
18 

system and skid trails can be noted throughout most of the clear 

cut. 

The topography of unit 3 is quite steep, the average slope 

being approximately-46 per cent. The clear cut has largely as 

eastern aspect and is traversed by Rock Creek which, at this 

point, is flowing from southwest to northeast. The unit ranges 

from 2100 to 2500 feet in elevation. 

The soil is a Blachly loam formed from sandstone parent 

material. Numerous large sandstone rocks and boulders were fre- 

quently encountered, especially at the base of the steeper slopes, 

giving the soil surface a raw, undeveloped appearance. Colluvial 

gabbro fragments from the higher elevations are also present. 

Very little of the soil surface area was subjected to any appreci- 

able amount of burning, however, much of it was disturbed as a 

result of the logging. Only or two minor cases of soil erosion 

were noted in the entire unit despite the steepness of the terrain. 

At the time the field studies were conducted unit 3 supported 

an almost luxuriant growth of perennial weeds and grasses. 

Natural forest reproduction was in evidence although not common, 

with hemlock seedlings being most abundant. The surrounding tim- 

ber is composed of dominant Douglas-fir with shade-tolerant hemlock 

in the understory. 

Cutting Unit No. 4 

The timber on this unit was cut in the spring and summer of 

one 
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1954 and the slash was burned in the fall of 195h. The clear cut 

occupies an area of approximately 10 acres. Most of the surface 

area is now free of slash due to a thorough broadcast burn which 

largely removed the branch-mood and appreciably decreased the vol- 

ume of cull logs. The effects of the fire penetrated the soil to a 

depth of several inches in some cases, giving evidence of 

relatively dry conditions at the time of the fire. 
Unit 4 has the steepest topography as indicated by its average 

slope of 51 per cent and several extremes of well over 100 per cent. 

This clear cut is located on a slope of varying steepness which is 
drained by a small stream that runs through the center of the log- 

ged area. The predominant aspect is eastern although this varies, 

especially in or near the draw through which the stream passes. 

Elevation within the unit ranges from approximately 1800 feet at 

the lowest point to 2200 feet at the highest. 

The soil found in unit 4 is a member of the Melbourne series 

and is characterized by- a clay-textured Al horizon and a high per.. 

centage of small stones and pebbles in the surface layer. This 

soil, as are most soils in the Reddish-Brown Latosol great soil 

group, is comparatively non-sticky and resistant to puddling despite 

its high clay content. The soil surface near the center of the 

logged area was almost everywhere subjected to burning which 

ranged in intensity from very light to severe. Much of the area 

near the margins of the clear cut, however, escaped the slash 

fire and numerous undisturbed *islands* were noted where the ground 



surface still retains the unaltered litter. As yet very little 
evidence of erosion has been observed, however, numerous skid 

trails running up and down the steep slopes may offer a serious 

erosion hazard in the future. 

Since the area VAS investigated only eight months after slash 

burning, the vegetation was still rather sparse. Most of the plant 

species present had been carried over from the forest understory 

vegetation and very few annual or perennial invading species were 

noted. No natural, coniferous reproduction was present within the 

cutting unit. The area immediately adjacent to the clear cut 

supports vigorous stands of mature Douglas-fir and a jungle-like 

understory of vine maple. 

Cutting Unit No. 10 

This area of approximately 20 acres was logged during the 

minter and spring of 1954 and 1955 and the slash was burned very 

successfully-in September of 1955. The broadcast slash fire con- 

sumed most of the branch-wood over the entire area, with very few 

concentrations escaping. Since slash burning took place shortly 

after a heavy rain, the duff and topsoil were still moist and, 

consequently, the noticeable effects of the fire extend no deeper 

than approximately one inch. 

Unit 10 is located in a comparatively level area, the average 

of the measured slopes being 18 per cent. It was noted that in 

the fall and spring many small, localized depressions contain 

20 
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considerable amounts of standing water. This clear cut is at an 

elevation of approximately 1700-1800 feet. 

The soil on this cutting unit is an Olympic clay which was 

formed from residual basalt. The surface soil differs from that 

found on the other units in being relatively free from stones and 

pebbles. Bright red soil, caused by the burning of slash concen- 

trations, was much in evidence at the time of sampling. 

Although tne area appeared at first to be very severely burned and 

the soil seriously damaged, closer inspection revealed that the 

effects of the fire were shallow in nature and not nearly so ex- 

tensive as was originally-thought. No soil erosion was noted at 

the time of sampling. 

Unit 10 was sampled within a month after it was burned and, 

consequently, tne only vegetation present was limited to the un- 

burned areas. Even in these areas the plant cover was scarce and 

only-a few species were noted. The surrounding timber stand is 

composed of mature Douglas-fir with an admixture of hemlock and 

vine-maple. 

The climate of the Marys Peak section of the Coast RanFe can 

be characterized as fairly mild and wet. Although definite figures 

are not established, the approxinate annual rainfall in the area of 

the three clear cuts is from 70 to BO inches per year. Much of 

this precipitation comes in the form of snow during the winter, 

which may reach a depth of several feet at the higher elevations 

and persist until late in the sprang. The temperatures, although 



Table 1. Per cent stones (by weight) larger than 5 nu. in the surface two inches of soil 

Average for Burned Burned Disturbed 
Cuttin unit all conditions severe ti unburned Undisturbed Timber 

3 29.5 28.5 274 28.9 331 29.2 

4 26.8 31.8 25.3 22.7 22.6 31.4 

10 8.7 , 6. 11.1 9.6 11.2 

1 
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lower than those recorded in the Willamette Valley, are generally 

mild in the summer and not too extreme in the winter due to the 

moderating influence of the ocean. 



THE EXPERIMENTAL PROCEDURE 

This study covered a one year period beginning July., 1955 and 

ending in April, 1956. The experimental methods will be discussed 

in two sections: the field procedures and the laboratory deter- 

minations. 

Field Procedure 

The three clear cuts selected for study varied considerably 

as to size and shape. This made it necessary to modify the sampling 

procedures in some cases in order to adapt them to the site. The 

procedure used for each cutting unit will be indicated whenever it 
varied from the general pattern. 

To insure a thorough distribution of the sampling plots the 

clear cut units were first stratified subjectively. Cutting unit 4 

was divided into four strata and units 3 and 10 into three strata 

each. A transect extending from one boundary of the clear cut to 

the other was randomly located within each stratum. True randomi- 

zation was accomplished by obtaining a group of random numbers 

prior to going into the field. These numbers supplied the distance 

from the stratum boundary to the point of departure for the tran- 

sect within that stratum. From this randomly located point on the 

margin of the unit a compass bearing was taken and a landmark 

directly across the clear cut was selected toward which the tran- 

sect was aimed. The strata within the units were laid out in such 

214 
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a way that it was possible to locate most of the transects on the 

contour. This was done in order to obtain an adequate sample of 

the skid trails which run up and down the slope. 

The transects were all run using a one hundred foot tape. To 

begin the transect the end of the tape was anchored at the pre- 

determined starting point. The one hundred foot mark was established 

by walking toward the landmark on the opposite side of the clear 

cut and letting the tape out at the same time. Each one hundred 

foot interval was measured off in the same manner. All transects 

were run as straight as possible in order to minimize personal bias. 

At a point located every 10 feet along the clear cut transects 

the condition of the soil was noted and recorded as one of the 

following: (a) undisturbed, (b) disturbed and unburned, (e) dis- 

turbed and lightly burned, and (d) disturbed and severely burned. 

This classification system is the same as Tarrant!s (59, pp. 2, 5) 

except for the addition of the disturbed, unburned category. The 

sampling procedure used is an adaptation of the pointobservation 

method which is commonly employed in range surveys. 

Soil sampling was carried out at 50 foot intervals along the 

transects. Any remaining litter and duff was scraped away and 

samples of the top two inches of mineral soil were taken. The 

aspect and per cent slope of the sampling area was recorded as well 

as the surface condition category. Samples representing the un- 

disturbed soil in the adjacent timber stands were also collected 

by extending both ends of the clear cut transeets into the timber. 
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The transacts across cutting unit 4 were extended 150 feet at each 

end and three soil samples collected on each of the extensions, or 

six per sampling transect. Six 200 foot extensions into the tim- 

ber were run on cutting units la and 3, and eight soil samples in 

the timber obtained per transect. The per cent slope and aspect 

were also recorded for each sampling spot in the timber. 

Prior to soil sampling on cutting units 3 and 4 the vegetation 

was sampled by the grid-frequency method at each 50 foot interval. 

This method consists of putting down a 3 foot square grid which is 

subdivided into thirty-six 6 inch squares. The data sheets con- 

tained replicas of this grid and the plant species were recorded in 

the segment of the grid in which, they occurred. Since cutting 

unit 10 had just recently been burned at the time of sampling, the 

very sparse vegetation made it necessary to alter tne procedure 

somewhat. In this unit plant species present witnin a 5 foot radius 

from the 50 or 100 foot mark were recorded. Plant specimens re- 

presenting all the species present were collected and identified at 

tne Oregon State College Herbarium. 

In order to obtain a statistically significant number of soil 

condition point observations per cutting unit it was necessary to 

run a second randomly located transect in each stratum. Along this 

second transect the soil condition recorded at 10 foot intervals was 

the only information taken. 
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Figure 1. Diagrammatic representation of cutting unit 14, showing 
the location of the strata and the orientation and 
approximate position of the sampling and soil condition 
transects. 
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Ioabaratory Procedures 

The soil samples were spread out and air dried after being 

brought into the laboratory. The samples were then gently passed 

through a 5 millimeter screen and the per cent of stones larger 

than 5 millimeters determined by weighing the samples before and 

after screening. One-half of the sample was retained in the 

granular condition for aggregate analysis and stored in cartons. 

The other half of the sample was ground to pass a 2 millimeter 

sieve. 

In order to facilitate the statistical analysis of the results 

it was necessary to select an equal number of soil samples per 

clear cut which would represent each of the 5 soil condition 

categories. It was determined that, in most cases, sufficient 

samples had been collected to allow for the selection of 12 samples 

per soil condition for each cutting unit, thus making a total of 

60 per clear cut. These five sets of 12 samples each were selected 

by using random numbers. The subsequent analyses were performed 

on these selected samples. In a few cases where less than 12 

samples representing a specific soil condition had been obtained it 
was necessary to resample in order to make up the deficiency. This 

was accomplished by retracing the transacts and collecting the 

desired samples at points other than the plots previously sampled. 

The subeamples for each determination were selected by 

placing the entire sample on a clean piece of paper. After 

28 
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thorough mixing small amounts of Soil were selected at random 

throughout the pile and composited. Each analysis was performed in 

duplicate and the results expressed as averages. Whenever the two 

results varied more than could be expected due to experimental 

error, the determination was performed again in duplicate. Unless 

otherwise stated, the determinations were carried out according to 

the procedures outlined by the Forest Soils Committee of the 

Douglas-fir Region (21). 

Mechanical analysis was performed on eh sample by an 

adaptation of the Bouyoucos hydrometer method. It has been found 

that many of the Reddish4rawn Latosol soils are especially re- 

sistant to dispersion and consequently a revised method of sample 

pretreatment has been adapted for these soils. To insure complete 

removal of colloidal organic matter the samples were first treated 

with 20 milliliters of hydrogen peroxide. Approximately 200 milli- 

liters of water were also added and the mixture boiled for 2 hours 

to aid in oxidation. The dispersing agents added to each sample 

consisted of 15 milliliters of 1 normal sodium hydroxide and 30 

milliliters of a 5 per tent Calgon solution. After the addition of 

an adequate amount of water the samples were placed in a recipro- 

cating shaker and shaken for 12 hours. A total of three hydrometer 

readings were taken: one at 40 seconds to determine the amount of 

sand, one at 6 hours to determine the amount of 2 micron clay pre- 

sent, and a 214 hour reading indicating the amount of 1 micron clay.. 

' 
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Moisture equivalent determinations were carried out by the 

standard Briggs-McLane centrifuge method (21 pp. 1344). This 

gives an approximation of field capacity and, as such, is an 

indication of the ability of the soil to retain moisture. 

The percentage of aggregation of the soil samples was deter- 

mined by following the procedure as outlined by /Oder (63, pp. 339- 

3b3). By this method the percentage of the soil in aggregates 

1.0, 0.5, 0.25, and 0.10 millimeters in diameter was determined. 

The aggregates were dispersed and the weight of sand present in each 

size category was determined and subtracted from the total weight of 

sand plus aggregates. By this means the results obtained are more 

nearly a true expression of the state of aggregation of the sal. 
Total organic matter was determined by the rapid dichromate 

oxidation method (modified by Walkley and Black ) (21, p. 21). 

Results were expressed as a percentage of the air dry soil. 
The suspension percentages of the severely burned lightly 

burned, and timber soil samples from cutting unit 10 were deter- 

mined by the procedure as outlined by Middleton (42, pp. 2-3). 

This procedure consists of shaking a cylinder containing 20 grams 

of soil and 1 liter of water end over end 20 times. The suspended 

soil is then allowed to settle for 125 seconds at ItIlich time a 25 

milliliter sample is pipet ted at a depth of 20 centimeters. From 

the dry weight of this fraction the total weight of silt and clay 

in suspension can be calculated. The dispersion ratio is calcul- 

ated by dividing the weight of silt and clay in suspension by the 
weight. 

Alt. 



total weight of silt and clay in the sample. The results of this 

determination were used for calculating the erosion ratios for 

these samples. 

r 
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RESULTS AND DISCUSSION 

Soil Surface Condition 

The point observation data collected along the transects were 

used to determine the percentage of the soil surface area in each 

of the four soil condition categories for the three clear cuts. 

This information is very useful in interpreting the results of 

the laboratory determinations. 

Sufficient point observations were recorded so that the cal 

culated percentages would adequately reflect the areal distribution 

of the various soil surface conditions. However, these percentages 

should be regarded as approximations rather than as absolute value*. 

On unit 3 (cut and burned in 1953) some difficulty was encountered 

in establishing whether certain points had been subjected to 

burning or not. The most difficult areas to interpret were located 

on tne steeper slopes where the presence of charcoal debris was 

not always indicative of burning. 

The results as calculated on the basis of a total of 1,562 

point observations are given in Table 2 and Fig. 2. 

It can readily be seen that there is an appreciable amount 

of variation in the condition of the soil from one clear cut to 

another. Differences in the amount of slash present, its moisture 

content, the moisture content of the soil at the time of burning, 

the topography of the cutting unit, and the system of logging all 

contribute to the marked difference in surface soil condition from 

' 



Table 2. Surface soil condition following logging and slash burning 

Condition 
Number Lightly burned Severely burned Unburnedli Undisturbed 

Cutting unit 3 540 27.0 1.3 394 32.6 

Cutting unit 4 495 52.3 6.5 29.9 11.3 

Cutting unit 10 54.8 16.1 21.3 7.8 

Mean 44.7 8.0 30.1 17.2 

Unburned in this table and in subsequent graphs and tables denotes a disturbed soil condition 
as well as unburned. - 



LIGHTLY BURNED 

UNBURNED 

UNDISTURBED 

SEVERELY BURNED 

UNIT 3 UNIT 4 UNIT 10 MEAN 

Figure 2. The percentage of the cutting unit areas occupied by each of the fair soil surface 
conditions following logging and slash burning. 
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clear cut to clear cut. 

Cutting unit 10 was the most thoroughly burned, 'with the 

unburned area amounting to only 29.1 per cent of the total. The 

unburned soil was primarily in areas where the slash and litter had 

been removed at the time of logging and the majority of it was com- 

pacted or otherwise disturbed. Unit 10 also had the highest pro- 

portion of its soil in a severely burned condition as a result of 

the large concentrations of slash and cull logs which remained after 

logging. 

Cutting unit 4 was subjected to a comparatively thorough slash 

fire, although a total of 41.2 per cent of the area escaped its 

effects. A large portion of this unburned area as composed of 

skid trails and the steeper slopes which escaped because of the 

absence of logging slash. "Islands" of undisturbed and unburned 

soil, which were characterized by a soil surface closely similar 

to the forest floor in the adjacent timber, were especially common 

near the margins le the unit. Evidence of severe burning was 

apparent but not as extensive as in unit 10. 

Unit 3 had only 28.3 per cent of its total surface area burned 

and almost one-third of the clear cut had completely undisturbed 

soil. The fact that the fire was very light and superficial is 

borne out by the recorded total of only seven severely burned point 

observations. 



Soil Texture 

Several workers in the Pacific Northwest (5, p. 277 and 29, 

pp. 267-268) have reported that slash burning had no affect on the 

texture of the soils they had investigated. On the basis of their 

findings mechanical analysis was originally employed in this study 

only in an attempt to discover whether or not the particle size 

distribution of the soils would give any indication of possible 

erosion. A comparison of the mechanical analysis data for unit 4 

by transects reveals that some erosion and deposition within the 

finer-sized particle classes may very well have occurred (see 

Table 3). Transect No. I was run on the contour near the top of 

Table 3. Average contents of sand, silt, and clay in soils from 
Cutting Unit 4 

Sand Silt 
Transact no. 

Total clay 

50.45 
40.66 

47.84 
42.92 

44.07 
46.62 

37.21 
46.11 
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the elope on which unit h is located. Subsequent transeets were 

located further down-hill, with 3 and 14 near the base of the slope. 

1. Timber 25.25 24.30 
1. Clear Cut 35.98 23.36 

2. Timber 31.35 21.12 
2. Clear Cut 33.90 23.16 

3. Tiaber 26.86 29.06 
3. Clear Cut 30.20 23.17 

4. Timber 36.10 26.69 
4. Clear Cut 30.15 23.74 

Fine clay Total clay ratio 
timber clear cut 

38.58 1.65 
30.48 

36.60 1.11 
32.75 

32.65 0.95 
36.16 

30.61 0.81 
36.26 

' 
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At the steepest section of the slope where transacts 1 and 2 were 

located the clear out samples were considerably lower in clay and 

fine slay than were the samples collected under the adjacent 

timber, thus suggesting the possibility of erosion. However, down 

slope where the terrain is not as steep (transects 3 and 4), the 

reverse was true. Here the clear cut samplee contained more clay 
sized particles than the timber samples, which suggests some de- 

position of the clay at this level, These observations are not, of 

course, conclusive evidence of erosion, but they do suggest some 

transportation and deposition of the finer particles. 

Three separate analyses of variance were performed on the 

mechanical analysis data. The analyses included the total of 180 

determinations representing soils of the five conditions from the 

three cutting units. Statistical analyses were made on data for 

per cent clay (2 micron), per cent fine clay (1 micron), and per 

cent silt plus clay. it should be mentioned that although the 

mathematical model tor this study is the randomized block, it de- 

viates from the model in one important respect, the treatments are 

not applied but are merely measured as they occur. 

The analysis of variance for per cent 2 micron clay reveals 

that the treatment effect is significant at the 1 per cent level 

(see Table 4 and Figure 3). The means for the three cutting units 

sllow that the difference between the per cent clay in severely 

burned samples and the amount of clay present in samples from the 

other four treatments is greater than the least significant dif- 
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ference for the I per cent level. The means for tte soil conditions 

other than severely burned do not vary significantly. 

The mean values for to percentage of fine clay also follow the 

sane pattern with the only significant decrease noted in saaples 

collected from severely burned areas (see Table 5). Although the 

drop is not as large as was noted in the ease of 2 micron clay-, 

it is of sufficient magnitude to be termed significant at the 1 

per cent level when the mean for the severely burned saxples is 
compared to the mean for any uther treatment. 

In the case of per cent silt plus clay-the treatment means 

again indicate that there is a significantly smaller amount of the 

finer particle fraction present in the severely burned soils (see 

Table 6). The difference between the amount of silt and clay pre- 

sent in the timber and the severely burned soil is three times the 

amount which constitutes the minimum for a significant difference. 

From the foregoing it is apparent that the only 

which has had statistically significant effects an soil texture is 

severe burning. Although light burning often has a non- 

significant effect on the amount of silt and clay present, the means 

for this treatment are considerably higher than those for severely 

burned soils. As would be eepected soil disturbance caused by 

logging has no appreciable affect on soil texture unless it is 

accompanied by burning. The data presented in Table 7 indicates that 

severely burned soils may have their particle site distribution 

altered sufficiently-to place them in a different textural class. 

tzieatMent 



Table 'Table of means and summary of analysis of variance for 
per cent clay (2 micron) 

Treatment 

Timber 

Severely burned 

Lightly burned 

Unburned 

Undisturbed 

Mean 

Location 

Unit 10 Unit 4 atal Wean 

47.6 45.8 27.0 4o.1 

37.8 39.9 23.8 33.8 

46.1 42.3 25.2 37.9 

46.0 45.8 24.3 38.7 

49.4 48.3 25.2 41.0 

45.4 44.4 25.1 

Source Degree of Freedom Mean Square 

Total 179 

Location (replicate) 2 7,870.76** 

Treatment 14 276.70** 

Location x Treatment 8 56.10* 

Error 165 

" Significant at the 5% level. 
* Significant at the 1% level. 

Treatment L.S.D. 2.26 (5% level) 
2.98 (1% level) 

Location L.S.D. 1.75 r% level) 
2.31 1% level) 

23.55 
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Table 5. Table of means and summary of analysis of variance for 
per cent fine clay (1 micron) 

Location 

Treatment Unit 10 Unit 4 Unit 3 Mean 

Timber 33.7 35.2 20.2 29.7 

Severely burned 30.0 31.0 17.1 26.0 

Lightly burned 34.5 32.8 18.1 28.5 

Unburned 35.0 35.0 183 29.4 

Undisturbed 38.3 36.9 18.9 31.4 

Mean 34.3 34.2 18.5 

Source EW221-2LIEERIT! *an Pcluare 

Total 179 

Location (replicate) 2 4,935.25** 

Treatment 4 138.18** 

Location x Treatment 8 23.86 

Error 165 15.31 

Significant at the 1% level 

Treatment L.S.D. 1.82 (5% level) 
2.41 (1% level) 

Location L.S.D. 1.41 (5% level) 
1.86 (1% level) 


