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Abstract: Comparative analysis of fungal community composition and diversity in root and
rhizosphere soil samples of traditional medicinal plant Ludisia discolor growing in three
vegetation types (tropical valley rainforest, tropical lowland rainforest, and the transitional zone
between the two vegetation types) in the Bawangling area of Hainan’s tropical rainforest is
conducted. Isolation of germination-enhancing fungi is also carried out through in situ baiting
experiment to explore the specific orchid mycorrhizal fungal (OMF) resources in the three
vegetation types. There are significant differences in the symbiotic fungal community
composition between the root and rhizosphere soil samples. Fungal amplicon sequence variants
(ASVs) in the rhizosphere soil decrease and those in the roots increase with the transitions of
vegetation types from tropical valley rainforest to tropical lowland rainforest. Ceratobasidiaceae
and Sebacinaceae, both specific to orchids, were found to be abundant in the root and rhizosphere
soil, but the highest abundance was found in the roots. Ceratobasidium species were identified
using in situ baiting technique. In indoor germination experiments, (32+4) d after inoculation with
the fungal strain, the seed embryos significantly enlarged to form protocorms, with an average
germination rate of (30.75+5.14)%, while no germination was observed in the control group
without fungal inoculation. This suggests that the isolated Ceratobasidium fungi can effectively
promote seed germination of L. discolor. The results reveal the deep impact of environmental
changes on the diversity of symbiotic fungi in L. discolor and provide evidence for screening
symbiotic fungal species facilitating seed germination in artificial propagation of orchids.
Keywords: Ludisia discolor; in situ baiting; ITS amplicon sequencing; core fungal communities;
Orchidaceae conservation
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Jei) BB L R R AR AR X IR S, — 1M
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RIS 3 H R 43045~ S12-1, S12-2. S12-3;
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2 5 min, JFIRGHE S, 5 HICHE K vk
S LI, KBRFEMGE A ) LEEF NaClo, )5
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PR 7K F2 PP 2 15 % L 647 10 B 360 TE 6 8 3 B 5
o WG, WHRBER ATHGAAE T, 17
T F—80 CoKAE A7 55 H

I P 22 A7 AR DX A HEAE A P 2 o BRASS O
T ABRERIE A LR, I RESR 31k, IF
FEATIRAT, Wi ad O AR X 1 RE i B T80 °Ck
IR
1.3 EES DNA B2 EUA] rDNA-ITS ¥ 18
T

FHiR 7] 2(MP Biomedicals)#2 B EL# & DNA,
HER e I G U0 T T . 1 DNA FE
F2mL EOEW, IHETTIKAME, sz b
TR ARV A YR e A7 PR W4T tDNA-ITS
P IT, FHRE BCER A OO BE T X R Y
DNA #7Em, DIRIERES DNA A9 5 Fik
JEEH L SR S B TR oK o LA AR DNA [N
R SEIAIBR X 1TS2 JPAh HbR, F 2R A
B ES 9 ITS3 (5'-GCATCGATGAAGAAC
GCAGC-3")Fl ITS40F (5-GTTACTAGGGGAA
TCCTTGTT-3") I U8 4 5 AR 45 )7 51 (AAGCA
CTG)X} ITS2 Xk T PCR ¥ 3 (Waud et al.
2014), P, SRA Ilumina BFRIERRAE
WA, DMRIERORE O AER A SE . R SR
PCR 7= T4 4 SCPERIREE . XA IR SC%
£ Illumina NovaSeq Hl#%_FF]H NovaSeq 6000 SP
Reagent Kit (500 cycles)iF1T 2x250 bp XL
1.4 REEF TN FHIELIE

R B 4 T BL A B BE WA 5 R 4
. R 519 F ) metadata SCASC
4, B SCPEE QIIME2 #4444 4k} manifest 3C
4, IEIREEBIE S A QIIME2, ffiff] Cutadapt
v2.3 B RBR RSP NS S W), 7E R 4K
e, i DADA2 SfifFtA7 e 5 o il |
AR AW L EEZFEAE, BF5ILL 100%FH{
RIS, 157 amplicon sequence variants (ASVs)
RETFH], ZBRFIEEACH 1 19 ASVs J515
#| ASVs $5iEF, fdi F IBM SPSS Statistics 26
X 45 AT FEA I AT, e R R
PEO AT, XTHARIX RSN E) ASVs ¥,
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Table 1 The vegetation types and community composition of Ludisia discolor sample plots in the Bawangling
scenic spot of Hainan Tropical Rainforest National Park
TR PR PEAE AR Fp HAAHY) B2 e A A )
Elevation Dominant tree Associated tree species Herbaceous plants Climbing plants
range species
G AL S N 1 JE5¢HE: Cryptocarya chinensis, £LRAEA  25% Alpinia oxyphylla, H LB Pothos
MWHk(A12)  Bombax Dysoxylum gotadhora., &R AR I RABR Lemmaphyllum repens,
0-100 m ceiba. Microcos chungii . 7 5§ BokFE % microphyllum, Wi+
Tropical A Monoon laui , fR3£%% Serculia K432 Phalaenopsis Rhaphidophora
ravine Ficustinctoria  lanceolata, 7KZf Persicaria deliciosa. hongkongensis
rainforest hydropiper . 7K#jl Homonoia riparia. 1A% Ludisia discolor .
0-100 m FH#k Mallotus paniculatus . #FHA ‘K )&% Renanthera

Bischofia polycarpa. 2 coccinea.,

Chionanthus ramiflorus, i3 7514 4R Bryophyllum

Elaeocar pus angustifolius, & A pinnatum,

Psydrax dicocca. 254k {3 Sicherus truncatus

Tabernaemontana bovina., % fE 4

Meliosma angustifolia. #4E2eRE

Callicarpa nudiflora
SHEHX UER Hifk Daemonoropsjenkinsiana. MRl ARAHE Lemmaphyllum H /J# Pothos
IH(A34) Liquidambar f# Licuala hainanensis, & Taxotrophis  microphyllum, repens,
100200 m  formosana. ilicifolia, M#A Taxotrophis taxoides, 5 E 3R Blechnopsis Wi¥F2
Transition WM E[1 T ) LAS Senegalia pennata, A% orientalis, Rhaphidophora
zone Terminalia Manihot esculenta., #1E %74 Hancea R Adiantum hongkongensis
100200 m  nigrovenulosa hookeriana. YL Croton capillus-veneris,

laevigatus, B Engelhardia % Aspleniumnidus,

roxburghiana, 424¢ Aporosadioica, J& 2% Drynaria coronans,

B Lannea coromandelica, 74k Hh4E X H: 2% Cheirostylis

Albizia odoratissima, #<J5 HI{EAR chinensis,

Cleistanthus concinnus., 111611 122 Ludisia discolor ,

Catunaregam spinosa. Pk LLIBRFT % 2 Heptapleurum

Alchornearugosa. ‘24 heptaphyllum.,

Dasymaschalon trichophorum, Efili FEFAM Palhinhaea

Diospyros strigosa, 24575 cernua,

Lagerstroemia balansae, Al SRR Ageratina

Microcos paniculata. 44 A adenophora.

Memecylon scutellatum, & (4 - ¢ Alocasia odora

Pterospermum heterophyllum, A

Canthium horridum
Hapit  Hig i l#A Ficusaltissima, £FRGHBk 2422 Cheirogtylis H L Pothos
FMK(AS6)  Vatica Syzygium stenocladum, AR chinensis. repens,
200-300m  mangachapoi,  Taxotrophistaxoides, K484 Epiprinus  Ifilff 2% Ludisia discolor . 2
Tropical AL siletianus. 7k#jl Homonoia riparia. fRATHBR Lemmaphyllum Rhaphidophora
lowland Dimocarpus Hii Diospyrosnitida. 244 Diospyros microphyllum, hongkongensis
rainforest longan eriantha., ZiFJ¢ Amesiodendron ek Adiantum
200-300 m chinense. 7bEIE% Polyalthiaobliqua.  capillus-veneris.,

F1BEF#Hi Hancea hookeriana, HASHIN:  HiPk Asplenium nidus,

K Lasianthus japonicus, K4
Micromelum falcatum. T RESE 4
Radermachera hainanensis, 44
Mallotus philippensis, ZH3EHL
Huberantha cerasoides

13 Alocasia odora
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SEARIETETT . BEJE 3 MR RALK B, ik
WA ASVs #HATo0 M, IR  A:
ELHH

ff] QIIME2 AR Fr A7 AR AS AT EL 1A 45
E, ORI REAR B B R ASVs, FEXREMEAR
TS E B B A, B giime
feature-table rarefy JIRE, DIE(RFEASTY 95%
FEATHNF-, DUBA DR A AR AS (000 e TR B — B, T
WA —DFIRE T ASVs Bt JHARXT 3
B, 1 o 2SR, Sffmihd. FHR
A VennDiagram 4% il AS [A] #F 7 5] 1Y
Venn &, 3 AN 6] 3 2H ]84T AT ) ASVs £
i, HETEE UNITE SRR, i3 ] QUME2 #. {4
HiY classify-sklearn Jfif4 %551 ASVs HF#EJF51)
BT RS, YR HER IR IS . T R 2K
A i) vegan fL 1 ggplot2 f143-5] 144 Bray-Curtis
FEEY, ) EARBR T, 454 ANOSIM #EfT
FARIEST BT, PEAGFEA TR R T 200 22 5
1.5 mMH=MFREDITHE REEFAAR
1.5.1 #FRERMRE

XoF IfiL P 2= B AR A R AT Z2 U R AE TR o
AR IERIS , AT R0 0 D0 O TR A
o BH2 90 d J5 RAERSGAHIR, THRAIREMR
FEVEAL S, (HH 75% C BER IR A T Ve SR 96 3%
s, FHICwEZK g 3 . (i FHJow ] 5
R, BRI . KR IR
AL, 7E 22 °CF TR B T 3 d J52%
ANEWE.OE IR, Fry8T 4 CHf7H
TAF, BT REI A B I 2 88 LA 20 °CIK
FAHEAT IR AT
1.5.2 MFESNE

K TTC (2,3,5-F b =R FL U Hme)7k . ¥
FFIA 1 mL B0, IASEKER L 24 h,
Bl A 1% E R TTC Y4, EF 37 °CKiF
fEIRAAT, TERBE RN IE 24 ho B, (8
FHRE WA KR ) A A1 IR IBOT & T80 |,
) FHAR AR 2 734 5% (ZEISS Stereo microscope Stemi
S08)WMEZITHIIR . FEALIESE 15 MBS TEE 4>
TN & AR R UL e W R ER TN

T3 I3 (Yo )=(L G JIAh 550/ S A 1 %0 < 100%.

153 MFEREMAHEEFLRAE

FE LI 2% o SR A e AR W & S B0 THE AT T
b3, FEH 1% NaClo W RIH#EAP+ 2 min, X
IR A FEHE K hsE 3-5 Wk, iFhFRIF T
0.1%TCH BARIE T, =% 100 pL 295 Fh+
60-100 %, JAAFLEA 50 um e B IERp 142
(3 cm x 5 cm), A2y 900 ki, ERIBER 10 AP
A% BTG IRAEAE 4 °CukAt . IR 120 A~ Fh1
4%, TERFFPRIBERAIA RS rp, SRR I 22 A
PR JE BB VE R 33 o7 B, P B 2 T P 38 50
B 40 MRS, B A SHEMRZ IR
5-10 cm MY[EIFE . FFESREEHI7E 2-3 cm, If
IR R o, JERE R IEE A 1-2 em,
WIE A 30 d Eit— R A 1B DL
1.6 REFAEEMNSTE. HERERE
1.6.1 EHRERNHEERENSE

PEWI & BRI BR PDA 73735200 g/L
EREE 20 /L AN, 12 gL B, A
pH)o H 1% NaClO %515 7 R ER 25 3R 1A 5 min,
HUE 34 W, KRB SORYI I B
T PDA ¥igpdkrh#iaE, 7E(25+2) °CA&M T ilifT
BRI, MWL ERK)E, R &4
FITH 22 B3RP BT 1Y PDA 53538 ik T4tk &
22 3-5 RIS W XYLYDY2, JfidEit PDA
RAERERAET 4 °C,
1.6.2 HAEEFEN MM ZMFiELIESER

K HEAL R IR HE(OMA) (4 /L #ed . 8 g/L
Bilg, pH=5.8)i 17T B 1A 5T i & SL50
BURAE MR (G5 XYLYDY2)4E PDA 5
IR DI TIRALSE B TR A P AL I 22
SRR KEAPE, 5 0.1%CHE ]
, il I S TE R AT EVR R . 7E OMA
W R EATCE M S5 1 ecm x 4 cm G
UEAUS, AW 100 pL A1 EIE R
(29 80 Kifp+), WSJHEF TR ZIEAA L, #
ff—1cemx1cmx0.5cm LA FEDEE T
e, FBAHER /N . REZEE PDA $5 3736 5%
PERE TR g, FERMEX R, S4B ER
4RSI, TEN T FRFAN T 60%—80%1E
JEFN(25+2) °CHEEFMF TR, R EE R

Ni=|
RE
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(12 h/12 h, /B FIRRE(0 h/24 h, JE/HE)PFp
Mo it 7 IR SRR ST AR,

T 5 R (%)=(3] R Pl B0 B R R 40} 100%.,
1.6.3 FEHKEHERFRIFRAIME

i3t 35 dJE, i FH SR K G 6o 0 ULER B 1 )
I 2% JEEREE R GG O, DLIIE 5 BT i 3
HERXRREGE ., BARKBENBENEREE
T2 mL B8N, 784 °CTH i FAA [
i 24 h VUL, HgKEG 3-5 . KR
BRELSEAIRIIAE 10% KOH W, F 121 °C,
110 kPa 5/ F &K K 20 min, K5 H 2%
HCl WA 5 min, feJals B ZEHR 2 &
A 10%55 7K F 3% L BRIIRA T T, 7E 95 °C
ARVEHMEA 30 min (R AREA /NI 24 8 4 e
o B R AR ), B PR IR ERZE Y 7250
Yeghofin, B 100%FLBIMABLOE T, IR
HAREAE 4 °CMF T, Mg, FSETJeliujetn
JEJRERZE B TR A I, B bR R
&, JFAE62 WS (CX23LEDRFS1C) K Wl %<
g,
1.64 BHRENERMNS FLEERRZLAEWN
Ry 32

B XYLYDY2 BARFEA A 200 pL 22 ik
GA IR EVE, MFRIINA 180 uL & ik
20 mg/mL A BERF(37 °CAL#>30 min), 20 uL &
HEF K Fl 220 uL ZZoP GB, £ 70 °Chifi
10 min AL BE, fIA 220 pL Jo/K ZBEES.OA0BE
1B AW 2 A 24k (12 000 r/min B0 30 s),
WK HZ il GD. Uk PW WEUEE, L
50-200 pL TE ZZipi Bt/ DNA, PCR &34 r{i
H 51 % 8 ITS1ITS4 (Taylor & McCormick
2010), HJZNAZR R 1 uL DNABHR (20 ng/uL).
5 uL Mg>*ZE i . 1 pL Taq /i (5U). 1 pL ANTP
(10 mmol/L), 1.5 pL ITS1/ITS4 5|4J(10 umol/L)
%39 pL ddH,O. ¥ 38274 95 °CHAEYE 5 min;
95 °C 30's, 58 °C 30 s, 72 °C 1 min, 35 M§
PRy 72 °)CASEM 7 min, B3 pL P2HI4 1%55
TSR I L UK ISAIE 500700 bp H AR 4547

¥ PCR 38 7= W3k 15 _ LV IR ZR v A R B
A R R #EAT (DNA-ITS W%, 3450

ITS J¥47E NCBI H'i#f17 BLAST X504, >4
ITS FAREEEL 95%HF, & T F—1J8
(Hughes et al. 2009). f5ZIME R ITS J7515M
NCBI HRIGFIIE LTI ERGE L EW . LA
Fusarium nematophilum /A 78T f HH R
MRGET FRFR. I MEGA #M4T ) Clustalw
WFTFHI LT, MrModeltest {44 T ieidAR Rl
B, R K8O+G, RAKBWSECN ns=2,

rates=gamma, Prset statefreqpr=fixed (equa), H
MrBayes XIHGHERG A BW, BEEEL 1 000,

HH FigTree 30T 22458 K BT AT AN

2 BER54M

21 AREHEREETHRARREX T
IREFZE K

TETI IR b, Ik 22 AR P S AR X 44
R 22 2 R0, RIX 2w
FIXTFRER 66.52%, fIRTARNHIY 81.22%; 1
T T TAEAR X LI A X 4R 28.16%, &
FHEINM 15.83% (K 1A),
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Fig. 1 The composition of symbiotic fungi in the root system and rhizosphere soil of Ludisia discolor at
different taxonomic levels. A: Phylum; B: Family. S12, S34, and S56 represent the rhizosphere soil in the A12,
A34, and A56 vegetation habitats, respectively; R12, R34, and R56 represent the root systems in the A12, A34,
and A56 vegetation habitats, respectively. The same below.
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Fig. 2 Analysis of shared fungal ASVs in Ludisia discolor samples under different vegetation types. A:
Rarefaction curves of fungal ASVs in rhizosphere soil and endophytic roots; B: Venn diagrams illustrating the
distribution of fungal ASVs between rhizosphere soil and endophytic roots; C: Venn diagrams demonstrating
fungal ASV distribution patterns in rhizosphere soil; D: Venn diagrams showing fungal ASV distribution

patterns within endophytic roots.
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Fig. 3 Boxplot of alpha diversity index of soil and root-associated fungi of Ludisia discolor under different
vegetation types. A: Box plot of Chaol index; B: Box plot of Shannon index; C: Box plot of Simpson index; D:

Box plot of Goods coverage index.

Z ¥ (Shannon F8%0) F¥ B E & THRAN ., H
H1, Chaol #EEUE/R(E 3A), P AM
B I 22 AR X 38 (S12) B =E B P de iy, AR
N, 7F Shannon $8%%H (& 3B), ]
T VR B I 22 AR X 4 49 (S34) N B TR R i
T, T AR YA A MR ) P 22 AR N (R 12) L B
ZREVERAR . ARAE Chao 1 FEELH [BIAH E M4BT
P=0.005 4 (P<0.01). Shannon $&%4H [A]AHEESY
Hr P=0.007 8 (P<0.01)L )2 Simpson F5£1(1&] 3C)4
A EHE S HT P=0.006 5 (P<0.01), AR
BT i = L DA RV 2 AT
223 AREWLBEETHRARZRXLIE
HEHE P LM

Shrtt— 2 B A [RI AR B S A Py A BB TR
giknzES, RHAEE & 24 RS Hr(NMDS) 7
BT AS T) A 358 5% i P 22 AR R A 7 L 1) 5

MW, S5, 3 PR B 2 A N A i 22 AR
PRI 3, DLRAR Y RITAR X A 38 o A AR ]
1) L TR A 7 2 AR AR o A 22 S a3 (K 4)
224 AEEHELBEETHRANRIRXLTIE
HEBEFERER

JEUR BRI R T I 22 RS TR A 2
RPN B ML 22 AR X 3E(S12. S34. S56)FIHR A
(R12. R34, R56) MY H 3 V% 2H o e H = 43
flio 5NN, MMHERHAHRE Ceratobasidium
T AT (I b O MACRE B S 28 P 194 1 P 2% AR Y (R56)
R R A R (1.66), 1E ] 5 JE A (R34)
) 2 B A (0.78), T AE LAl ARE 5 P Y =
Bk, BT HRHSST IR R Sebacina 7E I TAI AT
MO 2 7R A 19 I P 22 AR N (R12) S i s
(B (1.50), 78 FRGHT 10 4% FRMRAEL B 2 780 P 194 i
22 HR X A 48 (S56) e 3R B R Y F

250030-10



Research paper 22 June 2025, 44(6): 250030  Mycosystema ISSN 1672-6472 CN 11-5180/Q

(0.87), Tfi7E R34 Fl R56 B & P IR RERA, 3 e i
W3 2 AL ERHAE AR VR B B v 1 534 038 ’ S12
TEAE 2 S, W R BB AE AR X 34 ass6
AR, T Al R A R & 02 b SR
R EUAT 35 H0E S 5). S EEREEN
23 FhrfEEL 0.4
231 MFEHREMCHERR 06

IR 2 Fh TR 5, 2858 T g N
JIF K (76.49+3.19)%, FKHBAMFIF AR e Ry 4T BUUTE TR
R, RUER T R, FA RS MDS|

K 6B). A I 2= Ji Ao e Az i 92 et At o A . - .
S#H )‘b 1 30 &) U AT L ﬁ;% i El4 MAZREXTEFRAILEEE NMDS 5347
AT 3 YRk 30 d) Iyt TR o0, A Fig. 4 NMDS analysis of the rhizosphere soil and
PRI BT R A FASIN A B &%, #  root-associated fungi of Ludisia discolor.
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Fig. 5 Heatmap analysis of the species composition of soil and root-associated fungi in Ludisia discolor. Red
asterisk indicates orchid mycorrhizal fungi.
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Fig. 6 Capsule and seed of Ludisia discolor. A: Capsule; B: Seeds stained with TTC; C: The original tuber

formed by in situ baiting.
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PQ166555 XYLYDY2

AJ318441 Rhizoctonia sp. (Oncidium varimyece x Oncidium nona, Singapore)
AJ318433 Rhizoctoniasolani (Oncidium, Singapore)

KJ495972 Ceratobasidium sp. (Anoectochilus formosanus, Taiwan, China)
KJ495964 Ceratobasidium sp. (Anoectochilus formosanus, Taiwan, China)
L.C278371 Ceratobasidium sp. (Liparis truncata, Qita, Japan)

KJ1573103 Ceratobasidium sp. (Zeuxine strateumatica, Taiwan, China)
LC597346 Ceratobasidium sp. (Dendrobium officinale, Kagoshima, Japan)
AJ318437 Rhizoctonia sp. (Oncidium varimyce * Oncidium nona, Singapore)
KY 828941 Fusarium nematophilum

B 7 mMAZRERESERSHER XYLYDY2 RERGLEH

Clade [

A: BVEIELS; B: WZFHE; C:

RGRER, XYLYDY2 AAMTIAGEY, SHFIES N IS EM X, By b be i

fE>50 MR BRERME, BB #R N 0.05

Fig. 7 Strain XYLYDY?2 isolated from Ludisia discolor protocorms and its phylogenetic analysis. A: Colony
morphology; B: Hyphal characteristics; C: Phylogenetic tree with XYLYDY2 obtained in this study. Reference
sequences include host species and geographic origins in parentheses. Node labels indicate posterior probability
values>50, and the scale bar represents a substitution rate of 0.05.
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Fig. 8 Symbiotic germination process of Ludisia
discolor seeds.
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Fig. 9 Fungal colonization observed in the
protocorms of Ludisia discolor. A: Intracellular
hyphae cluster within the protocorm (arrow) (x20);

B: Individual fungal hyphal mass localized in
cortical cells (x100).
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