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Screening and biological characteristics of endophytic nitrogen—fixing
bacteria of lithophytic Paphiopedilum micranthum

RUAN Yuehong, LI Zongyan™, LI Yin, HU Jiaxue, WU Qian,DOU Guorong
(College of Landscape Architecture and Horticulture , Southwest Forestry University , Kunming 650224, China)

Abstract: [ Objective | Endophytic nitrogen—fixing bacteria play a crucial role in enhancing nitrogen
absorption and utilization in host plants, as well as in their adaptive evolution. This study aims to explore the
functional diversity of endophytic nitrogen—fixing bacteria in lithophytic Paphiopedilum micranthum ,understand
their biological characteristics, and provide resources for the development of microbial agents. | Method ] This
study used the lithophytic P. micranthum as the experimental material, using tissue homogenization to isolate
endophytic bacteria from leaves and roots. Bacterial identification was performed through morphological and 16S
rRNA molecular techniques. Endophytic nitrogen—fixing bacteria were screened using nitrogen—free culture
media. Five strains of nitrogen—fixing bacteria were selected based on their nitrogen fixing ability and growth
amount, their ability to secrete IAA and produce siderophores was assessed using the Salkowski colorimetric
method and plate assays, respectively. The culture conditions for five strains of nitrogen—fixing bacteria were
optimized through single—factor experimental design, focusing on carbon sources, nitrogen sources, and
inorganic salt.[ Result | The results of isolation and identification showed that a total of 102 endophytic bacteria
were isolated from the leaves and roots of P. micranthum, belonging to 15 genera across 4 families, with 32
species. The dominant genus was Bacillus, accounting for 66.67% of the total isolated strains. The preliminary
screening results of nitrogen—fixing bacteria indicated that 90 strains belonging to 20 species had the ability of
biological nitrogen fixation, accounting for 88.24% of the total isolated strains. Among them, the nitrogen—fixing
ability and growth amount of NY—=6( Fictibacillus enclensis) ,NY-21(Priestia megaterium) , NY—=47 (Peribacillus
frigoritolerans) , NG—6 ( Priestia aryabhattai) and NG-44 (Bacillus mycoides) are relatively high.The 5 species
were preliminarily identified as endophytic nitrogen—fixing bacteria, and five representative strains among them
were selected as test strains for subsequent experiments..The plant growth—promoting traits of the strains showed
that all five nitrogen—fixing strains were capable of secreting IAA and producing siderophores. Among them,
strains NY=6,NG—-6, and NG-44 exhibited the high IAA production, reaching (6.07+0.01) wg/mlL, (9.29+0.03)
peg/mL, (10.76+0.04) peg/mL when 3 strain were cultured in media without tryptophan.TAA production reaching
(19.08+0.01) pg/mlL, (20.69+0.05) wg/mL, (20.83+0.04) weg/mL when 3 strain were cultured in media with
tryptophan, which were 3.14,2.23 and 1.94 times higher than the strains without tryptophan, respectively. The
strain NY—-6 exhibited the strongest siderophore production, with a soluble index of 6.37+0.40, which was
significantly higher than other nitrogen—fixing bacteria. Single—factor experiments revealed that the optimal
inorganic salt for all 5 strains of nitrogen—fixing bacteria was CaCO,, and their preferred carbon and nitrogen
sources varied. For strains NY=6 and NG—44, the optimal carbon and nitrogen sources were soluble starch and
peptone, strains NY-21 and NG-6 preferred sucrose and beef extract, strain NY-47 preferred sucrose and
peptone.[ Conclusion |32 species belonging to 15 genera of endophytic bacteria were identified from 102 strains
obtained from leaves and roots of P. micranthum. Among them, Calidifontibacillus erzurumensts, Heyndrickxia
ginsengihumi, Niallia taxt, Neobacilluscucumis , and Metabacillus idriensis were isolated from orchid plantsfor the
first time.A total of 20 species (90 strains)of endophytic bacteria were found topossess biological nitrogen—fixing
capabilities. Among these, strains NY-6, NY-21, NY-47, NG-6, and NG-44 were preliminarily identified as
nitrogen—fixing bacteria. All five strains of nitrogen—fixing bacteria have the ability to secrete TAA and
siderophore production. Five strains exhibiting high utilization efficiency for beef extract and peptone. Strains
NY-6, NG-6 and NG—-44 exhibit notable plant growth—promoting abilities in vitro and could be used to

investigate their promoting mechanisms in enhancing nitrogen absorption and assimilation in orchids.
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F1 HEEFHRNEMNERKE GenBank RS
Tab.1 Similar strain and GenBank accession No. of the isolated strains

o HHLEBE 2 GenBank 25 s HAL BB 2 GenBank 25

umber Similar strain and GenBank accession No. rumber Similar strain and GenBank accession No.
NY-1 Bacillus velezensis CR—502(0Q876683.1) NY-11 Calidifontibacillus erzurumensis P2(NR_178988.1)
NY-2 Bacillus subtilis JCM 1465(ON041099.1) NY-21 Priestia megaterium NBRC 15308 (T) (MK424276.1)
NY-7 Bacillus tequilensis KCTC13622(MZ573379.1) NG-6 Priestia aryabhattai BSW2(NR_115953.1)
NY-9 Bacillus ferrooxidans YT-3(KY628809.1) NY-30  Heyndrickxia ginsengihumi Gsoil 114(MW019944.1)
NY-31 Bacillus toyonensis BCT-7112(00Q626001.1) NY-34 Niallia taxi M5SHDSG1-1(0L880528.1)
NY-37 Bacillus stratosphericus 41KF2a(ON878108.1) NY-47 Peribacillus frigoritolerans DSM 8801(PP757982.1)
NY-54 Bacillus proteolyticus TD42(PP757996.1) NG-2 Peribacillus muralis LZ15-41(MT856238.1)
NY-68 Bacillus paramobilis BML-BC0O17 (PP758243.1) NG-9 Lysinibacillus composti NCCP-36(NR_126171.1)
NG-10 Bacillus mangrovi JBRI-MO—-0023(MK302238.1) NG-17 Neobacillus cucumis V6148 (PP257562.1)
NG-11 Bacillus sonorensis T-2(0Q750673.1) NG-22 Psychrobacillus psychrodurans NB=9(KU254665.1)
NG-19 Bacillus kochii Uyi_40(MT507233.1) NG-37 Metabacillus idriensis 24532( OR430309.1)
NG-31 Bacillus licheniformis ATCC 14580(0N795919.1) NY-24 Cohnella lubricantis KSS—-154-50(NR_156082.1)
NG-39 Bacillus simplex Qtx—11(GU201860.1) NG-29 Paenibacillus guangzhouensis SK2(OM049335.1)
NG-44 Bacillus mycoides ATCC 6462(NR_115993.1) NG-32 Paenibacillus uliginis LMITABS02887(0OR304339.1)
NG-49 Bacillus paralicheniformis FJAT-47814(MG651217.1) NY-28 Staphylococcus pasteuri ATCC 51129(NR_114435.1)
NY-6 Fictibacillus enclensis NIO-1003(NR_133744.1) NG-63 Sporosarcina koreensis 22260(OR431528.1)

PLNY =" 44 (4 TR A DR I 508 22 4 i e e 8 10 R ) 5 A NG =" 24 1) T A DA P50 22 AR v 43 B 3R AR 19
Strains labeled as “NY-" were isolated from the leaves of P. micranthum ; while strains labeled as “NG-" were isolated from

the roots of P. micranthum.

A 5 min B 7 min C KB
1 5 5
0 0 1 3 5 1
1 1 S
11 - 1 4 - 7 10 - 6
3 1 0
2 min 3 min 5 min 6 min NA YG

AR T BE B BT 43 5 A A5 1) B RR A B Ry KR 7 B T T 0 5 AR A5 A PR AR P 5 C S NA LY G B KB 3R DL N A= 41
TR B I B SR A o B ARAS R TR bR R R
A shows the number of strains isolated from leaf disinfection time ; B shows the number of strains isolated from root disinfection

time ; C shows the number of strains obtained by separating NA, YG and KB with culture medium for endophytic bacterial isolation.
Bl 1 SIS [ 85 7 43 B8 AR5 I T Rk
Fig.1 The number of strains isolated under different disinfection times and different culture media
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5 K [ AN BR AR AN TS N S R AN VAN N 8 SR A 00 T 38 7 A T a0 A8 Ak (T 2A) o 5 Rk 11 040 B
WA TAA (Ve FE AN 1] 2B T 7, ZEAN TS I A8 280 IR (A 100 5 1R 81 28040 181 4306 TA A 1 524 6.07~10.76 pug/mlL,
AR IO AR B OLT , 70 11.92~20.83 pg/mL, HHP, NY-6 NG-6 HI NG44 5 R A TAA 7
W 2 TR I 2 R 9 1% B0 T TAA 43 W6 5t 3K (19.08+0.01) pg/mL, (20.69+0.05) pg/mL, (20.83+
0.04) we/mL, 73 RGN AR 3.14 £% .2.23 4% . 1.94 4%
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Tab.2 Differences in nitrogen—fixing ability of endophytic bacteria in P. micranthum
L1732 E R (] L1732 I A HitkS I U HkS A LE
Strain number  Nitrogen fixation | Strain number  Nitrogen fixation | Strain number Nitrogen fixation | Strain number Nitrogen fixation

NY-1 ++ NY-28 - NG-2 ++ NG-29 -
NY-2 +++ NY-30 - NG-6 ++ NG-31 -
NY-6 +++ NY-31 + NG-9 - NG-32 ++
NY-7 ++ NY-34 - NG-10 - NG-37 +++
NY-9 - NY-37 ++ NG-11 ++ NG-39 +++
NY-11 ++ NY-47 +++ NG-17 - NG-44 ++
NY-21 +++ NY-54 ++ NG-19 ++ NG-49 ++
NY-24 - NY-68 + NG-22 - NG-63 -

“htt 7 PR TR HAR N 2~3 mm, HEFRRE B R BE ST+ PR TS AR 1~2 mm, HA SR REE ST “+7 TR HLAR/
T 1 mm, HABARES ;-7  LRARE T

«

+++

”: The diameter of a single colony is 2-3 mm., exhibiting stable nitrogen—fixing ability; “++” : The diameter of a single

colony is 1-2 mm., exhibiting strong nitrogen—fixing ability; “+” : The diameter of a single colony is less than Imm, exhibiting ni-

trogen—fixing ability ; “~” : No nitrogen—fixing ability.
A o B
3] 0 Aia 5 No tryptophan added
3 . e IS ) 24| " 5
& < [ #mEE N Added tryptophan
I 21+ b a
e c
=2 18
(=3 —~ .
ke L8 ;
- - 15 =
z - EE
= 512t S a
2 o b
g% FERY o |
B2 k2
& < 6 | d
= = < .<—t<
53 :
- g - 3 [
<
0 L
NY-6 NY-21 NY-47 NG-6 NG-44 NY-6 NY-21 NY-47 NG-6 NG-44

AR5 BR [ ZUAH TR 5306 TAA FOZSCERS s B oA 5K [ S0 AN TR 401 TA A VR T

A shows the effect of IAA secretion by 5 strains of nitrogen—fixing bacteria; B shows the concentration of IAA secretion

by 5 strains of nitrogen—fixing bacteria.

2 5 Rk G040 B A AN T 0 6 R AR N €6 EU R 25 A4 4300 TA A O B3R Ak

Fig.2 Effect and concentration of IAA secretion by 5 strains of nitrogen—fixing bacteria under with and without tryptophan

24 SHREIRMABE kA AIEE

5k [E RUAH TR X RE 7 A 4 0 S B (1 3A) |, L5 kA A 4 mT Vs M8 B 141 3B i, 7 kA g
FH % 2 5590 & NY-6 \NY-47 NG-6 . NY-21 FIl NG-44 , NY-6 5 T bk A 0 7% EL A2 /N, 18 (S B i i,
HTIE PR RO R, 6.3720.40,

NY-47

oS EY (D-d )
Soluble index

NG-6 NG-44 NY-6 NY-21 NY-47 NG-6 NG-44
AH 5 BRI BN T 7 BR A R SOR s B oy 5 K I8 204 B R A v ] v R
A shows the effect of siderophore production by 5 strains of nitrogen—fixing bacteria ; B shows the soluble
index of siderophore production by 5 strains of nitrogen—fixing bacteria.
P35 bR U0 B BR AR AR I RCR BT s R 4

Fig.3 Effect and soluble index of siderophore production by 5 strains of nitrogen—fixing bacteria
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25 BEFEGRNK
2.5.1 REBRMSHE R EAKEN YA

NY—6 Fl NG44 5 bk 1Y) fiedd Bk 2 S nl P PETE Ry (3R 3) , AR KB (0D fH) 7351 T4 3 (2.61+0) Fil
(2.76+0.02) ; Ifii BRIk NY=21  NY—47 FIl NG—6 [ 538 i I D) 327 4y AR , oA K 3 (0D, 1B 20 31k (2.58+
0.01).(1.12+0.02) .(3.05+0.01) .,

R3 SKERAREARKETHERES

Tab.3 Growth differences of 5 strains of nitrogen—fixing bacteria under different C sources

A Gkl iz Hns VA TEVER JULRE IES
Strains Glucose Sucrose Mannitol Soluble starch Inositol Sorbitol
NY-6 2.02+0' 2.24+0.01° 2.28+0.01" 2.61+0° 2.51+0.01" 2.41+0°
NY-21 2.42+0" 2.58+0.01" 2.57+0.01" 2.24+0.01° 2.44+0.01° 2.56+0.01"
NY-47 0.74+0.02" 1.12+0.02* 0.53+0.01° 0.98+0.04" 0.83+0.01° 0.99+0.02"
NG-6 3.03+0.01" 3.05+0.01" 2.660° 3.04+0.02° 2.82+0.01" 2.47+0.01"
NG-44 2.70+0.03" 2.26+0.01° 2.27+0.01° 2.76+0.02" 2.27+0.02° 2.25+0.01°

[l — A7 AN ) 7 BE R R 22 53 3% (P<0.05)
Different letters on the same line indicate significant differences (P<0.05).
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NY-6 .NY-47 FHING-44 5 Rtk {9 e HERIR 0 8 H R (R 4) , For NG-44 SRR Y OD, (5K,

3.19+0.01, 1M NY-21 FING-6 (AR IE N A4 B, OD {43 31/ 3.15+0.02 F113.87+0.03
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Tab.4 Growth differences of 5 strains of nitrogen—fixing bacteria under different N sources

ISRV A HEH B B JRE B F R TR
Strains Beef Extract Peptone (NH,),S0, Urea Tryptone KNO,
NY-6 1.47+0.01" 2210 0.1£0° 0.14+0" 1.33+0.02° 0.09+0°
NY-21 3.15+0.02 2.13+0.01° 0.08+0.01" 0.35+0" 2.34+0" 0.29+0°
NY-47 0.37+0" 0.67+0.01" 0.05+0' 0.07+0° 0.34+0° 0.09+0"
NG-6 3.87+0.03" 3.42+0.12" 0.07+0' 0.74+0" 2.48+0.01° 0.28+0°
NG-44 3.05+0.02" 3.19+0.01° 0.24+0° 0.32+0" 2.41+0.01° 0.13+0'

[Fl—4T AN A bR 22 7 3 (P<0.05) .
Different letters on the same line indicate significant differences (P<0.05).
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Tab.5 Growth differences of 5 strains of nitrogen—fixing bacteria

under different inorganic salt components

SENEES Al BmR W = 4N TR B S PR
Strains NaCl KH,PO, Na,HPO, MnSO, CaCoO, CeHsNasO7
NY-6 2.26+0.01" 2.05+0.01° 1.92+0.02° 0.21+0° 2.63+0.02 0.10=0'
NY-21 2.62+0.01° 2.41+0.01° 2.47+0" 0.18+0.01" 3.64+0.01" 2.66+0.01"
NY-47 0.73+0 0.19+0.01° 0.18+0" 0.14+0° 2.48+0.02" 0.15+0"
NG-6 2.66+0.01° 2.70+0 2.70+0" 0.14+0° 3.56+0.02" 2.53+(0"
NG-44 2.61+0.01" 2.39+0¢ 2.62+0.01" 0.11+0" 3.3£0.17° 2.65+0"

[Rl—47 A R) P i e 22 5 1 3% (P<0.05) .

Different letters on the same line indicate significant differences (P<0.05).
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KA W MR RS R T AT Rl A= 7= o A 32 F N AR AR, Ho b Calidifontibacillus erzurumensis . Heyn-
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R PR ) TAA A5 BGE 2 7T AR DL S R KO o 32 . O hara S5°ZE B 53 Sk A6 A X6F 61 280 B8 77 1952 1 B+
FEH Bk mT A S Bl B DR AR 1 SRR (R AR P R P A 2 DR Dl e = Bk 3 T 38 [ R S i o AR AIF SR
H Sk I 20T A AT PR BRI R RE ) L 7 R AR RE T B R A & NY -6 S R BR o Xing SE00f H 25 o
RN A A BB ) W5 v 2 W B | SRR ) A 17 257 Wi 200 7 ) A 38 710 ] SIS 1 L AR T 5 a3 X 5 Ak
5] 202 T 1140 0 % A R A T DA 2 B L 5 0 11 260 40 T 114 e ok 58 ) 2 T 8 AP A R AR, i TR
SR A P RN R L 315 A A5 IR S5 Bl P 9 22 DA AR LT Y D— 16 5 B R 1) dic i ik 50 b AU ) s e 45
SAFAE S (ARSI A S VR LA 0 25 (N, —N) RIS JL(NO, -N) B0 3R 25
7 YD=16 5 AR X NH, =N F1NO, N W5, 3] e 40 1 0 0B 119 5058 O A ) T S 280084, 40 144 T
XA AL AU I8R5 g, 5 R [ R0 B 7 0 ) LR 1 R B PR 3R R i — RN 2 K 2 e 2 v T
PL(NH,),SO, 1T KNO, 73551 A il — IR I A9 A 1, kS 17 40 ] BEXS A HLARY A IS

25 LRIk A A I G 22 A A [ SR TR A2 A, ] REAERE R 22 BT TR T ORBEEHT
AU 5 B [ RN HAT 70 WA TAA BRI RE ST, He P NY-6 (NG-6 I NG-44 5 i bR 1 fie 1 i
TG, Al — AP IETE s NBE IR 26 PR TR, 5 R I8 2040 T XA B 260G R P 23 B g, e Tk LB 200 1 L
A A HLA R D28, I T R0 A8 0 8~ W e ) — 0 U TR IR T A WL RS — 20 BB 2K
IEE A A AL 2R A o 7 126 S LA A RO T R A I

£ 2 3Lk References:

(1] 255, 30O  BUR B M DR 52 22 2R S OR3P [ ML JE T s Tl i ik, 2017 :82-95.
LI Z Y,GUO R.Diversity and conservation of Paphiopedilum micranthum in southeastern Yunnan[ M ].Beijing: Chemical In-
dustry Press,2017:82-95.

(2] I, B ARASAE I X 8 e 40 i A B e A R A S M & D () ] 2R 25241, 2018, 38(21) : 7749-7761.
WANG M Q,HUANG Z S.The adaptability of woody plants to the rock morphostructure in karst rocky habitat[J].Acta eco-
logica Sinica,2018,38(21) :7749-7761.

(3] FFHEL, sRARAS , T, A W S0 A5 AN [ 3t 4 35 3 T AR 0 AR R R M S R R AR [ ], AR S R 27 41, 2022, 31(5) -
865-874.
FUY H,ZHANG D J, XIANG J, et al.Topological structure of plant roots of different underground habitat profiles in Karst
areas[J].Ecology and environmental sciences,2022,31(5) :865-874.



55 4 3] B0 2145 A R 50 22 P 2 [ AN T 1 O e B R e i © 969 -

[4] LIY,HU J X,RUAN Y H, et al.Soil properties and rhizosphere microbes community structure reveal nitrogen uptake prefer-
ences and nitrogen use efficiency of two tcotypes of Paphiopedilum micranthum|J].Agriculture,2024,14(11):1909.

(5] skde, Ze Wi, A 05, 25 vl ] 98 22 Ja T8 A0 J AL 26 A7 BUIR AR5 88 [0 ). v PR 27, 2022, 42(7) - 3461-
3472.

ZHANG Y, AN M T,WU J Y, et al.Survival status and protection effectiveness of Paphiopedilum Subgenus. Brachypetalum
in Chinal J].China environmental science ,2022,42(7) :3461-3472.

[6] ZHANG H,ZHANG W.Plant-soil interactions in karst regions[ J ].Forests,2023,14(5) :922.

[7] LEE S,KIM J A,SONG J, et al.Plant growth-promoting rhizobacterium Bacillus megaterium modulates the expression of an-
tioxidant-related and drought-responsive genes to protect rice (Oryza sativa L..) from drought[J].Frontiers in microbiology,
2024,15:1430546.

(8] g, oo i, sk 53 . 90 2 J@ ST () SO B SERTFE LT ] AR 23282742, 2002, 40(4) : 364-370.

LIU Z J,CHEN X Q,ZHANG J Y.Additional notes on the subgenus Brachypetalum (s.1.) of Paphiopedilum[]].Journal of
systematics and evolution, 2002, 40(4) :364-370.

[9] GEBAUER G,MEYER M."N and "C natural abundance of autotrophic and myco-heterotrophic orchids provides insight in-
to nitrogen and carbon gain from fungal association[J].New phytologist,2003,160( 1) :209-223.

[10] KUGA Y, SAKAMOTO N, YURIMOTO H.Stable isotope cellular imaging reveals that both live and degenerating fungal
pelotons transfer carbon and nitrogen to orchid protocorms [ J ].New phytologist,2014,202(2) : 594-605.

[11] FOCHI V, CHITARRA W, KOHLER A, et al. Fungal and plant gene expression in the Tulasnella calospora—Serapias
vomeracea symbiosis provides clues about nitrogen pathways in orchid mycorrhizas [J]. New phytologist, 2017, 213 (1) :
365-379.

[12] WEN A, HAVENS K L, BLOCH S E, et al.Enabling biological nitrogen fixation for cereal crops in fertilized fields[J].ACS
synthetic biology,2021,10(12) :3264-3277.

[13] GHAFOOR A Z,JAVED H H, KARIM H, et al.Biological nitrogen fixation for sustainable agriculture development under
climate change-new insights from a meta-analysis| J ].Journal of agronomy and crop science ,2024,210(5) : 12754.

[14] 4Af MR, 14 22, 55— Bk 5CH T P9 2B [ U0 T8 GXS16 MY 4858 S H R e B AR I LT ). Ak W 2im #ie ,
2021,48(12):4710-4718.

NONG Q,LIN L, XIE J L, et al.Characters identification and sugarcane growth promotion analysis of an endophytic nitrogen
fixing bacteria GXS16 [J] Microbiology China,2021,48(12):4710-4718.

(15 5KI507 . TLIS >4 ARAR P A 40 T i 0k S LA AR ORI 5[ D 1. T 11 - g K57, 2015.

ZHANG F F.Screen and growth-promoting effect of endophytic bacteria from Phalaenopsis pulcherrima roots [ D ]. Haikou::
Hainan University,2015.

16 ] &XMETE /N A N AR AT AR AR AR AT LD 1T M AR R AR R+, 2020.

ZHAO P F.The Diversity of endophyte isolated from Malaxis microtatantha and its growth promoting characteristics [D ].
Guangzhou : South China Agricultural University, 2020.

(17 ] 0K A 22 A A TR 0 70 5 2 0 B AR I PEEFE (D LM - A B TR, 2018,

TANG B X.Isolation and identification of endophytes in Arundina graminifolia and their biological activities [D ]. Guang-
zhou : South China University of Technology,2018.

(18] ARF5ER, 45U 0 i WA TR R GE € T M | ALt Bb2# R, 2001 : 62-65.

DONG X Z,CAI M Y.Handbook of identification of common bacterial systems[ M ].Beijing: Science Press,2001 :62-65.

[19] WEISBURG W G,BARNS S M,PELLETIER D A, et al.16S ribosomal DNA amplification for phylogenetic study[J ].Journal
of bacteriology,1991,173(2) : 697-703.

[20] B We , B3, THE A5 HOR A 13 MORSS24 FIAR Y 9 A 0 0 2 A Ry vk LD ) H R Al o241, 2022, 57(2)
64-73.

LYU JJ,JIN L, WANG Y, et al.Study on the growth-promoting and antagonistic properties of endophytic bacteria in 13 sta-
ple medicinal plants in Gansu Province[ ] ].Journal of Gansu agricultural university,2022,57(2) : 64-73.

(21 ] HAEG . =R A AR 4R TAA BE T AOI E B2 H R IR FE LD ] AR M« AR R Y R 2 , 2020.

GUI C Y.Determination and application of IAA producing ability of three tomato endophytic strains[ D ].Fuzhou : Fujian Nor-
mal University, 2020.



- 970 - AL N A N 547 &

[22] AR 2%, F ok, ZE 5440, A5 B S AR ANERT Y -3- 1R AR 28 B HC A By e A e k5 LD ). AR ) B 41z, 2023, 39.(10) :
246-255.

Z0U L, WANG X, LI M Y, et al. Identification, biocontrol and plant growth-promoting potential of endophytic bacterial
strain JY-3-1R from Aconitum carmichaelii Debx[.]].Biotechnology bulletin,2023,39(10) : 246-255.

[23] VANDENKOORNHUYSE P, QUAISER A,DUHAMEL M, et al.The importance of the microbiome of the plant holobiont[J].
New phytologist,2015,206(4) : 1196-1206.

[24] CHANG W,ZHANG S B, LI S Y, et al. Ecophysiological significance of leaf traits in Cypripedium and Paphiopedilum[]].
Physiologia plantarum,2011,141(1) :30-39.

(25] RPCH, 7R 0, 7R A, 25 BB Rk N A 20 T B ZE R e 2 R 2 e L ] AR B D55 B 241, 2018, 27 (1) : 79-90.

WU QS,LEI X,LEI Y M, et al.Analyses on composition and diversity of endophytic bacteria in Dendrobium nobile[J].Jour-
nal of plant resources and environment,2018,27 (1):79-90.

[26] LI X L,HU H,REN Q L, et al.Comparative analysis of endophyte diversity of Dendrobium officinale lived on rock and tree
[J].Plant biotechnology,2023,40 (2):145-155.

(27 ] PRZAIE A 22T, 2 AR AR BRI A i A AR R bk S22 5 [0 . B R 25753, 2019,44(6) £ 1145-1150.
CHEN S T, DAI J, JIANG X P, et al. Diversity and difference of endophytes in Dendrobium huoshanense with different
growth years[ J ].China journal of chinese materia medica,2019,44(6) :1145-1150.

(28] kAL, BSCR  BEIC 2, 45 . AN 254 RPN A FIAR Rl 40 7 2 A P R A2 A RE D 0 W [ ] AR B R 5 3R 057 412, 2015, 24(3)
32-40.

ZHANG L, TONG W J,XUE Q Y, et al. Analyses on diversity and plant-growth-promoting ability of endophytic and rhizo-
sphere bacteria of Dendrobium moniliforme[J].Journal of plant resources and environment, 2015, 24( 3):32-40.

[29] SEMWAL P, MISRA S, MISRA A, et al.Endophytic Bacillus strains enhance biomass and bioactive metabolites of Gloriosa
superbu[ﬂ.lndustrial crops & products, 2023, 204(PA):117296.

(30 W, ©7%, THE, 55 = Fh2G 2 BHEY) AR W) R S D e AT [ . B W) 4, 2025, 52(3) £ 1166-1179.
YAO N,WANG T, WANG Y, et al.Diversity and functions of endophytic microorganisms in three medicinal orchids[J].Mi-
crobiology China,2025,52(3):1166-1179.

(3] 3, Wk, 4%, 55 B (Cerasus humilis ) PN A T8 Z020 T 0 16 458 AR PERIFFE () ). R 41, 2022, 30(4) : 859-866.
BAIJ,YAO T, LEI Yet al.Screening, identification and characteristics of endophytic nitrogen-fixing bacteria in Cerasus hu-
milis| J].Acta agrestia Sinica,2022, 30(4):859-866.

(32] g, PG IH , PNV . K e P A= 1 00T 18 0 A W e R HC o e B R i g sz [ ). b A0l B2, 2016, 49
(19):3754-3768.

YUAN M, TAN S J,SUN J G.Isolation and biological properties of endophytic diazotrophs from rice and their influences on
rice seedling Cd accumulation[ J ].Scientia agricultura Sinica,2016,49(19) :3754-3768.

[33] LI S.Is auxin the key to improve crop nitrogen use efficiency for greener agriculture [J].New phytologist, 2024, 244 (6) :
2170-2175.

[34] O'HARA G W,DILWORTH M J, BOONKERD N, et al.Iron-deficiency specifically limits nodule development in peanut in-
oculated with Bradyrhizobium sp[J].New phytologist,1988,108(1):51-57.

[35] XIANG Y X, WEI C Y, MO Y, et al.Nitrogen-fixing and plant growth-promoting ability of two endophytic bacterial strains
isolated from sugarcane stalkS[JJ.Sugar tech,2016,18(4):373-379.

(36 ] A, 2555, W ARG, 4RIt g0 22 7™ TAA T PR ) U7 1B 48 5 B AR W 2 RV ST [0 ] VPG AR 0lh 27274l , 2024,
46(4):902-913.

REN S X,LIZ Y,HU M L, et al.Screening, identification and biological characteristics of high IAA-producing strains of
Paphiopedilum micranthum[ ] ].Acta agriculturae universitatis Jiangxiensis, 2024, 46(4):902-913.

(FEHRE:XNEE)



