
Jay Goodwin, Deparlmenl ol Fangeand Fesources, Ofegon State Unversty Corval s, Oregon 9733i

The Role of Mycorrhizal Fungi in Competit ive Interactions Among
Native Bunchgrasses and Alien Weeds: A Review and Synthesis'

Abstract
TheLo leo f !es i .u la | . ! r t , !u |u rnr !coL lh iza l i vAI ' I J | !ng i jn (omPc| i | fen l le rac t ionsaobdgnat j ! cbunchsrasseSanda l i { 'n \ ( r5
is redewed. Briel ron\s ol thr: mvcorrhizal slrnbiosis ard rargcknrl ecolop pro tle a baclgrrn,l lor discussion ofrh. rol..ol
VA\I lLurgi nr inter and iltrdsl,,r'illc competition in sagebnGh-gfass srsrems.

PlanLs Qn be sisnificanrh better.on,rrtikrs fd soil fesources \rhcd drv(!nhizal rhan $hen not mrr:orrhizal- rnd Yr\U funqi
.an  a l t . r  Lh . , r l come o l  compet i t i l e  i I t . i ra . r i i , , ' .  r , i , ,ne  t l ' n r \ .  Ud i r iu , . r11 , .  - , , i1  n . , rn - ,  c rn  be  t rmferRrd  l ron  orc  p lanr  ao
another throush a nct$ork of hrphae produced br- \'ANl funsi: such traDsport rar itrqrorc grovrh in rhe receirer planr. The re
sponse of a plarL to th( lbrmlrion o{ nrc,,rrhiuac dry:rds upon rhe rrua of the planr anrl lirngal srmbnrnrs. rheir plcnologirs,
and on thc rvuitv ol en ronmental stn:ss.

Natne bunrtrgrusses ofthe InterDounra;n W,,st afti mrchorrhizal. .A.lier rLeeds inLroduced ro rhe sagehrush srcqlr' include borh
mrconhizal anl nonmvcorrhizal species. $lcr r rrngeland sire is colonized l,r nonrnrcorrhizal species- VAV funsi poNlorions
derline. ln thc absttce of \rAI{ {ungl. rniorrrhizul trunchgrasses are ar a .odlxiriLir. disadranrage compared ro nonnr\tunhizal
species in capturing limiled soil resou.ces. Hor*vft. Lh. opposite is also true: m!.r,rrhi,ll species out compete rortr,!(r)nhizrl
species rvhen VAll irrgi arc abundant.

One naturrlized alien- cheatsrass (llron6 r..tonm). is a fauuhati!. host ol mrcorrhizat fungi. ChcaLsrass is !n e llecrile .omperi,
t,r in rh( ranselod envirornert. a,xl iLs fclalile competitile abilirr- ttrryarcd to narile bun.hgrasses- is unlikclr to be altered
br \ Al'l lirngi. Though mrconDal lirngi would enhance the .onp(iririv. abiliLr ol mtire bunchgras*,s. .hrargrass vould reap
comparable or greater benefit sinili n llso hosG VA}I furgi ard. duc to a rapirl rale o{ sro$th. a.rs as a srf,tr,s sink 1or soil re-iour.es.
This is probablv one of the lar:tors br:lind (onrinued, l.ng rern o.(rlanir and/or doDinrance of rarrsclund sires b_v cheatgrass.

Howerer, il is not unreasonablc to erpect greater efficierN rnr,ng coerolved mutualists companl Lo u prolireering alier. ll
lssimilrles lre more efficierth bans{crr(l from a n.tile huDchgrass t,) iLs !rogen_!. then VAU iurg; havi an intorranl role lo
p la l i [ th { j l j nor ! l iono f ln le rmouDta i i tang( j |ands 'Reseorch in to thero le r l

tion-r. rhizosr)lxri, community dynarrics. thr ryrrrrrhizal dependence ofrangelard srassr.s. and patterns of rransh,aLion is needed
before definjtire ans$.rs (iln bp presenred.

Introduction

This rcr'iely examines the role of vcsicura.r-amuscu-
lar mycorrhizal (VAM) fungi in the clynarnics of
sagebrush-grass communities. rvith particular at,
l . n l i on  t o  l he  no - - i h lF  r , , 1 .  , ' f  \  {  \ l  h r r r g i  i n  m i r i ga t -
ing interspecif ic interfcrcnce. I  begin with a bricf
rev;o$, of the mycorrhizal symbiosis nnd an in-
troduction to rangcland ecolog"-. These se<tions lav
the  g round rno rL  f o r  . r um in ing  t he  ro l "  n l  \  A \ l
fungi in ameliorating the r:ompetitive superiority of
alien species that have inladcd Iestern rangelands.
Though much rcscarch remains 1o be cnnductcd
in this arca of communitt  ecolog-r, cvidcnce com-
p i Jed  o re r  t h .  l as t  l i r r r r r< .ugge . t . a r r  im ln r t r n l .
possibly essential. role for VANI {ungi in the popu-
lation dynamics of native bunr:lrgrasses.

The Mycorrhizal Symbiosis

Ve- i cu la r -a rh r r - ,  r r L r  mreo r rh i za l  l l r ng i  c re  ,  n rn -
mon in terrcstr ial  ecosystems, lorming obl igatoly

rRi:scarch lirnded ni part bl a Sr!d, nr Research Grant fronr
\orth{csL Scienlific Associatidr.

svmbioses $ith most higher plants (Read ct al.
I976. Mossc er aL 198l).  The correlat ion ben".een
taxa and the svmbiotic habit is slrong. For exam-
ple, members of the lamily Craminae tvpically host
VAI\I fungi (are mycotrophi<J, r,hcrcas the iimi-
lies Crucifelae and Chenopodiaceae generally do
not (are nonmvo)hophic) (Trappe I981. Pendci-
ton and Smith 1983, Nolman and Reddell  1987).
Hovever, mycorrhizal dcpcndencv varies rvithin all
plant families. Some chcnopod taxa. fbr eramplc.
ma,v bc briefl,v mvr:orrhizal during their liii cyrle
(Trappe 1978. Al lcn and Allen 1990). Addit ion-
all,v, pioneer or mderal specics arc more frequentlv
nonmycorrhizal than are perennial specics (Trappe

1987 ) .

Mycorrhizal lungi often pla,v a vital role in the
mineral nut t ion o[ a host plant (Trappe 19811.
increasing thc amount of both macro- and micro,
nutrients acquired (Read et al. 1985. Killharn
1985. Srnith et al.  1986). ( iommonlv. VAXI fungi
imp ru re  t he  ho . t  .  I ' h , , spho ru -  nu l r i l i on .  I ' a f t i , . r -
larly r,".hen soil phosphorus is limiting (Smith el al.
1986. Schubert and Havman l986). Drought
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tolerancc in herbaceous species has also been im-
proved witlr r:olonization by VAM iungi (Allen and
Allen 198,1. 1986). The host plant bcncfi ts since
m1-corrhizal fungi fundion as an e)itension of thc
host's root svstern. incleasing the efficienc,v t'ith
thich a soi l  r .olurre is exploited (Koucheki and

Read 1976. Schubert ancl Hayman 1986). ln ex-
r:hange, thc fr.rngal syrnbiont(s) obtains carbon from
thc hcrst plant (Snellgrove et al. 1982,Parl et al.
r9B5).

'fhe 
outcome of competitive intcr-ad;ons be-

tween plants can bc markedlv inlluenced by VAM
fungi (Al len and Allen 1986. Crime et al.  1987).
For eramplc, Fitter (1987) found inoculation with
mycolrhizal fungi Lo alter the outcomc of competi-
tion for soil phosphorus and potassium betrveen
velvetgrass (f/oftrrc laaarLs) and perennial ryegrass
(l,olium perenne). ln thc absence ol VAM fungi,
t h ,  t r ' , ' . 1 ' e ,  i . .  s - re  ruughh  ' , t , r i \ r l r n l  ,  omper i -

tors. Hovcvcr. gi\'en mvcorrhizne, tclvctgrass
clearll- emerged as the morc successful (ronlestant,

sequestering roughll t$ice as much of each nutri-
cnt as did lyegrass.

In nalural ccrmmunities. hosts arc tllonized bv
VANI fungi shortl--v after germinating, oftcn t'hile
still in the cotvledon stagc and frequentl,v by more
than crne species olVAll  l i rngi (Rcad et a[.1976.
Chial iel lo et al.  1982. Dodd and Jel l i r ies 1986).
Host plants mav l-re r:olonized by gcrminating VAM

fungal spore-" or contact $ith the hyphae oi VANI
lunpj or another colonized root. Extcnsivc nctrvorks
oi hvphae, r'ith distributions similar to that of plant
loots, arc found in undisturbed soils (l\{osse et al.
I98I. Schvab and Reeve-" I98l).

fr lvcorrhizal hvphae have been shol n to con-
n " ,  l  ho - t  phn l .  o l  l hc  - Jm,  rn ,1  , l i i f . r - n t  - 1 ,ec ie .
(Heap and Novman 1980a. ChiarielLo et al. l9B2),
ancl inl fa- and interspecfic translcr of nutr ienls.
both liom host to fungi and between dillerent hosts
of a fungal symbiont via mvc{)rrhizal hvphae, has
been docurnented (Ho and Trappc 1973. Heap

and Newman l9B0b. Francis and Read 1984.
Grirnc crt o1. I9137). Neiglrboring manrrc individuals
mav subsidize the eallv growth of seedlings. par-
ticularly shadcd scedlings. through a h,vphal nc'L-

lork. thereb,v incrrasing the probabil i t-v of
succcssful esLabl;shnlent and suNilal (F|ancis et
al. 1986).

Whitt ingharn and Read (1982) invcstigated nu-

trient transfer via nlvcorrhizal hy''Jrhac using sheep
lesr:ue (,ll'estuca o|ino L.). Roots of a soulcc planl
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irere split among two halves of a divided pot, and
source planls were either colonized by VAM fungi
or lacking mycorhizae. Sink plants l'ere addccl to
one side of the pots. and either distilled water or
a nutricnt solLldon containing ttP uas added to the
other siclc. When source plants were mvcolrhizal,
signif icantly more phosphonls uas lransferred to
sink plants. The relative grot'th rates of seedlinlis
(sinks) in the nutrients + mycorrhizae, waler
+mvcorrhizae. and nutricnt only treatments lvere
0.1 138, 0.0692, and 0.0319, respectively. At 1B
$'eeks. sccdl ings from the nutdent+mvco h;zac
treatment had dry rvcights three times that of any
othcr trealment. Similar results wcrc obtained by
()rime et al. (1987) using labeled carbon. llycor-
rhizal plants obtained 'aC from source plants. whilc
nonmycorrhizal plants in tho samc pot did not take
up the labcl.  Francis et al.  ( I986) concludcd that
nLrtrienl transler to sccdling sink-s via VAM hyphae
lvas sufficient to "sustain si€inilicanl enhancement
of both grorvth and nutrient composition."

Recruitment of seedlings and species dir.ersitv
declinc in the absence ofVAM fungi, particulariy
during secondary succession (Crirne et al.  1987,
Gangc et ol. 1990). The early establishmcnt phase
may be the period in a host's life cyr:le u'hen it is
most dependent upon thc fungal svmbiont (NIosse

et al. l9BI).

Benelits to hosts of VAM lungi are potentially
g rcJ l  i n  nu l r i Fn l  poo r .o i l -  r nd  c r l r cm '  ,  n \ i r ' n -
ments. $,here the symbiosis ads to ameliorate plant
strcss ( l \ Iol ina er al.  1978. Mil ler 1979. Bethlen-
falvav ert al. 1984. Allen and Aller 1986) and
where plants exhibit a stress-tolerant (scnsz (;rime

1977) straleg,v. In slressful environmrnts, m!-cor-
rhizal species are likel,v to cnjoy a cornpetitive ad-
!antage over nonmvcorrhizal sper: ies (Doerr et al.
1984 .  F i t r e r  1985 ) .

Rangeland Ecology

The Interrnorurtain Vcst featLrres large expanses
of semi-aricl rangeland supportinpl sngcbrush-grass
plant communit ies (c.g.,  Frankl in and Dyrness
I  o7J .  D rub ,  r rm i r .  l q7U l .  T l r " - e  cummr rn i l i ,  s
u i t ,  n  i r r , l r r d -  . r n  o \e r { l u r l  u l  r r - . t . r n  j un ipe r

lluniperus ot:ciiLentalis) and sagebrush (Arternisia

,i.Jenlata). irith numcrous grasses and forbs in the
underston. Anmral alien wccds, such a.s cheatgrass
(RromLLs tectonltL), are also common. Apparcntl,v.
tht l  native species are mvconhizal (Wil l iams and
Aklon 1976. l lol ina er ol.  1978. Trappe 1981.



Pendefton and Smith 1983. Dltcrr et al.  1981,
Schwab and Loomis I987. Benjamin and Alien
r9u7).

Settlemenl greatly alterccl thc \.cgctation of
sagebrush-grass systcms. Since the nntive bunch-
grasses of western rangelands elolled rlithout
seleclive pressurc from largc hcrbivores, the ef-
f ec t  o f [ i r e . t oc l  on  t he . -  I ' r r n ,  hF ras - . s  r \ Js  p r r t i r -
ularly detrimental (Slack and Thompson 1982)
since grazing occurred every vear-and often ycar
round (Strong 19,10. Calbraith and Anderson
l97l). Natir.e perennial bunchgrasses generallv
declined in abunclance and c{)1'cr as graz;nli by in-
hoduced livcstock increased (Pechanec et a1.
I937. Xlack and Thompson 1982). Fire suppres-
sion also altered legetation dynamic-< and nutri-
ent cycling in rangeland communities (Burkhardt
and Tisdale 1976, Wright et aL. 1979).

Subsequent to thc ;ntrcduction oflivestock. the
introduction of cheatgrass and othef crlmpetitive
aliens resulted in an invasion o{ l,".estem rangelands
at a rate and 1() an e\tent s() gfeat that it has bc-
come a classic in the literature of biological inva-
sions (e.g.. Mack l98l).  Rangcland plunt
comnunitv dynamics vere fundamentall,v altered
by these alien introductions (Piemeisel 1951,
Harris I967. Young et nl.  1972).

Prior to these intfoducl ions, sagebrush-Eirass
systems irere dominated by competirrle, srress-
tolerant (scnsu Crimc 1977) perennial bunch
grnsses, such as bluebunch theatgrass (,4gropl'ru2
spicatunt\ ancl Idahrr l'escuc (Fesntco idahoensis).
and sagebrush (l)riscoll 1964. Daubenmire I970).
l'olloruing the introdur:tions. r'angeland cornrnLrni-
ties have crome to bc clorninatcd bv rtoodv species.
such as t 'estern juniper, and the rnderslorv mav
be dominatcd by compctitive alien annuals as lr'ell
(Piemeisel 1951. Yorng er 01. l972, Al lcn and
Knight 198,1). Man,v ol the introduced rnuals are
nonmvcorrhizal (Trappe 1981. Al len and Allen
1980 .  Pendc l t on  and  S rn i t h  1983 ) .

Typicallr. early seral alien annudls, such ls
Russian thistle (Salsola Aali). enable the establish-
m 'n l  u f ,  h .a l y r . r - -  { l i ,  m l i - c l  I q i  I  r .  J  \  i n l p r  . r n -
nual which does poorlv on bare soil (Evans ancl
Young 1984). Cheatgrass is a lacultative host of
V4 \ ' l  I ung i .  $  he r r  chec tg r+ -  e ros .  i r r  c , , r nmr r r r i -
ties of nonmvcorrhizal plants. it is nonmycorrhizal;
in the presence of rnvcorlhizal plants. cheatgrass
is mycorrhizal (Trappe I981. Penclelton and Smith
l9B3). Sincc the native perennial bunchgra-sses a-re

mvcorrhizal. and since alien annuals arc predom
inandv nonmycorrhizal. belowground dynamics
have changed along with plant communitv dy
namics.

Competition, Succession and
Mycorrhizae
(ucee--ion in -ag"hnr-h-grc.. ,  nmmunit i ,  s nus irr-
cludes an earh scral stnge $'here communitv com-
position is dominated bv nonrnv<nrrhizal spccics,
and this stage may last from tn'o to more than si\
years (Picmciscl 195I. Al len and Knight 1982tr,
Biondini er al. l9B5). The early scral alien spe-
cies arc displaccd by cheatgra^ss. which may or mav
not be mycorrhizal,  and chcatffass dominance ol
thc understory can last lor 20 or rnore vears. When
comfosiLion o[ thc plant communitv is predorn-
inantlv nonmycorrhizal. VANI fungi dedine in
abundance (Reeves et al. 1979), and VAM fungi
populations r-e main dcpressed until host plants be-
come re'establ ished (X{i l ler 1987, Biondini er al.
I985). l loorman and Reeves (1979) lbund soi l
from an alien-doninated comrnunitv to be .10 timcs
lcss cffcctir.e as a mvcorhizal inoculant than soil
from a nearbv sagebrush-grass communitv; thc soil
o[ the al ien-dominated communitv had been se
vcrely disturbcd three years earlier.

An example ofthe decl ine ofrnycorrhizal fungi
populations rvith inr.asion by nonmycorrhizal aliens
is provided by Russian thistle. Seedlings of Rus-
sian lhistlc respondcd to colonization of their roots
b,v VAM fungr by sacrilicing the colonizcd cclls

1{l lerr el ,r / .  I 'JHt)c). Tn - ' ,rnc , rs, s- lh,.  .nl i f l .  \  r .
cLrlar tissuc'ofthc affcctcd root se€iment collapsed;
less l iequently. entire root systens died. Stomatal
rcsislancc increased in colonized seedlings. inrlicat-
ing increased rvater stress probably due to root
mo ;: iq'. When soils rvere inoculated rvith VAll
frrngi. the abundancc of Russian thistle declined;
Russian thistlc densitv was reduced by a factor of
three and cover bv a faclof oflr\,o given inoorlation.

Xlature Russian thist le is better ablc to rcsist
invasion bv VAll fungi (Schmidt anrl Reeves l9{34,
Al len et ol.  1989a). Flven so, somc mvcorrhizal
f ung i  . r r "  r b l e  t o  s r r l r i r e  c r rd  - l o ru la t -  L .n r r t h
Russian Lhistle. possibly in a parasitic
though sporc clcnsitics are extremely lot'(SchmidL
and Rccves 1984. Al len and Allen 1990). Thus,
in communities dominated bv nonrnvcorrhizal alien
annuals. VA\l lungi lacL both a host and. during
the major;lv of thc ,vcar, u source of carbon. ancl

Mvcorrhizal l'ungi in (iompetitire Inter-ar:tir:rns



VAM fungi populations decline as a result. The im-
pl icat ions for plants dependent upon mvcorrhizal
fungi are clear; rc-cstablishmcnt of these pJanL spe-
cies may not occur until both plant propagulcs and
lh ,  - pun  s  u i \  { \ l  i r r ng i  ' " 1up \  l he  -amp  - i l c  c l
the same t ime (Docrr et ol.  1984. Trappe l9t l t t) .

The mportance of Shrubs

In rangeland svslems, woodv shrubs reducc wind
r.elocity at ground lcvcl and tfap organic debris.
soil and snoi\', and provide shade. Additionally,
t hc  phenomer ron  " f  h rd rauL i c  l i l l  . een  i r r  mu r rn -
tain big sagebrush (Artemisia Itide\tata spp.
t)ose.yano) car improve the i!'ater relations ofneigh-
boring bunchgra-sses during summcr (Richards antJ
Cakhtell 1987, Cakhrell and Richards 1989). The
resul is the creation of''islands'' favorable for plant
grorlth (Drrcscher eL al. 1984, Allen and
Nlac$lahon l9B5). Nl i l lcr ( l9f l7) lound the pres-
ence of shrubs to greatly aid the re-establishmcnt
of natir .c pcrennial grasses in communit ies domi-
rated bv alien annuals.

The spores of VAM fungi are transported with
wind blown soil particlcs in rangelancls (Warner

et al,  I9B7 , Al len er al.  1989b) and are. conse-
qucntl-v, trappccl by shrubs- Biondini ez ol.  (1985)
lbund a strong conelation bch{ccn the re-
establ ishmcnt of rangeland shrrrbs and the recov
ery ot VAM fungi populations in disturbcd soils.
'l'he 

spores of mtcorrhizal firngi arc Lhus placed
in an environrnenl where the probability ofgcrmi-
nation and cstabl;shmrnt ofa hosl is reladlely hieih.
A grass seed germinntin€i bcncath a shrub poten-
tiallv enjovs a greater availabilitv of t'atcr dnd
nuticnts. modcraled microdimate. and the
benefits of mvcorrhizal svmbiosis. Light attenua-
tion b1'' the shmb canop,v coulcl potcntially recluce
grorvth ofthe grass, but lighL is probablv not limit-
ing in ranplelands. e\.en beneath shrub canopies
(Smith and Nowak 1990: Winward 1991).

VANi Fung and the Cornpettveness of
Bunchg rasses

The colonization ofplants bv VANI fungi may halc
lwo effe(,ts: grealer uplake of nutients and soil
moisturc bl ' thc host. rvhich translates to betler
glotth (Koucheki and Read 1976. l i t ter 1977.
Kil lharn L9l i5. Al len and Allen 1986. Schtab and
Loomis l9B7). and thc re-cstabl ishment of net-
norks of mv<rrrhizal hyphae in the soi l  (Read et
al.  1976, l lhi t t ingham and Read l9B2). Oncc

these have happencd. mycorrhizal species enjo_l
a compcti l ive advanlage over nonmycorrhizal spe-
cies in the rangeland environment (Recvcs 1985,
Ocampo 1986, Mil ler 1987).

An erample o[ the inlluence o1 VAM lirngi on
the outcomc o[competitive interactions is providecl
by Al len and Allen (1984). $'ho €ire$'western
\,-heatgrass (Agropyon smithii) and bluc grama
(.Bou.teloua gru:ilis) in both monocultures and
mixed cultures vith Russian thistlc. S'hcn com-

lcting with the alien, both lFasses had €Feater shoot
mtss and h;gher stomatal conductance L'hen
mvcorrhizal than when nonmvco[hizal. Coloniza-
t ion b,v VAM fungi increaserl shool biomass bv
roughlr 25 percent. Ntycorrhizal western irheat-
grass nttaincd thc same shoot biomass when grown
in competilion with Russian thistle as when grown
in purc culture, but when nonmycorrhizal,  shoot
biomass was about 30 perccnt lcss than that ofthe
purc culture plants. While shoot biomass of Rus-
sian thist le remaincd l i rcalcr than that of e;ther

lirass regardless of culture type or myconhizal
stalus, colonization b_v VA\1 fungi consistcntly
Ieduccd shoot biomass of the al ien. Slomatal con-
ductance vas signficantly inclcascd in the grasses
rvith the formation of mvcorrhizae. bv as rnuch as
300 pcrccnt, in both pure and mixed cultures. In
contrast, conductance in Russian thistlc $'as sig-
nficandy rcduccd rvith colonization by VAM fungi.
The forrnation of rnvr:orrhizae tas clearly benefi-
cial to the grasses, improling rvalcr relations ancl
growth. and clearly detrimental to Russian thistle,
vhich had reduced grorvth and waler uptake. In
the presence of VASI fungi, thc competit ive abi l-
iLv ol rnycorrhizal plants is enhanced $hereas that
of nonmvcorrhizal plants is rcduced so long as the
plants are cornpeting for the same l imited soi l
resource-q (Reeves l985).

VAN,4 Fungi ,  A len Weeds,  and Range and
Commun ty  Dynamics

Early ser'al nonmvcorrhizal species. such as Rus-
sian thistle, are rephccd bv mrcorrhizal spccics
l l i th the reslorat ion o[ the inoculum potential oi
the soil (Biondiri et al. 1985, frliller l9B7). It is
at this point in commLrniLl developmenl thal chea!

Eirtlss. a I;cultati\.e host, oftcn bccomcs thc domi-
nanL herbaceous species. and lirrlher successional
change is inhibited.

'fhe 
safc sitcs that allolr native perennials to

germinaLe and establ ish also provide cheat€irass
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seed rvith favorablc micrositcs (Er.ans and Young
l984). ancl cheatgrass seedlings usuallv out-
compctc thc sccdlings of natile bunchgrasses
(Piemeisel 1951. Halr is and ( loebel 1976, Thi l l
et ol.  l9B4). Bv virtue of i ts root phcnology and
rate o{ root gro$.th. chcatgrass is able to exploit
soi l  moisture much rnore ef lect ir 'elv than nativc
bunchgrasscs (Harris 1967, 1977). theleby in-
hibit ing the establ ishmcnl oI native perennial
bunchgrasses and impeding su.ressional change.

The relative competitive abilities of cheatgrass
and nadve perennial grasses arc probablv not
changed by m,vcorrhizal lirngi, so lonpl as both are
colonized (e.g.. Benjamin anrJ Allen 1987). As nct-
$orks of mvcorrhizal hyphae are le-established,
cheatgrass and any ndti\.c pcrennials present are
Jikely to be incorporated into these networks. Anv
bcnefiL derived from the svmbiosis r,".ould probabl_v
be enjoved b_v both cheatgrass and the native
pJrasses. The inhibit ion ol successional change by
oheatgrass suligcsts ;t rctains its competitive advan-
tage. ln lact. cheatgrass may derive more benefi t
from the symbiosis than do the native grasses. In
cereal crops. mycorrhizal colonization has gir.cn
grenter grovth increases in $,inter soirn as com-
pared to spring-sorn grains (BLnvalda et al. l9B5).
Dodd and Jcffcl ics (1986. 1989) reported ahigh
degree of root colonization by VANI fLrngi in
autumn-so!!n crops by Novcmbcr or f)ecember.
though environrnental factors alfecled the pcrsis-
tencc of thc symbiosis. Later planting resulted in
slo$er root gro\ ' \ th during u, inter. and crr lonization
generally dedined lvith rcduccd ratcs of root cx-
tension. Since cheat€irass sllstains root gro$th ill
lower, warrner soi l  horizons during winter. rrhen
nativc grdsscs ar.e dolmant, cheatgrass may bene
fit from m_,-corlhizal colonization from shortlv af-
ter germination until senescence. Tlre rapicl rate
ofgrorvth ofchcalgrass lrould provide a stron€{ sink
loiirater and nutrients takerr up by VANI lungi as

Addit ional lv. lhe fate at whid) a plant 's roots
are colonized by VAll fungi can be inlluenced by
the planr i tscl i .  Graham et al.  (1991) compnred
the rates of myconhizal colonization of roots of
rvoody species hav;ng low. intcrmcdiate, und high
mycorrhizal dependencies. Species having a low
mycorrhizal dependencv were colonizcd lcss
rapidly than r,erc the othcr spccics. though the ul-
timate extent oi colonization was the sarne. The
authors notcd that if a plant dcrived little benefit
i iom rnycorrhizal colonization ancl could also in-

hibit ibrmation oi the symbiosis, carbon that tould
othenlise flo$ to symbionts woulrl be arailable for
"needs that gir.c a more immediate return on the
investment [such as] prodr.rction of nerv leaf arca."

Chcatgrass is a facultative host, and its mycor-
rhizal dependence is lower than that of native
perennials (Scht 'ab and Loomis 19{37). Whcn

!!own irl monoculture. the growth ol cheatgra-ss wa-s
inhibitcd by VAM fungi (Sch1{ab and Loomis
1987. Benjamin and Allen 19f17). Whcn grorvn
in a mixturc r.hcrc blucbunch lvheatgrass wa^s most
numerous, chealgrass shuot biomass and phospho-
nls contcnt \\'as greater in mycorrhizal than non-
mycorrhizal tr-cdtmcnts, but in mirtures where
chealgrass was most abundant, VAM fungi in
hibited shoot gro$th of chealgrass ancl phospho-
rus content was lolver (Schrvab and Loomis l9tt7).
Cheatgra-ss did not benefit from mvcorrhizal coloni-
zal ion except rthen the relat ivc dcnsity of mycor-
rhizal compctitors was high. Il cheatgrass is able
to inhibit  colonization of i ls roots bv VAM fungi.
carbon that rvould Ilow to svmbionls could instead
support \.elictativc growth. lt may be that cheat-
grass allocates its r:arbon Lo gro$th (i.e.. spacc cap-
ture) during thc pcriod whcn thc native pereDnials
llre dormant, and becomes a significant sink for
soil resources taken Lrp by VAM fL-rngi onlv latc in
its clevelopment. when gloi!'th is most rapid. That
is. cheatgrass rnav function as a sink for rcsources
captured by myconhizae then doing so denies
resoLrrces to the native perennials. and may other-
wise minimize carbon allocated to mycorrhizal
fungi.

Mycorrhizae and Seedling Establishment

Jt has bccn demonstrdted that nut ent transl;r via
VAN! mrcel ium from mature plants to sccdl ings
occuN and is suflicient to increase seedling gror.th
(S'hittingham and Read l9fl2. Francis et ol.
l986). One possible mcchanism by rvhich native
pcrcnnial bunchgrasses could replace alien $,eeds
u,orrld be the preferential {lot of assimilatcs from
mature plants to their progenv through the mvcor-
lhizal nttlvork. Cocr.olvcd mutualists may exchange
nut ents, $,ater. and carbon more efficiently than
would a profitecring alien. such as chcatgrass. and
an1' mcasure of host specilicity (Mc()onigle and Fit-
ter 1990. Anderson l9tt t l )  could compound the
effect. If this asvmrnetrJ of bcncfit t'cre the case.
the asymmetrv ol compeLit ion between seedlings
and lnrger or matule plants t'ould be reduced or
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e,ren eliminaled. Mature plants could subsidizc the
grot ' th of seedlings. increasing the probabil i ty of
scedling survivnl (Crimc er ol. 1 987.). Once a long-
lir.ed perennial bunchprass became established. the
probabili$ of successful establishment of additional
indir. icluals of that spccics could bc cnhanccd.

Sincc sccd dcnsity gcncrally declines exponen-
tiallv uith inclcirsing dishnce from the parenl plant,
it follorrs that seedling density should be greatest
near lhe parenl. I I  assimilatcs f lolving from maturc
plants into thc mvcorrhizal netrvork vere taken up
bv nearest neighbors. a mature plant could, in-
dircct l ;-  .  increasc lhc chanccs ofsucccssful cstab-
lishment of its progeny. This type of seedling
subsidization docs not appeiu to necessalily be the
case. hor{ever. Chiariel lo et ol.  (1982) found thc
movement of labeled phosphoms from donor plants
to receivers could not be predicted on the basis
of proximitv, sizc, or taxon in a scrpcntinc annual
glassland. Pdttcns oftranslocation could bc differ-
ent in a perennial grassland fealuring a mix o[ es-
tablished plants and seedlings; growth form and
phenolog;- could also affect translocation pattcrns.

Assirnilates do tend to move Lhrough the hyphal
nct*ork lrom sources to sinks. Heavil_v shaded
seedlings accumulaled up to sir times more labeled
calbon than partially shaded sccdlings (Francis and
Read 1984). Thus, the transler ofassimilates rnav
reduce asvrnmetrical compeli t ion and incrcasc
seedling surr. ival.  Eissenstat and Newman (I990)
i n r , - t i : : r l ,  t l  m r ,  . , r r h i z r l  me r l i r t i un  u f  cumpe t i t i on
betteen seedlings and large plants. The irrvesti-
gators compared the growth of unshacled seedlings
of buckhorn plantain (Plantaf{o lanceolatdl. aforb,
in soils t'ith :rnd t'ithout both VAM lungi and large
plants of thc samc spccics. The presence of large

Jrlants st irnulaLed colonization oiseedlings bv VAM
fungi. and mycorrhizal seedlings obtarned more
nitrogen and achieved greater growth than non-
m,vcorrhizal seedlings. Horrever, both mycorrhizal
and nonmycorrhizal large plants were equall,v ef-
fect ive in supplcssing seedling grorvth. Though thc
mechanism was not demonstrated. the study sug-

licsts thc intcnsit"v of compctition bct$'cen large
plants ancl seecllings is noL lessened by mycorlhizai
lungi.

Cun t r : r - l i ng  r ,  su l t .  r ' ,  r ,  " b t . r i n ,  d  r { i ng  i r  m i \ -
ture of grasses and lbrbs. however (()rime et oL
l9B7). In this erperiment. mycorrhizal and non-
nycorrhizal Festuca ot:intt sccdlings lvcrc trans-
ferred to f lats and al lowed to establ ish. Seeds of
a mixtule of €ilasses and forbs thich commonly

occul togcther were then added. Biomass of
mycorrhizae-hosting (mycotrophicJ scedlings was
signficandv greater in the mycorrhizal treatments.
whereas biomass ofthe mycorrhizal canopy domi-
nanl. F. ot)irLo, ras significantly recluced. The bi-
omass of nonhost (nonmycotrophic) plants was
unchanged. Addit ional ly, VAM al lorvcd greater
species diversityi seedlings t'hich died in the treat-
mcnts lacking mvcorhizne sun'ived given VAM.

Future Flesearch

Stud;- of the role of mvcorrhizal fungi in tangcland
syslems is needed. 

'fhe 
grofih response of range-

land grasses to colonization by VAM firngi depcnds
upon the severib- of environmental stress and in-
tensitv o{ interference, thc plant spccies, the spe-
cies of lungal symbionts. and their phenologics.
Until this research is completed, littlc morc than
spcculation is possible.

Thc mycorrhizal dcpendence ofcheat€irass and
especially the native perennial grasses needs kr bc
determined. Patterns of variation in this depen-
clence should be studied. Strccessional, scasonal.
phenolopfcal, and density changes ma_v all alfect
interactions among syrnbionts. Addit ional lv, sca-
' ,n:J anLl srrc..-. i . ,n.r l  chrn€r"s in the eoml'o-i t ion
and abundance of the community of VAM fungi
in rangelands nccds grcatcr study. The rates oI
colonization of chealgrass and native bunchgrass
sccdlings may pror.ide insights into the timing of
competitive inleractions among these species and
also thcir allocation pattcrns. Patterns of soil re-
source transler via VAM mycelium in semiarid
perennial grasslands need to be investigated. This
could be accomplishcd by rcpeating the experiment
ol Chiariel lo et al.  (1982\ in suitable locations.

The relativc compctitivc abilities of cheatgrass
and native perennial grasses giren mycorrhizal
l ung i -  1 ' r r t i ,  u l a rh  r r c r  t he  l unc  l . rm .  r l ' q , r i r r -
stucly. There is a possibility of differential benefit
among species (e.g.. Al len and Allen 1986). Flvo-
lution ofthe ruderal stratepry in plants is correlated
with a recluct ion in mycorrhizal dependcnce
(Trappe l9B7). Fit ter (I977) showed that velvet-
grass derived more benefit from a mycorrhizal sym-
biont than did perennial 4'egrass, despite the facts
that both species hosted VAM fungi and the two
species were equal competitors in thc abscnce ol
mvconhizae. Other experimental results have
-horrn l .r t-r.m.rging s.. t l l ing. to dt-r irc grcrt l-r
beneli t  from the mycorrhizal symbiosis than did
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already establ ished plants (Crime el ol.  l9B7). Tn
stress-tolerant species, plasticity ofthe root system
(the capacity to respond to and exploit transicnt
nutrient-rich micrositcs) may bc largely a function
of the fungal symbiont.

Though bcncfit to mvcorrhizal seedJings has
been demonstrated (Whittingham and Rcad 1982,
l'rancis ef aL 1986), VANI mediated translers from
maturc plants to juveniles under conditions of in-
terspecific compelilion have received scant study.
Repeating Eissenstat and Nolman's (1990) experi-
ment usin€i a mature native bunchppa.ss and shaded
and unshaded seedlings of both cheatgrass ancl thc
native $ould be one vay to inr.estigate the role of
VAM fungi in rangelands. The microcosm ap-
proach of Grime et aL. (1987) rrould be another
exccllcnt ncthod of study. In sagebrush-grass com-
munities, both shrub and gra-ss seedlings are found
primarily beneath the canopies of larger plants
(Eokert ef ol.  1986. Mil lcr 1987). ln this situa-
tion, asymmetrical competition ma,v be reduced as
a result ofassimilatc transfcr from sources to sinks.

Conclusions

Community dynamics in srgebrush-grass systems
vere radically a.ltered with the introduction ol
domestic livestock and alicn annuals and by fire
suppression. (iommunity composition through suc-
cession is now fundamentally different. r'ith alien
annuals comprising the early seral stages and ;n-
hibiting thc rc-establishment of native bunch-
grasses. Mvcorrhizal fungi appear to plav an
important role in succcssion in rangcland svstcms.
Alien pioneer species are nonmycorhizal and
growth is inhibited in these species g;ven (t)lon;-

zation of their roots b_v VAM fungi. The establish-
ment of native grass species is aided by mycorrhizal
lungi, as VAM lunpf increase the efficiencv lith
which the soil volume is erploitcd by host plants
and can inhibit nonmycorrhizal plants. Rangeland
plants hosting !AM fungi generally have improved
water relat;ons, and rvater is thc most limiting fac-
tor in the rangeland environment.
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