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Introduction 

Studies of the effect of mechanized tree harvesting on environmental factors 
are being conducted by the College of Forestry. One phase is designed to 
evaluate changes in soil bulk density and infiltration rates as a result of 
different harvesting techniques. This note describes the effect of winter 
harvesting on soil bulk density and infiltration rates, by the full tree 
and tree length systems. 

Method 

The study site, located on the Cut foot Experimental Forest, Itasca County, 
Minnesota, is slightly rolling with well drained sandy loam soil of the 
Cutfoot Series. Each harvesting system was used on a 15 acre area in a 60 
year old mixed jack and red pine stand. Areas harvested by full tree and tree 
length systems had basal areas of 90 and 125 sq. ft. per acre, and 27 and 36 
cords per acre respectively. Felling and limbing were done manually, with 
skidding by a rubber-tire skidder. 

Harvesting was done between March 6 and April 15, 1970, when snow depth 
ranged from 12 to 16 inches. The soil was frozen from 4 to 6 inches, and 
air temperatures remained below freezing except for short periods at midday. 

In June 1970, bulk density and infiltration measurements were made on each 
ha~vesting system from a representative area of three ground distu2?ance 
classes: heavy, medium, and light as described by Zasada and Alm.-
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Seven bulk'density samples were taken at 0 to 2 and 2 to 4 inch depths for 
each ground disturbance class and timber harvesting system. Bulk densities 
were computed on an oven dry basis (110° C.) of a 134.9 cc., undisturbed soil 
core. 

Infiltration rates were determined by the double-ring infiltrometer method 
with 12 and 20 inch diameter rings.1/ Water level readings of the infil
trometer were taken by a manometer at intervals of 1, 3, 5, 10, 20, 30, 45 
60, and 120 minutes after initiation of a run. Infiltration rates were then 
converted to inches per hour and averaged for the test period. 

Results and Discussion 

Total soil disturbance area is approximately 30 percent less during winter 
conditions (Table 1). Particularly important is the substantial reduction 
in the heavy and medium disturbance classes which will minimize deterioration 
of the soil water characteristics. 

In heavy disturbances, bulk density at the 0 to 2 inch depth increased 
approximately 0.5 and 0.4 gm./cc. over light disturbance in both harvesting 
systems (Table 2). Medium disturbance increased bulk density (0 to 2 inches) 
about 0.1 gm./cc. over light disturbance for both systems. In the 2 to 4 inch 
zone, heavy disturbance caused an increase of 0.1 gm./cc. in both systems. 
Under medium disturbance there was no increase in bulk density under the full 
tree system and an increase of 0.12 gm./cc. under the tree length system. 

Williamsi! found similar increases in bulk density in the 0 to 2 inch zone 
for harvesting systems during summer operations on a sandy loam soil at the 
Cloquet Forest Experiment Station. However, his results indicated a greater 
degree of compaction in the medium disturbance class and in the 2 to 4 inch 
zone for summer operations than were found in this study. This would indicate 
that winter conditions of snow and frozen soil reduce soil compaction on 
areas of medium and light disturbance but not under heavy disturbances which 
occur primarily on skid trails and landings. On these areas snow is partially 
or totally removed, and the equipment has direct contact with the soil surface. 
Therefore, bulk density is increased (Table 2). At 2 to 4 inches there is 
less increase in bulk density since soils tend to freeze, because the in
sulating blanket of snow is removed or compacted. 

Average infiltration rates on the heavy and medium disturbance sites, res
pectively, are shown to be 53 and 62 percent of the rate on the light dis
turbance class for the full tree system, and 44 and 24 percent for the tree 
length system (Table 2). 

Reduction in infiltration rates of similar magnitude are shown for both 
heavy and medium disturbance classes (Figure 1). As shown in this study an 
increase in bulk density of 0.1 gm./cc. is as effective in reducing infiltra
tion rates as an increase of 0.5 gm./cc. These results indicate that soil 
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compaction beyond some level, undefined in this study, does not cause addi
tional reductions in infiltration rates. This implies that once the macropore 
structure is altered, increased compaction has a small effect on reducing 
infiltration rates. 

Infiltration rates of sites harvested during this winter operation are 
similar in magnitude to those obtained for summer operations. 4/ In addition, 
small differences in infiltration rates between full tree and tree length 
harvesting systems are shown. 

Table 1 

Soil Disturbance Area by Time of Harvesting and H~rvesting System 

Harvesting 
System 

Full Tree 

Tree Length 

Disturbance Classes, 
and Tree Length 

Soil 
Disturbance 

Harvesting % of 
System Class Area 

Full Heavy 1 
Tree Medium 8 

Light 38 

Tree Heavy 1 
Length Medium 8 

Light 38 

Conclusion 

Disturbance winter Summer 
Class (%) (%) 

Heavy 1 19 
Medium 8 29 
Light 38 30 
TOTAL 47 78 

Heavy 1 13 
Medium 8 33 
Light 38 16 
TOTAL 47 72 

Table 2 

Bulk Density and Infiltration Rates Full Tree 
Harvesting Systems Under winter Conditions 

Bulk Density 
(gm/cc) Infiltration Rate (in/hr) 

0-2" 2-4" 1 min 60 min 120 min Avg. 

1.48 1. 53 25.8 19.8 15.6 24.1 
1.10 1.41 54.0 19.6 18.1 28.3 
0.99 1.40 72.0 37.8 33.7 45.6 

1.18 1.40 24.6 18.3 17.6 22.2 
0.91 1.40 27.0 8.8 7.4 12.1 
0.79 1. 28 87.0 37.8 31.6 50.7 

Soil bulk density and infiltration rates of sites harvested by full tree 
and tree length systems under winter conditions call be similar to summer 
operating conditions. Bulk density is not increased as much at the 2 to 
4 inch zone or on medium disturbance classes during the winter operation. 
However, in terms of surface runoff, the degree of compaction is effective 
in reducing infiltration rates the same magnitude as was found for summer 
operations. This reduction is sufficient to allow surface runoff and soil 
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erosion on sloping terrain. 

Although infiltration rates are similar under both winter and summer con
ditions, reduction of the percentage of the area of heavy and medium dis
turbance classes during the winter conditions is important. 

In terms of deterioration of the soil-water properties, winter operating 
conditions had the distinct advantage of reducing heavy and medium distur
bance sites by approximately 30 percent • 
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