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Abstract: Tree nortality caused by root diseases €
constitutes a major drain on Forest productivity €
of m xed-conifer stands. Factors such as changes €
in species conposition, selective harvesting, €
unf avor abl e economic climate, and optim zing of €
short-term benefits have contributed to current €
stand conditions. Conputer sinulation nodels, €
such as the "RRMOD Conputerized Root Disease €
Sinmul ation Model ", are currently available to €
managers to evaluate the effects of stand €
managenent under different silvicultural €
prescriptions. Several managenment strategies are €
avail able to nmanagers to reduce | osses caused by €
Annosus root disease. €

Tree nortality caused by root diseases €
constitutes a major drain on forest productivity €
of "east side" mixed-conifer forests in the €
western United States. M xed-conifer stands tend €
to be nost seriously affected. Documented | osses €
averagi ng as high as 45 percent for 98 randomy €
sel ected stands have been noted (Schmitt and €
ot hers 1984). Nunerous individual stand surveys €
show that nortality of 10 percent-80 percent of €
the trees with 10 percent-60 percent basal area €
reduction is common (Goheen and Hagle 1988). In €
one specific survey of a 2,500-acre (1012 €
hectare) m xed-conifer stand on the Sisters €
Ranger District, Deschutes National Forest, 19.0 €
percent of all trees over 5 inches (12.8 €
centimeters) dianeter breast height (DBH €
representing 21.8 percent of the nmerchantable €
board foot volume were found to have been killed €
by root disease during the previous 20 years €
(Filip 1980). €

On east side forests, three fungal pathogens €

generally are responsible for nobst |osses due to €
root diseases. These pathogens are Arnmillaria€
ostoyae, Phellinus weirii, and Heterobasidi on€
annosum €

In recent years, nore attention has been €
focused on the role and effect of root disease in €
tree stands. Increased public use of national €
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forests along with increased awareness of €
forest managers have resulted in a perception of €
declining forest tree health. €

The root disease problens now being faced €
are probably a direct consequence of past €
managenent or utilization activities. €

First, a general change in species €
conposi tion has occurred in east side €
m xed-conifer forests in the last 75 years. €
Sites that were once park-like in appearance and €
donmi nat ed by ponderosa pine or western larch are €
now stocked with nore shade-tolerant clinmx €
species, primarily the true firs or Douglas-fir. €
This change is largely due to fire exclusion in €
these stands (Arno 1980; Guell and others 1982). €

Second, many forest stands have been €
subjected to past selection harvesting, often €
with repeated entries over the sane ground. €
Frequently, only high-value, large trees, mainly €
ponderosa pine or western |larch, were renpved €
during these entries. Not only did selective €
harvesting renove the nore root disease-resistant €
species of a stand, but partial-cutting harvest €
techni ques often left numerous infection sites in €
the form of damaged residual trees and freshly €
cut stunps. Stand conpositions were altered in €
ways that steadily increased the proportion of €
hi ghly susceptible tree species left in the €
stand. €

Third, there has |ong been an unfavorable €
econom c climate for the harvest and €
manuf acturi ng use of some species. Many forest €
operators sinply found it uneconom cal to renmpbve €
| arge volunes of white fir or grand fir €

mat erial. Consequently, |arge acreages of €
hi ghly susceptible species were left on site. €

Finally, the long-term consequences of €
managenent activities often have not been well €
t hought - out or considered. Sone forest nanagers €
and public groups are too willing to optimze €
short-term benefits while foregoing long-term#€
interests. Overriding concerns about short-term€
benefits may prove detrinental by causing forest €
nmanagers to give too little weight to significant €
| ong-term consequences. Failure to address root €
rot problems in areas such as National Forest €
full retention visual managenent allocations is a €
good case in point. €

MANAGEMENT CONSI DERATI ON - SI LVI CULTURAL €
OPPORTUNI TI ES €

Root di sease nanagenent is basically an €
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ecol ogi cal and social issue. Direct control €
neasures are not effective in the managenent of €
forest tree root diseases because the long-term€
problemis not resol ved. However, resolution of €
the root disease problens can be achieved €
silviculturally. Silvicultural control of root €
di sease requires sone degree of know edge of root €
di sease organi sns, how di seases respond to €
managenent activities, long- and short-term€
consequences of decisions, and silvicultural €
techniques. Silvicultural control of root €

di sease requires reversing past managenent €
patterns, primarily by manipul ating tree species €
conposition to devel op stands | ess favorable for €
root pathogens (CGoheen and Hagle 1988). €

Know edge of Root Di seases€

Many forest nmanagers are grossly unprepared €
to deal with root disease problenms. Some €
foresters working in the field today graduated €
fromaccredited schools w thout any fornal class €
work in forest pathology. Fortunately, people €
can gain skills on the job. Leaflets, brochures, €
studi es, proceedings, papers, and nunerous other €
reference materials are available. Mst state, €
private, or federal forest managers have access €
to trained forest pathologists to assist with €
di sease probl enms. Recent technol ogi cal advances €
have provi ded access to conputers and prograns, €
i ncl udi ng devel opnent of sinulation nbdels. €

The RRMOD Conputerized Root Disease Simulation €
Model €

One such nodel available in Region Six is €
the root disease nodel known as "RRMOD'. The root €
di sease nodel is linked to several versions of €
the prognosis stand nodel and is designed to€
work with existing forest inventories. Wile the €
model was devel oped primarily for the pathogenic €
fungal species of Armillaria and Phellinus, €
managers are able to generate reasonable "stand €
responses" to H annosum by mani pul ati ng sone of €
the nodel's conponent interactions. €

The nodel can be used to evaluate the €
effects of stand nmanagenent under different €
silvicultural prescriptions with varying levels €
of infection by fungal root pathogen (fig. 1). €

The nodel can also be used to track the €
effects of stand managenent decisions for €
|l ong-termplanning (fig. 2). €

The basic conponents of the nodel include €
rel ative susceptibilities of trees to infection, €
resi stance of trees to death resulting fromroot €
pat hogen attack, disease-related growth €
reduction, decay of infected root systens, and €
the life span of root disease pathogens. Because €
trees weakened by root disease are subject to €
attack by bark beetles and w ndthrow, the nodel €
al so sinmul ates the inmpact of those agents (Eav €
and Marsden 1988). €
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Silvicultural Techni ques €

Many managenent alternatives are available €
to land managers to minimze tinber |losses in €
m xed-coni fer stands growing on sites affected €
with annosus root disease. Fortunately, a €
treatnment nmethod that works for one particular €
pat hogen will often work for other pathogens as €
well. €

Several managenment strategies to reduce €
| osses caused by annosus root disease are €
avail able. All managenent strategi es consider €
the followi ng reconmendati ons: €

1. Manage stands in short rotations, generally €
| ess than 120 years. €

2. M ni mi ze woundi ng of trees during thinning or
harvest operations. €

3. Retain or favor nore di sease resistant €
speci es such as ponderosa pine, |odgepole €

€

pine, western larch, and western white pine. €

4, Ponder osa pi ne has not been seriously €

affected by H annosumin Oregon except in a €

few | ocations. Special nmeasures to prevent €
damage are needed only in stands w thin one €
mle of severely infected stands. Borax €
treatment of pine stunps will prevent €
infection (Hadfield and others 1986). €

5. True firs should not be regenerated on sites €

infested with large amounts of well €

distributed i noculumof H annosum (Hadfield €

and others 1986). €

Sone case exanples of silvicultural €
prescriptions directed toward mnimzing root €
di sease | osses are: €

1. Cl earcut Harvest System €

a Cl earcut harvesting elimnates highly €
susceptible tree species on the site. €

b. Regeneration of harvested sites with €
seral species such as ponderosa pine, €
| odgepol e pine, or western larch. €

2. Shel terwood Harvest System €

a. Di scrimnate against true firs with €
speci al sel ection of |ow disease-risk €
trees of nore resistant species to serve
as |l eave trees. €

b. Site preparation activities should €
di scrimnate against true fir advanced €
reproduction. €

C. A maj or objective should be to €
regenerate the site with seral species. €

3. Selection Harvest (Full Retention Visual €
oj ective) €

a. Smal | patch clearcut around every €
identified infected tree, using 50-ft. €
(15.2 meters) radius frominfected tree
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Fi gure 1--Conparison of total tinber yield

mer chant abl e board feet) in Stand 216 over two
rotation periods (240 years). Stand was nodel ed under€
5 different silvicultural prescriptions, each€
exhibiting 5 different initial annosus

infection levels.€

Fi gure 2--Annosus infection center devel opnent€
over time under different silvicultural
prescriptions. Initial infection level is 5€
percent (scale 0-80 percent). HCC, HSL, HTH, and€
NONE represent prescriptions of clearcut,

sel ection, thinning, and no treatment,
respectively. €
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b. Plant small clearcut with resistant tree € Eav, Bov B.; Marsden, M chael A 1988. Pest €

speci es such as ponderosa pine or € nodel s for the inland nmountain west. In: €
western larch. € Proceedi ngs, Future Forests of the Mountain €
West: A Stand Cul ture Synposiuny 1986 €
4. Sel ection Harvest, M xed-Conifer Stands € Sept. 29-Cct. 3; Mssoula, MI: GCeneral €
Techni cal Report | NT-243. COgden, UT: €
a. Sel ecti on harvest (such as commercial € Intermountain Research Station, U S €
thi nning or uneven-aged managenent) of € Departnent of Agriculture, Forest Service; €
stands with root diseases present is not € 140-144. €
an attractive alternative. Infection € Filip, Gegory M 1980. Tinber loss due to root €
level s as |ow as 2 percent can cause € di sease in the Wagon Sale Area, Sisters €
appreci able long-termyield | osses. € Ranger District, Deschutes National Forest, €
Vol une yield on one nodeled stand with 5 € Oregon. Forest Insect and Di sease €
percent initial H annosumwas only 66 € Managenent, Pacific Northwest Region; US. €
percent of that obtained fromthe sane € Departnent of Agriculture, Forest Service; 30 €
stand by using a clearcut harvest system € P. €
(table 1). € Goheen, Donald J.; Hagle, Susan K 1988. Root €

di sease response to stand culture. In: €
Proceedi ngs, Future Forests of the Mountain €

CONCLUSI ONS € West: A Stand Culture Synposiunm 1986 Sept. €
20-Cct. 3; Mssoula, MI: General Technical €
The nixed-conifer stands of the western € Report |NT-243. Ogden, UT: U.S. Departnent €
United States have been heavily inpacted by root € of Agriculture, Forest Service, Internmountain €
di seases. Current |evels of root disease are € Research Station; 303309. €
related largely to fire exclusion, selective € Guell, G E; Schnidt, W C.: Arno, S. F.; €
cutting, unecononical forest practices, and € Reich, W J. 1982, Seventy years of €
optimzing short-termbenefits. € vegetative change in a managed ponderosa pine €
forest in western Montana - Inplications for €
Silvicultural control of root disease can be € resource managenent. General Technical €
acconpl i shed. Control nust be considered both a € Report |NT-130. Ogden, UT: Internountain €
soci al and ecol ogi cal issue. Managers nust be € Forest and Range Experiment Station, U S. €
know edgeabl e about root disease biology, and the € Department of Agriculture, Forest Service; 42 €
various publics nmust be willing to consider the € pP. €
| ong-term consequences of decisions. € Hadfield, James S.: Goheen, Donald J.:; €
o ) Filip, Gegory M; Schmtt, Craig L.; €
Silvicultural techniques such as € Harvey, Robert D. 1986. Root diseases in €
clearcutting, shelterwoods, or selection harvest € Oregon and Washi ngton conifers. Portland, €
are available to reduce root disease |osses. € OR: Pacific Northwest Region, Forest Pest €
Maj or enphasi s shoul d be given to minimzing € Managenent, U.S. Departnment of Agriculture, €
woundi ng in stands, to reducing true fir € Forest Service; 27 p. €
conponents within stands, and to regenerating € Schnmitt, C. L.: Goheen, D.L.;: Mchaels, E: €
sites with resistant species such as ponderosa € Frankel, S.J. 1984. Effects of nanagenent €
activities and dom nant species type on €
REFERENCES € pest-caused nortality losses in true fir on €
the Frermont and Cchoco National Forests. €
Arno, S.F. 1980. Forest fire history in the € Portland, OR: Pacific Northwest Region, €
northern Rockies. Journal of Forestry. 78(8): € State and Private Forestry, U S. Departnent €
460- 465. € of Agriculture, Forest Service; 34 p. €

Table 1--Total tinmber yield in Stand 216 (m xed-conifer €
stand, Sisters Ranger District, Deschutes National Forest) €
two rotations (240 years). €

Total timber yield from stand
exhibiting infection levels of:

Harvest
Treatment 0 pct 2 pct 5 pct 10 pct 20 pct
Clearcut 74,089 77,816 77,223 75,423 75,890

Uneven-aged 73,643 65,012 56,704 58,059 54,986
Thinning 88,425 48,109 50,643 43,171 43,009
Shelterwood 73,670 71,865 71,745 73,002 66,380

No Silv.
Treatment 78,009 41,378 38,557 39,853 34,831
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