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Abstract
Thi \stL|d}e!aluatedlhei1ucnc.ol .prcscr ibcdburning.soi1depth.antago] l is t ic fungi( l . l . l1od.rndldr . ik j I , jRi1 l i ) . ! l1dl in1c
since burning on the \iabilir) of lhc rool pallogcr\,\n]till iu on.rue (Romagnesi) Hefink ir \iood pieces buried in the soil of a
mixed-con ifef fin e\t in Dolhernem Oregon. Rcd aldcr (,4 ru r rrD? .r U o ng) stem seg ments colon ized $'ith .4. oir^ d., were buried
at n\o soil depths in plors thal $'ere burned and nor burl1ed. Half ol fic 1'7rilLr'i.r segnrents were buried i'ith segments of /:
lr.rr.i.r,r&,r. Prescribed burning in the frll \igDificantly reduced $e irco!cr) of,.1. orr.)_wrimmediarel,,'- after dre bufn at a soil
dcplh of E cm but not ar a soil depth of l0 clll. Adding L,r:tirrl{r1 iroculum lo thc soil did not appear to reduce,'1. ,ir. rr?
rjco!.r,,- immcdiatel] afrer rhe firc. bur effects .rppeafed .rfier se!er.rl nonlhs. Djllcrcnccs may nlso he due to lhe timing (lall or
spring) of the prescrrbed burns. The effects of fire either natur.rl or prcscribcd on parhogcnic and saproph!tic tungi mal greatl,v'.
i n l l ucnce inttcrion s of $,ood) roors. su bsequent diser se occLrrrcncc. a. d pallcm s of tree mortalilt.
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Introduction

Fire has been a component of the natural envi-
ronment fbr 350 mill ion years (Agee 1993). In
the upper elevrtion. mixcd-coniler forests of noth
eastern Oregon. fire return intervals have listori
cally ranged between;1(1150 )ears (Mutch et al.
1993). Because ofthese fire pattcrns. stancls had
a dominant oventory of ponderosr pine (Pi,rr.!
ponderosa Dougl. ex Laws.) with scattered large-
diameter western larch (.ktft o.tidentelis Nutt.').
Douglas-fir ( P se udot.t u gd ne n:.i e s ii var. g kutc u
(Beissn.) Francir), and grand fir (Abies gntntl is
(Dougl. ex D.Don) Lindl.). Large diameter trees
were comrnon, and insect trnd pathogen popula
tions remained at endemic levels due to low stand
densitics and Lhe mixed species stalds.

Fire exclusion and selective harvcsting ofpine
and larch that began at the turn of this century
hale resulted in an unprecedented rbundance of
grand lir and Douglas-fir in many arers in thc
intcrior West (Filip 199,1). Mofialitl' from root
disease and othcr pcsts is much greater in stands
u,ith more true firs (Fil ip and Goheen I 98.1. Fil ip
et al. 1996). As a result, these stands are over-
sbcked with diseased. suppressed. or dead grand
tir. Douglas-lir. and ponderosa pine.

Prescribed buming is increasingly used through
out northeastern Oregon in an attenpt to retum
fire to its natuml role in the ecos)-st{)m. Only a
t'ew studies. however, have directly linked tire in
the Pacific NorLhwcsl to the changes in the inci-
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de nce or severity of root pathogens (Thies 1990).
Understanding the eifect of prescribed buming
on root disease will help to elucidate the rela-
tionship betrveen fire and root diseas..

Several specics ofthe fungusAzrillarla cause
a serious root disease in host plants (Sha\l and
Kile 1991). Until the late 1970s it was assumed
that Amillaria root disease was caused by a singie
polymolphic species, A. rirel/ea (Vahl. ex Fr.)
Kummer. Several spccics within lhe genus are
now recognized (Kile et al. 1993). In North
America, nine species have been detincd; A.
o.rt.rl.r.r is the most pathogenic species 1br coni-
fers (Gregory et al. 1991). In the nixed conifer
f, 'rertr oI noflhea.tcrr Otccon. A. urt.rl.. ir iscotn-
mon and rvidely distributed (Schmitt et al. 1991 ).
Schmitt found that grand fir had thc highesL inci-
dencc of damage from several species of root
pathogens, that ponderosa pine was damaged more
by A. o.rlold" lhan othel root pathogens, and that
Douglas-fir was damaged by root patho-qens in
mo\ l  \ rn rp lc  \ r r r r r  rnd  p l rn l  r \ .oc ia l ion5 .

Arnil lariu ostoyee is a saprophytic and weak
p: r ru r i r i c  l ' unpu.  th i r l  r i rn  hcc , 'mc cn  cgerc . : i rc
tree-killing pathogen (Wargo and Shaw 198-5. Shaw
, n d  K i l e  l 9 q l t .  A n n i l l t n t  r r . ' i , r ' i r ,  c a n . u r r i v c
in stumps and dead roots for at least 50 years as
mycelia or r hizonrorphs; they can intect adjacent
living trees via mycelium across root gralts and
contacts orthrough rhizomolphs. The black. shoc-
strirg-l ike rhizomorph is an inrportant inf'cclivc
structure that allows the fungus to colonizc largc
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eas. The lungus attacks, colonizes, and kil is
apparently healthy trees of a1l ages, oftcn creat
ing canopy gaps or patches. It has proven diffi-
cult to eradicate the fungus tiom an infected site.
At nany sites. stump and root colonization has
led to a substantial increase in the inoculum in
the soil which contributes to the increased sever-
ity ofroot disease (FiJip and Goheen 198,1,Wargo
and Shaw 1985, Shaw and Kile 1991).

Biological control of Azrllladc spp., although
promising 17? rllr., has been unsuccesslul for the
most part ir? sirri. Species of Ti<:lntlerma Ne
reported to be the principal invaders of wood
colonized by Phellinus w,elrii (Murr.) Gilb., the
cause of laminated root rot (Nelson 1982, Goldtarb
et a]. 1989). Yang and Hood (1992) reporred thar
a spectes of Trichodeizra was markedly antago-
nistic toward A. not'qe-:elandiae (Stevenson)
Herink. andA. linronca (Stcvenson) Boesewinkel
on freshlv cut mdiatapir.e (Pinus radidaD.Der.)
segments as compared to its interaction with eight
other common saprophytic fungi. Munnecke et
al. (1981) showed that Ttichodermu spp. werc
responsible firr the death of Arrilldrid mycelia on
citrus trees afterArillllarla had been'stressed" by
fumigation with carbon disuLfide in Califomia. Filip
and Roth (1977) found a signiticant increase in
Tr[chodenna spp . in ponderosa pine stumps treated
with methyl bromide or vorlex as compared to un-
treated sturrps in central Washington

Biological conlrol of Annil ldria is dit l icult
because effective populations of antagonistic tungi
are not sustainable under normal field conditions.
Because prescribed fire treatments can influence
antagonistic soil microorganisms (Margaris I 977.
Parmeter 1977). judicious use of f ire may indi-
rectly help minimize Annillaria root disease. In
central Oregon, Reaves et al. (198,1) found that
ash leachates from prescribed burns in ponderosa
pine lbrests reduced the growth of .4. ostolae in
cultures. Isolates ol Triclntlerna spp. obtained
fion bumed soils were more antagonistic to A.
osto\ae t\ culture than isolates from unburned
soils (Reaves et al. 1990).

The purpose of our study was to determine
whethel prescribed burning reduces the viability
of,4. osLrla? in wood segments buried in a mixed-
conifer forest soil. We were specifically inter-
ested in tbur issues: (l) whether there is a sig-
niticant difference in thc viability of A. ostolae
lnoculum segments between bumed andunbumed
treatmentsl (2) whether the treatment difference
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is associated with the depth of buried segments
(8 cm vs. 30 cm); (3) whether the trearmenr dif-
ference is associated with the prescnce of
Trichoderma harzinrLi,rz; and (,1) whetherthe treat-
ment difference is associated with tine since the
prescribed burning treatment (over a year).

Methods

Research Site

The study was conducted in the Genesis Demon-
stration Area (T12S, R34E, Sec. 23: Tl3S, R3,1E.
Sec. I ) in the Prairie City Ranger District, Malheur
National Forest of Oregon. Four plant associa-
tions occur in the research area: Abies grandis/
Col anng t ostis rulrcsce n s. A. g randis/Curex get e ri,
A. grandis/Vaccinium menbranaceun- atrd A.
gnmdis/V. scoparium (Johnson and Hall 1990).
Stands in the study arcacontained dying and dead
gland fir and Douglas-fir due to an outbrcak of
$  e . te rn  \p ruce  buJ \  o rm \ .C l to r is t t ,  auro
occidentalis Freeman) from 1980 to 1992.

Stands in the research are;r were pafi of a tim-
ber sale during the late 1970s and early 1980s.
The most recent sales included regeneration har-
vests in mixed-conifer stands. overstory remov-
als, and precommercial thinnings in ponderosa
pine and lir stands. Han'esting, which began in
1978. fell victim to the timber buy-back program
of the early 1980s and was not completed until
1991 after t imber resale in 1987.

Three units in the study area were selected
because of their prescribed fire treatment pdor-
ity. Units A and B were selectively haryested in
order to reduce excess stand density and favor
ponderosa pine and westem liuch. Unit H was
clearcut. Prescribed fire was planned in all three
units in orderto reduce fuel loads and create plant-
ing spots.

Funga Inocu at on

Because ofthe uneven distribution of Armillar.ia
root disease in the study area, an isolate of
Annillaria ostoyae from nofiheastern Oregon was
used to artificiaily inoculate the treatment blocks.
Trithodenna spp. were isolated fiom the soil at
the research sites. A preliminary laboratory test
was pertbrmed in order to screen for the
Trichoderma isolate that was the most antago
nstlc to 4. ostoyde. ar isolate of Z hdrziqnutn.
was used as the inoculum.



Red aJder (A/nas ruirru Bong.) stem segments
were obtained in the Oregon Coast Mountains.
Segnents were approximately 12 cm x 2.5 cm
t u ith balk r and rr ere.oaLrrl or emrght in up ulter:
,1-6 rvere placed vertically into glass jars. Jars
wcre 1/,1filled with water and autoclaved at 120"C
for one hour. The segments were cooled over-
night and inoculated with A. .,r/ol.re grown on
37. malt agar. Jars were incubated in the dark at
(l8 24'C) for 3 months until the segments were
well colonized by A. o.rlo)?e. Trichoderma-
har:iununrtr.ocllum segnents were similarly
prepared lrom autoclaved red aldgr stem segments,
but were incubatcd fbr onc month.

Exper rnental Design and Plot Estairl shment

Two bkrcks each were randomly established in
units A, B. and H in the study area: blocks I and
2 in unit A, blocks 3 and 4 in unit B, and blocks 5
and 6 in unit H. Each block was designed with a
split-plot contlguratjon. The use of prescribed
buming was the whole-plot factor, and soil depth
and presence of lrlal?odel.rx4 $ere the sub-plots
factors. Each l2 m x 24 m sub-block (burned or
unburned) contained lburplots (Figure l). Treat-
ments rlere randomly assigned to the plots. Fif
teen red aldcr stcm segmcnts colonized with
Armilldrio wercburied in each plot befbre burn-
ing; five scgmcnts rvcrc buricd for cach of thrce
sampling times (1 day, I month. and 2 months
after buming). ATricfutdennu inoculum segment
was buried adjacent to and touching anArzrillarla-
inoculum segment where indicated (AT). An iroll
stake was placed at each corner and at the center
of each plot. The position ofeach inoculum seg
ment was measured lrom the closest iron stake
rnd recorded on  a  map lb r  lu tu re .ampl ing .

The configuration was a 2r factorial design; the
featments were burned or unburned. 8 or 30 cm
soil depth. and presen ce or absence of Trichodetmu
inoculum. A1l segments were randomly assigned
to each treatment and buried between August and
September 1993. Before the prescdbed fue ffeat-
ment. woody debris was evenly scattered over each
plot so that buming \\"as unifbrm.

Prescr bed Burning

Unfbrtunately. local weather and the availability
of personnel at the Prairie City Ranger District
aftecred our ability to field bum. Instead of burning
all six blocks in the fall of 1993 as planned. the

fire treatment occurred at three ditt'erent times
over two vears.

Blocks 5 and 6 in H unit were bumed for an
hour on 27 October 1993 (Figure 2). The woody
debris and litter layer on both blocks u'as barely
consumed; soils were moist to the touch. On 3l
October 1993, the bumed plot of block 6 was
rebumed for four hours: the first sampling of seg-
ments occuned the nexl day, the second sampling
occuned in June 1994, and the drird inAugust 199,1.

Block 3 in unit B and block 5 in unit H were
bumed on 8 June 1994, nine months after inocu-
lation. The fire which lasted one hour and rvas
extinguished with water, completely consumed
the u,oody debris and litter layer (Figure 3). We
began sampling the next day, sampled a second
time in July, and a third time in August.

Blocks l, 2, and 4 in unitsA and B were bumed
on 27 October 199,1. one year after inoculation.
The lre lastedone hour andcompletely consumed
the woody debris and litter layer. Water was used
on all plots to extinguish the fire. Sampling fbr
Blocks 1, 2. trnd 4 was done only on the day after
the bum. Thesc 3 blocks received the same treat-
ment, so data could be statistically analyzed.

nocu um Recovery

Following each prescdbed tire treatment, five
segments from each treatment were randomly
selected in order to test the viability ofA. .r.rLr).re
at each sampling time. Segments were excavated
individually, bagged in separate paper bags for
each treatment. and stored at l-2"C until the)' werc
processed in the laboratory We aftempted to isolate
the lungi by splitting each segment aseptically
and plating five wood chips (l x 1 x 1 mn) onto
a selective medium for Armillaria (.21c malt agar
with 1.5 ppm each of prochloraz, benomyl. and
thiabendazole; 30 ppm rose bengal; and 100 ppm
streptomycin sulfate; Goldfarb et al. 1989). Thc
fecovery rate ofA. .rr'Lr).]e was scored from 0-5
based on the number of isolates recovered from
that segment. The number ofA. o,rto),ae isolates
recovered was converted to 0-1007r scale.
Trerlment meln{ \ ere lhe u\ erage ol the | 5 rcg
ments in that treatment.

Statistica Ana ysis

Percent recovery ofA. .r.rt.r_I.re was tabulated by
buming treatment, soil depth, and prcsence of
Trichodermq. Data liom blocks l, 2, and,l were
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exarrined by using analysis of variance for I 2l
tactorial wifi an F test (P<0.05; SAS Insriture,
Inc. 199:l). We explored the main and intcractive
effects of prescribed burning, depth of inoculum.
and the presence of Trichodetmu on the pcrcent-
Jee reco \er )  r r f  A .  o r lu ! , r i  .  Comnar i \ons  \ \e r (
made bet$'een all combinations of treatments.

Results

There were no significant differences among bktcks
1. 2. and ,1 (P = 0.9.1) in the percentage reco\,en/

Study area

Fungi colonizing red alder segments

A Armillaria

AT Armi aria and Trichoderma

Soil depth

I  a c m
ffi socm

Unburned

Figure I  Dirgfam of lhc plot  conf igufat ions and rrndomized t reatmcnt rppl icr t ions $i rh i i  e. rch block.  Rcd alder \egnen!s.
coloniTed by A,Trilldri.r (A) werc buried li or l0 rm undcr lhe soil suiface (soil depth). ln lomc cises. a \egrncnl
colonized bt t,nill.r-r.r and x segmcnl colo zed b) 7i({r,l,rrr.7 $efe buried logclhcr (AT). The plots in \!hich rhese
segments $ere buricd $ere \ubsequenll! subjected ro prescribcd bufning rrear,nent\.

l:lt) Filip and Yang-Erve

ol Armillarfu immediately afier the prescribed bum
in October 199,1. The efttct of prescribed burn-
rng on Armilktria viabil ity was signiticant (P =
0.0138: Table 1). The interaction between the
prescribed burn and soil depth on Amlllarla vi-
abil ity was also signil icant (P = 0.0138). The 3-
u'ay interaction ofprescribed burning, soil depth.
and the presence of Trichoderma (P = 0.3003),
the interaction between prescribed buming and
the presence of Trichodetmu (P = 0.4313). and

Unit B

Sub-block



Figure l. ficld crcw\ igniting debris near plor\ used to delermine ellecls onArri//.r/i r viabilii!.

FiCure 3. lipical tlot after bufning and prior lo sanpling for /1/,,;/1.rfid viability.
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the interaction between soil depth and the prcs,
ence of Trichoderma (P = 0.9193) did not sig-
nificantly affect the via.bllity of Arnillaria.

Prescr ibed Burn ng and So Depth

The recovery ofA r,'nll/arla decreased significurtly
from 36 to 5clr at soil depths of 8 cm in burned
plots but remained unchanged at soil depths of
30 cn (Table 2). The recovery ofArizillaria \ias
Iowest in the burned and highest in the unburned
treatments at a soil depth of 8 cm. The mean
recovery of Anzlllurid at the 8 cm depth with
prescribed burning was 5o/c which is not statrsti
cally dift'erent than 07c recovery (P = 0.,13); thus
Armillaria at a soil dep$ of 8 cm had virtually
no viability alier the prescribed burning). The
mean recovery of Armillaria in unburned pluts
was 367a at 8 cnr and 19% at 30 cm; however.
depth itself did not hale a signilicant effect on
the percentage recovery ofAnzlllarla in unbumed
plots (P = 0.8059: Table l).

Season of Burnlng

Block 6 in Unit H was bumed in the fall 1993
and sampled three times: fall 1993. spring 1994,
and lall 1994. Because this was the only block
effectively treatedin fall 1993. there was no statisti-
cal analysis. In piots teated with prescribed bum-
ing, the fecovery ol Atmillaria appeared to re-
main the same at the 30 cm soil depth regardlcss
of the time of sampling; however, recovery de
creased at the 8 cm depth at the second sampling.
In unbumed plots. the recovery ol Arnillqria at

TABLE L Resuks of an an.rlrsis of variance of thc cllecrs
of prescribcdbuming (Burn). soil depth. andpres,
ence of Trichoderna l l ri.rr) on lhe liabilit! of
Alnillari.r inoculurrr.

'I'ABLE 
2. The percenlagc rcco\ery of ,,1r,ril/.r rid orro',as,

in nofihersrerrr Oregon. at two \oil deprhs and at
humcd aDd unbufned sites.

Soi l  depth (cm) Meani

Burned

Burncd

Unbunred

Unburned

IJ

30

-t0

5 (0.23)a: 0.29
19 (0.95)ab 0.29

36 (1. i13)b 0.29
19 (0.95)ab O.29

LNDF = numcrator degrees offreedonr: DDF = denoninaror
degrees of iieedonr Type UI F = Tvpc lll F+aluer and PD F
= probabilil) greater than F valuc.
:Bolded \alues arc signilicant.
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McaN.rre the percentagc and actual number (in parenrhe-
ses) oi vi.rble isolalions of A. orroj,./, our of a loul of file
attempts liom each of l5 scgnents pef tfeatmenr.
I  Nleans fo l lo!1cd by a di f fefent  lcr tcr  xre s igni f icant ly
(P<0-05) difiercnr according to A\OVA (SAS Instirure. tnc.
i99.1).

a depth of 8 cm was higher than at 30 cm at the
second and third samplings.

Following the buming treatment, the recov-
ery of Armillttria appeared to decrease with tine
in thc presence of frichodetma but increased in
the absencc of Trichodenna. Without the burn-
ing treatment, recor,ery of Armillaric increased
at the second sampling. then decreased at the third
sanrpling, especially in the presence of
Trit:hoderna.

Block 3 in Unit B *as burned in spling 1994
and sampled three tirnes: June, July. andAugust
1994. Block 5 in Unit H was also burned in the
spdng. but the unbumed plot was accidently de-
stroyed. The spring burn seemed to have no ef-
fect on the recovery ofAnnillarlc during the sam-
pling period. At the second and third sampling,
Armillariq recovery in burned plots at the 8 cm
depth was higher than lecovery at 30 cm. The
presence or absence of Tricltoderma appeared. to
have little affect on Armil[ario recovery.

Discussion and Conclusions

There was a significant re<luction in Arnilluia
recovery immediately following a lall bum. The
recor ery of Arnillaria was lowest (57r) in bumed
plots and highest (367o) in unburned plots in seg
ments at a soil depthof 8cm. The results of this
field study suggest that the heat from the Ure was
able to kill a high proportion ol ArmilLaria at a
soil depth of 8 cm but not at 30 cm. Thc facr that
most segments were scorched by the fire in all
three blocks fufther supported the conclusion that
the reduction in Arn illario. rccovety was caused
by heat. Hood and SaDdberg ( I 989) reported thar

NDFL DDF Tlpc III F Pr > F l

Bufll I

Soil depih I

Trxh l

Burn x Deprh I

Burn x Z.ir{ I

Depth x ?ri., I

Bum r Depth x Tiirlr l

t'1
L+

1,1

1.9)

0.06

0.l . l

L 9 2

0.66

0 .01

I  l 6

0.0138

0.8059

0 .7181

0.0138

0 . ,1313

0 .9 r91
ti.3003



there was ahighly significant reduction iD the yield
fiom isolates ofrhizomorphs. although no signifi
cant change in rhizomorph f'requency. after felling
and buming of torest vegetation in New Zealand.

Trichodenna hurzidnun can kill Arnillaria
mycelium in agar media in laboratory tests. The
shift in the microbial balance from ash leachates
in forest soils (Reaves et al. 1990) that favoru the
antagonist Trichodenna following a prescribed
fire is a rather slow process comparcd to lab tests.
We did not find a decrease r\ Amillaria with
Trichoderma in samples taken immediately attcr
the tire. although 8-10 months afterthe prescribed
burning we tbund a decrease in Annillaria re-
covery. Additional research is needed in order to
evaluate whether the rcduction in Annillariu rc
covery is short-term. Also, there are large natu-
ral populations of Trlcfudenra spp. in forest soils
that we did not monibr.

Therc was no apparent difterence in the re-
co"-ery of Annillaria between bumed and unbumed
plots afterthe springbuming treatnent. This dillers
from the results afier the fall buming: we tbund a
significant dift'erence between burned and un-
bumed plots at the 8 cn soil depth. More studies
are needed to cstablish the timing and intensity
of fire that are necessary to eftectively reduce
Armillaria recovery.

Prescribed bums should have occurred in all
blocks in fall 1993. Instead, prescribed burning
occurred at three different times over t$,o years.
Use ofprescribed buming on public land involves
a systematic series of decisions. The steps in lhis
process include exarnining the proposed bum unit.
developing prescriptions, obtaining permits and
resources. addressing public concerns. checking
uer ther  anJ  fue l  cond i t ion . .  se lee t ing  ign i t ion
pattems and tools, conducting the buns, and
mopping up after completion.
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