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Abstract-Western larch (Larix occidentalis Nutt.) regenerates 
and grows adequately on a variety of soils and sites. Mineral soil 
and burned-over surfaces are excellent for natural regeneration, 
but organic surfaces also provide adequate seedbeds. Planted 
western larch are aggressive root producers especially in moist 
soils. Best development occurs in soils with high organic matter 
content. Competing vegetation often reduces performance. Site 
preparation can significantly impact growth and development of 
this species. 

Western larch (Larix occidentalis Nutt.) is only one 
of the many larches found throughout the northern hemi­
sphere. Larch species range from the swamp-dwelling 
tamarack (L. laricina [Du Roi] K. Koch) to the high­
elevation alpine larch (L. lyallii Parl.). Each can play an 
important role in its respective forest ecosystem. As our 
knowledge of forest ecosystem functions and landscape 
level interactions and connections increases, the mainte­
nance of all ecosystem components, including western 
larch, becomes increasingly important. In Northwestern 
United States and Southwestern Canada, western larch is 
an aggressive seral species that is unique in its ability to 
rapidly colonize sites, cycle and use nutrients efficiently, 
and resist attack by insects and diseases. In addition, 
western larch is an important commercial species. It has 
a showy fall foliage, and its adaptation to fire makes it 
an integral part of forest ecosystems in broad landscapes 
throughout the Inland Northwest. 

Western larch grows throughout the Northern Rocky 
Mountains reaching its best development in southern 
British Columbia, Canada and in western Montana, 
northern Idaho, and eastern Washington, U.S.A. Some 
isolated populations are also found in eastern and central 
Oregon (Schmidt and Shearer 1990). In the center of its 
distribution, primarily northern Idaho, western larch is 
a major component in floristically rich and productive 
ecosystems. These ecosystems contain some of the most 
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productive sites in the region, in terms of water, scenery, 
wildlife, and commercial products. 

This Inland Empire portion of the western larch range 
coincides with the center of the western white pine (Pinus 
monticola Dougl. ex D. Don) range (Graham 1990a; Haig 
and others 1941). The landscape where both species occur 
is diverse. The topography is steep with elevations rang­
ing from 500 to 1,800 m above sea level (Graham 1990a). 
It is characterized by large river valleys such as the St. Joe, 
Clearwater, Priest, and Coeur d'Alene. Western larch 
grows on all aspects and on soils derived from granite, 
schists, and basalts (Graham 1990a; Schmidt and Shearer 
1990). Often the upper soil layers are loess or ash, impor­
tant components of the soils in many of these ecosystems 
(Page-Dumroese and others 1991). 

The climate of the Inland Empire is influenced by the 
Pacific Ocean to the west and by the continental air mas­
ses to the east. Summer droughts are common. Precipi­
tation ranges from 710 to 1,520 mm, primarily occurring 
in the fall and winter. Average snowfall is 2,620 mm. 

In the Inland Empire portion of the western larch range, 
the species grows in association with several other coni­
fers making the resulting ecosystems diverse. Conifer 
associates range from the seral cohort lodgepole pine (P. 
contorta Dougl. ex Loud.) to high-elevation subalpine fir 
(Abies lasiocarpa [Hook.] Nutt.) (table 1). Shrub, grass, 
and forb competition during early successional stages can 
be severe. Western larch is an important component of 
these ecosystems because of its ability to outgrow most 
of its associates in the early stages of its life (Minore 
1979). But if competing shrubs and conifers overtop west­
ern larch at an early age, its crown rapidly deteriorates 
and its vigor declines severely (Schmidt and Shearer 
1990). 

In the Inland Empire, western larch is a major seral 
component in over 19 described forest vegetation types 
(Cooper and others 1991). At the lower elevations these 
habitat types are typified by climax Douglas-fir (Pseudo­
tsuga menziesii [Mirb.] Franco) with the understory indi­
cator ninebark (Physocarpus malvaceus [Green] Kuntze). 
At higher elevations western larch is a major component 
in subalpine fir habitat types. In the center of the west­
ern larch range where the forests are the richest, most di­
verse, and most productive, it is a component of western 
hemlock (Tsuga heterophylla [Raf.] Sarg.), western red ce­
dar (Thuja plicata Donn ex D. Don), and grand fir (Abies 
grandis (Dougl. ex D. Don) habitat series. 
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Table 1-Associated vegetation of western larch at the center of 
its range in the Inland Northwest of the United States 
(Graham 1990a) 

Common name 

Western white pine 
Western hemlock 
Western redcedar 
Douglas-fir 
Lodgepole pine 
Grand fir 
Subalpine fir 
Ponderosa pine 

Huckleberry 
Willow 
Buck brush 
Rocky Mountain maple 
Ninebark 

Sedges 
Pinegrass 

False Solomon-seal 
Brewer's lupine 
Wild ginger 

Scientific name 

Conifers 

Shrubs 

Pinus montico/a 
Tsuga heterophyl/a 
Thuja plicata 
Pseudotsuga menziesii 
Pinus contorta 
Abies grandis 
Abies lasiocarpa 
Pinus ponderosa 

Vaccinium spp. 
Sa/ixspp. 
Ceanothus spp. 
Acer glabrum 
Physocarpus malvaceus 

Gramoids 

Forbs 

Carexspp. 
Calamagrostis rubescens 

Smilacina spp. 
Lupinus breweri 
Asarum caudatum 

Western larch regenerates naturally in response to 
forest disturbances. Historically the most common was 
wildfire. But during the last 100 years, forest manage­
ment has excluded fire from much of the Northern Rocky 
Mountains, and reforestation following timber harvest 
has replaced fire as the primary method of regeneration. 
Western larch forests timber harvesting and associated 
slash disposal and site preparation practices can success­
fully regenerate, but may not benefit long-term forest de­
velopment because of the destruction of organic materials. 

ROLE OF ORGANIC MATERIALS IN 
FOREST DEVELOPMENT 

Organic materials play extremely important roles in 
the functioning of healthy forest ecosystems. These ma­
terials protect surface soils from compaction and erosion 
and influence soil physical properties such as texture and 
water-holding capacity (Page-Dumroese and others 1991). 
Organic materials are important for forest nutrition, es­
pecially in the storage and release of nitrogen (Harvey 
and others 1987; Page-Dumroese and others 1991; Tonn 
and others these proceedings). In addition, organic mate­
rials are a primary site of nitrogen fixation by free living 
bacteria (Jurgensen and others 1991, 1992). Organic ma­
terials on the surface and in the organic rich surface min­
eral layers of Northern Rocky Mountain soils can provide 
up to 50 percent of the nitrogen fixation and over 50 per­
cent of the nitrogen storage on some sites (Harvey and 
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others 1987; Jurgensen and others these proceedings). 
Similarly, organic materials are the primary substrate 
for ectomycorrhizal activities in many forest ecosystems 
(Harvey and others 1976, 1991). Organic materials are 
extremely important for sustaining forests that support 
western larch. 

WESTERN LARCH REGENERATION 

Historically western larch has regenerated after wild­
fires by seed cast from surviving trees. Seedlings germi­
nated and became established on mineral and burned­
over seedbeds. These seedbeds were not only important 
for western larch regeneration but also for most of its ma­
jor associates (fig. 1). 

The seedbeds prepared by wildfires generally reduced 
the amount of organic matter on the site (Reinhardt and 
others 1991). Live vegetation was totally or partially de­
stroyed; coarse woody debris on the soil surface was to­
tally or partially destroyed as were the organic materials 
on and in forest soils. The amount of organic matter con­
sumed depended on the intensity and duration of the fire 
and moisture content of the material burned. In most 
cases wildfires left a mosaic of sites containing highly di­
verse organic materials in a wide array of decay states 
and amounts. 

SITE PREPARATION 

The preferred seedbeds for natural western larch regen­
eration are burned-over surfaces and mineral soil (fig. 1). 
After germination and establishment western larch is 
susceptible to overtopping especially in the western hem­
lock, western redcedar, and grand fir series of habitats 
(Deitschman and Pfister 1973; Graham 1988). The objec­
tives of site preparation methods developed for regenerat­
ing western larch and associates in these habitat types 
were to create burned-over surfaces, expose mineral soil, 
remove competing vegetation, and remove habitat for ani­
mals that browse seedlings. 

Most methods modify the amount, arrangement, and 
kind of organic materials left on a site. Historically broad­
cast burning of logging debris was the preferred method 
of preparing sites for western larch. It removed compet­
ing vegetation, exposed mineral soil, and created burned­
over surfaces. On many sites conditions for western larch 
regeneration were created by piling logging debris and 
scarifying the forest floor using machinery or hand meth­
ods (Graham 1990b; Graham and others 1989). If such 
site preparations are improperly applied they can have 
detrimental impacts on the organic materials on a site, 
which in turn can impact forest productivity (Graham and 
others 1992). 

Shelterwoods or seedtrees, in combination with recep­
tive seedbeds prepared through burning or machine scari­
fication, can readily regenerate mixed stands containing 
western larch (fig. 2). In addition, on the western hem­
lock, western redcedar, and grand fir forest habitat types, 
a multitude of other species are also regenerated, often 
creating forest stands with tens of thousands of trees per 
hectare. 
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Figure 1-Germination on burned-over, natural mineral soil, and rotten wood, using the 
germination of typical seed-tree cuttings on duff as the comparison. Thus, germination of the 
three species on duff is 100 percent, and on other materials is equal, greater, or lesser than 
the duff germination rate (Haig and others 1941). Larch= western larch, W. pine= western 
white pine, Hemlock = western hemlock. 

In much of the western redcedar, western hemlock, and 
grand fir ecosystems western larch can regenerate natu­
rally, but because seed production is often sporadic and 
unpredictable, artificial regeneration is often preferred. 
Site preparation techniques developed for natural regen­
eration can be used for artificial regeneration but the need 
for burned-over surfaces and mineral soil exposure is 
minimized. For western larch to become successfully es­
tablished, site preparation must create conditions that al­
low the species to outgrow associates that usually regen­
erate profusely (fig. 2) (Deitschman and Pfister 1973; 
Graham 1988). 

ORGANIC MATERIALS AND SITE 
PREPARATION 

Because organic materials are so important to ecosys­
tems where western larch is a component, it is necessary 
to provide sites for regeneration yet conserve the surface 
mineral soil and the organic material ofthe site. If sur­
face organic layers are displace during mechanical site 
preparation, the remaining soils will have higher bulk 
densities than minimally disturbed soils (table 2). Dis­
placement of these surface layers also reduces the propor­
tion of the rooting zone that is rich in organic matter. If 
site preparations concentrate or mound surface layers, 
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bulk densities and organic matter concentrations are not 
appreciably changed compared to minimally disturbed 
soils, primarily because soils in the heart of the western 
larch range often have deep ash-cap soils with exceptional 
qualities that are difficult to improve (Page-Dumroese and 
others 1991). Even though the concentration of organic 
matter is not increased when surface soils are mounded, 
the amount of organic materials in the rooting zone is in­
creased, making more of the rooting zone rich in organic 
matter. Similarly, when soil surface layers are displaced, 
the proportion of the rooting zone with organic materials 
is significantly reduced (table 2). 

Organic matter is important for the maintenance of 
forest soil nutrition, especially the available forms of ni­
trogen (table 2). Nitrogen is especially susceptible to loss 
when the interface between the organic layers and the 
mineral soils exceeds 400 oc when surface organic layers 
are burned (Hungerford and others 1991). In the deep, 
ash-covered soils that often occur in western hemlock 
habitat types in northern Idaho, the increases in soil nu­
trition caused by mounding of surface layers is less dra­
matic than on the shallow ash layers often found on grand 
fir habitat types. But by displacing the rich ash-covered 
soils, losses in nutrients, especially available forms of ni­
trogen, can be significant (table 2). Minimizing losses of 
soil surface layers is important for maintaining soil nutri­
tional quality. 
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Figure 2-Seedlings germinated 6 to 8 years after timber harvesting using a shelterwood 
regeneration method (Haig and others 1941 ). WP =western white pine, WL =western 
larch, GF =grand fir, WAC= western redcedar, WH =western hemlock. 
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Western larch is an extremely aggressive seral species 
and appears able to concentrate nutrients even when a 
good proportion of site nutrients are removed. For ex­
ample, when the surface layers (including much of the 
available nitrogen) were displaced from a site (table 2), 
western larch seedlings growing in these soils were still 

able to concentrate nitrogen (table 3). The data in the 
tables show how aggressive larch can be in capturing nu­
trients, an important attribute for renewing and sustain­
ing forest ecosystems. 

Western larch is capable of capturing nutrients from 
fertile mineral soil, and regenerates and grows well on 

Table 2-Mean soil properties within the seedling rooting zone on a prepared site during the first growing season (Page-Dumroese and 
others 1986, in press) 

Site Organic Organic 
preparation' components2 matter Total N NH4 

No
3

-

- - - - - - - - - - - - - - - - Percent - - - - - - - - - - - - - - - - - - - - - - - - - mg/1<- - - - - - - - -

Grand fir habitat type 

Bed 364.1a 17.1a 0.28a 85.5a 21 .8a 
Displaced 14.2b 8.4b .12a 8.9b 18.1a 
Minimal 38.2c 12.3a .21a 28.7ab 16.1a 

Western hemlock habitat type 

Bed 68.3a 22.1a .46a 121.6a 18.1a 
Displaced 13.4b 10.8a .36a 75.8b 12.4a 
Minimal 48.4c 27.4a .21b 112.7a 12.8a 

'Site preparation : Bed, bedded top soil and organic matter; Displaced, weeds and surface soil layers removed; Minimal, minimum soil disturbance. 
'The proportion of the rooting zone containing organic materials. 
3Different letters indicate significant (p s 0.05) differences among site preparations. 
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Soil bulk 
density 

g/cm 

0.69a 
.92b 
.76a 

.58a 

.85b 

.65a 



Table 3--Competing vegetation and tree characteristics for western larch seedlings planted in four site preparations 

Site Competing Root Top Root Total 
preparatlon1 vegetation2 weight3 weightl Height4 elongation5 N' 

kg/ha - - - - - - - - -Grams - - - - - - - - - - - - - - - - - - - -em - - - - - - - - - - - - Percent 

Grand fir habitat type 

Bed 79,192a 0.72a 3.24a 35a 16a 1.26a 
Bed-herb 280b 1.39b 5.50b 44b 22b 1.26a 
Displaced 684c .77a 2.16a 29a 13a 1.00b 
Minimal 3,760d .86a 4.05b 45b 13a 1.22a 

Western hemlock habitat type 

Bed 1,711a 2.68a 9.08a 51 a 24a 1.45a 
Bed-herb <SOb 2.39a 8.89a 43b 25a 1.59a 
Displaced <SOb .90b 2.94b 27c 13b 1.00b 
Minimal <SOb 1.05b 3.11b 31c 21a 1.21c 

'Site preparation: Bed, bedded top soil and organic matter; Bed-herb, bedded soil treated with glyphosate; Displaced, weeds and surface soil layers removed; 
Minimal, minimum soil disturbance. 

"Total ovendried root weight 2 years after planting. 
"Total ovendried top weight 2 years after planting. 
'Total tree height2 years after planting. 
"Total length of tap root plus the longest lateral after one growing season. 
'Total tree nitrogen after one growing season. 
7Differentletters indicate significant (p :5: 0.05) differences among the site preparations. 

mineral soil substrates (Haig and others 1941; Schmidt 
and Shearer 1990). However, it will use and attain its 
best development when located in soils rich in organic 
matter, preferably with minimal competing vegetation 
(Cole and Schmidt 1986) (table 3). If the surface organic 
layers are removed when removing the competing vegeta­
tion there is no improvement in seedling performance 
(table 3). If competing vegetation must be removed dur­
ing site preparation it should be done with minimal de­
struction to the forest floor and surface mineral layers. 
An excellent method of removing competing vegetation, 
yet retaining organic materials, is through the use of her­
bicides (table 3). But since herbicides may not be accept­
able, other means of removing competing vegetation and 
retaining organic matter are often used. 

Both mechanical methods and fire can be employed to 
remove competing vegetation and prepare sites for either 
natural or artificial regeneration. Ideal slash-burning 
conditions are achieved when the forest floor and upper 
mineral soils contain enough moisture to prevent destruc­
tion of the humus layer and soil wood, not damage the 
surface mineral layer, and yet remove most of the compet­
ing vegetation. These conditions usually exist when lower 
duff moisture content exceeds 100 percent. At 100 per­
cent moisture content the interface between the organic 
layE:rs and the mineral soil during burning will usually 
not exceed the 400 oc threshold. The ability to achieve 
this objective is also dependent on fuel loadings and mois­
ture contents, forest floor depth, and weather during the 
burn (Reinhardt and others 1991). 

TREE DEVELOPMENT 

Root elongation and seedling growth are responsive 
to soil organic matter, as is height. Western larch tree 
growth continues to respond to the presence of soil or­
ganic matter as trees approach sapling size. By the time 
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western larch reaches 2 m the effects of competing grasses 
and shrubs are minimal, but differences in tree size caused 
by early growth soil conditions are still evident (table 4). 
Impacts of the removal of soil organic matter are likely 
long lasting and continue to affect tree growth beyond the 
sapling stage (table 4). 

Soil organic materials likely continue to be important 
to development of western larch as trees mature. Large 
differences can be projected for the development of west­
em larch based only on the different levels of organic mat­
ter available and level of competition. If the impacts of 
removing surface organic layers rich in organic matter are 
short lived (gone by the time the trees reach 7.6 em in di­
ameter), a 4 to 6 percent reduction in total stand yield at 
age 100 years, will occur. In contrast, removing organic 
layers can reduce stand yields by 21 to 27 percent if effects 
of removal last the life (100 years) of the stand (table 4). 

Similarly, if organic materials are enriched and com­
peting vegetation is controlled, a 5 to 11 percent increase 
can be projected over the short term. If these benefits are 
long lived a 63 to 70 percent increased yield can be pro­
jected. These projections show the magnitude of increase 
or decrease that might be achieved with the manipulation 
of surface organic layers and competing vegetation. Each 
site and stand may react differently, but the magnitude of 
the likely changes are significant. 

CONCLUSIONS 

Because organic materials are important for the devel­
opment and maintenance of Northern Rocky Mountain 
western larch forests, all management practices, should 
be carefully evaluated, in particular site preparations that 
involve the manipulation of organic materials in forest 
ecosystems. Western larch is an opportunistic species, re­
generating well in a wide variety of forest conditions, in­
cluding poor ones. However, it reaches best development 
in soils rich in organic matter with minimal competition. 



Table 4-Tree descriptions at 8 years after planting and growth projections to age 100 years using the prognosis model (Wykoff and 
others 1982) 

Age 9 years Age 1 00 years 
Short-term1 Long-term2 

Site Mean Mean Mean Total Mean Mean Total Calibration 
preparation3 height d1ameter height volume diameter height volume facto~ 

- - - - - - - em - - - - - - - - m f1illha em m f1illha 

Grand fir habitat type 

Bed 161 .5 30.7 35.1 203 30.7 37.8 203 1.00 
Bed-herb 201 .1 33.3 37.2 262 42.2 35.1 525 1.69 
Displaced 112.8 31 .5 34.8 224 32.0 36.0 235 1.02 
Minimal 140.2 32.5 34.4 233 35.8 40.5 323 1.26 

Western hemlock habitat type 

Bed 128.0 36.8 52.4 326 38.4 40.2 384 1.12 
Bed-herb 192.0 36.6 41.2 325 40.1 41.5 433 1.23 
Displaced 106.7 35.6 37.5 289 31 .5 37.5 201 .78 
Minimal 128.0 36.6 38.4 309 34.0 38.7 254 .88 

'The growth rate established by assuming the 5-year height increment of these seedlings slowly attenuates to the average growth rate for the site (calibra­
tion of 1.00) by the time the trees reach 7.6to 12.7 em in diameter. 

"The growth rate established by assuming the 5-year height increment is maintained for the 1 00 years of the projection. 
'Site preparation: Bed, bedded top soil and organic matter; Bed-herb, bedded soil treated with glyphosate; Displaced, weeds and surface soil layers re­

moved; Minimal, minimum soil disturbance. 
•calibration factor from the prognosis model. This is the multiplier used to establish growth rates in the model. A factor of 1 .00 indicates that the trees are 

growing at the rate established for that specific site defined by location, slope, aspect, and habitat type in the model. 
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