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I. INTRODUCTION

Over the last few decades, there has been increasing
incerest in the use of prescribed fire as a land managementC Cool,
both to return fire—type ecosystems Co their natural scate, and
to reduce the hazard of wildfires. The revised Fire Managementc
Policy adopted by the Forest Sarvice' encourages land managers
to make more use Of prescription fire to procect, maintain and
enhance the natural resource values and aesthetics within
approved areas on the Nacional Foresc." (37)

The Society of the American Foresters defines prescribed
fires as '""the controlled application of fire to wildland fuels
gither in their natural or modified state, under such conditions
of weather, fuel moiscure, soll moisture, etc. as allews the
fire to be confined to a predetermined area and ac the same Cime
tos produce the intensicy and spread needed to obtain planned
objecctives in fire management, Silviculture, range management,
wildlife management, etc."

InterestC in using prescribed fire 45 4 management tool
raises questions as to the effects of prescribed fire on soil.
Fire consume3 organic macter and residues that eventually become
soil organic matter. The organic matter can be rtotally removed

or translocated depending on the intensity of the prescribed



fire (40). (See the next section for a discussion of fire
incensity). Burning the surface organic matter reduces or
removes Che protecCive forest floor, volacilizes nitrogen and
other elements, and transforms less volatile alemencs to
Soluble mineral forms chac are more easily absorbed by plants

or are loat by leaching or surface erosion. Heating cthe under—
lying soil alcers physical and chemical properties of the soil
thact are dependent om the 5oil organic mattar. It may cause the
formatiom of a water repellanc layer. The above processes often
resulC in accelerated ervsion and sice degradation. The
affeccs of prescribed fire reported in the licerature are highly
variabla. The character of the soil, the topography of the
area, the type of vegetation and amount of organic material
presanc, the frequency, durationm and intensircy of the fHres and
the weather conditions following the fire must 2ll be considered
when assessing the impacts of prescribed fire on soil.

The main objective of this paper is to provide a decailed
dascripcion of the on—site effacta of prescribed fires om soil
by discussing:

l. The characceristics of fire incensicy

2. The effects on the chemical propercies of soil,

such as organic mactter, pH, and nucrients.



d. The effects on physical properties of soil, such
as structure, infiltration rate and capacity, water
storage, and warter repaellancy.

4, The potential for surface, and mass erosion.

The informacion presented may aid in land management
planning; and help improve the success and quality of prescribed
burning programs, especially in relation to soil proteccion.

This paper represents the sctate of knowledge that is
available ac cthis time. Since the focus of cthis paper has been
restricted co prescribed fire effeccs, careful selection of
references was made to avoid complicating effeccs caused by

logging, road building, grazing, or wildfires.



ITI. FIRE INTENSITY AND ASSOCIATED CHARACTERISTICS

Fire intensicy is expressed in Brirish rthermal unics
(BTU's) per second per foot of fire front. IC can be written
as the simple equation T = Hwr, where I = fire incensicy in
BIU's /sec/ft of fire fromt, H = heat yield in BTU's/lb of fuel,
w = welghc of available fuel in I.‘i:n-s.-":'t1 and © = race of spread
in fr/sec (10).

A low intemsicy fire in light fuels wich low fuael
moisture contents could have a heat yield as high as 6,500
BIU/lb of fual (dry-weight basis). If the available fuel is 0.1
lh of fuel:’fr_l, the fire intensicy would be 26 BTU/sec/fr of
fire fromt. Very few fires burning in forest fuels would have
an iocensicy as low as 2 or 1 BTU/sec/fr of fire fromc. Mosc
prescribed fires burnming againsc cthe wind travel at a race of
0.03 to 0.06 £r/sec. If the available fuel is 0.10 to 0.15 1/
fl:"‘ (2 to 3 tons/ac}, their incensities would range from about
19 =o 58 BTIU/sec/fr. The burning zone would be less than a
foot deep, and the flamss abourt 11 ©a 20 inches high. The
flame Length would be arcumd 2 1/2 fsec.

Going up cthe scale of fire incensicy, a fire spreading
0.25 ft/sec would have an intensicty of aboutc L0 BTU/sec/ft af

Eire front if the gvailable fuel iz 0.1 1lb/fr aznd zhe heat yield



is 6500 BTU/lb. The flames would be 4 or 5 feet in lengch.
This inctensity 1is probably near the maximum for headfires chac
could be used in prescribed burning. Ordinarily, backing
fires are used in prescribed burning (10).

Wildfire intensities will uswally range from 100 to 1,000
BTU'sfaecfftz. Flame lengths can be a few feet to up to 50
feet. In prescribed burning, it is usually desirable co have
as low intensicy fire as possible yet still achieve the resource
madnagement or fire management objectives. IC is unfortunate
that so few measurements of fire Intensicy have been made during
prescribed burns, because whether effects on so0ils are adverse
or not are so highly dependent on intensicy of the burn.

The intensity of a fire can be determined subjectively by
the appearance of the residual licter, solil and remaining vege—
tation after burning (40).

A low intensicy burn scorches the litter and duff layer
in spots but does net alcer the layer over the entire depth. A
lighcly burned area would have less than 2 percent of the total
drea sSeverely burned, less cthan 15 percent moderately burned
and the rest lightly burned or non—burned. Less chan 40 percent
of the brush canopy remains. Irregular and spotty burning
occurs and some ledves and small twigs remdin on the plants

gither slightly singed or unharmed.
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A moderace infensity burn chars but noc ashes the licter
and duff im spors. It does noc visibly alter the underlying
mineral soil. Less chan L0 percent of the tocal area is
severely burned, but over 15 percent is moderately burmed.
Batween 40 and B0 percent of the piant canopy Is burned by the
fire- and the remaining charred twigs are greater than 0.25-0.50
inches in diamacer.

Cx severely burned spots all the organic layer is consumed
and the mineral soil structure and coler are visibly alrtered.
More thao 10 percent of the area has spots that are severely
burned, more tham 80 percent moderately or seversly burmed, and
the rest lighcly burned. After a severe fire, only ashes re—
maiz on the soil surface. The area is completaly burned and
the plant stems remaining are 0.5 inches or greater in diamecer.
In many cases, only charred remains of the large stubs of the
main plant stems are left (40).

This same Cype of visual estimation has been used to
classify burm intemsity after chaparral fires in southern Cali-—
fornia (7). The visual appearance of the seedbed has been
relared to the soil temperatures generated during a fire. The
lighcly burned cenditiom was characrerized by charred leat
licter. Some greyish ash was present immediacely afrer the

fire but Scon became inconspicucus. The maximm seoil



temperatures during a burn producing "black ash" condicions
were 177°C at the soil surface and 121°C at 0.3 inches down=
ward in the scil. A moderate burn produced a "bare—soil"
seedbed. Some charred material remained but was very sparse.
The ash became inconspicuous scon after the fire. The maximum
cempardfures atc the mineral surfaces ware 399%C and 2889C at
0.3 inches. The most severely burned areas were characterized
by a "white ash" seedbed. This was identified by a fluffy ash
layer where large branches or main stems of trees or shrubs

had burned. Temperatures at the surface exceeded 510°C and 399°C

at 0.3 inches (7).



ITI. SOIL CHEMICAL PROPERTIES AND

NUTRIENT CYCLING

Both soil chemical properties and nutrient availabilicy
are affected by fire soil properties affected by buraing
include organic matter, pH, cation exchange capacity, nitrogen,
phosphorus, sulfur and divalent cations (19).

These properties. are affected due ta the burning and sub—
sequent ashing of both the organic residues and the organie
materials contained in the aboveground vegetaction. The ash on
the surface of the so0il oftenm alcers the pH and the concencra—
tion of soluble elements. These elements can react with the
so0ll or become dissolved in the soil solution following precipi—
tation. Variable amounts of the ash can be lost from the site
due to wind or water processas. Elements can be losc as soluble
ions leaching into the soil and ultimately moving into che

ground wacter (&40).

A, Ozganic Macter

The solil organic matter consiscs of cthe surface layers,
forest floor, licter or duff and organic macter incorporaced
with minaral soil. The organic matcter in the soil improves
aeration and wacter ianfilcracion rates. In addicion, che

surface organic mactter protaets the soil from erosiom by wind



and water. Organic matffer on the surface and in the soil
provides and retains putrients. When fires; heat or burn the
organic matrar, various changes raesult (40).

The change in orgenic macter is a function of fire
inrensicty. Many wildfires have sufficient intensities to
destroy all cthe surface Litter. This is contrasted by several
prescriped fire studies where minor reductions of the organic
marrer were found. Periodic prescribed burns at 4=or 5=year
inctervals for 20 years in rhe South Carolina coastal plaia
caused no visible changes in the organic matter, axcept for the
first year or two after burning (39). In Georgia's Piedmont
loblolly pine srands ic was found thart prescribed burning did
not remove all of the forest floor, and cthat under scme con—
ditions, & single burn removed only a small percentage of the
lirrer (9). Light burning was found to cause no dececrable
change in the total amount of organic matter in surface soils (27).

In some scudies, prescribed [ire caused an locrease of
organic matrer in subsurface 50ill layers. TIn Sourth Carolina,
prescribed burning increased the organic matter in the 0~2 inch
Layer of mineral scil, but had no effect in the 2—4 inch layer.
Burning caused rthe rediscriburion of organic macter within the
profile, but no actual teduction of organic mattar occurred (39).

Prescribed burning in loblolly pine in South Carolima resglred
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in an increase af organic macter in the surface 4 inches of
the burned plocs (25).

In contrasat to this, a loss in organic matfer dus CO
erosion was found to occur inm Califormia chaparral following
prescribed fire. In the Los Padres National Foresc, organice
matter made up 5.6 percent of the debris leaving 50 percent
slopes, and 10.9 percent of the debris leaving 20 percent
slopes. There was more organic macter in the debris from the
gentCle slopes because the runoff water had less ctransporCing
abilicy and carried higher portions of the lass dense crganmic
maccer. Despite the difference in the organic macter contanc
of the debris, the steep slopes lost B3 lbs/fac (99 kg/ha) more
organic macter tham did the gentle slopes (16).

An additional faccor associatad with the alteradion or
loss of organic macter is a change io the cation exchange
capacicy. Ic can be decreased by burning and may remain low
for ac least one year because the exchange sites oo the organic

maccter are destroyed (LLl).

B. Scoil pH
S0il acidity in che upper soil and ash layers is reduced
by burning as a result of an excess of basic cacions

(K'ca™, Mg™) over anicns (PO4,504) in cthe ash (40). The
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cations are released by the combustion of organic macter, and
the chemical effects of heating on organic matter and minerals.
The soil pH is raised temporarily, depending on the amount of
ash released, the original soil pH, the chemical composition
of the ash and the wertness of the climace (39,611).

Burning tends to change the acidity of a highly buffered
clay soil high in organic matter less than if the burning oc—
curred on sandy soils low in organic maccer (40},

Soils are highly variable in chemical properties, and che
release of relatively large amounts of basic elements by fire
would not significantly change the soil Lf i1t were already rich

in those elemencs (40).

C. MNutrient Changas

When organic matCer is consumed by fire, the nutrients
from the leaves, Cwigs and stCems are lefC in a highly soluble
form in the ash. Thos, the nutrients are readily available for
planc growth, but are also susceptible to leaching and surface
runoff (21,1l5). Burning materials high in 2 mineral alamenc
increases the concentration of that element in che soil. Con—
versely, burning the Same amount of material low im chat
element may not measurably change the element in the soil

(39,40).
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Afrer a prescribed fire, there oftem are trends toward
higher concentrations of (N,P,K,Ca, and Mz in the upper faw
inches of mineral soil and a decrease in those elements in the
forest floor. The immediace flush of chose elemencs following
fire is followed by a slower relesase (40). Mineral eslements
and ¥ increased im the surface 4 inches afrter burning in
loblolly pine in South Carolina (25). A study on burned and
unburned foil under chamise showed the concentration of acetate—
soluble sulfate, K, P, total N, ammonia N and nitrate N were
higher in burned soils (1l). Prescribed burning of mature pine
in Souch Carolina resulted in small increases in N, F and

exchangeable Ca and Mg in cthe surface 2-4 inches of mineral

goil (39).

D. Hutrient Losses

Increased ngtrient losses from burmed sictes are caused by
severzl mechamisms. Soll nutrients may be leoac by leaching,
water erosion, wind erovsiom or by wvolacilizacion. WVolactile
alements (N,5,P ,Cl) are lost when burning temperatures excead
the temperature of volatilization. M and 5 are mosc imporcant
because they are often the limicing facrter in many ecosyscems.
They alsc have & low volarilizaction Cemperature. Surface

erojion removes nurrients closely associaced wich organic
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matter (H,P,5)}, while mass erosion removes the entire soil wich
its nuctrients. Surface erosion causes greater nutrient losses
because it affects larger areas. Leaching losses of cations
depend upon the formacion of mobile anions HCOg, NO,, 304, and
organic acids in solucion. Carion losses will remain high uncil
anion concentrations dre lowered by physical and biological
processes on site (&40).

After prescribed burning in chaparral in the Los Padres
National Forest, plocts with 50 percent slopes lost larger
amounts of nucrients during che firsc rainy season chan did
plots on 20 percent slopes. The nutrients loss included H, P,
Ca, Mg, K and Ha. Mostc of the nutriencs lost were in the
debris with smaller amounts lost in the runoff water. The
nutrients removed with the debris were probably contained in the
organic matter. Immediately after the fire, the nutrients losc
represenced less than 6 percent of tha total nucrrients found in
the upper 0.79 inches of the soil and litter layer (15,615).

Hitrogen i3 cthe main nucrient lost during fires. and if a
replacement mechanism such as biological N fixatiom is notc
present, site quality would decrease in areas subjected to
repeated fires (40). Measurements taken before a prescribed
burn in chaparral in the Los Padres Hactional Forest showed chat

about 132 lbs/fac (150 kg/ha) of nitrogen were concained in the
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licter (16). Most of this N would be volacilized during an
iantense fire. N loss during a fire of moderate inctensicy
could account for 75 percent of the N in the liccar. In the
upper inch of so0il, only small amounts of N would be losc.
During lighc incensity fires, less than.50 percent of the N at
the soil surface is Iosc (156).

Alchough total N is lost during a prescribed bura, higher
concenctrations of N and other nurrients have been reported on
burned areas chan on unburned sites. This contradiccion occurs
because N is expressed in concentration, rather than in amount
per unic area. If N is based on ash matarial remaining afrer
fire, then the concentration will increase; but if this same
amount of N is based on the inicial weight of unburned material,
then percent N is usuvally decreased by fire. Apnother reason N
appears more abundanc after fire is because N availabilicy
increases, and planc growth is much more rapid. Total N on the

site, however, may have dacreased (19).
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IV. SOIL PHYSICAL PROPERTIES

The degree that soil physical properties are influenced
by fire depends on tha intansity of the fire, the amount of
the overstory and undersctory vegetation removed, forest flecer
consumad, soil heating, proportion of the area burmed, fire
frequency, topography, condition of the seil, and climate.

The effects of fire lessen overtime. The duracion of
effects varies from one seascn to many decades, depending on
the extent of the fire and the rate of recovery as influenced
by natural conditions, post fire use and remedial measures

applied by man (40).

A. 5Soil SEructure

Soil physical properties change when organic macter is
alrered or destroyed during burning. Organic matter improves
the aggregation and sStructure of so0il by bioding individual soil
particles togecther. The creation of large pores allows better
watar penetration and deration. When organic matcter is des—
croyed by fire, soil structure also deteriorzces (19).

The majority of prescribed fire sctudles indicate that the
fires were not intense enocugh o produce direct effects upon
the structure of the soils. The exception to this is whare

complete temoval of lictter and subsequent exposure of mineral
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soil to rain results in puddling and baking of the surface (40).

B. Infiltraticn Capacity

Where organic layers of the forest floor are removed and
mineral soil exposed, infiltration may be immediately reduced
(40). A sctudy of infilcracion rates on seven types of soils
revealed thac burning reduced infilcration rates 38 percentc,
compared Lo an 18 percent reduction when liccer was removed by
raking (6). Imfilcration oum land prescribed burned annually
was one—fourth the rate oo unburmed land (23). Ac North Fork,
California on thae central Sierra foothills, repeaced burning of
mixed chaparral and woodland progressively decreased the infil-—
tration capacity of the soil during the first years cf tha
experiment. Ir took more than three years after burning to bring
the infilcraticon capacity up to levels high enough to cope with
rain rates associated with heavy storms (29). Wacter repellancy
in the upper layers of the soil causes reduced infiltration (21).

If sufficienc organic matter remains after burning, infil—
tration rates can be maincained. Ac Hoberg's in the Coasc
Ranges of Mortherm California, parctially decompesed duff and
debris remaining after prescribed burning of second—growth
ponderosa pine were effective in maintaining high infilcrarcion

capacicy (38).
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C. Wacer Stcorage
Prescribed fires may increase, decrease or have no

effect on soil water storage depending on the amount of canopy
removed, the amount of litter remaining, the invasion of
vegecation after fire, and the formation of water repellant
layers. Where much of the overstory foliage is destroyed,
incerception and evapotranspiration will be reduced, resulting
in increased scoll water storage (3). In brushfields of Northern
California at the end of the first dry season after burning,
more water remdined in the lower so0il depths in the burned
plots chan in the adjacent unburned plets (l). Ho difference
in relative moiscture holding capacicy of cthe humus layers was
found in burned and unburned soils, as long as they were similar
in content of incorporated mineral macter (l3). Soll moiscure
in the upper 3-12 inches of s0il under chaparral was deplaced
more rapidly on burned than on unburned soils due to its
removal by invading weeds, root sprouts, and evaporation. ACc
depths beyond the reach of vegetacion, burned plots had more
mpisture Chan unburned plots. Afrer summer drought, the upper
levels of the so0il on both the burned and unburned plots had che
game moisture (31). Fire reduces the capacity for soil-water
stordge when humus layers and organic materials in mineral

layers are burned, or when soil exposure increases the oxidation
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of organic macter by solar radiation. When an overlying
2—inch layer of humus has been destroyed, the tocal reduccion
af the water storage capacity was found co be about one (1)
ineh (5). Seoil watar scorage also may be reduced by fire—
induced repellancy in cthe sucface soil (20).

£
D. Water Rnl_?].lancﬂr
e

Some s0ils are maturally repellanc, while in ocher soils,
repallancy i3 induced by fire. Soilz which resisc wecting
during rainfall yield greater overland flow and readily erode.
Water repellancy is indicated when water droplets form beads on
the soil surface that do not penetracte for ac leastc 5 seconds
(34).

The mechanism of water repellancy has been-discussed by
many scientists. This phenomenomn is caused by organic mater—
ials mainly aliphartie hydrocarbons, which cocat soil particles
dnd reduce the atrracrticon betfWeen water moleculess and soil
particles (34). Organic substances in the litter layer or in
the mineral soil are vaporized during hoc fires. Some of che
vaporized macterial is lost cto the atmospnere, butf part of ic
migractes dowoward along steep Cemperature gradiencs. Ic
condenses 1o cocler soil layers where 1t causes water repel—
laney (17). The subsctances condensing in cthe cooler soil arce

possibly pyrolytic products of the heated licter laver rather
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than organic materials translocated after volacilizacien (33).

Studies relating to the formaction of wacter rapellant
layers in soils have provided much useful information. One
study, for example, showed that after burning, heat moves down
through underlying sand, "fixing" some of the more polar hydro—
phobic substances and revolatilizing the less polar substances,
broadening the repellant layer., The sSurface Cemperacture
required for "fixing" and revolacilization is greacer than ZEDDE
(32). Relatively cool fires cause warter repellancy in the
auyrface layer, while hot fires produce repellancy at a greater
depth. Under hot fires, the surface layer is completely
wattable. Organic matter decreases at higher temperatures dus
to volatilization and subsequent loss to the atmosphere. The
volacilized material causing watér repellancy is complecely losc
above surface temperatures of 270°C. Below this temperature,
encugh material is trapped and condensed on exchange sices to
produce water repellancy (34). (The section on fire intensicy
presents an example of so0il cemperacures generated during
different inctensicCy fires.) The formacionm of a water repellant
layer in the underlying scil increases as percent silt and clay
decrease. The affect of texture on water repellancy is attrib—
uted to differences 1o specific surfaces of the s0ils. The

degree of water repellancy was found to increase as the amount
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of cranslocated organic matter increased ip a givem socil (L3).
Soil water affects the translocaction of organie
substances by altering the temperature gradients ia seil during
a firae. The nature of the particle surfacs is alse modifiad
by soil water. Therefore, prescribed burning should be done
when the soil is moisc in areas where repellancy is a probleam
(20). Soil ercsion due to water repellantc layers may be the
mosC sarlious problem associacted wich ic. Two ways in which
prescribed burning can be used to lower the pessibilicy of
hazard from so0il erosion caused bv repellancy are suggesced:
1. burning of dense brush fuels whem cthe soil is
wer and heat penstration into che soil is
minimal; and
2. conversion of brush cover to grass having a
much lower fuel volume and limircted heat

production when burned (22).
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V. EROSION

The e«ffects of prescribed burning on erosion depend on
the severity of the burn, the erocdibilicy of the soil, the
potential for recovery of the vegetaticn, and the kinds of
storms rthat follow the fire (3).

The process of erosion often begins with increased over—
land flow. Overland flow occurs whan the infiltration rate or
capacity of a soll has been exceeded by the amount of incoming
precipicacion. Independent variables include all the soil and
plantc factors that influence infiltration rate, intensity and
duration of the rain, and the steepness of slope (40). In
northern Mississippi, prescribed burning on sceep slopes caused
increased overland flow. The most significant changes occcurred
on loess soils, the leasc on sandy soils. OSmall changes in
vegetation cover could greacly influence hydrologic responses
of small headwater basins. Stormflow responses wWere relataed to

the presence or absence of a fragipanm (35,36).

A. Surface Erosion

Surface erosion includes sheet ercsion and rillimg. It
can be defined as the movement of individual seil particles by
wind or water. It is a function of forces available, proteccion

of the soil surface and the erodibilicy of che soil. Fire
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increases the available forces by increasing effective pre—
clpitation, wind movement, and overland flow. Protection of
the soil surface 1is reduced by losses of surface litcer. Soil
ercdibilicy is increased because of the destruction of so0il
aggregates and the volacilizacion of soil organic macter. The
net effect of burning is toward increased surface erosicn (40Q).
When overstory trees, surface vegetation and foresc floor are
complacely destroyed by fire, high-intensity rainfall uwsually
produces great quantities of sedimenc (5).

Ssurface erosion is often caused by prescribed burning of
various forest cypes. Sediment yields increased by burning
mixed conifer forests .n the South Sierra Nevada. The increases
in sedimenc were bighly correlated to a decrease in the forest
flcor (2). Significant increases inm erosicn were found following
prescribed burning of ponderosa pine on basalcic soils om 35
percent slopes in the Fort Apache Indian Reservation in Arizona
{13). Im che Payetce Mational Foresc in Central Idaha, che
e@ffects of fire on ercsion on loose granitic slopes was
evaluated in relatiom to burm intensity, and slope gradienc.
Erosion increased with both slope gradient and burn intensicy (12).

Several references are available which cite erosion follow—
ing prescribed burning of chaparral. Annually burmed plocs of
wooadland chaparral in cencral California produced 249,185 lbs/

acre {ll3 tons) ian 9 years. Twice burned plots yielded 85820
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lbs/ac (4 rtons). The erosion dccompanying Che incredased run—
off was due to the reduction of infiltracion capacicy and co
the intensity and duration of the rainfall (30). The firsc
year after a prescribed burnm of chaparral in the Los Padres
National Foresc, 2.6 tCimes more surface erosion occurred om 23U
percent slopes thanm on 20 percent slopes. Om the 50 percent
slopes, about 35 times as much erosion occcurred on the burmed
areas as on the similar unburnmed sites. The erosion rates for
the burned and unburned sites were 6,500 and 1BS6 lbs/facre

respectively (l5). Chaparral in Arizona was strip burned afcer

tred tment with a herbicide. Erosion was greatest on Steep
slopes adjacent to main channels; however, lighctly burned areas
with 70 percent or more Litter had slight or no erosion. Areas
with less than 60 percent litter remaining had moderate erosion
during pericds of high precipitation. The average sedimenc
movement during the 5 year period of study was 2394 lhbs/ac

(695 tanﬂfmiz} {26). The first winter after burning of woodland
chaparral at North Fork, in the central Sierra foothills of
California, annually burned plots yielded greater tham 5,000

lbs fac of eroded soil. In the next 8 years, annual erosion
ranged from 148 to 171,000 lbsfac. Plots burned at 6—year in—
tervals yielded 5000 lbs/ac the first year and smaller quanticies

the next 3 years (29). The effect of chaparral burning an
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erosion was studied ac the Chamise Experimencal Pasctures in
Northern California. The average results of the study were
thac soil movement was significancly greater on burned areas
than on unburned aresas, and tharc greater erosion cccurred per
unit increase in slope the firsc year, followed by lesser soil
loss in proportion to the number of years atfter the fire. The
amount of soil movement was directly relacted to slope; L.e.,
the staeper the slope the greater the ercsion. The same re—
sults were found io & similar study near Ukiah on the Norch
Coast of Califormia (31).~

In contrasc. initial and repeat prescribed burming did
not increase solil movement as shown in one scudy in the Georgila
Fiedmont. The burning was donme on the Hicchici Experimentcal
Forestc, where erosive soils on L0-2Z0 percent slopes support a
loblolly pine foresc. IC was concluded that the degree of
slope, the ground surface disturbance, the amount of protection
rendered by the overstory canopy and the amount of ..Cter left
on the s5ite are key factors in erosioo on Piedmonc foresc sices
(9). Similarly, one prescribed burn in a Piedmont pine commun—
ics in the Sumcter Matiomal Forest in South Carolina did not have
4 measurable effectc on soil movement in 25 established gullies
{lé). Most studies in the Soucheastarn Coastal Plain conclude

thar periodic prescribed fire has litcle impact on soil
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physical properties that affect infilctration rates or erosion.
Large pore sSpace may decrease and percolacion may slow with
short interval (l to 2 year) burns, but erosicnal consequences
are negligible (&40).

In western United States, it was found that where the
forest floor depth exceeded 0.51 inches (1.3 cm), erosion is
adequately controlled (28). Scfficient Litter was laft after
prescribed burning of ponderosa pine at Hoberg's in the coasc
ranges of Northerm Californmia to prevent observable erosion on
43 percent slopes (8). On the Forc Apache Indian Reservaction in
Arizona, the first prescribed burn led to no observable accel-

erated erosion (38).

B. Mass Erpsion

Mass erosiom is the downslope movement of a portiom of the
landscape caused by gravitational forces. The principal ele—
ments responsible for mass erosion in mosc areas are eliminacion
of scabilicy provided by roots of vegetation and high soil pore
waCer pressures resulcing from the removal of cranspiration
drafr. Mass movement eirther develops or is accelerated during
periods of abnormally high rainfall (40). Massive soil slips
are likely to occur om sSteep slopes following cthe removal of

chaparral by fire. Chaparral has deep tap roocts, and when it is
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killed by repeated fires, ercsion removes the ash and top
layers of the soil. This resulcs in cthe thimming of the soil
mantle and the reduction of site productivicy. The only kind
of vegecation thact can exlstc under these condicions is chat wich
shallow roots. Shallaw roots do noc have the capacity to hald
soil as well as deep tap roots, thus landslides resulc (24).

Debris production from chaparral seems. to be 4 Cwo—phased
process. After fires, erosion from sideslopes is primarily
gravicy acrivated landslides and dry ravel (4). Dry ravel or
dry creep occurs on Steep Slopes with soils that are high in
coarse materials and low in cohesion. Removal of procective
licter by fire allows the soil particles to easily move down—
slope under the influence of gravity (40). On steep slopes, dry
ravel may occur during and afrer fire, even before the start of
the rainy season. Dry ravel from steep unburmed chaparral
slopes can amount to about 200-3,800 lbs/facre. This amount can
significantly increase after fire (4).

In addition, soil nonwectabilicy has been idencified as

an impertant concributing factor inm debris flows (40).
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VI. SUMMARY

The change in organic matter during and following fire
is a function of fire incensity and erosive forces. Some
studies found no wvisible change in organic matter following
prescribed fire, while others found an increase of organic
macCer in subsurface layers. One study reported a subscancial
loss of organic matfer due to runoff and erosion. Burning was
found to decrease the cation exchange capacity due to the loss
of exchange sites on the organic matter.

Depending on the concentratiom of basic elements in the
goll, burning can cause the pH to increase. The change in pH
is more pronounced in sandy soils than in clay soils high in
organic matter.

50il nutrients (P, K,HMg,Ca) in the upper layers of the soil
are increased immediately after fire. Volatile elemencs (N,5, P,
Cl) are losc when burning tempéractures exceed the temperature
of volacilization. Surface ercsion removes nutrients closely
associated with organic matter and seil debris (N,FP,5,Ca Mg K,
Ma). MNictrogen is the main element lost during fires.

Scme so0il physical properties can be affected by prescribed
firas. According to the studies reported, most prescribed fires

are not intense encugh to affect soil structure, except where
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the lictter is complacaly removed and intense rainfall causes
compaction of the soil. Infiltration capacity is generally
reduced by fire and can remain so up rn 3 years following a
fire. Soil water storage i3 often decreased in surface soils,
but is increased in subsurface layers due to reduction in vege—
tation draft. However, Lif 2 inches of humus is destroyed, the
tocal reauction of wacer scorage capacity is L ioch. The
formation of water repellant layers can cause a reduction in
infiltration and soil wacer sctorage. This leads to increased
overland flow and subsequent ercsion. Ceol (lew intensicy)
fires cause repellancy in the surface laver of soil. while hot
(high intensity) fires produce repellancy at greater depcths. No
repellancyis proagucea if surface temperatuores exceed 270°C
during the fire. The thickness of the repellant layer decreases

with increased soil moisture, and increases as the percent silc

and clay decrease.

The net affect of prescribed burning is cowards surface
erosion. The degree of erosion depends upon the fire incensitly,
tha amount of vegectation and licrer removed, soil cCype, slope,
and cthe formation of non-wecttable layers. Generzlly, on slopes
greater than 30 percenc, ercsion can be expected unlass suffi-

ciant litter remains after the firs to protect the sail. Mass
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erosion can occur on steep slopes following prescribed fires
if all cthe vegetation is destroyed. Chaparral areas have

significanc so0il los3 uue to dry ravel following fires.
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VII. CONCLUSIONS

Prescribed fires can adversely affect land productivicy
and soil scabilicy. Intense fires volatilize nucrients,
destroy organic matter, disrupt soil structure and may causa
water repallancy. These effects can subjeet the soil to
accelerated erosion and cause site degradacion. However, low
intensicy firesz aid im nutrient eycling, do noc affecc soil
structure and generally dom't increase soil erosion.

The factors which must be considered when planning pre—
scribed fires and when assessing the impacts of fire include:

L. the character of the soil

2. the topography of the area

3. the type of vegetation and amounc of organic
material present

4. the frequency, duratiom and intensicty of each fire
When planning a presezibed fire, it is important toc make a
decision concarming the desirad fire intensicy which will
achieve the managementc goals, yeC minimize adverse effects.
Once the fire intensicy is chosen, measurements should be taken
during the prescribed burn. The results of the fire can chen
be correlaced co the fire iocensity. This process would pro—
vide valuable informarion to be used when planning the next

prascribed fire.
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A very important area that is noC covered in cthis paper
is tha off-site effects of presecribed fire. The reduction of
infilcration capacity, soil water storage, and the formation
of water repellant layers lead to increased runcff, surface
erosion and mass wasting. These processes as well as loss of
nutrients can result in serious impacts offsite. The impacts
may include deposition of soil and debris downslope, stream
eurrophication, incressed turbidity, chanmel alterationms,
reservoir sedimentation, and reduction in water quality and
stream habitac. There is a3 peed for papers addressing these
issues, Lor proper land management should include an assessment
of the off-site as well as the on—sice effecrts of prescribed

fire before it is used as a major land-management tool.
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