
Table 6. Table of means and summary of analysis of variance for 
per cent silt plus clay 

Location 

Treatment Unit 10 Unit 4 Unit 3 Mean 

Timber 833 70.8 55.8 70.0 

Severely-burned 66.6 62.1 57.9 62.2 

Lightly burned 84.2 66.7 56.7 69.2 

Unburned 34.4 69.0 53.1 68.8 

Undisturbed 85.2 72.0 53.9 70.4 

Mean 80.7 68.1 55.5 

Source Degrees of Freedom an Square 

Total 179 airipon 

Location (replicate) 2 9,58691** 

Treatment 4 404.4e* 

Location x Treatment 8 290.43** 

Error 165 37.90 

4** Significant at the 1% level. 

Treatment L.S.D. 2.87 (5% level) 
3.79 (1% level) 

Location L.S.D. 2.22 (5% level) 
2.93 (1% level) 



Sand Silt Clay 
ondition 

Table 7. Mean particle size distribution by treatment 

Unit 4 Unit 10 
Sand Silt Clay Sand Silt Clay 

Texture 

Timber 44.2 28.8 27.0 Loam 29.2 25.0 45.8 Clay 3.6 .7 35.7 47.6 Clay 

Severely burned 42.1 34.1 23.8 Loam 37.9 22.2 39.9 C loam 33.4 28.8 37.8 C loam 

Lightly burned 43.3 31,5 25.2 Loam 33.3 24.4 42.3 Clay 15.8 38.1 46.1 Clay 

Unburned 46.9 28.8 24.3 Loam 31.0 23.2 45.8 Clay 25.6 28.4 46.0 Clay 

Undisturbed 46.1 28.7 25.2 Loam 28.0 23.7 48.3 Clay 14.8 35.8 49.4 Clay 

Unit mean 44.5 30.4 25.1 Loam 31.9 23.7 44.4 Clay 19.3 35.3 45.4 Clay 

- 

. 
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In both units 4 and 10 the soil texture of samples collected 

from severely burned areas is a clay-loam, While samples represent- 

ing the other four treatments have a particle size distribution which 

places them in the clay textural class. The effect of severe 

burning on the sandier soil collected from unit 3 is not as great, 

although there is a marked increase in silt content and a decrease 

in the amount of clay present. 

The most logical conclusion that can be drawn from this phase 

of the study is that slash burning does affect the texture of the 

soil, but only significantly so in areas which have been subjected 

to severe burning. In -cutting units 4 and 10 there was an 

appreciable decrease in both the silt and 'clay content of severely 

burned samples, while the means for unit 3 show a small decrease 

in clay content for severely burned soils and an increase in the 

amount of silt present. Several workers in India have reported that 

a decrease in clay content often accompanies exposure to high 

temperatures. Puri and Asghar (51, p. 372) noted a rapid and eon,. 

stant decrease in clay content up to a temperature of 4000 0. 

They regard 4000 C. as the fusion temperature of colloidal particles. 

Sreenivasan and Aurangabadkar (560 pp. 456-457) also found a marked 

decrease in clay content as a result of heating. They report that 

this decrease was accompanied by a corresponding increase in the 

contents of silt, fine silt, and fine sand. 

The fact that a large increase in sand accompanies the de- 

crease in the clay content of severely burned samples from units 4 



and 10 (see Table 7) indicates that the higher temperatures result 

in the fusion of clay particles into stable sand-sized aggregates. 

It is recognized that the dehydration of clays is the primary 

requisite for the formation of secondary particles, a requirement 

which is certainly fulfilled in the case of severely burned soils. 

Raver (8, p. 143) states that complete dehydration, such as occurs 

at very high temperatures, brings about a union of the clay 

micelles through oxygen 1inka7es, as water is driven off from the 

hydroxyl groupings in the surface of the mineral. He further 

states that when this type of cementation takes place the system is 

only very slowly reversible. A marked decrease in per cent silt in 

the case of severely burned soils in unit 10 indicates possible 

fusion of silt-sized particles as well as clay. Severely burned 

samples from unit 3 exhibit a small increase in the pementage of 

silt rather than the increase in sand content which was noted in 

the samples from the other two cutting units. Here it appears that 

a small amount of clay became firmly cemented into slit-sized 

particles as a result of the intense heat. 

Soil Moisture Retention 

The results of the moisture equivalent determinations were 

also statistically analyzed by means of analysis of variance. Once 

again this test showed the effect of the treatments to be signifi- 

cant (see Table 8 and Figure 4). A comparison of the treatment 

means representing all three locations reveals that the mean value 

145 
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for severely burned soils is significantly lower than any of the 

four ether treatments. Also the disturbed, unburned samples exhibit 

a drop in their average moisture equivalent values which may be con- 

sidered statistically significant at the 5 per cent level. 

Undoubtedly the most important factor contributing to the lower 

moisture equivalent values for the severely burned samples is the 

removal of organic matter by the slash fire. Since some types of 

organic matter have a maximum moisture holding capacity of well 

over 100 per cent, its loss would be expected to have a profound 

effect On the ability of the remaining soil system to absorb and 

hold moisture. Another contributing factor is the Alightly coarser 

texture of the severely burned soils. Since a large portion of the 

disturbed, unburned soil samples were collected from areas where 

the soil had been compacted by repeated log skidding, their lower 

moisture equivalent values may be due to structural breakdown. 

Soil Structure 

The aggregate analysis results for the three clear cuts again 

emphasizes the effects of severe burning on soil physical pro- 

perties. As before, analysis of the results of the determination 

showed the treatment effect to be significant (see Table 9 and 

Figure 5). The mean value for the severely burned samples is sig- 

nificantly lower than are any of the other treatment means. The 

appreciably higher values recorded for unit 10 are due to the 

adoption of a more effecient method of aggregate dispersion. 



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

Treatment L.S.D. 1.80 (5% level) 
2.38 (1% level) 

Location L.S.D. 1.39 (5% level) 
1.84 (1% level) 
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Table B. Table of means and summary of analysis of variance for 
moisture equivalent values. 

Location 

keatment Unit 10 Unit ii Unit 3 Mean 
moisture % moisture % moisture % moisture 

Timber 45.7 41.1 34.6 40.5 

Severely burned 36.9 36.3 32.6 35.3 

Lightly burned 45.7 38.4 36.3 40.1 

Unburned 43.1 38.8 33.14 33.4 

Undisturbed 46.5 40.9 35.0 40.8 

43.6 39.1 34.4 

Source Degrees of Freedom Mean Square 

Total 179 OW. 

Location. (replicate) 2 1,272.09** 

Treatment 4 188.62** 

location x Treatment 8 34.71 

Error 165 14.93 
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Table 9. Table of means and summary of analysis of variance 
for per cent aggregation 

Location 

Treatment Unit 10 Unit 4 !pill Mean 

Timber 79.1 44.1 34.9 52.7 

Severely burned 65.8 30.4 29.1 41.8 

Lightly burned 77.7 39.1 35.1 50.6 

Unburned 72.8 41.9 33.5 49.4 

Undisturbed 78.6 49.6 36.1 54.8 

/ban 74.8 41.4 33.7 

Source - Degree of Freedom Wan Square ............ 

Total 179 ..... 

Location (replicate) 2 28,622.66** 

Treatment 4 685.194* 

Location x Treatment 8 94.50 

Error 165 67.54 

** Significant at the 1% level 

Treatment L.S.D. 

Location L.S.D. 

3.83 (5% level) 
5.05 (1% level) 

2.96 (5% level) 
3.91 (1% level) 

9 
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Figure 5. The effect of logging and intensity of slash burning on the content of water 
stable aggregates in the surface two inches of s oil. 
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As was stated in the section on experimental procedures, the 

weight of the primary particles which would not disintegrate under 

dispersion was subtracted from the total initial weight of aggre- 

gates plus particles. During this determination it was frequently 

noted that severely burned samples contained aggregates which were 

so stable that they would not break dawn, even after repeated 

attempts at dispersion. Apparently these exceptionally stable 

aggregates of clay and silt are also primarily responsible for the 

change in particle sirs distribution which was found by the 

mechanical analysis of these severely burned samples. Puri and 

Asghar (51, p. 372) made similar observations. They report that 

dehydration of clay at high temperatures resulted in stable 

aggregates which could not be disintegrated by ordinary methods 

of dispersion and consequently could not be distinguished from 

coarser fractions. 

There is some question as to whether the lower percentage of 

aggregates found for severely burned soils is adequately accounted 

for by the fusion of small prilary particles into super-stable 

aggregates or larger primary particles alone. In some cases the 

decrease in aggregate content was large, thus suggesting that 

there may be other contributing factors. Since the top two inches 

of soil was sampled, the samples represent the combined effects 

of a fairly wide range of temperatures. Quite certainly the top 

one-half inch or more of soil was subjected to temperatures high 

enough to cause considerable dehydration of colloidal iron oxides 

, 
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and clays which resulted in the cementation of fine particles into 

extremely stable aggregates. The second inch of the samples, 

however, undoubtedly reflects the effects of a less extreme tempera- 

ture. This temperature, although lower, may still range as high 

as 3004i00° F. However, it is doubtful whether the temperature 

below the surface of the soil would be either high enough or of 

sufficient duration to cause complete dehydration of the colloids. 

On the other hand, the temperatures may have been sufficiently 

high to cause an indefinite amount of organic matter oxidation. 

As many aggregates in surface soils have colloidal organic matter 

as their cementing agent, the end result of the loss of organic 

matter would be aggregate disintegration. 

Other factors undoubtedly affect the state of aggregation of 

severely burned soils, but to determine their identity and im- 

portance is beyond the scope of this study. However, both the 

slowly reversible cementation of silt and clay into aggregates or 

apparent primary particles and the break-up of aggregates due to 

loss of organic matter may be largely responsible for the low 

values found for these soils. Future studies, with soil sampling 

at one-half inch intervals, would be useful in ascertaining the 

relative state of agrregation at the various temperature levels. 

Soil ganio Matter / 
Statistical analysis of the total organic matter values reveals 

that again the only treatment to give significantly different results 
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was the severely burned conditions (see Table 10 and Figure 6). 

In this case the difference is especially great; the samples from 

the other four treatments contained more than 2 1/2 times as much 

organic matter as did the severely burned samples. 

Most workers consider the removal of organic matter from the 

surface soil to be one of the most detrimental effects of severe 

burning. Since organic matter is 'important in promoting 

favorable soil aggregation, its loss is of special importance from 

the standpoint of soil erodability, The removal of colloidal 

organic matter not only results in theltreakdown of aggregates 

but it also precludes the further formation of aggregates by means 

of organic matter cementation. The loss of this cementing agent 

is especially serious in view, of the fact that organic matter is 

conducive to the formation of relatively large stable aggregates 

of the type which are most resistant to erosion. Besides, the 

colloidal form, raw organic matter is also completely removed from 

the soil surface, thus seriously depleting the reserve supply 

which would otherwise have been incorporated into the soil as 

humus. 

Effects of Soil Changes on Erodabilitv,e//// 

Soil disturbance is an uneseapable result of the modern 

methods of logging and slash disposal. Since sail disturbance is 

inevitable, the problem is not how it can be done away with but 

haw it can be minimized. 



Table 10. Table of means and summary of analysis of variance 
for per cent total organic matter 

Location 

Treatment Unit 10 Unit 4 Ntal Moan -.....--- 
Timber 10.7 9.3 12.4 10.8 

Severely burned 4.5 5.2 3.0 4.2 

Lightly burned 10.4 12.3 12.3 11.0 

Unburned 10.9 10.2 12.5 11.2 

Undisturbed 12.2 8.6 12.6 11.1 

ilean ..- 9.7 941 10.6 
... 

Sourcela22-212MAge ICean SQuare 

Total 179 

Location (replicate) 2 29.82 

Treatment 4 352.46** 

Location x Treatment 8 26.08 

Error 165 11.44 

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

Treatment L.S.D. 

Location L.S.D. 

1.57 (5% level) 
2.08 (1% level) 

1.22 (5% level) 
1.61 (1% level) 
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Figure 6. The effect of logging and intensity of slash burning on the organic matter 
content of the surface two inches of soil. 
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In the Douglas-fir region slash burning is advisable for two 

main reasons; to decrease the fire danger to the remaining stand 

and to enable the prompt and adequate establishment of natural or 

artificial forest regeneration. Slash fires have long been observed 

to have some adverse effects on the soil, but most forest managers 

have felt that the benefits more than offset the disadvantages. 

Colman, (14, p. 314) in his discussion of slash burning, states, 

"When burning is done under favorable weather conditions, and with 

proper precautions, any damage done to the soil is tbe price paid 

for better rege;ieration and insurance against possible greater 

damages from runoff and erosion." 

The logging operation itself also damages the soil by means of 

excessive disturbance and compaction. Fortunately, means of 

minimizing these undesirable effects have been found and are 

frequently employed. Two methods commonly used to cut down on 

skid trail erosion are to erect water bars or checks on the 

steeper slopes to divert the drainage water, and to plant grasses 

on the trails to hold the soil in place and lessen the velocity 

of the runoff. 

In considering the possibility of soil erosion in any area the 

first objective should be to ascertain whether or not the 

particular soil under study is inherently erodable. This informa- 

tion can be obtained prior to logging, in the case of forest soils, 

and can be very useful in determining the precautions which need to 

be taken. An analysis of the undisturbed soils adjacent to the 

. 
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clear cuts on Marys Peak revealed that the soils in this study are 

naturally quite resistant to erosion. These soils have a high 

percentage of water-stable aggregates due to high levels of 

colloidal clay, organic natter, and iron oxides. Although no 

measurements were taken, the porous and granular nature of the 

surface soil suggests a rapid infiltration rate and a minimum of 

runoff, even during heavy rains. There are also indications that 

the colloidal clays present in these soils, which are predominantly 

iron oxides and kaolinite, maintain flocculation as a result of a 

ion degree of h-fdration. Many of the granules present in these 

particular soils were noted to be very resistant to hydration and 

dispersion. Lutz (38, pp. 447450) found this characteristic to 

be very-important in limiting the erodability of the soil, since 

resistance to hydration contributes greatly to its aggregate 

stability. 

Thirty-six samples from cutting unit 10 were selected for 

erosion ratio determinations. In order to calculate this ratio 

the suspension percentage and dispersion ratio for each sample 

was first established. Middleton (42, pp. 2-3), who originated 

the procedure, maintains that erosion ratio values are an accurate 

index of the relative erodability of the soil. It was the purpose 

of this phase of the study to ascertain whether or not Middleton's 

erosion ratio would indicate an increase in soil erodability with 

an increase in the degree of burning. The results of this deter- 

mination appear below in Table 11. 

, 
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Table 11. Erosion ratios of three soil conditions from cutting 
unit 10 

Soil condition No. of samples Mean Highest value Lowest value 

Severely burned 12 9.97 29.01 5.10 

Lightly burned 12 4.19 10.96 1.73 

Timber 12 3.01 6.49 1.62 

Middleton found that soils possessing an erosion ratio larger 

than 10 were most frequently susceptible to erosion and those with 

a smaller ratic were nonerodable. On the basis of his findings 

the mean values for the three conditions would indicate that, 

although the erosion ratio increases with the degree of burn, the 

erodability of the soil is not seriously increased. A surprisingly 

large range of values was found for the severely burned soils, 

however, with several ratio values of well over 10. On the other 

hand, there is only one out of the twelve lightly burned samples 

with a ratio higher than 13 and the mean value is considerably 

below that found for the severely burned treatment mean. 

Middleton's erosion ratio has been used with some success, 

but it has nonetheless received considerable criticism for being 

too highly empirical. The infiltration capacity and permeability 

rate of the soil, slope, and intensity and duration of rainfall 

are but a few of the more important factors influencing erosion 

which the ratio does not take into account, It is for this reason 

that erosion ratio values can be considered as little more than 

r'8 
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indications, with perhaps qualitative significance but of almost no 

quantitative worth. However, some earlier observations of several 

soils on the watershed, not included in this study, indicated that 

soils with erosion ratios greater than 10 were more erodable than 

those with lower ratios. 

Perhaps one of the most important factors contributing to the 

low rate of erosion of the Marys Peak soils is the law rainfall 

intensity. In this area, as well as in most of the Pacific North- 

west, the major portion of the precipitation falls in the form of 

light, gentle rain which is quickly absorbed into the soil. The 

infiltration capacity of the soil is seldom surpassed and con- 

sequently ti-c amounts of surface runoff and soil erosion are small. 

This study has shown that light burning has had very little 
effect on those soil physical properties which were investigated. 

On only one cutting unit, unit 4, did the lightly burned soils 

give any consistent indication of being adversely affected. The 

measureable results of these effects, however, are not of sufficient 

magnitude to be statistically significant. The lightly burned 

soils on units 10 and 3 differed from those on unit 4 in that the 

results of the determinations did not differ appreciably from those 

obtained for the timber and undisturbed soil samples. This dif- 

ference among units may be due to some inherent difference between 

the soil series, or, more likely, to differences in soil conditions 

at the time of burning. 
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The influence of light burning on soil erodability may be 

greater above the soil surface than it is on the soil itself. The 

destruction of vegetation and the removal of surface litter by 

light burning undoubtedly increases the danger of erosion. Even 

this, however, may be of minor importance, since most of the lightly 

burned areas studied retained at least a portion of the protective 

layer of litter and duff. 

The results of the analysis of the disturbed, unburned soils 

exhibited very little consistent variation from the results ob- 

tained for the undisturbed and timber samples. There were, however, 

two determinations for which the disturbed, unburned samples gave 

noticeably lamer values. Aggregate analysis of disturbed, unburned 

soil samples resulted in a lower, although not significant, mean 

value, while moisture equivalent values for the same samples 

exhibit a reduction which maybe considered significant at the 

5 per cent level. Since many of these samples were collected 

from skid trails, the surface soil was often in a compacted cow. 

dition. Soil compaction breaks dawn the structure of the soil, a 

fact which accounts for the slightly lower aggregate content of 

these soils. The reduction in moisture equivalent percentages is 
probably a direct result of the slightly poorer soil granulation. 

It is a well-known fact that well granulated soils possess better 

water relations than do puddled soils whose structure has been 

broken down by compaction. It is interesting to speculate on how 

low these values might have been if all the sampling for this 
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condition would have been carried out on skid trails. 
Even though the decrease in aggregation is not of sufficient 

magnitude to cause any appreciable increase in erodability, dis- 

turbed, unburned areas may still constitute an erosion hazard. 

This is especially true of the skid trail areas where compaction 

makes rapid water infiltration an impossibility. The resulting 

runoff is not only a threat to the stability of the skid trail it- 
self, but also to any adjacent, less compacted soil areas. 

The results of the determinations performed on undisturbed 

soils are, in most cases, higher or at least as high as the values 

found for soils the adjacent undisturbed timber. On this basis 

it may be assumed that these samples were collected from areas 

where the Soil was in the completely undisturbed state. Needless 

to say, the undisturbed portion of a clear cut is almost completely 

resistant to soil erosion. The presence of a vegetative cover and 

a thick layer of litter prevents the disintegration of structure 

and helps to maintain rapid infiltration rates. 

The results of this study show that the only treatment to have 

consistent and significant detrimental effects on all the sail 
physical properties studied is the severely burned. One of the 

most important effects of severe burning on soil erodability is 
the reduction in the amount of sail aggregates present in the soil, 

as was indicated by the aggregate analysis data. This deficiency 

would be far more serious were it not for the fact that there is 

some fusion of silt and clay into large stable particles as well 

in 
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as the disintegration of aggregates due to organic matter oxidation 

at the time of burning. Future aggregate formation may also be 

curtailed in these soils because of the coarser soil texture and 

loss of organic matter. The low level of organic matter is likely 

to prevail for several years before it is built up again to pre 

burn amounts. 

A very important factor in the control of soil erodability is 

the presence or absence of surface litter. The severely burned 

areas were all completely bare of organic litter thus exposing the 

soil surface to the beating and destructive action of rain. With 

no organic layer to absorb the impact of falling rain drops, 

aggregates are broken down, soil thrown into suspension, and the 

natural porosity of the soil is quickly diminished. This, in turn, 

causes a decrease in the permeability of the soil and consequently 

more runoff and erosion are the end result. 

Often a heavy crust was noted to be present on the soil sur- 

face of the severely burned areas, especially on the most recently 

burned cutting unit (unit 10). It seems safe to assume that this 

crust would tend to stabilize the soil and cause it to be more 

difficultly dispersed. It was also observed that the severely 

burned soils occurred in small, scattered areas with very few 

exceptions. The fact that this condition occurs in discontinuous 

spots rather tnan over large areas would tend to reduce the 

importance of the comparatively high erodability of the soil. In 
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addition, very few severely burned areas are located on the steepest 

slopes where erosion would be more apt to occur. Most are found on 

the more gentle slopes where the topography is more conducive to 

slash accumulation. 

When the clear cuts are considered as a whole the detrimental 

effects of logging and slash burning on soil physical properties 

appear to be of minor importance, at least as regards soil erod- 

ability. Severely burned areas, which comprise the only soil 

condition seriously affected, account for an average of only 8.0 

per cent of the total surface area. The rest of the logged and 

burned area possess soils with physical properties which are the 

same as or similar to those of undisturbed soils. 

Vecetation Analysis 

Vegetation was sampled by the grid frequency method. Per cent 

frequency- was calculated by dividing the number of 6 x 6 inch 

quadrats in which the species occurred by the total number of 

quadrats examined and multiplying by 100.1. 

Cutting unit 3, the timber having been cut and the slash 

burned in 1953, was supporting vegetation in its second full season 

of growth at the time of sampling. As a result, the surface of 

the clear cut was fairly well covered by a mantle of vegetation 

and the per cent frequency for all plants was 38.3 Per cent. 

Although a total of 19 species were observed on the area, groundsel, 

Scnscio vu;garis L., and salal Gaultheria shallon Pursh., were by 
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far the dominant species. A complete list of plant species present 

in unit 3 and their frequency percentages appears in Table 12. The 

species of grasses and rushes were sampled together because in the 

majority of cases the plants were growing only vegetatively making 

it difficult to distinguish between them. 

The results of the vegetation sampling on this cutting unit 

closely parallel those reported by Isaac (27, pp. 716..721) after his 

study of plant succession on clear cuts in the Douglas-fir region. 

He states that in most eases there is a rapid rise in the Percentage 

of weed cover for the first three years following logging and burn- 

ing after which it tapers off. Immediately after this stage of 

weed domination Isaac invariably noted an increase in the density of 

the brush species, which in some cases finally resulted in complete 

possession of the site. In his study of 15 clear cuts in Washington 

and Oregon, Isaac noted that the most vigorous invading annual for 

the first two years following logging was groundsel, the most 

abundant plant in unit 3 with a frequency of 17.70 per cent. On 

the basis of Isaac's work it may be assumed that groundsel will 

relinquish its dominant position during the subsequent growing 

seasons. It cannot be certain that groundsel will be as evident 

on other Marys Peak clear cuts since a large element of chance 

enters into these initial stages of succession. It was noted that 

the groundsel was concentrated in burned areas and that it was 

almost never present in the undisturbed sections of the clear cut. 

This is in accord with Isaac's findings which also showed that burn- 


