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Abstract; To understand the diversity of the rhizosphere soil microbial and endophytic fungi from the typical karst species-
A. luodianensis, rhizosphere soil and healthy plants were collected through Isometric sampling method, then the soil
microbial and endophytic fungi were isolated by culturable cultivation, and identified using the molecular technology.
Finally, we constructed a phylogenetic tree, and calculated the diversity index according to the results, which reveal the
conclusion; (1) Totally, there are 139 fungal isolates was obtained from rhizosphere soil, root, stem and leaf, belonging to
27 genera. Among them, 34 fungi strains were isolated from rhizosphere soil, belonging to 12 genera; 63 endophytic fungi
strains were isolated from the roots, belonging to 17 genera; 14 endophytic fungi strains were isolated from the stems,

belonging to 8 genera, 28 endophytic fungi strains were isolated from the leaves, belong to 9 genera. (2) There are 41
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bacteria strains were isolated from rhizosphere soil, belonging to 7 genera and 26 species totally; 20 actinomycetes strains,
belonging to 1 genus and 15 species. According to the order of microorganism diversity index, there was a significant
difference in fungal diversity: root > rhizosphere soil > stem > leaf, but it was not significant in the diversity of bacteria and
actinomycetes. (3) Fungi, bacteria and actinomycetes were divided into 3 branches by hierarchical cluster analysis. We
found that the microbial diversity in rhizosphere soil, root, stem and leaf of A. luodianensis was abundant, and there was a
significant difference in microbial community composition in different parts (P < 0.05), salt-tolerant and drought-tolerant
bacteria groups with pseudomonas and bacillus were the dominant genera here. This study laid a foundation for searching for
functional bacteria related to A. luodianensis, which would help to reveal the adaptability of A. luodianensis to karst habitat

and provide some basic data for the relationship between microorganism and plant community.

Key Words: microorganism; diversity; adaptability; karst

FLAR S AW SR E R ) (AN L R E 55 ) AR TR — R B I — D B Y- E W R S
RETE L RIY-E Y A T X 00T A AE RV B AT RS L T R S, AR 22 A TR AR EL T ( Arbuscular
mycorrhizal fungi, AMF) N 4= H I ( Endophytic fungi) . 4l 1 ( Bacteria ) X HH ¥ 4= & & & A & A v Z 0 69 1E
FIP B AR R b 5 b L B RK o R A5 2R AR B A AR 4| TR] B AR A SCRB S ik e i A
IEAE DR M TR AE KT M RETR 7 AR BRAE S B 2R LA R Ak 23 8 R ik AR IR S S R 2E K
PR TGS AR AL, R A A AR AR 5 W 2 D AR B T DR L AR AR B - R
(ZHT ECER ORI ) R N AR L AR R AT BIESE , A B T 460 7 AL X P05 ) I A AL ) 5 2 0 Y
MERARN,

FR IR 385042 9 ( Rhizospheriv soil microbe ) ZEAL Y HR R34 A1 25 R G b 7 1 25 =B 0 ff (o, BE 22 5 5 RN IR
AR RGE TR LI N EFICR GV FAGIE B 2L 3 G LT AY 53 AP AR 22 00 5% 3 iy W i s
AR AE KRR T SR AE R A S RGOV RR . AR B T 3300 A W 7 4 s 0 A 5 vp 25 7 A 4R 110 AR PR A%
JO7” SRR iR AR RS D ISR R IR ) 1 B, ELAEAR SRR T 8 R PR o 4, AT 2 e AR PR B2 ) 2 R, 1 5
FHAIAE R PRBE v R LM | SRR A AR A v 3k T R RO SR s 2 1 T AR R AR
TN A B R R DAY ASE — 202U 1 32, WY A KR B R R 035 52 e Ja o 356 Bh A P R es e 3
PR ER — R E Y L BRI R NI N A LR T IR A AT ROR TR, oA 3 O 205 A A IR
S A B AN [] i LSS () — R AR AN ] 3 2 18] P A= B8 2 AR M A R AR 22 53X 22 S PR 2 O N A LT
[ AL —

INE AT Ampelocalamus luodianensis T. P. Yi & R. S. Wang & K &K Bl Poaceae 1T W F} & 47T )&
(Ampelocalamuﬂ*ﬁ%r S AU T BN B ST 28 2 R I A5 S L b S R (e S A e
Fr A K F iR 600—1000 m £ A REEAT L' L BAR/INE T o0 A ISR oA | ST b SRR 2 (R AR
B XA AT SR R WA AR B S Y (AN B B RCZR ) RN AR TR R S R R 1
SEAHACI R - 3EAE R B I s FU A A AR AR NGEATAE B A R 25 W TR L
HWARIHAEA: K R4, R 5 HMA M REE IR R R UK R 2 — MER RN, 2580 B R UEY
DE R AR SO /INEPTAR PR LS W (AR AT LI IR T ) AU [R) 6% B (R 25 ) N AR ELTE n] 55 3R 0 2 6
PEEATORSE , A BT 1 AR E Y- R R T SR N TE G R, R AE — RE REE b RT4B 7S /N T A 0 I S R e ik 2R
SR AR I AL B[R] 2 A 73 g A 280 B TR bR T R IS 0 S N E AT AR ST PE D BE U E WU 2258 R RO KA

1 #MR57EE

1.1 5 XA
FAESAETHME B M EER S TS/ K45 K 106°45'17"E 25°30'39"N, J& T M A4 5 7 $UH 25 )UK,
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fii . H FEIELZ) 1300—1500 h, 47K 29 1000—1400 mm , 4K 757 m, +3E R4 K+ (pH 7.68) , T %5 + 3%
BEIS PE5 0 h - 2 R AL (8.74£0.01) g/min  FEMEEE (2.64£0.03) g/d K 0.04 mg (NH,-N)/g/d (S
{E) o
1.2 SCgepbkl

TRHS (P AERS ) IFEREIE —EEERE S MHF (5 m x5 m) BT HELER 10 BREE
7 BT AR INAZ SR RRAEARAR 25 I 3 FR 40 FE 5 (ZERR MR A LR 3 ANERAL) A FH R R AR Bt
EHTHAR 2 mm PR3, BT REN 10 BRAF R 5 MR 25 5 1R G BT 4 C KSR IRAT )
Bpas S AP, BRI N 1 25% Wt PDA 35573k PDA 5380k DT [R-d N 203552 3 A4 W E
FURET R MR R IC 1 SRR (T R 3R 3 W 35 [ IR R A FR A ] 72
1.3 AR EESR
1.3.1 M 25 AR RO B
PR ZE TR IR RN A 0 - g ke HC R I HI A 4 mmx4 mm R/NRGLHZIU . TETCHHRAE
B LIERT 75% WAREIZHL 1 min J5ICH K WYL 3 W, KR H 2.5% REFRENE RO 7 1 min J5 FHCA
75% WK 30 s, KBS FICR/K ik 5 UG TCm MBI T B2l 2L M v Il 5 42 Fh 7E 25% AT PDA
Ri gk AR WA A R 6 ANBilg a4 1 N2 e [ b B 10 N ER L REE T 26 C 1Efk
FEFRAE I 3% R ZUEN I vk TSR0 A 1 M 25 11 0T BE VL A I B AR A B8 AN A USRI 5 IH 8 Tt
BAE B R NAER ) P2 BERT SR T R B A 2K, R 22 K G MR8 % PDA 1553
3, dlifk 2—3 IR A — BB
1.3.2  HHEEH AP R

fifi RGBS I AL, B 10 @ B8t HFEHS A 90 mL JERE/K 7, ZE48 IR _L9R3% 30 min 78432 (200.0 rpm,
25 °C) , B BAIUR S5 1) R 1 mL, 7 A A 9 mL TCR /KR P, A5 o 102 (A R+
o (1) BEE AT HEIMPLLEEFREE (I 100 U/mL HRERMPKRETEER 160 U/mL MHIMEAK) & TA LR
FRFA 28 CHEFES d, B H W B TE A KAF N, — B BUER 224 H 7 RIPRHR A 5 V5 3 2 B 22 3R 228 1) PDA 15
FeHE EE 23 WHBPARRL T, (2) A5 A R & D MR AR B T A 3741 37 C15 9% 2—
7 d, FFRETE R G S RIPRBOUEAS B, | 57 S5 [R] A9 B TR VR S0 T8 1 AR % % L R R AR Al bR . (3) ik
P AR O R S I 1 505 R0 B T AR R4 28 CH53% 7 d; alifb vk R B, T A7 Ab A glifk 2—3 IR 3R
PR — PR
1.4 FEMEE

i ] Ezup A3 (5.0 FE7 50 PREPS) B FE MAN B F 4] DNA fili 3070 & (B9 TR2 (R e A BR 2
H)) #EH DNA , f#i F] DNA Ziifbif 77 & Kit Ver.2.0 ( TaKaRa) #4744k, 1 1% SIeHEEERE (&4 0.5 mg/L
R 5E) VKA DNA By fiiE . PCR 935 [ AR P an T .

() B SEHLIY . JF5)H . 1TS1-F (5’ -CTTGGTCATTTAGAGGAAGTAA-3") , ITS4-R (5'-TCCTCCGCTTA
TTGATATGC-3") "),

x1 EEYEER(S0 uL)
Table 1 fungal amplification system (50 pL)

{7 Reagent AT Volume/ pL. &7 Reagent PRFH Volume/ L
PCR ZZ ¥ Taq PCR Master Mix 25 DNA #2487 DNA template 1
514 1TS1 2 WFEIK Nuclease-free ddH,0 20
TG 1S4 2

PRI .94 CHASYE 2 min J5 4T 34 MG, B EAELHE 94 CZEE 1 min, 51 “CiR K 1 min,72 C4E
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i 1 min, JEHSE RS 72 C ZEAH 8 min,4 CIRLE .
(2) YA LT . @ HT Y, Bact-F(5'-AGAGTTTGATCCTGGCTCAG-3") , Bact-R (5'-CTACGGCTACCTT
GTTALGA-3")'%)
K2 AEREESEER (50 pL)

Table 2 Amplification system of bacteria and actinomycetes (50 wL)

X7 Reagent AR Volume/ wL {7 Reagent AT Volume/ L.
PCR Z&#1¥ Taq PCR Master Mix 25 DNA % DNA template 1
LUEs 14 27F 2 WK Nuclease—free ddH,0 20
FUFG 14 1495R 2

PHGFRIT .94 C A 3 min J5HE1T 30 DMEIR, BMEREEHE 94 C A 3 min,51 CiBK | min,72 CLE
i 3 min,@ﬁﬂ:éﬁﬁ}ﬁ 72 °CREAH 5 min , 4 CHA
Py h SR ( 1Y) A 55 A FR 2 ) (Invitrogen ) SR FH ABI 3730x1 ¥, fix J5 & Fdi NCBI GenBank
Wt BLAST LI 45 3, N 2 AR T 9 B AR 7 81 (R AL KT 97%) , 456 4 A2 1 2 ik 4l 48 8 TR ik
*EPZ"&C[ZS-%] .
1.5 HdsabH
(1) ELH 40w ik i 2 FEME A Shannon-Wiener ZFREMEFEEL(H) IILIPEFEEL(E) Simpson F84(( D)
PER/NETUE I Z R A IR
H=7Y (PnP) (P, %5 i B BREL G 2 R B AR T 40 He )
D=1-Y ()" (P, W45 i FOEMRE AT B 115 1)
E = H/In(S) (H 4 Shannon-Wiener 845, S H¥Fh S50 H )
BIRHRZE
JI A TR R 2
(2) R R E WA FIH Clustal X 2. 0 BT 209w #E 7 51 2E 4T VEECHES , FH MEGA 6 (£R#57%) il
Figtree T {FIHFT R G R BRI EE S 3640
(3) R Origin 2018 X ECEE AN B R B AT 2R BT FZ K TAE

X ZJE (%) = x 100 ( =10% M HIHIE)

2 HR55%H

2.1 RER IR SRS E N AE B K

MNP R R AR 253 2945 2 B B BB 25 25 S U T PR 200 Bk, HACE LT (B 1) (1) TR
PR -5 A A ECRT T AR 139 Bkl xDNA-ITS 90 EEXF IR 27 J& 54 F, ARER 2 BAS B 09 63 P9 AR EL R ik
alHE] 17 A&, s M EBLH R Myrothecium (12.70%) %k 71 W )& Fusarium ( 12.70%) , 7 %R 05 8
Harpophora (11.11%) . 2553 B4 21/ 14 A4S BUR T RE AT IH 2] 8 &, L RE AR IR 25 #1528 Eutypella
(14.29%) INVEH & Hyperea(14.29% ) 025 1555 & mitosporic(14.29% ) WK{E & Neurospora(14.29% ) il #%:
)& mitosporic (14.29%) R Rhytismataceae(14.29%) , W4y B934 28 AN ERFFEARAIFE 9 4
J& AR 22 R Arthrinium (28.57% ) A& Xylaria (21.42%) FE5EH & Chaetomium (10.71%) ,
PRt EsiR 200 34 NN EE R AR ATEE] 12 DE SR AKKON T B ER Penicillium (20.59% ) | i % &
Aspergillus (17.64% ) . KB )& Trichoderma ( 14.40%) B 15 # J& Talaromyce (11.76%) % 5Lt J& Myrothecium
(11.76%) 5 (2) AR BR L3 vh 73 B 45 3] 41 BRANTE B BR 7T 2 7 DR, Hop A3 JE 0 2R AT R Bacillus
(70.73% ) 5 (3) WARBR -3 rhr 3 B 45 B 1Y 20 PRI H bR 25 R THEFE & Streptomyces
2.2 WRPRLIERUEY LA RS E WA R RS B KRR

(D) EFE (B 2) /DEAR ZE i R R 2 53] 139 N ERERYE T FRE], Hrb
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Bl S5 R Streptomyces
I AR AR R Sphingomonas
B GHIFEE Cupriavidus
O &¥ATEE Chryseobacterium
ZhkER B Planococcus
O B MR J®  Pseudomonas
B /AFFHIJE Lysobacter
N AT R Bacillus
B S T8 Acremonium
B Purpurecillium
[ g Cordana
Wi )& Perenniporia
I Chaetosphaeriaceae
B B8 Talaromyces
B 5 55)E Aspergillus
B #5514 )8 Penicillium
B i 5% flJ& Cucurbitariaceae
0 B 58 Eutypella
RAWE Xvlaria
I B Hyperea
B B R Aspergillus
B Bt )8 Myrothecium
B #2558 mitosporic Valsaceae
B K% )8 Trichoderma
0 £5%HE Chaetomium
ik #LH )& Neurospora
0 R T) iR Fusarium
B P ZE IR Arthrinium
B RN R Harpophora
B 58 Phialemonium
B #)3% 78)& mitosporic Glomerellaceae
[0 52 B E Rhytismataceae
%X )@ Cordana
0 BRI B B Phaeosphaeriaceae
B Myrmecridium
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Fig.1 Relative abundance of rhizosphere soil microorganism and endophytic fungi in different organs of A. luodianensis

Trichoderma velutinum ( EF596953.1) 5 Trichoderma spirale(KM011996.1) | Fusarium sp. WF150( HQ130706.1) #1
Fusarium redolens ( E¥495234. 1) | Fusarium sp. LMG201 ( KJ598872. 1) #ll Fusarium sp. C _1 _BESC _294z
(KC007281.1) .Hypocrea nigricans( JN943369) F1 Hypocrea rufa 1( KC01245.1) | Fusarium sp. LMG20( KJ598872)
F1 Fusarium sp. WF150( HQ130706) B9 32 : R 35 5] 100% , BdH FIRSSHE RS R BT . HAK A8/ M 2
FrRM 4%3) 99% N5 | EG R RMKIRMERNT . FE43SKFE FoRFE , F478 99 Sordariomycetes Ab 4 X £
9, 5B 76.08% , HoAs & F 43 ML B 40 Eurotiomycetes 5.18% , JEBER 44 Dothideomycetes 3.62%
22 B 49 Hyphomycetes 2.17% #E7 F 24X Leotiomycetes 1.4% | Agaricomycetes AN 0.74% 5 (2) 4HEE (K 3) .
MAR B A 358 43 2545 21 40 4 1R AR 2 S & FIEREE ] Firmicutes (29 #£) AEJE R[] Proteobacteria( 11 #£) |
FUFFHAT] Bacteroidetes (1 #8) . HHASTE B TH ) Pseudomonas monteilii F11 Pseudomonas sp. JSPB3, Lysobacter
sp. R7-567 Fil Lysobacter sp. BBCT65 LR R iAH] T 100% , Ui B LR & [0 R 4 56 R . HR SCRPR M
21%—99% A5 5 (3) WAL (18] 4) : AR B -3 rp 70 B A5 B 20 PRIFARIYJE T 5E % 188 Streptomyces, 73 )& T
15 Bl SCRFR 7%—99% A4
2.3 MRPR LIERUEY BN RIS E N AR LR 2 AR b

HIP 3 AR, B AR PEAE K0 : Shannon-Wiener ZAEPEAR L H HUCH IR 2.652>HRBR £ 2.18>25 2.045>
I 1.989, Simpson F8%44 D HUCHHR 0.9195HF5 1 0.93252% 0.867> 1 0.834 , Y5 BEHE K E MK HRBR + 0.89>
25 0.775>H% 0.640>1 0.597, MZHEPERHEF AT LUF H7E Shannon-Wiener ZHEPEFE4L H 5 Simpson 8%k D
Hh R R Y AR SRR S I TITAE RS &) BEFREL B vh s 19 AR BR - BRI A . LA 2R RO 15
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Fig.2 Fungi phylogenetic tree of A. luodianensis

GORE PR T R B 2R SRS S T AR S E (IR 2R WA BRI 2 AR B - di i 2 H
BH0H 1.0679, Simpson $5%0 D 4 0.5217 , Y2 BEFE 51 0.5488 ; M PR L iR B 2 #E . H $5%0R 2.63 , Simpson 1§

B D M 0.08, 5] FEFE %L 0.9865

2.4 ARPR R ARG E N AR R AL LR

3 0 /NEE TR BR SR W AN B N A L B R A 7 R R S (B R TR ) 2B
JaRBL(IE 6)  MRPR L 5 ANRIE B B E R AL A ST A ROy — 5, Joh 22 5 e R Oy — 28 S 28 SRR
H—2 IR ZE SRR R RO 6 INERZEAE IR TN AR 25 R AR R TR 2R
AR SRR DI BA [7) At S AN [ gt B P A R T ) R A 0 s AR -5 AR s 8 3 S i
AR A A TR 5 MR R 8 R AT — S AR B 5 MR R L 200 T R A T SR SR B 5 P A7 LT A A S R R

BRI KR RO 3 32,
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R
100 [ Cupriavidus oxalaticus (KF815692.1)| ~ Proteobacteria
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Fig.3 Bacteria phylogenetic tree of A. luodianensis
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FLH ZFEE SR B R, YR B BN (R AR BR 1) 31 1 (25 ) 230 8D AR 5 X TERIBE Robinia
pseudoacacia TV Paris polyphylla var. chinensis S5 A4 -H LWL 2] 2 ORGP - S 40 TR R 2k 7
W 2 REPEAR AT EAR, AR OG5 3 A AT R EL B AV 2 3 H3Eh N P K e R il o /NET AR PR
A3 AR N A L AR R i R AT RS T EAR 5 R Ak Ui B A 2 R VR W AR A (R TR R R
2% FERR) DL KR B3 WA RE AR S MR s TR P8 5L 127 70 ik A1) FH 482 A3 78 R e 51T ) ) e 3R, 2 o HG 2
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Fig.5 Diversity index of rhizosphere soil microorganism and endophytic fungi in different organs of A. luodianensis
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Fig.6 Cluster analysis of rhizosphere soil microorganism and endophytic fungi in different organs of A. luodianensis
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