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FOREST RESEARCH LABORATORY

The Forest Research Laburato-y , Oregon State University, ispart of the Forest Research Division of the Atricuitural Exparirr.eaStation. The industry-suppo.rte3 program of c"e .La.,orato-y is cairn; a atimproving and expanding values from timberlands of the :hate,

A team of for^_st scientists is investigating problems of growingand protecting the timberland crop, while wood scientists endeavor tomake the most of the material produced.

The current report stems from studies of forest management

PURPOSE . . .
Develop the full potential of Oregon's timber resource by.

increasing productiveness of forest lands with improved practices.
improving timber quality through intensified management and selection of superior trees.
reducing losses from fire, insects, and diseases--thus saving timher for products and jobs.

Keep development of the forest resource in harmony with development ofother Oregon resources.

PROGRAM . . .
REGENERATION through studies of producing, collecting, extracting,cleaning, storing, and germinating seed, and growing, estab-lisping and protecting seedlings for new forests.
YOUNG-GROWTH MANAGEMENT through studies of growth and develop-ment of trees, quality of growth, relationship of soils to growth,methods of thinning, and ways of harvesting to grow improvedtrees.
FOREST PROTECTION through studies of weather and forest fire behav-ior to prevent fires, of diseases and insects to save trees, and ofanimate to control damage to regrowth.
TREE IMPROVEMENT through studies of variation, selection, inheri-tance, and breeding.
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SUMMARY

Slash was burned at three different intensities on north and southslopes of logged-off Astoria silt loam in the coastal mountains of Oregon.Samples of soil were collected two days after burning and thereafter atseasonal intervals for a year.
Soil moisture and water-holding capacity were reduced signifi-cantly during the year. Appreciable differences in precipitation andsoil temperature were observed between burned and unburned areas;the differences were related to direction of slope. Following slashburning, the pH of the soil increased by amounts ranging from 0.3 to1.2 units and was related significantly to intensity of the burn. Ammoni-um nitrogen significantly increased in burned areas up to six monthsafter burning; thereafter, it decreased in comparison to unburned soil.Nitrate nitrogen was low at all sampling periods. Total nitrogen(Kje[dehl) first appeared to increase slightly in some instances, but ageneral decline in burned areas was observed throughout the samplingperiod. Total carbon content was generally from one to two percenthigher in burned than in unburned soils, and in all instances the carbon-to-nitrogen ratio was widened by burning. Numbers of bacteria weresignificantly higher in burned' areas and fluctuated with seasonal changes.The seemingly stimulating effects upon the bacterial population were at-tributed to increases is pH and temperature of the soil, available nitro-gen, and effects of partial sterilization. The percentage ofStreptomyceswas not influenced markedly by stash burning. The population of moldswas reduced significantly by slash burning, the decrease being mostnoticeable In the spring. Initially, the effects of slash burning onphysico-chemical and microbiological, properties of the soil appearedbeneficial to fertility, but over a period of a year, apparently lessenedin desirability.
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Burning Douglas-Fir Slash:
Physical, Chemical, and Microbial Effects in the Soil

by
John L. Neal

Research Assistant, Dept. of Microbiology

Ernest Wright
In Charge. Forest Pathology, Forest Research Laboratory

Walter B. Bollen
Professor of Soil Microbiology, Dept. of Microbiology

INTRODUCTION

Lack of published information about the effects of heat from
burning slash on microorganisms in the soil that influence growth of
new trees led to efforts at discovering relationships of value to forest
managers.

To reduce the hazard of accidental fire, logging slash is burned
annually on thousands of acres in the Douglas-fir region of the Pacific
Northwest. In addition to being a potential fire hazard, limbs, tops of
trees, and other residues left on the ground following logging may ham-
per regeneration of the forest.

Slash usually is burned during the time of year when air is cool
and humidity is high, often following a rain in the fall when the soil is
wet or damp. The burned area usually is seeded the following spring.
Many theories have been advanced as to whether burning of the slash is
harmful or beneficial, and most investigators have studied physical or
chemical effects of burning rather than microbiological effects.

The action of heated soils upon plant growth was known to the an-
cient Romans (14)*. Burning slash became general practice in Europe
during the eighteenth century (14).

Johnson, in 1919(14), conducted an extensive study of the influ-
ence of heated soils on germination of seeds and growth of plants. In-
cluded in his report is an investigation of the effect of heat upon micro-
bial activity in soil. Johnson found the growth of fungi on a variety of
soils was increased by previous heating at about 250 C; at higher or low-
er temperatures the increase in growth occurred later, was less profuse,
or was absent. He attributed this difference to formation of toxic com-
pounds caused by heat. Johnson also noted that heating soils by steam
increased nitrification and fixation of nitrogen. Corbet (7), while
Numbers in parentheses refer to similarly numbered references cited.
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investigating microflora in soil of virgin forests in the Malay peninsula,
observed that the bacterial and mold population increased, pH of the
soil increased, and base-exchange capacity was altered in burned-over
soils as compared to unburned soils. These effects were attributed
to the abrupt changes in temperature and moisture in the soil.

Investigations of changes brought about in forest soils in the Pa-
cific Northwest by burning slash have shown that basic ash materials
are liberated, soluble phosphate, exchangeable potassium. and pH are
increased, and nitrogen content of the soil is decreased (8, 12, 22).
Severe slash-burning has resulted in decreased rate of percolation and
lowered cation-exchange capacity (23, 24). Burns (5) concluded that
burning over forest soils annually produced favorable effects, which in-
cluded increases in pH, organic matter, total nitrogen, and exchange-
able calcium and potassium in the soil. Fuller, Shannon, and Burgee
(9), investigating the effect of burning on soils of northern Arizona. re-
ported that pH, C02-soluble phosphate, and exchangeable bases were
increased by burning. Microbial activity as measured by evolution of
CO2 was lower in soil burned over by a forest fire than in soil from un-
burned areas, except in soil where slash was burned experimentally.
Burned-over soils were found to be significantly higher in numbers of
bacteria and lower in fungi than were adjacent unburned soils.
Meiklejohn (17) reported that the number of bacteria and fungi in some
soils in Kenya were diminished by bush burning; nitrogen-fixing bac-
teria and nitrifying bacteria also were decreased.

Wright and Tarrant (28) studied microbial properties after tog-
ging and slash burning and reported that acidity decreased in the layer
of soil between the surface and a depth of 1.5 inches as severity of the
burn increased. Bacteria and streptomycetes were affected little by
light slash burning, but severely burned areas showed a definite in-
crease in these microbes; numbers of fungi were reduced in proportion
to intensity of burn. The greatest effect on microbial numbers appeared
in the uppermost part of the surface layer.

Wright and Bollen (27) recently investigated microfioral changes
at monthly intervals in severely slash-burned soil and unburned soil of
the Douglas-fir region and found that, seasonally, the greatest number
of microorganisms occurred from February to April under a young-
growth Douglas-fir stand. Soil from an adjacent burned-over area
showed the same trend in micropopulation; however, numbers were
much reduced immediately after burning and did not begin to approach
normality until 14 months later. Fusarium app. were numerous in late
spring, and P hium spp. were most common in summer and fall.
Hard-burned soil acquired complex microflora about a year after being
heated and in the second year began to exhibit a population characteristic
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of unburned areas. The microflora greatly increased during rainy peri-

ods and decreased during time of drought. The pH of the burned and
unburned soil appeared to vary inversely with rainfall; it was most acid
when precipitation was lowest and most alkaline when soil was wettest.

Reports on the microflora of forest soil and their physiological
activities, as influenced by intensity ofheatfrom slashburning, and sub-
sequent chemical and physical changes with extended time, however,
are limited or lacking in the literature.
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MATERIALS AND METHODS

An area in a logged Douglas-fir forest on Astoria silt loam soil,
two miles southwest of Burnt Woods, Oregon, was chosen for study.
Three piles of logging slash, 10 feet square by 5 feet in height, were
erected on north and south slopes of a recently logged hill. Three in-
tensities of burn were simulated; light, medium, and hard, with the in-
tensity controlled by varying the size of slash in each pile. For simpli-city, soil samples have been termed tight-, medium-, hard-burned, or
unburned according to intensity of the fires above them.

Burning and sampling
The slash was burned October 24, 1960, after the first heavyfall rains. Thermocouples, thermometers, and transite stakes covered

with heat-sensitive paint were placed in the soil under each pile to meas-
ure temperature at various depths during and after burning. Because oflimited equipment, temperatures during burning on the north slope were
measured only by painted thermal stakes and thermometers. A temper-ature of 150 F was the minimum considered as a burn. Samples of soilfor chemical, physical, and microbial analyses were taken to depths to
which this temperature was recorded. Samples for analyses were com-
posites of 30 to 60 subsampies taken in ; random mariner with a one-
inch sampling tube. For every sample collected from the burned areas,
a sample of about the same volume and depth was collected from the un-
burned perimeter of the burned areas.

Collections were made two days after burning, and thereafter at
three-month intervals for a period of one year. Additional samples
were collected to a depth of two inches from each burned area beginning
after the first three-month sampling interval. Samples were stored at
34 F as soon as they could be transported to the laboratory. These were
screened through a sterilized 10-mesh sieve and analyses were started
within three days after collecting. After physical, chemical, and micro-
bial analyses were made, the remainders of samples were air-dried,
sieved again through a 10-mesh sieve, and stored in screw-capped,
gallon-size, glass jars.

Physical analysis
All analytical data, except pH, were expressed on the basis of,

The percentage of detritus was determined by dry weight and
characterized according to amount of gravel, roots, and other debris.Moisture content was determined by drying triplicate samples to con-
stant weight at 105 C. Water-holding capacity was calculated from

6
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samples in Gooch crucibles wetted from below by immersion in water,

drained to constant weight in a moisture-saturated atmosphere, and

then dried to constant weight at 105 C.

Maximal and minimal temperatures were determined at weekly

intervals by maximum-minimum thermometers well shielded from the

sun by ventilated rectangular boxes.
Maximal and minimal temperatures in hard-burned and unburned

soil on both slopes were recorded by a Burroughs seven-day recorder

attached to thermocouples buried to a depth of two inches.

Precipitation was measured at weekly intervals on each slope by

use of a rain gauge described by Berry and Berg (3).

Chemical analysis
Active acidity, or pH, was determined with eoil:water::1:5 with

a Model N Beckman pH-meter using a glass electrode. Ammonium ni-

trogen was determined by Nesslerization of a N/ 1 extract of KC1 (15).

Nitrate nitrogen was measured on an extract with osoil:water,.1:5 by
deter-

mined

phenoldisulfonic acid method (10). Total nitrogen was

mined by a semi-micro adaptation of the KjeldahimethodTwith salicilic
otal carbon

acid and sodium thiosulfate added to include nitrates (12).

content of each sample was determined by dry combustion at 1400 C in a

Linberg high-temperature resistance furnace (18).

Microbial analysis
Numbers of microorganisms were estimated on duplicate sub-

samples by plating procedures, using triplicate plates of appropriate di-

lutions. Peptone glucose agar (25), acidified to pH 4,,0, was used for

molds; sodium albuminate agar (Z6) was employed for bacteria and

Streptomyces. The plates were incubated at 28 C; molds were counted

after four days' incubation, bacteria after seven days, Streptomyces

after 12 days. The Streptomyces population is reported separately as

percentages of the total bacterial population.

Statistical anal sis
Statistical analysis of variance was based on the split-plot method

described by Snedecor (21). Two types of analyses were made: A com-

parison of the unburned area at depths of 2, 3, and 5 inches with the

light burn at 2 inches, the medium burn at 3 inches, and the hard burn

at 5 inches; and a comparison of unburned, light, medium,and hard

burns, all at a depth of 2 inches. For each of the physico-chemical and

biological phenomena observed, the various F-tests were made. and

significant effects were noted.
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To illuminate further the differences found, tables of means
were computed for each of the main effects (aspect of slope, intensity ofburn, burned or unburned, and date) and LSD (least significant differ-ences) are given for those effects which were found significant in themain analysis. In some instances, significant interaction was indicatedbetween two or more of the factors; in these instances, computations ofLSD are difficult to interpret and have been omitted. Only values forLSD which indicate a significant difference are reported in the tables.
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RESULTS

I

Maximum temperatures of 1000 F and over were registered in
lightly burned areas at the surface of the soil (Table 1, Figure 1). How-
ever, temperature of the soil during burning decreased rapidly with
depth. A similar pattern was followed in medium-burned areas, but
higher temperatures occurred in the soil at greater depths as compared

to the tight-burned soil. The hard-burned soil did not attain as high

temperature at the surface as did the light-burned soil, but a tempera-

ture of 150 F was shown at a depth of about 2 inches in the lightly burned

soil, and at 3 inches in the medium-burned area. Medium-burned soil
did not heat so quickly as light- and hard-burned soil; it required about
2.5 hours to reach maximum temperature. The hard-burned area main-
tained the highest temperature for the longest period of time, thus prob-
ably having the greatest effect upon the microbial population, especially
in the upper portion of the soil. Medium-burned soil required three
hours longer to cool to 150 F than did soil in the light-burned area; the
difference was about 15 hours between medium- and hard-burned soil.

1000

U. 800
0)
WW
43
W
0600

200

ESTIMATED COOLING

.-1

r
12 16

. 20 24

TIME, HOURS
Figure 1. Relationship between amount of slash burned and rate of cool-
ing on the south slope. Temperatures were recorded at a depth of one-

quarter inch by thermocouples.
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Table 1. Maximum Temperatures Attained at Various Depths
in Soil under Burning Slash.

1

Slash
K:oncentration

ouch slope
Heavy
Heavy
Heavy
Heavy
Medium
Medium
Medium
Medium
Light
Light
Light

North slope
Heavy 1.2
Heavy 3.0
Heavy 5.0
Medium 0.1
Medium 0.45
Medium 1.25
Medium 1.3
Medium 3.0
Light 0.55
Light 1.3
Light 1.8
Light 3.0

Depth
Inches

0.25
1.0
3.0
5.0
0.25
1.0
3.0
5.0
0.25
3.0
4.0

Maximum
temperature*
Deg. F_

810
360
182
143 III
650,
179

158
116__4

> 1000

94
<80

644
193
156
644
347
293
149
94

> 644
347
293
164

As measured by thermocouples, maximum-reading thermometers, and
stakes coated with heat-sensitive paint.

Physical analysis
Detritus of samples passed through a 10-mesh sieve averaged

about 25 percent by weight for unburned soils. Burned samples averaged
about eight percentage points less. The detritus consisted of nearly 90
percent coarse gravel plus ten percent roots, small twigs, and other
debris. No appreciable difference was noted between samples because
of aspect of the slopes, as is evident from Table 2.
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rning on the Percentagelof Detritus in Soil-h BuTable 2. Effect of Slas

CX Interval after burning

eatment De th2:

Inches

2 days
(Fall)

%

3 months
(Winter) 1

6 months
(Spring) i

9 months
(summer

12 months
(Fall)

r

uth slopeS 17 17 16
o

2 18 17 14
Light burn 15 15 15

Medium burn 2
16 16 16

Medium burn 3 15 16

14 15 16 16

d burnHa 2 25 23 23

21
r

Hard burn 5 22 22
28 28 27

burnN 2 27 25
25 25 26

o

No burn 3 25 22
32 31 30

o burn 5 23 28

I.

x
North slo e 20 21 20

21 21 18
ht burnLi

2
17 -

18g
2

__ 18 18Medium burn 17 17

3 18 18
11 12Medium burn.

2
__ 12 12

13
Hard burn p 12 12

5 11 11 28Hard burn 28 28
2 24 25 30No burn 30 31
3 26 27 31No burn 30 31

No burn
5 20 22

IBased on dry weight of samples.

2Sample taken from soil surface to depth indicated.



Soil moisture was not lowered appreciably immediately after
burning as compared to adjacent unburned soil. Soil moisture, however,
was lower by as much as ten percentage points in burned areas during
winter and spring sampling periods, three and six months after burning.
In summer, little rain fell, and decrease in soil moisture was found in
all areas. Burned soils showed the greatest drop, which ranged from
four to eight percentage points lower than in adjacent unburned soil.
Soil samples from the south slope were found to contain noticeably less
moisture during the dry summer than did samples from the north slope.
The decrease in soil moisture in the burned areas may have been caused'
by decreased permeability (22) or decreased content of organic matter
(12). After the period of summer drought, moisture was replenished by
moderate rainfall during the fall months. Significant differences were
found between burned and unburned soils at this time (Table 3); the un-
burned soils contained about Z5 percent water, while the burned soils
showed from 10 to 16 percent. Differences in moisture content between
burned and unburned soil were significant and were related to intensity
of burn at the two-inch depth of sampling. The changes observed in re-
lation to season and time of sampling were found to be highly significant.

I-

I

Max.
MIn. 0

North slope -----
South slope

40k I t\Y,.o.__Ca

Mot Apt May Jun JuL Aug. Sep Oct. No% Dec. Jon.

Weekly averages of maximal and minimal temperatures in air°
on north and south slopes.

4

11

l2
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Water-holding capacity, influenced by micro- and macro-pore
space and organic-matter content, was decreased throughout the sam-
pling period of one year following burning, as shown in Table 4. Reduc-
tion of moisture-holding capacity was proportional to intensity of the
burn, the greatest reduction occurring in the first two inches of soil.
Significant differences as related to intensity of burn were found on both
slopes at the two-, three-, and five-inch depths of sampling. No signifi-
cant differences were found between north and south slopes, nor was a
significant relationship found with respect to time.

Maximal and minimal temperatures of air averaged slightly high-
er on the south than on the north slope, although the difference was often
only one degree. The greatest difference in temperature occurred dur-
ing the vernal growing season (Figure 2) when the sun was in a southerly
aspect.

Appreciable differences in soil temperatures at the two-inch
depth were found between burned and unburned areas. During hot sum-
mer months, burned soils reached temperatures 20 F higher than un-
burned soils at the same depth (Figures 3, 4). Differences in soil tem-

Mox.
g1 Mina

t , I I l 1 I -L
Jan Feb. Mac Apt May Jun JuL Aug. Sep. Oct Nov. Dec. Jan.

Figure 3. Weekly averages of temperature of slash-burned and unburned
soil on the south slope. Temperatures were recorded at a depth of two

inches by thermocouples.

13



Table 3. Moisture Content of Slash-Burned and Unburned Soill;

Interval after burning
2 days 3 months 6 months 9 months 12 months

Tieatm e.nt ]J_ epth2 Fall) (Winter) S rin (Summer) (Fall)
Inches %

South elope

fight burn 2 17 53 48 8 11Medium burn, 2 -- 50 46 8 11Medium burn 3 20 57 46 9 12
Hard burn 2 -- 49 44 7 10
Hard burn 5 13 52 45 11 12
No burn 2 20 62 54 16 22
No burn 3 23 62 55 13 24
No burn 5 21 66 55 15 25

North elope

Light burn 2 14 62 53 12 15
Medium burn 2 -- 60 52 11 15
Medium burn 3 10 54 52 12 16
Hard burn 2 -- 50 50 10 13
Hard burn 5 12 57 51 13 18
No burn 2 16 65 60 16 26
No burn 3 18 66 58 19 28
No burn 5 20 69 56 20 28

1Least significant difference between intensities of burn, at the 5 percent level of significance, was 3.03;between burned and unburned soil, the LSD was 24.72 between sampling intervals. ur
2Sample taken from soil surface to depth indicated.



perature were lower during cool months of winter and late fall. Mini-

tnal temperatures were higher in the burned soils than in the unburned

soils, the difference being more pronounced during late spring, summer,

and early fall. Soil temperatures were found to be higher on the south

than on the north slope, the effect being greatest during summer months.

The higher temperatures of soil characterizing the burned areas are of

importance because of the general rule that speed of chemical reactions

increases with an increase in temperature. Chemical weathering, there-

fore, could be expected to proceed at an accelerated speed in the burned

areas, and also on the south slope. For the same reason, biological

activity would be correspondingly increased when soil moisture is plenti-

ful.
Precipitation was higher on the south slope than on the north

slope, the greatest difference occurring during early spring (Figure 5).

when active vegetative growth begins. The increase in precipitation,
coupled with higher temperatures, could well influence the growth and

physiological activities of microorganisms and the resultant effects on

plant growth.

Jun u . Sep Oct. Nov Dec. Jon.
A r1 p Yor.Feb. N .

Figure 4. Weekly averages of temperature of slash-burned and unburned

soil on the north slope. Temperatures were measured at a depth of two
inches by thermocouples.
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Table 4. Water-Holding Capacity of the Soil as Influenced by Slash Burning.

Treatment D 2
2 days

In
3 months

terval after bur
6 month.

ning
9 months 12 monthsepth (Fall) (W inter) S rin ) (S ummer) Fall)Inches 70

70

South slope
Light burn 2 76 73 73 7Medium burn 2 3 72
Medium burn

68 67 67 66
Hard burn

3
2

64 65 65 65 66
Hard burn 5 61

60 61
5

N b
61 62 62 9o urn 2 86 90 0No burn 3

89 88 0
No burn 5

90

86

88
88 90 89

90 88 87 87
North slope
Light burn 2 75 74 75Medium burn 2 73 74
Medium burn

-- 70 70 69 693 80 75 75Hard burn 2 6
74 74

Hard burn 5 65
5 72 66

No burn 2 80
70

8

71

1

7

86
68

No burn 3 80 3

8

84 86 86
No burn 5

84 86 8670 474 74 75 oc

lLeast significant difference between intensities of burn, at the 5 percent level of significance, was 9.823,for whole plots at the two-inch depth.
Sample taken from soil surface to depth indicated.
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Chemical analysis
Original pH of the soil was not altered immediately by slash

burning. as shown in Table 5. Increases from 0.3 to 1 .2 pH units in the

burned soils were found after three months and are related statistically

to intensity of the burn. These increases were still prevalent, and in

some instances greater, at 12 months. Adjacent unburned soil showed

little change in pH with time. The effect of severity of burn was most

pronounced in the upper two inches of soil. Significant differences oc-

curred between burned and unburned soil in relation to elope. Within

the limits of the statistical method of analyses employed, the burned

soil reacted differently with respect to time as compared to the unburned

foils in relation to depth of sample. Soil pH fluctuated with Soil mois-

ture: the wetter the soil, the lower the pH; the drier the soil, the higher

the pH. This finding was in agreement with previous observations of

Wright and Bollen (27). Samples from the south slope were slightly more

acid than those from the north slope-

Results presented in Table 6 indicate that ammonium nitrogen
in the soil was increased significantly by slash burning, the effect being

Jon. Feb Mar Apr. May Jun JuL Aug. Sep. Oct Nov Dec

Figure 5. Monthly and accumulative average
rainfall occurring on north

and south slopes.
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Table 5. Effect of Slash Burning on Active Acidity (pH) of the Soill.

Interval after burning
2 days 3 months 6 months 9 months 12 months

Creatm ent Depth2 Fall) (Winter) (Spring) (Summer) (Fall)
Inches EH pH kH pH pH

outh slope

Light burn 2 5.9 6.2 6.2 6.6 6.5
Medium burn 2 --- 6.3 6.6 6.7 6.5

Medium burn 3 5.9 5.8 6.4 6.6 6.5

Hard burn 2 --- 6.4 6.5 6.8 6.8
Hard burn 5 5.2 6.2 6.2 6.5 6.4
No burn 2 5.9 5.2 5.6 5.8 5.6
No burn 3 5.9 5.4 5.6 5.8 5.5
No burn 5 5.6 5.5 5.6 5.6 5.6

North slope
Light burn 2 5 8 6 2 36 6 4 6 3A
Mealum burn 2

.

---

.

6.2

.

6.3

.

6.6

.

6.5
Medium burn 3 5.4 6.2 6.2 6.3 6.4
Hard burn 2 --- 6.3 6.5 6.6 6.5
Hard burn 5 5.3 5.6 5.9 6.1 6.1

No burn 2 5.6 5.8 5.7 5.8 5.6
No burn 3 5.8 5.8 5.8 5.9 5.7
No burn 5 5.6 5.6 5.8 5.9 5.6

1Least significant difference between intensities of burns at 2-inch depth was 3.36 at the 5 percent level
of significance; for differences between burned and unburned soil at all depths to 5 inches, the LSD was
0.2985. Sample taken from soil surface to depth indicated.



Slash-Burned and Unburned Soils,iTable 6. nAmmonium and Nitrate Nitrogen
in Parts to a Million Parts of Soil'.

Interval after burning
3 months 6 mon ths 9 months 12 months

2 days
Fall (Winter) (Spring) (Summer) (Fall)

[Burn Depth i4 NO3 NH± I NO NH4 I NO3 NH* I NO- NH+ I NO_

1

P mP Ppm Ppm PFm Pp- pm PpInches Ppm Ppm ppm

South slope 3 3 2
Light 2 54 5 60 6 25 5 11

2 4 2
Medium 2 -- -- 42 7 26 4 10

3 0
Medium 3 21 1 40 5 25 3 8 3

3 2
Hard 2 -- -- 44 4 20 2

3

5 3

6 3 4 1
Hard 5 39 4 40 4 20

4 5 3
None 2 5 1 10 2 28 2 5

6 2
None 3 4 1 B 2 26 3 3 3

6 1

None 5 2 0.4 12 2 26 4 3 2

North slope
11 2 6 0

Light 2 35 2 48 4 28 2
5 1

Medium 2 -- -- 48 3 30 1 10 3

7 3
Medium 3 52 3 52 3 32 2 10 2

5 1

Hard 2 -- -- 75 2 25 3 11 4
6 0

Hard 5 76 8 76 4 25 4 12 4
3 9 1

None 2 7 3 11 4 20 4 7
11 3

None 3 12 6 13 6 22 2 12 4
12 2

None 5 13 4 15 3 21 2 13 2

1Least significant difference between sampling intervals at 2-inch depth was 2.867 for NH4 at the 5 per-

cent level of significance; for burned and unburned soil at all depths to 5 inches, the LSD was 7.44.



Table 7. Total Carbon and Kjeldahl Nitrogen in Soil as Influenced by Slash Burningl.

Burn

9 months
(Summer)

Car-
bon

12 months
(Fall)
{Nitre

en /N

interval after burning
2 days 3 months 6 months

Fall (Winter) (S rin )

Car- Nitro Car- Nitro Car- Nitro-
De th2 bon I gen /N bon en /N ban J gen /N

Car-
bon

Inches % %a % %
South slope
Light

M di

2 7.01 0.30 24 6.91 0.29 24 6.93 0.28 25 6.98 0.27 26 6.95 0.26 27
e um

M di

2 ---- --- -- 6.75 .28 24 6.80 .27 25 6.67 .25 27 6.63 .24 28
e um

Hard
3 6.51 .28 23 6.50 .28 23 6.42 .27 24 6.50 .26 25 6.38 .24 27ar

Hard
2 ---- --- -- 7.16 .28 26 7.01 .25 28 6.95 .25 28 6.40 .21 30ar

N
5 4.96 .23 22 5.06 .20 25 5.01 .20 25 4.96 .19 26 5.13 .19 27one

N
2 5.13 .26 20 5.15 .26 20 5.05 .24 21 5.12 .24 21 5.16 .26 20one

N
3 5.01 .25 20 5.20 .25 21 5.22 .26 20 5.15 .26 20 5.05 .25 20one 5 4.75 .24 20 5.01 .25 20 5.11 .26 20 5.03 .25 20 5.09 .26 20

North slope
Light

M di

2 6.23 .24 26 6.25 .24 26 6.01 .22 27 6.05 .22 27 6.16 .22 28e um
M di

2 6.30 .25 25 6.25 .24 26 6.18 .24 26 6.15 .22 28e um
Hard

3 6.24 .28 25 6.24 .25 25 6.10 .24 25 6.15 .25 25 6.20 .23 27ar

Hard
2 ---- --- -- 6.90 .26 27 6.80 .24 28 6.90 .25 28 6.75 .23 29ar

No
5 4.74 .20 24 4.81 .20 24 5.00 .20 25 4.90 .20 25 5.01 .18 28ne

No
2 5.56 .24 23 5.54 .24 23 5.40 .25 22 5.48 .25 22 5.39 .26 21ne

Non
3

5
5.42 .24 23 5.30 .23 23 5.26 .25 21 5.34 .25 21 5.69 .28 20e 5.58 .24 23 5.61 .24 23 5.51 .26 21 5.57 .27 21 5.52 .28 20

iCro-
gen IN

1Least significant difference between sampling intervals at 2-inch depth was 0.017 at the 5 percent level ofsignificance for nitrogen. 2Sample taken from soil surface to depth indicated.



noticeable immediately and continuing for six months until the following

spring. The influence of intensity of burn was not the same on each
slope; for the south slope, light burning gave the greatest increase is
ammonium nitrogen, while on the north slope, hard burning produced
the greatest increase. During spring and summer, decreases in am-
monium nitrogen occurred on both slopes. Changes in ammonium nitro-
gen were related significantly to time of sampling, and changes occurring
in ammonium nitrogen content of burned and unburned soils behaved in-
dependently with respect to time. While significant differences were
not found between slopes in relation to intensity of burn, significant dif-
ferences were found within each slope between burned and unburned
soils.

Nitrates were low in all samples, and the minor differences
found were not statistically significant.

Concentrations of nitrite nitrogen were never above 0.5 ppm;
the data, regarded as irrelevant, are not presented.

Total nitrogen content of the soil appeared to be increased in a
few instances by burning, as indicated in Table 7. Increases and de-
creases of more than 0.02 percentage point were beyond experimental
error of the micro-Kjeldahl method, but may involve variability in sam-
pling. However, the increases with samples from the south slope gen
orally carried over consistently for each sampling period, and were
statistically significant with respect to time. The gradual decline in
nitrogen of the burned soils can be attributed to loss of nitrates by ',-
leaching as previously. mentioned;, and possibly also to some depitrifica-
Lion.

Total carbon (Table 7) increased by as much as two percentage
points in the burned soils, with the exception of hard-burned soil sam-
pled to a depth of five inches. The increase could be expected, because
burning of slash leaves some char and incompletely burned organic resi-
dues, parts of which would pass through a 10-mesh sieve during prepa-
ration of a sample. The percentages of carbon remained relatively con-
stant for each treatment throughout the sampling period of one year.
Amount of carbon in unburned soil from the south slope was slightly Less
than in soil from the north slope, but the difference was not statistically
significant.

The ratio of carbon to nitrogen was slightly wider in burned
soils than in unburned soils, and also was wider in soils of the north
slope than of the south slope. For each slope, the ratios were wider in
slash-burned soils one year after burning, while in unburned soils the
ratio changed little.
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Table 8. Numbers of Molds and Bacteria (Including Streptumyces) in Forest Soil at Various Intervals after
Burning Slash, as Estimated by Counts from Dilutions on Nutrient Media.

Treatment Molds Bacteria
and 2 3 6 9 12. 2 3 6 9 12

depth days months months months months days months months months months
Thousands to a gram soil Millions to a gram soil

OUTHSLOPE;
Unburned
0-2 inches 370 350 900 104 275 19 16 36 6 30
0-3 inches 185 416 933 202 200 27 19 33 4 25
10-5 inches 202 320 750 100 201 26 22 29 1 23
Light burr.
0-2 inches 225 230 155 195 260 61 56 96 48 45 1

Medium burn
0-2 inches --- 300 190 200 150 -- 31 52 21 21
0-3 inches 293 390 179 115 250 87 21 66 37 35Hard burn
0-2 inches --- 275 120 110 112 -- 22 42 17 18
0-5 inches 225 325 265 208 225 40 17 64 24 24
NORTH SLOPE
Unburned

0-2 inches 112 34 240 105 120 34 17 30 5 23
0-3 inches 98 115 230 130 100 24 25 28 3 18
0-5 inches 121 155 214 50 90 29 25 24 1 17
Light burn

0-2 inches 46 90 122 105 125 58 29 77 38 35
Medium burn
0-2 inches -- 112 110 73 78 -- 25 70 19 16
0-3 inches 25 44 162 165 120 54 28 74 21 20
Hard burn

0-2 inches 85 98 65 76 14 58 12 130-5 in the e, 12 .L4.a 145 104 LQQ l9 1 51 5 15 1-J
--

_-_



Table 9. Significant Differences in Numbers (LSD 0.05) for Populations
of Bacteria (Including Streptomyces) and Mold.

aalysie

Intensity of burn
ri&rnpling interval

orth slope x south slope
burned x unburned
Intensity of burn
sampling interval

Depth' Bacteria Molds

2 15.64

2 1.714 4.41

2-3-5 2.53 37.548
2-3-5 8.37

2-3-5 3.10
2-3-5 4.66 40.26

E

LDepth to which sample was taken.

Microbial analysis
Enumeration of bacteria and molds in the soil by dilution and

plating procedures is, at beet, only an estimation of total numbers and
is restricted by the type of medium and conditions of incubation. In
most instances, however, results from replicated samples tend to agree
within expectation for random sampling. The counts indicate potentiali-
ties, if not actual numbers, and provide bases for comparison.

Values for least significant differences of the bacterial and mold
population are listed in Table 9. The same general pattern was ob-
served to occur on each elope in changes in numbers of bacteria occur-
ring in slash-burned and unburned soil (Table 8). Two days after burn-
ing, the population of bacteria in the burned areas was significantly
higher than in samples from adjacent unburned areas. Three months
after burning, decreases to about the same numbers found in unburned
soil occurred, excepting in the light burn on the south slope, where the
count remained high. By this time, winter rains had increased soil
moisture, but temperatures were still low.

At end of the six-month sampling interval, a significant increase
to the bacterial population occurred, the effect being much more pro-
nounced in soil from slash-burned areas. The increases over unburned
soil were related significantly to the intensity of burning; lightly burned
soil showed the highest numbers, followed by the medium- and hard-
burned soils. Increases were less pronounced in the first two inches of
surface soil in the medium- and hard-burned areas, but remained re-
lated to intensity of the burn. Marked decreases in numbers of bacteria
were found in all samples collected at the end of summer, nine months
after burning. The soils under burns, however, still showed statistically
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Table 10. Prevalence of Strentomyces, Expressed as Percentages of Total Bacteria, in Forest Soil at
Various Intervals after Burning Slash, as Estimated by Counts from Dilutions on Nutrient Media.

Interval after burning
2 days 3 months 6 months 9 months 12 months

Treatment Depth' Fall) Winter) (Spring) (Summer) (Fall)

Inches % % % °lo

South slope
Light burn 2 37 39 36 35 37

Medium burn 2 38 40 37 38 39

Medium burn 3 35 43 43 36 37

Hard burn 2 39 39 41 37 38

Hard burn 5 40 40 42 36 37

No burn 2 40 43 43 38 39

No burn 3 42 42 44 41 41

No burn 5 41 40 42 40 40

North slope
Light burn 2 40 39 40 36 38

Medium burn 2 38 41 42 41 40

Medium burn 3 36 41 42 40 40

Hard burn 2 39 40 40 39 37

Hard burn 5 41 42 44 35 40

No burn 2 40 41 44 40 39

No burn 3 38 40 43 41 39

No burn 5 39 42 45 39 38

1Sample taken from soil surface to depth indicated.



significant higher numbers, and again the same significant relation to
intensity of burn existed. Although summer temperatures were more
favorable for microbial development, moisture and available nitrogen
had decreased. These deficiencies could well account for the general
decrease in bacterial numbers in both the burned and unburned soils .
Moisture depletion because of lack of rainfall was probably the most im-
portant contributing factor. Bollen (4) has enumerated seven factors of

environment influencing the growth of microorganisms in the soil; these
are moisture; temperature and other forms of radiant energy; aeration,
including 02. N2, and CO2 ; pH; food supply; biotic factors; and inhibiting
conditions, which may be positive or negative extremes of any of the
others. If any one of these seven factors becomes limiting, microbial
activity and growth would in turn be limited. For the soil samples col-
lected in the fall. 12 months after burning, interaction of these factors
resulted in significant increases in the numbers of bacteria in all the un-
burned samples from each slope, but in the slash-burned soils the popu-
lation remained essentially unchanged from values in the summer. Al-
though fall rains had increased soil moisture, and the soil temperature
was favorable, available nitrogen was Low in soils under burns, as indi-
cated in Table 7, and may not have been sufficient to induce increased
bacterial development. Within the limitations of the statistical analyses
employed, the differences occurring were related significantly to intensi-
ty of burn, time of sampling, and slope.

Changes in bacterial numbers during the year in all the plots
showed similar patterns for each slope, but the numbers were signifi-
cantly lower on the north than on the south slope, as was the soil tem-
perature. Burned and unburned soils behaved statistically independent=
ly with respect to time.

Little difference was noted between slash-burned soils and un-
bu ned soils in percentage of Streptomyces (Table 10) although higher
vaues were characteristic of the latter. Similarly, no appreciable dif-
ferences were found between samples from the different slopes.

Plate counts of molds (Table 8) revealed that burning significant-
ly reduced their numbers in most instances. Except for marked reduc-
tion at six months in spring-collected samples, the numbers in burned
and unburned areas were similar in order, especially on the south slope.
Increased moisture and temperature during the spring was accompanied
by an extensive rise in numbers in all samples, except on the south
dope, where all the burned soils showed a decline. For burned soils on
the north slope, numbers significantly increased through the spring,
changed little in summer, and approached values for unburned soil one
Year after burning. Lowest counts were obtained with hard-burned
Soils, while medium burns generally showed intermediate populations.

V
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As with the bacteria, general decrease in soil molds was noted nine
months after burning and could be attributed to decreased soil moisture.

Representatives of the genus PenicilLiurn were dominant in the
mold population, and although their proportion varied, the percentage
was always high.
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DISCUSSION

Soil moisture and water-holding capacity of slash-burned soils
Generally were decreased on north and south slopes. Significant differ-

i sncee were found between burned and unburned soils (Tables 3, 4), thus
Indicating that slash burning alters the physical properties of the soil in
a manner such as to reduce its ability to absorb moisture during periods'
of plentiful rainfall. Changes occurring in v.'ater -holding capacity affect
the amount of reserve moisture during periods of low rainfall and thus
influence the available water upon which plants and microbes depend for
growth. These observed changes probably are caused by decreased
permeability of burned soils (22). decreased organic-matter content

or both. The resulting layer of charred residue on the surface may
hamper penetration of rain water and increase run-off. The layer of
charred material was observed to become crusty and compacted within
three months after slash burning.

Soil temperatures on the south slope were observed to be higher
than on the north slope throughout the sampling period of one year, the
difference being most noticeable during spring and summer.' This find-
ing agrees with observations reported by Cooper (6). Maximal and mini-
mal temperatures were higher in burned soils than in unburned soils
(Figures 3, 4), while air temperatures were within one degree of each
other for each slope. The results indicate that burned soil heats more
rapidly and cools more slowly than does unburned soil.` Decreased mois-
ture content of the burned soils, plus changes in radiating and absorbing
heat by the charred surface, may account for this difference. The in-
creased temperatures of the soil that resulted from changes brought
about by slash burning could well influence survival of seedlings, be-
cause these increased temperatures can kill or stunt the growth of
Douglas-fir seedlings (4).

Decreased moisture and elevated temperatures, observed in the
burned soil during late spring, summer, and early fall, could be expect-
ed to alter microbial mineralization and liberation of certain nutrients
that are important to soil fertility and survival of seedlings.

Slash burning altered pH of the soil, the change being toward the
alkaline condition: This observation was in agreement with several in-
vestigators (12, 18, 19, 22, 27). Changes in pH of the soil (Table 5),
however, were not readily apparent until soil moisture had been in-
creased by fall rains. Soil acidity influences the release of nutrients
from the cation-exchange complex and also affects microbial physiologi-
'cal activities and type of vegetation. Because the optimum pH for many
soil bacteria and molds is near neutrality, or pH 7.0, the neutralizing
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effect of slash burning could increase microbial activity and its desir-
able influences on soil fertility.

Increases in ammonium nitrogen occurred in burned soils on
both slopes up to six months after burning. The increase in ammonium
nitrogen may be attributed to thermal degradation of nitrogenous organic
compounds not completely decomposed by burning, and in part to sub=
sequent stimulation of ammonification (14): These apparent increases'it
burned soils did not persist throughout the sampling period of one year.
The gradual decrease in ammonium nitrogen (Table 6). coupled with low

pnitrate-nitro en content f h ilg en o the so , may indicate loss of nitrogen via
nitrification and subsequent leaching, or immobilization-of the available
nitrogen '(26). The significant increases in the microbial population
(Table 8) support this conclusion.-

The minor differences in nitrate concentrations observed were
probably caused by retardation of nitrification by low temperature In
fall and winter, and to leaching during spring and early fall. Deficiency
of moisture would limit nitrification in the summer. The slight, but
consistent decrease in Kjeldahl nitrogen, which included nitrates, attests
to these conclusions in all instances.

Changes in content of carbon and total nitrogen (Table 7) were'
influenced only slightly by slash burning; significant gradual decreases
in total nitrogen occurred in burned soils, while gradual increases were
noted in unburned soils. Because carbon and nitrogen are major food
elements in microbial nutrition, even small changes in the C/N ratio
resulting from physical, chemical, or microbial changes can affect mi-
crobial activities. Decomposition of native or added organic matter by
soil microbes is active only as long as nitrogen is present in an avail-
able form, which except for nitrogen-fixing organisms, may be ammon- d

urn, nitrate, or organic nitrogenous compounds. As the supply becomes
depleted, microbial activity slows to an equilibrium minimum, because
the nitrogen becomes extensively immobilized in microbial protein (26).
Although the protein of dead fungi is readily decomposable by a variety
of microbes, a Large proportion of bacterial protein is susceptible to
attack by only specialized bacteria and Streptomyces (4). The liberation
of ammonium, although continuous, becomes slow at this, point. If
available nitrogen is not added, decomposition and cellular synthesis
will continue only at a very slow rate dependent upon release and repar-
tition of the original supply of nitrogen. The supply of available nitrogen
to plants under natural conditions is dependent upon ammonification, and
in some instances, nitrification.

Decomposition of organic matter usually results in a narrowing.
of the C/NJ ratio. That this narrowing did not occur in the slash-burned
soil (Table 8) probably was because slash burning leaves some finely
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divided char and highly carbonaceous residues that passed the 10-mesh
sieve used in preparing the samples for analysis.

Significant differences in the bacterial and Streptomyces popu-
lations were observed between the burned soils and the unburned soils
throughout the sampling period of one year (Tables 8, 9). The greatest
differences occurred during spring months when moisture and soil tem-
perature were near optimum. The stimulating effects upon the bacteria
wad Streptomyces population probably were caused by a combination of
several factors, including observed increases in soil pH, soil tempera-
ture, and ammonium and nitrate nitrogen. In addition, any partial steri-
liaation of the soil temporarily retards or eliminates certain competi-
tors or antagonists, thus permitting an upsurge of other segments of the
general microbial population. The increases in the bacterial population
generally were related to intensity of burning.

The relatively constant percentage of Streptomyces, which ranged
from 35 to 45 percent of the total bacterial population for all samples,
is not unusual. Streptomyces in the soil fluctuate less than do bacteria
because they are not influenced greatly by decreased moisture, and they
develop slowly, but continuously, on the more resistant organic residues
(1).

With few exceptions, the population of molds was reduced signi-
ficantly by slash burning, the decrease being most noticeable in the
spring, six months after burning. A significant increase in the mold
population in the unburned plots was observed at this time. One year
after burning, the numbers of molds were found to be nearly the same in
soils from burned and unburned plots. The general trend of changes of
the population on both slopes was similar; the fluctuations, however,
were more pronounced on the north slope. The decrease of molds in
burned soils may be of importance to fertility, because recent publi-
cations (11, 16) have indicated the possible role of these fungi in the
formation of nitrates and in the decomposition of cellulosic materials.

Because forest soils are predominantly acidic in reaction, soil
molds may be more dominant in mineralization of certain nutrients than
is the general bacterial population.

Generally, significant differences between burned and unburned
soils were found throughout the sampling period of one year, and in most
instances, the differences could be related to intensity of burn and to the
sampling area. Seasonal fluctuations, such as in temperature, moisture,
and rainfall, influenced to a great extent the microbiological changes;
the observed changes in burned and unburned soils often acted statisti-

tally independently of each other.
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The effects of slash burning on soil properties may appear in-

itially to be beneficial to fertility, but or. the whole, appear undesirable

over a period of up to one year. Experimental data (28) to be reported

later indicate that, in addition to the already mentioned changes brought

about by slash burning, certain microbial physiological activities com-

monly associated with soil fertility are altered markedly and can be re-

lated to intensity of slash burn.
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