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Fungal community dynamics in the roots and root zone soil of
Spathoglottis plicata at different development stages
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Abstract: [Objective] To investigate the fungal diversity and community dynamics in the roots
and root zone soil of the invasive species Spathoglottis plicata at different development stages
and mine potential fungal resources. [Methods] The developmental period of S. plicata was
divided into the protocorm, pre-seedling, middle-seedling, late-seedling, adult, and flowering
stages. Fungal community composition and diversity in the roots and root zone soil were
analyzed by QIIME 2 and other software. Fungal strains were isolated by the tissue culture
method from the protocorms and seedlings of S plicata, and the phylogenetic relationship of
the strains was analyzed. [Results] The dominant fungi in the roots and root zone soil of S
plicata were Tulasnellaceae and Onygenaceae, respectively. The fungal community
composition of S plicata varied across different developmental stages. Tulasnellaceae was the
most prevalent from the protocorm to middle-seedling stage, while Nectriaceae and
Trichocomaceae became dominant during the late-seedling stage and adult stage. At the
flowering stage, Ceratobasidiaceae presented high relative abundance. A total of 101 fungal
strains were isolated from the protocorms and seedling roots of S. plicata, belonging to 13
families, in which strains of Tulasnellaceae accounted for 35.65%, being dominant.
[Conclusion] The present study elucidated the fungal community composition and diversity
dynamics in the roots and root zone soil of S plicata at different development stages. The
findings offer a theoretical foundation for comprehensively understanding of the intricate
relationship between orchids and symbiotic fungi and facilitating the selection of optimal
habitats for the conservation of rare and endangered orchid species.

Keywords: Spathoglottis plicata; mycorrhizal fungi; fungal diversity; operational taxonomic unit
(OTU); protocorms; Tulasnellaceae; common garden
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Fungal composition in the roots and root zone soil of Spathoglottis plicata at the phylum level.
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Figure 2 Fungal composition in the roots and root zone soil of Spathoglottis plicata at the family level.
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Figure 7 Bayes tree for Tulasnellaceae associated with Spathoglottis plicata. SP44, SP76, ZHBSLII,
ZHBSL17, ZHBSL22, ZHBSLRO1, ZHBSL2, and ZHBSL6 are the collection number of the fungal strains,

followed by the corresponding nucleic acid sequence numbers. The host of the fungus and its distribution area
is indicated in blue font. The node is labeled with a posterior probability value greater than 0.5. The scale bar

represents 0.2 substitution.

3 WibE4£&#®

LR P 5 S5 A A A HLARURR , R H AT ]
DR 2 1 A2 AL A0 AT REXT 22 BHE P 55 P AR B 5 1 A
Az S R PR AR Y P SR AR A 2 A ROk
{50 R 4 L3 3 o B AR R Ay v I [ o
bl PN BT 2 LT 2%, Ry SR, 22 i 1
W & A B AR A BRI I B R R A AN )
AR IR SR SR X 4 E AR
AR Ak, B 2= B P A K B b e A B s A
A T, XPIATR 2SR ) o A A 35 b O
PR EEE L,

AR MR SR X 4 48 B TR 2 AR
BHES, WP OMF &b, mRIX 3R
FH PR R R B ey, T EL MBS TR R L o A TR R
B R, AR X 1 B AR R AR

<l actamicro@im.ac.cn, 010-64807516

R o X —EERIR I R 2 B Y LA FUREE R A
F - A A BB | A R R B kAR SR A
F18 P A TR 200 AR X A 4 v = B v 1) I A1
PR L BRI IR S AE S oA AR R 35 N BE T, AT
DA™ RRRR A B RN A ™4, BEANA AT LA A4t
R TR A A AEPT ) LERENE
FECTRT R} R e R TR R L T A 0 4 2 22 R AR
F AR MR P A ELR Y S EORUR , X A KA T
AR RS0 SR X 2 B AEAR X -3 i
IIAFEARIYE], B/NASEBEHCR /A g
SRR T 2 A [ Jo el P SR A 43 A ] R R A7 B
Z IR A T HA R R B LR & AR R

o 3 R P 4 L 5 TR A0 B S g A LA UE
S, OMF 7EMR & i bA i, mitRIX 3 b
FEARAYG o G g S P R B P 6 SR AT AR R P
24.99%, HAEMIX 18P0 1.19%. M EE



KOO BE | AR, 2024, 64(9)

3375

HEERR G N 4.29%, MR P L
0.03%, MZERY Egidi Z" 0T oeas t—5,
R 22 B AR 2R 5 B A v 9 A TR R [
Brh R R AT, LI E TR = FHEY
MR A F R B e, iR X g HA
53 LA RE RS 38 1) == B ) AR B 2H 2R B30 18 41 i,
R 2= BHE YR 2R B 1) LA AP T X
T3, FECERHEYIR R A B R TR
15,

ST 2 Rk R A KINR 4 A Ky
WIBY B 3R L AR T 4 v e AR KB B
BUFAR PR FIAE IR AR , 2RI S A0 AT 22 AE AN A Y
HERKEFBXT OMF MiEEEAR, fERBkER
4 A TR B BV A LR A R R B — 1k
M B I 22 (Cymbidium  mannii) . XU 2%
(Papilionanthe teres)& > Bl 47 JEL Bk 25 ol 40 1 By
By B ARAT I FL A AT DA R AR 32 =2 B 1 A
Tk ELHBBE i A EE 2 (Tipularia
discolor) &5 Bl 4F 2% BHAE P A 2R 3R A5 1 R AR L BA
RERE LA R WK K , (HA— 2 RE RS {2 (i Fh
TERRERZE, HORAEE LA™, FRZE Ry
AHEIE & B —ZL, #OUESE T 2 BHEY DR EREE
Z Y1 B BOS AR LA A R R R

S0 AT 22 IR K ZE 2 4 B B v R B TR
FHECR G 7, A2 22 R AR 2R 0 G S L
KRR B TR 22 B YY) F 2 TR AR
FLREREZ — , BRSO AL U 2 22 B )
TR, FEARBE R, KRR AT
SRR R AR X - 48, HTgg 2 = RHEY)
T A O LR, Tz oA T A R Y A
FLR M2, TR 2 PR 8 B AR 4RIt A
BRI 26 (R o , DRI 22 R IE & AR 10454
SRR T 22 K 2E Ay AR R LA 43 B 4 R AR
WE T R B R R ER R E 4 R B L R
B FL ISR o 70 B ARAT 10 B RS TR R ok 5 2 5

Fi2% . 82t FHGRE . YU E ME A A 2
P 0 J2 FE 1 i e A B PSR 4 6 R, X T R
e R A 24 R g R B K, T
LR PRALRR A , T X Fh 45 O 22 T LK I [ 1)
Yrs , P R B L LB B R
(3 FLPE R HAR AL 57 . Rasmussen 45T fF
FEUE S5 — 1 B 5 %) L B RE % Ry Bl W R RN 4l
iR B BAEMLN TCHLE 57 R OG5 SR ) Jog an 4k
K | 5|k 2 R (indole-3-acetic acid, IAA)FI IR 2
% (gibberellin A3, GA3)5 CHE TR T . $EALAL
T 22 A B 1A AR B BEAS P A 1 L
LR OC R, AT RE R i T A K R OB A e
TSR, X6 R AR TR AR ) RO
%, T2 UM L AR TP AR RS, AR WL
FHT 22 0 A TR R A R 2 A M i3k A=
KFR.

ARG SRR R BT &
H B BOW B AR B R BRI B — 1, X
ST 22 RRSAE 1 B AR K Fh (R SEBR &)
WITERCRAR T 1% RAT A, X doN
i 22 A W R L R R D 2 B
Wy FPRE AR PP T FIS IS . Ak, SR
W 22 AEFD 0 R B BOd AR IR e B A T —
M, I ELAE R E PN 9 22 BHE A v R —
SEFEEE AR R 7, Ul B )5 bl rh A ZE AR fi iF
FUFP 75 & A&l i AR B TR o BT LA
Sy [7) J5 el W 2 PR A 22 AR PR /N R R 1)
PRI T

Bl
IR LR B Y SRR A R )
0 TRV AE 52 BB 1 R i R 9 0

Bh . EGHSEE 2 A AE Yy Mariana Herrera #{
BTG E B L

http://journals.im.ac.cn/actamicrocn



3376

ZHANG Wenyjie et al. | Acta Microbiologica Sinica, 2024, 64(9)

S0k

(1]

[7]

[10]

WRAE, FBIEL, £, ke, MRy, Kbt Bk
Wy, . 2RMEY S IR R AR RIS
PER[I. Y E R, 2024, 22(8): 2778-2784.

XIE TX, ZHENG QD, WANG Y, LAN LY, XU YF,
OU Y, YAO YH, Al Y. Review of interaction between
Orchidaceae and symbiotic fungi[J]. Molecular Plant
Breeding, 2024, 22(8): 2778-2784 (in Chinese).
SCHIEBOLD JMI, BIDARTONDO MI, LENHARD F,
MAKIOLA A, GEBAUER G. Exploiting mycorrhizas
in broad daylight: partial mycoheterotrophy is a
common nutritional strategy in meadow orchids[J].
Journal of Ecology, 2018, 106(1): 168-178.

YEH CM, CHUNG K, LTIANG CK, TSAI WC. New
insights into the symbiotic relationship between
orchids and fungi[J]. Applied Sciences, 2019, 9(3):
585.

DEARNALEY JDW, PEROTTO S, SELOSSE MA.
Structure and development of orchid
mycorrhizas[M]//FRANCIS M. Molecular Mycorrhizal
Symbiosis. New Jersey: Hoboken, John Wiley & Sons,
Inc., 2016, 63-86.

STOCKEL M, TESITELOVA T, JERSAKOVA 1J,
BIDARTONDO MI, GEBAUER G. Carbon and
nitrogen gain during the growth of orchid seedlings in
nature[J]. New Phytologist, 2014, 202(2): 606-615.
PECORARO L, CARUSO T, CAI L, GUPTA VK, LIU
ZJ. Fungal networks and orchid distribution: new
insights from above- and below-ground analyses of
fungal communities[J]. IMA Fungus, 2018, 9(1): 1-11.
SHAKYA M, GOTTEL N, CASTRO H, YANG ZK,
GUNTER L, LABBE J, MUCHERO W, BONITO G,
VILGALYS R, TUSKAN G, PODAR M, SCHADT
CW. A multifactor analysis of fungal and bacterial
community structure in the root microbiome of mature
Populus deltoides trees[J]. PLoS One, 2013, 8(10):
€76382.

BRUYANT P, MOENNE-LOCCOZ Y, ALMARIO J.
Root-associated Helotiales fungi: overlooked players
in plant nutrition[J]. Soil Biology and Biochemistry,
2024, 191: 109363.

CHEN XM, DONG HL, HU KX, SUN ZR, CHEN J,
GUO SX.
plant-growth-promoting activities of endophytic fungi
in Dendrobium loddigesii Rolfe[J]. Journal of Plant
Growth Regulation, 2010, 29(3): 328-337.

FWRNS . T A A SR AR A A PR D). i

Diversity and antimicrobial and

<l actamicro@im.ac.cn, & 010-64807516

(1]

[12]

[14]

[16]

[17]

H: R R L2 A8 3, 2017,

WANG XM. Mycorrhiza biology of Dendrobium
sinense (Orchidaceae), an endemic species in Hainan
Island[D].
University, 2017 (in Chinese).

CEVALLOS S, SANCHEZ-RODRIGUEZ A,
DECOCK C, DECLERCK S, SUAREZ JP. Are there
keystone mycorrhizal fungi associated to tropical
orchids?[J]. 2017, 27Q3):

Haikou: Doctoral Dissertation of Hainan

epiphytic Mycorrhiza,
225-232.

AL, SR, TREmas. KRR 5 53/ NI A iy
3k A B I A A AR A ST ). B R R A
WHRBLE /R, 2002, 23(3): 52-56.

FAN L, GUO SX, XU JT. Ultrastructural changes
during the symbiotic development of Gastrodia elata
(Orchidaceae) protocorms associated with Mycena
osmundicola[J]. Journal of Capital Normal University
(Natural Science Edition), 2002, 23(3): 52-56 (in Chinese).
JACQUEMYN H, BRYS R, CAMMUE BPA,
HONNAY O, LIEVENS B. Mycorrhizal associations
and reproductive isolation in three closely related
Orchis species[J]. Annals of Botany, 2011, 107(3):
347-356.

WAUD M, WIEGAND T, BRYS R, LIEVENS B,
JACQUEMYN H. Nonrandom seedling establishment
corresponds with distance-dependent decline in
mycorrhizal abundance in two terrestrial orchids[J].
New Phytologist, 2016, 211(1): 255-264.
McCORMICK MK, TAYLOR DL, WHIGHAM DF,
BURNETT RK Jr. Germination patterns in three
terrestrial orchids relate to abundance of mycorrhizal
fungi[J]. Journal of Ecology, 2016, 104(3): 744-754.
TR, TRBERE, SRR, =Rl AR ) A A2 5 aE
JE[T]. H¥I~#i, 2014, 33(4): 753-767.

GAI XG, XING XK, GUO SX. Ecological research of
orchid mycorrhizae: a review[J]. Mycosystema, 2014,
33(4): 753-767 (in Chinese).

GINIBUN FC, ARENS P, VOSMAN B, BHASSU S,
KHALID N, OTHMAN RY. Genetic diversity of
endangered terrestrial orchids Spathoglottis plicata in
Peninsular Malaysia based on AFLP markers[J]. Plant
Omics, 2018, 11(3): 135-144.

PEREZ-ESCOBAR OA, BOGARIN D,
PRZELOMSKA NAS, ACKERMAN JD, BALBUENA
JA, BELLOT S, BUHLMANN RP, CABRERA B,
AGUILAR CANO J, CHARITONIDOU M,
CHOMICKI G, CLEMENTS MA, CRIBB P,
FERNANDEZ M, FLANAGAN NS, GRAVENDEEL



KOO BE | AR, 2024, 64(9)

3377

[19]

[20]

[25]

B, HAGSATER E, HALLEY JM, HU AQ,
JARAMILLO C, et al. The origin and speciation of
orchids[J]. New Phytologist, 2024, 242(2): 700-716.

RIVERON-GIRO FB, DAMON A,
GARCIA-GONZALEZ A, SOLIS-MONTERO L,
AGUILAR-ROMERO O, RAMIREZ-MARCIAL N,
NIETO G. Anatomy of the orchid
Oeceoclades maculata: ecological implications[J].

invasive

Botanical Journal of the Linnean Society, 2017,
184(1): 94-112.

ACKERMAN JD, FALCON W, MOLINARI J, VEGA
C, ESPINO I, CUEVAS AA. Biotic resistance and
meltdown: of acquired

invasional consequences

interspecific interactions for an invasive orchid,
Spathoglottis plicata in Puerto Rico[J].
Invasions, 2014, 16(11): 2435-2447.

PECORARO L, HUANG LQ, CARUSO T, PEROTTO
S, GIRLANDA M, CAI L, LIU ZJ. Fungal diversity
and specificity in Cephalanthera damasonium and C.
longifolia (Orchidaceae) mycorrhizas[J]. Journal of
Systematics and Evolution, 2017, 55(2): 158-169.

TAYLOR DL, McCORMICK MK. Internal transcribed

Biological

spacer primers and sequences for improved
characterization of basidiomycetous orchid
mycorrhizas[J]. New Phytologist, 2008, 177(4):
1020-1033.

MORENO-CAMARENA M, ORTEGA-LARROCEA
MP.  Mesoamerican  Cypripedium:  mycorrhizal
contributions to promote their conservation as

critically endangered species[J]. Plants, 2022, 11(12):
1554.

MA M, TAN TK, WONG SM. Identification and
molecular phylogeny of Epulorhiza isolates from
tropical orchids[J]. Research, 2003,
107(Pt 9): 1041-1049.

ZHOU YQ, YAO SC, WANG J, XIE XY, TAN XM,
HUANG RS, YANG XF, TAN Y, YU LY, FU P.
Cultivable endophytic fungal community associated
with the Karst endemic plant Nervilia fordii and their

Mycological

antimicrobial activity[J]. Frontiers in Microbiology,
2022, 13: 1063897.

WIBE, BRI, tEL, RHIE, XUIRE, ER L, 2
Ao 22 e R R L Y 0 S M E )], b
Mol K224, 2008, 30(3): 132-135.

HU T, LI LB, YANG K, TANG Z, L1U ZJ, ZHUANG
CY, PENG ZH.
Cymbidium mycorrhizae of China[J]. Journal of
Beijing Forestry University, 2008, 30(3): 132-135 (in

Isolation and identification of

(28]

Chinese).
McCORMICK MK, TAYLOR DL, JUHASZOVA K,
BURNETT RK Jr, WHIGHAM DF, O’NEILL JP.
Limitations not a

2012,

on orchid recruitment: simple

picture[J].  Molecular 21(6):
1511-1523.

DOWNING JL, LIU H, McCORMICK MK, ARCE J,
ALONSO D, LOPEZ-PEREZ 1.

mycorrhizal interactions and fungal enemy release

Ecology,

Generalized
drive range expansion of orchids in southern
Florida[J]. Ecosphere, 2020, 11(8): 1-16.

YAO N, ZHENG BQ, WANG T, CAO XL. Isolation of
Tulasnella spp. from cultivated Paphiopedilum orchids
and screening of germination-enhancing fungi[J].
Journal of Fungi, 2023, 9(6): 597.
NONTACHAIYAPOOM S, SASIRAT S, MANOCH
identification of Rhizoctonia-like
fungi orchid
Paphiopedilum, Cymbidium,
collected in Chiang Rai and Chiang Mai Provinces of
Thailand[J]. Mycorrhiza, 2010, 20(7): 459-471.
TSUTSUMI C, HOSOYA T, YUKAWA T. In vitro
seed propagation and conservation of the rediscovered
rare Liparis hostifolia (Orchidaceae)[J]. Bulletin of the
National Museum of Nature and Science, Series B.
Botan, 2020, 46(3): 111-118.

FUJIMORI S, ABE JP, OKANE I, YAMAOKA Y.
Three new species in the genus Tulasnella isolated

L. Isolation and
three
Dendrobium,

from roots of genera,

and

from orchid mycorrhiza of Spiranthes sinensis var.
amoena (Orchidaceae)[J]. Mycoscience, 2019, 60(1):
71-81.

MENG YY, FAN XL, ZHOU LR, SHAO SC, LIU Q,
SELOSSE MA, GAO JY. Symbiotic fungi undergo a
taxonomic and functional bottleneck during orchid
seeds germination: a case study on Dendrobium
moniliforme[J]. Symbiosis, 2019, 79(3): 205-212.
SWARTS ND, DIXON KW. Terrestrial orchid
conservation in the age of extinction[J]. Annals of
Botany, 2009, 104(3): 543-556.

DEARNALEY JDW, MARTOS F, SELOSSE MA.
Orchid mycorrhizas: molecular ecology, physiology,
and conservation

evolution aspects[M]//Fungal

Associations. 2012:
207-230.

OBERWINKLER F, CRUZ D, SUAREZ JP.
Biogeography and ecology of Tulasnellaceae[M]//
TEDERSOO L. Biogeography of Mycorrhizal

Symbiosis. Cham: Springer, 2017: 237-271.

Berlin, Heidelberg: Springer,

http://journals.im.ac.cn/actamicrocn



3378

ZHANG Wenyjie et al. | Acta Microbiologica Sinica, 2024, 64(9)

[37]

whENE, VLA, AR, BRtE. SRR R
HEJE Je H Ay FERFAE ], 1l s Al A Wy 2 4, 2017,
36(5): 1-5.

HAN YF, SHEN X, LIANG JD, LIANG ZQ.
Taxonomic advance and characteristics of the genus
Chrysosporium[J]. Journal of Mountain Agriculture
and Biology, 2017, 36(5): 1-5 (in Chinese).

BAYMAN P, OTERO JT. Microbial endophytes of
orchid roots[M]//SCHULZ BJE, BOYLE CIJC,
SIEBER TN, eds. Soil Biology. Berlin, Heidelberg:
Springer Berlin Heidelberg, 2007: 153-177.

BB, SRBUAR, B, BOET, BERHL R
@ Xylaria YR ZFEE]. R, 2022, 44(4):
14-23.

HE XS, ZHANG RJ, WANG YZ, HE YN, ZHAO LQ.
Species diversity of Xylaria in China[J]. Edible Fungi,
2022, 44(4): 14-23 (in Chinese).

RICHARD F, MILLOT S, GARDES M, SELOSSE
MA. Diversity and specificity of ectomycorrhizal fungi
retrieved from an old-growth Mediterranean forest
dominated by Quercus ilex[J]. New Phytologist, 2005,
166(3): 1011-1023.

PICKLES BJ, GENNEY DR, POTTS JM, LENNON
JJ, ANDERSON IC, ALEXANDER 1J. Spatial and
temporal ecology of Scots pine ectomycorrhizas[J].
New Phytologist, 2010, 186(3): 755-768.

EGIDI E, MAY TW, FRANKS AE. Seeking the needle
in the haystack: undetectability of mycorrhizal fungi
outside of the plant rhizosphere associated with an
endangered Australian orchid[J].
2018, 33: 13-23.

ARy, ZER, @il B 2R i 2L A iy
R BA A LR 53 B RN SEE [J]. AR S 2R,
2012, 36(8): 859-869.

SHENG CL, LI YY, GAO JY. Ex situ symbiotic seed

Fungal Ecology,

<l actamicro@im.ac.cn, & 010-64807516

[44]

[49]

germination, isolation and identification of effective
symbiotic Cymbidium mannii
(Orchidaceae)[J]. Chinese Journal of Plant Ecology,
2012, 36(8): 859-869 (in Chinese).

ZHOU X, GAO JY. Highly compatible Epa-01 strain
promotes seed germination and protocorm development
of Papilionanthe teres (Orchidaceae)[J]. Plant Cell,
Tissue and Organ Culture, 2016, 125(3): 479-493.
McCORMICK MK, WHIGHAM DF, O’NEILL 1J.
Mycorrhizal diversity in photosynthetic terrestrial
orchids[J]. New Phytologist, 2004, 163(2): 425-438.

ZI XM, SHENG CL, GOODALE UM, SHAO SC,
GAO JY. In situ
germination-enhancing fungi for an epiphytic orchid,
Dendrobium aphyllum (Orchidaceae)[J]. Mycorrhiza,
2014, 24(7): 487-499.

HUANG H, ZI XM, LIN H, GAO JY. Host-specificity
of symbiotic mycorrhizal fungi for enhancing seed

fungus in

seed Dbaiting to isolate

germination, protocorm formation and seedling

development of over-collected medicinal orchid,
Dendrobium devonianum[J]. Journal of Microbiology,
2018, 56(1): 42-48.

HERRERA P, KOTTKE I, MOLINA MC, MENDEZ
M, SUAREZ JP. Generalism in the interaction of
Tulasnellaceae mycobionts with orchids characterizes
a biodiversity hotspot in the tropical Andes of Southern
Ecuador[J]. Mycoscience, 2018, 59(1): 38-48.

XING XK, MA XT, MEN JX, CHEN YH, GUO SX.
Phylogenetic constrains on mycorrhizal specificity in
eight Dendrobium (Orchidaceae) species[J]. Science
China Life Sciences, 2017, 60(5): 536-544.
RASMUSSEN HN, DIXON KW, JERSAKOVA 17,
TESITELOVA  T.
establishment in orchids: a complex of requirements[J].
Annals of Botany, 2015, 116(3): 391-402.

Germination and  seedling



