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Endophytic fungi in evergreen shrubs in western Oregon: A preliminary study
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Endophytic fungi wege islated from five species of bmesikaxcd:\zmn shrubs from 16 sites.in. Wange&&ﬂuef

infection were 76% for Mahonia nervosa, 44% forArcmt@hylos uva-ursi, 31% for Gaultheria shatlon, 29% for Mahonia
aquifolium, and 25% for Umbellularia californi¢a. Incidence of leaf infections by more than one fungal taxon was 20-56%,

2—-%%ofwh1d\hadonl‘yﬁwmfe¢ﬁcﬁs Ratcsofovcxallmfephonm

Eigimhmnmlstakenfmndmsdywoomdm

thanhsamplestakenfx‘ommomoptn

A pattem of species dominance is seen where the most common endophyte of a given

% host is isolated less frequently from other hosts; less commonly

mh@dmdophmmlqbehsshmspmﬁc “Fhe most

commonly isolated wdophyta inclu& Pkyﬂomc:a olae on /. nva—um | G. shallon, Liptothyrium berberidis on M,
PUm Sp. lj%w' y on M. aquifolium, but present

WGWMmWMmemwmmm,\

however, most mpxiﬁ‘ept ncw records

 PETRINI, O., ). STONE et F. E, CARROLL 1982 Enddphymfnngxineverg;eenshmbsmwcstgm&e Apmlumnarysmd
chBotoom-m_- i +

m oo mpﬁmlé:ds spices d'arbwstes A feuilles. persistantes provenant de 16 Jocalisds de -
de 1'Ore nt $€ de: 7 . Mahonia nervosa, 44% chez Arctestaphylos uva-ursi, 31% chez -
m chez Mahorua aquifolii % chez Umbellularia californica. L'incidence d’infection fongique

Gaulgheria shallgr;,

dans les

cuilles est de 20 3 56%. Dans 7

&m#ﬁm%dﬂxmfmUmsqumtprém Le taux

d'hf&nmmpmisvédmlﬂ@mﬁﬂmm& mfp&dmegwdmmqm pmviennundclocnhléslvégémﬁoayhu ‘s

éparse. Un
semble &ire : %% Tes cha
cham m%@ﬁiﬁﬁmmﬂm

chez M, nervosa, Septoglocum M.
aquifelium mais présent chez tous les hétes.

decomfétumaxshplupmdcsassoamonsespécesfongaqm

Introduction
The presence of endophytic: fungi in a number of
_cryptogams and phanerogams’ was established on the =
basis jof histological® eviderce provided ‘by ' seyeral  recogized,
ﬂ authors (Boullard 1951; reviewed by Schuster 1966 and
. Carroll et al. 1977). Scattered papers in the phytopath-
. ological literature reported the presence of €
in the leaves ‘of - vatiety:'of : evergreen plants, as
reviewed by Carroll et al: (1977 Only récemly,
however, were: cultural studies undertaken’ in' oider to
document the oecurrénce of endophytic futigi in grasses
and eyergreen plants in-Burope: (Petrini et al. 1979;
Luginbithl 1980) ahd-in the needles'of some conifers'in
Europe and North America (Bemstein and Carroll 1977;
Carroll et al. 1977; Carroll and Carroll 1978; Peteini and

'Au&hor to whom repnm requess should be addressed.

&mns champignons xsolésdanslepmammﬂ!om aumaéholadeﬁ a«gulms W

'Cmon 1981; Petrini and Midller 1980). Thus; it appears

; Mﬂvedwergr%glgatsis adersts

in gmmyofdnffauﬂmiégical regimes
‘Dyrness 1973)
' cal models

hémnoatmaémenﬂoméesprédéemm

that widespread: ocurrence of .asymptomatic fungal
mfwﬁmhavmwofpiau!lhasoniybegunmbe

"' Evetgréen shrubs and- ms mwidwpmd ifi ‘the
Pacific Northwest and aré'# pi cor t of the

flora of westerh Oregon. wide cﬂstqbuhon of
aderstory vegétation
inand
te;mxgandcxtensaonof ecologi-
upan pmvxons studlcs of comfcr

o

endophytes.
The ‘present study was undertakcn to detemunc

whether any similarity exists between the species
composition of the endophytic flora of broad-leaved .
evergreen hosts and that already published for conifers
in the Pacific Northwest. We also hoped to determine

_ 0008-4026/ 82/060789-08$Ol 00 /0
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whether site-specific variation in endophyte infection
rates could be predicted from pattems observed in
eomferous hosts.

) Matenals and methods
Sauple selection : : :
‘Arctostaphylos uva-ursi (L.) K. Spreng., Mahonia aqui-

joﬁm (Pursh) Nutt. [Berberis aquifolium Pursh), Mahonia
nervosa (Pursh) Nutt. [Berberis nervosa Pursh], and Gaul-

I e P s
i 10 o
emmdfweg]i gmt) Siteswem&engmuﬁad“ o

o mmmwmwmw
Wweresampkdﬁmscmald:ffuentplmforeach
 host from each collecting site. Branchlets were band-pruned,

¥4 Svpiours mﬁﬂmaeoma wmnwm
szwmweumrhg

& .‘W‘ 3 L b Ty - :
Five M’bfmw MWﬁm

ves of the othecfour species with aswrile Nb; 2 cork boser.
se of the discs were cut from the nerve region and two from

' ‘Mfmﬂl extract agar was camed out by transfer of comdxa or
: ‘m elial fragments. £

swpnx of infection” \ ‘

; segments were scored daily for funga} mfectton dnring

‘ 2 weeks of ificubation and every'other day for 3 weeks

‘“d'ﬁgaﬂer Aftet this time, no further growth of endophytes

was found. Single and multiple infections were scored on each
5 hifamd each individual segment.

fa- as

Identification and nomenclature

The evergreen hosts were identified following Hitchcock
and Cronquist (1973), and author citations are based on Hortus
third (Anonymous 1976).

The identity of fungal taxa was established on thc basis of
both cultural characteristics and morphology of fruiting bodies
and spores. Most fungi sporulated readily on the leaf tissue but
only slowly on artificial medium. Approximately 15% of the
isolates did not fruif under any circumstances and thus were
impossible to identify.

Statistical analys:.f e

dt&mﬁﬂhigmmwﬁﬁﬂ
Mﬁpl&mfﬁcmaofaleafwassmmdoni?wh&atﬁdoneof

tlmm d be idontified. . .

el 20D (1,1)

‘was unsﬁdd where <N = nkis mmﬁ:&d
memhbgﬁﬁdzn{hewmgf&ew

t::‘. 5

fot each set of p contrasts

nosmal curve computed correspond:.
d?p attsgmﬁcmﬁe lﬁ\g;l o

m&mnsht-taﬂ robabi ‘typf

m well mummy@wm {.
- moisture of the colleeting sites (Table 2). Infection rates-

Wbbebwawmfmmm:f —_—

disturbed sites, This applies partienlasly for site 5.0f G.
shallon (open, wink-exposed; :almost -pure; stand on
seashore) ‘and ‘for: site. 1) of - U, celifornica. (open,
disturbed site near highway). Carroll and Carroll (1978)
and Petrini and Carroll (1981) reported similar patterns
in their'studies-on coniferous hosts and suggested that
differences in_elevation, humidity, density of canopy
cover, and mnatc host susccpnbxhty are likely to cause

U SEER arasso o imaan. .
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’rnu 1. Loeaqon pd descripuon of collecting sites

Hoi's $RF "igr T E g DR I8 Y 2 3 ; SRR
A. uva-ursi 15 i Wuhbnm Mcmoml ; sm Clmpgmui;!, 'Mnchcster Bay, Tenmile Lake Rec.
: + = State Park, Lane Co.; . - Fldrence; Lahe Coos Co.; Area, Douglas Co.;
dcno.anopy modcmely exposed, dry moderate cafopy exposed, dry
. humid & B cover, moderately
¥ v & E’- humid _ :
G. shallgn | | Goodpnmre Rd., US. . H.J. Andrews E p. *  Marcola, Lane Co.; . Suttoh Campground, Cape Perpetua,
P g Hwy. 126, Lane Co.. o Forest; Lane.Cq.; closed canopy, Florence, Lane Co.; Linn Co.;
* - closed cnnopy, hum& _ dense canopy, Yery moderately humid - densecanopy, humid exposed, dry
M. aqfufolium Floral Hﬂ! Valley, Z * Camas Swale Res. Fox Hollow Res.
3 : Eugem. Lane Co.;" 3.8 .. Natural Area, Natural Area,
‘ ..~ dense canopy, bumid - - Lane Co., open, dry Lane Co.; open, dry
M.nervosa  ~~ Camas Swale Res. H..J. Andrews Exp. - Knowles Creek Rd.,
Natural Area, Lane - Forest, Lane Co.; Mapleton, Lane Co.;
Co.} opeu. dry dense canopy, very moderate canopy,
* humid dry
U. californica Elkton; Deuglas Qo Loon Lake Rec. Oregon Hwy. 55,
‘ open. dl:y Area, Coos Co.; Reedsport, Coos Co.;
¢lgsed canopy, humid moderate canopy, dry

1V 13 INRL3d
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TaBLE 2. Infection rates (%) and multiple infection rates (%) in each collecting site for each host

"Host® - rate, % 1 2 3

e Overall Dry/exposed sites Humid /closed sites
infection e
4 5 Mean; % 1 2 3 4 Mean, %

A.uva-ursi

32 26 58

nfécted segments (792) 44 21 64 61
Infected leaves (198) 80 56 73 40 94 % 95
~ Maultiple infecti 29 14 13 14 36 54 45

37 9 9 < 40 39 sS4 45 a4
81 . 40 40 9 8 9% 9% 92
31 2 0 0 46 46 38 23 38
29 18 19 22 20 A9 r 58
71 2 65 68 62 98 98
29 19 21 26 16 50 50
76 7 o4 69 g 78 1 g
99 ‘100 =96 98 100 100 - 100
56 68 A wn MRS 56 .28 42
25 8- 25 W CxE B - SV %k ey
60 Vo0 ot LR Wi i EEeEN Tl
20 E e B R T R e 40

Whpﬂmnﬁwhmlumkmddmswmmﬁhmhmhm . g

ugardtévhfedioﬁrgtu Althoﬁgﬁoﬁher

ificant at the 0.05 level for all

@sa, in which infection rates are ﬁ!r!gxlyhiﬁh
g 3). Mean rank differences forq'y versas humid
aka)lendsuppoﬂtotheobsbrvahonthatme
of host infection correlates th!; canopy density
poisturc of the collecting site; This trend is
lary marked when grouped dry and wet sites are

for M. ugfolmm and U. californiga and at

pr this host.

e in overall infection rates among hosts significant
4t the 0.05 level (H = 10.90, k = 5), Infection rates
w’we‘generally lower for hosts which prefer dry habitats

M. qgugfolmm and U. californica); infection rates for
‘M. nervosa, which prefers moist habitats, were much
highet than for all other hosts at all sites (T able 2).
Gaufthena shallon and A. wva-ursi, which prefer

‘_i cal-Wallis procedures  indica ﬁmﬁs £
ig sites with regard to ovemll inf

sted (Table 4). Differences are sxgmﬁc&l at the-
D4 level for A. uva-ursi and'G. shallon. Contrasts-
 provided for M. nervosa althoagh the Kmsm—f
‘test did not indicate significant Vandgop among. |

 Kruskal-Wallis test revealed significant differ-

b ﬁil way be involy
_doph v,!hfmj!im appears 18]
‘habitat moistuze. Because thg s
(segmiénits) of A. wva-ursi wast
Adiscs sampled from the other
rates for this host may be slightly uniderestima
Raws of multiple infections .
ornica) to 56% (M. nervesa) (T: h%nn'l‘hiuwm
‘ kmﬂniyma:nfcchommmostcas&(n to
i, G. -M. ner!wsa and M.
aqufag;m,sqypio; U. califgriica) and tamlg‘ao three
10 to 3%). In contrast, CanﬁlmCarron(lWS)and
Peténgwu fljer (1980) re

l&ve hxgh fates of infecti nby two or morc fungal
mxa observed in this study could-be attributed to the
physical separation of the endophytes within the com-
paratively broad host leaves. The low rate of infection of
_single discs by more than one fungal taxon adds support
to this asSumption, and lower rates:of infection for discs
than for-Jeaves indicate that endoﬂlytes are not always
distributed throughout the entire Iéaf. However, the use
of only one isolationt medium might result in failure to

G. si

1o SEEO>

>
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TABLE 3. Mean rank differences (IR; —

793

R}) for contrasts of ~ Cryptosporiopsis spp., and Phomopsis sp.) represent

infection rates of individual dry versus humid sites for each records of different species. Endophytes like Clado-

host {see text for computation of significance levels)

Host H Sites IR, — R}
A. uva-ursi 8.88%* 1 versus 2 8.37*
1 versus 4 5.13
2versus 3 10.87*#*
3versus4 7.63
G. shallon 14.44%*+ 1versus S 9.30
] 2versus S 10.50
i - 3versus 5 17.20*%*
R i + 4versusS = 12.00**
M. aquy%hmn 11.67*+*  lversus2  11.60**+
1 versus 3 10.40**
g lversus4 : 8.00 .
A. nervoza 4.95 1 versus2 6.20
& * 1versus3 3.20
: ' 2versusd 7.60
: 5 3versus4 4.60
" U. californica 15.16** 1versus3 14.30%**
i 2versus3 5.30
§ 3versus4 - 8.00 -
-xxuh[i»w.ns test.
., int 2t 0.10 Jovel.
. 210.05 level.
ol ao.ox level.
TABLB4 Mcannnkdlffum(m, R,I) far contrasts

of infeétion rates of groupell'dfy Versus humid sites for
eachhgﬁ(mtextformpuun@ofsxgmﬁmlavds)

lR[ - EJ'
A. wvabwrsi 1,3 versus. 2.4 8.00%*
G. shallon 5 versus 1,2,3,4 12.25%+
M. aquifolium 1 versus 2,3,4 10.00***
. M. netvosa 1,4 versus 2,3 5.40

U. califo 3ve!%u3124 9.20%**

*, different 5 0.10 level.

** 21 0.05 level.

Lwer, 2001 level,

fungx (e.g-, Basldwmycctcs) which might

,..

: me@fmquency (Table 5) shows that several taxa are

i+ common: to more than one host. Many of the isolates
- such astGeniculosporium sp., Pezicula sp., and Sig-
 moidea sp. are morphologically indistinguishable from"
the corresponding isolates: from coniferous hosts (Car-.

. roll et al. 1977; Petrini and Carroll 1981; Petrini and

- Maller 1980), while ‘others (e.g., Cryptocline spp.,

; Caccwzycnspp (F. BlCosmo, University of ;
> -loo, persomalcommunication, April 1980) causesuncer- .
: taintyastawhichtclemnorphﬂﬁsanmoxphshouldbc

same pomon of xhaieaf as a faster-growing_
. +sition of ﬂl&&ndophytﬁ
The list of most common ﬁmgx isolated and their dis- -

sporium cladosporioides, often considered to be a possi-
ble contaminant and only recently demonstrated to be an

. accidental cndophyte (O’Donnell and Dickinson 1980),

are not often isolated and clearly are not host specific.
Some taxa (e.g., Acremonium sp., Nodulisporium sp.,
and some Xylaria anamorphs) have been often recorded
as endophytes, yet they do notappeartobespec:ﬁcm
any particular host.
The majority of isolates from a given host species

comprise reiauvely few fungal taxa (Fig. 1). One
endophyte species for €ach host invariably comprises

the largest portion of the isolates and appears to. be
relatively hest specific, while a constellation of jnciden-

tal species common to several hosts accounts for the
remainder (Table S). The most common :Sophytc of
the ericaceous hosts in this study, Phyllosticta pyrolae,
as well as Aureobasidium ribis, Phyllosticta vaccinii,
Physalospora arctostaphyli, and Pleospora herbarum,
are also often isolated from ericaceous hosts in Switzer-
land (B. Widler, Eidgendssische Technische Hoch-
scule, Zirich, personal communication, April 1980).

- . Septogloeum:sp. accounted for 56% of the total infected

discs of U. californica and was also mlanvcly abundant
on M. nervesa and M. sa?mf

beridis, cmsfdetedtobeﬁemamorphofl.ophoderrmwa :
berberidis (Schleich.) Réhm (Nannfeldt 1932), is the

most common endophyte of M. nervosa and is also-

frequently fqund on M. aqagfol:wn However, the. clo»;; .

to so
Vater- -

assigned. A similar pattern of host-spscifie «species

dmﬁnanwmsnotadb}‘CmﬂandCarrollmtheu

survey of coniferous hosts in the Pacific Northwest,

Thus, while infection rates foteachhostsmmhﬂ"“
related to ecological factors, some components of the

“endophyti¢ flora reveal a degree of host specificity, at

- ‘Jeast at the family level (Carroll and Carroll 1978;-
Petrini and Carroll 1981). In contrast, Phomopsissp.; -
’ﬁ:cmostffmacnﬂylsoh&dcndophyteﬁomM aguifos

lium, was also relatively common on all hosts.-Whether
;any slgniﬂcgm trends ci st between the species compo-
ra of related hosts is unclear
+and will require furthey stud
Host—endophyte spccxﬁclty could lead to the forma-
tion of host—specxﬁc strains in fungi common to different’
hosts, This is a possible explanation for the vxﬂainhty
observed in the coelomycetous fung\rs eritative
signed to Septogloeurn, which initially showed &i eferit
cultural characteristics and growth form depending upon
its origin (G. shallon, M. aquifolium, and M. nervosa,
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_TaBLE 5. Relative frequencies of the most commonly ébserved fungal taxa

% of %oftotal ~ %oftotal - No. of sites at

: . total infected infected which taxon Additional
'Host and fungal taxa® segments  segments leaves observed hosts®
A. wva-ursi (792)
mba.ndzwu ribis (Vamljcvsk;)
“‘Hermanides-Nijhof 0.5 1.2 2.0 3
Gelaanospanwn sp- 0.4 0.9 1.0 1
- Cryptosporiopsis sp 1.8 4.0 3.5 1
-Hainesia sp. 0.5 1.2 2.0 1
nopsis sp. & 34 79 10.6 4 Gs, Ma, Mn, Uc
_Phyllasticta pyrolae Ellis et Everh 16.3 312 343 3 Gs, Ma
Plyllosticta vaccinii Earle 2.0 4.6 6.6 4 Gs
e arctostaphyli B. Erikss. 14 3.2 3.0 2
leaspora herbarwm (Fr.) Rabenh. 2.0 4.6 6.6 3 Uc
&gmdana sp ; 0.8 . 1.7 3.0 1 Gs, Uc
Wh)poxylon(l. ex. Fr)Grev
.. 0.6 14 2.0 2 Gs, Uc
.. XylaFia sp. anamorph 0.6 1.4 . 2.5 4 Gs, Ma, Mn, Uc
.ﬁ' ava-ursi 3914 (sterile) : 5.3 12.1 . 10.1 1 "
Mﬂ (1240) ; b iy 1 A e
2o Aamomumsp 0.6 L7 24 2 Uc .
G’aﬁeulosponwnsp. i 2.2 5.8 3.4 '3 ~ Au,Ma, Mn, Uc
o ekl v 30 3.6 1 Ma, Mn
0.6 1.5 2.4 2 Au, Ma
1.6 43 6.4 4 Ma, Mn
1.9 53 7.2 4
1.6 43 4.8 3 ,Au Ma, Mn, Uc
15.8 ARA - AT e sdint i "A!km I
14 37 5.6 L oiinn oo OO
1Y T anigy vy g 4 " Au,Uct
i & Gty £ SRR W | bl i m ‘Mn, Uc
0.2 0.6 2 2 Uc*
04+ 11 ot 3.0 -4 " A UE
u agiéfolium (980) b
', : @lq_dospamunc[adosponoides R e SR & i a8
by W)DeVﬁ& R gt et RaoRY OF hoislnd S 2 AwGs -
: Cryptocline sp. 1 ? 0.9 L. B 20 35 53 ) Au, Gs
.. Cryproéline spp. 3 { 3.6 122 9.5 31
“ " Cryptosporiopsis. spp: ; 0:6: o 1§ T 3.0 1 i
“% . . Geniculosporium sp: . - - i 13. . 4.5 6.6 4 Au, Gs, Mn, Uc
. Massee s i e A 132 136 4 Gs, Mn
oA . 0.6 XY '3.0° - Gs, Mn
" Phomopsis sp. e 39.2 31.8 4 Au, Gs, Mn, Uc
Septpgloeum sp.. Y ©23 8.0 - 8.6 i3 Gs, M, Uc
ncivam (1000) 5
meylonsmns(l’m exFr) , v ‘
Kickx var. effusum (nits.) Miller 0.4 0.5 1.0 el
Leptothyrium berbendu Cooke et i oy
Massee ° ' 53.4 70.6 94.0 4 Gs, Ma
Pezicula sp. 0.5 0.7 - - 2.0¢ 3 Gs, Ma
Phomopsis sp. ‘ 24 32 10.5° 3 Au, Gs, Ma, Uc
Seplogloeum sp. : 13.1 17.3 - 41.5 4 Gs, Ma, Uc
Xylaria sp. anamorph 0.5 0.7 2.0 2 Au, Gs, Ma, Uc

g T

U. cai
Cry
Ger
Phc
Sep
Xyl
Xyl

host, we

‘All. ]
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TABLE 5 (concluded)
% of % of total % of total No. of sites at _
total infected mfected which taxon Additional
- Host and fungal taxa® segments- segments leaves observed hosts®
& U. californica (990)
Cryptocline cinerescens (Bub.) von Arx 1.8 7.4 9.1 4
Geniculosporium $p. 04 1.6 ‘ 2.0 3 Au, Gs, Ma, Mn
Phaomopsis sp.. g 4.2 17.3 - 17.7 4 Au, Gs, Ma, Mn
Septoglpewn sp. 13.6 55.6 33.3 3 - Gs, Ma, Mn
Xylaria hypoxylon (L.. ex Fr.) Grev., i
anamorph ; 03 1.2 LEg 1 Au, Gs
s thgmasp anmnorph St sy 1.9 .7_‘.8\ : 8.5 2 Au, Gs, Ma, Mn
: ;__-{i» : mhmwmw mwm F%-or hore ofth toml infestion for 2 givem

ha.wmﬂmwm'mm.uvuwwdmﬁmmmmm
SAu, A. wva-ursi; Gs, G. shallon; Ma, M. aquifolium; Ma; M. nervosa; Uc, U. californica.

Geniculosporivm sp.

ngsk sp.
mllostmo vaccinii
r———

o (25%)
0 ) o7 ooy ®)1
Oihc'v‘spochs I ‘
3 4 'iA 2 r =
i 804 3
". ‘ ;;'- : Indeterminate ‘- !’ -2 : : =
b # £ : et A 3 A :g - g S
4§ : 604 . loeum sp. = =
eptothyrium berberidis § T
=—==ce3 §
#

% of fgﬁa‘ infection
* o
1

N
[«
1

Phyllosticta pyrolae

w2 e

s W%ﬁmm%:mmm;miii!l!ll}illlﬂi!:‘

%
\
N
N
D
N
N
)

i zizziizcdizzzalEs

3

Gs Mo Mn Uc

Ml Relative contribution to total infection by six frequently isolated fungal taxa. Numbetsmpuunhcsesabovcud\bar
refawﬂlcovmﬂmfecnonmforeachhost Numbers in parentheses at the upper left of each bar refer to the number of
na specles for each host. Au, A. uva-um,Gs G. shallon; Ma, M aquifolium; Mn, M. nervosa; Uc, U. californica.

or U }balfmvuca) Since no significant morphological investigation of the physiology of such strains could
differénces could be found in mature sporulating provide information on the nutritional relationship
cultu?s itis nnposs:blc to assign these three groups to - between endophytes and host leaves and on the hier-
three ‘different species. Strains of the same fungus archy of substrate utilization by endophytes inhabiting
| e isolated from different parts of the same host differ in  the same leaf.

§ . their ability to digest different substrates (G. C. Carroll :

. and ©. Petrini, submitted for publication). Genetic Acknowledgments
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