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Abslract

Grassland, rcd alder, and Douglas-fir soils wete cxamined for total number of microorqrnisms
rrc re 'c. l  f r  nr  - l r lu ' ion pl . r r inc.  rhe numhcr of  S!rcptany. t -  and rhe percent . rpe ot  sr+prn. t t ; , . ,
i r o l a n .  r n r r e , , n i c r i c  r o  r h e  r e s r  t u o F U \  P h l l i n k .  u t i , t i t  r M u r r . r  C i l 6 .  T h e  D o u g t r s - f i :  1 t . . 2 -
dottnsr ne,tzi4ii (Mirb.) Frrn(o) srte with no apparenr or ol:{ious p. ueirii aci;vity had the
highest pcrcentage.of antagooistic Strcptom\rrr. Planr communities had distinct;vely diffeicnt popu-
Jatiuns of antagtnistic S!t.:l.tonrce! spccies and commuoities with rhc grearest divcrsiry of vaicril:rr
p l d r r  . p . ( i e r  5 u p p " " ( d  r h e  t r ( d t e \ f  d i v c r \ i n  o f . : n r a g o n i s r i L  \ r a p l . . n 1 . , .  ( F ( c i 6 .

ln l roducl ion

Investigators have shown that borh the number and species composition of soil microbes
reflecc the species divetsity and composition of vascular plant communiries (Kuster
1976, $Ticklorv et aL. 1974). 'ificklow el aL. (1974) found more fungal species in
forest soil wirh a diverse tree community rlran in a more homogeomus foresr. The number
and antibioric afiivity of Streftomlcer species are also thought to be influenced by the
composirion of vascular plant commuoities. Abraharn and Hert (1)64) suggesred that
every planf species fosters a paticular Streptattrycet flora. Both the number of in<liviclual
SlreptortyceJ species and species diversity of the St'eptortJtcer popularion are generally
considered ro be higher in grassland soils and pastures than in forested sites (Alexandet
1977). Hutchios and Li (1981) reported that soil: uoder conifer and alcler were strik-
ingly different in rhe number and species ol Streptan4tce! aotagonistic to Phellinu
weirii (Mvr.) Gilb., a pathogenic fungus inducing a serious root rot of conifets in
ri(estero Norrh American forests. Rangas.rvami and Ethiraj (1962) found rhat rhree
primaty facrors influenced Strcf]tom.yces aotibiotic production in soil: (1) number
and comlxrsition of the mictobial population, (2) soil pH, and (l) the organrc marrer
content.

Io this study *'e examioed the Streptortlcel species we recovered by dilution-plare
techniques on selective media from soil sarnples from six plaot communities in $esrero
Oregon to determine if populations rvere clifferenr and *'hether any snch clifferences
were correlated *'irh the type of vasctlar plaor cover. \ife also compared rhe perceotxge
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of soil Sttepronyces antagooistic to P. weirii in grassland, alder ancl Douglas-fir (prea,
dotvga netziesii (Mirb.) Franco) forest soils to determine if the presen.e of :r cunifer_
ous host of P. ueirii rn :uer.cecl rhe species composition and number of n trve Strefto_
TDycer antagontst\c tou-ards this firngal pathogen. Anragonistic Streptomyces colonies
were isolated and identified as to species io an arempr ro qualify and quantify <liffer-
eoces in the spc<ies composition of Strepto,/trycej anragonisric to p. .*-eiril.

Methods and Malerials

Six areas in western Oregofl were selected representing thiee vegetative commuoities:
gtasslancls, ted aldet (Ahus ntbra Botg.), ancl Douglas-fir.

One grasslaod site at 62 m elevation rvas part of a 100-year-old cemetery 10 miles
south of Corvailis, Oregon, in the lJ7illamecte Valley, on a Woodburn_Willamqre silt
loam soil. The veletative communiry is composed primarily of four grass species:
Ferhlc.t r:/rbr,1 L., AgrcpyrcD repens (L.) Beauv' Lolitn perenne L., and. Saryhtnt
halepenrc (L.) Pers. This site has been in grassland vegetarion for orer 100 years and
is surroundecl by oak and a I)ouglas fir forest.

The other grassland site was a narutal meado* at 1249 rn elevation on Marv,s peak
in the Oregon Coast Range on an Apt,Honeygrove-Bohannon association of silty clay
loam soifs. The vegetarion is predominantly recl fescue (Fe.rtaca ttbra L.) ancl sedre
(Carer c,lifontica Bail. ) . The forest adjacent ro rhe meadow is comprjsed of Dougler_
fit aod crand li (Abies gtdulh (Dougl ex D. Don) Lindl.).

Red alder is an aggressive pioneer species in the coastal regions and two red alder
communities were chosen for sampling. One was a 40-year-otd stand growing on a
gtavelly clay loam at 199 m in rhe Oregon Coast Range rvith an unclerstory of tine
map\e (Acer circitatton Pursh), thimbleberty (R. pattillorat Nutt.), salmon,berry
(Rabal .rpectabilit Pursh), western sworcl fern (polystichtnt ntanitturt Kaul[.) presl),
and various cryprogams. A Douglas-fir forest surrounds this alder site. The other alder
stand was ftorr-r a sand dune communiry 8 km oorth of \faldport on the Oregon coast.
Iodividual alder trees *'ith associarecl .qrass species .rvere 

.grorving on stable dunes. The
vegetation changes abmprly to shore pine (Pimts contotta Dougl. ex I_oud.) a short
distance from the alder stand.

A 5O-year-old Douglas-fir stand at 100 m elevation on a Slickrock gravelly clay loam
soil was sampled io the Orellon Coast Range, 10 miles west of Corvallis, Oregon. r{/e
chose two sites from this stand. Io ooe, Phellinas ueirii was causing windthrow and
morrality in a large portion of rhe rtaod rvhile in the second sice there clid not appear
to be aoy P. tceirii -.tctivity and no tree mortality. The understories in both sires consisted
mainly of longJeaved Otegon grape (Betberit ttenostt pursh), v,estern sword fern.
wcrod sorrel (.Oxalis nilliiloliu Hook), and various cryptogams. About 5 cm of litter,
mostly Douglas-fir leeclles and twigs, covered the soil.

Each site was sampled at three locations (plots) in November and May. rJTe ran a
transect across each location and colleced a soil subsarnple using a 2 cm soil auger
from 12 posirions spaced at ) m inrervals across rhe rlansecr ar each of the thtee plots.
The t*'elve samples, from rhe surface of mineral soil to 2j cm depth. ,r,"r. .n-Lin".l
and rnixed to give a composite sample uf about 1000 g soil ,plor. TLre oil rvas siftcd
through a 2 mm screen ancl the moisrure conrenr was derermined by drying ar 60,, C
until a constaor rveight rvas reachecl. Soil rvas analyzed by the Soil Testing Laboratory,
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Oregon State University (Table 1). Organic matter was determined by rhe S0alkley-
Black method (Alexandet 1977)l nitrogen by Kjeldahl Method (Isizawa and Araragi
1976); extractable K, Mg, aod Ca were determined by atomic absorption spectrophoto-
metric teclrniques; available phosphorus was determined by the sodium bicarbonate
extraction technique (\(atanabe and Olsen 1965); soil reaction (pH) was measured
from a water saturatiol paste on a pH mftef.

Soil dilutions using 20 gm/soil plor at the following dilutions 1/100, 1/1000,
1/10,000 rvere prepared and 3 replications of 1 ml of each dilution were plated on
sodium albumioate agat (pH 6.8), a selective medium for Streprotnlces and non-
filamentous oi true bacteria (Johnsoo et al. 1965). Colooies were counted after incuba-
tion at 28o C for eight days. Cdooies of rrue bacteria and SrrcI)tomJce[ were counted
under asceptic conditions and colonies ol StreptomJtcer isolated onto selective media.
Individual colonies of true baceria were distinguishable frcm Strcptornycer by colony
characteristics as observed under 10 aod 100 X magoification. Hyphat tips from individ-
ual Srrcptolttlcer colonies were rraosferred to rubes containing sodium albumioate
agar, and incubated for two weeks at 28' C. Each Strefromycet isolate growint in pLlre
culture was assessed for antagonism against P. ueirii by lr'ing the cross-inoculation
assay method of Johnson a.nd Carl (1972). StreptonyaeJ isolates in pure culrure Iere
transferred to a buffered malt-yeast-peptone agar plare (Hutchins 1980) opposire a
culture of P. ueirii. The buffered malt-yeast-peprone (B-MYP) medium facilitated
good growth of Eoth Streptonyc,es and P, weirii while the pH remained unchanged.
Plates rvere inc-ubated at 26' C in the dark for two weeks and inspeced for a clear zone
aronna dte Strcptolrlcer colony, indicative of antibiosis. Approximately 25O Streptomltcer
colonies isolated from each site in May, and again in November, were tested for an-
tagor'rsm to P. ueirii.

The dominant antagonistic Srreptai?tycer colonies isolated were identified to species
by methods described by Shirl iog (1968), Shirl ing and Gotrl ieb (1966, 1968, and
1969), and modified by Kuster (1!76). Color of the aerial mycelium and of the reverse,
color of soluble pigment, melanin production, aod the morphology of sporophores and
spores were noted on pure cultures of the isolated StreptatnyceJ. Carbohydrate urilizarion
and grov'th rares $'ere determined rvith sucrose, D-mannitol, L-arabinose, D-xylose,
D-frucose, rhamnose, i-inositol, and raffinose. Glucose added to B-MYP medium s.as
usecl as the positive cootrol and B,MYP media without carbohydrate as a negarive ccn-
troi. Electton n-ricrographs were used to determine sporophore and spore morphology.
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Differences among total bacterial numbets, number of Streptonycer isojates, and
percentages of an$.gonistic Streptanlcet at each ol the six sites s,ere tested for statistical
significance by one-r-ay analysis of variance (ANOVA).

Resulls and Discussion
1i/e found the least diverse populations of antagonistic Strepta 4ce! on sites with the
least diverse vascular plant communities (Table 2). The antagonistic Streftanyer
isolares from rhe grass cemetery site were dominared by one species which accounred for
96 percent of the isolated Streptanye:-, The Streptom.lcer colonies isolated from the
grass meaclorv site rvere dominated by one species which accounted for 71 percenr of
the roral isolates. In the sites r,,,ith more vascular plant divetsity and heterogeniery, the
alder forest aod the tq'o conifer srands, the antagonistic StreptotrlceJ were composecl
of many co-dominant species. These resulrs parallel those of \ficklow et at. (1,974),
who reported an increase in the number of fungal species in forest srands that hacl a
cornparatively higher number of vascular plant species.

Several authors have suggested that similar vegerarive communities s,ould have
similar microbial populations (Alexander 1977, Kuster 1976, \7este and Vithanage
1978). Strcptanyce.r attoolitaceut, the dominant species io the alder sand dune site,
and S. gelaticas, a co-domioant species from the alder forest sire, have previously been
reported from alder soils (Hutchins and Li 1981). Also, S. lotzgitporu and S. partalus.
the dominant and co-dominant species from the conifer sire, with P. we.i,tii mortality
have beeo isolated from conifer rhizohpheres (Hutchins and Li 1981, Knutson er al.
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1980). SrrepronyceJ lorrg;rponu, however, was also isolated from the grass meadow
site, suggesring rhat some species of StreptonlceJ have a less host-vegetation-specific
distribution. Our fioding of litde species ovedap betrveen communities slrggests that
a specific and definable mictobial community related to dominant vascular plant vege-
tation may exist in each habitat.

Soil factors also influeoce the soil microbial community. Soils high in humus and
rich in nitrogenous materials are reported to have more oon-antibiotic-producing
Streptoitlcer than antibiotic-prodtcing Srreploltrycer (Isizawa and Araragi 1976, Mc-
Gaheo 1951, Thaysen 1950). This was also true in our srudy; the P. ueitii infested
conifer soil with higher levels of C and N had a low percentage of antagonistic Strep'
tornyceJ, while rhe soil from the conifer site without P. ueitii activ|ty, r'ith loq'er C and
N, had a high percentage of antagooists (Tables i arrd 2). The grass meadow site,
however, rvith the highesr C and N content, and a C/N latio of 12.8, had an intermediate
percenmge of antagonistic Stteptortlce.t species. $(hether high levels of nitrogen influ-
ence the number of antibiotic producing Srreprolvlcer is problematic at best since
increasing levels of oitrogen have not slowed the spread ol Pbelliw: ueirii h soil
(Wallis aod Reynokls 197,i). In addition, artibiosis could be influenced by other soil
characteristics or ro aspects of general soil microbial populations.

Fifty'seven antagonistic Srreprottlces isolates wete recovered from soil taken flom
the uninfested Douglas-fir stand where no P. weirii activity was evident. In rhe P, *-eirii
infestecl site, only 28 antagonist:\c Streptamycer isolates u'ere recovered. Thcse results
suggesr a possible relationship betq'een a more species diverse antibiotic Sbeplomycet
populations and the absence of the parhogen. Veste ancl Vithanage (1978) reported
that Pbytopbthora cinnhnoDi Raods, a true soil borne pathogen, is most abuodana
where competitive micrx)rganisms are few. A teduction io actioomycetes io the diseased
rhizosphere probably means a ieduction io antibiosis ( ri(este and Vinghange 1978).
Our results suggest possible suppressioo of P. rueirii in the soils by endigenous Jrrep-
totuJtce! specres.

The highest number of total bacterial was found in the grass cemetery aod grass-
land rneadow sites (Table l). The alder sand duoe site, on the most nutririonally de-
ficient soil, supported the lowest population of tue bacteria atcl Streftonycet. Althtngh
rhele $'as no significant diffetence between the numbers of tot.l bacteria at the two
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cooifer sites, rhere was a significantly lower number ol Streftottrycet colooies in the
soil from the P. ueirii i ested stand than in soil samples from the apparently uninfested
srand (Table 3).

The areas n'e sampied are fundamentally different frorn ooe anorher and we q,ere
able to obser.r'e significantly different levels of antagonism against p. u)Liri amoog oor
sites. Assuming rhar antagonism against P. ueirii is an indirect measure of the incidence
ot a general antibiotic-producing Strepta?/tlcet population, \l,e suggesr thar the popula-
tion of antibiotic-prcAncjns Stneptolnycer responds ro tire vascular plant communiry in
general, ancl to the presence of a potential pathogen and hosr in particular. Ho*,ever,
oulw'ork, limited to sites ancl soils of *,estern Otegon, should not be extrapolared to
other regions and to other plant communities. The determination of the absolute
presence or absence of P, raeirii from a site is a prerequisite for future studies on
suppression of P. ueirii by the soil microflora. The development ol p. ueirii selectiye
meclium u'ill enable us to assay the soil for rhis orcanism. \r hen developed, more inrensive
sampling in iofested vs. uninfested stands in this and in other regioos must be done to
determine whecher the dif ferences lo Sttepta/1tJCe: populrt ions and che p.r. . .r t  arrtagon-
ism are related to rhe presence and behavior ol P, tteitii, ancl whether this phenomenon
is general and widespread.
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