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Abstract　 Morpho logical types o f ectomyco rrhizae ( ECM) on nor thern red oak ( Quercus rubra
L. ) seedling s w ere investigated at four lev els o f canopy cover in approximately 90-year-old
no rthern red oak fo rests in intermedia te quality si tes o f no rthern Low er Michigan. Four lev els
of canopy cover ( clea rcut , 25% ( 50% first y ea r) , 75% , and uncut ) w ere created by removing
various amounts o f ov ersto ry t rees. No rthern red oak seedling s, o rigina ted f rom a common
seed source, w ere established a rtificially to simulate na tural reg eneration. Th e seedling s w ere
sampled to classify and quantify thei r ECM by morphological type during each of the fi rst tw o
g rowing seasons. ECM fruiting bodies w ere also co llected, identified and analy zed. Based on
ECM morpholog y, a to tal o f sev en ECM morpho-types w as recognized on the northern red oak
seedling s during the fi rst tw o g row ing seasons. Mo re than 94% of the ECM were f rom four of
the seven types. None of the ECM types w ere identified into definite fungal associates. How ev-
er, a t tempt has been made to relate these ECM types to the most likely fungal species o r
species g roups based on references to published descriptions and / o r pho tog raphies. A g reater
percentag e of type III ( shiny whi te ) ECM was found in the closed canopy plots w here soil
moisture is the low est among canopy t rea tments. This incident indica ted that type III ECM
may tolerate low levels o f soil moisture by their abundant ex trama trical hyphae and /or rhi-
zomo rphs. The percentag e o f type I ( Cenococcum -like) ECM was g rea test in clea rcuts, sug-
gesting tha t i t may be resistant to high soi l temperatures af ter canopy removal ( soi l tempera-
ture in clearcut was 5℃ higher than that in uncut stands) . These shi ft in ECM types ref lects
the complexi ty and impo rtance of ECM diversi ty in response to di fferent lev els of canopy cover.
From eco logica l perspectiv e, ECM morpholog y may be mo re meaning ful than ECM fungal
species.
Key words　 ectomyco rrhizae, ECM morpho-type, nor thern red oak, canopy cover, Quercus
rubra
摘要　在密之根州 (美国 )南半岛北部地区林龄大约 90年的北红橡 ( no rthern r ed oak, Quercus rubra L. )林中 ,

调查了北红橡幼苗外生菌根形态类型。实验地的立地质量为中等水平。通过砍伐不同数量的上层林木 , 形成 0%
(皆伐 )、 25% (第一年 50% )、 75% 、 100% (高度郁闭 ) 4种林冠郁闭度。北红橡幼苗是由模仿自然更新人工播
育种出 , 种源一致。在头 2年 , 将幼苗上的外生菌根分类、 描述和计数 , 同时收集菌根菌子实体进行鉴定和分析。
根据形态特征 , 将外生菌根分为 7个类型 , 其中 4个类型占菌根总数的 94%。据现有资料 (已发表的论文及图片

等 ) , 把这些菌根类型的共生菌种或菌种组归纳。发现 , 在林冠高度郁闭并由此降低土壤水分的情况下 , 类型Ⅲ
的菌根最多 , 表明这类菌根具有耐旱性 ; 类型Ⅰ 的菌根在皆伐区最多 , 表明其有耐较高土壤温度能力 , 因为皆
伐后土壤温度比对照林分高出 5℃以上。菌根类型随林冠郁闭度变化而变化的现象 ,反映了菌根关系的复杂性和

多样性。本研究结果表明 , 探明菌根的形态类型比探明菌根菌的种类更有意义。
关键词　外生菌根　菌根形态类型　北红橡　林冠郁闭度　 Quercus rubra
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　　 Numereous studies have conducted on mo rpho-
logical characteristics of ectomyco rrhizae ( ECM )

from dif ferent t ree species including Pinus
resinosa

[1 ]
, P . sylvistris

[2 ]
, Picea abies

[ 3]
, P.

rubens
[4 ] , and Quercus acut issima

[5 ] , andQ. robur
[6 ] .

Al though these w o rks have provided large
amounts of v aluable informa tion in understanding
myco rrhizal relationships and thei r characteristics
and behavio rs, the ECM characteristics in associa-
tion wi th va rious lev els of canopy cover have not
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been documented. The understanding of ECM mor-
pho-types in rela tion to dif ferent canopy cover lev els
may help to maintain mycorrhizal fungi div ersi ty in
fo rest ecosy stems. A number o f studies have repo rt-
ed change in myco rrhizal popula tions following for-
est management practices, such as harv esting , si te
preparation, and burning

[7～ 9 ]
. Changes in mo rpho-

logical types of ECM of Pinus resinosa seedling s
have been observ ed by Rich ter and Bruhn

[1 ]
fo r mo re

than three years time period. The author found the
ECM types tend to shi f t f rom nursary types to late
stag e type. Wu et al

[10 ]
also repo rted that a negativ e

cor relation exists between brow n-type ECM per
g ram dry roo t and field age o f P . resinosa seedling s.
Zhou et al

[11 ]
. repo rted tha t a complete removal o f

canopy inhibi ted overall ECM development o f
Quercus rubra seedlings, while partial removal o f
the canopies stimula ted such development.

Marx
[12 ]

indicated that dif ficul ty in oak regener-
ation may be due to the poo r development of certain
morpho logical type o f ECM or ECM as a who le be-
sides the dif ferences in light condi tions. How ever,
ECM development is st rong ly related to the envi ron-
menta l condi tions

[13～ 14 ] . Thus, the objectives of this
study were to determine recognizable ECM morpho-
logical types on no rhtern red oak seedlings and their
va riabi li ties in associa tion w ith di fferent levels o f
canopy cover in oak fo rests.

1　Methods

1. 1　 Location of the Study Area
The study area is lo cated in the Graying Sub-

dist rict of the Highplains District o f Ecological Re-
gion II in no rthern Low er Michig an ( longi tude 84°
41′to 84°45′W, la titude 44°14′to 44°31′N)

[15 ] . A
g rea ter detai led description is av ailable in Zhou et
al[11 ] .

Tw o adjacent nor thern red oak stands in south-
w est Craw ford County ( T25N , R4W, Sections 26

and 35) were used as study si tes. Limi ted stand size
and previous disturbance precluded the use o f a sin-
g le oak stand. These stands a re ow ned and managed
by the Michig an Department of Na tural Resources.
The stands occur on pi t ted outw ash and fall into
Site Unit 5 ( Oak-Pine-Vaccinum ) of the Ecological
Classification of the State Upland Forests in no rth-
ern Low er Michigan

[16 ] . Soi ls w ere sandy.
Three blocks w ere identified from these tw o 90-

yea r-o ld no rthern red oak stands. Two of the oak
blocks w ere in the mo re downslope ( no rthern) o f
the tw o adjacent oak stands w hile the thi rd block
w as in the more upslope ( southern) stand. Percent
slope averaged 5% , 2% , and 6% fo r block I, II, and
III, respectiv ely.

Each block consisted o f four randomly-assigned
oversto ry t reatments ( 66 m× 66 m in size) manipu-
lated to create 0% canopy cover ( clearcut ) , 25%
canopy cover ( 50% fi rst year) , 75% canopy cover,
and 100% canopy cover ( uncut ) . The actual percent
canopy cover v aried in each oversto ry treatment af-

ter the manipulation, i. e. , 0% , 25% ～ 29% , ( 45%
～ 67% first year) , 67% ～ 77% and 75%～ 95% fo r
the four t rea tments, respectiv ely. Sampling of each
overstory t rea tment plot w as confined to the central
30 m× 30 m , wi th an 18 m wide buffer zone to re-
duce edge ef fects.

All t reatments w ere ini tiated in late summer～
early fall of 1990. Varying amounts o f canopy were
removed by thinning f rom below. Stems wi th diam-
eter at breast heigh t ( DBH) 2. 54 cm o r larger were
considered as oversto ry t rees. La rg e logg ing
residues in the experimental plo ts w ere removed, by
hands or logging machine, beyond the sampling
area. A spherical densiometer w as used to measure
canopy cover in order to obtain compa rable oversto-
ry t rea tments

[17 ] .
1. 2　 Sampling Scheme

All acorns w ere f rom the vicinity of the Univ er-
si ty o f Michig an Biological Sta tion, approx imately
125 km nor th of the experimental si tes. Aco rns
w ere planted in May 1991, on a 15 cm× 15 cm spac-
ing a t th ree randomly located points representing
the intersection of a 2 m× 2 m g rid in each plot. A
total o f six seedlings w as sampled from each subplot
during the fi rst growing season and 12 seedling s
during the second g row ing season. One set of sam-
ples ( tw o seedling per plo t) wa s randomly co llected
and evaluated acro ss all t reatments befo re ano ther
set of samples was taken. Sampling began in ea rly
July the first y ea r and la te May the second year,
and ended in late September in bo th yea rs. A soi l
column ( minimum of 12 cm in diameter by 15 cm in
depth ) containing a seedling was excava ted to obtain
nea rly a complete ro ot system and to prevent root
damage and desiccation during t ranspo rt. The soi l
columns wi th seedlings w ere sto red in a w alk-in
cooler ( 3℃～ 5℃ ) immediately af ter they were
brought back to the labo ra to ry.

Soil moisture at 0 cm～ 15 cm depth and soi l
temperature a t 0 cm～ 7. 5 cm depth w ere reco rded
approx imately biw eekly

[11 ] .
1. 3　ECM Characterization and Quantif ication

The roo t systems were washed gent ly to re-
move soi l particles and to minimize damage to myc-
o rrhizal roo t tips. Number of sho rt roo ts by ECM
morpho-type w ere quanti fied by examining all root
tips under a dissecting microscope ( 10×～ 40× )
during the fi rst year, and on three random ly-select-
ed lateral roo ts ( 0. 5 mm or larger in diameter ) of
each seedling the second year. Each ECM roo t tip
w as counted to account for dif ferences between sin-
gle and mul tiple branch ed ECM. Percent ECM by
mo rpho-type w ere calcula ted.

Root tips w ere sectioned and observed under a
compound microscope to confi rm the presence o r ab-
sence o f a fungal mantle a t 200×～ 400× magni fi-
ca tion, and to observ e Ha rtig-net and hyphal st ruc-
ture a t 400×～ 1 000× magnification. The cri teria
used in this study to separate morpho-types were
based mainly on mo rphological fea tures including
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colo r, shape, branching pat terns, size and surface
tex ture, and hyphal fea tures including septa te,
clamp-connection, co lor and diameter [6, 18～ 21 ] .
1. 4　 Fruiting Body Survey

All mushrooms ( except fo r tho se growing on
li tter, dead w ood, o r on any living t ree) in the exper-
imental area w ere collected every tw o to th ree w eeks
f rom late July to the end o f September each year,
and tallied wi th respect to canopy cover treatment.
This method may be have excluded some ECM fungi
w hich g row on li tter or dead w oods

[ 22] . Abundance
w as estimated for each genus o r fungal species. I-
denti fica tion o f f rui ting bodies was based mainly on
references [ 23～ 26 ]. Identification of collected
specimens was corrobo ra ted by Dana L. Richter
( Michigan Technological Univ ersi ty , U SA) .
1. 5　 Statistical Ananlysis

One-way analyses o f v ariance ( ANOV A) alg o-
ri thms by SAS ( Version 6)

[ 27 ]
were used to deter-

mine i f percent ECM morpho-types dif fered among
canopy cover treatments. The da ta were the aver-
ages of two years since they show ed a very similar
pat tern across the canopy cover treatments bo th
yea rs. Tukey 's test w as used for mul tiple compar-
isons, which is mo re conserv ativ e than Duncan 's or
Fisher 's Least Signi ficant Dif ference procedure

[ 28]
.

Unless indicated o therwise, α= 0. 05 lev el.

2　Results and Discussion

2. 1　 ECM Morpho-Types
A to tal of seven mo rpho-types o f ectomycor-

rhizae w ere cla ssified f rom northern red oak
seedling s under tw o years o f age ba sed on field ob-

serva tions w ith the aid of dissecting and compound
microscopes. Detailed descriptions of each type are
giv en in Table 1. Types I, II, III and IV were the
ma jo r ECM morpho-types encountered, and ac-
counting for 94% of the to tal ECM sho rt roo ts,
w hi le the sum of types V, V I and V II did no t ex-
ceed six percent .
　　 Although the colo r of hyphae and mycorrhizal
mant le is f requently stable

[ 19]
, i t may change at di f-

ferent developmental stages
[4, 29, 30 ]

and subst rate pH
value

[ 20, 31 ] . Oh et al
[5 ]
classified ECM from Quercus

acut issima seedling s into seven types in order to de-
termine which ECM types prov ide a g reater effect
upon the seedling dry mass. New ton

[6 ]
separated

ECM o fQ. robur L. into a number of types based on
g ross mo rpholo gical characteristics and microscopic
cha racteristics in an at tempt to determine facto rs
w hich inf luence the variation in the ex tent of co lo-
nization of mycor rhizal types ( o r fungal species) in a
forested si tes and the consequences fo r seedling
g row th. Majumda r et al

[32 ]
classi fied mycor rhizae of

Q. rubra and Q. alba into tw o types: pinnate and
beaded types. Therefo re, i t i s clear, based on the
above review s, that the cri teria and techniques used
by di fferent resea rchers to sepa rate ECM into mor-
pho-types make them dif ficul t to compare and to
link to defini te fungal associa tes.

In my study, criteria fo r separation o f mo rpho-
types were similar to those of New ton [6 ] , except
tha t mantle structure was no t described. The link-
age betw een the mo rpho-types and funga l associates
cannot

Table 1　Macro-and micro- characteristics of ectomycorrhizal (ECM ) morphological types on nothern red oak seedlings ( under

2 years of age) in northern Lower Michigan

Type 　　　　　　　　　　 Characteri s tics

ECM TypeⅠ
( black )

Myco rrhi zae are shor t and of ten club-shaped. They are single, bu t may occasionally produce on e o r more branches. The m ycor-
rh izal t ip is 0. 24 mm～ 0. 34 mm in diam eter and 0. 44 mm～ 1. 00 mm in leng th. The mycorrhizae are black in apparence. Coarse,
black h yph ae are f requen tly observ ed radiating f rom th e mant le surface. The hyphal diam eter i s 4. 0μ～ 5. 5μ. No clamp connec-
tions w ere observed. The man tle i s 25μ～ 38μin thick ness and Hartig -net 6μ～ 10μin depth.

ECM TypeⅡ
( dull w hi te)

Myco rrhi zae are usual ly single w ith a very smooth su rface. The m ycorrhizal tip is 0. 20 mm～ 0. 35 mm in diameter and 1. 20 mm
～ 2. 50 mm in leng th. The mycorrhizae are dul l w hi te or sligh tly b row nish w hi te. Th e h yph ae are 3μ～ 4μin diam eter and hya-
line. Clamp connect ions w ere occasional ly obs erved, suggest ing a mem ber of Basidiom ycetes. Th e man tle i s 21μ～ 45μin thick-
nes s and Hartig-net 24μ～ 28μ in dep th.

ECM TypeⅢ
( shiny whi te)

Myco rrhi zae are usually i rregularly pinnate, dich otomous-lik e. The mycorrhizal tip i s 0. 2 mm～ 0. 3 mm in diameter and 1. 1 mm
～ 1. 2 mm in length. The myco rrhi zae are shiny, silvery w hite. The hyphae is 2. 0μ～ 2. 5μdiameter and h yaline. No clamp con-
nection s w ere observed. Th e usual ly produce abundan t in terconnected f ilaments and rh izomorph s arou nd th e sh ort root s. The
mant le is 30μ～ 45μin thick es s and Hartig-net 6μ～ 8μ in dep th.

ECM TypeⅣ
( b row n)

Myco rrhi zae are u sually sing le, but s ometimes th ey are dichotomous. Th e mycorrhi zal tip i s 0. 3 mm～ 0. 5 mm in diam eter and
1. 0 mm～ 3. 2 mm in leng th. Th e mycorrhi zae are b row n or dark brow n in color. The hyph ae are usual ly dark wi th highly-f re-
quen t clamp conn ections. Th e h yphae are 3μ～ 4μin diameter. Th e mant le i s 24μ～ 30μin th ick nes s and Hartig-net 42μ～ 48
μin d epth.

ECM TypeⅤ
( dark brow n)

Myco rrhi zae are usually monopodial-pinnate, but som etimes may be single. Th e mycorrhi zal tip is 0. 20 mm～ 0. 25 mm in diame-
ter and 0. 80 mm～ 1. 00 mm in leng th. The mycorrhi zae are dark brow n or nearly black, wi th shiny patch es of ten observ ed on
th e mant le surface. Th e hyphae are thick and som ew hat w oolly. Clam p connections w ere rarely observed. Th e mant le is 36μ
～ 42μin thick nes s and Hartig-net 50μ～ 53μ in depth.

ECM TypeⅥ
( yellow )

Myco rrhi zae are usual ly single, b ut sometime may produce one or tw o b ranches. Th e mycor rhi zae are brigh t yellow. Th e b right
yel low rhizomorphs g row ing of f in f lat angles are u sually present.

ECM TypeⅦ
( blue)

Myco rrhi zae are usual ly coral loid, bu t s ometime may appear as single tips. The mycor rhi zal tip is 0. 25 mm～ 0. 30 mm in diameter
and 0. 80 mm～ 2. 20 mm in length. The mycorrh izae are blue or pu rplish blu e wi th cot tony blue h yphae, and somew hat shiny sur-
face. Th e h yphae are h ighly v ariable in diameter ranging f rom 2μt o 5μ. Clamp connections are occasionally observ ed. The small-
er hyphae of ten fuse togeth er and w ere f requent ly s ep tate. The mant le is very loos e and approximately 18μ～ 26μin thickn ess
and the Hart ig-net is poorly dev eloped. Th e v ariable cot tony h yph ae could hav e been a mix tu re of two or more fungi.
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be achiev ed wi th certainty , but some deg ree o f g en-
erali zation may be applied. Cenococcum geophilum
(sensu lato ) myco rrhizae have consistent fea tures on
a w ide range of ho sts such as Fagus

[33 ]
, Picea

[ 2, 4, 31]
,

Pinus
[1, 34 ]

and Til ia
[30 ] , which show a stable black

mantle and coarse hyphae radiating outw ard f rom
the surface. Cenococcum -like ECM on northern red
oak seedling s w ere described in this study as type I
( black ) ( Table 1 ) . Table 2 indicates tha t
Cenococcum i s a known fungal associate o f nor thern
red oak

[35, 37 ] . The type II ( dull w hi te) ECM resem-
bles the morpho-types o f Amani ta muscaria onPicea
abies and Pinus sylvestris , o r Inocybe petiginosa on
Picea sitchensis

[34 ] , or Scleroderma spp. on Pinus

resinosa
[22 ]
. N either

Table 2　Mycorrhizal fungal associates of northern red oak
(Quercus rubra L. ) reported elsewhere, data from various
sources

Fungus associate Reference n otes

Boletus bicolor var. bicolor [39 ] Frui t body su rvey
B . g riseus [39 ] Frui t body su rvey
B . russel li i [39 ] Frui t body su rvey

Boletel lus chrysenteroides [39 ] Frui t body su rvey

Cenococcum geophi lum [36 ]

[37 ] Inoculation

Clitocybe candicans
[ Trappe 1962, Ph.

D thesis ] , [35 ]1
Unknow n

Cortinarius rubr ip es
[ Kauf fman 1906 ] ,
[35 ] 1

Unknow n

Hebeloma crustul in i forme [40 ] Inoculation
H . sp. [41 ] Frui t body su rvey
Inocybe sp. [41 ] Frui t body su rvey
Laccar ia bicolor [42 ] Inoculation

L . laccata2 [41 ] Frui t body su rvey

Lacta rius argil lacei f ol ius [43 ] Frui t body su rvey

L . cam phoratus [43 ] Frui t body su rvey

L . chrysorheus [43 ] Frui t body su rvey

L . gerardi i [43 ] Frui t body su rvey

L . louisii [43 ] Frui t body su rvey
L . pecki i [43 ] Frui t body su rvey

L . pseudo f lexuosus [43 ] Frui t body su rvey

L . pyrog alus [43 ] Frui t body su rvey

L . volemus [43 ] Frui t body su rvey

Leccinum rugosiceps [39 ] Frui t body su rvey

P isol i thus t inctor ius [44, 45 ]

[40 ] Inoculation

Rh izo pogon sp. [ Imsh em etshii 1967 ]

[49 ] 1 Unknow n

Russula emetica
[ Pennington 1908 ] ,
[35 ] 1

Unknow n

Scleroderma areolatum [46 ] Frui t body su rvey

S. auranteum [36 ]

[44 ] Inoculation
S. cep a [46 ] Frui t body su rvey
S. cit rinum [46 ] Frui t body su rvey
S. meridionale [46 ] Frui t body su rvey
S. polyrh izum [46 ] Frui t body su rvey

Sphaerosporel la brunnea [47 ] Inoculation

Strobilom yces f loccopus [39 ] Frui t body su rvey

Suil lus luteus [48, 49 ] Inoculation

Th elephora terrest ris [ Imsh emetshii 1967 ] ,

[49 ] 1 Unknow n

Tylo pi lus rubrobrunneus [39 ] Frui t body su rvey

1 Th ese references w ere ci ted in ei th er references [35 ] or [49 ]; 2 This

fungus did not colonizedQ. rubra in the g reenhouse ( Reber 1991) .

Table 3　 Abundance of fruit ing bodies of putative ectomycor-
rhizal fungi observed from August to October, 1991 and 1992
in northern red oak stands in northern Lower Michigan

Name Oak Stand Name Oak Stand

Aman ita brunnescens + + + +
A . cit rina +

A .muscar ia v. formosa +
A . rubescens + +

A . s p. +
A . virosa + + +

Cantharellus ign icolor + +
Dentinum repandum + + +

H ygrophorus spp. +
Laccar ia laccata + + +

L . spp. +
Lactarius p iperatus + +

L . spp. + + +
Russula brevipes +

R. krombholz ii +
R. s pp. ( red ) + + + +

R. var iz t z + + + +
Tricholoma spp. + +

To tal Taxa 18

+ Present , 1～ 3 individuals in total; + + Common, 4～ 6 individuals
in to tal; + + + Abundant , 7～ 15 individ uals in total; + + + + Very
abundan t, mo re th an 16 individuals in total.

Amanita muscaria no r Inocybe petiginosa have been
repo rted to be fungal associa tes of no rthern red oak,
although some members of these tw o genera may
associa te w ith o ther oak species

[ 38] . In this study ,
Amanita spp. f rui ting bodies w ere observ ed in the
nor thern red oak stands ( Table 3) .
　　 The type III ECM ( shiny w hi te ) resembles the
mo rpho-types of Leccinum sp. , Lactarius sp. ,
Tricholoma spp. and Cortinarius spp. on one o r
mo re of fol lowing genera, Betula , Quercus , Picea ,
and Pinus

[1, 34 ] . Among these fungi , Cortinarius
rubripes , Leccinum rugosiceps and Lactarius spp.
have been reported to be fungal associate o f no rth-
ern red oak ( Table 2) , although all o f them may as-
sociate wi th o ther oak species[ 38] . In this study ,
f rui ting bodies of Lactarius spp. and Tricholoma
spp. w ere found in the nor thern red oak stands
( Table 3) .

The type V I ( yellow ) ECM resembles the ECM
of Piloderma croceum on Picea species described by
Miko la

[ 31]
. However, the la tter was no t found on

deciduous trees in central Finland
[31 ] . The o ther

ECM types listed in Table 1 canno t be linked to po s-
sible mycorrhizal fungal species based on my field
observa tion alone. Mo re data on mantle, Ha rtig net
and fungal st ructures are needed to link them to
mo re definite fungal asso ciates.

Previous studies have indica ted tha t dif ferences
in the type of ramification, shape dimmensions,
shape and orientation of co rtical cell s and depth of
Har tig-net exist on dif ferent host species wi th the
same fungal isola te

[50 ]
. Acco rding to the authors,

the mo rpholog y and anatomy of myco rrhizae va ry a-
mong developmental stages, mo re specifically , wi th
respect to leng th , diameter, co lor, occurence of in-
tracellular hyphae, and depo si tio n of pheno lic sub-
stances. Oh et al

[5 ]
indica ted that Pisol ithus

t inctorius can fo rm co ralloid type or linear type ECM
on the same oak species. M arx

[51 ]
repo rted that P.

t inctorius can fo rm simple, co ra lloid or multiple
coralloid types on Pinus taeda. Cenococcum
geophilum can fo rm several di fferent mo rphological
fea tures on Til ia americana

[ 30]
and Picea rubens

[4 ] ,
depending on i ts developmental stag e. This ECM
type, which is whi te during the early stag es of de-
velopment, turns brow n in the mature stage and
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Table 4　 Percent morphological type of ectomycorrhizae ( ECM ) on northern red oak seedlings and total number of fruit ing bod-
ies (FB) of potential ECM fungi during the f irst two growing seasons af ter canopy manipulations of oak stands

Canopy cover
(% )

Per cent mo rpho log ical type o f ECM (% )

TypeⅠ TypeⅡ TypeⅢ TypeⅣ TypeⅤ TypeⅥ Type Ⅶ
FB ( no . )* *

0 ( Clearcut) 35. 3a* 16. 4a 7. 7b 38. 9a 1. 9ab 0. 0b 0. 0b 0

25 17. 5b 17. 9a 14. 3ab 47. 0a 3. 1a 0. 1ab 0. 4ab 51

75 19. 8b 13. 6a 12. 0ab 48. 3a 4. 9a 0. 2ab 1. 4a 62

100 ( Uncut) 23. 3ab 17. 5a 17. 6a 38. 5a 0. 8b 0. 7a 0. 5ab 47

* The same letter sha red by canopy lev els indica tes no significant diffe rences a t th e 5% level; * * The data ar e not enough to
analyze sta tistically.

black in the senescent stage. This ECM type could
also be a species complex o r dif ferent taxa[52 ] . In ad-
di tion, M ajumdar et al

[32 ]
indicated that beaded myc-

o rrhizae on Q. rubra and Q. alba were associa ted
w ith highly acidic st ress soils.

Based on the above finding s, it may be conclud-
ed that ECM morpho-types a re not only host and /or
developmental-stage dependent , but also reflect en-
vironmental conditions. It i s a problem, therefore,
to link ECM morpho-types to speci fic ECM fungi
w ithout complete hyphal st ructure, comparison o f
isolates f rom frui t bodies and myco rrhizae, and ge-
netic info rmation. From an ecological view point , i t
is impo rtant to have designa ted ECM morpho-types
o f a host to ref lect myco rrhizal condi tions w ithin a
defined envi ronment. How ever, caution must be ex-
ercized to generalize in a broader w ay that a specific
fungal species related to a certain ECM morpho-
type. Nevertheless, w hen an accurate fungal species
o f a myco rrhizal roo t tip is needed, DN A sequence
analysis will o ffer considerable promise in this re-
ga rd ( R. Fogel, Univ ersi ty of Michigan, personal
communication) .
2. 2　 Percentage of ECM Morpho-Type

Table 4 shows ECM morpho-types in response
to the canopy cover t rea tments. The type I ( black)
ECM was signi ficantly g reater in the clearcut than
in the 75% canopy cover treatment. ECM Type V II
show ed greater colonization ra tes in the intermediate
canopy cover treatments.

The mo re abundant type I ( Cenococcum -like)
ECM in clea rcuts than in o ther canopy cover t reat-
ments has been repo rted elsewhere to tolerate
drought condi tions

[ 53～ 55 ] . However, in my study soil
moisture lev els and soil tempera ture in the clearcut
t reatment w ere the g reatest among the canopy cover
t reatments

[ 11] . Therefore, in nor thern Low er Michi-
gan, a tolerance of Cenococcum -like ECM to high
soil tempera tures may be mo re impo rtant in estab-
lishment of nor thern red oak seedlings than toler-
ance to reduced moisture.

In contrast , the increase in percentag e of type
III ECM with increasing canopy cover may be relat-
ed to i ts tolerance of low soil moisture lev els since
soil moisture w as declining wi th increasing canopy
cover. Al though type III ECM may be fo rmed by
va rious fungi, as discussed earlier, they all exhibi t
abundant ex t ramatrical hyphae and rhizomo rphs
w ith w hich to ex t ract mo re w ater f rom low er soil
profi les and surrounding org anic materials. It seems
likely that the same ECM morpho-type formed by

dif ferent fungal species w ould have simi lar eco logi-
cal functions in fo rest eco systems under investiga-
tion here. These mo rpho-types have ecological sig-
nificance because o f certain common at t ributes that
relate to their abi li ty to tolerate certain envi ronmen-
tal condi tions and /o r sequester resources.

The type V I ( Piloderma -like) ECM was not
observ ed in the clearcut t reatments in ei ther year
and tended to increa se in number w ith increasing
canopy cover ( Table 4) . This finding suppo rts the
resul t o f Miko la[ 31] on Picea . This ECM type pro-
duces a larg e mycelial netwo rk in the soi l humus
( personal observa tion ) , suggesting that a small
number of ECM sho rt roo ts in this particular case
may be impor tant to ecosy stem structure and func-
tion[5 0] .

Some ECM morpho-types w ere apparently in-
hibited by varying deg rees of canopy removal , while
o thers w ere stimulated. These resul ts suggest that
the composition of ECM types can be modi fied by
overstory manipulations. Shif t s in ECM type abun-
dance in response to changes in envi ronmental fac-
tors associated w ith disturbance have been reported
elsew here

[11, 57～ 59 ]
. Such shi f t of ECM types may be

impor tant in maintaining myco rrhizal fungi div ersi-
ty, thereby contributing to the“ buf fering capaci ty”
of the fo rest ecosystem

[60 ] . Mo re specifically , dif fer-
ent ECM fungi may benefi t the host plants in dif fer-
ent w ay s, e. g. , some increase wa ter and nutrient
uptake, others resist to envi ronmental st resses at
certain times during plant development.
2. 3　ECM Fungal Sporocarps

A to tal of 8 genera of potential ECM fungal
f rui ting bodies w ere co llected in the experimental
plots ov er two g rowing seasons ( Table 3 ) . No
frui ting bodies w ere observ ed in clearcuts and there
w as slight ly mo re spo ro carp production in the 75%
canopy cover t reatments than in the low er and high-
er canopy cover t reatments ( Table 4) .

Frui ting bodies of Laccaria, Lactarius , and
Russula found in my study ( Table 3) co rroborated
previous repo rts that they a re fungal associa tes of
nor thern red oak ( Table 2 ) . Amanita ,
Cantharel lus , and Tricholoma are no t known to as-
sociate wi th no rthern red oak, but have been repor t-
ed to associa te wi th oth er oak species

[38 ] . The o ther
fungal spo ro carps, i. e. , Dentimum and
Hygrophorus , col lected f rom my study sites
( Table 3) may or may not be mycor rhizal fungi
and /o r mycor rhizal fungi associated wi th norther n
red oak.
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The absence of ECM fruiting bodies in the
clea rcut t reatments suppo rts tha t many ECM fungi
never f rui t soon after clea rcut ting in a reas w here
they were previously found

[1, 61 ]
. This ef fect may be

explained by a lack of food for spo roca rp production
by ECM fungi

[62 ] .

3　 Conclusions

My data indicated that ev en if the fungal associ-
ates are di fferent , their common morpho logy , such
as abundant ex t rama trica l hyphae and rhizomorphs,
may have simila r ecological functions in the fo rest e-
cosy stems. The canopy cover t rea tments have modi-
fied ECM-type composi tion on no rther n red oak
seedling s. This modification may suggest that eco-
logical specific be mo re impor tant than host prefer-
ence in myco rrhiza l asso ciations. Such shi f ts in
ECM types also ref lect the complexi ty and impor-
tance of mycorrhizal div ersi ty in response to canopy
cover lev els.
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