination Pre-germination Post-germination

B BaRMFHELAENERSHEMEREEAR A PBRASHEREEBRMFH
EFRERRANKRENFER, B: AR SHAEE MR FREMER Shannon 15
. C: EREISHAEERRMFPAIEARNEERERNENFE, D: BEREISHA
3 HRFFRAEEER Shannon 558

Figure 1 Diversity and composition of endophytes before and after germination of Pb seeds. A:
Composition and relative abundance of culturable endophytic bacteria in Pb seeds before and after
germination; B: Shannon index of endophytic bacteria in Pb seeds before and after germination; C:
Composition and relative abundance of culturable endophytic fungi in Pb seeds before and after
germination; D: Shannon index of endophytic fungi in Pb seeds before and after germination.



EBKEL, BRAIBEHRMFIHONBEANENEEITEREFARBERE
(Stenotrophomonas) FLLEEKEE (Serratia) , HENFEESFI/ 35.00%F0 25.00%, BEA
[ERMFREFFHIEE/E (Stenotrophomonas) | ;ZEIJE (Pantoea) FIRKSEREIE (Erwinia)
HBERS, BXNFEDHI/I 46.00%, 14.00%F] 10.00% (R 1; B 1A) . BARFEERE
(Stenotrophomonas) . BN EKEE (Erwinia) . IWWHEEEE (Serratia) 3 NEABAKRIG
BRenBEINHERE (B 1A) . ®RKEL, EARFFHIOESR 3 MEERRE, 2
ARNBZEME (Neopestalotiopsis) . RIBERE (Fusarium) FIBNURZ ERE
(Pestalotiopsis) , fEXIERES B/ 50.00%. 25.00%F0 25.00%, HEAEHFPFHNRLBEE
B4 MEERRE, HY, YESSIUERE (Xenoacremonium) F1 Pseudocosmospora FEXY
FERD, BUFESBIA 74.19%F] 19.00% (K 2; B 1C) . BBAEEHEMFREME
Z 14 (Shannon 530 K FEERRIFF (B 1B) , IEAR/SHEHRMFAREEEZSHFIE (Shannon
88 /WNFEEREIFT (B 1D) , RIAMEMFIFR, MFPIEFREMEMENFE
E RO M —ERZEBIN, MAEEEEA TR,

22 HEHRMFREMAERE KD

MBBRRIEHRFTFRLSEE 2 HRAI4E4E PBS1-4 (Serratia) 1 PBS1-12 (Erwinia) ,

AARENEBRRMFPEER 3 PRREME PBS3-13 (Stenotrophomonas) . PBS3-35
(Sphingobacterium) F PBS3-48 (Stenotrophomonas) BB AMME AT ELAITNEE, H,
BRI FHOBER PBS1-12 (Erwinia) 7SBEEENERR (D/d=3.07) (3R3) .

MEBRAPEHRFFPLEET] 2 tRINA4HER PBS1-4 (Serratia) . PBS1-12 (Erwinia) |,

BEREIEHRMMFRETEE 3 %hWEME PBS3-13 (Stenotrophomonas) . PBS3-35
(Sphingobacterium) . PBS3-48 (Stenotrophomonas) BEBERINEE. HF, SBARIFPFHE
¥k PBS1-4 (Serratia) EIRBENERIE, D/d /93.25 (R3) .

MEB LRGSR LT 5 tRINEHE PBS1-1 (Bacillus) . PBS1-3 (Brucella) .
PBSI1-5 (Stenotrophomonas) . PBS1-8 (Serratia) . PBS1-18 (Bacillus) , BRAGHVIE HE
FhFhSER 2 BRINAEYHE PBS3-23 (Providencia) . PBS3-43 (Stenotrophomonas) BBF=
BREATIRE, HeP, BEARRIMFHEMR PBSI-8 (Serratia) FERELABEIRIE (3R 3)

BHRMFAFESHESRENENALR, H PBS1-4 (Serratia) . PBSI-12

(Erwinia) . PBS3-13 (Stenotrophomonas) . PBS3-35 (Sphingobacterium) . PBS3-48
(Stenotrophomonas) EEKEITEEABFIEIRINEE (3R 3) . NRARPRIEEDEEH
RN MAME.

3 HARMTFAEFNEAREERIREKINEE

Table 3 The growth promoting effects of culturable endophytic bacteria strains from Pb seeds.

R T I % e PR

Strain number  Phosphate-dissolving  Nitrogen fixation  Potassium solubilization  Siderophore production
PBS1-1 - - - 1.44+0.10cd

PBS1-3 - - - 1.46+0.25cd

PBS1-4 1.97+0.20b 3.25+0.68a -

PBS1-5 - - - 1.7040.15c

PBS1-8 - - - 2.42+0.20a

PBS1-12 3.07+0.75a 2.46+0.53b



PBS1-18 - - - 2.07+£0.22b

PBS3-13 1.524+0.27b 1.354+0.82¢c - -

PBS3-23 - - - 1.404-0.14d
PBS3-35 1.454+0.12b 1.36+0.13c - -

PBS3-43 - - - 1.46£0.40cd
PBS3-48 1.481+0.34b 2.394+0.50b -

T RPHIEATIRAREE. RFIRR/NSFERRE Duncan IGHIEREZNELEREZE (P<0.05) ;
-1 FARERHE,

Data in the table are mean+SE. Different lowercase letters in the same column indicate significant difference in
Duncan’s new multiple range test (P<0.05). -: having no growth-promoting property.

23 Pb MFREKNEMRNARZFE N
XJ Pb MFHDBEENREMETEET 16S 1DNA FFINRFREN. BEREIM:

BHEBERINEEN P MFREERRRRBEGRERINEE, EESHTVEKER (Serratia) |
BFBEERE (Stenotrophomonas) . Sphingobacterium, B ECEE (Erwinia) ; BB
HRIIEER Pb MFAEMEEREENFETERE (Bacillus) . BEFRRER

(Stenotrophomonas) . YWEKEE (Serratia) . ZEIEEHIREE (Providencia) . TaEGH
EEBrucella)i94HE. WEKERE (Serratia) . BEFEEERE (Stenotrophomonas) HRILA
P HEIFEREE SR, ERFIF-skE A TIEER Pb FFREME (B 2) .



2 BHRMTREMAEET 16S IRNA FIINAZLBR 1 oXREREFAE
e, ZFRETERHURDAIER: ESANENRE 16S rRNA EEFFFITE GenBank
FRFFIERS, ZE 0.050 CRIZIKE TRIHIER, BRIIFRRERRERRT G
BEREINRENEN, Ps: EREBAREED, N BHREBERES, Sp: BtREArT#
4N

Figure 2 Phylogenetic Tree of Endophytic Bacteria 16S rRNA of Pb seeds. Numbers at branch
nodes indicate bootstrap values reflecting the reliability of phylogenetic tree topology. Accession
numbers in parentheses correspond to 16S rRNA gene sequences deposited in GenBank. The scale
bar (0.050) represents evolutionary distance per nucleotide substitution. Strains highlighted with

dark gray shading exhibit experimentally validated plant growth-promoting functions. Functional
annotations: Ps(Phosphate solubilization), Nf(Nitrogen fixation), Sp(Siderophore production).

2.4 {REKMEEER Po FTFAHLHITI

R EVS(RAE RN 3 # Pb AT PILEAHRIEIRGLEE Pb I TAASUR, RIS,
EVATAERIPIEARETRR PBS3-48 (Stenorrophomonas) HEBTEHERS Pb FF BAURMIEAE
FIREFS, SHIREIELABIRET 17.249%H) 285%, {ESTTREEHEIZEIRT Pb T
HERBERIERABIRE KT (% 4)
F 4 (REKMEMER Po T T RLRIL O

Table 4 Effect of growth-promoting endophytic bacteria on Pb seed germination

R FEIR R (%) FRIRFES (%)

Strain number Average germination rate (%) Average germination potential (%)
CK 38.09435.64a 23.81437.09a

PBS1-4 33.00%23.57a 13.00H38.26a

PBS1-12 33.33240.82a 20.00%29.82a

PBS3-48 53.33+18.26a 26.6614.91a

T RPHE NI ANEE . BER/NEFERTE Duncan ERIEREFUERFEE (P>0.05).
Data in the table are mean%SE. The same lowercase letters in the same column showed no significant difference by
Duncan’s new multiple range test.

3 iR

EMRNAERETLABE SMN GRS FEaATIER, fia0: BADEHERTEY. XK
SRR, IEEFUE M P RIBEA EMEN'E., BT ARM AL,
VIBBARISHERGEIERRMFARRME, RARRENERRFREN. SRERE
™~ ERRMFHRNEARESEENFE, BAMMBERENFFHRIEFRREEMZE
HEHFERAER. EMFRERAESBRNRNEAEF, NEKREE.
Chimaeribacter, ToEHERB. FETRRES 4 MNENoHEBRREIMFY, BREREERE.
FETERE. FRTEE. BRERERRB. Sanguibacter, ZHE. HRABITERE. 2
HEHTRES s MRS hERERENFTFH. EEIENR, BRAIEMFHAIERR
HERANTEARE, HBEARIIEZSERE. BEEE. BUESERERTATE
SRTERE. Pseudocosmospora %, Shannon 1555 RFRERE A SHFHAICTIEFRNAEH
B, HENSMIY—EIES, tTeeEEMFiER, BESWIINMEE. &R,
BN REEE IR AR ISEF Y, (FSEEFAY Shannon IEEUENN, FRBEFITFHAK
EEMEEREINMIAE, (BHBERABLARMERNFGFSM Y, BREMFHAER
WAEERER Shannon IEEIEE, eERHTHAGEIMLCEEENTAERE, BIXHE



THREREHEIFESTIRE, NMSHEMERRFFENY—E TR, TAHR+T, #FH
&fa, Xenoacremonium FIRAERERET P OBIRARINE, HEUHETRERHSERETINEE
RIKSESEES,

MR BIEE RRM FREERFHNERNERENRE R TOT, EBHARXIBE AR
MFHFENREAEF TR ER B EHRT TIRIE. Gagne-bourgue EV AR R
FHTREESEF IAA, AIESREFABHFEE, WM FRATIERKESEHER. KH
RS BEHNSETENEET SRR, Truyens EIgHFIEH EBMEEARIRET
PABE A=A Rt SR REESARNEE, RIFMFRSRREE. XAR+FD
BUHRISETRNEEFREAEE N, WHAERINEEn s M e A F R D . 7K
HHBREAARPARARN L AR RERLESD, NI SRR AIEM Rahnella aquatilis
MEM40 EEEASEENEEN, AIEERATEFEIEKENESBHINESE,
(EHEER. LI SR TKERBENSESMBARR, KIE Rahnella aquatilis
ZF7 HIpiEFRR. BEREARE G, ATLGRISEAERNE, BeRreasnk. 2
EEPUER T KERLB RIS FERE, fAFATL Rahnella aquatilis EEHRETLABIE =40t
IREEMEET, [5|R-3-CERFTEHI BSRIEHEM A KH BEIEIRZ R ERR, TIEESH
EMENEMLL, REAARPER LB FH O BRIRSE NAERRFEITREFIKERLR
REASEFEE MR E R AR, EEEe, EEEEARF SR se@EII e TR NE
{EFRUHFESIIRE. BFAEMFHFENZRBARREIT ST SRS EPERS, 2
REAENMIEEESMEEINRE, AE—EREE ERREEEERIER. fian:
Dutkiewicz ZEIRIFAFEHIEHHEK Pantoea agglomerans B3 S4B EIDRIREEIER
HFEEERRE. —HIZERAILVBEES. FEEER (1AA) | DiENERARLTE
FYEAMBIEREE, BRUEYRRBENEE S, BEIRSKE. NEFE; B—hm|, B
DWMER. SREERFESMINEFRZRURSSENR SN (ISR) EAEES
EHEHERRZERKRIETIHA , SRR N ERE RN E R, FEERREEEEE].
AFAFDERY Pantoea cypripedii EHRARIMEAEEES Y. o, BREMFHEE
M EREREREEEXARIBAESESIREEBET LES, FHETRSHEmERE. 1§
SEAEYEM REHFEDRKE S, BEERHKEERP, Bevivino EPRARAIIE K
Burkholderia fungorum UFLA 04-155 fZEEAKM FXREEKEGEREEEH, HEdE
FR et SREASIRERBELERN . BRRER, EMBHSHIERE Providencia
rettgeri [, BEAVHIRTER, RHKENMRKE S BIEEK T 5.40%. 19.40%F1 20.30%,
REZENMTIEAE BEEIHERD. AHRPHESZIRY Pantoea cypripedii, {HFEE/R
. Providencia rettgeri FERBAEREINBECNPRFZINEBEANEER T, BESH
AAF, HTFEEMFRARFRS BENE, EUETREEM FEREAIEPIBERNE
wE, UHEHMEARERFHEIEFERTRRIER. XTHFHRINABNERER
Fusarium proliferatum 2—3XBEBZMINEERNE k. FI0: Sztejnberg ZECVFRE Kk F.
proliferatum A FFHAHBEERE. REBRTEESESRRAS | RIEMRE, KIM &0
M EAERMR P D BEEIERIIE F proliferatum KGLO401 EMRPEEHNISFERENDS
FER ggs-2, ZEETTRERSEIEABRNTE, WEHEYEK., MFiER. ZFH



K. HRAS. BRI AERIREHFLIREA. ALRAERRRIIFFHoBEERII
MLEEHR Pestalotiopsis microspora tB EB1EXIRIE. N2 D BEEINZMALEREH
TREE, RUEHEETENSAREEY HDS-1 FMHRBNFASENEIEIGELE, H
BEXHENSHNMFRBELAEGREH#AERY., BREHFHIEENNRNBERE
Xenoacremonia J&T Nectriaceae £}, {BEEIRE, HRIKTF Xenoacremonia BIRIBEFEE
FREEER Xenoacremonium sinensis BRIP4 R LAY EME S ERAVEAF,

HYBEAREMFHENRERENSTTAIL, BMXEKERE. PEXERE. EFRER
BRI SHEAENMFHIIE S, (BEEENFEERMFREMERMEI. XFIBRME
FER—ERT, MFARABMBRIRNEERFEERKATEREER, X5 Mano FHfR
IKFERAIFEPIR. M RERESNSTRIER L, (RESFARRIE AR TR
FEZMEENEE, HPHo NEAERTEESHELETNEE, IR PBS1-4, PBS1-12,
PBS3-13, PBS3-35, PBS3-48 ZEITEE A FIE R II8E., Bk PBS1-1,. PBS1-3, PBS1-5,
PBS1-18, PBS3-23, PBS3-43 ZENIEBF=#EATIEE, HEGFSEAIENNEMNEEE
DIEREARIFFR. ARER, RSN ERRE T B SR E AR E S ER R B
RFR BRSNS EUANRBEET S—YRREHMEM R R ST =R RMENNERKHTE
AR AR AR, ENEREIRF RO RIS RS NE R SR
BHRER. £KBX.

FhFEE A SO — S I R (E g MR BRI AN A AR A EF R EEARE. FHE
ERRBISHEAEMFRONEINEFRRRBIYNE—MERE X5ERXTHFREREN
RO BIRENERNERS AFEITEBAEAR. 5k, EFEREETRATENEKR
FHESBENISREFTHRIE RIFHINAE DY, SRERNEERNZXKE. KAERR
EH—LEFRREERAERERBI AN ENR. DENERKIREAVEHGRPE
WMAEK, Bign: Zhang FEHRAIL, BFREEEEN SB-KS8 MIEZFEFHIEE C3
REEBIT D W EHER/L T REIHIRRERER, NfRiERE EIRIERER. X5E
FEEGMEHEZEFEFFRIEE DSM 50170T ES N ERIIREEEIE 2l IAA FEEYDE
HEHRREERK, NMEAHEYINERERKEEN.

4 Z5ip

AR EKIE ARM TR ARIEIEANERARGFERAER, B FHEESHE
EREME, MBREREEASFRERERE, APNEERREATERNTRE. HP,
ERTEAAR. BEISINEEAYEK PBS3-48 (Stenotrophomonas) XP¥EHRFFERAREER
FROREREN, B RERSEIMEMFARRNATRIAT . HRERBETERU
MR R FEXAIAEERE R EBXAVEIEH,

g
R EREE B M RS R EXN AR .
{E& ki AR
BAITF RN ESWRSCIOHEH . FURAME. 18X S, tALLE. BRI ASRILIOMAKEE.,
HIEAMR, =R, WIARRERICIERERE. REHEA.
EZFIE RN FF AR
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