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“The social lesson of soil waste is that no man has the right to 
destroy soil even if he does own it in fee simple. The soil 
requires a duty of man which we have been slow to recognize.” 
(I-LA Wallace, 1938) 

“lnthe old Roman Empire, all roads led to Rome. In agriculture, 
(forestry) all roads lead back to the soil, from which farmers 
(foreste&laud managers) make their livelihood.” (GHambidge, 
1938) 

Since Aristotle considered soil in relation to plant nutrition 
(348-322 B.C.), knowledge of soils has made tremendous 
strides. The way we view soils has evolved from a focus on 
agriculture to modem views of soil from multiple perspectives, 
including that of soils as natural bodies, partitioners of water, 
a medium for plant growth, soils as ecosystems and ecosystem 
components, aud soil as engineering materials. 

Our knowledge of soils and their roles in forest ecosystems 
is undergoing rapid change. In particular, knowledge of the 
composition and processes below ground is increasingly of 
interest to forest practioners. This is where most of the biotic 
diversity is and where annual carbon accumulation often is 
greater than above ground. Yet, too often the focus of forestry 
is on the vegetation rather than the soil system that regulates 
rates, quantities, and types of vegetative growth. 

There has been much written, discussed, and debated 
recently about forest health, rangeland health, and watershed 
health. While each of these entities are important in their own 
right, the broader issue is one of “Ecosystem Health.” And one 
cannot address ecosystem health without addressing “Soil 
Health.” In particular, an understanding of management ef- 
fects on soils is critical if we are going to provide healthy 
forests, healthy rangelands, healthy watersheds, or healthy 
ecosystems. 

There is an expanding body of knowledge about the effects 
of management activities on forest soils. While there is much 
yet to be learned, our experience and knowledge do permit some 
general statements about management effects. The focus of my 
presentation is on the effects of some key management practices 
on soil properties, processes, and products derived from the 
soil. 
Nature and Properties of Blue Mountain Soils 

Before discussing specific effects of management, it is 
important to briefly review some of the variety of soils in the 
broad ecoregion of the Blue Mountains. This is important 
ecause the effects of management vary greatly among the 

various kinds of soils. I also hope to dispel some myths and 

perhaps false perceptions about the soils in this area. 
Following are some important features of soils in the Blue 
Mountains: 

Most are influenced by volcanic ash from Mt. Mazamz 
6700 yrs. ago. 

Water-holding capacity is highly variable, but is highes 
in the soils from volcanic ash. Most soils with more thar 
14 inches of volcanic ash are dry for less than 45 day2 
following the summer solstice. 

Soils dominated by volcanic ash usually are deep, or veg 
deep (greater than 40 inches). 

Soil bulk density in the surface layer averages about 0.67 
g/cc in the ash soils and about 0.9 to 1.0 g/cc for soils with 
minimal volcanic ash. 

The material below the volcanic ash is variable and affects 
the way the soil handles water. When clay subsoil is at 
shallow depths, overland flow can occur and cause accel- 
erated erosion. 

Soil organic matter ranges from about 2 to 9% in the 
surface layer (0 to 6 inches) and usually is lowest in soils 
under lodgepole pine communities and highest under 
Engelmann spruce or grand fir commrmites. In the 6- to 
12-inch depth, organic matter usually is 1 to 4%. 

The litter layer is highly variable, but thickness generally 
increases as soil temperature decreases and elevation 
increases. 

Quantities of soil nitrogen and available phosphorus vary 
widely. The surface 12 to 24 inches have relatively high 
contents, but at greater depths, amounts are very low. 

There is wide variability in soil properties and behavior. 

Soil Quality Standards 
Soils vary widely in their capabilities and resilience tc 

management. Soil quality standards are a measure of accept- 
able limits of impact and a basis for defining detrimental 
conditions. 

In 1977, the Pacific Northwest Region established soii 
quality policy, objectives, and standards. The general objet 
tives are to plan and conduct management activities so ti 
reductions in soil productivity and water quality are minim& 
and to maintain acceptable levels of nutrient capital. 
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The standards are: 
Leave at least 80% of activity area in 
acceptable condition for plant growth 
(including roads; 85% excluding roads) 

Detrimental conditions: 
Soil Compaction (for non-volcanic 
soils) 

15 % increase in bulk density 
50% decrease in macro pore space 
less than 15% macro pore space 

Soil Compaction (for volcanic ash or 
pumice soils) 

20% increase in bulk density 

Soil Displacement 
Removal of 50% of A and/or AC 
horizons from 100 A.’ area 

Soil Puddling 
Loss of soil structure by rutting at 
greater than 6-inch depth 

Burning 
Top layer of mineral soil changed 
in color to red, next 0.5 inch black- 
ened 

Soil Erosion 
Leave a specific amount of effec- 
tive ground cover according to the 
soil erosion hazard 

Effects of Management on Soil 
Management activities affect soils in 

many ways. Effects can be beneficial as 
well as detrimental, physical, chemical, 
biological, or combinations of these. Of 
course it is also true that the kind of soil 
affects the kind of practice or activity that 
is appropriate for achieving long-term 
sustainability of the land and water re- 
sources. Use of the land is continually 
evolving and the nature, degree, and ex- 
tent of effects changes accordingly. As 
population pressures increase, the de- 
mand for goods, services, and values from 
the land also increases. While technol- 
ogy changes to adapt to changing land 
uses, the tendency has been for bigger, 
faster, and more automated equipment 

that has the potential to affect the soil in 
greater degrees. The application of tech- 
nology must be based on an understand- 
ing of the soil capabilities and resilience 
if we are to manage for long-term 
sustainability of forest and rangeland eco- 
systems. From an organism perspective, 
it is a matter of managing stress condi- 
tions to optimize organism function. 
Effects of Hvvest Activities on Soilr 

For this discussion, I include harvest 
and site preparation activities required to 
establish a new stand. Operation of heavy 
equipment can have significant effects on 
soil properties. Research and monitoring 
studies in the area have found that detri- 
mental soil conditions normally occur on 
from 10% to more than 70% of an activity 
area. 

Lower disturbance may be due to 
fewer entries compared with other sites. 
The majority of the soil damage was from 
soil compaction. Only a small percentage 
was from soil displacement. 

one study also found that total llitro- 
gen and organic matter were reduced by 
17 and 26Y$ respe&vely, when compar- 
ing low and high dis- 
turbance areas. Aver- 
age soil buIk density 
increased by 24% 

The low naturaI 
bulk density of the 
Blue Mountain soils 
derived from volcanic 
ash contributes mea- 
surably to their rela- 
tively high productiv- 
ity. The high porosity 
that accompanies low 
bulk density results in 
soils with relatively 
rapid infiltration and 

cations Released 
(ca,M&K) 

Ammonification 

NitrifIcation 

Water repellency 

I 

Table 2. Some eflects offire on selected soil processes 

Similarly, a study in Northeast Orego 
volcanic ash soils found reductions of 2 
and 24Y% respectively, for height an _. 
diameter growth when comparing hig 
disturbance with low disturbance areas 
Effects of Fire on Soil Properties an 
Organisms 

Effects of fire are dependent on durz 
tion and intensity of the fire as well as tb 
condition of the soil, including moistui 
content, when burned. There is grew 
variability in effects on the soil and o 
vegetation. One can find beneficial ( 
adverse effects, depending on which stud 

pTiJ 
Table 1. Tmrperahrres at which selected 
elements are volatilized 

one cites. 
Carbon and nutrients can be volati 

ized at temperatures of 200°C and highs 
(table 1). Fires can affect soil processe. 
including nutrient availability. Cool fin 

Effects 

Deposited as oxides and salts 

Enhanced for few years 

Enhanced for few years 

Intense at temps above 176 “C 
Peaks at 270 ‘C 
Common at 204 to 370 “C 

high water storage capacities. These prop 
erties also mean that the soils have rela- 
tively low erosion from rainfall. 
Effects of Harvest Activities on Tree 
Gl-OWth 

The question then is, so what? Stud- 
ies in Northern Idaho, found significant 
reductions in height and diameter growth 
of lodgepole and ponderosa pine stands 
related to soil compaction, defined by 
penetration resistance classes, and to dis- 
placement. Volume reductions were as 
much as 44% on high resistance classes. 

can increase availability of some nuu 
ents for a few years (table 2). Wat 
repellency can increase when temper 
ture is about 170°C and higher. That c 
cause increased runoff and accelerate er 
sion. This often happens in areas of 1 
burns. That is, fires of high intensi 
long duration, or both. 

Soil organisms can be killed w 
relatively cool fires. When soils are w 
organisms are killed at lower tempe + 

Continued on page I5 
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Temperature “c 
Organism Wet Dry 

Bacteria 110 210 
Fungi 60 120 
Roots 1.0 cm <loo - 

2.5 cm - Cl00 

Table 3. Temperatures at which soil organisms are killed by 
Jre 

tures than when dry (table 3). 
Fires that consume the forest floor biomass and change soil 

color to red usually will have sig-nitlcant adverse effects on 
nutrient supply and result in soil erosion. But where prescribed 
fire is properly applied to moderately deep and well developed 
soils, the benefits should outweigh the drawbacks. 
CM We Manage the Soil Resources Better? 

I think the answer is an unqualified yes! The question 
really is, how can we manage better? First, our approach should 
be to prevent damage as much as possible. This can be done in 
a number of ways. For harvest and site preparation, our goal is 
to reduce the amount of area affected, operate when conditions 
are favorable, such as when soils are dry or when the ground is 
frozen or depth of snow is sufficient to cushion the impact, use 
-able or helicopter systems where needed, and minimize the 
number of entries. In order to reduce the number of entries, it 
is important to begin by considering the silvicultural prescrip- 
tion. For example, even-age management requires fewer en- 
tries than uneven-age management. Therefore, even-age man- 
agement systems may result in less effect on the soil, and it may 
provide more opportunities for applying cultural practices, 
such as tillage, that can begin the process of restoring com- 
pacted soils. 

Some practices that minimize adverse effects from fire 
include doing broadcast burning within prescription, selective 
use of underburning within prescription to reduce fuel loads, 
crushing residues in lieu of burning where appropriate, and 
selectively piling fuel for burning. 

These are some specific examples for reducing effects. 
Many already are used to varying degrees. The key to managing 
the soil resources better is to have knowledge of the soils and 
their behavior in response to management practices. Another 
important step is to have clearly defined soil quality standards 
and design prescriptions to meet those standards as well as 
meeting other management objectives. Finally, a sound moni- 
toring program that includes management feedback is essential 
for improving soil management, 

One of the principal and critical steps we have taken to gain 
the understanding about the complex interactions of the soil- 
vegetation-landscape system, is through a cooperative stressed- 
sites administrative study. Dr. Mike Geist is the principal 
scientist. There are three parts to this effort: development of 

effectiveness monitoring methods, stressed sites guides, and 
diagnostic and treatment studies. In order to continue and 
develop better management models, this effort needs to have 
additional support. 
Cultural Pr8ctices to Improve Soil Conditions 

There are a number of practices that can improve soils that 
have bea degraded from management or can improve soil 
quality where inherent properties are such that soil quality is 
low. Subsoiling is a common practice to alleviate compacted 
cOndit.iOnS. Winged subsoilers that fracture the soil without 
leaving deep furrows or turning over the soil can be effective. 
It requires careful operation by skilled equipment operators. 
Rock rippers and scarification with brush blades usually are 
ineffective for soil restoration and should not be used as a 
general practice. When subsoiling, it is very important to 
clearly define objectives, including depth of tillage. Then, use 
the right equipment under the right conditions to meet those 
objectives. 

Nutrient capital, especially nitrogen, varies widely in Blue 
Mountain and other northwest soils. However, availability in 
forms that plants can use also is a critical factor. Frankly, we 
don’t have a good understanding of nutrient availability in most 
of our forest ecosystems. While we have some information 
about what species respond to added fertilizer on some soils, we 
don’t usually know why some respond and why others don’t. 

Forest fertilization may be a means of improving the 
nutrient status of soil and vegetation. Fertilization studies are 
being conducted in parts of the Blue Mountains by the Inter- 
mountain Tree Nutrition Cooperative at the University of 
Idaho. Both ponderosa pine and Douglas-fir are being studied. 
The results are inconclusive. While some gains in growth have 
been measured in Northeast Oregon, they are less than in 
central Washington and northern Idaho, for example. There are 
confounding influences such as limits of nutrients other than 
those added. Sulfur and phosphorus may be limiting on 
volcanic ash soils. Also, fertilization may lead to increased 
mortality by insects and root diseases. 

Another way of increasing nitrogen status is by encourag 
ing growth of nitrogen-fixing plants. Though nitrogen-fixing 
species are not abundant in some areas of the Blue MOUnta@ 
some sites support non-leguminous plants such as ~eanothus, 
shepherdia, purshia, cercocarpus, alnus, and others that fix 
nitrogen. Leguminous plants include lupines, astragalus, ant 
thermopsis. Management of these species can enhance tht 
nitrogen status of soils, and nitrogen usually is the mos 
limiting nutrient. Management of soil organic matter am 
woody residues is important for total nutrient management 
Woody residues provide sites for non-symbiotic nitrogen-fixa 
tion and they are important for maintaining myc-otrhizal fungi 
Summary Recommendations to Maintain and tiprove soi 
Quality 

Maintenance of soil quality is crucial for sustaining pro 
ductivity and favorable hydrologic functions. Good soil qualit: 
is essential for reducing stresses on vegetation. A few ke 
points are worth considering. First, know your soils and ho\ 
Continued on page 16 
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they respond to management. Much in- 
formation is available in soil .survey re- 
ports. Where it isn’t available, seek the 
services of soil scientists. Secondly, pre- 
scribe practices that are compatible with 
the soil potentials and limitations. 
Thirdly, plan and conduct activities to 
meet soil quality standards. Finally, 
monitor soil conditions and processes and 
adjust management practices as needed. 

REFERENCES 

Clayton, J.L., G.Kellogg, and N. _ 
Forrester. 1987. Soil disturbance-tree 
growth relations in Central Idaho 
clearcuts. Research note INT-372. 
Ogden. UT: USDA Forest Service, Inter- 
mountain Research Station. 6 p. 

Geisf J.M., J.W. Hazard,andK.W. Seidel. 
1989. Assessing physical conditions of 
some Pacific Northwest volcanic ash soils 
after forest harvest. Soil Sci. Sot. Amer. 
J. 53(3): 946-950. 

Hambidge, G. 1938. Soils and men-a 
summary. In: Soils and men. USDA Year- 
book of Agriculture. 1232 p. 

Harvey, AE., J.M. Geist, G.I. McDonald, 
M.F. Jurgensen, P.H. Cochran, D. 
Zabowski, and RT. Meurisse. 1994. 
Biotic and abiotic processes in Eastside 
ecosystems: the effects of management 
on soil properties, processes and produc- 
tivity. Gen. Tech. Rep. PNW-GTR-323. 
Portland, OR: USDA Forest Service, Pa- 
cific Northwest Research Station. 71 p. 

Meurisse,R.T.andD.A.Lammers. 1993. 
Use of soil survey information for man- 
agement of national forests and grass- 

is. In: Proceedings of the Eighth 
international Soil Management Work- 
shop: Utilization of Soil Survey Informa- 
tion for Sustainable Land Use-May 1993. 
J.M. Kimble, ed. USDA Soil Conserva- 
tion Service, National Soil Survey Cen- 
ter. Lincoln, NE. p. 160-166. 

Sullivan, T.E. 1988. Monitoring SOi1 

physical conditions on a national forest 
in eastern Oregon; a case study. In: 
Slaughter, C.W., Gasboro, T., eds. I%- 
ceedings of the Alaska forest soil produc- 
tivity workshop; 1987 April 28-30; An- 
chorage, AK. Gen Tech. rep. PNW-GTR- 
2 19. Portland, OR USDA Forest Service, 
Pacific Northwest Research Station. p. 
69-76. 

Wallace, H.A. 1938. Foreward. In: Soils 
and Men. USDA yearbook of Agricul- - 
ture. 1232 p. 


