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BAXAFRAEAGHFFR iz g% 312000

i E: FESIER} Ericaceae HHW ] 5 -3 B T kL RS £ 2R B AR ericoid mycorrhizas (ERM) 344k, H
Iz A T AR FE R A S R, Rl ETUE . RS ™IS SO0 . ARG ERHE ) B AR
KM, RZHEFEERA ERM, I/ &S £ HAH AWK ERAEN, HESEBANLRE (dark
septate endophyte, DSE) Jfff; ERM [1g LMK CAIAIFLRSTERI SN, 517} Diapensiaceae HH4)th F:
A ERM 4if4); ERM E A7 RE A 7N E, FZREFMERE H Helotiales A7 H-H Sebacinales;
5MAESTERE AL ERM B H B 555 2} Bl Fagaceae. MKl Pinaceae %517 T MW iy 4 A HR
(ectomycorrhiza, ECM) £5#); ERM X715 FHEWEE TR B F0EREE . IPtE LSBT53 5568 17
TH A AR A BEVE T, XIS AR A e B2 22 FE 1Y), ARSI ZET5 AR 6 ERMF BV 1 2E A 7 AT A7
EWERW, TR AR AT BE L ERM 15 5 HAR B R B AR AR A S 4+ 0 R o AR [ i
40 Z 4R E N MO8 ERM IIFFERERE , BT ERM BT 7S I AT Sk AT 7 R B, DUSIFE B8 R0 S B b X AR RS
FERE B H TR AR [ RIE 72 i AT 58 M0 A SR

KHEIR: ALESIERMEY), FESIERER, WREE, 2R
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Research advances on the mycorrhizas of Ericaceae
plants
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Abstract: Ericaceae plants and soil fungi often form ericoid mycorrhiza (ERM) symbiosis. ERM
fungi are distributed widely over different global continental ecosystems, especially dominate in
harsh environment with poor and acid soil. The mycorrhizal types of Ericaceae were diverse;
apart from ERM, a few other types of mycorrhizae can be found in some ericaceous hosts, and
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often coexist with dark septate endophyte (DSE). Besides the well-known Ericaceae, ERM
structure was also discovered in Diapensiaceae plants. ERM fungi mainly belonged to
Ascomycetes and Basidiomycetes, and mostly Helotiales and Sebacinales. ERM fungi often
formed ectomycorrhizal (ECM) structures on other hosts such as Fagaceae and Pinaceae. ERM
not only helped their hosts on absorbing nutrients, increasing tolerant capacity in poor nutrient
habitats, but also enhancing the resistance to heavy metal contamination. The community
composition and distribution of ERM fungi showed significant variation with habitats and
seasons. The variation of resource ratio might change the competitive relationship between ERM
host and other mycorrhizal or non-mycorrhizal plants. In this paper, the advances of researches

on ERM and their hosts over the past 40 years were reviewed. Prospect about ERM study was

also previewed.

Key words: Ericaceae, ericoid mycorrhiza, mycorrhizal fungi, diversity

MYEREF=H R AT RSN E
fa, AT DL 8 BB TR R B A ) R
LA, BVER Cmycorrhiza) , Y F
MAESMK WY RS ERM LA HF K
(Gerz et al. 2018) , TR ERAR I H B 32 2L
BFEEEGEHN . FEREN. 17 EH NI
G3 UREE B R 5L, T AR W AL T 4
REZH R 4EE Y (Brundrett 1991) « H Al
G2/ 7 P [F SR ) AR 3L A A4, H
MM Carbuscular mycorrhizas, AM) .
SRR Cectomycorrhizas, ECM) « PAME
R C(ectendomycorrhizas, EEM) . “2RIER
(orchid mycorrhizas, OM) . KA RGISH MR EL
FESTESEEHER Cericoid mycorrhizas, ERM) .
W ERAYREEM (arbutoid mycorrhizas, ARM)
KA 222K (monotropoid mycorrhiza,
MM). SHFAEZ 1) AM Fl ECM ML, ERM
BTN A2 o TR 9 ERM 322215 (1AL
ASTERL Ericaceae Y, PR ZAHE, BEIHFE
B, iz T ek ESRg, KR
Z PR AT UAE R e, R IR PE
(R 4 20 Vi R B B ot ) B o b, AR 2
TENMALERFHRERE (Perotto et al.

1300 EMEIR

2002) o FEESAERMEY) B E RIS A
ERM, HEMRIEEEFN ERMF. AN
40 ZK, B NAME MRS AERHE I AR 1
FRAM, HEE. 155 ThReSE AT R I H K
MZFEMEEAT T84, NIRRT ARt
MR X — R R e 255

1 HES TR AR KA £ AR
FESUERIE BT MR B i) iz, =&
HHBBEE L ERM KR E5HIWE? Gorman &
Starrett (2003) HH[F]—H AN ERMF $5h
10 MASFEE AL RS AERHEYD, Br T mehit)E
Enkianthus T8 ) K % 1= 44 DL Je 5 %5 4 )@
Arbutus unedo 1ZHJEIERL T AM 4, HAth 8
A& I YD ER RER R L IR A ERM £ 44, IE
17 Read (1996) I\ NHIAESERHEYI K24
RETERL ERM 2SR T, RIS AE
BHEVIR S RS A Z 2 —H ERM,
AT LA AM. MM (Jansa & Vosatka 2000;
Kamal & Varma 2008) . ECM (Read 1996) A
R N E R BB AR (pseudomycorrhizal)
F RS BE N 4E B (dark septate endophyte,
DSE) (Currah et al. 1993a; Cazares et al.
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2005; Chaurasia et al. 2005; Tian et al.
2011) o AN[FEISE A TR AR B n] e AE T
A — ME IR R, ECBCIL AL ) 2
ERM F1 DSE & [A W B (Cézares et al.
2005; Schulz 2006; Chambers et al. 2008;
Tian et al. 2011 ; Vohnik & Albrechtova
2011) ; AR BLE > FERS AL RHE YRR b
AM F1 DSE F-A7 135 (Chaurasia et al. 2005;
TR 2018) o X LLHF TR P AS AL RHE
VIR AR SR T B — 8 1 S 2R PE R 2 R PE
TR AR 285 A4 TR AN 5 15 AP RA %,
W HEEMEHE K, [F— SIS
Rhododendron 8415 AN 5] () 3L 1R T AN [R1 )
B M (Currah et al. 1993a; Vohnik et al.
2005) . BARTIE, ERM A ESIERHEY)
T H A W R AR,

ANEVTE F DR IR ERM S5 R TR
—3 (Jansa & Vosatka 2000) , I1EUI Read
(1996) £ Peterson et al. (2004) HEFHE AR
FE, AL RS AERHE ) #5021 41 1) B AR
(hair roots) , &M 1 JZZKIIFE K40
1-2 ZR MM A A AR R, 8 R
— B X EARER/N T 100pum, B
AR s A2 (SR 2E . W
%, coil) (Read 1996) , TER 24 thk
W7 TR A TR W 22, EREATTR
A, T 5 2 7005 1 s AR08 5 A
e, T AH B ) 3 AR SRR R JE A e
( Duddridge & Read 1982 ) , M 4R 7
Rhododendron B R &40 i &R B T HH 1 54
[RIF@ - (Allen et al. 2003) . {HA LA N2+
AN INOESER

2 ERM 5 TAE Yt £ #EpE

Smith & Read (2008) AN ERM )i £
FEA:ESAE H Ericales #:RSAERHA Z AN A HIHE

Y, WFLEYIE AL Ericoideae . & AV Fl
Cassiopoideae. #i#H Al Vaccinioideae.
FFEW AL Styphelioideae, H¥4 5K Ericales
BB CEPR KA B R B A B R
Epacridaceae Fl1 4 = %} Empetraceae HIFHY)
MRBEGCAE, X5 T KRB SCER A %
ERM K HAg FAEYHR RN T R ARG H TR
KEF. AT EEYE T FH SR E IR YE ,
Xt 7 25| F i) Epacridaceae #ll Empetraceae
AT VLR pr AR D B R . AR
BR, Rl AL RS AERHK T A & Calluna
KK A Fd J& Ericas FLEYAEJE Rhododendron .
A JE (R E D Vaccinium ZEFEYI,
ERM »& 33 /77 Y] (Jansa & Vosatka 2000) ;
76 Fd Y 3R i Epacridaceae H 118 f1 7 B
Epacris. V1M FF§J& Leucopogon. FAFiFEE
Astroloma. 3?5 A1 Fd & Brachyloma FIEEE] A
F4J& Styphelia “EEPIFIMRAH ERM IR H U

(McLean & Lawrie 1996) . H 4% Okuda
et al. (2011) X5 H¢H Diapensiales & H§£}
Diapensiaceae ] Schizocodon soldanelloides var.
magnus AR EE DI RERAT 5 5€ e\
#& ERM. Ericales fll Diapensiales [F]J& T TLAl 5
T4 Dilleniidae, HEARIEMIELZRKR,
I, BEREIE A ERM 18 FEAEY) VG L R kAR
RINE K.

3 ERM F i &y 2 H1E

M ERTEIE AR KRG, RS LR ERM
AR B R H T R N AN TR
W, HADERNESEI (Chambers
et al. 2008) FIJC 4 A FLEH (K Bl i (Berch et al.
2002; Allen et al. 2003; Bougoure & Cairney
2005b) o IX LB FITE EAEYIIE U LA O
2R, BEAAIER A TR eI ER
Pz bR, M Erica arborea RTFHITLFH
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WAREH (Bergero et al. 2000) 57EFg -8k
WK RV ) Astroloma pinifolium WP 3R-15 )N
A (Mclean et al. 1998) W oNAAL, I H.
MPRAS A BRAN[F] 18 E AR 3R 1 N 2R
B, R ZHSAT LAAEXS T AR TP IE AL ERM Z51)
(Read 1996; Steinke et al. 1996; Liu et al.
1998 ; Mclean et al. 1998; Perotto et al.
2002) , XRIAREEILA T A LEREIAH
TRV IR R ) B P RE A IR IE SRR &R
AL B LERME AR 50 2 e 22 T HLAW 2 e
55 IR I ERM 25 R (1) 222 TR E N+
ZJEE H Helotiales i) Rhizoscyphus ericae Al
¥y 418 Oidiodendron ¥ 1 (Usuki et al.
2003; Kamal & Varma 2008; Grelet et al.
2010) . X KEHELE Diapensiaceae (Okuda
et al. 2011) A1 i Epacridaceae(Chambers et al.
2000) FEHYR P W HIRIE . Gorman &
Starrett (2003) H R. ericae &/ 2t EY LA
f¥7 10 J& 15 Ffig LHEYIIR L, Horb 8 )& 13
TR G FFTE IR ERM, Tt FHIX R B TR 7
FRSLERHEY) T BT 2 1 F ik,
J& T B AL AR e . (HA&, Mclean
et al. (1999) #1\ M Epacridaceae 77 &5
) — LSRR AR T AREAE RS AE RN ERMF I AH [F]
Yidt, AFEEYE PR R TR R
LSRR
HE.#H Rhizoscyphus ericae 52 R K]
Hymenoscyphus ericae (Cairney & Burke 1998 )
F1 Pezoloma ericae (Midgley et al. 2017) J&|H]
Y (KX G:—H R. ericae) , f&—Fh &
B ERMF. WFFE RN R. ericae AMXA TEIERL)
Scytalidium vaccinii (Egger & Sigler 1993) ,
1M H R. ericae AR — N HR—FEFIE, 1M
e NEER (aggregate) , HEH 4 NME
Wt ERREVIN 733, B Meliniomyces
variabilis M. vraolstadiae. M. bicolor #l

1302 EYEIR

Cadophora finlandica, F:H &I M. vraolstadiae
£45 R B ECM 1A RETE % ERM, oAl
3 MR AT EA TG EAR TR ECM A
ERM (Grelet et al. 2010) . XKW R. ericae
VEN ) ERM FEAE R s DL S0, EAT]
TV B8 A o g AR 5 A B ok T8 5 B 2 TR 1)
FHEL VR A e 5

. ERM [ Oidiodendron spp.HH UL O.
maius f Y SLBRRIE W, HoAE R IE R
AR (Douglas et al. 1989; Berch et al.
2002 ; Piercey et al. 2002; Rice & Currah
2005; Vohnik et al. 2005; Zhang et al. 2009) .
AKIEFIHARFF, 40 0. griseum (Couture et al.
1983; Dalpé 1986; Xiao & Berch 1992) . O.
rhodogenum #1 O. cerealis (Dalpé 1986) . O.
periconiodes ( Currah et al. 1993b) #1 O.
chlamydosporicum O. citrinum~ O. flavum H
0. scytaloides (Dalpé 1991) %%, ZEAHES{ER}
YR P EETE L ERM,  {ERANFIE) ERM
rh 3L A1) Oidiodendron spp. I Fh 25 — & %
5, UM Rhododendron FE¥YIH 4B HHIZ AN
0. maius, TM Vaccinium 3 Z 4355 H HAh
(1) Oidiodendron spp.FHkNIAZ . T HAJEH
4 T E 1 Stephanosporium  cerealis

(Monreal et al. 1999) , 5 0. cerealis (Xiao
1994) J& TRV 4 .

BT FHEEPE Oidiodendron maius Al
Rhizoscyphus ericae SR AR 2 4h, HT B
P H-H Sebacinales /& Ericacea 15 1=
A A 3k A7 E [ R 2B (Bonfante-Fasolo
1980; Allen et al. 2003; Selosse et al. 2007;
Setaro & Kron 2011) , 1t ERM fif5| 45 /it 5%
NN, WEIEJE Clavaria 13555 B A7
7& ERMF (Peterson et al. 1980) , It)5, 7&
Vaccinium sp. b %31 C. oronoensis, iIFA3 118
TR ALK ERM (Straker 1996) . 4K AE
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JUARAEZS R GEH) Cassiope tetragona(Ericaceae)
18 Erh LB BRI T E, AMUE Clavaria,
& H Cortinarius 1 Mycena %5 @& ] H
(Lorberau et al. 2017) , T HAR Z #B72 Jik
PN AR B B ECM LR,  (HZ Z1RE I R L
411 ERM 5141 E ECM 45

BN, FZELF R Dermatcaceae 4 E H
DL JURR R R4 BB (Xiao 19945 Usuki et al.
2003; Bougoure & Cairney 2005a, 2005b;
Grelet et al. 2009) A FKA variable white
taxon (VWT) JHE B (Hambleton & Currah
1997 ; Piercey et al. 2002) , VLK J& T
Helotiales [ DSE JL1#, W% )& Phialophora
spp. (Hambleton & Currah 1997; Grunig et al.
2008) . Phialocephala fortinii (Vohnik et al.
2003) 7E 2 FiALAYIETE 31 ERM AR &
.

R —f1g EHELAR ERMF 2 2
], Wurzburger et al. (2011) MAK TR
XM Rhododendron maximum 1] ERM 173 &5
Hek 71 FREE, GFEH WL Rhizoscyphus
ericae F Oidiodendron maius, K H Helotiales-.
)& 22 H Chaetothyriales £l Sebacinales ] 5
W, DA —SC ) ECM B AR AR TS
Zhang et al. (2016) JHIT & iHEE N T IRAGAE
of [ $GHF AR AR H Vaccinium  carlesii FORR 3
HWA R, WUEER ERM S5 H 1)1 3 BAR
HIE A K B ) HAR R B LR A7 E, ERMF
NG H AR —#45 . Allen et al. (2003) HtfE
2P JE Gaultheria shallon (7] [ — ERM £
M R T S 5 B8 Sebacina
spp.. &N Capronia sp.f1R. ericae, T
BIRRA 3.8 Mgt EA R I F B 2K 3
Jt. AR, ERM FIAHAR4NRES 5
ANFEI R R 257 (Monreal et al. 1999;
Perotto et al. 2002) . XJ>K H H [E DY )1 Al = mE

HIH-ES 4 J& Rhododendron decorum TR E 1
I R ILE 25 A IAH ERMF Fi2K(Sun et
al. 2012) . IXLEHF UL ERMF (2 FE 1K
PR, AH R P AR B 1 Rh SRR o A A
BALAETE L4 MR A B0 S MR IR itk —
LI6E (Walker et al. 2011) &

RER B FEYTFBR LI ERMF 1
SREEEWBIEH, EEERHAMN S IE
9, AHRAIRZ JRAIR R B 17
SUARERL S B RG FR A, T e DL e B K
*F (Perotto et al. 2002; Allen et al. 2003;
Hamim et al. 2017) , X2 ERMF Hff 75 3t Ji&

4 ERM EL WV A AR 6 B By 2 A

EH R AARES RGH, HESERME
YiH 5% Pinaceae. MEAKFEL Betulaceae.
7t} #l Fagaceae. MM} Salicaceae. KA
%l Poaceae TEMIMEHMIMRALAE . T HAUEYE
R, —LRINM ERMF 0] 5 HABAEYI
RILA, TEEAFREMEER (Cairney &
Meharg 2003) .

AL BRI, MAHERE] Fagaceae
Y (ECM) K& Quercus ilex FfLES AL FHE
¥ (ERM) Erica arborea 435 H A8 7] i) E B

(Bergero et al. 2000; Cairney & Meharg
2003) ; [AIFEHL, FEJLIRAT AR, AHARH
Pinaceae 1H%) (ECM) Pinus sylvestris FlIF1g%
1ARHEY) (ERM) Vaccinium vitis-idaea, 1Y
TERMEY) Vaccinium myrtillu 5 Pinaceae H4)
Pinus sylvestris I Piceirhiza bicolorata Z_|f]H,
#Hor B AP E R, BRI 38%LL
IR ECM | Pinus TRAHE LAY ERMF—
Rhizoscyphus ericae TRENRFTIZ Y (Grelet et
al. 2009, 2010) . Bk, 7EJLFBREETE K
ERM F1 ECM HIAS [ AR AR AT BEAFAE N

EMEFR 1303
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Wk () e R R AL LA B . [FIAE, AR
T P BR T 5 18R R P 2R 50 1) A e AR R
MATERL Apiaceae. KITMHEL (BFEEEED
Cunoniaceae. VWELE} Cyperaceae. 3 Z#H}
Droseraceae. .} Fabaceae HJ% 25 H LRl
Mimosoideae mAE{ER} Lomandraceae. #k
S UREL Myrtaceae. AR {EF} Pittosporaceae-
W EHRE} Proteaceae FITEAEHERL Stylidiaceae
(1) 10 NRF 17 FREEAIAR H 5 B R I LR K
THE. HPEMESE Z A58 (Chambers
et al. 2008) , KIMFHHREWELE Epacris sp.JE
Jii ERM (1) 35 T A2 BRI 2R A b3 it Ak |
FERGTEAE AR i DL A S 2 . AERRIN .
PN B, B B A — R S5 ALY
TERHEYIEA, TALRSTERHE YIAR H0H W)
ERMF—R. ericae N H R4 R RBUL K H A
2 — LE IR AR Y N 4 TR (Duckett & Read
1995; Chambers et al. 1999), 5 iR FHRY
HERHEY) A B L DI ReAH TR (Cairney et
al. 2000; Whittaker & Cairney 2001) .

FE A M E R R AR KA T,
IR (ERM BY ECMD ITEASSE M) 210 ME &
TSR RAEK) (Greletet al. 2009) , HIFE
SEIGZ N Helotiales FfJ Phialophora finlandia
5 AEE EEY AR T ERM. ECM BY
EEM %5 #J (Perotto et al. 2002) ; £ L 51+
N, —“ Rhizoscyphus ericae SEEEARTFHIE,
5 Vaccinium myrtillus 1 Pinus sylvestris 7] A
[E] i T i ERM A1 ECM 2544 (Villarreal-Ruiz et
al. 2004) ; {EfFEASFERRA R, M
Poaceae [] Deschampsia flexuosa HIHR H143 55
>k Helotiales HIHF, 7 LMR 4 HHEm
Calluna vulgaris %I & BE 71 (Zijlstra et
al. 2005; Chambers et al. 2008) . [,
Bergero & Girlanda (2002) #1E W77 H o i Gk
/SRERSAETE T Quercus ilex FRAK L1

1304 EMEIR

W, BEEETE R ERM 1) 3L B 47598 e % I 45 A O
FIEERIIRE ST, AETHIEN Q. ilex 4
M At BSAERHMEY) Erica arborea )11 (1) 5E &
fires T L EMHEE T RiEEES AR E
FIA FEB EREE RIS OCRE, JEFE
RS Ae BHE W) M R AE i i Ak - 48 v gR 8 i A
ERM E I % [1/E ] (Chambers et al. 2008) .

BANA IR Z 0 70NN ERM R A A0 HoAh 2
Y TR AR AE AR AR 0 Bl 3 3 i S PR R A
L, HEFAE T — € /e KBS R G
M Picea stichensis (ECM) R85 B 15K 1)
Oidiodendron maius HRIEFLESAETE 32 FoR
BEE I ERM (Douglas et al. 1989) , 1% EH B
HELSRIHIRBEW LM (Piercey et al.
2002; Brundrett 2006) ; ZHISKE ECM I
ERM ] Rhizoscyphus ericae B¥ A Hikk, HAE
3 S TRAR MBI K ECM LA AR, 8L 5 RS
TEHEYIIE T ) ERM 254 (Vrdlstad et al.
2001) , A XAZGLERABEAENT T 1) 1E AR H
TE RN A I R 45 %) (Bergero et al. 2000;
Piercey et al. 2002; Brundrett 2006) . IX4E4H
R REN, RETE ERMF FIBER )
WS Tt H2, ERZ
) @I T3 — 28 I L

5 ERM T 56 1 £+

van der Heijden & Horton (2009) 7EX}
60 MNZE GBI 7T ORI, B AR L B R 25 X A
[FI AR A KA R SRR
M0 48%. 25%F1 27%, UiRA4NT
HERILAGHF]E FR. X R ERM IL
AR AR R AR L RE, I T 2 Y S AR
%, I Rhizoscyphus ericae 7 HARUFITG M
M % Oidiodendron griseum X Calluna vulgaris
MK AR HIEH (Read 1996) 5 1E
Vaccinium corymbosum L 3%Fh Cadophora
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B R BE T B B 1 ERM R B3 TE E A K
(Bizabani & Dames 2015) ; #R&f5% )&
Cryptosporiopsis F1Jffi=k % J& Phialocephala
PR AE Rhododendron formosanum &1, T
Jil ERM BRI AR 45 ¥4 J5 HL 40 7 ¥ Lot Bt (Lin
et al. 2011) ; —%£ ERMF 7£ Rhododendron
fortunei B4l £ (Yu et al. 2008, Wei et al.
2016) FIZEHAh Rhododendron spp. fAYI4:
o 2 F SR B A RE e #E/E - (Jansa
& Vosatka 2000) ; fEANFEIEFEZMHT,
ERM B AR AFTESE S 1 Calluna vulgaris 5
Poaceae W] Nardus stricta H] 5545+ /1(Genney
et al. 2000) .

5.1 ERM {2 E 7= IRUL

ERM (%) Dy REAT A3 188 1o 2H 1 %) T AR L 2R

KSLHL, ERMF 87 A2 2 b K e g A AL AL
By, HIEEZMENDWALER. KRS
AN 2 B8 FE R BT AE /1 (Cairney &
Meharg 2003) . HHFIZEAE, FrirWsEgr
KRG, Phialocephala J& I TEERBE S i
A B AN 2 IR B, 1T Cryptosporiopsis
J& AR BR T oW X P A AN, 3R] BL oy
WIRBG LT YR B (Lin et al. 2011) .
Oidiodendron maius 1 0. scytaloides HE 1% [ i
BTIR, i ZmA R (Thormann et al.
2002) . ERMF 7} il (BRI REH BIA HLY)
Fefii, T HIRRREIR mXT L ENE TR R, Kl
SRR EERIL (Lin et al. 2011) , 0
ERMF 73 1) B (B A LT J5 i 95 B 1 32 A
VISR B A LT A A, IR IR
WUASE i 3= ATk TR B Ml A 6l R — Wi P SR A5 T
(Bajwa et al. 1985; Leake & Read 1989;
Myers & Leake 1996; Kerley & Read 1997) ;
ERMF 1 AT DA 3 1 = AR 4 A 2 25 1 A R
I U5 %, (Bending & Read 1996, 1997;
Cairney & Burke 1998; Nielsena et al. 2009),

KAE R VG P A6 2R IR 7 S SR AR AR 1
Vaccinium membranaceum, I ERMF J2fH+
FHELN# (van der Wal et al. 2006) . Hb#iAEFE
R, 4T Rhizoscyphus ericae 2K
IR, B2 ETREMAHCHNERRE, £~
B A AR A A, AT AE DL SR
REFERIRE /1)L FAHIF] (Chen et al. 1999;
Whittaker & Cairney 2001) . fEHA LSRG
v, AR A0 AN ) 75 SR 43 0 23K 80% A
90% K H W R E F (van der Heijden et al.
2008) , T P AR L P R BEAE AR A AT
ey R A a7 TR AL B (Auge 2001;
Sikes et al. 2009; Vohnik et al. 2009) . I
T HEEYIEE %S, ERMF MHE
=AWV E LG 28 T 15 MY e E A
SAEX 4K (Straker 1996) o IXEUHTF 5T HR
AU TS5 ERMF LA 1E FHEY R AR
SRIVE TR RE /T, RIS B A EFSE
i F .
¥ AM. ECM 5 ERM BRI E =R IS RE
JIAT LR L, B ECM (Picea abies) Fll
ERM (Vaccinium myrtillus) W75 XMW EH
BUFTEALEIE 345 T AHRLE R, T AM
(Deschampsia flexuosa)7E T T NH,™-N 4F,
PR AC ) P A G S B IR T NO5 N (Persson
etal.2003) ; FEXTHIAUAE JE NIRRT |
TR AEANUR ) I, AR ERM 5
(Rhododendron macrophyllum F1 Vaccinium
ovatum)F1 AM 15 & (Cupressus goveniana ssp.
pigmaea) LA I, ERM 15 F 3% A B H
XTANBEM LA WL, T AM 15 E3R1G
FITHL A E S THEHLE (Rains & Bledsoe
2007) . IXLEHF TR B AM T =X TR
ImiF, ENWCAEHLE DT I EE /1A ERM
1 ECM 15 EHIFE /1% (Read & Perez-Moreno
2003) .
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5.2 ERM M EEE IS EHIEE

T H N NAE ) LR Y0t 42 i 5 4 1 i
52 }79 5 (Hartley et al. 1997) , H, BEAH
ERM HFLAEIRRESE i A &R/ Y+
HEIA I ) 3E & ¥ (Meharg & Cairney 2000;
Sharples et al. 2000a, 2000b; Chambers et al.
2008) . £k ERM {EHTH 5 & V5 4477 T A
T LA Calluna vulgaris ISR %, £ Zn F
Cu (Bradley et al. 1981; Meharg & Cairney
2000). Cu F1 Ni(Monni et al. 2000a, 2000b)
As F Cu (Cairney & Meharg 2003) . Pb Fl Cu
754% (Marrs & Bannister 1978) W13 F#F
K AR R A A E R R ST . 5
&b, ERM 1 3 H 2R € Ji () 38 % SR E,
XEwEAEE&BW A, AN EERE
PRI 428 Fe F1 Mn SEAEXFE BT T 5N
X (Cairney & Meharg 2003) . X SBHF 5T #R Ut
W EA ERM &5 1) (A RS AE R 32 M g 2L
()48 & T HVEHEEHER .

MEKTHEEBITYAIE Calluna vulgaris 1]
FARARE B KA ERMF = Rhizoscyphus
ericae F1 Oidiodendron maius . Sharples

(2000b, 2000c) W\ M R. ericae X 15+ C.

vulgaris TEHKPTHE & 815 4L 07 1 2 T AT 2k
[17; KM cd. zn. AlY5H(Vallino et al. 2011)
Fcry Nij54: (Martino et al. 2002) [1)+3%
HHERS S 0. maius 1T SZ E AR, HABLEAR
159 B R 0. maius KD T 8537,
235 G A0 I A DA R T R AETE AR
Vi N BT gL T TR RIPER, B
3 ARSI E AR R R M ANE

HHEMKMESBEEE R R A
We? B FTIA N ERM I ELBE W Rhizoscyphus
ericae X1 4 JEFH B 1A 1R 58 15 A1 /7 (Bradley
etal.1981) , HpEIE PRI EHG N4 )&
BT [ H Sk TR A RN PR ) B 4 O\ 41 g
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J1, e B 1 AT DA W A 381 B 22 3 1 DA AL
FETE FANE T KIAZ FEAL (Bradley et al. 1982) ,
B 18] 2 7E H TR 0940 B A2 . (Leyval et al
1997) , B 7 B8 £E VR I B At 1 i 25
(Pocsi 2011) ;b 2Z 4R 7 WA nt < il
B A2 (Perotto et al. 2002) , A5
EIREGIHIAEVIGE, BIERE A ETT
(Colpaert et al. 2011) RIFKE & E=HE.
XIT ERMF fEE @5 R R FE . %
FEAIL DL A 5 Gt 1) v B2 7 TH A 9008 75
AT Z S AR A
6 ERM JH 41 i 1 x4 34 % AL,
" L Hy % A
6.1 ERMF B E R BEE IR R ML
FESERHEYI RE) T Hh o A T At FE
BRI ) 2 Fh AR B R, LS b BR IR S B o
IR e et H R AR AL, o =%
FRARFR R B4 5, il AS
ERM [{J#£7E A 5% (Cairney & Meharg 2003)
R SHED A RIRZ, TRt
FERSAE) Z o An ) B R A, andk S PN E 0
SE RN ) = R AN R AL RS A EAE
RS I T =% FEY) Oidiodendron spp.
(Hambleton & Currah 1997; Monreal et al.
1999) ; Zhang et al. (2009) %[ [E L
Pl 4 MASFEILAER Rhododendron
fortunei 5 B, Oidiodendron maius 7E4&
AR Al A7, A R R 2 R
IRK; Hamimetal. (2017) JKIAEEE I EFAN
FEHE 5 MR 6 MRS TERNE AR
Helotiales B¢ #5 W, {H &M AL F#7) B 4
2[R i X R 1 32 2 B AS [R T AR O 22 5
[EIREH, ZENRIM, Calluna vulgaris 1EJ<HE %
PO RE R AT AR KA R T AR B 2

Rhizoscyphus erica 12 4% ( Sharples et al.
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2000a) , FE R AHAL S R A R e 0] = 22
e 0. maius 124% (Perotto et al. 1996,
2002) . UiBH ERMF PR R HFEEA RS
S N VALY S L S B . b 1 i 2 e o
2 5200 21 ERM LB 7£ 15 5 AR 30 5L e 3 Vs
AT 3R, 41 Zhang et al. (2016, 2017)
TEFREE #4a1 #R MRS Vaccinium  carlesii F
Rhododendron ovatum [IRFFC38 I, AHIHE
MtE AR ERMF ZEKAEN TR TEE
ARKAERRKTERKAEKRTREDGZ,
DSE .1 A X SRR RUE L (Zhang
etal. 2009) , Vohnik & Albrechtovd (2011)
%f 6 #' Rhododendron spp Mt 71 &K B, A
=K ERM HE EILAE BRI e 35 5 HH B, 17 DSE 1Y
B3¢ i A U 7 25 22 JE A I AR AR X 5 8 /R 2
I Ly ok P S v L DX B, A R 4 B AT 4R =
FERAE T ERM SRR S i A2 R H A,
Sunetal. (2012) £ E = FMPY)IEK) 15 4
FE 1R EE M1 Rhododendron decorum EiR
KI, H ERMF BEUE RS2 208 F AL 4 Ak
)52 M) B b B R 25 ) 2 e B R, A1 22 B
R S AFEAHOC, TaE ERMF BV S
AR, RJE. BHREENE YRR ES S
MAZRAE K.

ERMF Ve 4H B AE AN [R] R A2 58 o A B
25, RHE R PR E B A F A
A, IR TE R TR L ] 2R S A T
T BT EIRAIHE T
6.2 ERMF 32 FE T T

FEYIEER Z 2] ERMF RPN EH KT
Sy AT AN EE B AT AR AL, i B I T
84k, (Chambers et al. 2008) , IAE B A F) ¥
V8 T 2= PR AR A B T i b R i U X, AR
AR, BN AT S SIS &
AN (Hutton et al. 1994) ; Cairney &
Ashford(2002)FF 7t | BARKIZ=T1 2 KB,

EARK A B 2= I T I O PUE T 2R
AR, fEREFHREI, 7fEREN%
FRANER, B 7T HEFEEREY IR E
HR IR B B K, Ul BB AR A AR Y
T BRI ARE G 28 1) 1 1% 5 3 P R0 3 2 =5 <A
KA EE— MM, i Epacridaceae
] Woollsia pungens FHEIRFE YLK FER Y
KTk, HEMSEEEMAMEEG. M
Lorberau et al. (2017) 7 N LIEHIZ%44F T K
L, WEEF SN Cassiope tetragona T T AR HE
FLIR BV S AL 55 » Read (1996) f&
AN K XIS B ER K E R SN,
SR EE )iz MR & I A K IARAT 1= G o s
LR, Wik TIBEUSE R 2 (A ok
R, JbPEREF U R 2 HUE R R R A
FAZ G5 (Read & Kerley 1995) . Calluna
vulgaris TR AR G Z= 15 R AEE B
=, T H AR AR gL 1 7S 18] A2 4 #AE 24 K
(Johansson 2000) . FFifaH, FRAEZTEIE
TR, A0 ERM AT LA

MAF ERMF Z=75 P AR 40 1 i 58 o] LG
, ER AT R A R R B E A ERM 1S
WEMREE, BEiMaxt ERMF B R A
SEMI A — R IR o LE R AT B PN BT 5T
IR WRERIKEM ERMF HIIRH
fEdEAEH
6.3 ERM EEYIS HtIFHHZEF X RHEE?
IREEER T ML

iAo v 1 P B 7R 4 KPR, IF
fBH pH EIK. &EMEE & HKARE
FEAAIR 2 . Wom il BE A I &5 2 Fh A &
(Cairney & Meharg 2003) . LLRTHFLRSAER
f¥] Calluna vulgaris F Erica tetralix JEHREAR 51
P =B R, R LR AR
Y 2 22 BORKE W) Deschampsia flexuosa
#1 Molinia caerulea FTHUAX (van der Eerden et

)

pae

3

EMFIR 1307



SKIBLERIFISIR /A ESTERHEYEIRASIARIER

Review

al. 1991; Aerts 1993; Bobbink & Heil 1993;
Berendse 1994) . fE/K PRI K HLAE
BT A HLE AR 2 AL RS FERHE ) )
FLRTEY) ARV T7 3% (Berendse
& Aerts 1984; Berendse & Elberse 1990;
Hofland -Zijlstra & Berendse 2010). ZR{LLA1H
O HH A 5% [ [R5 4> X (Barker et al.
2004) . HAREIIR S FEEA R HIE AR
P, (AR B k25 vT e 2= FH 1k Bk
R EIX—1dFE (Nielsena et al. 2009) . SHfaf
MG, R R F 22 R RS Y
A FE e R A g1 Calluna L)
M R AEARAE (Kristensen & Henriksen 1998)
Ut B AT R T LU 2R A4k 5 AN [R) B AR 2R
B TEFRARKEZNZE . NHEHIRDIRE
IR FiRT R H, B ERM BIFERSTERHE D)
RIS LIS, (HEATHLE M AT B
FEAR T AM SR RIE . AR
Tic Hi AR A 52 B BT s e AR T 2 S
23 5 30 PR L B A R AR AL 7R g
—BEFT, (HRERETEALRSIERMR EEIE A ERM
1) AR A B o] DLS HARAE A% 1%
oAt ARSI A (1shida & Nordin 2010,
N EA R ERM B R B — € R AR AR TS
Beu, DL, Hb B MR IR —E
S E I 1] P S M ) 3R 5 0 B R T VR 45
1224k, o

7 ERM #F Kt B 2

JEH T ERM B FL LA T — € 13t
JE, H A FE R R AT S AR FR B Ny T
WHIRZ A TE— PR ZE I )

(1) FESAERHE D) Fh I e P4 F
&, ECPEEENCE, ARHEZ103 )8,
3350 il (X 2445 2006), ¥4 Empetraceae
A1 Epacridaceae V)& T-FLRSAEERL (Smith &
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Read 2008) , FPRMIEZ, XL 270
T RERAFUEXWAES KRG, E5ER
MZHE. KX I ERM AL B[R] R 7K ~F [
ZES R, WM B3R AN AR 7T R =
%, YN IR 7T R AR B> o A JE T
ANFEA KRB AA [F AR LE ) ERMF 37
PERIAA . RS E AR 2 TAEEM
He et al. (2010) #E#E 1 id % 60 FHE
7 AR BT 7T S st , B AT AM,
ECM A1 OM B TR, T ERM BITIE Tl A
AR o B2 AL RS A6 R R Y5 AT 43 A7 G
296 15 J&, 757 Ff (sl 3E45E 2006) , HAT
Zhang et al. (2009) X} Rhododendron fortunei,
HEES (2010) *f Rhododendron argyrophyllum
F1 R. floribundum, Tian et al.(2011) 1 Sun
et al. (2012) %} Rhododendron decorum,
Zhang et al. (2017, 2019) X} Rhododendron
ovatum 1 R. simsii 55 N AE B 2 FEPEEAT T
W5, HEIRZ ERMIE 32 AL A J A fF
. FeARAESHEMNEAE S5 E ERM
() ZEEAR AT, E R ERM A FEA
A ECER LR 2, S BRI A 22 B K
F— I TR B TAE
(2) HESERME ERNAEREH MR
F) 2 3 A7 AE S ARy e 1t 2 B R AF AE A
., M Rhododendron ] A [F] 4% 55 i Fh A1
Vaccinium muyrtillus #5725 1K Oidiodendron
sp., H M Vaccinium 15 F W 4 B 1) EL
Rhododendron 77 & H M 2K 5 2 (Jansa &
Vosatka 2000) , Zhangetal. (2016, 2019)
FH T B e B, B Rhododendron 15 - HiAR
ERE T Z REVE L Vaccinium 2>, FAE AT RE
fEAE— & W15 EMmiF, HiZ, M Cassiope
tetragona~ Empetrum nigrum F1 Vaccinium
vitis-idaea %5 3 FIHEY) 70 2 IR A H R, AR 4
SEIG 2 75 FE W Vaccinium uliginosum I 51%E
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RIE E R R RUESE (Walker et al. 2011) &
B2 [P S0 RN S AT REAEAS A KSR B 25 0
Hh R X — A R, R ) R R R RS A
FAAARAERFE XN, % Hoqg FE
RES IR TE, T RE A2 AR D) 5| M i = 2
i

(3) EEMRSIERHEMIN HRES RS
WELET, MRS EMEARERE N
Rt R AT R ? NERZ /R, BEEL
FALER Vaccinioideae [ 58 MEEAMMAH
Sebacinales M FTIN Ny, PASBT#aE X AL
£ HIR 7 X Vaccinioideae-Sebacinales #f7% I1]
MY)-EE KA THFIER (Setaro & Kron
2011) . fEFKHE 29 MEH KA FAH 4 NHK
WEFN B T AEAS/ERL (Enright & Cao 2010)
X B AW 2 H R AT, EAT
[t AR -4 R VR LA E BT
WA, M- B IR 1 B R R M4 07
) R FRe K e A A 5 X O 1Y ) R

(4) TERENSTERL ERM HIE B FRHA
IR A5x4t B A8 R 1 AR K R N A R 3R AR
FH? XS 25 1R N AR B A2 15 RE A% A R D O
B IR, AL ARl R N T SR AR
TR A A TR RN B AR S AR A RACR e 2
RETTIE AL ERM £544 7 JEA7H) ERM 5 DSE j2&
A 28 WA B oAb 7838 22 K AEFEBIE R ? Vohnik
(2020) 4=TH 45 T ERM JEAE AR SEIG I 7T
J715, AT CATE LA b gk — 20 ek e AR Ot
ITAr B EEFRAifl, XK1 ERMF Fpf
AT S0, FRIE A R AR R A R
Mgtk i, Rit—2 7L DRefE
E B

(5) fEREE 7. B5 9%, e Mmaifui)
Bedih b, TN F R AR E TR AL
LN SRSt RV T, Al
B 7T AR, R AR R 51 R R s

RS, BERHAEE AR RE. Ak IF
EEY R S WARZ MR R, #H 2
KK ERM W T AR B L 1R & J7 ]

(6) HREBRG 2 — MFRHIshEFR
g, WFRIRAR ERMF BEK 5 IR A7AE 3
T AEPI RV R 2 (MK &R, ERMF X 33
W FWa. . SR X4
BR CO, AR Th i ok 52 Rk 55 (R i 7,
DL ERMF BEVRRGAEAE M. 3%, fEB
X I AFIEE BRSNS SE, #FFRZdAT
KEMAER T

b6 [E P A 5 ERM eV R
FEAGE AR KA AL RS AL S L AR [ 90 2238 20
RN, ¥t — D HES) AL RS AL TR I LR 3
FIFH, NHBESIEE BRAES KRR T A
LA DL R AR AR RS S5 5 T R A KR Ba e
R S AR L

[REFERENCES]

Aerts R, 1993. Competition between dominant plant
species in heathlands. In: Aerts R, Heil GW (eds.)
Heathlands: patterns and processes in a

changing environment. Kluwer Academic
Publishers, Springer Netherlands. 125-151

Allen TR, Millar T, Berch SM, Berbee ML, 2003.
Culturing and direct DNA extraction find different
fungi from the same ericoid mycorrhizal roots.
New Phytologist, 160: 255-272

Auge RM, 2001. Water relations, drought and
vesicular-arbuscular
Mycorrhiza, 11: 3-42

Bajwa R, Abuarghub S, Read DJ, 1985. The biology of

mycorrhiza in the Ericaceae. X. The utilization of

mycorrhizal ~ symbiosis.

proteins and the production of proteolytic
enzymes by the mycorrhizal endophyte and by
mycorrhizal plants. New Phytologist, 101:
459-467

Barker CG, Power SA, Bell JNB, Orme CDL, 2004.

EMEFR 1309



SKIBLERIFISIR /A ESTERHEYEIRASIARIER

Review

Effects of habitat management on heathland
response to atmospheric nitrogen deposition.
Biological Conservation, 120(1): 41-52

Bending GD, Read DJ, 1996. Nitrogen mobilization
from protein-polyphenol complex by ericoid and
ectomycorrhizal  fungi.  Soil
Biochemistry, 28: 1603-1612

Bending GD, Read DJ, 1997. Lignin and soluble
phenolic degradation by ectomycorrhizal and

Biology and

ericoid mycorrhizal fungi. Mycological Research,
101: 1348-1354

Berch SM, Allen TR, Berbee ML, 2002. Molecular
detection, community structure and phylogency
of ericoid mycorrhizal fungi. Plant and Soil, 244:
55-66

Berendse F, Aerts R, 1984. Competition between
Erica tetralix L. and Molinia cearulea (L.) Moench
as affected by the availability of nutrients.
Oecologia Plantarum, 5: 3-14

Berendse F, Elberse WTH, 1990. Competition and
nutrient availability in heathland and grassland
ecosystems. In: Grace J, Tilman D (eds.)
Perspectives on plant competition. Academic
Press, Florida, Orlando. 93-116

Berendse F, 1994. Competition between plant
populations at low and high nutrient supplies.
Oikos, 71: 253-260

Bergero R, Girlanda M, 2002. Soil persistence and
biodiversity of ericoid mycorrhizal fungi in the
absence of the host plant in a Mediterranean
ecosystem. Mycorrhiza, 13: 69-75

Bergero R, Perotto S, Girlanda M, Vidano G, Luppi
AM, 2000. Ericoid mycorrhizal fungi are common
root associates of a Mediterranean
ectomycorrhizal plant (Quercus ilex). Molecular
Ecology, 9: 1639-1650

Bizabani C, Dames J, 2015. Effects of inoculating
Lachnum and Cadophora isolates on the growth
of Vaccinium corymbosum.
Research, 181: 68-74

Bobbink R, Heil GW, 1993. Atmospheric deposition

heathland

Microbiological

of sulphur and nitrogen in

1310 EMFIR

ecosystems. In: Aerts R, Heil GW (eds.)

Heathlands: patterns and processes in a
changing environment. Kluwer Academic
Publishers, Springer Netherlands. 25-50

1980.

basidiomycete in living cells of mycorrhizal hair

Bonfante-Fasolo P, Occurrence of a
roots of Calluna vulgaris. Transactions of the
British Mycological Society, 75: 320-325

Bougoure DS, Cairney JWG, 2005a. Assemblages of
ericoid mycorrhizal and other root-associated
fungi from Epacris pulchella (Ericaceae) as
determined by culturing and direct DNA extraction
from roots. Environment Microbiology, 7: 819-827

Bougoure DS, Cairney JWG, 2005b. Fungi associated
with hair roots of Rhododendron lochiae
(Ericaceae) in an Australian tropical cloud forest
revealed by culturing and culture-independent
molecular methods. Environment Microbiology,
7:1743-1754

Bradley R, Burt AJ, Read DJ, 1981. Mycorrhizal
infection and resistance to heavy metal toxicity
in Calluna vulgaris. Nature, 292: 335-337

Bradley R, Burt AJ, Read DJ, 1982. The biology of
mycorrhiza in the Ericaceae. VIl. The role of
mycorrhizal infection in heavy metal resistance.
New Phytologist, 91: 197-209

Brundrett MC, 1991.
ecosystems. Advances in Ecological Research,
21:171-313

Brundrett MC, 2006. Understanding the roles of
multifunctional

Mycorrhizas in natural

mycorrhizal and endophytic
fungi. In: Schulz BJE, Boyle CJC, Sieber TN (eds.)
Microbial root endophytes. Springer Berlin
Heidelberg, Berlin. 281-298

Cairney JWG, Burke RM, 1998. Extracellular enzyme
activities of the ericoid mycorrhizal endophyte
Hymenoscyphus ericae (Read) Korf & Kernan:
their likely roles in decomposition of dead plant
tissue in soil. Plant and Soil, 205: 181-192

Cairney JWG, Sawyer NA, Sharples JM, Meharg AA,
2000. Intraspecific variation in nitrogen source
utilization by isolates of the ericoid mycorrhizal



FiR 22 June 2021, 40(6): 1299-1316

Mycosystema ISSN1672-6472 CN11-5180/Q

fungus Hymenoscyphus ericae (Read) Korf and
Kernan. Soil Biology and Biochemistry, 32:
1319-1322

Cairney JWG, Ashford AE, 2002. Tansley review
no.135. Biology of mycorrhizal associations of
epacrids (Ericaceae). New Phytologist, 154:
305-326

Cairney JWG, Meharg AA, 2003. Ericoid mycorrhiza:
a partnership that exploits harsh edaphic
conditions. European Journal of Soil Science, 54:
735-740

Cazares E, Trappe JM, Jumpponen A, 2005.
Mycorrhiza-plant colonization patterns on a
subalpine glacier forefront as a model system of
primary succession. Mycorrhiza, 15(6): 405-416

Chambers SM, Curlevski NJA, Cairney JWG, 2008.
Ericoid mycorrhizal fungi are common root
inhabitants of non-Ericaceae plants in a
southeastern Australian sclerophyll forest. FEMS
Microbiology Ecology, 65(2): 263-270

Chambers SM, Liu G, Cairney JWG, 2000. ITS rDNA
sequence comparison of ericoid mycorrhizal
endophytes from Woollsia pungens. Mycological
Research, 104: 168-174

Chambers SM, Willianms PG, Seppelt RD, Cairney
JWG, 1999.

Hymenoscyphus sp. from rhizoids of the leafy

Molecular identification of a
liverwort Cephaloziella exiliflora in Australia and
Antarctica. Mycological Research, 103: 286-288

Chaurasia B, Pandey A, Palni LMS, 2005. Distribution,
colonization and

diversity of arbuscular

mycorrhizal fungi associated with central
Himalayan rhododendrons. Forest Ecology and
Management, 207: 315-324

Chen A, Chambers SM, Cairney JWG, 1999.
Utilization of organic nitrogen and phosphorus
sources by mycorrhizal endophytes of Woollsia
pungens (Cav.) F. Muell.
Mycorrhiza, 8: 181-187

Colpaert JV, Wevers J, Krznaric E, Adriaensen K,
2011. How

ectomycorrhizal fungi protect plants from heavy

(Epacridaceae).

metaltolerant  ecotypes  of

metal pollution. Annals of Forest Science, 68:
17-24

Couture M, Fortin JA, Dalpé Y, 1983. Oidiodendron
griseum Robak: an endophyte of ericoid
mycorrhiza in Vaccinium spp. New Phytologist,
95: 375-380

Currah RS, A, Murakami S, 1993a.

Morphology and ecology of Phialocephala

Tsuneda

fortinii in roots of Rhododendron brachycarpum.

Canadian Journal of Botany, 71: 1639-1644
Currah RS, A, Murakami S, 1993b.

Conidiogenesis in Oidiodendron periconioides

Tsuneda

and ultrastructure of ericoid mycorrhizas formed
with Rhododendron brachycarpum. Canadian
Journal of Botany, 71: 1481-1485

Dalpé Y, 1986. Axenic synthesis of ericoid mycorrhiza
in Vaccinium angustifolium Ait. by Oidiodendron
species. New Phytologist, 103: 391-396

Dalpé Y, 1991. Statut endomycorrhizien du genre
Oidiodendron. Canadian Journal of Botany, 69:
1712-1714

Douglas GC, Heslin MC, Reid C, 1989. Isolation of
Oidiodendron maius from Rhododendron and
ultrastructural characterization of synthesized
mycorrhizas. Canadian Journal of Botany, 67:
2206-2212

Duckett JG, Read DJ, 1995. Ericoid mycorrhizas and
rhizoid-ascomycete association in liverworts
share the same mycobiont: isolation of the
partners and resynthesis of the associations in
vitro. New Phytologist, 129: 439-447

Duddridge J, Read DJ, 1982. An ultrastructural
analysis of the development of mycorrhizas in
Rhododendron ponticum. Canadian Journal of
Botany, 60: 2345-2356

Egger KN, Sigler L, 1993. Relatedness of the ericoid
endophytes Scytalidium vaccinii and
Hymenoscyphus ericae inferred from analysis of
ribosomal DNA. Mycologia, 85: 219-230

Enright NJ, Cao KF, 2010. Plant ecology in China.
Plant Ecology, 209: 181-187

Genney DR, Alexander IJ, Hartley SE, 2000. Exclusion

EMER 1311



SKIBLERIFISIR /A ESTERHEYEIRASIARIER

Review

of grass roots from soil organic layers by Calluna:
the role of ericoid mycorrhizas. Journal of
Experimental Botany, 51: 1117-1125

Gerz M, Bueno CG, Ozinga WA, Zobel M, Moora M,
2018. Niche differentiation and expansion of
plant species are associated with mycorrhizal
symbiosis. Journal of Ecology, 106: 254-264

Gorman NR, Starrett MC, 2003. Host range of a
select isolate of the ericoid mycorrhizal fungus
Hymenoscyphus ericae. Hortscience, 38(6):
1163-1166

Grelet GA, Johnson D, Paterson E, Anderson IC,
Alexander 1), 2009. Reciprocal carbon and
nitrogen transfer between an ericaceous dwarf
shrub
bicolorata ectomycorrhizas. New Phytologist,
182: 359-366

Grelet GA, Johnson D, Vralstad T, Alexander 1,
Anderson IC, 2010. New insights into the

mycorrhizal

and fungi isolated from Piceirhiza

Rhizoscyphus ericae aggregate:

spatial structure and co-colonization of

ectomycorrhizal and ericoid roots. New
Phytologist, 188(1): 210-222

Grinig CR, Queloz V, Sieber TN, Holdenrieder O,
2008. Dark septate endophytes (DSE) of the
Phialocephala fortinii s.l.-Acephala applanata
species complex in tree roots: classification,
population biology, and ecology. Botany, 86:
1355-1369

Hambleton S, Currah RS, 1997. Fungal endophytes
from the roots of alpine and boreal Ericaceae.
Canadian Journal of Botany, 75: 1570-1581

Hamim A, Miché L, Douaik A, Mrabet R, Ouhammou
A, Duponnois R, Hafidi M, 2017. Diversity of
fungal assemblages in roots of Ericaceae in two
Mediterranean contrasting ecosystems. Comptes
Rendus Biologies, 340: 226-237

Hartley J, Cairney JWG, Meharg AA, 1997. Do
ectomycorrhizal fungi exhibit adaptive tolerance
to potentially toxic metals in the environment?
Plant and Soil, 189: 303-319

He XH, DuanYH, ChenYL, Xu MG, 2010. A 60-year

1312 EMEIR

journey of mycorrhizal research in China: Past,
present and future directions. Science China-Life
Science, 53: 1374-1398

Hofland-Zijlstra JD, Berendse F, 2010. Effects of
litters with different concentrations of phenolics
on the competition between Calluna vulgaris
and Deschampsia flexuosa. Plant and Sail,
327(1): 131-141

Hutton BJ, Dixon KW, Sivasithamparam K, 1994.
Ericoid endophytes of Western Australian heaths
(Epacridaceae). New Phytologist, 127: 557-566

Ishida TA, Nordin A, 2010. No evidence that nitrogen
enrichment affect fungal communities of
Vaccinium roots in two contrasting boreal forest
types. Soil Biology and Biochemistry, 42(2):
234-243

Jansa J, Vosatka M, 2000. In vitro and post vitro
inoculation of micropropagated rhododendrons
with ericoid mycorrhizal fungi. Applied Soil
Ecology, 15(2): 125-136

Johansson M, 2000. The influence of ammonium
nitrate on the root growth and ericoid
mycorrhizal colonization of Calluna vulgaris (L.)
Hull from a Danish heathland. Oecologia, 123:
418-424

Kamal S, Varma A, 2008. Peatland microbiology. In:
Dion P, Nautiyal CS (eds.) Microbiology of
extreme soils. Springer Berlin Heidelberg, Berlin.
177-203

Kerley SJ, Read DJ, 1997. The biology of mycorrhiza
in the Ericaceae. XIX. Fungal mycelium as a
nitrogen source for the ericoid mycorrhizal
fungus Hymenoscyphus ericae and its host
plants. New Phytologist, 136: 691-701

Kristensen HL, Henriksen K, 1998. Soil nitrogen
transformations along a successional gradient
from Calluna heathland to Quercus forest at
intermediate atmospheric nitrogen deposition.
Applied Soil Ecology, 8(1-3): 95-109

Leake JR, Read DJ, 1989. The biology of mycorrhizas
in the Ericaceae. XIII. Some characteristics of

the extracellular proteinase activity of the



FiR 22 June 2021, 40(6): 1299-1316

Mycosystema ISSN1672-6472 CN11-5180/Q

ericoid endophyte Hymenoscyphus ericae. New
Phytologist, 112: 69-76

Leyval C, Turnau K, Haselwandter K, 1997. Effect of
heavy metal pollution on mycorrhizal colonization
and function: physiological, ecological and applied
aspects. Mycorrhiza, 7: 139-153

Lin LC, Lee MJ, Chen JL, 2011. Decomposition of

matter

organic by the ericoid mycorrhizal

endophytes of Formosan rhododendron
(Rhododendron formosanum Hemsl.). Mycorrhiza,
21(5): 331-339

Liu G, Chambers SM, Cairney JWG, 1998. Molecular
diversity of ericoid mycorrhizal endophytes
isolated from Woollsia pungens (Cav.) F. Muell.
(Epacridaceae). New Phytologist, 140: 145-153

Lorberau KE, Botnen SS, Mundra S, Aas AB, Rozema
J, Eidesen PB, Kauserud H, 2017. Does warming
by open-top chambers induce change in the
root-associated fungal community of the arctic
dwarf shrub Cassiope tetragona (Ericaceae)?
Mycorrhiza, 27: 513-524

Marrs RH, Bannister P, 1978. The adaptation of
Calluna vulgaris (L.) Hull to contrasting soil
types. New Phytologist, 81: 753-761

Martino E, Franco B, Piccoli G, Stocchi V, Perotto S,
2002. Influence of zinc ions on protein secretion
in a heavy metal tolerant strain of the ericoid

Oidiodendron
Molecular and Cellular Biochemistry, 231(1):
179-185

McLean CB, Lawrie AC, 1996. Patterns of root
colonization in epacridaceous plants collected

mycorrhizal  fungus maius.

from different sites. Annals of Botany, 77:
405-411

MclLean CB, Anthony J, Collins RA, Steinke E, Lawrie
AC, 1998. First synthesis of ericoid mycorrhizas
in the Epacridaceae under axenic conditions.
New Phytologist, 139(3): 589-593

McLean CB, Cunnington JH, Lawrie AC, 1999.
Molecular diversity within and between ericoid
endophytes  from the Ericaceae and

Epacridaceae. New Phytologist, 144: 351-358

Meharg AA, Cairney JWG, 2000. Co-evolution of
mycorrhizal symbionts and their hosts to metal
contaminated environments. Advances in
Ecological Research, 30: 69-112

Midgley DJ, Greenfield P, Bissett A, Tran-Dinh N,
2017. First evidence of Pezoloma ericae in
Australia: using the Biomes of Australia Soil
Environments (BASE) to explore the Australian
phylogeography of known ericoid mycorrhizal
and root associated fungi. Mycorrhiza, 27:
587-594

Monni S, Salemaa M, Millar N, 2000a. The tolerance
of Empetrum nigrum to copper and nickel.
Environmental Pollution, 109: 221-229

Monni S, M, White C, Tuittila E,
Huopalainen M, 2000b. Copper resistance of

Salemaa

Calluna vulgaris originating from the pollution
gradient of a Cu-Ni smelter, in southwest
Finland. Environmental Pollution, 109: 211-219

Monreal M, Berch SM, Berbee M, 1999. Molecular
diversity of ericoid mycorrhizal fungi. Canadian
Journal of Botany, 77: 1580-1594

Myers MD, Leake JR, 1996. Phosphodiesters as
mycorrhizal P sources. Il. Ericoid mycorrhiza and
the utilisation of nuclei as a phosphorus and
nitrogen source by Vaccinium macrocarpon. New
Phytologist, 132: 445-451

Nielsena PL, Andresena LC, Michelsena A, Schmidtb
IK, Kongstad J, 2009. Seasonal variations and
effects of nutrient applications on N and P and
microbial biomass under two temperate
heathland plants. Applied Soil Ecology, 42(3):
279-287

Ning CH, Li WB, Yang XL, Liang C, Zhao HH, 2018.
Investigation on the root multiple symbionts and
rhizosphere soil AM fungi of blueberry.
Mycosystema, 37(9): 1143-1153 (in Chinese)

Okuda A, Yamato M, lwase K, 2011. The mycorrhiza
of Schizocodon soldanelloides var. magnus

ericoid

(Diapensiaceae) is regarded as

mycorrhiza from its structure and fungal

identities. Mycoscience, 5: 1-6

EMER 1313



SKIBLERIFISIR /A ESTERHEYEIRASIARIER

Review

Perotto S, Actis-Perino E, Perugini J, Bonfante P,
1996. Molecular diversity of fungi from ericoid
mycorrhizal roots. Molecular Ecology, 5: 123-131

Perotto S, Girlanda M, Martino E, 2002. Ericoid
mycorrhizal fungi: some new perspectives on old
acquaintances. Plant and Soil, 244: 41-53

Persson J, Hogberg P, Ekblad A, Hogberg MN,

A, Nasholm T, 2003.

acquisition from inorganic and organic sources

Nordgren Nitrogen
by boreal forest plants in the field. Oecologia,
137(2): 252-257

Peterson TA, Mueller WC, Englander L, 1980.
Anatomy and ultrastructure of a Rhododendron
root—fungus association. Canadian Journal of
Botany, 58: 2421-2433

Peterson RL, Massicotte HB, Melville LH, 2004.
Mycorrhizas: anatomy and cell biology. NRC
Research Press, Ottawa. 1-173

Piercey MM, Thormann MN, Currah RS, 2002.
Saprobic characteristics of three fungal taxa
from ericalean roots and their association with
the roots of Rhododendron groenlandicum and
Picea mariana in culture. Mycorrhiza, 12(4):
175-180

Pécsi I, 2011. Toxic metal/metalloid tolerance in
fungi—a biotechnology-oriented approach. In:
Banfalvi G (ed.) Cellular effects of heavy metals.
Springer Netherlands. 31-58

Rains KC, Bledsoe CS, 2007. Rapid uptake of
N-ammonium  and glycine-13C, PN by
arbuscular and ericoid mycorrhizal plants native
to a Northern California coastal pygmy forest.
Soil Biology and Biochemistry, 39(5): 1078-1086

Read DJ, Kerley SJ, 1995. The status and function of
ericoid mycorrhizal systems. In: Varma A, Hock B
(eds.) Mycorrhiza: structure, function, molecular
biology and biotechnology. 2nd ed. Springer-
Verlag, Berlin. 499-520

Read DJ, 1996. The structure and function of ericoid
mycorrhizal. Annals of Botany, 77: 365-374

Read DJ, Perez-Moreno J, 2003. Mycorrhizas and
nutrient cycling in ecosystems-a journey towards

1314 EYEIR

relevance? New Phytologist, 157: 475-492

Rice AV, Currah RS, 2005. Oidiodendron: a survey of
the named species and related anamorphs of
Myxotrichum. Studies in Mycology, 53: 83-120

Schulz B, 2006. Mutualistic interaction with fungal
root endophytes. In: Schulz B, Boyle C, Sieber T
(eds.) Microbial root endophytes. Springer Berlin
Heidelberg, Berlin. 261-279

Selosse MA, Setaro S, Glatard F, Richard F, Urcelay
C, Weiss M, 2007. Sebacinales are common
mycorrhizal associates of Ericaceae. New
Phytologist, 174: 864-878

Setaro SD, Kron KA, 2011. Neotropical and North
American Vaccinioideae (Ericaceae) share their
mycorrhizal  Sebacinales-an indication for
concerted migration? PLoS Currents, 3: RRN1227

Sharples JM, Meharg AA, Chambers SM, Cairney
JWG, 2000a. Genetic diversity of root-associated
fungal endophytes from Calluna vulgaris at
contrasting field sites. New Phytologist, 148:
153-162

Sharples JM, Meharg AA, Chambers SM, Cairney
JWG, 2000b. Mechanism of arsenate resistance
in the ericoid mycorrhizal fungus Hymenoscyphus
ericae. Plant Physiology, 124: 1327-1334

Sharples JM, Meharg AA, Chambers SM, Cairney
JWG, 2000c. Symbiotic solution to arsenic
contamination. Nature, 404: 951-952

Sikes BA, Cottenie K, Klironomos JN, 2009. Plant and
fungal identity determines pathogen protection
of plant roots by arbuscular mycorrhizas. Journal
of Ecology, 97(6): 1274-1280

Smith SE, Read DJ, 2008. Mycorrhizal symbiosis
(Third Edition). Academic Press, Cambridge.
389-390

Steinke E, Williams PG, Ashford AE, 1996. The
structure and fungal associates of mycorrhizas in
Leucopogon parviflorus (Andr.) Lindl. Annals of
Botany, 77: 413-419

Straker CJ, 1996. Ericoid mycorrhiza: ecological and
host specificity. Mycorrhiza, 6: 215-225

Sun LF, Pei KQ, Wang F, Ding Q, Bing YH, Gao B,



a5

iR 22 June 2021, 40(6): 1299-1316

Mycosystema ISSN1672-6472 CN11-5180/Q

Zheng Y, Liang Y, Ma KP, 2012. Different
distribution patterns between putative ericoid
mycorrhizal and other fungal assemblages in
of Rhododendron
southwest of China. PLoS One, 7(11): 1-10
Thormann MN, Currah RS, Bayley SE, 2002. The

relative ability of fungi from Sphagnum fuscum

roots decorum in the

substrates.
48(3):

to decompose selected carbon

Canadian Journal of
204-211
Tian W, Zhang CQ, Qiao P, Milne R, 2011. Diversity of

culturable

Microbiology,

ericoid mycorrhizal  fungi of

Rhododendron decorum China.
Mycologia, 103(4): 703-709
Usuki F, Abe JP, Kakishima M, 2003. Diversity of

ericoid mycorrhizal fungi isolated from hair

in Yunnan,

roots of Rhododendron obtusum var. kaempferi
in a Japanese red pine forest. Mycoscience, 44:
97-102

Vallino M, Zampieri E, Murat C, Girlanda M, Picarella
S, Pitet M, Portis E, Martino E, Perotto S, 2011.
Specific regions in the Sod1 locus of the ericoid
mycorrhizal fungus Oidiodendron maius from
metal-enriched soils show a different sequence
polymorphism.
75(2): 321-331

van der Eerden LJ, Dueck ThA, Berdowski JIM,
Greven H, van Dobben HF, 1991. Influence of
NHs; and (NH4),S0O; on heathland vegetation.
Acta Botanica Neerlandica, 40: 281-296

van der Heijden MGA, Bardgett RD, van Straalen

FEMS Microbiology Ecology,

NM, 2008. The unseen majority: soil microbes as
drivers of plant diversity and productivity in
terrestrial
296-310
van der Heijden MGA, Horton TR, 2009. Socialism in
soil? The importance of mycorrhizal fungal

ecosystems. Ecology Letters, 11:

networks for facilitation in natural ecosystems.
Journal of Ecology, 97(6): 1139-1150

van der Wal A, van Veen JA, Pijl AS, Summerbell RC,
de Boer W, 2006. Constraints on development of
fungal biomass and decomposition processes

during restoration of arable sandy soils. Soil
Biology and Biochemistry, 38: 2890-2902

Villarreal-Ruiz L, Anderson IC, Alexander J, 2004.
Interaction between an isolate from the
Hymenoscyphus ericae aggregate and roots of
Pinus and Vaccinium. New Phytologist, 164:
183-192

Vohnik M, Lukancic S, Bahor E, Regvar M, Vosatka M,
Vodnik D, 2003. Inoculation of Rhododendron cv.
Belle-Heller with two strains of Phialocephala
fortinii in  two different substrates. Folia
Geobotanica, 38(2): 191-200

Vohnik M, Albrechtova J, Vosatka M, 2005. The
inoculation with Oidiodendron maius and

Phialocephala fortinii alters phosphorus and

nitrogen uptake, foliar C:N ratio and root

biomass distribution in Rhododendron cv.
Azurro. Symbiosis, 40(2): 87-96

Vohnik M, Burdikova Z, Albrechtova J, Vosatka M,
20009.

Euglyphida) vs. ericoid mycorrhizal and DSE

Testate amoebae (Arcellinida and
fungi: a possible novel interaction in the
mycorrhizosphere  of  ericaceous
Microbial Ecology, 57(1): 203-214
Vohnik M, Albrechtova J, 2011. The co-occurrence

and morphological continuum between ericoid

plants?

mycorrhiza and dark septate endophytes in
roots of six European Rhododendron species.
Folia Geobotanica, 46: 373-386

Vohnik M, 2020. Ericoid mycorrhizal symbiosis:
theoretical background and methods for its
comprehensive investigation. Mycorrhiza, 30:
671-695

Vralstad T, Schumacher T, Taylor AFS, 2001.
Mycorrhizal synthesis between fungal strains of
the Hymenoscyphus ericae aggregate and
potential ectomycorrhizal and ericoid hosts. New
Phytologist, 153: 143-152

Walker JF, Aldrich-Wolfe L, Riffel A, Barbare H,
Simpson NB, Trowbridge J, Jumpponen A, 2011.
Diverse Helotiales associated with the roots of

three species of Arctic Ericaceae provide no

EMER 1315



SKIBLERIFISIR /A ESTERHEYEIRASIARIER

Review

evidence for host specificity. New Phytologist,
191(2): 515-527

Wei X, Chen J, Zhang C, Pan D, 2016. Differential
gene expression in Rhododendron fortunei roots
colonized by an ericoid mycorrhizal fungus and
increased nitrogen absorption and plant growth.
Frontiers in Plant Science, 7: 1594

Whittaker SP, Cairney JWG, 2001. Influence of
amino acids on biomass production by ericoid
mycorrhizal endophytes from Woollsia pungens
(Epacridaceae). Mycological Research, 105:
105-111

Wurzburger N, Higgins BP, Hendrick RL, 2011.
Ericoid mycorrhizal root fungi and their
multicopper oxidases from a temperate forest
shrub. Ecology and Evolution, 2(1): 65-79

Xiao GP, Berch SM, 1992. Ericoid mycorrhizal fungi of
Gaultheria shallon. Mycologia, 84: 470-471

Xiao GP, 1994. The role of root-associated fungi in
the dominance of Gaultheria shallon. PhD
Dissertation, University of British Columbia,
Vancouver. 1-148

Yang HB, Fang RZ, Jin CL, 2006. Flora of China. Vol.
57. Fasc.1. Science Press, Beijing. 1-244 (in Chinese)

Yu F, Zhang CY, Yin LJ, Lai ZX, 2008. In vitro

Rhododendron

fortunei L. with ericoid mycorrhizal fungi and its

inoculation  technology of
inoculation effect. Journal of Fujian Agricaltural
Forestrey University (Natural Science Edition),
37(4): 360-364

Zhang CY, Yin LJ, Dai SL, 2009. Diversity of
root-associated fungal endophytes in
Rhododendron fortunei in subtropical forests of
China. Mycorrhiza, 19(6): 417-423

Zhang YH, Ni J, Tang FP, Pei KQ, Luo YQ, Jiang LF, Sun

LF, Liang Y, 2016. Root-associated fungi of

1316 EYFIR

Vaccinium carlesii in subtropical forests of

China: intra- and inter-annual variability and

impacts of human disturbances. Scientific
Reports, 6: 22399

Zhang YH, Ni J, Tang FP, Jiang LF, Pei KQ, Guo TR, Sun
LF, Liang Y, 2017. The effects of different human
disturbance regimes on root fungal diversity of
Rhododendron ovatum in subtropical forests of
China. Canadian Journal of Forest Research, 47:
659-666

Zhang YH, Tang FP, Ni J, Dong LJ, Sun LF, 2019.
Diversity  of  root-associated fungi  of

Rhododendron simsii in subtropical forests:

fungal communities with high resistance to

anthropogenic disturbances. Journal Forest
Research, 30(6): 2321-2330

Zheng Y, Gao B, Sun LF, Bing YH, Pei KQ, 2010.
Diversity of fungi associated with Rhododendron
argyrophyllum and R. floribundum hair roots in
Sichuan, China. Biodiversity Science, 18 (1):
76-82 (in Chinese)

Zijlstra JD, Van’t Hof P, Baar J, Verkley GJM,

RC, Paradi |, Braakhekke WG,

Berendse F, 2005. Diversity of symbiotic root

Summerbell

endophytes of the Helotiales in ericaceous
plants and the grass, Deschampsia flexuosa.
Studies in Mycology, 53: 147-162

(Bt 3252 3CHk]

TR, B, e, R, B, 2018,
FIR R A IR AR X 3 AM H
. WY, 37(9): 1143-1153

iR, JrERfE, &A74L, 2006. FEEYE 8
57 G M) . AbR: Bl R 1-244

AR, i, FMSLIK, FRHEZL, 3re4r, 2010. 4R
AL RS AN AL SR R B 2 k. A2
FEME, 18(1): 76-82

(AKX T %H: E£4)



