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Keeping Your Forest Soils Healthy and Productive 

Authors: Ole T. Helgerson and Richard E. Miller 

Why forest soils are important to you 

Soils are an integral structural part of your woodland and the 
larger forest ecosystem. Important forest soil functions include: 

Providing water, nutrients, and physical support for the 
growth of trees and other forest plants 

Allowing an exchange of carbon dioxide, oxygen, and other 
gasses that affect root growth and soil organisms 

Providing a substrate for organisms linked with vital ecosystem 
processes 

Harboring root diseases and other pests 

Affecting water quantity and quality 

Thus, how you protect and manage forest soils affects your for- 
est's short- and long-term productivity and the water quality of 
adjoining streams and lakes, including their suitability for fish 
habitat and other uses. 

This publication will provide you with: 
An understanding of soil characteristics important to wood- 
land management 
Management practices for maintaining and enhancing soil 
quality 
A guide for obtaining soil-specific information from USDA soil 
surveys 
A list of useful references 

A glossary of forest soil terminology 



Forest soil development and components 

Washington has many different forest soils that result from various com- 
binations of five soil-forming factors. Despite the large number of soil 
types in this state, the same soil management principles generally apply 
to all soils. The following discussion of the five soil-forming factors (Fig. 1) 
provides a useful foundation for understanding forest soils-their charac- 
teristics, functions, and management. 

biota 1 
J 

Figure 1. Washington's clim,atic, geologic, and related biotic differences create a 
wide range s f  soil types when combined with time. 

Imagds colwzesy of Dr. Rickard Miller, USDA Forest Swvire, r&ed 
-- 

PARENT MATERIALS Parent materials are the substrate on which other soil-forming factors act. 
Most Washington forests grow on mineral soils derived from rock, also 
called mineral soils. Parent materials vary across Washington's physiograph- 
ic and geologic provinces (Fig. 2), and strongly influence soil characteristics. 
For example, forest 50ils derived from volcanic rocks in the southern Wash- 
ington Cascades, or from uplifted marine sediments in the Coast: Ranges, 
are generally fertile, but vary in depth, rock content, and water-holding 
capacity. Glacial deposits are common parent materials in the Pug& Trough 
and Olympic Peninsula. Associated soils vary greatly in productivily because 
these deposits range from coarse gravels and sands to compacted tills can- 
taining much clay and silt. Granite-derived soils, which are found mostly in 
the North Cascades and Okanogan Highlands, have b t h  p a r  fertility and . Jq- 4 - C 'a% y. .> . -. ;'*- $<. .? - :,&;*: ; A 



water-holding capacity, and erode readily on steep slopes. These geologi- 
cally complex areas offer diverse mixes of parent materials. 

Many East-side (i.e., that part of Washington east of the Cascade Range 
Crest) soils originally derived from native rocks are overlain by or mixed 
with volcanic ash, coarse pumice, or windblown, silty deposits called 
loess. Throughout Washington, volcanic eruptions, floods, and landslides 
bury and relocate existing soils and rocks, reassembling parent materials 
for new soils. These natural events can be small and localized, involve en- 
tire mountainsides, or as with volcanic ash fall, cover hundreds of miles. 

Figure 2. Broad-scale 
1 

differences in the geology, 
climate, and vegetation 
of Washington's phys- 
iographic and geologic 
provinces yield distinct 
soil types. 

Adapted from Frmtklh and Dymess, 1973 

Soil parent materials in your locale are described in your county's soil sur- 
vey report, local Natural Resources Conservation Service (NRCS) office, or 
NRCS Web site (http://soils.usda.gov/survey/online~surveys/washington/ 
index.htm1). 

TIME Physical and chemical weathering and biological processes gradually 
change parent materials into recognizable layers or horizons of different 
color, texture, and structure (Fig. 3). These processes also release nutrients 
from organic matter and soil minerals. Most released nutrients are cap- 
tured by vegetation and later recycled in organic residue. 

CLIMATE Horizon development starts when newly exposed parent materials are 
exposed to weathering. Some forest soils, such as those found in the blast 
zone of Mt. St. Helens or on recently exposed glacial till, are extremely 
young with little or no horizon development. Soils that are thousands 
or even millions of years old can have strongly developed horizons. Soils 
generally become more productive as they develop structure and accumu- 
late organic matter and related nutrients. However, extremely old soils in 
high-rainfall areas can be leached of many of their mineral nutrients. 

Climate affects soil development mostly through precipitation and tem- 
perature. Soils develop faster in the warmer, wetter climates found on the 
west side of the Cascade Range compared to colder or drier climates such 
as higher elevation or East-side sites. Climate also helps determine vegeta- 
tion and soil biota, which affect soil development. 

TOPOGRAPHY Topography influences soil formation largely through its relationship 
with climate and the effects of gravity combined with slope. Precipitation, 



cloudiness, and temperature change with elevation and distance from the 
ocean, while solar radiation inputs change with slope, aspect, and cloud 
cover. These topographic-climate interactions affect rates of soil develop- 
ment through soil movement on steeper slopes, plants, and soil organisms. 
The net result is that soils tend to be thicker and more productive on 
north-facing slopes (because more vegetation is present) and near the base 
of a slope (because of gravity-caused soil and water movement), but thinner 
and rockier on south-facing slopes and near ridge-tops. Soils in depres- 
sions or near the bottom of slopes may be wet enough to become hydric, 
which means they are "sufficiently wet in the upper part to develop 
anaerobic conditions during the growing season" (NRCS, 2007). Such soils 
can require special management, especially during timber harvest. Contact 
your local NRCS or Washington Department of Natural Resources (DNR) 
office if you think your woodland has hydric soils. 

The 0 horizon or duff layer is composed of 
surface organic matter. It is further divided 
into Oi, Oe, and Oa layers depending on 
the stage of decomposition. 

I 
The lighter colored A horizon is the upper 
mineral layer from which nutrients and 
smaller mineral and organic particles are 
leached downward. 

The darker colored B horizon is the zone 
where these leached materials tend to 
accumulate. 

The C horizon refers ;o undifferentiated I 
parent material. 

Figure 3. A simplified forest soil profile illustrating soil horizons. Horizon devel- 
opment is a useful indicator of soil type. The 0, A, and B horizons hold most of a 
soil's nutrient capital and biologic activity. 

Image courtesy ofDr. Richard M i l k ,  USDA Forest Servlce, retired 

BIOTA Soil biota consist of a complex food web of plants, vertebrates, inverte- 
brates, and microbes interacting among themselves and with mineral and 
organic soil components (Fig. 4; Table 1). Although much remains to be 
discovered about soil biota, they are known to be essential to forest pro- 
ductivity by: 

Absorbing, transforming, retaining, and releasing mineral nutrients 
from organic matter and mineral soil 
Adding nitrogen (N) through biological N-fixation 
Building soil structure, which increases aeration, water absorption, and 
water-holding capacity 
Enhancing water and nutrient uptake by trees and other vegetation 



Figure 4. Forest soil productivity 
depends o n  interactions among many 
components t o  create conditions for 
tree, mushroom, and other forest 
product growth. Management practices 
that adversely affect any one o f  these 
key components may reduce overall 
productivity. 

Adapted from Powers et al., ZOO0 "Mineral Soil" 
Topsoil, Structure, Subsoil 

Water Rhizosphere 
Aeration Nutrient 

Storage 
Rooting Drainage supply Symbiosis 

Soil/Site/Forest Productivity 1 
Table 1. Some organisms found o n  and in forest soils have significant impacts on  forest health. 

Soil Organism Function or Effects 

Plants 
Trees, shrubs, and forbs Key sources of photosynthesis that provide food (energy), structure, and bio- 

chemicals for nearly all other soil organisms; organic matter provides habitat 
and benefits soil properties 

Mammals 
Domestic and wild grazing animals Generate manure that speeds nutrient cycling; excessive grazing can compact 

soils and reduce organic matter inputs and soil aeration 
Mountain beaver and pocket gophers Food for predators; potentially serious reforestation pests 
Flying squirrels Eat mycorrhizal truffles and spread spores; food for predators 
Humans Variously decrease, maintain, or enhance forest productivity 

Insects 
Shredders (termites, millipedes, sow- Provide initial breakdown of plant tissue, including wood 
bugs, wood borers, carpenter ants, 
pen-knife turtle mites) 
Fungivores (turtle mites, springtails) Eat fungal mycelia; release nutrients near roots 
Predators (predacious mites, ants) Recycle nutrients from other insects; help decompose wood 

Worms, nematodes, and molluscs Intermediate decomposition and nutrient cycling 

Fungi 
Mycorrhizae Essential for most trees and many other plants 
Decomposers Initial nutrient cycling and decomposition of wood into humus (e.g., brown 

cubical rot); create wildlife habitat 
Pathogens Important as yield-reducing root diseases; decompose wood into humus; accelerate 

forest succession from blowdown; provide wildlife habitat 
Edible mushroom species Support human economies 

Microbes 
Protozoa Craze on rhizosphere bacteria; release nutrients 
N-fixers Add between 1 and 150 Ib of N per acre (1 -1 70 kglha) per year 
Nitrifying bacteria Convert ammoniacal N (NH,) from proteins to highly plant-available nitrate (NO,) 
De-nitrifying bacteria Remove oxygen from nitrate, releasing N to the atmosphere 
Element transformers Transform chemical states of sulfur (S), iron (Fe), and manganese (Mn) 



4 single square meter of forest soil may support 250,000 arthropods ran$ 
Ing in size from the microscopic mite to  the highly visible, orange-striped, 
shiny, black millipede (Fig. 5). Millipedes eat between one-third to  one-half 
3f the deciduous and conifer foliage that falls to  the forest floor. Their fecal 
pellets provide food for smaller arthropods and microbes. A single gram 
3f soil may hold numerous kilometers of mycorrhizal hyphae and tens to  
hundreds of millions of bacteria representing more than 10,000 species. 
4s much as 50 percent of a tree's photosynthesis may be used to  support 
its fine roots and the fungi and bacteria in the surrounding 2-3-mm-thick 
rhizosphere. 
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Figure 5. Forest soil biota include an extraordinary array of arthropods, such as 
this millipede (A) and microscopic turtle mite (B), that are essential for decompos- 
ing organic matter and recycling nutrients. 

Images courtesy of Dr. Andy Moldenke, Oregon State University 

Whereas soil-forming factors are largely outside human control, forest ' - a  - 
practices can greatly affect soil biota. Unfortunately, many of the conse- , 
quences of these practices on soil biota are as yet unknown. Maintaining 
adequate levels of organic matter and minimizing soil compaction appear - 
to generally benefit all soil biota. Research provides further useful insights 
about the management of three important soil biota types: mycorrhizal 
fungi, N-fixers, and pests. . 

.L 
Mycorrhizal  fungi and  their  management ,. I 3 

Many species of mycorrhizal fungi symbiotically colonize Pacific North- 
west tree and shrub roots, most commonly as ectomycorrhizae living I _  

on the outside of stubby rootlets (Fig. 6) )  but also as endomycorrhizae 
within roots. Mycorrhizae are especially important because many tree 

I I 

and shrub species do not grow well, if at all, without them. For the host 
' I  ' 

plant, mycorrhizal benefits include greatly magnified water and nutrient , 

uptake, enhanced nutrient cycling, disease protection, soil development, .-, . ;"" 1 

and interconnected plant root systems by thread-like mycorrhizal hy- - ._ 4 r ~  I. L 

8 I .  phae. This latter function may help reduce competition among plants of F-\' ,-. 

* < 
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different species. Above-ground fruiting bodies of mycorrhizal fungi also 
provide high-value chanterelle and matsutake (pine) mushrooms, while 
underground fruiting bodies provide truffles. Flying squirrels eat truffles, 
spreading truffle spores, and in turn provide food for predators such as the 
northern spotted owl. 

Although mycorrhizal fungi populations change as forests develop, forest 
practices can also alter their numbers. Timber harvest, site preparation, 
and fire can shift mycorrhizal fungi populations and in extreme situations 
reduce mycorrhizal benefits and seedling growth. To sustain mycorrhizal 
fungi: 

Avoid or greatly restrict soil compaction. 
Obtain prompt reforestation after timber harvest. 
Leave cull logs and patches of undisturbed duff. 
Retain scattered standing conifers as well as hardwoods and shrubs that 
co-host conifer mycorrhizae. 

Water, dissolved 
nutrents, and hormones 

are pulled into interior 
xylem cells (wood) and 

then up to needles 
in tree canopies. 

Figure 6. White mycorrhizal hyphae can form a mycelial mat on Douglas-fir 
seedlings (A), while ectomycorrhizal root tips will grow on lodgepole pine (B). 
This ectomycorrhizal root cross section illustrates how mycorrhizae aid water and 
nutrient uptake (C). 

Image A courtesy of Dr. MichaeJ Castellano, USDA Forest Servlce; Image B colrrtesy of Dr. lames Trappe, 
USDA Forest Service, retired; and Imaxe C courtesy of Dr. Randy Molina, USDA Forest Service 



The benefits of treating seedlings with cultured mycorrhizal inoculum 
are not clearly defined. The current thinking is that mycorrhizae species 
infecting nursery seedlings and those found at planting sites are sufficient 
for most reforestation, but seedlings planted in highly disturbed soils, 
especially granitic soils or pastures being converted to forest, may benefit 
from supplemental mycorrhizal inoculation, either from commercial in- 
oculum or soil obtained from a nearby healthy forest stand. 

N-fixers and their management 
Three groups of soil microbes fix atmospheric N into a usable form: free-liv- 
ing soil microbes, microbes in the rhizosphere surrounding roots, and sym- 
biotic microbes that fix N within root nodules on plants such as red alder, 
Ceanothus species (Fig. 7), and legumes. Some atmospheric N is also fixed 
above ground by lichens on tree branches. Annual rates of N-fixation are 
about 1 lblacre for free-living microbes, 2 3  lblacre for rhizosphere microbes, 
and up to 150 lblacre or even more for red alder. Symbiotic N-fixation rates 
are greatest when growth of the host plant is rapid, and thus supportive of 
these organisms. Fixation rates are slower on productive sites already rich in 
N. Conversely, rates can be high on infertile sites such as glacial outwash. 

- - 

Red alder I 

Figure 7. N-fixing root nodules on red alder (Alnus rubra) are common to West-side forests (A), while 
slickleaf Ceanothus (Ceanothus velutinus) are common to many East-side forests (B). In return for pho- 
tosynthate from the host plant, the microbes in the nodules convert nearly inert atmospheric N, into a 
form plants and animals can use. On suitable sites, red alder will improve the growth of Douglas-fir, as 
seen in this 20-year-old mixed species stand (C). 

Imazes courtesy of h. Richard Miller, USDA Forest Service, retired 



Additional information 
on insects and diseases 
affecting Pacific North- 
west forests can be 
found at http://www. 
fs.fed.us/r6/nr/fid/wid 
shtml. 

Symbiotic N-fixing host plants can increase growth of adjoining conifers. 
However, there is a tradeoff in mixed-species stands because the amount of 
N fixed is proportional to the number and vigor of the N-fixers. For example, 
more and more vigorous N-fixing alder mean fewer surviving coniferous 
crop trees. If uncontrolled, N-fixers such as scotch broom (also a persistent 
noxious weed), red alder, and Ceanothus species can suppress or even elimi- 
nate conifers. Individual conifers that survive may be exceptionally large, 
but too few in number to improve conifer yields per acre. 

Using N-fixers to increase productivity is most feasible on N-deficient but 
otherwise productive sites. To keep the number and size of N-fixers at 
levels that do not suppress the desired number of conifer crop trees, cut or 
use herbicides. An alternative solution is to use less competitive N-fixers 
such as clover or introduce N-fixing plants after crop trees are established 
and when surplus growing space is available, such as after pre-commercial 
or commercial thinning. 

The benefits of red alder on an N-poor site were documented in southwest 
Washington (Miller and Murray, 1978). There, at a stand age of 30 years, 
Douglas-fir growing with red alder averaged more than two-fold the stem 
volume than trees in the adjoining pure Douglas-fir stand. Growth ben- 
efits extended about 50 feet beyond the mixed-species stand. Spacing red 
alder trees at 30-foot intervals (about 50 trees per acre) within N-deficient 
Douglas-fir stands is suggested to provide a reasonable balance between N- 
fixation by red alder and loss of growing space for Douglas-fir. 

On droughtier East-side sites, shrubby N-fixing Ceanothus species can 
quickly occupy sites after timber harvest or site preparation and kill or 
suppress conifer seedlings. Research clearly suggests that controlling grass 
and shrubs in such environments in the first few years after planting 
greatly increases seedling survival and growth. Compared to West-side 
forests, research is less clear as to whether long-term conifer growth can 
be increased by associated N-fixers on the East side, on which sites it is 
feasible, or how many N-fixers are needed. 

Soil pests and their management 
Some soil biota create extensive management problems. Soil pathogens 
include common root diseases such as laminated root rot (Phellinus weirii; 
Fig. 8), Annosus root rot, and Armillaria. Root diseases can be reduced 
during harvest, site preparation (postharvest treatments used to enhance 
reforestation), and reforestation. Methods include tip-over felling (pushing 
trees over to expose the larger roots), removing stumps, treating stumps in 
thinned units with registered borax products, and planting resistant tree 
species (Hanley and Edmonds, 1999). However, stump removal may not 
expose all diseased roots to drying and can compact clayey soils. 

Mammal pests include mountain beaver (Aplodontia rufa) and pocket go- 
phers (Thomomys sp.), which can destroy young conifers unless intensive 
control measures are taken to secure successful reforestation. These pests 
are most effectively controlled during site preparation and planting by 
trapping or baiting in accordance with federal and state regulations. 



Figure 8. Laminated root rot inhibits growth in Douglas-fir 
an2 grand fir, as indicated by crescent-shaped stump decay (A), a 
windthrown tree (B), and de-laminating roots (C). Other symptoms 
include poor crown growth and excessive production of small cones. 

Images courtesy of USDA Forest S d c e  

Soil physical attributes 

Key physical attributes of forest soils affecting management practices are 
organic matter, texture, structure, and bulk density. Understanding these 
attributes is important for appraising the risk of compaction and erosion 
during timber harvest and site preparation as well as hastening recovery 
of damaged soils toward more productive conditions. 

ORGANIC MATTER Organic matter is supplied to the soil from above- and below-ground 
sources. Above-ground organic matter originates mostly from plants, with 
some from animals. Forest litter, including slash after logging, ranges 
greatly in amount, size, nutrient content, and stage of decomposition 
(Fig. 9). Historically, moist forests on the Olympic Peninsula contained 
at least 100 tons per acre of above-ground organic matter compared with 
about one-fourth or less of those amounts on droughtier East-side sites 
(see the section on "Fire and forest soils," page 20). Plants also provide or- 
ganic matter directly within soil from root exudates and the yearly death 
of fine roots. 

Decomposition rates are based on the size and nutrient content of organic 
matter, which range from coarse woody debris (CWD) consisting of snags, 
large logs, and branches down to 3 inches (75 mm) in diameter; forest 
floor litter or duff (smaller branches, needles, and leaves); and microscopic 
bits of humus. Foliage tends to decompose most quickly because of its 
small size and high nutrient content. Wood decomposes more slowly 
than foliage because of its lower mineral content, with larger-sized pieces 
decomposing the slowest. Logs can provide a long-term source of plant 
nutrients because of their considerable volume. 



- -  - - 

Figure 9. Snags (standing dead trees) in various decay classes (stages of decomposition) are important to soil 
productivity and wildlife. Lines connecting snags with logs denote possible log decomposition classes that a snag 
could fall into. Decomposition rates vary by size and species. Adapted from Pederson, 199s 

Atop the mineral soil, duff is known as the 0 horizon (Fig. 3), which is 
subdivided into the Oi layer (easily recognizable undecomposed litter), the 
Oe layer (somewhat recognizable partially decomposed debris), and the Oa 
layer (unrecognizable bits of organic matter or humus). 

Humus is organic matter nearing its end stage of decomposition after be- 
ing processed by various soil biota. Sizes range from visible to microscopic 
specks. Humus has a high proportion of compounds such as lignins that 
resist digestion by soil flora and fauna, and is  important in retaining nutri- 
ents and building soil structure. 

Organic matter roles 
Organic matter on and in the soil provides the following important func- 
tions: 

Food and habitat for creatures ranging from arthropods and microbes 
to birds and mammals 
Protection of underlying mineral soil from water erosion 
Retention and cycling of nutrients 
Improvement of soil structure 
Increased water-holding capacity 
Stabilization of soil on slopes 

Organic matter management 
Timber harvest and site preparation can affect both the amount and dis- 
tribution of organic debris left on a site. Some practical questions are: how 
much and what sizes should be left to maintain productivity while allow- 



ing access for reforestation and managing wildfire risk? Although defini- 
tive answers are not yet available, current research indicates that: 

CWD amounts differ by forest type: historically drier, more fire-prone 
East-side forests typically held less CWD than wetter, West-side sites. 
Organic matter is especially important for retaining water and nutrients 
in thin soils and those lacking clay or volcanic ash. 
A variety of CWD sizes and decomposition stages is desirable. 
Larger-sized CWD benefits particular wildlife species and serves as "eco- 
logic legacies" for future forest stands. 
Forests managed for timber typically hold less dead wood than unman- 
aged forests. 
The amount of dead wood needed beyond the minimum required by 
forest practice regulations depends on the landowner's objectives. 

Specific practices for managing CWD during timber harvest and site prepa- 
ration include: 

Retaining cull logs and standing trees onsite as required by forest prac- 
tice codes 
Minimizing duff disturbance and exposure of the mineral soil by desig- 
nating skid trails or restricting the area to machine traffic 
Limbing trees before yarding, or returning branches removed at the 
landing to the harvested area 
Machine-piling slash to the minimum extent needed for planting access 
and fuels mitigation 
Leaving slash unburned or broadcast burning under moist or cool con- 
ditions 

On one western Washington tree farm, previously unburned tractor-piled 
windrows created during brushfield rehabilitation were used as skid trails 
decades later during commercial thinning. The remaining mat of branches 
in the windrows helped protect the soil during harvest and yarding (0. 
Helgerson, personal observation). 

SOIL TEXTURE Soil texture refers to the proportions of three size classes of mineral par- 
ticles (sand, silt, and clay) within a particular soil (Fig. 10). Soil texture is 
important because it strongly affects water- and nutrient-holding capacity, 
soil structure, and resistance to compaction (such as from heavy equip- 
ment used in logging, site preparation, and road construction). Most soils 
contain a mix of particle sizes, though sometimes one size dominates. 
To determine soil texture, feel the soil. Sand feels gritty and is visible as 
particles, silt feels silky (like flour), and clay feels sticky. The more clay a 
soil has, the more easily it can be squeezed into a ribbon or rolled into a 
thread when wet. 

Sandy soils, because of their large pores, absorb and release water rapidly, 
are well aerated, and hold few nutrients. Sandy soils are often called light 
because they are easily worked. Silty soils hold and release water efficient- 
ly, offer good aeration, but can have weak nutrient-holding ability. Clay 
soils, with their very small pores, absorb water slowly and hold it tightly, 
and may become too poorly aerated for root growth. Clay particles, like 
similarly small humus particles, have large negatively-charged surfaces 
relative to their size that can hold positively-charged mineral nutrients 
such as calcium (Ca++), magnesium (Mg"), and potassium (K+). Clay soils 



A C-Clay 
CL-Clay Loam 
L-Loam 
LS--Loamy Sand 
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Figure 10. Relative sizes of sand, silt, and clay particles (A) and percentages of 
clay and sand represent soil texture classes (B). 

Adapted from lohnson et al., 1990 

are often called heavy because they are difficult to work. Loam-textured 
soils, which contain a mix of sand, silt, and clay, provide a range of pore 
sizes, and generally favor tree growth because they have an optimal com- 
bination of water availability (Fig. 1 I), aeration, and nutrient-holding 
ability. Conversely, large 
rock fragments (gravel, 5 

cobbles, stones, and 
boulders), which can 
occupy a significant 

4 

volume within some 8 
forest soils (Fig. 12), t ' 3  
reduce the amount of \ 

fine soil available for E 
storing moisture and 5 
nutrients, and thus tend p 
to reduce productive v 
capacity. z ' 
Soil texture 
management 
Forest management 

most available 

0 
SAND SANDY SILT CLAY CLAY 

LOAM LOAM LOAM 

activities shGuld be Figure 11. The ability of a soil to hold water 
designed around soil available to plants depends largely on soil texture. 
texture. For example, Field ca~acity represents water that soils retain - .  
clay soils typically are temporarily agakst the pull of gravity, while the 
firmer than other soil permanent wilting percentage represents a soil 
textures when dry, but water content too low to keep most plants alive. 

much more susceptible Adapted from I O ~ ~ S O ~  et al., 1990 



:or a more in-depth discussion 
)f soil texture and forest road 
I o c i n n  CQP Krsmer 1?001). 
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to compaction, rutting, and pud- 
dling when moist or wet. Clayey 
soils thus create problems in forest 
road design. Retaining organic 
matter benefits forest productivity 
by increasing structure and 
aeration in clayey soils and 
water-holding capacity in sandy 
soils. 

I,] 
SOIL STRUCTURE AND Soil structure refers to how a soil's 

BULK DENSITY sand, silt, clay, and humus par- 
ticles assemble into larger particles 
termed aggregates or peds that 
are glued together by clay, root 
exudates, and humus. The peds 
create pore space essential for forest 
productivity. Productive forest soils Figure 12. When large rock frag- 
have about 50-70 percent total ments occupy a large volume of soils, 
pore space, which is of the amount of fine soil needed for plant 

larger pores between peds and finer growth is 
pores within peds. The large pores Imaxe courtesy of Dr Rlckard M U ,  USDA Forest SenAce, rehred 

release water more quickly, pro- 
moting exchanges of oxygen, carbon dioxide, and other gasses, while the 
fine pores hold water more tightly for slower release during the growing 
season. In clayey soils, large pores enhance tree growth by providing aera- 
tion; in sandy soils, small pores increase water-holding capacity. . !I 
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Soil structure management 
Soil structure develops slowly, but quickly changes after compaction and 
puddling (complete loss of structure) from the weight, traction slippage, 
and vibration of equipment traffic. As large pores are smashed into smaller 

14 

. 

Bulk density i s  the oven-dry weight of soil occupying a given volume, in- 
cluding both particles and pore space. A large increase in soil bulk density 
caused by equipment traffic i s  a good indicator of reduced soil pore space 
and structure. Forest soil densities typically range from about 0.8 to 1.3 
Mg/m3 (megagrams per cubic meter). Productive forest soils typically 
have low bulk densities, often below 1.0 Mg/m3 (about 62 pounds per 
cubic foot). Compared to total soil bulk density, the density of solid 
mineral sand, silt, or clay particles (individually, without pore space) i s  
about 2.65 Mg/m3 or 164 pounds per cubic foot. 

A note on conversion factors: Soil scientists use metric nomenclature. A 
megagram equals 1,000 kilograms or about 2,200 pounds. A cubic meter 
is  equivalent to 35.4 cubic feet or 1.31 cubic yards. 



and discontinuous pores, bulk density and soil strength increase. Com- 
pacted (platy) soils are mechanically stronger and therefore better able to 
bear loads from logging equipment, but generally lose productivity (Fig. 13) 
because: 

Root growth is constrained by 
the mechanical resistance of 
stronger soil and reduced vol- 
ume of readily available soil. 
Less water is available from 

enter the soil), decreased poros- 
ity (ability to store water), and 
decreased percolation (ability of 
water to move through soil). 
Gas exchange is reduced, ad- 
versely affecting roots and soil I 
biota. 
Soil biota are crushed. 
Soil erosion increases, especially 
on steep slopes. 

The effects of soil compaction on 
productivity vary with soil texture. 
In coarse sandy soils with abun- 
dant large pores, some conversion 

pores can benefit plant Figure 13. Platy structure in a silt 
growth b~cause passage of water loam soil indicates soil compaction. 
through the soil is delayed, increas- This was caused by repeated equipment 
ing the amount of water available traffic during timber harvest eight years ., 
for plant uptake. In finer-textured earlier under wet conditions. Such soils 

soils, however, the consequences have lost nearly all structure and pro- 

of compaction to plant roots and ductivity. 
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pecially in clay where most large 
pores are between soil aggregates. Compaction smashes these aggregates, 
often resulting in soil layered in small plates, a visually apparent platy 
structure lacking large pores (Fig. 13). Compacted clayey soils can become 
so water-logged and oxygen-deficient that plant roots die. 

Once soils are compacted, natural recovery of their structure is very slow, 
and tilling to reduce compaction is expensive. Thus, it seems prudent to 
minimize soil compaction. However, the amount of soil disturbance (com- 
paction, rutting, and/or displacement) that is detrimental to productiv- 
ity is difficult to define. One recommendation is to limit compacted and 
deeply rutted areas to less than 10 percent of the harvested area. Compac- 
tion and other soil disturbance are most likely during ground-based timber 
harvest and site preparation when soils are moist or wet. Techniques that 
can minimize soil disturbance include: 

Confining equipment to pre-designated skid trails (especially impor- 
tant for high ground-pressure haulers such as horses and rubber-tired 
skidders) 
Utilizing pre-existing skid trails or old windrows 
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Limiting machine activity between skid trails to a single pass when - 

harvesting or piling slash 
Operating when soils are dry (and strong), especially on clay-textured soils 
Operating when soils are frozen or covered with deep snow 
Using low ground-pressure machinery 
Using cut-to-length harvesters that lay a mat of branches ahead of the 
vehicle's tracks (Fig. 14) 
Piling the minimum amount of slash necessary to achieve fire manage- 

* .  ment and reforestation goals 

1 .  
% ,\ Using shovels (hydraulic excavators) instead of tractors for piling slash 

- .  .. Choosing long-tined brush rakes when using tractors for slash-piling 
'i < - Loosening highly compacted skid roads and landings with excavators * , , . 

. or winged rippers (Andrus and Froehlich, 1983) 
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Figure 14. Cut-to-length harveaers can place a mat of branches ahead of the 
machine to protect forest soil. xmage courtesy o f  Dr Richard M I I Z ~ ~ ,  USDA Forest Senice, retrred 
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-egging systems vary in  their effects on soil (Fig. 15). High ground-pres- 
iure horse logging is relatively benign because of the narrow skid trails 
and small areas compacted. Similarly, rubber-tired skidders can be less 
disruptive i f  restricted to  designated skid trails or dry soils. When possible, 
ow ground-pressure crawler tractors, excavators (shovels), and cut-to- 
ength harvesters should also be restricted t o  designated trails. 

3n steep sites, properly designed skyline cable systems cause very little soil 
disturbance, especially compared to  older style high-lead logging. Skylines 
typically hold the leading ends of logs above the ground until reaching the 
anding, whereas high-lead systems drag entire logs across the soil surface 
for much of the distance. Successful skyline operations entail knowledge and 
~perience in selecting, rigging, and operating the appropriate cable system, 
and using intermediate supports when necessary. See Adams (1998) for fur- 
ther information on preventing forest soil compaction during timber harvest. 



Soil nutrients 
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Rubber-tired 

Horse skidder 

Excavator 

Human 
Low psi - tractor 

Figure 15. Approximate standing or (static) ground pressures of a human, horse, 
and various types of forestry machinery indicate relative potential impacts to soil. 
Actual ground pressures also depend on load weight and slope gradient. 

The forest management system you select for your woodland can also af- 
fect the soil's productive capacity and subsequent tree growth. The poten- 
tial for soil damage appears to be less for even-aged management systems 
because of the relatively few equipment entries during the life of a stand 
compared to uneven-aged systems that involve repeated harvest entries. 
For more information on management systems and timber harvest op- 
tions, see Harvey et al. (1994) and Barg and Hanley (2001). 

Although wood is largely carbon, hydrogen, and oxygen, plant growth 
still requires more than a dozen nutrients from the soil (Fig. 16). Most 
mineral nutrients are initially released from parent material by chemical 
weathering and bacterial-mycorrhizal action. For East-side forest soils, the 
relatively young loess or ash mantles can be an important nutrient source. 
Two nutrients, N and sulfur (S), are acquired from the atmosphere. Most 
N comes from biological N-fixation, while small amounts of N and S are 
gathered from natural and industrial processes via precipitation. 

Nutrients are either retained and recycled within the soil or captured by 
plants and then recycled into the soil by the many types of soil-related 
organisms previously described (see Table 1). The net effect is that soil or- 
ganic matter and soil microbes act together as a sponge to hold and slowly 
release most nutrients within forest ecosystems. 

Trees can mediate nutrient availability. Red alder adds N and can increase 
phosphorus (P) availability, but tends to acidify soils. Western red cedar 
and big-leaf maple tend to provide Ca-rich litter, which can improve 
soil structure. A range of organic matter sizes helps provide a continu- 
ous release of nutrients over time. Leaves, needles, fine roots, and twigs 
decompose and release nutrients most rapidly because of their small size 
and nutrient concentrations. CWD decomposes more slowly, providing a 
longer-term nutrient source and habitat for soil organisms. 



FROM AIR: 
Oxygen (0) 
Carbon (C) 

FROM WATER: Molybdenum (Mo) 
Oxygen (0) Calcium (Ca) Nitrogen (N) 
Hydrogen (H) Chlorine (CI) Phosphorus (P) 

Copper (Cu) Potassium (K) 
Iron (Fe) Sulfur (S) 
Magnesium (Mg) Zinc (Zn) 
Manganese (Mn) 

Figure 16. The nutrients listed here are essential for tree growth. Growth is cur- 
tailed when one or more nutrients decline in supply below their optimum avail- 
ability level. Conversely, plant growth can be increased by supplying one or more 
deficient nutrients. 

Adapted fmm Johnson el al., 1990 

SOIL NUTRIENT Because forest ecosystems inevitably lose nutrients, either naturally or 
MANAGEMENT from harvesting timber, there is much interest in nutrient management for 

maintaining long-term forest productivity. Research indicates ways that 
woodland management affects nutrient loss, but is less specific as to where, 
when, or how much nutrient loss decreases productivity. Removing tree 
trunks may have little effect on site productivity, but "cleaning up" branch- 
es and foliage (i.e., slash) appears to have greater potential for nutrient 
removal than leaving them onsite. Increased decomposition after timber 
harvest frees mineral nutrients from organic matter, which increases min- 
eral nutrient leaching until the site is revegetated. Fire volatilizes nutrients 
into the atmosphere, which can also increase leaching and erosion, with 
highly variable effects (see the section on "Fire and forest soils," page 20). 

Over the long term, the best way to ensure adequate amounts of nutrients 
on your woodland site is to hold sizes and amounts of organic matter that 
are compatible with fire risk and reforestation. Using N-fixing plants as 
previously described and applying fertilizer can also increase productiv- 
ity. For East-side soils with a loess or ash mantle, minimizing surface soil 
disturbance is important in maintaining productivity. 

Application of commercial fertilizers can increase tree growth where the 
nutrients erase growth-limiting shortages in the native soil. However, rec- 
ommended fertilization practices differ between western and eastern Wash- 
ington (Moore et al., 1988; Hanley et al., 2006). Contact a WSU Extension 
or Washington DNR forester before fertilizing to assist you in developing a 
plan consistent with your forest and management goals. 

On the West side, increases in total volume growth tend to be greatest 
in stands with a below-average site index, and least on highly produc- 
tive sites. Financial returns, however, are usually best from forests of 



mid-quality. Applying about 440 lb per acre of urea prills (approximately 
200 lb N per aae) 10 years before final harvest is advisable for several 
reasons: 

The growth effect lasts about 10 years. 
Increased growth goes onto trees most likely to be marketed. 
Investment costs are recovered sooner than if fertilizer were applied earlier. 

Urea is a waxy, water-s dm, le, organic compound 
N. Its high N content and ease of handling facilitate application. Prills are 
solidified droplets of molten urea that are available in a range of sizes. 
Urea is usually applied from a centrifugal spreader, either from the grounc 
for smaller areas or by helicopter for larger projects (Fig. 17). Large prills 
are typically used in aerial applications. Applyinq urea during cool, wet 
weather minimizes volatilization. 

Figure 17. Helicopters are the usual means for spreading fertilizer in Northwest 
forests. For smaller projects, tractor-mounted or even human-carried centrifugal 
spreaders work well. Image courtesy ofDr. Richard Miller, USDA Forest Service, retired 

Douglas-fir and western hemlock typically respond well to  N fertilizer i n  
the Cascade Range and Puget Trough, but negligibly in  coastal forests. O n  
a poor-quality site, thinned 15-20-year-old western red cedar responded 
to  both dicalcium phosphate and N (Harrington and Wierman, 1985). 
Application of bio-solids from sewage treatment facilities has also in- 
creased the growth of recently planted and older Douglas-fir stands 
(Harrison et al., 2002; Fig. 18). 

For East-side forests, fertilizer prescriptions are more complex than o n  the 
West-side. Responses vary depending on soil parent material and habitat 
series (Moore et al., 1988). 



Figure 18. Commercial application of treated municipal sewage is an alterna- 
tive to commercial fertilizers at Pack Forest near Eatonville immediately after 
clearcut hawest (A) and in a pole-sized stand of Douglas-fir (B). 

Ima$es courtesy ofDr. Richard Miller, USDA Forest Service, retired 

Fire and forest soils 

Fire is a natural part of Northwest forest ecosystems that can significantly 
affect forest soils. Before European settlement, fires in dry East-side forests 
tended to be frequent (occurring on the order of decades), low-intensity 
(having relatively little heat output), and consumed mostly understory 
fuels and vegetation. Fires in wetter West-side forests tended to be infre- 
quent (occurring on the order of centuries), high intensity, catastrophic, . 

and stand-replacing. Fires of varying intensity tended to occur on terrain 
between these climatic regimes. Because of increased accumulations of fuels 
from past fire suppression, East-side forests now experience more frequent 
catastrophic fires. 

Fire affects soil nutrient loss, erosion, and biota depending on its intensity 
and duration. Burning immediately releases N, P, and S to the atmosphere. 
Mineral nutrients leached from ash and bared mineral soil easily erode from 
the direct impact of rain and creation of a hydrophobic (water-repelling) layer 
below the soil surface, which reduces the soil's infiltration capacity for water. 

An intense fire coupled with high-intensity rain can severely reduce soil 
productivity. In contrast, low-intensity fires, created by burning under 
cool and wet conditions or small fuel loads, retain more duff and organic 
matter, cause less damage to surface roots and soil biota, expose less min- 
eral soil, and lose fewer nutrients (Harvey et al., 1994). 

FUELS, FIRE, A N D  SOIL Minimizing soil damage from fire is a prudent goal. However, on drier 
M A N A G E M E N T  sites, prescribed fire can be a useful site preparation tool when relying on 

a mineral soil seedbed for natural regeneration or facilitating tree planting 
by removing slash. Prescribed fire must always be designed and conducted 
carefully to prevent damage to soil, residual trees, and surrounding prop- 
erty. Techniques that protect soils include mechanically reducing fuel loads 
and burning when weather and fuel conditions favor incomplete combus- 
tion of duff. 



Amounts of CWD that balance wildfire risk with soil productivity, pro- 
tection, and wildlife needs were researched in fire-prone northern Rocky 
Mountain forest types. Those results provide a guide for similar interior 
Washington forests. Estimated suitable CWD ranges (regarded as similar to 
the upper amount of pre-settlement fuel loads) are: 

5-10 tons per acre for warm, dry ponderosa pine and Douglas-fir sites 
10-20 tons per acre for cool Douglas-fir sites 
8-24 tons per acre for cool lodgepole pine and low subalpine fir types 

In that study, an 18-inch dbh (diameter at breast height, 4.5 feet above 
the ground) tree contributed about 1 ton of CWD (Brown et al., 2003). 

Burning slash p i h  or ru~luurdng p r e ~ ~ ~ i b e d  burns  quires a pellllll IIVIII 

the Washington Department of Natural Resources. Contact your local 
forest practices forester for planning and permitting assistance before 
conducting prescribed bums. 

' 3 ,  5 ,~3'  

Soil erosion and nutrient loss are greatest immediately after wildfire, espe- 
cially on steep slopes. Erosion can be reduced by felling trees on contours, 
grass seeding, and mulching. Your local NRCS office can provide addition- 
al ideas and details on implementation. 

Soils, sediment, and water quality 

Healthy forest soils act like a giant sponge, absorbing precipitation, hold- 
ing water against the force of gravity, and then slowly releasing it. In 
actively managed (working) forests, road construction, soil compaction, 
and organic matter removal from harvesting and site preparation can 
change the amount and timing of water flows and cause excessive soil 
erosion with the consequence of degrading water quality and fish habitat. 
Roads, particularly those built to older design standards or that are not 
maintained, are regarded as causing most of the soil erosion and stream 
sedimentation coming from managed Pacific Northwest forests (Fig. 19). 
Dry ravel (the gradual downslope movement of surface soil) from steep 
cutbanks can also fill ditches and end up in streams. 

Landslides are another source of sediment in water. Landslides are usually 
shallow (less than 5 feet deep), fast-moving flows of soil and debris associ- 
ated with saturated soils. Although they occur in undisturbed areas, under 
some conditions landslides are associated with timber harvest and road 
building (Fig. 20). Most landslides are small, but even so can plug ditches; 
large slides may dam rivers or destroy structures and human lives. 

Landslide prediction is imprecise. Risk factors to watch for include high 
rainfall, slopes that are steep or have small ponds or depressions, pistol- 
butted (trunks curved into hillsides) or tilted trees, cracks in the soil, 
groundwater seepage, and topography showing hummocks or evidence of 
either old or recent landslides. The Washington DNR can assist in assess- 
ing risk if landslide indicators are present and developing suitable manage- 
ment practices. 



Figure 19. Unless guided into the forest to be filtered, erosion from forest roads can degrade 
adjoining stream water quality (A) and create small castle-like columns under gravel and rock. 
A 6-inch erosion depth suggests that as much as 50 cubic feet of soil could have been lost from. 
a 100-square-foot area (B). 

Image A courtesy of Washington Department of Natural Resources; image B courtesy ofDr. Richard Miller, USDA Forest S&e, retired 

Figure 20. Landslides can vary in size from this small event to entire mountainsides. 
~ l t h o u ~ h  small, the soil movement shown here is enough to plug culverts and ditches, as 
demonstrated in the enlargement on the right. 

Images courtesy of Dr. Ole Helgerson, Washingon State University - 



SOIL AND WATER Sound overall goals for soil and water quality management are to 1) keep 
QUALITY MANAGEMENT as much soil as possible onsite and out of water bodies and 2) direct water 

and suspended sediment from road surfaces and ditches into an adjoining 
forest for filtration and slowed release into streams (Fig. 21). Techniques 
that can be used to maintain or repair the hydrologic function of your for- 
est include good road design, construction, and maintenance. Rolling dips, 
water bars, culverts and other drainage diversion structures vary according 

to the type of road use 
and installation and 
maintenance costs. To 
assess which is best for 
a particular applica- 
tion, see Washington 
DNR (2006). Inspect- 
ing and cleaning 
ditches and culverts 
to prevent blowouts 
should be done 
annually. 

Figure 21. Water bars (A) and gentler rolling dips (B) shunt water from road 
surfaces to the adjoining forest, reducing maintenance costs and protecting water 
quality. Imaxes courtesy of Washington Department of Natural Reso~rrces 

Practices previously described for minimizing soil compaction and dis- 
placement during harvesting and site preparation, such as using low 
ground-pressure machinery, designated skid trails, and leaving as much 
slash onsite as is consistent with fire management and reforestation, also 
help minimize erosion (Fig. 22). Tilling soils to facilitate water infiltration 
can be useful on strongly compacted soils such as skid trails or landings, 
but otherwise should be avoided. Grass seeding and other erosion controls 
may be needed after excessively hot or extensive fire. 

acvcrar CAL~IIJIUII arru orrler puulirarlorls provrue Jpeclllc prarucal auv~re 

on reducing sediment from forest roads (Adams, 1997, 1998; Brannon et 
al., 2001; Garland, 1993, 1997, 2000; Garland and Jackson, 2002; Kramer, 
2001) and guidelines for road construction and drainage (Washington 
nY R, 2006, 2007' I 



Figure 22. This excessive mechanical site preparation compacts soil, increases 
its erosion potential, removes organic matter needed for long-term productivity, 
and costs money for equipment time (A). Good site preparation retains well-dis- 
tributed slash at amounts compatible with reducing fire risk, controlling compet- 
ing vegetation, and increasing planting access (B). 

I m e  A courtesy of Orexon State universiiy, image B courtesy of Dr. Ole Helgerson, Washingtat State UnfVersity 

Soil surveys as guides for identifying and managing your woodlands 

Soil surveys are county-wide compilations of useful soils information 
(Fig. 23) available for most Washington counties from WSU Extension, 
local conservation districts, NRCS 
offices, and http://soils.usda.gov/ , QkulNlc soil Survey of 

Wuhngton slate umaoly Skamania survey/printed-surveysfstate. ---*-J Countv Area. 



can locate your property and identify its soil series, and 2) tables describing 
the characteristics and suitability of each soil series for forestry, agriculture, 
and construction. 

Using a soil survey is relatively easy. Starting with your property's legal 
description (township, range, and section), locate your property on the 
photomaps. The mapping unit symbols for the various soil series are de- 
fined in the "Guide to Mapping Units" located ahead of the photomaps. 
After identifying your soil series, access forestry and other information 
from tables about productivity (site index; Fig. 24), suitable species for re- 
forestation, and specific management limitations for equipment use, road 
building, and erosion hazards. The appropriate tables can be scanned or 
photocopied and added as appendices in your forest stewardship or road 
management plans. 

CLABg COUNTY, WASKINGTON W I  

suitabi l i ty  
group 

Mapping unit 

Bear Prairie s i l t  lorn. 8 t o  15 percent 
Bear Prairie s i l t  loan. 0 t o  8 pcrcanr slopes-- 7 

s~opel------------------------------------- 8 
Cinebar s i l t  loam, 3 to  8 percent slopes------- 8 
Cinebar s i l t  loam. 8 to  20 percent slopes------ 8 
Cinebsr s i l t  loam, 20 t o  30 percent slopes----- 8 

VIe-1 53  

Figure 24. To use a soil survey, first identify your soil mapping unit using 
photo maps at the back of the survey, then reference appropriate tables. 

Adapted from McGee, 1972 
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A horizon. Topsoil, where seeds germinate and plant roots grow. It is 
made up of humus mixed with mineral particles. 

aggregate. Many fine soil particles (sand, silt, clay) held in a single mass 
or cluster, usually by natural forces and substances derived from root 
exudates and microbial activity. Natural soil aggregates such as granules 
blocks or prisms are called peds. Clods are aggregates produced by till- 
age or logging. 

B horizon. See subsoil. 

biosolids. Treated sewage sludge that meets requirements for beneficial 
use. 

bulk density. The mass of dry soil per unit bulk volume. The value is 
expressed as Mg per cubic meter, Mg m-3. 

C horizon. Soil layers, excluding bedrock, that are little affected by devel- 
opment processes and lack the properties associated with 0, A, E, and B 
horizons. 

capillary water. Water held as a film by surface tension around soil par- 
ticles and in small capillary pores between particles. Surface tension is 
the adhesive force that holds capillary water in the soil. 

coarse fragments. Mineral or rock particles larger than 2 mm in diameter. 

cobble or cobblestone. A rounded or partly rounded fragment of rock 
3-10 inches (75-250 mm) in diameter. 

colluvium. Soil material, rock fragments, or both moved by creep, slide, 
or local wash and deposited at the base of steep slopes. 

CWD or coarse woody debris. Snags, fallen logs, windblown trees, and 
branches larger than 3 inches in diameter on the soil surface. CWD is 
regarded as important in providing long-term ecologic legacies. 

drainage class. The frequency and duration of saturation or partial satu- 
ration under conditions similar to those under which the soil devel- 
oped. Seven drainage classes are recognized: 

excessively drained: Water is removed from the soil very rapidly. 

somewhat excessively drained: Water is removed from the soil rapidly. 

well drained: Water is removed from the soil readily but not rapidly. 

moderately well drained: Water is removed from the soil somewhat 
slowly during some periods. 

somewhat poorly drained: Water is removed from the soil slowly so 
that the soil is wet at a shallow depth for significant periods during the 
growing season. 

poorly drained: Water is removed from the soil so slowly that the soil is 
wet at shallow depths periodically during the growing season or re- 
mains wet for long periods. 

'Adapted from Goldin (1992), Soil Science Society of America (2007)) and the authors' 
experience 



very poorly drained: Water is removed from the soil so slowly that free 
water remains at or very near the ground surface during much of the 
growing season. 

dry ravel. The gradual downslope movement of surface soil. 

duff. A generally firm organic layer on the surface of mineral soils that con- 
sists of fallen plant material in the process of decomposition. It includes 
everything from the litter on the surface to underlying pure humus. 

ecologic legacies. Sufficiently large pieces of ecosystem structure such as 
standing trees, snags, and decomposing logs that can maintain associ- 
ated biota into future ecosystems. 

ectomycorrhizae. A mycorrhizal association in which the fungal mycelia 
extend inward, between root cortical cells, to form a network ("Hartig 
net") and outward into the surrounding soil. Usually the fungal hyphae 
also form a mantle on the surface of the roots. 

endomycorrhizae. A mycorrhizal association with intracellular penetra- 
tion of the host root cortical cells by the fungus as well as outward 
extension into the surrounding soil. 

erosion. The wearing away of the land surface by geologic agents such as 
water, wind, and ice, or processes such as gravitational creep. 

field moisture capacity. The moisture content of a soil, expressed as a 
percentage of the oven dry weight, after the gravitational, or free, water 
has drained away; the field moisture content two or three days after a 
soaking rain; also called normal field capacity, normal moisture capac- 
ity, or capillary capacity. 

geomorphic surface. A mappable area of the earth's surface that has a 
common history; the area is of similar age and is formed by a set of pro- 
cesses during an episode of landscape evolution. 

glacial drift. Pulverized and other rock material transported by glacial ice 
and then deposited. Also the sorted and unsorted material deposited by 
streams flowing from glaciers. 

glaciolacustrine deposits. Material ranging from fine clay to sand de- 
rived from glaciers and deposited in glacial lakes mainly by glacial melt- 
water. Many deposits are interbedded or laminated. 

gleyed soil. Soil that formed under poor drainage, resulting in the reduc- 
tion of iron and other elements in the profile and in gray or blue colors 
or mottles (spots and streaks). 

gravel. Rounded or angular fragments of rock up to 3 inches (2 mm-7.6 
cm) in diameter. An individual piece is a pebble. 

hardpan. A hardened or cemented soil horizon or layer with physical 
characteristics that limit root penetration and restrict water movement 
(see pan). 

humus. The total organic compounds in soil exclusive of undecayed plant 
and animal tissues, their partially decomposed products, and soil bio- 
mass. The term is often used synonymously with "soil organic matter." 

hydric soils. Soils that are wet long enough to periodically produce an- 
aerobic conditions, thereby influencing the growth of plants. 



hydrophobic soils. Soils that are water-repellent, often due to dense 
fungal mycelial mats or hydrophobic substances vaporized and repre- 
cipitated during fire. 

igneous rock. Rock formed by solidification from a molten or partially 
molten state. Major varieties include plutonic and volcanic rock. Ex- 
amples are andesite, basalt, and granite. 

infiltration. The downward entry of water into the immediate surface of 
soil or other material, as contrasted with percolation, which is move- 
ment of water through soil layers or material. 

lacustrine deposit. Material deposited in lake water and exposed when 
the water level is lowered or the elevation of the land is raised. 

lahar. Mudflow made up chiefly of volcaniclastic material on the flank of 
a volcano. 

lignins. That portion of wood primarily composed of various phenolic 
structures that resist decomposition in soil 

legacies. Portions of ecosystem structure (such as downed trees in various 
stages of decomposition, standing trees with cavities, or other habitat 
features) that maintain the viability of associated life form populations 
during changes in the surrounding ecosystem. 

mineral soil. A soil consisting predominantly of and having its properties 
predominantly determined by mineral matter. 

modal soil. A single profile description representing the most usual con- 
dition of each soil property of all soils in the class. 

muck. Dark colored, finely dived, well decomposed organic soil material 
(see sapric soil). 

mycorrihizae. Literally, "fungus root." The association, usually symbiotic, 
of specific fungi with the roots of higher plants. See also endomycor- 
rhizae and ectomycorrhizae. 

N-fixation. Conversion of molecular nitrogen (N,) to ammonia and sub- 
sequently to organic nitrogen utilizable in biological processes. 

0 horizon. Soil layers dominated by organic material. 

Oa layer: A layer occurring in humus consisting of well-decomposed 
organic matter of unrecognizable origin (sapric material). 

Oe layer: A layer of partially decomposed litter with portions of plant 
structures still recognizable (hemic material). Occurs below the Oi layer 
on the forest floor in forest soils. It is the fermentation layer. 

Oi layer: A layer of organic material having undergone little or no 
decomposition (fibric material). On the forest floor this layer consists 
of freshly fallen leaves, needles, twigs, stems, bark, and fruits. This layer 
may be very thin or absent during the growing season. 

pan. A compact, dense layer in a soil that impedes water movement and 
root growth. For example, hardpan, fragipan, claypan, plowpan, and 
traffic pan. 

ped. An individual, naturally formed soil aggregate such as a granule, 
prism, or block. 



pedon. The smallest volume that can be called a soil. A pedon is three 
dimensional and large enough to permit study of all horizons. 

percolation. The downward movement of water through soil. 

permanent wilting percentage. The amount of water held by a soil (often 
expressed as a percent of dry weight), below which most plants will die. 

permeability. The soil quality that enables water to move downward 
through the profile. 

platy. Soil aggregates that are developed predominantly along horizontal 
axes; laminated; flaky. 

pore space. The portion of soil bulk volume occupied by soil pores. 

pyroclastic. The Greek word for fire-broken, referring to fragmented vol- 
canic rock thrown out during an eruption. 

rhizosphere. The zone of soil immediately adjacent to plant roots in 
which the kinds, numbers, or activities of microorganisms differ from 
that of the surrounding bulk soil. 

root exudates. Low molecular weight metabolites that enter the soil from 
plant roots. 

sandstone. Sedimentary rock containing dominantly sand-sized particles. 

sapric soil. The most highly decomposed of all organic soil material. It 
has the least amount of plant fiber, highest bulk density, and lowest 
water content at saturation of all organic soil material (see muck). 

saturated flow. The movement of water in soil that has pores filled to 
capacity with water. 

sedimentary rock. Rock made up of particles typically deposited from 
suspension in water. 

siltstone. Sedimentary rock made up of dominantly silt-sized particles. 

site index. A designation of the quality of a forest site based on the height 
of the dominant stand at an arbitrarily chosen age. For example, if the 
average height attained by dominant and co-dominant trees in a fully 
stocked stand at the age of 50 years is 75 feet, the site index is 75 feet. 

soil. A natural, three-dimensional body at the earth's surface. It is capable 
of supporting plants and has properties resulting from the integrated 
effect of climate and living matter acting on earthy parent materials, as 
conditioned by relief over periods of time. 

soil biota. A term generally describing plants and animals living in the 
soil that can range in size from microbes to mammals 

soil complex. A map unit of two or more kinds of soil or miscellaneous 
areas in such an intricate pattern or so small an area that it is not practi- 
cal to display them separately at the selected scale of mapping. The 
pattern and proportion of the soils or miscellaneous areas are somewhat 
similar throughout the complex. 

soil horizon. A layer of soil or soil material approximately parallel to the 
land surface and differing from adjacent genetically-related layers in 
physical, chemical, and biological properties and/or characteristics such 
as color, structure, texture, consistency, kinds and number of organisms 
present, and degree of acidity or alkalinity. 



soil mottling. Irregular spots of different colors that vary in number and 
size. Mottling generally indicates poor aeration and impeded drainage. 5 

soil profile. A vertical section of soil extending through all its horizons 
and into parent materials or the C horizon. 

soil separates. Mineral particles less than 2 mm in equivalent diameter 
and ranging between specified size limits. The names and sizes (in mil- 
limeters) of separates recognized in the United States are as follows: 

very coarse sand: 1 .O-2.0 

coarse sand: 0.5-1.0 

medium sand: 0.25-0.5 

fine sand: 0.10-0.25 

very fine sand: 0.05-0.10 

silt: 0.002-0.05 

clay: < 0.002 

soil series. A group of soils with profiles that are almost alike, except for 
textural differences in the surface layer or underlying material. All the 
soils of a series have horizons that are similar in composition, thickness, 
and arrangement. 

soil structure. The combination or arrangement of primary soil particles 
into compound particles or aggregates. 

soil texture. The relative proportions of sand, silt, and clay particles in a 
mass of soil. 

subsoil. Technically, the B horizon; roughly, the part of the soil horizon 
below plow depth. 

topsoil. The upper part of the soil, which is the most favorable material 
for plant growth. It is ordinarily rich in organic matter and used to top 
dress road banks, lawns, and land affected by mining. 

tuff. A compacted deposit that is 50 percent or more volcanic ash and 
dust. 

urea prills. Solidified drops of molten urea dripped through a screen from 
the top of a tower. 

unsaturated flow. The movement of water in soil that does not fill pores 
to capacity with water. 

xeric. A soil moisture regime common to Mediterranean climates that 
have moist, cool winters and warm, dry summers. A limited amount of 
moisture is evident but does not occur during optimal periods for plant 
growth. Irrigation or summer fallow is commonly necessary for crop 
production. 
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lnvasive Forest Pests: Problems You Can , 

Live Without 
BY DAVID R. BRIDGWATER 

- - 

Western forests are experiencing 
attack by invaders. Insects, diseases, 
animals and weeds are damaging our 
forest ecosystems. Sudden oak death 
is killing tan oak, but is also capable of 
infecting many other species including 
Douglas-fir. Port Orfor4 cedar root 
disease is killing Port Orford cedar in 
southwestern Oregon. White pine blis- 
ter rust is killing five-needle pines 
throughout the range of the pines. 
Balsam woolly adelgid has been killing 
grand fir, silver fir and subalpine fir 
throughout the Northwest. The green 
spruce aphid periodically defoliates 
spruce throughout the west. Larch 
casebearer at times defoliates larch 
throughout the tree's range. There are 
over 100 species of invasive plants in 
the west, and while most have little 
direct effect on mature trees, they are 
able to invade disturbed sites and 
interfere with tree regeneration. Some 
species also pose a threat by increasing 
fire intensity and spread. Feral swine 
in some western states may kill repro- 
duction though their feeding habits 
and disturb soil, allowing for more 
invasive weed to establish. Other arti- 
cles in this issue will explore some of 
these invasives in greater detail. 

An invasive forest pest can be 
defined as an organism occurring in 
an ecosystem to which it is not native, 
and either causing or having the 
potential to cause ecosystem damage. 
When invasive species kill trees, tirn- 
berlands are reduced in value, hazard 
from forest fire is increased and 

ecosystems are 
altered. Lnvasive 
species that don't 
directly kill 
trees-such as 
many invasive 
weeds-alter 
ecosystem 
processes, may 
form monotypic 
vegetation, can 
crowd out desir- 
able species, 
degrade produc- 
tivity and recre- 
ation benefits, 
and prevent 
reproduction of PHOTO COURTESY OF E.M. GOHEEN. USDA FOREST SERVICE 

desirable species. Tan oak mortality from sudden oak death. 
These changes 

can occur at such rates that the ecosys- 
tem is unable to adapt. Because native 
trees did not evolve with the invaders 
from other continents, they often have 
limited genetic resistance to them. 
Rates of pest establishment and spread 
increase because when released into 
new environments, the invasives come 
without other species or conditions 
that would normally regulate their 
activities, such as the balsam woolly 
adelgid. In some cases, imported 
insects and diseases virtually eliminate 
American plant species from their nat- 
ural habitat. Such was the case with 
chestnut blight, which between 1990 
and 1950 all but eliminated the native 
chestnut tree from eastern forests, and 
set off a cascade of changes to not only 
forest composition, but also to the 
diversity of plants ahd animals 
throughout the east. Today, many 
forests in the west are at similar risk. 

The current infestations and growing 

threat of invasive species make them a 
forest priority Not only do these 
species threaten the sustainability of 
our forest ecosystems, but also paten- 
tial movement of forest products 
regionally, nationally and globally 
Damages caused by invasive species, 
including only those that can be 
expressed in monetary tenns, have 
been estimated as high as $1.38 billion 
a year. Invasive species are thought to 
have been involved in 70 percent of this 
country's extinction of native aquatic 
species, and 42 percent of current 
endangered species are significantly 
affected by invasive species. Forests in 
the west are rich in biological diversity 
and provide vital goods and services. 
These non-native organisms have 
increased in their range and severity 
while others await entry through global 
commerce and other human activities. 
Invasive species do not need to actually 

(CONTINUED ON PAGE 2) 




