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I. INTRODUCTION 

Over the L a s t  f e w  decades,  t h e r e  has been i n c r e a s i n g  

i n t e r e s c  i n  t h e  use o f  prescr ibed f i r e  a s  a  land management t o o l ,  

b o t h  t o  re tu rn  f i re-- type ecosys tems to  r h e i r  n a t u r a l  s t a t e  , and 

t o  r educe  the hazard o f  w i l d f i r e s .  The r e v i s e d  Fire Management 

Policy adopted  by t h e  Forest Service" encourages Land managers 

t o  make more use  o f  p r e s c r i p t i o n  fire t o  p r o t e c t ,  maincain and 

enhance t h e  narural resource  va lues  and a e s t h e t i c s  w i t h i n  

approved areas on t h e  Nat ional    ore st." (37)  

The S o c i e t y  of  t h e  American F o r e s t e r s  d e f i n e s  p resc r ibed  

f i r e s  as " t h e  c o n t r o l l e d  a p p l i c a t i o n  o f  f i r e  t o  wildland f u e l s  

e i t h e r  i n  t h e i r  n a t u r a l  o r  modified state,  under such c o n d i t i o n s  

of weather, fuel moiscure, s o i l  mois ture ,  e t c .  as a l lows t h e  

fire t o  be  conf ined  t o  a predetermined a r e a  and a t  the  same time 

t o  produce t h e  i n t e n s i t y  and spread needed t o  o b t a i n  planned 

o b j e c  r i v e s  i n  fire management, s i l v i c u l c w e ,  range management, 

w i l d  L i f e  management, ecc. I 1  

I n t e r e s t  i n  u s i n g  prescr ibed f i r e  a s  a management t o o l  

raises q u e s t i o n s  as t o  the  e f f e c t s  o f  p resc r ibed  f i r e  on s o i l .  

F i r e  consumes o r g a n i c  matter and res idues  that eventually become 

soil o r g a n i c  mar te r .  The organic mat te r  can be  t o t a l l y  removed 

o r  t r a n s l o c a t e d  depending on the i n t e n s i t y  o f  rhe p resc r ibed  



f i r e  ( 4 0 ) -  (See the next  sec t ion  f o r  a discussion of  fire 

i n t e n s i t y ) .  Burning the surface organic ma tter reduces o r  

removes ehe p ro tec t ive  £ores t f loor ,  vo la  t i l i z e s  ni t rogen and 

other elements, and transforms l e s s  v o l a t i l e  elements t o  

s o l u b l e  mineraL forms that are more e a s i l y  absorbed by p lants  

or are Lost by leaching  o r  surface erosion, HeatFng the under- 

lying s o i L  alters phys ica l  and chemical proper t ies  o f  the s o i L  

that are dependent on  the soil organic matter. It may cause the 

formation o f  a w a t e r  repeLlant  Layer. The above processes of  ten 

result i n r  a c c e l e r a t e d  erosion and site degradation, The 

effects o f  prescribed e r e  repmted  i n  the literature a r e  highly 

var iab le ,  The character o f  the soil, the topography o f  the 

area, the type o f  vegetation and amount of o r g a n i c  material 

present ,  the frequency, durat foa .  and. i n t e n s i r p  -of the fires and 

the weather condi t ions  following the fire must a L 1  be- considered 

when assessing the i m p a c t s  of prescribed fire on s o i l .  

The main o b j e c t i v e  o f  this p a p e r  is to provide a deta i led  

d e s c r i p t i o n  a f  the on-site. effkcts o f  prescribed f i r e s  on s o i l  

by discussing: 

1- The characteristics of fire intensity 

2 -  The e f f e c t s  on the chemical  properties o f  soil, 

such as organic matter ,  pa, aod n u t r i e n t s ,  
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3 .  The effects on physical properties of soil, such 

as - s c r u c  ture, i n f i l t r a t i o n  rate and capac i ty ,  wacer 

s torage,  and water repellancy,  

4 .  The pacent ia l  f o r  surface, and mass erosion.  

The informat ion presented may aid in Land management 

planning; and help improve the success and qua l i ey  of prescribed 

burning programs, espec ia l ly  in re la t ion  to soil pro tec t ion .  

This p a p e r  represents the s rate oE knowledge that is 

ava i lab le  at chis time. Since the focus of this paper  has been 

res E r i c  red to prescr ibed  fire effects , careful  se Lec sion of 

references was w d e  to avoid compLicating effects  caused by 

logging, road bui lding,  grazing, or w i l d f i r e s .  



~ S I T Y :  AND 

F i r e  in tens i ty  is expressed in British rhermal &ts 

(BTU's) p e r  second per foot of fire &oat- It can be wri tktn  

as the simple equa t i o a  1 * Ilwr, where X - f i r e  in tens i ty  in 

~TU's/sec/Er of fLe Eronr, K - heat y i e l d  in STUts/lb of fuel ,  

2 w - weight- of avai lable  fueL in Lbs/fc and .r - rate of spread 

ia ft /sec (LO). 

m o i s t u r e  contents could have a h e a t  

BTU/I~ of &eL (drp-weigf i t  basis). 
'1 

fue ls  w i t h  low fuel. 

yield as high as 6,500 

If the available fueL is 0.L 

l f r  o f  fuel/£rL, the fire intensiq would be 26 BTU/sac/fr of 

firer fzont. V e r y  few f ires  burning in forest: fuels would have 

an ixxtensity a s  low as 2 or 3 ~TU/sec/ft of f i re  Eront, Most 

prescr ibed  f i r e s  burning againsc che w i n d  travel.  at a rare: of 

0.03 to 0.06 ftr/sec* If the available fue l  is 0-10 to 0.15 Lb/ 

£2 ( 2  to 1 t~ns/ac)  , rhek i n ~ e n s i d e s  would range f r o m  abour 

19 to 58 ~TU/sec/£t- The burning zone would be less rfian a 

foot d e e p ,  and the flames about  L2 to 20 inches high. The 

flame Length would be around 2 L/2 feet.  

Going up cfie scale of f i r e  i a t ens i t y ,  a f ixe  spreading 

0.25 f t / sec  would have an i n ~ e n s i t y  of abour 160 BTU/sec/ft of 

f i re  f r o n t  if the ava i lab le  f u e l  is 0.i L b l f t  azd 3 i e  heac y i e l d  



is 6500 8TU/lb, The flames w o u l d  be 4 o r  5 f e e t  i n  length .  

Th i s  i n t e n s i t y  is probably nea r  the maximum f o r  head f i r e s  t h a r  

cou ld  be used i n  p resc r ibed  burning,  Ord ina r i l y ,  backing 

f i r e s  are used i n  p r e sc r i bed  burning ( L O ) ,  

W i l d f i r e  i n t e n s i t i e s  w i l l  u sua l ly  range from LOO t o  1,000 

2 
BTUfs / s ec / f t  . Flame lengths  can be  a few f e e t  t o  up t o  5 0 f ,  

feet. I n  p r e s c r i b e d  burning, i t  is  u sua l l y  d e s i r a b l e  t o  have 

as low i n t e n s i t y  fire as p o s s i b l e  yet s t i l l  ach i eve  t he  resource  

managemenr o r  fire management ob j ec t i ve s .  It  is unfor tuna te  

that so few measurements o f  f i r e  intensity have been made dur ing  

p resc r ibed  burns, because whether  e f f e c t s  on s o i l s  are adverse  

o r  n o t  are s o  h i g h l y  dependent on i n t e n s i t y  of the burn. 

The i n t e n s i t y  o f  a f i r e  can be determined s u b j e c t i v e l y  by 

t h e  appearance  of the r e s i d u a l  l i t te r ,  s o i l  and remaining vege- 

t a t i o n  a f te r  bu rn ing  (40).  

A low i n t e n s i t y  b u m  scorches  the l i t t e r  and duff  l a y e r  

i n  s p o t s  b u t  does  not- a l t e r  the  l a y e r  over  the  e n t i r e  depth.  A 

l i g h t l y  burned area would have less than 2 percent o f  the t o t a l  

a r e a  s e v e r e l y  burned,  l e s s  than 15 percent  moderately burned 

and rrhe res t l i g h t l y  burned o r  non-buned.  Less than 4 0 pe rcen t  

of the brush canopy remains . I r r e g u l a r  and s p o t t y  burning 

occurs  and some l e aves  and smal l  twigs remain on the  plants 

e i c h e r  s l i g h t l y  s inged o r  unharmed, 
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A moderate inrensity burn  chars b u c  nor ashes the Litter 

and duff in: s p a t s -  LC does n o t  v i s i b l y  a l t e r  the underlying 

mineraL soil., Less than LO p e r c e n t  of the t o t a l  area i s  

severely burned, b u t  over L5 percent is moderately burned- 

Between- 4 0  and 80 p e r c e n t  of  the p u n t  canopy is burned by the 

fire and the remaining charred twigs are greater than 0,254.50 

inches in diameter, 

Oat severely burned; spo t s  all. &e organic Layer is. consumed 

and the mineral s a i l  s tructure and c o l o r  are visibLy altered.  

J!bre tfian LO percent  of tfie- area bas spots t h a t  are severely 

burned, more t h a m  80. percent moderately o t  severely  burned, and 

the rest lightly burned, After a severe f i re ,  only  ashes re- 

main on. the s a i l  surface, The ar= is- completely burned and 

the plant stems- remaining are- 0-5 inches- o r  greater in diameter ,  

In many cases, only charred remains o f  the Large s t u b s  o f  the 

main pLant  stems are Left (40) , 

This same type. of visual estimation has b e e n  used to 

classify b w n  in tens i ty  a f t e r  chaparral fires in southern C a l i -  

fornia ( 7 ) .  The v i sua l  appearance of the seedbed has been 

reLated to the s o i l  temperatures generated during a fire. The 

l i g b r l y  burned condition w a s  characterized by charred Leaf 

litter. Some greyish ash was presentr immediately a f t e r  the 

fire b u t  soon became inconspicuous. The mximum soil 
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temperatures during a burn producing "black ash" condit ions  

0 
were 3.77'~ a t  the s o i l  sur face  and 121 C at 0 . 3  inches down; 

ward i n  the soil. A rnodera te burn produced a %aruoil" 

seedbed,  Some charred materiaL remained but was very  s-parse. 

The ash became inconspicuous soon a f t e r  the f i r e .  The maximwn 

temperatures a t  the mineral surfaces were 3 9 9 O ~  and 2 8 8 O ~  ar 

0 . 3  i n c h e s .  The most s e v e r e l y  burned areas  were characterized 

by  a " w ' r u r e  ash" seedbed. This was identified by a f l u f f y  ash 

l a y e r  where Large branches or -in srems of trees or shrubs 

had buxned, Temperatures a t  the surface exceeded 5 1 0 ~ ~  and 3 9 9 O ~  

a t  0 . 3  inches ( 7 ) .  



ZIL s o n  CHEMICAL PROPERTIES  AM^ 

rmTxmT CYCLING 

Both s o i L  chemical properties and n u t r i e n t  a v a i k b i l i  ty 

are affected by f i r e  soil properties affected by burning, 

include organic m a t t e r ,  pH, cation exchange capacity, ni t rogen,  

phosphorus, sulfa and divalent c a t i o n s  (19) . 
These properties. ate affected due ta the burning and sub- 

sequenr ashing o f  bath the o rgan ic  residues and the organic 

m a t e r i a l s  contained ia the aboveground v e g e t a t i o n ,  The ash on 

the surface o f  the s o i L  o f t e n  a L t e r s  the pH and the concen tra- 

t i o n  o f  s o l u b l e  elements, These dements can react w i t h  the 

soil o r  become dissoLved in i2ae soiL soLution foLlawing precipi- 

t a t i o n -  Variable amounts of the a s h  can b e  Lost from the. site- 

due t o  wind ot w a t e r  processes, Elements can b e  Los t  as soluble 

ions teaching i n t o  the soil and ultimately moving in to  the 

ground water (40) . 

A., Organic Matter 

The soil organic  matter  c o n s i s t s  o f  the surface layers, 

foxes t f l o o r ,  l i t ter  o r  duff and o r g a n i c  m a t t e r  incorpora ted  

w i c h  mineral s o i l ,  The o r g a n i c  m a t t e r  in the soil isproves 

aerarion and water i n f i l t r a t i o n  rates. In  a d d i t i o n ,  t f i e  

surface organic matter p r o t e s t s  s o i l  f r o m  e r o s i o n  by w i n d  
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and  w a t e r .  Organic m a t t e r  on the  s u r f a c e  and i n  the  s o i l  

p r o v i d e s  and r e r a i n s  n u t r i e n t s .  When f i r e s ,  h e a t  o r  burn the 

o r g a n i c  matter, v a r i o u s  changes r e s u l t  (40) .  

The change i n  o r g a n i c  mat te r  i s  a f u n c t i o n  o f  f i r e  

i n t e n s i t y .  Many w i l d f i r e s  have s u f f i c i e n t  i n t e n s i t i e s  t o  

d e s t r o y  a l l  trhe s u r f a c e  L i t t e r ,  This is  c o n t r a s r e d  by s e v e r a l  

p r e s c r i b e d  f ire s t u d i e s  where minor r e d u c t i o n s  o f  t h e  o rgan ic  

m a t t e r  w e r e  found, P e r i o d i c  p resc r ibed  burns a t  4-r 5-year 

i n t e r v a l s  fo r  20 yea r s  i n  the  South C a r o l i n a  coas taL pLain 

caused  no visible changes i n  t h e  o rgan ic  macter ,  excep t  for t h e  

firs t year o r  two after  burning (39).  I n  Georgia ' s  Piedmont 

l o b l o l l y  p i n e  s rands i t  w a s  found t h a t  p resc r ibed  burning d i d  

n o t  remove a l l  o f  t h e  £ores t f l o o r ,  and that  under some c o w  

d i t i o n s ,  a s i n g l e  burn removed o n l y  a s m a l l  percentage of the  

Li t te r  ( 9 ) .  Ligh t  burning w a s  found t o  cause  no d e t e c t a b l e  

change  i n  t h e  t o t a l  amount o f  o rgan ic  matter i n  s u r f a c e  s o i l s  ( 2 7 ) .  

I n  some s t u d i e s ,  p resc r ibed  f i r e  caused an  i n c r e a s e  of 

o r g a n i c  matter i n  subsurface s o i l  layers, I n  South Caro l ina ,  

p r e s c r i b e d  b u r n i n g  inc reased  the  o rgan ic  matter i n  t h e  0--2 i n c h  

Layer o f  m i n e r a l  s o i l ,  b u t  had no e f f e c t  i n  the  2 - 4  inch l a y e r .  

Burning caused the r e d i s t r i b u t i o n  o f  o r g a n i c  m a t t e r  w i t h i n  t h e  

p r o f i l e ,  b u t  no a c t u a l  r e d u c t i o n  o f  o rgan ic  mat te r  occurred ( 3 9 ) .  

P r e s c r i b e d  burn ing  i n  l o b l o l l y  pine i n  South Carol ina  r e s u l  ced 



i n  a n  i n c r e a s e  af organic  matter  i n  the surface  4 inches of 

the burned p l o t s  ( 2 5 ) .  

In c o n t r a s t  to  this, a Loss in organic matter d u e  t o  

e ros ion  was found to occur in California chaparraL following 

prescr ibed fire. In the Los Padres  NationaL Foresc, organic 

m a t t e r  made up 5.6 percent  of'  the debr is  leaving 50 percent 

s lopes ,  and  L0.9 percent  o f  the. debr is  leaving 20 percent 

slopes.  There w a s  mare o r g a n i c  mat ter  in the d e b r i s  from the 

gent le  s lopes  because the runoff water had l e s s  r ranspor t ing  

a b i l i t y  and carried h i g h e r  port ions of the l e s s  dense organic 

matter.  Despi te  the- d i f f e r e n c e  in the organic matter c o n t e n t  

of the- debr i s ,  the steep s l o p e s  l o s t  88 lbs /ac  (99 kg/ha) more 

o rgan i c  m a t r e r  thans. d id  the g e n t k  s l o p e s  (16) . 
A n  add i t i ona l  f a c t o r  associa ted  with the a1 t e ra t ion  o r  

loss o f  organic  matter is a change in the ca t ion  exchange 

capaci ty ,  It can. be d e c r e a s e d  by burning and may remain low 

for a t  Least  one year because the exchange s i t e s  on the organic 

matter a r e  destroyed (11)- 

B. S o i l  pH 

Soil a c i d i t y  in the upper s o i l  and ash layers is  reduced 

by burrring as a result of an excess of bas ic  ca t ions  

(e~a*, xg*) over anions (PO4 , S04)  i n  the ash ( 4  0 )  . The 



c a t i o n s  are reLeased by the combus t ion  of organic matter, and 

the chemical e f f e c t s  of heating on organic matrer and minerals. 

The s o i l  pH is  ra ised  temporarily, depending on the amount of 

a s h  re l eased ,  the original s o i l  pH, the chemical composition 

o f  the  ash and t h e  wetness o f  the climate (39,l.l) 

Burning tends to  change the acidity of a highly buffered 

cLay s o i l  high i n  organic matter Less than i f  the burning oc- 

curred on sandy s o i l s  Low i n  organic matter (40). 

S o i l s  are highly var iable  i n  chemical propert ies ,  and the 

r e l e a s e  of r e l a t i v e l y  large amounts of b a s i c  elements by f i r e  

would no t  s i g n i f i c a n t l y  change the soil. if i t  were already r i c h  

i n  those elements (40). 

C, Nutrient  Changes 

When organic matter i s  consumed by f i r e ,  the nutr ien ts  

from the leaves,  twigs and stems are Left i n  a highly soluble 

form i n  the ash. Thus, the nutr ients  a r e  r e a d i l y  avaYlable fo r  

p lan t  growth, but a r e  a l s o  suscept ible  to  Leaching and surface 

runoff (21,15). Burning materials high in a mineral element 

increases  the concentration of chat element i n  rhe s o i l .  Con- 

verse ly ,  burning the same amounr of mater ial  l o w  i n  that  

element may not measurably change the element i n  the s o i l  

( 3 9 , 4 0 ) .  



A f t e r  a prescribed fire, there  often-  a r e  trends toward 

h ighe r  concentrat ions o f  (N,P,K,Ca,  and Mg in  the upper few 

inches o f  d n e r a L  soil, and a decrease in those elemenrs i n  the 

forest floor.. The immediate flush o f  those elements EoLlowing 

fire is followed by a s lower  r e l e a s e  ( 4 0 ) .  MineraL elements 

and N increased in the surface 4 inches after burning i n  

1obLoLly pine in South Carolina (25). A study on burned and 

unburned s o i l  under chamise showed the concsntra t i o n  o f  acetate- 

s o l u b l e  s u l f a t e ,  R, P, tataL N, ammonia N and n i t r a t e  N were 

higher in burned soils (Ll) , Prescribed burning o f  mature pine 

i n  South Carolina r e s u l t e d  in small increases  i n  K, IT and 

exchangeable Ca and Mg i n  the surface 2 4  inches o f  mineral 

D, Nutrient  Losses 

Increased n r j t r i en t  Losses from burned sites a r e  caused by 

several mechanisms. S o i l  nu t r i en t s  may be lost by leaching, 

water erosion, wind erosion o r  by v o l a t i l i z a t i o n .  Volatile 

elemencs (N ,  S , P ,  Cl) are 10s t when burning temperatures exceed 

the temperature of v o l a t i l i z a t i o n .  N and S a r e  mos c important 

because they are of ten the Limiting fac to r  i n  many ecosys rrems . 
They also have r; Low v o l a t i l i z a t i o n  temperature. Surface 

e r a s  ion  removes nur r i en t s  c l o s e l y  associa red with organic 
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matcer  (N,P,S) , whi le  mass e ro s ion  removes the e n t i r e  s o i f  wi th  

i t s  n u t r i e n t s .  Sur face  e ros ion  causes grea t e r  n u t r i e n t  l o s se s  

because i t  a f f e c t s  l a r g e r  areas. Leaching l o s s e s  of  c a t i o n s  

depend upon t h e  format ion of  mobile an ions  HC03, NO3, SO4, and 

organic a c i d s  i n  s o l u t i o n .  Cat ion l o s s e s  w i l l  remain h igh  u n t i l  

anion c o n c e n t r a t i o n s  are lowered by phys i ca l  and b i o l o g i c a l  

p rocesses  on s i t e  (40). 

A f t e r  p resc r ibed  burning i n  chaparral i n  the  Los Padres 

Na t i ona l  F o r e s t ,  p l o t s  w i th  50 pe rcen t  s l opes  l o s t  l a r g e r  

amounts o f  n u t r i e n t s  dur ing  the f i r s t  r a i n y  season than d id  

p l o t s  on  20 pe rcen t  s lopes .  The n u t r i e n t s  l o s s  included N, P, 

Ca, Mg, K and Na. Most of  the n u t r i e n t s  l o s t  w e r e  i n  the 

d e b r i s  w i t h  s m a l l e r  amounts l o s t  i n  t he  runoff  water .  The 

n u t r i e n t s  removed with the debris were probably  contained i n  the  

o r g a n i c  matter. Immediately afrer  the fire, the n u t r i e n t s  10s t 

r ep re sen t ed  l e s s  than 6 percent o f  the  t o t a l  n u t r i e n t s  found i n  

the  upper 0.79 inches  o f  the s o i l  and l i t t e r  l a y e r  (15,L6). 

Niuogen is  the main n u t r i e n t  10s t dur ing  fires. and if a  

replacement  mechanism such a s  b i o l o g i c a l  N f i x a t i o n  is  n o t  

present, s i r e  q u a l i t y  would decrease  i n  a r e a s  sub jec ted  t o  

r epea t ed  f i r e s  ( 4 0 ) .  Measurements taken before a  p r e s c r i b e d  

burn i n  chaparral i n  the  Los Padres Nat ional  Fo re s t  showed that 

abou t  132 Lbs/ac (150 k g h a )  of n i t r ogen  were contained i n  the 
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L i t t e r  (16). Most of this N would b e  v o l a t i l i z e d  during a n  

i n t e n s e  f i r e -  N Loss. during a fire of  moderate i n t e n s i t y  

could account  for 75 percent o f  the N i n  the L i t t e r .  In the 

upper inch of soil, only small amounts of N would be lost. 

During Light i n t e n s i t y  fires, Less than. 50 percent of the N a t  

the soiL surface is Lost (16). 

Alrhougtr t o t a l  N is Lost during a prescribed burn, higher  

concen t ra t ions  o f  N and other n u e i e n t s  have been reported on 

burned areas than o n  unburned sites, This cont radic t ion  occurs 

because N is. expressed in concentration, r a t h e r  than i n  amount 

p e r  unit area- Lf N is based  on a s h  m a t e r i a L  remaining a f ~ e r  

fire, then  the concentration wiLL increase ; b u t  if this same 

amount of N is based on the i n i t i a t  weight o f  unburned material, 

then p e r c e n t  N is- usually decreased by  f i r e -  Another reason N 

appears  more abundanc after f i r e  is because N a v a i l a b i l i t y  

increases ,  and p h n t  growth is m u c h  more rapid,  T o t a L  N on the 

site, however, may have decreased (19) . 



TV. SOIL PHYSICAL PROPERTIES 

T h e  degree t h a t  s o i l  physical propert ies  a r e  influenced 

by f i re  depends on the i n t e n s i t y  of the f i r e ,  the amount of 

the overs to ry  and unders tory vegetation removed, £ores t f loor  

consumed, s o i l  heat ing,  proportion of  rhe area burned, f i r e  

frequency, topography, condition o f  the s o i l ,  and climate. 

The e f f e c t s  of f i r e  lessen overtime. The duration of 

e f f e c t s  v a r i e s  from one season t o  many decades, depending on 

the e x t e n t  of t h e  f i r e  and the r a t e  of recovery as influenced 

by n a t u r a l  condi t ions,  posC fire use and remedial measures 

applied by man ( 4 0 ) .  

A ,  S o i l  S t ruc ture  

S o i l  physical  propert ies  change when organic matter is  

altered o r  destroyed dur ing  burning. Organic matter improves 

the aggregarion and s t r u c t u r e  of  s o i l  by binding individual  s o i l  

p a r t i c l e s  together. The crea t ion  of large pores allows b e t t e r  

water penetrat ion and aerat ion.  When organic rnatter is des- 

troyed by f i r e ,  s o i l  s t ruc tu re  a l so  de ter iora tes  ( 1 9 ) .  

The majority of prescribed f i r e  s tudies  indicate that rhe 

f i r e s  were not  in tense  enough to produce d i r e c t  e f f e c ~ s  upon 

the s t r u c t u r e  of the s o i l s .  The exception to this is where 

complete removal o f  L i t t e r  and subsequent exposure of mineral 



soiL ta rain. r e s u l t s  i n  puddl ing  and bak ing  of the su r face  (40) .  

B. I n f i l t r a t i o n  C a p a c i t y  

Where organic  Layers of the f o r e s t  f l o o r  are removed and 

mineral soiL exposed, infiltration mag be immediately reduced 

( 4 0 )  - A study  o f  infiLcration r a t e s  o n  seven types o f  s o i l s  

revealed that burning reduced i n f i l t r a t i o n  r a t e s  38 percent, 

campared t o  a n  l.8 percent: reduct ion when litter was removed by 

raking ( 6 ) .  I n f i l t r a t i o n - o r r  Land prescribed burned annuaLly 

w a s  one-fourth the rate: on unburned Land (23)  - A t  North Fork, 

Ca l i fo rn ia  o n  the central Sierra Eoathills,  repeated burning o f  

mixed chaparral and woodland progressively decreased the in=- 

t r a t i o n  capac i ty  of the soiL during the f i r s t  years o f  t h e  

experiment, Ic took more than t h r e e  years  after burning to  b r i n g  

the infiltration capac i ty  up t o  Levels high enough2 to cope with 

ra in  races associa ted  w i t f i  heavy storms (29). Water repellancy 

i n  the u p p e r  Layers of the s o i L  causes reduced ixfiltra t ion  (21). 

If sufficienr o r g a n i c  matter remains a£ ter burning, i n f i l -  

t r a  t i on  r a t e s  can be mainrained, A t  Hoberg's in che Coas c 

Xanges o f  Northern California, p a r t i a l l y  decomposed duff and 

debris remaining a f t e r  prescribed burning o f  second--growti 

ponderosa pine were effective in maintaining high infiltration 

c a p a c i t y  (8).  



C.  Water S to r age  

P re sc r i bed  f i r e s  may i nc r ea se ,  dec rease  o r  have no 

e f f e c t  on s o i l  w a  tet  s t o r a g e  depending on t h e  amounr o f  canopy 

removed, t h e  amount of  l i t t e r  remaining, t he  i nvas ion  o f  

v e g e t a t i o n  a f t e r  f i r e ,  and t he  formation o f  water r e p e l l a n t  

l a y e r s .  Where much o f  the  ove r s to ry  f o l i a g e  is des t royed,  

i n t e r c e p t i o n  and evapo t r ansp i r a t i on  w i l l  be reduced,  r e s u l t i n g  

i n  i nc r ea sed  s o i l  w a t e r  s to rage  (3) .  I n  b r u s h f i e l d s  o f  Northern 

C a l i f o r n i a  a t  t h e  end of the  f i r s t  d r y  season a f t e r  burning,  

more w a t e r  remained i n  the lower s o i l  dep ths  i n  the burned 

plots than i n  t h e  a d j a c e n t  unburned p l o t s  (I) .  No d i f f e r e n c e  

i n  r e l a t i v e  mois t u r e  ho ld ing  capac i t y  o f  t he  humus Layers w a s  

found i n  burned and unburned s o i l s ,  as long as they were similar 

i n  c o n t e n t  o f  incorpora ted  minera l  ma t te r  (13). S o i l  mois ture  

in t h e  upper 3-12 inches  of  s o i l  under c h a p a r r a l  w a s  deple ted  

more r a p i d l y  on burned than on unburned s o i l s  due  t o  i t s  

removal by invad ing  weeds, r o o t  s p r o u t s ,  and evapora t ion ,  A t  

dep ths  beyond t he  reach  o f  vege ta t ion ,  burned p l o t s  had more 

mo i s tu r e  t han  unburned p lo r s .  A f t e r  summer drought ,  t he  upper 

l e v e l s  o f  t h e  s o i l  on  both the  burned and unburned pLo ts had the 

same mois t u r e  (31) . F i r e  reduces the c a p a c i t y  f o r  soil-+a t e r  

s t o r a g e  when humus l aye r s  and organic  ma t e r i a l s  i n  mineral 

l a y e r s  a r e  burned, o r  when s o i l  exposure i nc r ea se s  the  ox ida t i on  



of organic  ma t t e r  by soLar r ad ia t ion-  When an  overlying 

2-inch Layer of humus has been destroyed, the to taL r e d u c t i o n  

o f  the water  s t o r a g e  capaci ty  was found to  be. about  one (L) 

inch (5) S o i l  w a t e r  s to rage  a l s o  may be  reduced by fire- 

induced r epe l l ancy  in  the s u r f a c e  so iL  ( 20 ) -  

QG D- Water Rellancy 
n 

Some s o i l s  a r e  n a t u r a l l y  r epe l l an t ,  while i n  ocher  s o i l s ,  

repe l lancy is induced by f i r e .  S o i l s  which resist w e t t i n g  

dur ing  r a i n f a r 1  y i e l d  g r e a t e r  overland flow and r e a d i l y  erode, 

Water repel lancy is indica ted  when water drople ts  f o r m  beads on 

the s o i L  s d a c e  that do n o t  pene t ra te  f o r  at Leas t 5 seconds 

( 3 4 )  

The mechanism of water  r e p e u a n c y  has been-discussed b y  

many s c i e n t i s t s ,  T h L s  phenornenoxx is caused by organic  mater- 

ials, mainly a l i p h a t i c  hydrocarbons, which c o a t  s o i l  p a r t i c l e s  

a n d  reduce the a t t r a c t i o n  between water molecules and s o i L  

p a r t i c l e s  ( 3 4 ) -  Organic substances i n  the l i t t e r  Layer o r  in 

the mineral.. s o i L  are vaporized during h o t  fires. Some o f  the 

vaporized material i s  lost ro the atmosp'nere, buc part of i t  

migrates downward along s t e e p  temperature gradients .  I t  

condenses i n  cooler  s o i l  Layers where ir causes watez repel- 

Lancy (17). The substances condensing i n  the cooler  soil a r e  

possibly p y r o l y t i c  products of the heated l i t r e r  Layer r a the r  



than organic  mater ials  transloca ted a£  t e r  v o l a t i l i z a t i o n  (33) . 
Studies r e l a t i n g  to  the forma t i on  of water r epe l l an t  

l aye r s  i n  s o i l s  have provided much useful  information. One 

study,  f o r  example, showed tha t  a f t e r  burning, heat moves down 

through underlying sand, "fixing" some of the more polar hydro- 

phobic substances and r e v o l a t i l i z i n g  the l e s s  polar substances, 

broadening the r e p e l l a n t  Layer. The surface tempera cure 
0 

required f o r  "fixing" and r e v o l a t i l i z a t i o n  is  greater than 250 C 

( 3 2 ) .  Rela t ive ly  cool f i r e s  cause water repellancy i n  the 

su r face  Layer, while  h o t  f i r e s  produce repellancy at a greater 

depth. Under h o t  f i r e s ,  the surface Layer i s  completely 

wet table .  Organic rnatrer decreases a t  higher temperatures due 

t o  v o l a t i l i z a t i o n  and subsequent loss  to the atmosphere, The 

v o l a t i l i z e d  mater ia l  causing water repellancy is completely 10s t 

above s u r f a c e  temperatures of 270'~. Below t h i s  temperature, 

enough mater ia l  is trapped and condensed on exchange s i t e s  to  

produce water repellancy ( 3 4 ) .  (The sec t ion  on f i r e  i n t e n s i t y  

presents  a n  example of  s o i l  rgmpera tures  generated d u r i n g  

d i f f e r e n r  i n t e n s i t y  f i res . )  The formation o f  a water r epe l l an t  

Layer i n  the underlying s o i l  increases as percent s i l t  and clay 

decrease. The effect o f  texcure on water repellancy is a tcrib-- 

uted t o  d i f ferences  i n  spec i f i c  surfaces of the s o i l s .  The 

degree o f  water repellancy was found to increase as  ehe amount 



o f  t ranslocated-  organlc  matter increased i n  a given s o i l  (18) 

SoiL watez affects b e -  t r ans loca t ion  o f  organic  

substances b y  altering the temperature gradients  i n  s o i l  during 

a fire, The nature of the p a r t i c l e  sur£Ace is  also modified 

b y  s o i l  water,  Therefore, prescribed burning should be done 

when t h e  s o i l  is, moist i n -  areas where repellancy. is a problem 

( 2 0 ) -  S o i l  e r o s i o n  due ta w a t e r  r e p e l l a n t  Layers may b e  the 

most serious, problem- assoc ia ted  with it, Two ways i n  which 

prescr ibed  burning can b e  used t o  lower the p o s s i b i l i t y  o f  

hazard from s o i l  e r o s i o a  caused bv repellancy are suggested: 

L, burning o f  d e n s e  brush f u e l s  when the s o i l  i s  

wetr  and: heat= penet ra t ion  i n t o  the so iL  is. 

2 .  conversion o f  b r u s h  cover t o  grass having a 

much lower f u e l  volume and l imi ted  hear  

product ion when burned (22) . 



V, EROSION 

The e f f e c t s  o f  prescr ibed burning on e r o s i o n  depend on 

the severity of  the  burn, the e r o d i b i l i t y  o f  t he  s o i l ,  the 

p o t e n t i a l  f o r  recovery  o f  the vege t a t i on ,  and the  k inds  o f  

s to rms  t h a t  fo l low the f i r e  (5) . 
The process  o f  e r o s i o n  o f t e n  begins wit& inc reased  over- 

land f l o w .  Overland flow occurs  when the  i n f i l t r a t i o n  rate o r  

c a p a c i t y  of a s o i l  has been exceeded by t h e  amount of incoming 

p r e c i p i t a t i o n .  Independent v a r i a b l e s  i nc lude  a l l  the soil and 

p l a n t  f a cco r s  that in f luence  i n f i l r r a  t i o n  r a  re ,  i n t e n s i t y  and 

d u r a t i o n  o f  the rain, and the  s t eepness  of s lope  ( 4 0 ) .  I n  

n o r t h e r n  M i s s i s s i p p i ,  prescr ibed burning on s t e e p  s l o p e s  caused 

i nc r ea sed  over land flow. The mos t s i g n i f i c a n t  changes occurred 

on l o e s s  soils, the Least on sandy s o i l s .  Small changes i n  

vegetation c o v e r  could grearly in f luence  hydrologic  responses  

of  s m a l l  headwatex basins. Stormflow responses were related t o  

the presence  o r  absence o f  a fxagipan (35,36). 

A .  Surface  Eros ion 

Surface e r o s i o n  inc ludes  s h e e t  e ro s ion  and r i l l i n g ,  I r  

can  be de f ined  a s  the  movement o f  i n d i v i d u a l  s o i l  p a r r i c l e s  by 

wind o r  water. It i s  a func t ion  o f  fo rces  a v a i l a b l e ,  p r o t e c t i o n  

o f  che soil surface and the e r o d i b i l i t y  of rhe s o i l .  Fire 



i nc reases  the a v a i  Labfe forces  by i nc reas ing  e f f e c t i v e  p r e -  

c i p i t a  t i on ,  wind movement, and over land flow. P r o  t ec  t i o n  of 

the s o i l  surface is reduced by Losses o f  sur face  l i t t e r .  S o i l  

e rod ib iL i ty  is increased because of the des t r u c t i o u  of. s o i l  

aggregates  and the v o l a t i l i z a t i o n  o f  soil organic matter. The 

n e t  e f f e c r  o f  burning is toward increased s u r f a c e  eros ion  ( 4 0 ) -  

m e n  overs tory  t r e e s ,  surface vegetat ion and fores  t f l o o r  are 

compLe teLy des troyed b y  fire, h i m n t e n s i t y  r a m  LL usua l ly  

produces great  q u a n t i t i e s  o f  sediment ( 5 ) .  

Surface  eros ion  is o f t e n  caused by prescribed burning o f  

various. f o r e s t  rrypes- Sediment yieLds increased by burning 

mixed c o n i f e r  f o r e s t s  A n  the South S i e r r a  Nevada, The increases  

in sedimenrr were h i g h l y  corrcLated t o  a decrease in the f o r e s t  

Eloor (2) SLgnif icant  increases irr eros ion  were found foLlowing 

prescribed burning o f  ponderosa pine on b a s a l t i c  soils o a  35 

percenr s lopes  in the Fort Apache Indian Reservation i n  Arizona 

(13). Ix the Payet te  Nat ional  Fores t  in Cent ra l  Idaho, the 

effects o f  fire on  erosion on Loose g r a n i t i c  slopes w a s  

evaluated i n  r e l a t i o n  to  burn i n t e n s i t y ,  and s l o p e  gradient .  

Erosion increased with both s lope  gradient  and burn i n t e n s i t y  (12) . 
S e v e r a l  references a r e  available which c i t e  erosion follow- 

i n g  prescribed burning of chapanal, Annually burned p l a t s  o f  

woodland chaparra l  i n  c e n t r a l  Ca l i fo rn ia  produced 249,165 lbs  / 

ac re  (113 tons) i n  9 years. Twice burned plots yielded 8820 
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l b s  /ac (4 tons )  . The e r o s i o n  accompanying che increased run- 

off  w a s  due t o  the r educ t i on  of  i n f i l t r a t i o n  capac i t y  and t o  

t h e  i n t e n s i t y  and d u r a t i o n  o f  the r a i n f a l l  (30). The f i r s t  

year a f t e r  a presc r ibed  burn  of c h a p a r r a l  i n  the Los Padres 

Na t i ona l  F o r e s t ,  2 . 6  times more s u r f a c e  e r o s i o n  occurred on >U 

p e r c e n t  s l o p e s  than on 20 percen t  s lopes .  On the  50 pe rcen t  

s l o p e s ,  a b o u t  35 t i m e s  as much e t o s i o n  occurred on the  burned 

areas as on the similar unburned s i t e s .  The e ro s ion  r a t e s  f o r  

the burned and unburned sites were 6,500 and 186 Lbs/acre 

r e s p e c t i v e l y  ( 15) . Chapar ra l  in Arizona was s t r i p  burned a £  ter 

t r e a tmen t  w i t h  a he rb i c ide .  Erosion w a s  g r e a t e s r  on s r eep  

s l o p e s  a d j a c e n t  t o  main channels  ; however, l i g h t l y  burned a r e a s  

with 7 0  percent o r  more l i t t e r  had s l i g h t  o r  no eros ion.  Areas 

w i t h  less than  60 p e r c e n t  l i t t e r  remaining had moderate e r o s i o n  

d u r i n g  pe r iods  o f  high p r e c i p i t a t i o n .  The average sediment 

movement d u r i n g  t he  5 year  period o f  s t u d y  was 2394 l b s / a c  

(695 tons/mi2) (26).  The f i r s t  w i n t e r  after burning of w ~ o d l a n d  

c h a p a r r a l  a t  North Fork, i n  the c e n t r a l  S i e r r a  f o o t h i l l s  o f  

C a l i f o r n i a ,  annua l l y  burned pLocs yie lded g r e a t e r  than 5,000 

Lbs /ac o f  eroded soil. I n  the  nex t  8 years ,  annual  e ro s ion  

ranged from L48 t o  171,000 l b s  /ac. Plo t s  burned a t  6-year in- 

t e r v a l s  y i e lded  5000 Lbs/ac the f i r s t  year  and smal le r  q u a n t i r i e s  

the next 3 yea r s  (29) .  The e f f e c t  of chapa r r a l  burning on 



e ros ion  was s tudied a c the Chamise Experiments 1 Pas tures i n  

Northern Cal i fornia . .  The average- resuLts o f  the study w e r e  

that soil movement w a s  s i g n i f i c a n t l y  g r e a t e r  on burned areas 

than on unburned a reas ,  and that g r e a t e r  erosion occurred per 

unit i n c r e a s e  i n  s lope  the first year, followed by Lesser s o i l  

Loss i n  propor t ion  to t h e  number o f  years a f t e r  the fire. The 

amount of s o i l  movement w a s  d i r ec  rly r e l a t e d  to slope;  i.e. , 

the steeper the s lope  t h e  p e a  ter the erosion* The s a m e  re- 

s u l t s  w e r e  £OM& in a; simiLar s tudy  near Ukiah on t h e  North 

Coast o f  Ca l i fo rn ia  (31),1 

I n  contrast=, initial and r e p e a t  prescribed burning d id  

n o t  increase s o i L  movement as shown in one s m d y  i n  the Georgia 

Piedmoat. The burning was done o n  the Hi t ch i t i  ExpeximentaL 

Foresr, w h e r e  e r o s i v e  s o i l s  on 10-20 percenr sfopes support  a 

1obLoLly p i n e  forest, It w a s  concluded tha t  the degree o f  

s lope ,  the ground surface disturbance, the amount of pro tec t ion  

rendered by the overs t o r y  canopy and t h e  amount o f  ~ t t e r  Left 

on the si te are key facrors in- erosion- on Piedmont fores  t s i ces  

( 9 ) .  Similarly, one p rescebed  burn i n  a Piedmont pine connnm- 

ilss i n  the Sumrer National F o r e s t  in South Carol ina  d i d  not  have 

a measurable effect on s o i l  movement i n  25 established g u l l i e s  

(14) , Mos t s tudies in b e  Southeas tern Coas t a L  ?Lah conclude 

that periodic prescribed fire has Litrle impact on s o i l  



physica l  proper t ies  tha e a f f e c t  i n f i l t r a t i o n  r a t e s  o r  erosion. 

Large p a r e  space may decrease and percolation may slow with 

s h o r t  i n t e r v a l  (I. t o  2 year) burns, but erosional  consequences 

a r e  n e g l i g i b l e  ( 4 0 ) .  

In western United Sta tes ,  i t  was found tha t  where the 

f o r e s t  f l o o r  d e p t h  exceeded 0.51 inches (1.3 cm), erosion i s  

adequately control led (28). Suf f i c i en t  l i t t e r  was l e f t  after 

prescr ibed burning of ponderosa pine a t  Hoberg's i n  the c o a s t  

ranges of  Northern Cal i fornia  to  prevenc observable erosion on 

4 3  percent  s l o p e s  (8). On the Forr Apache Indian Reservation i n  

Arizona, the  f i r s t  prescribed burn Led t o  no observable accel- 

e ra ted  erosion ( 3 8 ) .  

B, Mass Erosion 

Mass erosion is the  downslope movement of a portion of the 

landscape caused by gravi ta t ional  forces. The pr inc ipa l  ele- 

ments responsible  f o r  mass erosion i n  mosr areas  a r e  eLiminat ion  

o f  s t a b i l i r y  provided by roots  of vegetation and high soil pore 

water pressures r e s u l t i n g  f r o m  the removal of t ranspira  t ion 

draft. Mass movement e i t h e r  develops o r  i s  accelerated during 

p e r i o d s  of abnormally high r a i n f a l l  (40).  Massive s o i l  s l i p s  

are l i k e l y  t o  occur on s teep slopes following she removal of 

chaparra l  by fire. Chaparral has deep t a p  t o o t s ,  and when i t  is 



killed b y  lrepea ted fires, erosion remves the ash and top 

Layers crf tfie soiL, This results in rhc thinning. of the s o i l  

mantle and the reduction- a £  site productivity. Pze only Mnd 

o f  vegetation at. can exist under these conditions is that with 

sha l l ow  roots, Shallow mats do noc have the capacity to  hold 

soil as w e l l  as d e e p  tap roots, thus landslides resultr (24) - 
Debris produc t i o m  front cf.laparraL seems- to b e  a twcz-phased 

process ,  A f t e r  Ekes ,. erasion from s i d e s  h p e s  i s  p r i m a r i l y  

g r a v i t y  activated Landslides and dry- ravel ( 4 ) -  D r y  raveL ar 

d r y  creep occurs on steep slopes w i t h  s o i l s  thar are high ia 

coarse materials and Low in cohesion., Removal o f  protective 

Litter by fize al lows the soil particles to easily move dew- 

slope under the influence of gravi ty  (40). On steep s l o p e s ,  dry 

raveL may occur during and after fire, even before the start of  

the rainy season. Dry ravel  from s teep  unburned chaparral 

slopes cam amount to about 200-3,800 lbs/acre. T h i s  amount can 

s ignif icantly  increase a£ ter fire (4 ) . 
In addi t ion , -  soiL nonwe t t a b i L i t y  has been i d e n t i f i e d  as 

an i m p o r t a n t  contributing factor in- d e b r i s  f lows  ( 4 0 ) .  



I .  SUMMARY 

The change i n  organic  mat ter  dur ing  and following Eire 

i s  a func t ion  of f i r e  i n t e n s i t y  and e ros ive  forces.  Some 

s t u d i e s  found no v i s i b l e  change i n  organic  matcer following 

p re sc r ibed  f i r e ,  whi le  o rhers  found a n  increase  of organic 

matter i n  subsurface Layers. One s tudy  repor ted a s u b s t a n t i a l  

Loss o f  organic  mat te r  due t o  runoff and erosion.  Burning w a s  

found to decrease  the  c a t i o n  exchange capac i ty  due t o  the  l o s s  

of exchange s i t e s  on the organic matter. 

Depending on the concent ra t ion  o f  b a s i c  elements i n  the 

soil, burning can cause the  pH t o  increase .  The change i n  pH 

i s  more pronounced i n  sandy soils rhan i n  c l ay  s o i l s  high i n  

organic  matter, 

S o i l  nutrients (P,K,Mg,Ca) i n  the  upper Layers of the  s o i L  

are increased immedia r e l y  a f t e r  f i r e .  V o l a t i l e  elements ( N ,  S, P, 

Cl) are Lost when burning temperatures exceed the  tempera t u e  

of v o l a t i l i z a t i o n .  Surface erosion removes n u t r i e n t s  c lose ly  

a s s o c i a t e d  with organic  matter and s o i l  deb r i s  ( N ,  P ,  S,  Ca ,Mg,K, 

Na) . Nierogen i s  the main element 10s t dur ing fires. 

Some soil physical  p roper t ies  can be affected by prescribed 

fires. According t o  the  s tud ie s  repor ted,  m o s t  prescribed fires 

are n o t  incense enough t o  a f f e c t  s o i l  s t r u c t u r e ,  excepr where 
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the- l i t t e r  is completely removed and intense r a i n f a l l  causes 

compaction o f  the s o i l ,  I n f i l t r a t i o n  capac i ty  is genera l ly  

reduced b y  f i r e  and can remain so up to 3 years following a 

fire. S o i l  w a t e r  storage is of ten  decreased in surface- s o i l s ,  

but is increased i n  subsurface Layers due to  reduct ion in vege- 

tation d r a f t ,  However, if 2 inches. of humus is- des tzroyed, the 

totaL recluetion of water s to rage  capacity i s  L inch- The 

formation of w a t e r  repellant Layers. can cause a reduct ion  i n  

i n f i l m a t i o n -  and s o i L  w a t e r  storage,  This Leads to increased 

overland £low and subsequentl erosion,  Cool (Tow i n t e n s i t y )  

fires cause  r e p e U n c p  in the surface layer: o f  s o i l -  while  h o t  

(high i n t e n s i t y )  f i res  produce repellaxicy a t  g r e a t e r  depths. No 

r e p e l l a n c y i s  proaucea if surface temperatares exceed 2 7 0 ' ~  

during the fire, The thickness of the- r e p e l l a n r  l a y e r  decreases 

with increased s o i l  moisture, and inc reases  as the percent s i l t  

and c l a y  decrease.  

Tfie n e t  e f f e c t  of prescr ibed burning is towards surface 

erosion, The degree o f  e ros ion  depends upon the f i r e  i n t e n s i t y ,  

the amount of  vegeta t ion  a d  l i t t e r  removed, so iL type, slope,  

and tfie f o r s a t i o n  of non-wettable layers .  Generally, on slopes 

greater &an 30 percenr, e ros ion  can b e  expected unless suffi- 

c i e n t  l i r t e r  remains a f t e r  the fire to prorrect the s o i l .  Hass 
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e r o s i o n  can occur on steep slopes fal lowing prescribed f i r e s  

if a l l  the vegetation is destroyed. Chaparral areas have 

s ign i f icanr  soil Loss uue TO dry ravel fol lowing fires. 



VIT. CONCLUSIONS 

Prescribed fires can. adversely affect land product ivi ty  

and so iL  s t a b i l i t y .  Intense f i r e s  volat i l i ze  nutrients, 

destroy organ ic  matter, d i s r u p t r  soil structure and may cause 

w a t e r  repellancy. These effectrs c a n  s u b j e c t  the soil to  

acce le ra ted  e ros ion  and cause site degradation. However, low 

i n t e n s i r y  f i res  a i d  in n u t r i e n t  cycling, do not affect so iL  

structure and generally don' t increase soiL erosion, 

The f a c t o r s  which mustr  b e  considered when planning p r e -  

sc r ibed  fires and when a s s e s s i n g  the impacts- o f  fire inc lude :  

LI the c h a r a c t e r  o f  the s o i l  

2 I the: topography of t h e  a r e a  

3 - the  t y p e  oE vegetation- and amounc o f  organic 
ma term present  

4, the fxequency, dura t ion  and i n t e n s i t y  o f  each fire 

When planning a: prescr ibed fire, it is important to rake a 

decision concerning the desired fire i n t e n s i t y  which w i l l  

achieve ti.,= rnanagementr goals, yet minimize adverse effects. 

Once the fire i n t e n s i r y  is chosen, measurements should be =ken 

during the prescribed burn, The results of the f i r e  can then 

be  corre la ted  to the fire m t e n s i t y .  This process would p r o -  

vide valuable i n f o m t i o n  t o  b e  used when phnn ing  the next 

prescribed fire. 
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A very important area that  is noc covered i n  c h i s  paper 

i s  the o f f - s i t e  e f f e c t s  of prescribed fire. The reduction o f  

i n f i l t r a t i o n  capacity,  s o i l  water storage, and the formation 

s f  water r e p e l l a n t  Layers lead t o  increased runoff, surface 

erosion and mass wasting. These processes as wel l  as loss  of 

rautriencs can r e s u l t  i n  ser ious impacts o f f s i t e ,  The impacts 

may inc lude  deposi t ion of soiL and debris downslope, stream 

eut rophica t ion ,  increased turb id i ty ,  channel a 1  te ra  tions , 

r e s e r v o i r  sedimentation, and reduction i n  water qual i ry  and 

stt-earn habitat .  There is a  need for papers addressing these 

issues, f o r  proper Land management should include an assessment 

of  the off -s i te  as well as the err-site e f f e c t s  of prescribed 

E i r e  before  i t  i s  used as a major Land-nanagement tool.  
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