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ABSTRACT
In the4fores§ used as range several problems are
encéuhtered: (1) éccessibility of ranges and (2) invasion
of oﬁen or iightly timbered ranges by forest érgwth;‘
For many years stockmen have advocated the use of
controlled burﬁing to overcome these problems. Howevef,

- at present the value of fire for range improvemgnt in
this region is not definitely known. Experimental bufns
have been made to study the effect of fire on vegetétion,'

.but 1ittle or no work has been done to determine the
effect of fire on the soll in such foreat range areas.

Accordihgly, this ipvestigation'wés initiated in‘
order to determine to what extent soil characteristigs
in thé forest range about Lac Le Jeune have been eltered
by forest fires. T B
As a result of {orest fires the following chaigés

- occurred in the soil of the lodgepole pine, Doﬁgl&s fir

and mixed stands 6f lodgepole piné,'Dougias fir3 Andx
spruce forests near Lac Le Jeune, A |

(1) A reduction in éercent porosity of the top 03
1nc§eé éf soil due to the destruction of both the porous.
organic horizon and the crumb structure o? the upper portion.
of the By horlzon., A further reduction was the result of

the soil pores being clogged by ash and suspended soil

particles. | .‘ |

v(2) Increased percentage of capillary pore. space of

the 0~3 inch layer becauée of the destruction of the'largerv

pores in the Ao horizon and the compaction of ths‘ba?e soil

by raine.



(S)CA decrease in the percentage of non-caplllary
pore épéce of air volume in the 0-3 inch layer resultiﬁg
from the destruction of the Ao with large pores; The

compacting effect of rain drops on the.crumbvstructure

'of the By horizon also aided in decreasing the non-

. capillafy porosity. _

4 (4) An increase in volume waight of the Ow3 inch layer
due tg gbﬁpactiog and destruction of the less denée Ao.

- (5) A decrease in the infiltration rate due to com~
: paction ‘and destruction of soil structure.

_ (6) An increase in soll temperature at a depth of 3
inches resulting from the addition of charcoal which
. abSorbs-heat and the destruction of vegetation and fofest_
litter which normally serve as insulating agents.‘

| (7) An increase in pH of the Ao and in some cases of
the 32 as"a result of the release of basic minerals from
the ash, and an indication that the basic minerals may be
. leached downwards to the Ag. The pH of the Ao decreased
3 or 4 years after the fires i

| (8) A decrease in the organic matter content of tle
duff which had not been totally destroyed by fire; Beiow
the Ao no change occurrede - »

(9) A.decregse in the total nitrogeh cdntent of the Ao
due to volatilization of nitrogen during the fire. No
definite trend could be established bélow the Ao. N

(10) 4n increase in total phosphorous in the Ao becﬁuse
of thé reléase of this element from the litters,

| (11) A réduction in the carbonic acid soluble phosphor-

ous in the Ao due to its combination with the excess calcium



tc form an insoluble compounde. .Simiézbrly a decreaselin 002
soluble phosphorous occurred in the Ag.

(12) A decrease in CO, soluble potassium in the Ao and Ao
resulﬁiné from unrestricted leaching. An increase 1n~002
soluble potassium in the By horizom.

-(13) An increase in COz soluble caicium in the Ao of
recent burns due to the presence of large amounts of cal-
cium in the ash, Jpparently 8 or 9 years are required béfore
a1l the added calcium 1s leached to lower horizons,.

(14) An increase in COp soluble magneaium in the Ao of
the recent’ ‘burns., The content decreased in the Ao of the

~

older burns because of increased leaching. ‘
-~ (15) A decrcase41n COp soluble nitrates in the Ao. An
increase in nitrates in the B, 1s probably a result of ine
creased nitrification at the soll surface folilowed by con~-
siderable leaching, - _ o
(16).A rgduction_inithe“base ekchange cabacitywof the
Ao. An inérease in»exchangeabie'calcium in the Ao ang Agc
An increase in exchengeable magnesium in the Ao, 4o, and B,
ﬁorizcnsf An increase inﬂexdhangeable'popasaium in the Ac,
A2, B2,4and”B5i:;An increase in percent bacc saturation in

the Ao, Ag, Bz, and Bz horizons.
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INFLUENCE OF BURNING ON THE SOIL IN
THE TIMBER RANGE AREA OF
LAC 1E JEUMNE, B.C.

INTRODUCTICGN

Forests occupy 95 pércent of the intefior of British
Columbia with graésland and.alpine tundra making up the
remainder (136). Most of the drier and more open foreéted
areas are valuable for range purposes and of an estimated 10 to
15 million égres of usablie forest range, about 7 million acres
are now being grazed (136).

Two of the more 1mpoftant problems encountered in the use
of forest range are: (1) accessibility and (2) invasion qf open
or 1lightly timbered rénées by tree growth.'ﬂ "

In the Douglas Fir zone of the Southefn Interior where
many stands of lodgepole pine have been killed by bark beetles
or by fires, large areas are covered by masses of fallen treéé.
Such locations are no longer easily grazed because of the in-
abiliﬁy of stock to move about readily and‘the difficulty in
managing herds. At the same time the routes to more desirable
range areas are frequently obstructed by these barriers. How to
overcome this problem, serious as it is in some 1ocalities; has
‘baffled the ingenuity of Government officials and ranchers alike.

Some of the open or SGﬁi-Open afeas are being invaded by
tree growth which causes aireduction in-the grazing capacity of
forest range. Such an invasion may be the result of heavy graz-
ing or the natural return of trees to areas deforested in the

past by repeated fires,



For many yesrs stockmen have advocated the use of con-
trolied burning to overcome such grazing problems. There
1s 1little doubt that such a practice provides a meané for
disposiné of unwanted vegetation, but at the same time sets
up conditions for accelerated'érosion which>may result in |
extreme damage. .EXperimental burns havé‘been pfovided
on occasion in order to determine the merits of periodic
firing but frequently the coﬁclusionslhave been based

largely on appearance of the subsequent vegetation rather

than on changes in the soil itself, Thus the data as they -

appear in the literature are rather céntradictory. This
investigation was undertaken therefore in an attemptuto

harmonize these apparent contradictions and to determine
: spec;ficélly to what extent soll characteristics in the

forest range about Lac Le Jeune have been altered by

forest fifes.

i1t



REVIEW OF LITERATURE -

There 1s an extensive iiterature relafive to the ine-
fluence of burning on forest grazing lahds and yet the
evidence-is not conclusive insofar at least as'effects on’
soil are concerned. Thlis is unquestionably due to the .
difficulty 1n'1nterpr;ting observatlons and in integraiiﬁg
as between the numerous factors contributihg to én observed
effecf. | o

- In order to simplify the presontatioh the review of -
literature is being presented under the following headings:
(1) offect on the amount of unincorporated organic matter,
i2)>effect on physical propertiles,

(3) effect on chemical properties, and

(4) effect on soll organisms.

iv



Effect of Fires on the Amount of Unincorporated Organic Material

The effect of fire upon the thickness of the forest floor
varies inversely with the intensity and frequency of burning (18).
Alway and Rost (1), reported that in the case of severe fires
the mineral soil was exposed over extensive areas, and in
single light fires the organic layers below the littér werse
little affected.

According to Anon (3), & series of fires In the Great
Dismal Swamp in North Carolina had brought about destruction
8f peat to a depth of 10 or more feét in places,

In the Adirondacks, Diebold (27), found that as a result
of fires the median depth of forest floor in burned areas of
the spruce-fir type wﬁs only 2 inches as compared to 14 inches
in the unburned sites. -

Burns (18), observed in New Jersey, almost complete de-
strucfion of the unincorboratéd ofganic matter.

Donahue (28), stated that in soills under shortleaf and
longleéf pine stands the total amount of organic matter was
twice as great in areas long unburned as 1t was where frequent
burning had occurred. Summer fires destroyed more organic matter
than did spring fires, | | |

On a described loblolly pine burn Elliott and Pomeroy (34),
noted that all the surface litter was deétroyed. In the pléces
where the fire.waa the hqtteét only 50% of the duff and surface'
root‘mat was burned. Over most of the area the duff remalned
intact.

Herper (53), in a.study on longleaf'and slash pines noted
that the dead and llive vegetative cover of the soil was re-

moved by filre,



Firey qn_steep mountain slopes in central Arizona com-
pletely burning the needle litter and duff wés observed by
Hendricks and Johnson (57).

Heyward et al (62), and Heyward (65), described the
differences betwsen the organic layers under longléaf pine
stands protected from fire for at least ten years and‘under
stands subjected to frequent burning. W4s a result of frequent
burning the Ao vanished on many solls. On areas .protected
from fire the litter was .75 « 1.5 inches thick, with a gradual
transition to an F layer 5 = 1.5 inches thick, which géneral-
ly résted upon mineral soil, A thin H layer was present in a
- few spotss

In India, Hole (69){ reported that burning of grasslands
 was iﬁjurious owing tQ the destruction‘of all humus and organlc
debris., | _

Isaac and Hopkins (73), showed that heavy slash fires de=
stroyed 89 percent 6f.the organic matter in the duff layer of
western Washiﬁgton solls,

In bot culture experimenﬁs with undiéturbed forest soil,
Tant (89), showed that the Ao was removed by burning.

'~ MecCulloch (94), stated that fire may destroy as much as
25 tons of orgaﬁicrmatefial per acre.

Minckler (lOd), reported that in the spruce~fir type at
high elevations in the Southorn-Appalachiaﬁs, fire has de~-
stroyed the organic soil on certain areas removing as much as
.2 feet of organic'matter and leaving bare rock exposed.

Studies carried out by Rideout (112), on Vancouver Island
reveal that over much of the burned sites the duff layer has

- been completely removed.



‘Many other workers such as Arend (s), Chapman (19),
Copley et al. (22), Fowells and Stepheﬁson (39), Frothing=-
ham (42), Helberg (55), Rowe (113), Worley (148), and
Elwell et al (36), although not presenting data did recog-
nize that flre destroyed unincorporated organic matter.

Effect of Fires on Physical Properties

The marked change brought about in the physical proper-
ties of solls 1is largely due to the removal of unincorporated
organic material and exposure of the mineral soll fraction to
the elements, Lowdermilk (87), stated that if the forest
litter was destroyed the consequent- exposure of the soil
greatly increased the amount of eroded materlal and reduced
the absorption rate of the soil, Suspended particles in run-
off water from bare 2oil filtered out at ﬁhevsurface and there-
by sééled the pores and seepage openings into the soil suffici-
ently to account primarily for the marked differences in the
rate of absorption between bare and litter covered soils.

 Temperatures during fires. -

In a study of fires on the central coastline of New South
Wales; Beadle (1l1) reported that the Surfacq temperature varies
from 81 to 21300. At a depth of one inch the temperature does
not exceed 67°C., Under extreme conditions the temperature at
a depth of 1 inch exceeds 25000., while at a depth of 1 foot
the temperature is 43 to 50°C. The probable maximal temperature
during a severe fire at a depth of 1 inch is 111 - 114°C., at
3 inches 59 - é'7°_c. o |

Elpatievsky et ale (35), showed that burning of huge piles
of slash in spruce and pine forests in Russia caused tempera-

tures in the upper'horizon of sandy mineral soil to rise .to.



26000. (SOOOF.).‘ The depth of penetration of heat into the
éandy soll was much greater than into hea#y textﬁred soil.‘ 
in'studying the burning of heavy slash of Douglas fir,’char,
and hemlock,_Hofmahn (68), observed the following teﬁperature
extremes; 30 inches above the ground, 8509F.; under 3/4’inch
of duff, le?F;i in mineral soll under 1 1/2 inches of duff,
60°F,; and unﬁer 1 inch of exposed wineral soil, 750F. Isaac
and Hopkins (73), whille investigating the effects of slash
burning on the forest soll of the-ﬁouglas fir region recorded
- a maiimum temperature of 1,8410F., just above the'duff surfado.‘
The maximum_temperaturé'l inch below the duff‘was‘GOBOFa
Heyward (66),'while‘studying soil temperatures in the
longleaf pihe region found that at a depth of 1/8 of'an inch
to 1/4 of an inch, the ma jority of'readings ranged between
150° and_lVSoF. These temperatures persisted for 2 to 4 min-
utes after which they declined rapidly; The maximuﬁ femper-
ature reacheéd was 274°F. Soll temperatures at the 1/2 inch
‘depth were much lower ﬁhan those at 1/B inch, ,1950F; was the
higheét temperature observed at the 1/2 inch level.»'At depths
of 1 inch only slight increases in temperature were recorded.

‘Temperatures of burned-over soil.

In comparing soil temperatures of burned and uhburned
chaparral areas of California, Bauer (10), found the soil
témperatures were considerably higher on the burned areas,
especially in the summer months. Also in Californis, Hervey
(59), found that burning significantly raised ‘the teﬁpéfature
at the soil surface and also at a'depth of 2 1/2 inches.

Investigatiéns by Boyce (14), point out that fire causes

the formation of charcoal in the soil. The presence of charcosal



brings about the increase in the temperature of the_exposed_
soil, .Isaac (72), noted thét Douglas fir seedlings were

dying on receﬁtlylburned areas, He stated that blackening

of the soil surface due to burning caused greater soil temp-
eraturgs. Blackening of the soil surface as a result of‘

the addition of charcoal through burning was also foundgby
McArdle and Isaac (93), to give a much warmef'sdil. With an
air temperatﬁre of QOOF., the average soll temperature on the
surfaée of yellow mineral soil was 1520F. The aversage temp-
erature of soil covered with a thin layér of burned duff had

a surface temperature of ISOOF. McCulloch (94), noted also

that fire produces charcoal on thevground. The addition of
charcoal 1s sufficlient to raise the surface soill temperatures

as mﬁch as 15 or 20 degrees above the unburnt soil. The effect
of.charcoal in raising the soll temperature was also noted by
Tryon (l39). | |

" Greens (46), observed in the longleaf pine belt that t he
averége maximum temperature on the bufned area was 5.50F¢ higher
than on the unburned area. A study by.Harper (53), in the long-
leaf and slash pine areas showed that the soll temperatures risé
slightly higher on a freshly burned area. 'Wahlenberg'sr(i42),
investigations in the longleaf pine belt point out that the
spring temperatures to a 3linch depth were more by 1°'to‘6oFg

on burned solls, Purther worklin the longleaf plne lands b&
Wahlenberg et al. (144), revealed that soil temperatures may

average as much as 5.5°F. higher for burned soils, possibly

largely due to the heat:absprbing capacity of charcosal.



Hensel (58), observed that the burnt grasslands in Kansas
at a depth of 1 1nch had a mean maximai soil temperature 12.1 F
higher than the unburned grasslands, The mean temperature was
4.10F. higher on the burned areas. At a depth of 3 inches. the
mean maximum temperature wés 3.6°F. higher and t he mean min-

" imum temperature was 4;20F¢ higher, |

Research by Isaac and Hopkins‘(vs), revealed that fire
changed the soil's cepacity to absorb heat., At an airrﬁempa
. erature of 85°F.; the surface temperature of yellow mineral
soll may rise to 125 Fe or hioher. The surface tempersture
of black dharred soil may rise to 608 F. | |

Soil temperatures in areas which had been burnt and in
areas under forest were recorded by Kittredge (78). ' The temp-,
erature at the 1 1inch depth was 70 Fe. under forest and 90 Fo
in a corresponding burned over ares. ’ A ‘ “

In the Duke forest, Pearse (103), observed that temp-
eratures on the surface and at the 3 inch depth in a plot
burned over at intervals for f;#e years were more extreme
thah those in an adjacent undistﬁrbed plote

Phillipé (109), studies in the savanna of Sduth Afriéa
‘showed that higher temperatures Qccurred during the déy in‘

- the 0=6 inch Layer of fired soll than in the non-fired soil;
during the night, temperatures were lower in the burned |
soil, |

Shirley (124), found no difference in surface teméerB-
atures between burned and unburned plots ih a Jack pine
stand during the second growing season after a light fire,

An 1ﬁ¢rease in soil temperatures as a result of burn-

ing was recognized by Sims et al. (125).



Moistufa Relations.

Duriﬁgwan 1ﬁvestigation’df’moistﬁre-relatiohs in Ca;i-
fornia?chﬁpafral .Bauer (lO),”recdrdéd that oh bufnéd aféas
moisture in the upper soil layers dropped below ‘the wilting
_percentage during part of the growing season. In the deeper‘
1ayers, moisture remained above the wilting point throughout
the‘periéd;' California studies by Hervey (59),:show ﬁhat.
burning did not significantly affect soil moisture during
the groWihg season. {Further investigations 1h the burﬁed
chaﬁarral'lénds of California by‘Sampson‘(IIV), éﬁoﬁ that
the moisture in the upper layer of the soil 1is apparently
dopleted more rapidiy in burned than in unburned chaparral
because of increased evaporation from exposed’surfaces and
differences in_vegetative'cover,_ The leﬁel of 80il molsture.
at greater depths was higheg 1n burned than in'unburned afeas.
This was eXplaihéd by the presﬁmed lack of living'piant roots
in the lower soil'levéls of burned areas. -

Bﬁrns'(18), found that annual burning for long periods
caused slight increases in field capaclty. This increase was
probably\a result of addedbchafcoal. Tryon (139), alsb‘féund
that charcéal has an afféét‘on molsture relationa of~soil; 1t
1ncreased the water holding capacity of sandy soil but re-
duced that of clay. | ' .

Garren_(45), stated soils of fﬁequently burnedllongleaf
forests shbﬁ lower'soil moistufe than cowmparable unburned
soils, ‘Whereas'no difference gn 801l molisture was. found by
Greene.(47),‘when he compared annually burnedrplots’and un-

burned plots in longleaf pine forests. Similarly Wah1eﬁberg N



et al. (1l44), noted no signiflcant differences in soil
moisture between annually burned areas and unburned areas
in longleaf pine forests. ' Heyward (67), @lso working with
‘burned and unburned longleaf pine forest soils presemnted
‘datd showing that the unburned solls were molst at the
0-2 'inch and 4-6 inch depths, In the unburned soils there
_Was}as much as 52 percent more moisture in the 0-2 inch
depth. Heyward stated that there were no differeﬁcea in
wilting percentage and'in_moisture-holding capacity between
these burned and unburned solls. |
' .Alway and Rost (1), found no'signifigant effect of f ire
uﬁén the moisfuré equivalent of the burnt mineral scil.
Work done by Eden (31), in the English heathland
demonstrated that moisture in the surface soll of burned
areas.was less thén in unburned solls, whergasiin»the lower
horizons the burned soil was more molst than the unburned
soil.

" In. the Leningrad region, burned soils generally weré
found to have more moisture than the unburned 30115 accord=
ing to studies by Gulisashvili and Stratonovitch (49).

Studies by ﬁofmann (68), in the Pacific Northwest
revealed that fire had a drying effect on the soil. The
molsture content of‘burned soils waS«reduced in the mine}all
801l at a depth of one inch and in the mineral soil under
3/4 had 1 1/2 inches of duff. Similerly & reduction in
»Amcisture_holding capacity and field capacity in the Douglas
fir regions was reported by Isaac and Hopkins (73), to be a

result of burning.



The molsture contents in soils under forests and uoder.
burns 24 hours-after a ra1n~wer6 compared by Kittredge (78)%
Unhder forest the moisture oontent was 26.8 % while the soll
under burns contained 24.7 % molsture. -

~ Phillips (109), stated that in evergreen: forests in ’
South'Africa firing conserved moisture in thelsoil'below the‘
0°6 inch layer but that losses of moisture from the upper
jaginohes of burned soll were considerable. However in the
sdvanna tjpe (grassland oontaiding scattered trees) fires
reduced the molisture content of the upper 6 inches of
soil and did not olter the ﬁoisture contqnt of the'layera
_below. |

Rideout (112 ), observed that thera was g reduction in
the moisture holding capacity of the surface soil 1mmed1ately
following burning. ' |

Texture and Structure

Auten (7);'established the faot'that forest .soils lose

their porosity when the litter has been’ removed by fire.

" Further studies by Auten (8), in the Ozarks substantiated the

foregoing~ilnding.z He explained the loss of porosity in the
soil as being a result of compaction of the bare surface soll
which occurs during rainfall and by‘the‘eealing of soiliporea!
as the finer particles are washed downward. Research by |
Burns (18), in the New Jersey pine barrens showed that burning
dia birng about a 8light compaction of the soil, »Demmon_(26),vo
in discussing forest fires in the longleaf pine regioﬁs spatéo'
that the soll surface of the fpéquéntly burned longleaf pine
areas was conslderably more coﬁpact than that of~adjoining un=

" burned areas.. In the Appalachian region, Frothingham (42),



found that after a fire the soll became compacted. Garren
(ﬁ&),‘reported;that‘more massiqustructure was‘brqught
abopt_{, by,burni_ng in the longleaf forests. The frequently
burned longleaf pine forest soils hg@:leas penetrability .
than the unburned solls. ’Heywafd'anleissot (63), fogpd ’
that in unburned longleaf pine regions the soll was wore
penetrated by holes and thus more aerated as compared to
the more éompact énd less porous soil of freqqehtly burned
areas. lpqnt (88), showed that whenéver litter was removed,
compaction of the soill occurred. _Compaction‘could result

. within & period of 2 1/2 years. The effect of ashes in
seallng the soil porea after burns in the Rocky Mountaingpi»
-was recognized by Friedrich (40), 1In & comparison of .
forest, open, and burned soils, Kittredge (78), obsérved
that 1ﬁ unburned regions the soll had a more porous struce
ture. Kotok (80), noted that forest litter maintained. the
péroaity of the surface soil. XWhereas removal of the litter
by fire brought about a decrease in poroSLty. 'Observationa
of burns in woodland-chaparral vegetation by Rowé'(lls), show
that'burning brings about destpuqtidn of surface soll struce
turé.due to p}ugging of soll pores,“The effect of highly
alkaline ash causing deflocculation of the soil granules

" was noted by Sims et al. (125). Rain carried the dispersed
soll particles into the soil pores causing clogging. As
time goes by the soll is compacted to a considerable degree.
Trimble and Tripp (138), in describing the effects of fire
on soil structure in the Northern Rocky Mountains pointed

out that the sun and the rain baked and sealed the,unprotected
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soil surface.. The soil was puddled or compacted due to

the destruction of theﬁﬁoféﬁs'organic matter in-fhe-

upper hor120n§e 4  v | ‘
~According to Craddock (24), fire reduced the colloidal

'conﬁent of the upper inch of soil in the chaparral,régiqns

. of California. . | ‘

Another study in the longleaf pine reglons py Hengrd
(64),.showe¢ that unburned soils were one to five times -
'softer than the same.soil when burned frequently. Wahlen- |
berg (143), also studying‘thé ldnglaaf pine regions observ-
..6d that solil protected from fire for 7 years were less
dense and more porous than the burned soils.

On the burns on Vancoﬁver Island Rideout (llE),_reveal;
_'gd that burning brought about migration of colloidal organié
matter and clay particles to the subsoil while Godwin (44),
observed that varying intensitles of burning have. had no
apparent effect invbréaking down soii strucﬁure;

"Although no data was presented, Isaac and Hopkins (73),
stated'that burning of s8lash caused an unfavourable change
in the structure of underlying soil.

Fallure of teak to make growth was attributed by Laurie
(82), to unsuitable physical conditicn~df the burnt over,
hard baked soils,

Most of the workers recorded detrimental effects of fire
upon the soll texture and structure, however the following
investigations qontradicﬁed.these findings: Edwardsu(ﬁz)!'
in his studies in India found that heat produced godd tilth
as dld Topham (137), in Central Africa. Observations by

Ehrenberg (33), revesled that clay soils were more friable
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and their penetrability was increased whaq high temperatures
and certain conditions were combined. Theée same beneficial
ﬁffects were recognized by Jamwal (75), when heavy clay solls
were burned. |
Sreenivasan and Aurangabadkar (127 ), reported that on
heavy solls after a fire, the clay content of the solil was
less than before the heat was applied; the colloids wefe
apparently aggregated by the higher temperatures. Similarly
| Stepanov (128), noted that baking of small,sbil particles
into lumps was an effect of high temperatures during fires;
these lumps could not be broken up by the usual methods of
mechanICal analysls, indicatingithat soll texture was changedoA

Volume = Weigﬁt

Investigations by Auten (7), comparing the volume-welghts -
of burned forest soils and undisturbed forest solils shqwed that
in the upber 8ix inches the burned soil was 25 percent heavier.‘

Burns (18), reported that annual burning for long perioda
in the New Jersey pine barrens caused slight decreases in
volume-weight and air capacity of mineral soil.

In the longleaf pine regions Heyward (64), reportéd ﬁhat
thg volume=weight of fhe unburned soils was commonly.leas than
1 while the volume-weight of the burned soils was between 1.2
to 1.6. | | o

| According to Kittredge (78), the volume=-weight of the
upper two inches of a burned soil was 1.38 while the volume=
welght of the upper two inches of the adjacent forest soil
was 1.12. | |
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Lunt (éB),vstéted that with removal of forest litter
an increase in volume=-weight resulteg. |

Soils in the New‘Jersey pitch pine plains which owed
their exist?nce to fires were reported by Lutz (91), to_‘
ha ve hiéhe;‘volume-weights than the solls of the forested

regions,

Infiltration Rate 4 : o _
| Measurements made by Arend (4),.ahowed‘that‘theiin¥
filtration rate of loam soils 1n the Ozark Mountains: of
Missourl was lowered 38 percent on thé_average by annual  ;
burning. Another'étudy 1ﬁ the Ozarks by Auten (8), showed
that burned solls have a reduced capaclity for wéter absqrpn
~tion. The rate of absorption with each successive applica-
tion of wéter decreased much more rapidly 1in the burned
solls than 1n the unburned. ‘ A
 A substantial decrease in the rate of infiltration with
annuél purning‘for long periods of time was recorded by
‘,‘Bﬁrns (18). An immense reduction in the absorptive capacity
of the\ébil was found by Love joy (Bé), to be a result of
forest fires in the North Lake States. Meglinnis (97), obe
served that ﬁhe 801l in an oak forest in Mississippi protect;
ed from fire for at least eight years had a& much greater |
xabsoyppive capaclty for rainfall-than did the soll in a
nearby .scrub oak area which had suffered damage from logging
and frequent fires.
Johnston (77),-stated that the infiltration rate of a

burned soil in Colorado was 40 percent less than the 1nfiltra-

tion rate of undisturbed soll, The infiltration rates of
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undisturbed forest soiL were recorded by Kittrédge (78), to
be four times that of burned soil. Sims et al. (125), found
that the first application of Infiltrating water entered the
. undisturbed forest soil three to four times quter than thg
water that entered the burnt.soil. Upon the fourtp appliic~-
ation of water, entry was achieved six tot en times fagter
on the unburned soils than on the corresponding burned solls.
Observations by Rowe (113), in woodland-chaparral'Qeget-
ation revealed Approximately 94 percent reduction in the
infiltration capacity of the soil on annually burned plots..
Further study in the chaparral lands of California by Sampson
(117), demonstrated that unburned soils have ‘infiltration .
capacities three times that of the correSponding burnt areas,
Several workers presented data which opposed the viewpoint
;that fire reduced infiltration rates.. Work done in California |
 quoted by Madson (95), had definitely shown that denudation |
through burning does not produce undesirable change in the
,‘lnfiltration capacity of the soll,. Studies by Velhmeyer and
Johnson (1&1), also in California revealed that the 1nfiltration

-capacity of the soll under burned brush was not 1mpaired by

" .burning. ..

Runoff and Erosion

In California, Lowdermilk (87), stated as did Love and
Jones (85), that destruction of the forest litter and the con=
sequent exposure of the soil greatly‘ihcréased-the amount_of
..eroded material and the amount of surficial runoff. Plummer
(110), also in California, observed that.after a fire a disastrous
flood occurred which was the result of a hﬁavy rain falling on

the exposed: surface. Another study in Californis by_Eaton (30),



demonstfated'that runoff increases followlng & severe fire.
and that the rate of eroslon of soil increased as much as
30 times by burning.. |

'.Friedrich (40)ﬁ observed, that_a(sgmmer,thundorstorm.
fal}ing.on an area in the Rocky Mountaina which was séverely
burned a year before, gutted.at;eam channels,ahd carried
awa& top soil. Adjacént,unburnedmareas‘also 1n3thé path of
, the storm, remained unharmed. 'Inlthe lodgepdle pine of,the'
same area, Trimble and Tripp (138), reported that burning
even on gentle slopes brings about sheet erbsion és 8 result‘
of,thg increased and accelerated runoff .

A decided increase in erosion with either an. increase in
‘alope or an increase in intensity of burn was observed 1in Idaho
by Connaughton_(Zl). On steep lower south slopés,in Northern
~Idaho a Washing.away of the flner loam and soil particles leave
ing'a,relaﬁively large proportion of rock and gravel was at-
tributed by Larsen (8l1), to be a result of firea

Investigations in Central Arizona by Hendricks and Johh-
son (57), showed that on slopes 1n burnt over areas runoff and
soill loss occurred, while none occurred on adjacent unburned
areas. On the contrary Humphrey (71), in Southern Arizona
observed that the Hurning of velvet mesquite, burroweed, and
choila areas decreased erosions

Bennett (12), comparing unburned and burned scrub oak
woodland in Oklahoma noted that on the unburned piot the run=-
off amounted to .08 percent of the total precipltation and

.Ol,tons;df.aoil per acfe was washed off. Meanwhile on the

15
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burned plot runoff. comprised 2.43 percent of the total prec-
ipitation and. the washoff was .15 tons of soll per acre. |
Sheet erosion according.to Arendi(4), removed fpom 0 -:25_<
poercent of .the topéoil folLoﬁing'annual‘burning in Misséurigf
Further Studies,on'erosion-and_runoff by Kotok (80), reveal-

ed that as a result of burning and removing the forest litﬁer;-
éurface runoff on burned plots was S-SC times that of adjaceﬂt
‘unburnedléreas; érosion onvburned surfaces'exeeedeﬁ that from
11itter surfaces by 50 to 3000 '‘times. |

Tha_followihg investigators noted that burning 1ncréaeed
runoff and eroslon: Brown (15), ip alstudyiof bﬁrning a
chaparral-covered watershed, Bruner (16), in Arkansas, quley
et al. (22), in the Central Piedmont region, Demmon (26), in
the longleaf pine region, Elwell et al. (36), in Oklahoma,
Gfaves (45), Lovejoy (86), in the North Lake States, Lutz (92),
in Alaska, MéCulloch (94), Pardee (102), Rutledge (115), and
Sims et ale (125). '

A study by Pechanec and Stewart (104), concluded that
soil ;osses'from planned burning were light and that soil
movement was accelerated to some extent 1mmediately after
burning. On steeper slépes rainfall runs'rapidly.from ek—
posed soll and carries with 1t the<valuable surface layers,

 Recurrent burning was found to intensify these losses.
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Effect of Fires on Chemical Properties

The literature is contradictory in respect to total nitro-
‘gen‘fbllowing burning. The following investigators reported
decreases in total nitrogen: Alway and Rost (1), Alway and
McMillar (2), Barnette and Hester (9), Bruner {(16), Burns (18),
Elweil et al. (36), Graves (45), Isaac and Hopkins (73), Kivekeas
(79), Leningen (84), Lovejoy (86), Lutz (91), Osborn (101), and
Sims et ale (125). T T

Opposing this cbnclusiop are : Burns (18), Demmon (<6),
Garren (43), Greene (46), Heyward (64), He&wafd and Barnette
(61), Lunt (89,90), Rideoub (112), Wahlenberg (142) and Wah~
lenberg et ;1.4(144); who reported increases in total nitrogen.
Many of these workers studied fires in-the longleaf pine forests
of Southern United States where it has been reported that grasses
apd"legumes are more sbundant foilowing a fire, Such vegetation
is recognized as belng able to increase the total nitrogen
content of solls.

An investigation in Minnesota by Alway and Rost (1), demons
strated that there was a rise in pH in the top 3 inches of the
burned forest soil, in the 4-6 inch section no change-wés re-
corded. The release of lime and magneslia in the ash was respons-
ible for the rise in pH. In the burnt forest nitrogen was only
«02 percent lower than the corresponding umburmed forest.

Alway and McMillar doing further work in NMimmesota (2),
stated that all nitrogen 1s lost when organic matter burns.

Under some conditions this loss may amount to several hundred
lbs. per égreci_ |

The soil on an 1sland with a virgin pine cover was compared
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by Barnette and Hester (9), with mineral soil on‘the nearby
Florida meinland where the area had been burned almost yearly
for 42 yeg?s. - The loss of nitrogen and organic mattgr.pprvacre
per year on the burned soil was estimated to be 27 lbs, and
2088 1bs. respectively. Samples from the unburned areas had
a“}gwggdpﬁnphgg those from the burned areaé, The exchangeable
lime was higher in the upper one inch and lowef below omne inch
In the burned scil than in the unburned soil. ;

~ In New South Wales, Beadle (11), found that fires in
euca}yptug‘fopegts that had not been burned for ovg:ugix years
dld not bring about gnyﬂma?ged'change in pH or loss-on-ignifion
of the underlying mineral soil. S -

A study of fires in Arkansas by Bruner (16), pointed out
that woods humus has the capacity §9m?u?;@w?Pwﬁgd_9?i9§?19,H.
3011 fortility by constantly supplying nitTogen, phosphorous,
and potessium. By destroying the woods humus, foreét fires -
rob the soill of nitrogen and other nutritive ‘elements,

. In a comprehensive study of the effect of fires on the
soil in New Jersey, Burns (18), presented data indicating that
‘burning every four years of two anmial burns decressed the per-
‘centage of nitrogen and welght of nitrogen per unit area.
Anmual burning for long per;pds.of time brought about increases
' in pH, organic matter, nitrogen, exchangeable calcium and
exchangeable potassium in the A horizon.

. No deterioration in nitrogen content was detected by

Chapman (19), in samples of mineral soil taken from the upper
horizon in anmially burned lobolly pime stemds.

According to Craddock (24), fire reduced the organic
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" matter content of the upper inch of soil in the chaparral
regions of California, Fire increased the amount of nitrate
nitrogen when analyzed in a 1:l water extract solution.

Annually burned 1ongleaf pine soils were found by Demmon
(26), to contain slightly more calcium and nitrogen than simi-
liar soils upburned for 10 years or more. Fire also reduced
the acidity of the soil. o | ‘

o Investigations by Eden (51), in the English heathland
showed that burning brought about no great imcrease in pot-
‘assivm. An increase in lime in the 0-1° portion was recorded.
 There was a possible loss o& organic matter in the upper 1

inch portion of. eoil.lu . | o e
| Edwards (32), working in India stated that burning
" vegetation returns to the solil all the mineral elements taken
out of the soll by the plants during life. The small volume
of ash can as a rule become easily incorporated with the sur-.
‘?ecﬁilaysre,of_Fhe¢§qilaan provided that there 1s no erosion
orfexcessive rainfall, leachings will wash the soluable contents
~of the ash 1nto the soil. | .
| Elpatievsky et ale (35), noted that‘the effect of burning
was to 1ncrease the pH of the surface soil.

o Ths effects of burning pasture. and woodland annually 1n
Oklahoma were shown by Elwell ot alo (36), to be a loss of
nitrogen and the destruction of organic matter, =

Research by Eneroth (57), in Sweden demonstrated that the

,IpH values of humus layers on similiar soils are on the ayerage

';hiéher in the burned clearing then in unburned clearings. The

»variations-maybe as much as 1 pH unit or more. The change in
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pH with burning was found to remain stationary for several
years after the fire. The Ca0 content was higher in the upper
hums layers from the burned clearings except in the very
oldest clearings. On the average the Ca0 content was higher
in the lower humus layers from burned clearings except in
the youngest clearing. o
Finn (38), burned organic matter'that hed been placed
upon sandy soil and upon loamy soil in boxes. Immediately
?fﬁ??_tbé organic material h%@,b999“§8Q1F§§,th?iP0393;WQ?Q”¢
placed in the open. The pH was changed from acid to alkaline
bxﬁba?gipg,ﬂ#cyeve?”a§ the‘end”of,one:year the soil reaction
had again become acid. As rain fell upon the boxes leaching
and the consequent loss of nitrate, calcium and potassium
occurred. _ o _ L
Powells and Stephenson. (39), stated that burning and the
resulting formation of basic ash materials incressed nitrifica-
tion and resulted in an increase in the soluble mineral comstit-
uents of the soll. Fire destroyed the humus layer and some of
the humus near the soil _surface. L
A study by Frothingham (42), in the southern Appalachian
region showed that. ‘when litter 1s burned its mineral content
is left behind as an ash which 1s quicklydissipated by leaching
and washing out. ‘ o »
In summarizing the effects of fire on the soil An the South- |
?§8P9?94§9¥P?4.$F§t?§2 Garren (43), stated tpap;purnipg_reeults
in decreasingacldlty, incressed nitrogen, increased caloium and
_organic matter in longleaf pine solls. The return of minerals

in ashes and greater growth of legumes and herbs on burned over
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areas contribute tO‘these changes. . o
on Vancouver Island, Godwin (44), recorded that burning
. brought about an immediate ;ncrease,1n‘eve1;eb;ewpitretes and
a change toward elkalipity‘fn“tpe g+ ion.eeneentration.u
| ~ The loss of soll nitrogen with burning was noted by
Graves (45). »' S ' -
Burned soills in the longleaf pine region were found by
Greene (46), to contain more total nitrogen and move organic
matter than the corresponding uzburnt soils. These differences
were exPlaihed‘by_the greater number-ef grasses and legumes on
the burnt areas.. o ' o e
Griffith (48), set up experiments in an effort to separate
the effects of slash burning into two classes: (1) effects of
the heat of the fire, and (2) effedts'of the addition of ash.
After burning there was an increase of pH in the upper 3 inches
of soll which was apparently due toc the addition of alkaline
ash. Following burning en increase in nitrate was recorded which
was aleo due to the effects of the ashe Fire had no effect on
inconporated organic matier or on loss-on-ignition.uwu_“;1u )
~ Haig (50), recognized that fire destroyed organic matter.j
Burping»fmmed;ate;y”ge1easeq inwﬁh?.a?e,ﬁ considerable quantity
efvayei;gb}e pgt?1ept§3‘MQne benefit obtained by burning was the
neutraliz ation of orgenié aedds, . . -
A decrease in acidity of the surface layers in'a heath solil
Wji,ﬁh.Bu.r.#,.i_ns_wasax:e_c.c?réed;‘.!?i ,‘Ha_iées.t (51). The amount of soluble
salts increased immedlately after the fire. During the follow-
ing months these added salts were leached out of the surface soil.
_ Hardon end Waite (52), found that burning of slash and fhe -

conseduent additions of ash changed an acid, base-unsaturated
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. 801l to a soil almost base saturated and nearby alkaline 1in
.reaction. 'The‘amounts of acid soluble potash'and thSphoric
'acid were increased. , | } ) o o
The experiments of Heiberg (54), demonstrated thet it was_:
unlikely that fire could cause much damage”to incorporated organic
matter. In another article Helberg (55), stated that as a result
of firing, part or all of the organic matter on top of the soil
is_destroyed.with the conasequent release of available minerals
from the ash. ‘ o 3 ] o _ _ )

- In California, Hervey (59), showed that a single burning
ofiannualcplant communities did not significantly affect the
amount of organic matter in the top inch of the soil. _

According to Hess (60), in Switzerland, where the eoil
was acid, ‘burned over spots had a much higher pH and more
calcium carbonate than unburned epots,.the reaction of neutral
soils was very little affected by fires. _i
Investigations by Heyward (6¢), pointed out that in the.
~ burned longleaf pine areas the soil 1s slightly less acid and
:has more replaceable Ca4+f More organic matter and total nitrogen .
were observed on the burned sites. B o S

_ Heyward and Barnette (61), noted that. soils from burned
areas in the longleaf pine region showed pH values ranging .f_rom
115 to 148 pH units higher than those of unburned areas. Re=
placeable calcium totalled as much as 10l percent more than,onA
the unburnedlsoils.‘vTotal‘nitrogen differences were from small
changes up to'l4 percent more in the areas subjected'to burning.'

Hosking (70), in a series of experiments demonstrated that

when organic matter wa s heated for a few hours at 100 c®or 212 Op
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o ’ 0
appreciable losses occurreds Up to 200 C heating results in

essentially distilling off the volatile constltuents.

. Issac and Hopkins (73), in a comprehensive study of burming
in the Douglas fir region revealed that the burning of slash
brought about a pronounced change in the chemical properties
of the duff and the'updquying minqral soil? The thickness
of the duff layer &yerggédvgbout los_inches. Analysis ahowe@ ’
.that”the'duftnon tpe»ayerage.gcre, egtimated»to tqtal 32 tons,
contained approximately 28 tons of organic matter, 594 lbs. of
nitrogen, 76 Ibs. of phosphorous, 555 1bs. of calclum, and 121
1bs; of potassium.” “$peAu§ugl heavy_slaspmfi?e resulted in
ently caused; (1) a loss of 25 tons (89 percent) of the organic
matter contained in the duff. (2) a change in Guff reaction
from PH 4.95 to a pH of 7.&; (5) the escape of approximately
435 1bs. of_nitrogeh pqr'acre;'(4)’an increase in the supply
of.ayﬁilable potassium, calcium and nitrate in the duff and in
the 0=3 inch layer. (5) an increase 1q'§he_yqigpt of water
soluble salts in the duff and in the 0-3 inch layers (6) &
decrease in available phosphorous in the duff. The incTeases
in available plant nutrients-resgltéd from thg déposi;ion at
the surface, in highly sqlﬁb;e form, of pg?tigf the nutrients
present in the duff, Serious subsequent losses by leaching
appeared probable, and (7) an indicated loss of a considersble
part of the mineral mitrients contained in the Quff, presumably
carried off in smoke. énalY§is_9f.the_dufﬁ.reveaied thgt_th@re
‘was an increase in the ﬁercpntage of mipergl nutrients due to

the loss of organic matter and nitrogen, however because some -
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':of the minerals released from the duff were carried away in
smoke a[decreﬁse in the total quantity of mineral‘nutrients
oceurred.

‘Table 1V Reaction of Wind River soil before and after A heavy

E élaah fire. #

e , . ‘Heactlon -

' Samgle : Before Fire - After Pire
Duff - o T 4,495 7.6
Mineral soil at a depth of: = -

0=-3 inches h 5.0 642
3=6 inches’ 4.8 5.5

. 6=12 inches 5.0 4,9
12-30 1n3h88 5.15 5e2

~ Table V Qpantity and’ Compostion of residue of samples of
Iver soil after ignition.#

Sample Welght of Ash Silicon Dioxide Nutrients in Terms
- . in terms of in Terms of of Total Welght of

Total Weight Total Weight Soil

of Soil of Ash T

Percent Percent Phosphorous Caléium Potassium

. : Percent Percent Percent
Duff = . S o S .
Bifore Slash 15.26 , . 69.5 115 «81 o177
Pire 9T e9 | duand e S

After Slash 50,96 8047 o121 1.80 «306
Fire y

Results of the Ngubéuer test 1n:Which gmchemicglzanglyﬁis is
| umade‘of“sgedl;ngs grown on aﬂéample‘of;thgugo;; diluted with pure
?aﬁd shows strikingly that the fire had greatly increased the
quantity of calcium and potassium available but had only slightly
~affected the phosphorous, This»ag;eegwwith‘the results of the

: chamicalvtests'ontavailability’qr nutrients.,

"# Isaac and Hopkins (73)
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Table VI Qpantities of water«soluble salts and of other plant
nutrients avallable in Wind River soll before and after a
slash fire.#

- Sample Water Soluble Nitric Acid Soluble Salts
Salts. P.P.M, . Before Fire After Fire
Before After ' —
Fire Fire P K Ca 305~N P K Ca NOS-N
Duff ’ 1116 1330 4 4 2 Q 2 5 5 3

Mineral 8oil
At a Depth of S
0«3 1inches 370 585

O 0 O 1 0 1 2 4
3=6 1nches 365 345 o 0 O 0 01 O 4]
6~12 inches 164 222 O 0 1 ¢) ¢ 1 0 2
2 1 O ] 21 1 0

12-30inches 82 142

The extracting solution used was 2N nitric acid solution,
Explanation: Osnone; lsa trace; Z2spoor; 3sfair; 4sgood;
5:ax¢ellent; 6=0xcessive.

# Isaac and Hopkins (73).

Joffe's (76), investigation in the pine barrens indicated
that‘periodic controlled burning reduced acidity in the surface
9011' . . R . . . . .

Kivekas (79), in Finland found that burning had favourable
effects on the chemical properties of mineral soll., As a result
of fires the pH increased while hydrolytic acidity and exchange
acidity decreased. Although the nitrogen content was lower, ex-
changeable calcium, exchangeable potassium and available phos=
phorous were more abundant in burned soil than in{unburnedvsoilg_
These changes occurred at both the 0~5 and 5-10 centimeter depth.
Soll fertility evaluated by thb growth of oats was at a higher
level in burned than in unburned soil. ' -

Research by Leningen (84), in Gemmany, showed that the bura-
ing of forest Iumus cover results in the loss of nitrogen. It was

pointed out that the alkaline ash may have detrimental effects on
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.tree growth; The pure ash produced during the fire conslsats
of approximately 30 percent Ca0. | - o
Burning of the - forests in the North Lake States was ob=-
served'by LovejJoy (86), to result in the loss of nitrogen and '
‘organic matter, e | | _ | ," o |
- A pot culture experiment used_oy Lunt (89), demonstrated
that the removal of the Ao by burning tended to increase the
amount ~of. available nutrients,'total nitrogen and organic matter.
Burning of ‘the Ao was responsible for an increase in pH and
lowering of the conductivity. Destructlon of the fo by fire
resulted in a lowering of ehe'solable‘iron and aﬁmonia'content.
Lunt (90), in & detalled study of burning in Comnecticut,
found that with burning the pH of t he Ao and‘Ai rose. Ammonia
nitrogen, available phosphoroﬁs,_and exchangeable potassium of
the Ao were conspilcuously absenteo It was thought that the
phosﬁhate‘released had been converted to insoluble iroa'and e, ,L
aluminum phosphates. The exchangeable potassium had been 1eachrﬁg
ed out in solublevformz Other tests showed that.burning resuit-;‘
ed in a higher pH, increase in total nitrogen, increase in
‘organic carbon aﬁd availsble phosphorous intthe A horizon, A
series_of tests made on a podsol - mor type of 8611 indicated
that burning the Ao resulted in an increase in PH, increases
in exchangeable calcium, total nitrogen and‘orgaﬁic matter cons
tent of the A, horizon. B} | |
According to Lutz (92), nitrogen and organic matter had
been destroyed as a result of fires which. gave rise to the
New Jersey piteh pine plains, A
" ‘The effect of burning in increasing the pH of the surface
soil Was noted by Marshall and Averill (96).-
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Milne (99), favoured dburning because the C:N ratio was
lowered. - | , _ 1 _

It was found by Osborn (101), that the burning of litter
after harvests in South.Africa caused a loss of organie matter
and-nitrogen in thé 0-2 inch layer of clay soil and of a loam
soil, Perry (107), indicated that burning of a hardwoodAforesﬁ
in Penngylvania b;ought ebout a témporary decrease in acidity. -
Burned soil had lower values for loss=on=ignition than samplest‘
from @n unburned area. Another study was carried out by Perry
and Coover (108), in the same area, Freﬁuently burned aress
had,lower_vélueé for”losaeonfignition"but had about the same
pPH 1in the A horizon as infrequéntly burned areas. Burning seem=
ed to bring about an increase in the pH of the B horizon.

A study of burning on Vancouver Island Ey hideout (112),
revealed a'gradual increase in surface soil pH with an incresse
in exchangeable hydrogen in the subsoils of bﬁrne& sites. An
initial incresse in exchangeable base contgnt of the burned’
surface soil was notede. | An increasé 1n.ﬁagnesium and pot@Ssium
in the subsoils of burned sites occurred as a result of‘leaéhing
these elements from the sccumulated ashs 1In the surfacé‘of the
burned sqil an initial incresse in phosphofous content wés found.,
The ammonia content iﬁcreased in both surface and subsurface soils
as g‘result of burning. Increased nitrification and a loss of
nitrate by leaching was bfought.aboutqby fire. Ah increase‘1ﬁ 
total nitrogen content and a consequent decrease in the carbon..
nitrogen ratio of the subsoil.

The effects of»oharcoal being added to the soll after a

fire was recorded by Salisbury (116). Closely’agsociatéd with

~ o -



the additions of charcoal, an increase in pH, nitrates and
carbonates was observed.

In the chapafral regions of California, Sampson (117),
recorded that much of the potassium added to the soil in the
ash was leached away. Changes 1in pH were slight. The nitrate
content of the upper soil layer of practically all chaparral
regions studied was higher on fresh burns.

Schreiner et ale (120), pointed out that nitrogenous
materials may be added”to the soil as a result of burning.-

Experiments by Seaver and Clark (121), showed that the
amount of soluble»or“available hateri;l iﬂ the extract of a
heated soil 1s‘1ncreased approximately 6=10 times that of the
unheated soil. | |

The loss of nitrogen by burning and the deposition of a
highli alkaline ash on the soll surface after a burn was recogw

nized by Sims et ale- (125).

28

As a‘result of fire ﬁeating a soll Sreenivasan and Aurang-

abadkar (127), found a lowering of exchange capacity, replace~
eble calEiumf replaceable magnesium and orgenic matter., Also
an increase in total soluble salts, replaceable sodium and
replaceable potassium was recorded.

Investigations by Wahlenberg (142), in the longleaf pine
regioﬁs indicaﬁe that organic matter aﬁd.nitregen,were slightly
higher on burned soils. Under protection from fire the soil
acidity wes greater by from .1 to o5 pH units,

Purther studles in the longleaf pine area were carried out
by Wanlenberg et ale (i44). Mean values for the burned land

exceeded those for the unburned iand in percentage dry weight
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as follows: ‘total nitrogen .0028 b4 »0011; loss~on~ignition
.180 ¥ ,1056; and replaceable calcium .0085 = ,0024.,

Effect of Fire on Soil Organisms,

Arend (5), in a study of burning in the Mlssouri Ozarks
found that ;nﬁual firing caused reductions 1nﬁmicrobioiogical
activity, ‘

In Malsya, Corbet (23), studied the effect of burning on
soil ﬁicfoorganiéms. Piété counts of these organisms from the
1-4 ihch layer of mineral soll were made at intervals before
and after a fire, The number of microorganisms rose immediate-
1y following the fire but a week afterward and for at least
nine‘months thereafter the plate counts fell to the values
‘obtained before the fire,

Duggeli (29), while investigating in Switzerland found that
the nﬁhber ofhbaéterié was not significantiy éffected by the
mixing of spruce aéhes into the'mineral soil, |

According to Fowells and Stephenson (39), burning and fho
resulting formation of basic ash materials increased nitrifica=
- tion in the soll,

Fritz (41), stated that in the redwood regions fire has
sometimes séve%ely baked the top soil and burnt out most ofrits
rich supply of the important macro_and microorganisms,

In the frequently burned soils of the longleaf pine.regions,
Garren (43), found that the soil fauna was scarce. ]

Freene (47), noted that the bacterial counts were higher
on.buined.soilsﬁin the longleaf pine area.

Solls of the_unburned areas in the longleaf'ﬁine regions

were observed by Heyward and Tissot (63), to be riddled with
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holes and tunnels of small mammals and insects. Such evidence
of life was lacking in the frequently burned sites. The Ao of
the unburned solls contained 5 times as many microfaunal fonns
as aid the ground cover of burned areas, The top 2 inches of
mineral soil, the unburned éreas had 11 times more such animals
than the corresponding soil depth froﬁ burned areas. The groups
of soil animals were gensrally the same in burned and unburned
sites, Fires decreased the number of earthworms.

Resﬁlts 6f the tests by Isaac and Hopkins (73), with the
bacterivm Azotobacter chroocoécum indicated thaé bﬁrning,had
- overcoume a calcium deficiency fof theﬂgrowth»of this organism
in the soil, either by destroying organic acids, or by deposit;
ing calcium in an avallable fomm, 6r by both,. Aspergillus made
better growth when a burnt soll with its increased supply of v
nutrients was attackede -

The results of a study by Jamwal (75), in India, indicate
that fire, especlally a severe one, kills' outright all 1iving
organisms in the soil., The reduction of protozoé resulted in
an increase of nitrification. |

Kittredge (78), recorded that in unburned areas thefe were»
more holes and channels caused by macroorganisms than in the
corresponding burned soils. - N

A 8light decrease in smmonification and s slight increase
in nitrification was attributed to forest fires by Kivekds (79).

In the North Lake States, Lovejoy (86), noted that fire :
destroyed most of the beneficilal organisms leaving the soil

inert and unresponsive,

Michsells (98), reported that fire eliminated rodents which

-
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had been threatening a young hardwood‘plantatidn with destruc=
tion. | | '

Pearse (103), whilé investigating the effects of burning-
over litter on soil animals in the Duke'Foresta found that to
a depth of 3 inches many more animals were present in the un=
burned plot than in the burned plot. During a tive year per-
iod the number of earthworms in the soil of the burned area
decreased by 50 percent, Centipedes, millipedes and ants also
decreased in abundance because of fires. o

Increases in nitrificafion because of fires were reported
by Remezov (111),

" & 70-80 percent reduction in the acltivity of earthworms
and burrowing insects was found by Rowe (113), in burned
woodland-chaparral regions, ’ )

Russell (114), stated that soll heating or partial sterile-
ization which might be expected to kiil off living organisms
results in an increase in nitrification., The theory is that
aftér heating, thé §01l1 fungl which use upfmore nitrogen in -
their assimilation processes are suppressed and the bacteria
which use uplless nitrogen in prOportion_to‘ﬁhe amount they
liberate become dominent. Probably the protozoa, enemies of
the bacteria are more severely affected by the heat,

The destruction of microorganisms by fire was recognized .
by Sampson (118). o

" Schreiner 8t ale (1.40), reported that all organisms which
normaily occupy a fertile 801l are killed by heat but nitro~
genous materilals are thereby liberated and made availabié.

Suéhkina (130), in a comprehensive study of nitrification

Ty
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in forests found that atrter burning nitrification begins in
solls where it has been observed before and greatly increases
. where it has been golng on before burning., Moderate burning
of the soil has a more favourable effect on the nitrifying
capaclity than an intense burning."In cases of moderate burn-
ing the capacity for nitrification is evident even immediately
after the burning. The effect of burning upon the soil-lﬁsts
during.a period of five yéars.' A running fire wiil have a
more favéurable effect upon nitrification than the burning
of forest debris gathered-in plles. S

According to Trjon (139), ﬁhe charcoal added to the soil -
during a fire did not affect the abundance of bacteria or fungi.
| Wahienberg et al, (144), found higher bacterial counts on
burned soils. . | |

Conclusions from the literature.

' In studying the iiterature reiative to the effects of

fire on the soil, contradictory reports in the same region .
have been encountered. If would appear.as though a great many
factors are involved and that they were not kgpt_constantvin
all studies. Thus if one of the factors such asj éeverityf
of burn,;seasoh of year, slope, exposure, textures, 8£ructure,
climate, vegetation and pérent material, differed varying |
results would naturally follow. ‘ y

Certaln effects of fire on the soil were frequently
encountered in the literature. The effects which-appeared to
be general are summafized belgw.t

l. A goodly portion or all of the unincorporated orgahic
‘matter 1sade§troyed. The‘degreekof destruction depends upon the .

_ frequency and severity of burning.
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2, When organic matter 1s destroyed, nitrogen is lost.

3. Seldom 1s the incorporated organic matter reduced
through burning. Los3 may occur when heaﬁy acéumulations ofv
slash are bqrhede " B N : |

4, Soill temperatures are higher during the day on burned
over soils than on unburned soils. | |

Se Burned soills had a higher volume-welght due th
compactigngm A

‘ é. As a result of coﬁpaction these'burned solls have a
lower infiltration rate. |
7evRunoff and erosion is greater in burned areas.
8;~§upned 80ils are more dense and not easily penetrated.

9 The chemical properties of the upper layers of the
miheral soil are affected by burningQ The pH and the content
of available nutrient ions 1s increased. In the mineral soil
ofganic matter and nitrogen are not great1§~affected.

10, Decreases in the abundance of soil organisms is brought
about by frequent burning. |
11, Fires stimula te nitrification.

-
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EXPERIMENTAL -

Geology of the Lac Le Jeune Area.

This ares wasASurveyed by Dawson (25), in 1889 and 1890
and by Cockfield (20), in 1939 to 1944. The observations of
Cockfield did not differ significantly from those of Dawson.
"Much of the area in the immediate vicinity of Lac Le.
Jeune is underlain by plutonic rocks (20), which are’part of
the Coast intrusives formation of Jurassic age. The surface
rocks in this area are part of the Cantrai Nicola Batholith
which extends north from Nicola Lake and consists largely
of granadiorite and'quartz diorite. It 1is partly sheared and
in some specimens the quartz apbegrs 2s a fine mosailc and as
interlocking’grains. The rock has at many locaiities a
prondunced gneissic strgcture and the énclosing rocks are shear-
ed and injected with granitic material, Most of the specimens
examined under.the microscope showed relatively small amounts
of érthoclase, with the“plagioclase feldspars ranging in comQ
bosition from oligoélase to.labradorite. The ferromagneéian‘
minerals are blotite, hornblende or pyroxene, and‘in many of
‘the intrusive rocks both bilotite and hornblende are present,

"~ 'Both Dawson and Cockfield recorded extensive areas of
basalt in the Lac Le Jeune area. These rocksvbelong to the
Kamloopé grbup'and"are assigned to the Tertiary period.' The
Kamloops -volcanic rocks comprise é considerable'thickness‘of
rhyolités, trachytes, andesites aﬁd basalts,'together'with‘
feldSpar'porphyries, but the group is very largely composed
of basalt and basalt breccia. lThé rocks show a wide range of
colour from white, through varibuS"éhades of red, pink, mauvé,

brown, buff, grey, and green to black. They are usually massive
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and fine grained, but are 1oc§lly porphyritic and in ﬁlaces_
coarsely so. bccasionally they are so coarse grained as to
resemble fine grained plutonlic rocks, though when examined
under tbe microécope small amounts of intersatitial fine
grained groundmass maybe seen.

Dawson (25), stated that to the westward of Trapp Lake
the lével ofpthg plateaun rises_graduélly, though irreguiarly,
t11l the basalt rocks are found in some places at helghts |
exceeding 4000 feet, .In this region, to the north of the
‘head of Moore Creek, the edge of the basalts often ceases
to be marked by a distinct escarpment, and as the country
here becomes thickly wooded thelr boundary 18 drawn with
less precision than elsewhere.

"The author observed seversal basalt escarpments close
to the selected sampling areas., These escarpments reached
an elevation of 4,400 feet above sea level, It was noted
that the basalts presented bold escarpments fécing in a
squthwestefly direction. As Dawson bbservéd, thg other
faces were not distinct cliffs but descended gradually to
the lower levels. ‘ | -

Dawson and Ceckfiéld both recognized that this regionA
had been glaclated dgringutho,Pleistocgne; According to
Dawson, numerous moraine ridges often parallel to the valley
are evident in the upper part of Moore C?eek,.whichAis located
to the southeast of Lac. Le Jeune. The elevation of these
ridges 1s 3500 feet. A ’

In the Meadow Creek valley which drains Lac Le Jeune

" numerous hillocks and transverse ridges, evidently representing
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moraines are found. The_ﬁoraines are partly buried in horie
zontal deposits which‘have formed in ponds andvmarshes.' The se
features are found at an elevation of about 4000 feet,

Lac Lé Jeune at the head of Meadow Créek (4177 feet) 1is
held in by more or less degraded moraines ﬁhigh'are in pért
transverse to the valley but also in part parailel to 1t,

| Dawson also_stated that the deposité of boulder clay to
the south of Chuwels Mountain (6 miles nortﬁ of Lac Le Jeune)
are extonsively developed and Gide spread. ) “ A_ ’

Glacia; stfiations at the 6000 foot level indicating 1ice
flow in a direction S, 35°E. were found on Chﬁweis Mountain
by Dawson. Cockfield recognized the influence of glaciatidﬁ
in the immediate vicinity of Lac Le Jeune., Striations were
noted on Chuwels Mountain some sii}miles dis%ant and further
striations wero recorded one quarter of a mile from the lake.
As wéll, drift ridges'were located closeby. 1In the geological
report he concluded that the ice advanced from the northwest
towards the southeast and south, This direction is borne out-
by the scattering of blocks of conélomerate_across the upiand,
surface from the Iron Mask mine toyards.Shnmwhy Lake. These |
erraticsipresumabiy came from Eagle,HilISnear Copper Creek,

a diétgnce‘qf-twenty miles., o ;

The authorAwhile studying the area prior to taking soll
samples, observed fiie glacial erratic conglomerate blocké.
Other glaclal features such as an esker and moraine ridges

damming a lake were recognized near Rossmore Lake. which is -

about four miles from Lac Le Jeune.
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The glecial till dr drift laid doﬁn by - the hoving ice
was the parent material of the soil samples taken for study.
This till was lighﬁ brownish gray in colour, compacted and
coarse in textﬁfe. The portion passing through a 2 mm screen
was classified.as a sandy loam, Héwever, the majority Qf the
t11l waé made up of coarse, angular, partially weathered
frégments of greenstone, basalt, quartz diérité end grana-
diorite.

The éeological formations.had e pronéunced effect on
soil formation in the Lac Le Jeuné'area. inblocations where
the Kamloops basalt is the'bedrock, soiis.formed from 1t were
brown in colour, shallow in depth and fine textured. Basalt
normally contains little or no free silica and upon complete
weathering a‘relatively'fine textured soil results. The highb
basé content of bésalt makes it more susceptibie,to wéathering
than thelacidic rocks such as granite. Soils Qérived'from the
coast intrusive granitic rocks were»grayer in colour, shallqwer'
in depth and coarser in texture. Granitic rocks upon weéthering'

relea$e considerable amounts of free silica and thus give rise

'bto coarse textured solls, The glaclal tiil lald down during the
P;eistocene:contained fragménts,of greenstone, basélt,vgrana-
diorite, quartz diorite and gabbré. Appreciable amounts of
rock flour'qr finely ground rock fragﬁents were also found in .
the tili. The textures and colours of the soilé formed on the
glacial,tiii were beﬁween those of the soils developed from
granite and basalt. The total depth of‘solum.waé greater in
the soils originaﬁing%fromwglacialvti;l than the solls deveioped
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divided state of the glacial till, which made it relatively
permeable to leaching, more profile development was evi¢ent-
in the soils derived from it, Whereas the bedrock outcropp=~
ings of granite and basalt are relatively impermeable to |
leaching and thus the 8soil forming processes are 1nit1ally
4slow.

Climate of the Lac Le Jesune Area.

Specific ‘climatic.data for this area is unavailable.
To prbvide approximate values of temperature and precipita-
tion two climatlc stations with somewhat similar conditions

were chosen,

Table 1 Climatic Data for Two Stations Near Lac Le Jeune

. C . Ve e e . ~ s
. ~ 3 o ™ y /
N © i - o

Station Number  Location in Altitude Annual =~ Annual
. of Years Respect to = Preclplitation Temper-~
- .Lac Le Jeune (inches) ature
Mamette 34 i5 miles 3200 7 11,977 37°F.
Lake - west .
Knouff 40 40 miles 3750 15443 35°F.
Lake - north

sl

From observations and interpretation of climatic data the
averaée annual temperature for Lac Le Jeune would likely be
between 35 = 36°F.vand the annual piecipitation would be in
the range of 13 = 15 inches. The estimations made by the
Meteorological Division of the Department of TranSport (145),

-~ o~

closely approxlmate the above values.
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Figure l. Precipitation and Potential Evapotranspiration Curves

for Knouff Lake
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Location and Soils of the lac Le Jeune Area.

| Lac Le Jeune is situated twenty-two miles southwest of
Kamloops in the central interior of B.C. The lake 1is
accessible by a class 2 highway. To reach most of the sample-
ing areas about the lake, advantagé is t aken of the numerous
fire guards which have been constructed as an aid in fofest
fire control. A

| The 201ls in the Laq Le Jeune area belong to the Brown
Podzgiid soll zone. A7genérai description of these soils_as
taken from %oils and Men (l?é), is as follows: essentlaily the
Brown»Podzoiic soil 1s an impérfectly developed Podzol having
in timbered areas an Qrganié mat on the surface and a'very.thinq
gray leached horizon just below it -« usually less than one inch
thick. The B horizon is largely yellowlsh brown in colour and
has only the beginnings of a dark brown orterde just below the
gray A horizon.‘ Thg total depth of the solum 1s usually less



"than'24 inches although it ekceeds that depth in places.
 The climate varies from temperate to cooi temperate and
" humid, but the effective molsture averagés iess than in
. the Podzols., Reactions of the soil are mbaerateiy to
strongly écid and highly leached.

According to Stobbe (129), morpholdgical'studies.or a
Brown Podzollc soll indicate that t he prdfiles are more or
 less featureless and suggest a gradual decrease 1n the |
intensity of soll weathering with depth. He stated that
- under virgin conditions'the Brown Podzolic'soilg have the
following horizons: | ' '. |

‘Ao - consists of a leaf mat 3/4 - 1 1/2 inches thick,
in various stages of decomposition: The uﬁpér part is
fibrous and brown in ecolour, while fh%'lOWer part 1s greasy
and very‘dark grayish brown. | N
_ 41 - the Ao fades intolthe Al horizon which on the aver=
age varies from 1/2 to 2 inches in thickness but 1t may occa-
siongliy feach a maximum of 3 1/2 inches. 1In some cases the
Al mﬁy be entirely lacking. The A, 1svdarkfbrown to dark =
grayish brown in coloﬁr, verytfriﬁble and has a weak fine
cruﬁb or-fine granular sﬁructure. The organic matter is

usually not as completely mineralizsd as 1ﬁ,casé of the

Grey-Brown Podzolic and Brown Forest soils and frequently this

Eopizén approaches a loose mecﬁanical mixture of separate
organic and minersl particles. Earthworms are not commonly

" found in this horizon.. The reéc%idn is strongly to moder-
ately acid., | .

Ay~ 18 generaiily lacking'but it méy occur as a discontinuous

40
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or interrupted horizon. If present it occurs 1ln the form
of thin gfay streaks, as occasional thicker or deeper
. pockets or as a someﬁhat indefinite grayish layer 1ﬁ the
lower part of the A; borizon. 1In the latter case it con-
sists of gray particles within the darker soll mass, giving
a salt and pepper effect. The Az 1is usually single grained,'
somewhat lighter in texture than the other horizons and is
. strongly to modgrafely acid.
| B ~ the change from the Az, Ay, or Ao horizon which
ever the case may be, to the B horizon is distinct and sharp.
As a result the transitional bl horizon 1s generally lacking.
The total thicknesa of the B horizon varies greatly but on the
average it ranges from 29 to 30 inches. The upﬁer part of the
B is brown, yellowiéh brown or reddiah brawn and the colour
fades in intensity with depth until 1t approaches that of the
'parent material in the lower part of the horizon. The upper
part of the horizon, the By 18 very friable and has dominantly
_a_f{ne crumb structure buf it may also be weak granular or
‘nuciform. In the lower part of the By, the BS’ the soil con=-
sisténce ané structure are more varisble depénding on the
neture of the parent material. Textural veriations within
the B horizons are not significant, nor consistents The
reaction varies from strongly. to moderately acid, but it 1is
usually slightly higher in the Bz than in the upper part of
the solum. - A '

C = the change from]B5 to C may be very gradual or it
may bé, more or less, abrupt in'the case of'soils‘developed'

from compacted till on sloping topography. The parent materials
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varied from t1ll to alluvial and outwash deposlits and have
been derived largely from granites, gnelsses, schists, slates,
and shales, Reaction of these materials 1s geherally moderately

to mildly acid, but it may occasionally be strongly acid.

-Deseription of Sampling'Areas._

This areavis'thevaité of many past;firéa. ‘The pfesent
ﬁorest Service fire map records fires back to 19é9. Amp;e
'e§1dence is found of fires which destroyed extensive tracts
of forest about the lake épproximately eighty years ago.

The solls sampled for study-wérg taken in areas which
hed been burned in 1943, 1945, 1945 and agaln in.1951, and -
1951, These three fires took place withiﬁ a period of three
weeks in late July and early August. Samples were also taken
in unburnt greés adjacent to the burns. Much diffiéulty was
encoﬁntered by the author in locating typical mature unburned
Douglas fir sites; however, two fairly representative areas
were located with mature trees between 350 and 400 years old.

» Sim;liar conditions of slope, exposure, drainage, top=-
ograpﬁy and parent materlal were maintained throughout.thé
soil'samp;ing sitess The vegetation was nearly the same
on all sités except for two burns. These exceptions wére
the fire of 1945 on a mixed stand of spruce, lodgepole pine
and Douglas fir, and the 1943 burn of mature Douglas fir.
0n tﬁe‘rema1ning.locations,lodgepolehpinewwasfthe dominant
tree cover type.

In the 1943 burn of Douglaes fir tree cover, t wo pits were
dug and samples taken.accérdingnto horizon.

Three pits were dug in the 1945 burn of lodgepole pine.
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In the mixed stand of spruce, Douglas fir and iodgepole pine-
which was burned in 1945 two pits were used for étudy;,

Investigations were carried out on two pits in the stag- -
.- nant lodgepole pine atand burned in 1951. Samples_were taken
from one pit in the normal stand of lodgepole pine.which wa s
burned in 1951, N |

Two plts were studled 1n1the’afeg of 1odgepolexpine which
had béén burned over twice, once in 1945 And again in 1951,

On the unburned 300+400 year old Douglas fir site two
profiles were studiede |

Three pits were used for sampling in unburned 80 year old
lodgepole oine satands,

One pit was dug in the unburned 80 year old stagnant
‘1odgepole pine area.

In the unburned 80 year old stand of spruce, 1odgepola
pine, ‘and Douglas fir, omne pit was studied.. _

It should be explained that the number of pits studied
ﬂdepended upon hdw large the sampling area was. If the size
of site was limited then the number of pits studied was
reduced, The author felt that in these restricted areas
the error due to sampling would bé very materially reduced
~ and thus the number of samples could be safely decreaéed.

A profile description for each site is presented in
Tables 2 to Ll._ In instances where more than one profile
is_taken in an.area only one will be described unless there .

1s a significant difference between the replicates,



Ta ble 2:

Profile Doséription_of soll under Douglas fir tree cover burned in 1943.

Stones Roots

Horizon Depth = Texture Colour Structure Consistence
_ . . Dry Wet
Ao 13" Humus 10 yr 4/1 10 yr 3/1
- Dark Gray Very Dark
. Gray .
Ao OnAt Sandy 10yr 7/2 - 10 yr 3/4 Single Slightly 20% Soume
. - - Loam Light Dark . Grained hard - .
“ Gray Brown ' ' ’ ’
By #=7%%  Sandy io yr7/3 10 yr 5/3 Fine Slightly  40% Nume rous
- ~ . Loam Very pale ‘Brown Crumb Hard -
‘ Brown S Strong '
Byg 73=123" Sandy 10 yr 6/2 .~ 10 yr 4/2 Fine’ _ Hard 50% Many
. ~ Loam Light Dark Gray  Grumb - )
T Brown o Brown - Weak
Gray
- C 128"+ Clay io0yr6/3 - 10 yr 3/3 Masslve  Hard 60% Few
_ e Loam Pale Dark : ' B -
_ Brown Brown
Prbfiie:ﬁééeidpﬁenﬁ:".Mddera%e'A'

Topography. 4260 feet elevation

N .2 percent southwest slope
" Soil Drainage' subsoll drainage good
Vegetation:  Tree Cover: all orlginal trees fire killed.

’ B ' - 8 year old stand of lodgepols pine.

willow, rose, alder, white hardback.

fireweed, lupine, twinflower, hawkweed, pine grass.

Shrubs:
gerbs:!

¥



Table 3: Profile doscription of soil under lodgepole pine bufned in 1945,
Horizon Depth ‘Texture Colour Structure. Consistence Stones Roots
. B Dry Wet
Ao Ea Humus 10 yr 2/2 5 yr 2/1 None
- Very Black ’
Dark '
Brown
Ag Omht Sandy 10 yr 6/3 10 yr 3/3 Single Soft 10% None
. Loam Brown - Dark Grained ] -
- Brown ‘
Bg £-108"% Sandy 10 yr 5/3 10 3/3 Fine Soft 306-  Many
~  Loam Brown Dark .Crumb - -
- . Brown (strong)
B '1oé"-16%" 7 10 §r 6/2 ~ 10 yr 4/2 Fine  ° Slightly  40% Few
~Loamy Light Dark Crumb Hard - -
Sand Brown Gray (wealk) : :
_ - Gray Brown L
c 163 * Loamy 2,5 yr 7/2 10 yr 4/2 Massive Hard 45% Few
) . Sand Light Dark ' - PO
. Gray Gray '
Brown
éréfiié#Déﬁeidpﬁéﬁéi“ﬁodéréﬁe--' .Topography: 4290‘féet élevation

1l percent southwest slope.

8011 Drainage: subsoil drainage good

Vegetation: Tree cover: All original trees fire killed :
’ ‘ L ' five year old stand of lodgepole pine
Shrubs: rose, sopolallie, willow, dwarf blueberry

Herbass pine grass

1°5 4



Table 4: Profile description of 801l under Douglas fir, spruce and lodgepole;pino
' burned in 19405.
_Horizon Depth Texture Colour Structure Consistenece Stones Roots
' . -_Dry Wet
& 0 Humus . 10 yr 2/2 10 yr 2/1 None
- - : Very Black
Dark
Brown
Ay 02"  Sandy 10 yr 6/2 10 yr 4/2 Single” Slightly = 15% None
) - Loam Light Dark Grained Hard -
: ' X Brown Gray ‘ ‘
' Gray Brown.
B 3-81%  Sandy 10 yr 6/3 10 yr 4/3 Fine~ Slightly 25% Fow
= Loam Pale Dark Grumb Hard - .
. Brown Brown Strongly . 8
By  8}"™~13}* Loaiy i0'yr 6/2 10 yr 4/2 Fine 'S1ightly 454  Some
.. ~ ~ Sand- Light Dark Crumb Hard _
' Brown Gray Weak y '
Gray Brown o
c 133" Loamy 2.5y 7/2 2.4y 5/2 Massive Hard - 50% Few
. -»  Sand Light Gray L L.
" - Gray Brown ’
Pf6f11§4bevélopm9nt; moderéfe ‘ ' 4250 feet elevation

Topographys
. . . 1l percent southeast slope
subsoll drainage good ’ L L
Tres Cover: all original trees fire killed, .

6" « 12% nigh, spruce, lodgepole pine seedlings
Shruba: Canada dogwood
Herbs: ;upine, timber sedge, dandelion, fireweed

So1l Drainago.
Vegetation- .

9%



Table 5: Profile description of soil under stagnant lodgepole pine burned in 1951.

Horizon Depth Texture Colour | - Structure Conaistence Stones Roots
: Dry . Wet ‘ ‘
Ao -  Humus 10 yr 2/1 10 yr 2/1 | ' . None
C Black Black . '
A o~ Sandy 10 yr 6/2 10 yr 4/2 Thin Soft 108 Few
» . Loam . Light Dgrk - Platy _ )
. Brown Brown Medium
vGray Gray -
Bg g-o2" Sandy 10 yr 6/3 10 yr 4/2 Pine Slightly 25% Many
i . Loam Pale , Dark . Crumb Hard .
Brown Brown ‘Strongly
' Gray o
Bz e%-17°“‘ Clay 10 yr 7/2 10 yr 6/3 Massive Hard - 308 Pew
. ~ Loam Light Pale . - . ' . - .
- Gray 3 ‘Brown =~ '
c '"1'7%“:&“  Clay i0'yr 7/2  10yr 6/2 Massive Very hard = 35% Few
% " Loam Light Pale B - .
v L Gray - Brown

Profile Development¥ 'moderéte S  Topography: 4250 feet elevation
, , 8light southwest slope
Soil Drainage- subsoil drainage fair )

Vegetation: . Tree Cover: all original trées fire killed -

v
3

Shrubds
Herbs:

" ~« 1" high lodgepole pine seedlings

rose -
pine grass, fireweed, twinflower.

~

Ly



Table 6: Profllie description of soil under lodgepole pine burned in 1951

Horizon Depth Texture Colour Structure Consistence Stones Roots
, . Dry Wet
Ao v Humus 10 yr 2/1 1o yr 2/1 None
N Black Black
A2 Ot Sandy 10 yr 6/3 10 yr 3/2 Single Sofd 308 Few
‘ - Loam Pale Very Dark Grained . .
Brown Grey )

Brown

Bo 4-0i" Sandy 10 yr 5/3 10 yr 3/3 Fine Crumb Slightly 40% Many
. Loam Pale Dark (Moderate) Hard 4
- Brown Brown , .
B 9§-158" Loamy 10 yr 6/3 10 yr 4/2 Pine Crumb Slightly 45% Some
. Sgnd Pale Dark (weak ) Hard
- Brown Gray .

Brown

c 154%e Loamy 10 yr 6/3 10 yr 4/2 Massive Hard 55% Few
. Sand Pale Dark
Brown Gray

Brown

Profile Development: moderate 4270 feet elevation

Soil Drainage:
Vegetation:

Shrubs:
Herbs:s

subsoll drainage good
Tree Covers all original trees killed
_ small ledgepole pine seedliings

rose, white hardback
pine grass, lupine, fireweed

Topography:

level

8%
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Table 7: Profile deacription of solli under lodgepole pine burned in 1945 and sagain in 1951,
Horizon Depth Texture Colour Structure Consistence Rocks Roots
. Dry wWet
Ao 3* Humus 7.5 yr 4/2 10 yr 2/2 None
. : Dark Very
Brown Dark
Brown
Ao Oud® Sandy 10 yr 6/2 10 yr 3/3 Single Loose 20% Few
] - Loam Light Dark Grained .
Brown Brown
Gray
Bg it Sandy 10 yr 6/3 10 yr 4/3 Fine ‘Soft 35% Some
. - Loam Pale Dark Crumb . ;
Brown Brown Modersate
B3 Thel3:* Loamy 10 yr 6/2 10 yr 4/2 Fine Slightly 48% Some
. . Sand Light Dark Crumb Hard ‘
. Brown Gray Weak )
Gray Brown
c 132" Loamy 2.5y 7/2 10 yr 4/2 Massive Hard 54% Few
, Sand Light Dark .
Greay Gray
Brown
moderate

Profile Developments

Soil Drainage:

Vegetation:

Tepography. 4200 feet elevation
~ 3 percent southwest slope

subsoll drainage good

Tree Gover:

Shrubs:

Herbs:

all original trees were fire killed

1% high lodgepole pine and aspen seedlings
alder, willow

fireweed, dandelion, twinfiower, goatsbeard,
timber sedge, s trawberry

6%
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Table 8: Profile description of soil under 300~400 year old Douglas fir,

Horlizon Depth Texture Colour Structure Consistence Rocks Roots
. . Dry Wet
Ao 13" Humus 10 yr 4/2 10 yr 2/1 Many
. Dark Black
Gray
Brown
Ao Omgt Sandy 10 yr 6/2 10 yr 4/2 Single S1lightly 154 Many
. Loam Light Dark Grained Hard .
. Brown Gray .
Gray Brown
B2 w73 Sandy 10 yr 6/2 10 yr 4/2 Fine Slightly 40% Numerous
, “ Loam Light Dark ) Crumb Hard ,
) Brown Gray Strong
Gray Brown
B3 73=17%2% Sandy 10 yr 6/2 10 yr 4/2 Fine Slightly 45¢ Many
, . Loam Light Dark ¢rumb Hard :
. Brown Gray B Weak .
Gray Brown -
c 173 Loamy 10 yr 7/2 2,55 5/2 Massive Hard 55% Few
. Sand Light Gray .
' Gray Brown
Profile Development: Moderate

Soil Drainage:
Vegetstlion:

subsoil drainage good
Tree cover:
Shrubs:
Herbs:

Douglas fir
sopolallie,
pine grass,
milk vetch,

Topography: 4290 feet elevation
: 3 percent southerly slope

dominant, some lodgepole pine
willow, dwarf blueberry, kinnikinnick
strawberry, twinberry, lupine, timber
timber sedge, yarrow, arnica

0¢



Table 9: Profile description of soil under 80 year old unburned lodgepole pine.
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Horlzon Depth Texture Colour Structure Conslstence Rocks Roots
Dry Wet
Ao 1a" Humus 7.5yr 3/2 5 yr 3/3 Many
. Dark Dark ,
Brown Reddish
Brown
A2 Owg® Sandy 10 yr 6/2 10 yr 4/2 Single Slightly 15% Some
- Loam Light Dark Grained Hard .
. Brown Gray ;
; Gray Brown
By Aot Sandy 10 yr 6/3 10 yr 4/3 Fine Slightly 35% Numerous
4 - Loam Pale Brown to Crumb Hard :
. Brown Dark ) Strong
, Brown .
B, 74-154 Sandy 2,5y 7/2 10 yr 4/2 Fine Soft 454  Many
4 Loam Light Dark Grumb . .
Gray Gray Weak
Brown
c 153"+  Loamy 2.5y 6/2 10 yr 4/2 Massive  Hard 50%  Few
- Sand Light Dark . .
) Brown Gray
Gray Brown
Profile Development: moderate Topogféphyé 4290 feet elevation

Soil Drainage:
Vegetation:

subsoil drainage good
lecdgepole pine dominant, willow

Tree Cover:
Shrubs:

Herbs:

nesrly level

rose, dwarf blueberry, red alpine biueberry,
kinnickinnick, white hardback, alder.

pine grass, lupine, fireweed, twinfliower,
timber milk vetch, hawkweed, strawberry.

1¢



Table 10:

Profile description of soil under 70 ~ 80 year old, unburned, stagnant

lodgepole pine.
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Soil Drainage:
Vegetation:

subsoil drainage fair

Tree Cover:
Shrubs:
Herbss

Topography:

stagnant lodgepole pine
dwarf blueberry, rose, kinniklinnick

plne grass dominant, twinflower, strawberry,
fireweed, wintergreen.

flat

Horlzon Depth Texture Colour Structure Consistence  Rocks Roots
, Dry Wet
Ao e Humus 10 yr 4/1 10 yr 3/1 Many
‘ Dark Very
Gray Dark
Gray
Ao Owi® Sandy 10 yr 6/2 10 yr 4/2 Thin Soft 10% Some
] - Loam Light Dark Platy ) ,
. Brown Gray Strong
gray Brown
By 78" Loam 10 yr 6/2 10 yr 4/2 Fine Slightly 25% Numerous
A - . Light Dark Crumb Hard
Brown Gray Strong
. Gray Brown
Bg 78143 Clay 10 yr 7/¢ 10 yr 5/2 Massive Hard 308 Few
. ~ Loam Light Gray .
. Gray Brown
c 148"  Clay 10 yr 6/2 10 yr 4/2 MNassive Very 35% Few
. Loam Light Dark Hard
Browm Gray .
Gray Brown
Profile Developments moderate 4250 feet elevation

2s



Table 11:

Tir and Spruce.

Profile description of soil under 70«80 year oldlgunburned, mixed stand
' 6fﬁlodébpole pine, BougIas \ .

Horlizon Depth Texture Colour Structure Consistence Rocks Roots
. : Dry Wet
Ao 2w Humus 10 yr ¢/&4 10 yr 3/4 Few
- Dark Dark -
Brown . Brown
Yellowish
Ag Owg® Sandy 10 yr 7/2 10 yr 5/3 Single Slightly 15% Few
. : - Loanm - Light - Brown Grained Hard .
- : Gray ‘
Bz  #»S%*  Sandy io yr 7/3 10 yr 5/3 Fine Slightly 25% Numerous
} ’ - "Loam Very Brown Crumb Hard -
- Pale Strongly
Brown N
Bz  S%w123" Sandy  1l0yr 7/3 10 yr 5/3 Fine’ Slightly 454  Some
- ~ Loam Very Brown Crumb Hard -
; Pale Weak
) Brown
¢ 123"+  Loamy i0 yr 6/3 10 yr 4/2 Massive  Hard "'50%-  Few
- Sand Pale Dark ; .
: . Brown - Gray
Brown
Profile Development: moderate 4250 feet elevation

'prography: A
. 3 percent southeast slope

Soil Dralnage: subsoil drainage good

Vegetations Tree Cover: lodgepole pine, Douglas fir, spruce
; Shruba: N | |
Herbs: * twinflower

¢S
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Morphological Features.

The organic horizon of the unburned solls is an incompletely
decomposad mor type (56)e 1In all profiles studied the F or ferm=-
entation layer is dominant while the H or humified layer and the
L or litter layer seldom attain measurable thickness, -

) - In studying the ash grey leached layer considerable varia-
bility 1s encountered. Thefo is such a horizonm in all the pro=-
files sampled for chemical study. However, it is possible in
some instancoslto move fifteen feet from a profile with an Ag
and find a profile with'this hofizon lackings. In other'cases
a short distance away from a studied soil sampling site 1% inch
thick Ay horizons are found., Under field conditions the leached .
layers'are some what 1ighter-tp§n‘in9ieated by the colour desw
eriptions. Although considerable caro_ﬁas'oxercisod in sampl-
ing,.smalliportions of organic material and Bz were included
in the samples because of“tha diffioultﬁ in éampling such a
shallow horizon. In some areas the Ap 18 somewhat compacted
and has a definite'platy structure. As a rule the Ag 1s slightiy
compactod and structureless. : o o |

The next horizon, the Bg, represents a sharp and distinct
break ‘between the A horizons and the B horizons. In the lac Lo
AJeune area there is not any evidenco of a tranaitory Bl horizon.
The Bz horizon of all profiles studied is a pale brown to a
1ight brown gray in colour,. This horizon tends to be a pale
brown under lodgepole pine'ond?unburned.Douglas'fir the.colouf
is usually a Light brown gray. In all the profileé studied the -
texture of the Bg is a sandy'loam. Usually the Bé is friabloi
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~and has a fine crumb structure. Burning tends to alter the
‘structure in thé top two inches of the Bg. The burned upper
- portion of the Bg.beeomés massive while the lower portion
retains its crumb structure.

The B, horizons of all the profiles were a light gray
or a light brown gray in égloﬁr. It is less aggregated than
the B2 and has a weak.crumb structﬁre. This horizon is nét
as ffiable as the By as 1t tends to be more compacted and
massive, - |

A light gray glacial t1ll 1is the parent materlal or C
.horizon of all the profiles studied. The till 1is compacted
and remalned relatively unweathered. In the C horizon the

following sub=~angular rocks occur: graﬁite,-bASalt, green-

_ atohe, and gabbro. Free lime accumulations are not observed

in the C horizon.

In all the profiles studied drainage 1s unimpaifed except

for the relatively impervious C horizon.
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METHODS OF ANALYSIS
"A. Physical Propertieé. ' " | '

Determination of Soil Texture:- All samples were passed
throuéh a 2 mm sieve pfepafﬁtory to analysis. The'propoftion
of rocks aqdjfine”material was determiéed at eaéh’sitqo Each
s0il sample was textured by hand. A4s a chgék on the aécufacy
of this method two profiles were seieéted and mechanical
analyses were carried_oﬁt on thé finq_soil fraction by the
Bouyoucos method (13). The values obpainbd using BéuyOucoa'S‘
ﬁroce@ure were }nﬁerﬁretéd by means of the textural tf;angl;. |
(140)s & comparison of the two methods is found -in Table 12,
“ 5Defe}mination of Nonw-capillary porosity, Capillaiy porosity
and p&rgsity:~ Soil cores to & 3 inch depth were taken in dup=
licate.from bensath each_of.ﬁhe'lofvarYing vegetative coverse
Non-capillary porosity was determined on a tens1on table after
fhe'method of Leamer and Shaw (83)s ' Capillary porosity was .
measured by weighing the 2ore whei all’the noanépillary
moisture had been extracted and then welghing th@ core after
it bad been oven-dried. The difference in weight between the
twovweighings'represents capillary porosity. The percent por=
08ity was found by determiniﬁg the weight of the fully saturated
core and subtracting.from this valqe, the oven=dry wéight of the
dore, This value represenfs pore volume, By dividing the pore
volume of the brass core, the percent porosity can be obtained,

Determination of Volume Welght:i:~ The brass ¢ylinders uéed
for tﬁk;ng cqres‘haveAE known“and aﬁproiim&tely equal volume.

Volume weight is found by dividing the nearly constant volume
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into the oven=dry welight of the soll cores , _ _
Determination of Infiltration.Rateszw The procedure
fdlloﬁed was that of_Bﬁrns (18). Water infiitration measure=
ments were made in the field with two rgplicateg being carried
out at eacﬁ site., After the unincdrporated orgénic debris‘was~
removed from the soil surfaceva steel cylinder, 20 cm. high,
having cross=sectional area of 100 squaré'pentimeters,‘was
driven into the‘séil to a depth of 10 cms A plece of muslin
placed on the soil surface inside thé,cylinaer prevented dis-
turbance of the soil barticles. One liter of water was added,
and the time required for it to_péés into the soil was recorded.
Determination of Soil Temperétﬁre:-' A Weston soii ther=
mometer was used to take sik.replicate readings at a depth of
S.ihches. These values were obtained for the soil beneath each

of the lo_vérying vegetative covers,

Be Chemical Properties. .
" Determination of pH:= Distilled water was added to the dry
sie§ea soll and thoroughiy Eixed:until a s0ll paste was obtain~
ed as recommended by The.National Soil Survey Committee (1l34)
The prepared soil paste was allowed to slake for twenty &1nﬁ%ea
énd then the pH readings were determined using a Beckman pot«
>éntiometer. - |

Determination of Organic Matter:~ The organic matter
deterﬁin&tions-werebcafried ouf by thé.wét combuation procedure

"as outlined by Peech et al, (106)s. One major modification was

the use of the fiore stable ferrois asmonium sulphate in the

place of ferrous sulphate,



98

Determination of Total Nitrogen:- Total nltrogen was

deternined by the modified Kjeldhal method (6). |
_ Determination of Total Phosphorous:~ For the measurement

of tofal phOSphorous the perchlorig acld méthod outlined by
Shelton and Harper (123), was used.

Determination of Carbonic Acid Soluble Plant Nutrients'u
The method used for extrac@ing the plant nutrients ‘was a mod-
ification of»the'Ooz extraction procedure used by Wilcox (147),
and the system_reébmmend@d by the National'Sbil and Fertilizer
Research Committee (133). Details of the pfocedufe used is as
follows: ° SN i'. - | |
| (a);A_unit‘qons;sting:of two sets of six 500 c.ce -
erlenmeyeréffaéks fitted ﬁith two hole stoppers and ﬁho appro=
priate glass tubing was attached in series to a tank;of liquid
COg. A4S & result of the arrangementvin serles, the contents of
edch flask was thoroughly and constantly agltated. |

(b) Mineral soils were mixed with distilled water in
the ratio of l 12 or in the case of organic soils and Ao horizons
a ratio of 1:12 was used.-

(¢) Activated carbon wes added to each 801l and dis-
tilled'water mixture. Peech and English (105), advocated in
thelir procedure of extrécping reaaily solﬁbleﬁminefals the use
of 1/4 gram of activated carbon for each 10 grams of minersl
soil and the use of 1/2 gram of :carbon for each 10 grams of
organic soil used. It was found necessary to add carbon to
ensure that the filtiates be colourless for colourimetric
analysis,

(d) COg was passed through the mixtures in a steady
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stream at the rate of approximately 60 c.c. per minute for one
hour., ~E§ch‘flask was manually shaken at ten minute intervals,

" (e) The whole was filtered by augtion through'Whatpan :

Noo 5 filter paper immediately after the ome hour trestment with
g, |

The method used for determining carbonic acid soluble
phoéphorous, potassium and calcium was essentially that outlined
by Wilcox (146)., Carbonic acid soluble megnesium and'nitrate
were found by approximately the same iekhods as used bﬁ Peééh
and English (105). Minor deviations from the above procedures
were'necessafy in order to adopt them for use with thé Hilger
biochemabsorptiometér. o . l | . ;

Determination of Exchange Cepacity and Exchangeable Bases:i-~
The normal ammonium gc%tate_mefﬁod as described by Schollénberéer
“and Simon (119), was used to determine the exchange capacity
and exchangeable bases. It wes decided that two profiles should
be 80 studied ﬁé see if there was any striking change. The two
profiles selected represenﬁed the two most extreme casesﬁin the
study, one was an'unburnéd lodgepole pinemsité and»the'other
profile selected ﬁas the lodgepole pine severely burned in 1945

and burned again in 1951,
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RESULTS AND DISCUSSICGN

Texture was relatively uniform throughout all the soils
studiéd. Since texture was determined to ald in classification
only, no rélationship between texture and burning, 1: any, was
sought. The comparison between Bouyoucos's method of meéhaniéal‘
analysis and hand texturing indicates that hand texturing is
sufficiently accurate for the purpose in mind. )

In the majority of the sites sampled, the percent poresity
decreased with burning. With repeated burning 1llustrated by
the burns of 1945 and 1951 a substaﬁtial reductioh in percent
porosity occurs. The decrease was from é8.25 to 55.50'percent
pqrosity. on the other hand an ihcrease in porosity was ob=
gerved in tﬁe 1943 burn of Douglas Fir tree cover. Thié may
be a result of the beneficial action on soll structure of t he
grasses which became more abundant after bupnipé; “An explana- -
tion for the incréase in porosity in the stagnant~16dgepolo piné
burn of 1951 might-be the addition of considerable amount s of
follage from the dead trees, Such an‘addition.to the Ao may |
have resulted in a greater depth of porous Ao. In the remainder
- of the samples burning decreased porosity. This reduction in
porosity is prnbablyvdue-to destruction of the very porous organig
mat reéulting in e xposure of so0il to the elements‘and‘ﬁhe break-
dbwn of the finé crumb structure by firé. A further reductién
in porosity results from-clogging of s8o0il pores by suspended
material, | ’ ._ | |

Burning produced a sﬁbStantial incréase in the percentage
of capiliary pore space in all the cores studiéd. | Such an

1ncreaae‘is partially explained by the reduction of porous litter,



the destruction of soil aggregates and the consequent washing
in and pluggiﬁg of the larger soill pores with ash. The alka=-
line ash may cause dispersion of soill particles which may in
turn be carried into the soil pores finally filling the larger.
.voids. With removal of the Ao the top 0~3 inches of soil wiil
normaily include more mineral soil which has finer pores than
the relatively open organic horizon.

As a result 6f fire the amount of‘ncn-capillary porosity
was reduced in all the sﬁmples. The removal by fire of the
porous Ao which contains many larée pores willvthustaring about
e marked reduction in the percentage of non-capillary‘porosity.
In the burn of 1945 and again in 1951 the‘non-capillary porosity
was reduced the most, from 22,08 percent in the unburned area |
edjacent to the burn, to 9.85 percent in the burned site, w

The date indicated that burning brought about an 1ncreas§
in“vOiume weight of the 0«3 inch layer. All the cores invest-
igated showed substantial increases in volume weight, Thé
greatest increase was from .390 for the unburned mixed Stand
of lodgepole pine, spruce, and Douglas fir to .990 for the
corresponding area burned in 1945, These increasesjare the
result of compaction of the surface soil by rain and the
inclusion of more of the dense mineral soll in the 0-3 inch
layer. )

Burning greatly altered the fate of infiltration on a#l
the sites studied. The greatest reduction occurred in the - |
1943 Fire. 1In the.1§51 Fire'littlé'qr no effect was observed.

Apparently more than two years are necessary to affect

~



1nfiltraﬁiqn rates. As thﬂltimé reqﬁired for entry ofvwater
increased with the age of the fire, 1t would appéar that the
length of exposﬁre to the élements is the contrdlling"factor
in decreasing 1nfiltratidn rates. Exposure of thé bare sur~
face soil resu;fs in compaction and destruction of soil struc-
| ture which greatly affects infiltration rates, |
Séil temperature at a 3 inch depth indicated that burned
ovér'soils were wﬁfmere The warmest soll was the area burned
in 1945 and 1951. The vaiﬁe obtained~fof»this area was 70°F.
as gompéred to 54OF. for a comparable unburned locat}oﬁ; o
‘Apparently with the removal of the'ko and with the falling of -
the dead trees the soil has lost 1ts insulating agenté and
the ground is subject to more rapid dhahges in and_greater
extremes of temperature. The 1951 burn of lodgepole pine

and»stagnantllodgepole pin% did not result in as large a change
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in temperaturea$ did the older burns., Much charcoal was observ-.

- 'ed on the soii surface in the 1951 fires but the“shaée of the
still st#nding dead treés probabiy'reduced the amount of

}radiation reaching the charcoal, |

All the recent purﬁs'proﬁght_about ppsitiveiincreéses in
the pﬁ of the Ao. The greatest increase in pH occurred in the
1945 &nd 1951f%urn.?;TheipH'vaiues;rqse from pH 4.5 to pH 745
in the Aglof these samples. Increases.in the ngwere'obﬁorved
in seﬁeial.éf the samples. One increase was récofded 1n the
lodgepole pine burn of 1945 %hgre the pH rose from 4,65 to 5.3.
gncther~r1§e-in pH of the Ag wgé found in the bgrn of 1945 and
1951 where the pH rose from 4.92 to 6.05. No changes in pH of
the Ao occurfed in the burn of 1951, It would thus appear that
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several years‘ﬁracipitation is essential to carry down the
minerals before the pH of the Ag rises. With two burns the
Ao 18 so reduced that—ths ash becomes parﬁially incorporated
ith the A, and thus a rise in pH is registered. With the
change inmvegetation f;om Douglas firnto either lodgepole
pine or a mixed stand of lodgepole pine, Douglas fir and
spruce a substantial decrqé§e in pH‘oflthé Ao and Ag was
féund. Lodgepole pine foliage is dore acidic than that of
Douglas Eir (131), and 1t could poésib1y bﬁing‘about a reduc~
tion in pH by increasing the intensity of leaching of the soil
minerals. The values obtained indicate that the pH of the’
burned soils will decresse 3 to 4 years after the fire.
Anglysis of the vafiqus profiles indicate that burning
de§reéses the percent organic matter in the remaining duff
but did not bring about any change below the Ao. It 1s obf
served that in all samples a great_reduction in the pe?peﬁt
organic mﬁtter of the Ao occurred wiﬁh burnings An example
of the effect of fire is the reduction from 26 pe}cént organic
matter in the Ao to 5 percent organic matter in the Ao of the.
lodgepQIe'pineﬂsites'burned‘in 1945 gnd 1951, Siﬁceqno marked
changes were found below the Ao, 1t appears that the fire temp-
eratures in this area were not sufficiently warm to déstroy.in-
corporated organic matter, :
Burning had little or no effect on total nitrogen below
the Aé. In the Ao and Ag horizons there are decreases and
inéréasesjin the " total nitrogen content., Total nitrogen

decreased in the Ao of the mixed stand“of.lédgepole Pine,



spruce and Douglas fir which was burned in 1945. In the Ay

of thpisame burned soils the total nitrogeh_content increased.
Su6h~an increase may be the result of increased bacteriai
activity after the fire or it may be due to the removal of

the more soluble nitrogenoué salts to the lower horizomns.,
Total nitrogen content 1svlowered in the Ao of the Douglas"
fir area burned over in 1943,» There 1s noichﬁngé in thé Ag.
‘an increase of .03 percent is observed in the Bg horizoﬁsi 
which is probably & reésult of stimulated bacterial activity
and leaching. In the Ao of the lodgepole pine burned in 1945
and 1951 décreaées of up to 80 percent were recdrded; Losses .
of total nitrogen occurred in the Ao of the soilunder lo&gepole
pine which was burned in 1945. The effect on the Az of the
soll in the same burn varied. In one pit a.depreaée in total
nitrogeh in the Aé resulted whiie in another sampling area an
Increase in the Ag was found; A reduction in both ﬁhg Ao and
Ag occurred in the lodgepole pine burn of 195}. Increases in
total nitrogen were found in the Ao of the stagnaﬁt lodgepole
Pine bumed 1n51951;

Burning was.responsible for an increaae in total phosphof-
ous in the Ao of most of the solls studied. The Ao horizon of
the Déﬁglas“f}r area -burned in 1943 had a decreass in phoaphor=-
ous.£ A decrease in total phosphorous of the Ao hori;on was
found in the soils under a mixed atand of lodéepole'pipe, Douglas
fir and spruce which had been burned in 1945. An explanation fbr
the decrease 1n total phosphorous for these buriis might be the
loss of phosphorous 1n the smoke as described by Isaac and
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Hopkins (73), or it could be a result of the wind blowing
the ash éhd‘fgp soll as recorded by Pechanec and Stewart (104).
A trend indicating that burning of lodgepole pine in 1945 only
. and in 1945 and agﬁin in }951.re8ulted in an increase of total
phosphorous of the Ag. Rainfall probably carried some of the
soluble phosphorous down ﬁovthese lower horlzons. With the ex-
ception of the example mentioned the results below the Ao varied
. to such an extent that no conclusion could be made as to the |
effect of fire on the total thSphofous content in the subsoil;_
The carbonic acid soluble phosphorousAcontent of the Ao
horizbn was greatly reduced as a result of burninge. The only
sample not demonstrating such an effect was one site in the
1951 bum of stagnant lodgepole pine. The reason for no.
decrease 1n the availability of phOSphofons at thils site may
have been due to the absence of excessive amounts of calcium.
According to Thorne and Peterson (135), Ca0 induced alkalinity
%ill‘greatly ;educe the ﬁvailability gf ﬁhasphorous. Teakle
(132 ), demonstrated that phosphate concentration in the soil
solution was greatly reduced as pH values rdge from 445 to 645,
All the samples studiéd_eXcept oné site in the 1945 and 1951
burn of lodgepole pine and one site in the 1951 burn of stagnanﬁ
lodgepole pine showed a decreasewin availability'of phosphorous ‘
in the Ay. The effect of fire varied in the Bg. The availability
of phosﬁhoroﬁs decreaseﬁ 1n the Bo of the Douélas fir burn in
1943, the lodgepole pine burn ofw1945, the 1951 burn of lodgepole
pine and the stagnant -lodgepole. pine burn of 1951. No chenge in
the availability of phosphorous ip the Bg was Qbsérvéd in the

remaining samples. The age of the burn appeared to have some
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effect on the degree of change in availability of phosphor?

ous in the Ao horizons. Recent burns did not appear to have .

a8 much effect on availabilityvas the older burns.. Possibly -

several years must pass before all the released calcium in the
ash can react with the released phosphorous. A comparison of

carbonic acid soluble phosphate and total phosphorous reveals

that in the Ao of the unburned soll approximately 25-perceht'-z

of the total phosphorous 1s available while in the burned on_

horizons vefy little of the total phosphqroug is.availabie;

Similiarly Bujakowsky (17), observed that the normal organic

horizon contained 20 timéé'as much soluble phosphorous as,

did the mineral soill. Burning thus appears to decrease

‘the portion of total phosphorous which is availaﬁle. ‘
002 avallable potassium decreased in the Ao of all but

one sample studied. The Ao of one sample of the stagnant

lodgepole pine burned in 1951 did not‘have a decrease, The f

data Indlcates that the potassiﬁm released in thé ash must'A

be readily soluble and easlly leached. Increases in potassiu@

contenﬁ of the Ay did not follow a glven trend. ‘Eight of

the sagmples gtudied shoﬁed a decrease in CO2 sdlublg potass;

ium. The remaining fouf samples had an 1ncrea$e 1n'potéssium.

. Increased léaching following the removal of vegetation by

the fire, apparently removed most of the poﬁassium beyond

the A2.\ In the By horizons the potéssium content'incféaéed

in a1l but two‘samples. ~Although the Bz horizons Wefe not

studied, it 1is possible that.the potassiﬁm in the two excep-

" tions had been leached to greater depths. The accumulation'



of potaasiﬁmlin the subsoil after(a burn 1is 1n'agreoment
with work done by Rideout (112).

An increase in the content éf CO, soluble calcium 1n
the Ao poriZOns of recently burned soils was found.rDecreases_
in the amount of calcium in the Ao of the burns in 1943 and
1945 occurred, The }argest~deéréase was recorded in the
1943'burﬁ whils but a slight decrease was observed in the
1945 burns. It appears that after 8 or 9 years all the
added calcium 1s leached to lower horizons or is uﬁilizéd
by the new ground cover. The values obtained for the Ao
varied considerably. Five of the samples showed an increase
in calcium content while the remaining seven samples showed
decreases, In the more recent burns as 15-1951 the calcium
content in the B, horizons did not chanée to any extent, In
the burns of 1943, 1945, 1945 and 1951 increases in fourréf
the samples and decreases in the‘remaining five sambleb were
found. The samples indicating an increase in the Bz were
probably?receiving calcium¢wh1ch hﬁd been leached from the
Ao and A, borizons. Deéreaaos in the'calcium'content of the
By may have resulted from‘increased leaching due té the re-~
moval 6f ground cover by fire, _ | _ .‘ ._

€Oy soluble magnesium showedvsqme.variability in the A,
and Bé. There.was a trend to an increase in magnesium of the
Ao horizon in the recent burns of 1945 and 1951'and 1951. The

content of magnesium decreased in the Jo of the older burns

1h 1943 and 1945. Excessive leaching probably removed the

added magnesium to the subsoll.

The values for COg soluble nitrates showed a decrease
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in the Ao of the burned solls. In the Ay horlzon the results
were vafiede From the data 1t is indicated that éight out of
the twelve burned soil samples showed ankinéfeasé of’nitrates* 
‘in the Bg horizon. Poséibly after the burnnpitrification was
was stiﬁulated at the soll surface but with considerable leach-
ing the nitrate was carried to the subsoil.

The comparison between the twice burned profile 1945 and
/1951 and theaadjacont unburned profile indicaﬁéd“that there
was some reduction in tpe'base exchange capacity 1n'thb_Ao;'~
No substantial change was observed below the Ao. Exchange-=
@ble.qalciﬁm was greatly increased in the Ao and slightly
increased in tpe Ay of ﬁhe'burned soil. The content of
exchangeable magnesium rose in the Ao, Ag;and By of the
burned soil., Increases in exchangeable potassium were
found in the Ao, Ag, and Bg, and By of the burned profile.
Accordiﬁg to the data the percont_basg,éaturation”1ncféaséd

in the Ao, Ag, By, and By of the burned site.
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CONCLUSIONS

As a result of forest fires the following changes
- occurred in the 8oil of the lodgepole pine, Douglas fir
and the mixed standé of lodgepole pine, Douglas fir and
spruce forests near Lac Le Joune. o

(1) 4 reduction in percent porosity of the top 0~3
inches of soll due to the destruction of both the porous
organic hofizon #nd the crumb structure of the upper
portion of the By horizon. A further reduction was the
result of the soil pores being clogged b& ash and sua-
pended soil particles.

(2) Increased percentage of capillary pore space of
the O-3 inch layer because of the destruction of the Ao
horizon and the gompaction'of the prosed soll by rain,

(3) A decrease in the percentage of non=capillary
pore space or air volume in the 0-3 inch layer resulting
from the destmuction of the Ao with its large pores. The
compacting effect of .rain drops on the erumb structure of
the By horizon also aided in decreasing the non-capillary
porosity. B |

(4) An 'increase in volume weight of the O~3 inch layer
due to 5ompaetiop and destruction of the less dense Ao.»

(5) A decrease in the infiltration rate due to'éompaction
and destruction of soil structure.

(6) An increase in soil temperature at a depth of 3 inches
resulting ‘from the addition of charcoal which absorbs heat
and the destruction of vegetation and forest 1itter which

normally serve as lnsulating agents.
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(7). An increase in pH of the Ao and in some cases
of thé,Az‘as a result of the release of basic minerél#
from the ash. There was an indicaﬁion that the_basici'
mine:alé may be leached downwards to the A2. The pH
of the Ao decreased 5.ori4 years after the fire.

(8) A decrease in the organic maﬁter 6ontent of the
duff‘@hfcﬁ had not been totally destroyed by fire. Below.
‘the Ao ho change occurred. .. ‘

7(9) A decrease in the total nitrogen content of the Ao
due to thé vo;atinzatioh of nitrogen during the fires No
definite trend could be established below the Ao.

(10).An increase in total phosphoroué in the Ao because
of the release of this elemenﬁ“from the litter, '

(11) A reduction in the carbonic acid soluble phosphorous
in the Ao due to its combination with the excess calcium to |
fofm anwinsclﬁble compounds Similiarly a decrease in 002‘
soluble phosphbrogs occurred in the Ag. )

(12) 4 dedrease in CO, soluble potassium in the Ao
and Aé‘rgsﬁlting from unrestricted leachinge An increase in
COg soluble potassium in the 32 horizon. |

(13) An increase in COg soluble calcium in the Ao of
}recénf burns due to the presence of large amounts of calcium
in the ash. gpparently 8 or Q‘years are requiréd before ali
thé added calcium 1is either leached to lowér horlzona or
utilized by succeeding vegetation. ) |

(14) An iﬁcrease iﬁ CO, soluble magnesium in the Ao 6f
. the réceﬁtﬁburnqg The content decreased in the Ao of the

older burns because of increased leaching.



{15) A,decreaée-in coy soluble nitrates in the Ao. An
1nc#eése'in nitrates in the B, 1s probably a result of in~-
creased nitrification at the soil surface followed by con-
siderable leachinge.

| (16) A reduction in the base exchange capacity of the
Ao. An incresse in exchangeable calcium in the Qo and A,.
An increase in exchangeable magnésium in the Ao, &g aﬁd"Bz
horizons. An increase in exchangeable potassiuﬁ in the Ao,

A,, By, and B,. An increase in percent base saturation in

3
the Ao, Ag» Bz, and B, levels.
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Trees:

Shrubs:

APPENDIX .

Populér Name

Aspen
Douglas fir -
ipdgeﬁole pine
Spruce '

Alder

' Canada dogwood'

Dwarf blueberry
Kinn;ckinnigk 3
Red alpine blueberry

" Rose

Sopolallie

' White hardhack

Herbsys

Willow
Arnica

Dandelion

.~ Fireweed

Goatsbeard
Hawkweed
Iupine
Pine grass

‘Strawberry

Timber sedge
Tigber milk vetch

Twin flower
Wintergreen

Yarrow

Scientific Name

Populus tre_mx;.l_o ides
Pseudotsuga taxifolia
Pinus contorta
?icea‘éngelmanni

Alnus s;tchenéis.
Cornus canadensis
Vaccinigm caespitosum
Arctostaphylos uva~ursi
Veccinium scoparius
Rosg spp | |
Eleagnus canadensis
Spiraea lucida
éalixﬁbarclayii

Arnica cordifolia
Taraxacum offlclinale
Epilobium ahgustifolium
Tragopogon pratensis
Hierscium albiflorum
Lupinus articus
Calamagrostis rubescens
Fragaria glauca |
Caren conncinoides

Astragalus serotinus

Linnaea borealis

Pyrola secunda o
Achillea millefollum
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Table 12: COMPARISGN OF THE RESULTS OBTAINED BY THE

BOUYOUCOS METHOD OF MECHANICAL ANAIYSIS
AND HAND TEXTURING. A ‘

Map Site Description Method

. Horizon
- Number . Ao Bg Bz C
8 1945 Burn of Bouyoucos Sandy Sandy Loamy Loamy
Lodgepole Loam Loam Sand Sand
Pine Hand Textur- Sandy oSandy Loamy Loamy
' ing Loam Loam Sand Sand’
9 Unburned Bouyoucos Sandy Sandy Loamy Loamy
Lodgepole Loam Joam 'Sand Sand
. Pine - .- o
Hand Textur~ Sandy Sandy Sandy Loamy
Loam

ing

Loam

Loam 3and




TABLE 13: THE EFFECT OF FIRE ON THE NON-CAPILLARY PORGSITY, CAPILLARY POROSITY, PERCENT POROSITY AND VOIDMIHEEIGHT OF THE SOIL.

MAP SITE NON-CAPILLARY | CAPILIARY PERCENT '| VO LUME |
NUMBER ______ DESCRIPTION POROSITY AVERAGE _ POROSITY  AVERAGE POROSITY AVERAGE WEIGHT AVERAGE
1 1943 Burm of I?oﬁéiéé'f'ii‘w | gs-gg 25,38 ég'gg 41.06 g?gg 66,70 | :g?g +896
5 Bovgias Fir Do T
il I S A -
»'7 ?nburned %_jv.xed;?tapd ig'ﬁ?, 34.g9 gg:g‘s 51451 ngzg é4,85i :ggg '46.5
® 1945 Bam of Lodgepole pine o meese B0 svws 2300 e2.0) QR0 .o
® Uaburaed Lodgepole pine B (se.ss 3078 se.as  P9e00  e5.25) 10 w98
10 1945 Burn of Lodgepole pine e 16033 $3.97 40,63 21029 se.60, 0¥ 855
t2 Toburmd Totzote e BT me B seao W ea) 0% e
# 14 1945 and 1951 Burn of Lodgepole Pine 1%23% 9,86 22:%% 42,51 gé;gg - 52‘05‘4015 i:ggg 1.136
R T
1 1951 Bumm of Stagnant fodgepole pne  Seesl i - R R
19 Unburned -Stagnant Lodgepole pine 29,71 32,81 41.88 - 38,00 - 71.80 - 71,00 e42¢ 390
| . 35,92 34,13 PEeTT 70,20 ,. v

0356

# COMPARE WITH MAP SITE 12,

-
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TABLE 14 THE EFFECT OF FIRE ON THE RATE OF WATER INFILTRATION
ABD SOTL TEMFERATUHE

MAP SITE ' RATE OF AVERAGE SO IL TEMPERATURE
NUMBER DESCRIPTION INFILTRATION IN AT A DEPTH
MINGTES MINUTES OF 3 INCHES
118
1l 1943 Burn of Douglas 111 64°F
fir 105 .
29
3 Unburned Douglas fir 32 580F
. 36 _
60
S 1945 Burn of Mixed 66 66°F
Stand 72
24 o
7  Unburned Mixed Stand 21 55°F
18
24
8 1945 Bum of Lodgepole 23 629F
Pine - 23 t
. - 18 o
9 Unburned Lodgepole pine 14 _ 16 53°F
10 1945 Burn of Lodgepolo 45 o
pine . 38 59°F
31
' 13
12 Unburned Lodgepole pine 15 54°F
) 18 .
112 '
14 1945 and 1951 Burn , 86 70%F,
of Lodgepole pine 60 )
17 ' ~
15 1951 Burn of Lodgepole : 17 63°F,
pine - 18
42 ‘
18 1951 Burn of Stagnant - 36 58°F.
Lodgepole pine 31 .
19 Unburned Stagnant 18 15 52°F.
Lodgepole .pine 12 '

# Compare with Map Site 12
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TABLE 15 THE EFFECT OF FIRE ON SOIL pH
Mip STIE 3 prscRIPTION fo AVERAGE | A2 | AVSRAGE | B2 | AVRRAGE | B3 | AVIRAGE c AVERAGE
bﬁ
1 1943 Burn of 5,80 : 560 5.80 6.20 6.456 .
. 5.40 5475 6.10 ; 632
2 liDouglas fir 5,60 | °*"° | s.20 5470 * 6,00 6.20 ¢
3 || Unbarned 5480 5490 5495 6420 5490
i 5 588 6.12 5,96
% || Douglas rir | 5,35 5487 5,40 +85 5.82 . 6,06 . 6,02 .
5 1945 Buarm of ' 5.46 5 4&83 4.99 5.55 5.81 5.92 6 28 6.2 6 5@
6 ¥ Mixed Stand 5,15 39 | 5.10 6.08 645 ° Bed *
7 [ Jl 420 | 480 | 475 | 475 | 5.2 | sue2 | 5.9 | 5.9 6.65 | 6.65
g || 174> Burn of 2 5 5 5.9 5.95 5 15
Todgepole Pine 5.20 | 5.20 | 5.3 3 .95 . 6.1 6. 6.45 | 6.45
Unb d ,
9 | Lodgopole Pine || 470 | 4470 | 4.65 | 4465 | 5.30 | 5.30 | 5.46 | 5.46 | 5.45 | 5.45
10 |l 1945 Burn of 5.80 5.40 6.15 625 , 6452
11 || Lodgepole Pine 5.50 5,42 5,8 * 6.15 6425 6e
Unburned 4, 2 .e2 . 5 . 5
12 || oot pine 50 | 4.50 | 4.9 4.92 | 5445 | 5445 | 5,95 | 5.95 | 6.25 | 6.25
13 |l 1945 & 1951 Burn|| 770 630 . 5,82 6 .30 6,35
# 14 of Lodgepo]_e Pine ‘ 7.18 Tadd 5.76 6.05 6,00 5.91 6.0 6.17 6455 6’45
15 |f 1951 Burn of 6485 | 6465 | 5445 | 5445 | 6.29 | 6.29 | 6.10 | 6.10 | 5.90 | 5490
Lodgepole Pine
16 || Unburned 5.05 | 5.05 | 5.62 | 5.62 | 6.10 | 6,10 | 6.32 | 6.32 | 6.60 | 6.60
Lodgepole Pine 5 .
e B8 : 510" B5e80 DB 6.0
17 }}1951 Burn Stagnant ¢ * ¢
18 || Todgepole pine || 6,25 | °*%° | 5.5 | "% | e85 | O | 6.2 | &% | 5. 6.05
Unb ed Stagnant ‘
19 f;;;‘pole e 4.20 | 4.20 | 5.05 | 5,05 | 5,70 | 5,70 | 5.95 | 5.95 | 6.1 6.1

# COMPARE WITH MAP SITE 12

9L
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'TABLE 16 THE EFFECT GF FIRE ON THE ORGANIC MATTER CONTENT OF THE SOIL (IN PERCENT).

77

Mﬁ%ﬁgg; DESCRIPTION | fo AVERAGE | A2 | AVERAGE | B2 | AVRRAGE | B3 AVIRAGE C AVERAGE |
1711943 Burn of 19369 | 15 99 | 1e28 | as 079 69 | 30 25 | 45 32 |
2 il Douglas fir 12,30 239 } 260 a21 : 219
4 |jDouglas fir 46,01 - 1,31 '-"3, 1,12 : «50 20 18 °
5 1945 Burn of 11.33 , 1,13 307 | ¢10 «08
¢ Birixod Stand 11.47 11.40 .53 283 ~37 .537 a2z | 01l ~08 .07
‘i Unburned : . - T ,
7 li Minod Stand 1935 | 19.35 o79 «79 odd o4 02 .22 <06 206
g || 1945 Burn of 21466 | 21,66 | 1431 | 1.31 52 52 | 10 | .10 .06 | .06
Lodgepole Pine . | S Rk - A :
{ Unburned 73.92 7 2 1424 ) - .
9 |l Lodgepole Pine Se 3f9 - 1e24 «58 «58 15 +15 009 <09
. t : ]
11 || Lodgepole Pine || 11,20 ) 094 ’ 042 ° 016 ° £12 °
12' Unburned C : ‘ -
n-}’_,odgepo]_e Pine 26,57 26,57 1.08 - 1,08 PCY: 034 «15 ol « 04 o O4
. 5442 86 75 o 20 12 '
13 |l 1945 & 1951 Burn ° 5 of .92 . : . | °
# 14 |} of Lodgepole Pine 5,78 °GQ T «99 - 9 68" 71 09 | 14 _ o 07 09
15 | 1952 Burn of 18,23 |. 184233 | 1e41 | 1,41 e83 | .83 026 .| 426 17 017
Lodgepole Pine ‘ ' : ’ )
H .
Unburned , - ,
16 Loggepo'le Pine 29060 | 29460 | 1.06 1.06 059 059 w12 ol2 .11 011
17 ||1951 Burn Stagnant, || 17479 | ,q. ¢ 1.37 1 o71 ' 28 011
18 || Lodgepole Pine 21041 760 o87 1.i2 292 ?81 48 38 _zA 20
19 ||Unburned Stagnant || 59 45 | 29,43 | 1.23 | 1.23 | 1.06 | 1.06 | .46 | .26 | 30 «30

Lodgepole Fine

# COMPARE WITH MAP SITE 12

LL



TABLE 17 THE EFFECT

OF FIRE UPON TOTAL NITROGEN IN THE SOIL (IN PERCENT)

”*;% 3?5;% DESCRIPTION Ao AVERAGE | A2 AVERAGE | B2 | AVERAGE | B3 | AViRAGE C AVERACE
; -
- 1. 21943 Burn of - -1.150 ' o 01.65 . 9 - Q136 - - 101 .080 T 057 o 005-2 .06“2 - j
2 | Douglas fir 750 090 +090 2T o | ° «035 | °  .043
3 || unburned 24390 | .180 | 089 2074 . 060 Y
L || Douglas fir 1,340 1.86 e | °1*° 053 | 972  #046 «060 .027 0043
5 11945 Burn of 506 | gzg | 997 Lore | BT | .42 20211 017 010 1 012
6 § Mixed Stand 0770 | «059 0048 0014 | 014
"} Unburned ' A 5 ' T Aot
7 ixed Stand o807 | o807 »040 | »040 (044 | o044 o023 | .023 0021 .021
g |I 1945 Burn of +800 «800 | . .088 088 L0753 | 073 +100 | +100 034 .034
Lodgepole Pine : _ -
Unburned ' .
9 |l Lodgepole Pine 1,200 | 1,200 | .069 +069 .058 | ,058 .024 | .024 .024 .024
10 {1945 Burn of 0454 o516 | o113 ,103 «064 | 062 2045 | 041 .051 042
ll LOdgepole Pine ._57& .O% . nQGl .058 : . 034 i
12 ||, Unburned 678 | . 678 094 094 075 | 075 029 | .029 021 021
thgepOle Pine o - 8 ® [ - [ ] . [ ] A ® . e [ ] do
# 13 || 1945 & 1951 Burn|| 168 <080 1,034 | .057 015 -
14 || of Lodgepole Pine|l 061 | **** | L0096 | *9®® | ,osz | °%° 045 | *9°1 o4z | 028
1951 Burn of ' Ca ' '
15 Lodgepole Pine «990 0990 0107 | o107 | 086 10086. 2039 039 «035 ) 0055
16 || Unburned 1,096 | 10096 | o164 | o164 | o117 | o117 2080 | 080 .08l | .081
Lodgepole Pine . ' , ' : '
17 |{1951 Burn Stagnant .784 g2 +030 065 2076 - <023 «021 _
A : 078 7 .
18 || Lodgepole Pine 280 | *° 2101 ° .080 | -° o1 | % ,018 -019
19 ||Unburned Stagnant o -
Lodgepole Fine »651 o651 .054 »054 .109 | o109 w073 | o073 JU49 | - 4049

# COMPARE WITH MAP SITE 12

- 84



TABIE 18 THE EFFECT OF FIRE UPON THE TOTAL PHOSPHOROUS

IN THE SOIL (IN PARTS PER MILLION)

M || pEscRIPTION Ao AVERAGE | A2 | AVERAGE | B2 | AVERAGE.| B3 [AVERAGE | © AVERAGE
1 }{1943 Burn of 16432 | 1.2 | 42:86 | 3,85 | 19637 |157.10 | 9‘6‘.’8?120.65' TEB2+T2 [131.70 =
2 || Douglas fir 6.20 |- 122,85 157,93 . 149.24 90.68
3 Unburned . 48,91 3,82 93.11 84,52 | 113.0L | 109,21 | 7170 | g7.,15 | 180.41 184,65
L || Douglas fir 18,75 | ° 75.94 i 105.42 122.60 | ~°7° |188.80 ~
5 |{1945 Burn of 17.16 | 17,39 | 89.07 | g5,83 [200.93 218,11 | 180.07 115,31 [220.05 237,05
2 faow Bam o 17.62 %9 | 86.59 235 .30 189.65 242 .08 °
: Unburned _ v a1 . : . e .
7 Hoieod Stand LL 42,74 | 42.74 |165.02 | 165.02 |241.22 ‘24,1.22  198.98 | 198.98 | 198.65 |198.63
g || 1945 Burn of 35.45 | 35,45 |167.00 | 167.00 |247.06 | 247.06 | 201.88 {201.88 | 184.02 [184,02
Lodgepole Pine I v . , : S
g || Unburned 33,04 | 33.04 | 49.71| 49.71 | 96.83 | 96.83 | 135.55 | 135.55 | 187.08 |187.08
Lodgepole Pine : : : . ‘ t
10 | 1945 Burm of 149.86 108,37 ] 226,01 ' 90,69 126,34
11 || Lodgepote Pine || 68.83 | 109+3% | 116,59 | 11248 | 10,31 [ 203+16 | gglos | 7937 |131.95 |1¥9-13
1o || Unburned 19,94 | 19.94 | 75.56 | 75.56 |462.51 |462.51 | 65.29 | 65.29 | 90.68 | 90.68
i Lodgepole Pine ‘ 3 .
13 |1 1945 & 1951 Burn|| 57 .35 85.18 245,99 97.51 | - 119,67
# 15 || of Lodgepole pine|| 81.25 | 69+®9 |110:58 | 9788 1332 08 | 28808 | 100,40 | 98+9° | "gg.95 | 10430
15 |f 1971 Burn of 81.14 | 8l.14 | 146,31 | 146,31 | 274.59 | 274,59 | 176.77 | 176.77 | 257 .47 |257.47
Lodgepole Pine ' : ' _ : ' : . :
"¢ | Unburned 21,66 | 21.66 | 20.16| 20.16 | 26.37 | 26.37 | 55.16 | 55.16 | 36.72 | 36.72
Lodgepole Pine
-17 ||1951 Burn Stagnart || 38.14 ' 78.31 136.21 | 192.62 | 354 .48 ‘
18 || Todgepole Pine || 70.54 | %34 | g3,25| 8078 | 535,24 | 23472 | 157,39 | 179400 | 564 (24 | 309436
19 || Unburned Stagnant 18.67 | 18.67 | 157,75 | 157.75 | 244 .40 | 244 .40 | 135.39 | 135.39 | 198.93 |198.93
Lodgepole Fine ' _ : : : ,

# COMPARE WITH MAP SITE 12
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TABIE 19 THE EFFECT OF FIRE 0>N THE CO2 SOLUBLE PHOSEHORQUS

IN THE SOIL.

®

(PARTS PoK MILLICG N

%ﬁ? - DESCRIPTION ho AVERAGE A2 AVERAGE B2 AVERAGE
1 1943 Burn of 15,92 ) 2,57 ’ o511 Y
2 Douglas fir 576 10.84 204 2430 82 -66
3 . Unburned {47.,72 - 3498 ; 2,06 :
L Douglas fir 18,57 | 23*1% | s.30 | 34| 3,05 | 2495
5 1945 Burn of 1.93 .82 .10 40 51 51
6 Mixed Stand 771 : o 71 +51 .
Unburned ,
7 Mined Stend 40,07 | 40.07 | 2.24.| 2.2 50 | .50
1945 Burn of |
8 Lodgepole Fine 19 .Q? 19.07 .6? .62 «82 ,82
9 Unburned 32,45 32.45 1,76 1.76 | 1le64 | 1.64
: Lodgepole Pine :
10 1945 Burn of 1,06 2,35 .82 - o5l A
11 Lodgepole Pine 3.65 272 * 30 40 .
12 Unburned 3 '.
Loer pine. 19.03 19,03 | 1,23 1423 30 30
y 13 1945 & 1951 Burn || 10.01 1,94 c 51
# 14 of Lodgepole Pine ‘|| 152 576 W51 | 1022 w30 | %0
. 1951 Burn of 17.64 | . “ . 45
> Lodgepole Pine °6 17,64 62 +62 42 42
Unburned . ' , :
16 Lodgepole Pine 20.85 | 20.85 84 | . .84 81 | .61
17 - 1951 Burn Stagnant || 20.04 ‘ o73 093
18 Lodgepole Pine 16461 18,32 «63 «68 W72 .82
Unburned Stagnant : ' o
‘ 19 Lodgepole Plne 17 .50 17 050 o;l A, ) 031 ._ 1006 1.06

# COMPARE

WITH MAP SITE 12

80
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TABIE 20 THE EFFECT OF FIRE ON THE GOgﬁOLUBI.E POQTASSIUM GONTENT OF THE SOIL.

(PARTS PER MILLION7

MMEE DESCRIPTION Ao _ AVERAGE A2 AVERAGE B2 AVERAGE
1 |} 1943 Burn of 22,86 | 24.18 8:75 9.47 | 8,23 9.51
2 Douglas fir 25 .47 * 10,20 . 10,79 -

3 Unburned [ 31.31 | 15.20 | 5467
L Douglas fir 34,00 732'65 13.41 14 -'30 8.23 6.95
5 . ; 19/45 Burn of" 4093 8.7 : 3.06 2 _ 12020 "
6 Mixed Stand 12,66 ' ° 2,29 +67 3.06 +63
7 Unburned 34.84 | 34,84 | 14,80 | 14.80 | 6.92 | 6.92
Mixed Stand ' ) . . )
8 1945 Burn of . 23636 | 23436 | 9.91| 9.91 | 15,48 | 15,48
Lodgenole Plne v
9 Unburned 49.44 | 49.44 | 8.28| 8.28| 5.64 | 5.64
Lodgepole Pine - ) :
10 1945 Burn of 3445 5,08 | 333 6.28 | 3321 4.47
11 Lodgepole Pine 6.72 . 9.23 ? 5.63 '
12 Unburned Cap . '
Lodgepole Pine 14.16 14.16 8.21 8.21 3.92 | 3,92
: ' 9.48 17 .66 6.18 :
13 1945 & 1951 Burn i 5450 ° 10,74 * 7 .20
# 14 of Lodgepole Pine | 1052 5.83 8"'22
15 1951 Burn of : : , >
= Lodgepole Pine 25.97 | 25.97 | 13.06 | 13 .O§ \T.72 7‘.'72
16 Unburned 28,31 28,31 8,92 8,92 11.65 | 11,65
Lodgerole Pine : _ 4
17 ‘1951 Burn Stagnant 17.61 . ' 1.5'10_ 14,05 |
Unburned Stagnant 20.1( 20,] A , ' ) v
19 Lodgepole Pine 0.10 0.10] 15.29 ] 15,29} 10,60 | 10.60

# COMPARE WITH MAP SITE 12

81

18
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‘I‘ABIE 21 THE EFFECT OF FIRE ON THE CONTENT OF CO2 SOLUBLE CALCIUM IN THE SOIL
PAEELEER_MILLIG’ . ' '

MAP SITE AT T AVT '
NUMBER DESCRIPTION Ao _ AVERAGE A2 AVERAGE B2 AVERAGE
1o 1943 Burn ofr © 1126416 | 25,37 | 20.09 | 17,72 | 24.69 | 25,21
2 Douglas fir 26 058 15.56 : 17175
3 _Unburned . 146,97 9.48 24,37 21.85 22,42 23,5
i Douglas fir 31,99 | ° 19.34 | %0 | 240q0 | 28°°°
Te65 —9.20 13,78
1945 Burn of -
2 B&Zd‘sgng Al1a.87 12,26 4.59 6.89 8,42 | 11.10
7 ' Unburned . ‘113,06 | 13.06 | 4.59 | 4.59 | 10,18 | 10.18
' " Mixed Stand . .
8 1945 Bum of 24,14 | 24,14 | 14.87 87 | 22 22 .46
Lodgepole Fine . 14 . _ 14 .87 22,46 22446
9 - Unburned ' ' N v
Lodgopole Pine - ||2%+70 244,70 | 1087 | 1087 | 14.62 | 14,62
10 1945 Burn of 13,57 ' 5.38 17,40
11 ' Lodgepole Pine 12,90 13 ?23 10:77 8'07 1-1:52 14,41 -
12 Unburned . . _ : . o
_ Lodgepole’ Pine - 9.68 9463 | 13486 | 13.86 | 14.71 | 14.71
# 13 1945 & 1951 Burn {13487 g8.26 | 10474 7472 :
_ 1L of Todgepole Pine | 42466 | 10°%8 | 17,66 | 14220 | j5.47 | 11+56
1951 Burn of s ’,
15 ledzepole Pine || 46438 | 46.38 | 18.02 | 18.02 | 19.06 | 19.06
: Unburned - . o
16 Lodgepole Pine 17 .54 17.54 | 19.68 | 19.68 | 22,40 | 22.40
17 || 1951 Burn Stagnant || 20,31 | 32,20 | 1874 50 | 22.02
18 Lodgepole Pine 44,09 5 20 16.27 17.50 16.35 19.18
o Unburned Stagnant : _ o
19 Lodgepole Pine 18.48 18.48 | 18.98 | 18,98 ‘16.70> 16.70

# COMPARE WITH MAP SITE 12

28



TABLE 22 THE EFFECT OF FIRE ON THE OONTENT OF

COo_SOLUBLE MAGNESIUM IN THE

SOIL. (PARTS PER MILLION).

MﬁgMgégE : DESCRIPTION Ao ,AVERAGE A2 ‘AVERAGE B2 AVFERAGE
1 1943 Burn of" 34,13 | 8475 | 2| 10,28 o
2 Douglas fir 9.41 ‘?'l‘77 @:08 6.4l 5:55 7496
'3 Unburned [ 15,28 7 .60 - 9.79| o
4 Douglas fir. 14,10 14.69 6.96 7428 10.08 | °°%%
5 1945 Burn of 2,68 | 5.08 | 281 | .17 694 | 5,76
6 Mixed Stand 7 e49 -0 1.53 * 4,59 *
7 Unburned ' TeB4 | 7.88 | 4.59 | 4,59 4,58 | 4458
Mixed Stand : ' : :
8 1945 Burn of 13,76 | 13,76 | 6.26 6426 | 5,95 | 5,93
Lodgepole Fine , : _ : -
9 Unburned 23,60 | 23.60 | 4091 | 4.91 | 6.92| 6.92
Lodgepole Pine
10 1945 Burn of 622 2030 5.88 :
11 Lodgepole Pine 5.57 | 274 | guag | 589 | gigg| 7°80
12 Unburned 9.63 9,63 | 9.75 9,75 9.80| 9.80
Lodgepole Pine : .
13 1945 & 1951 Burn || 3183 | 39 g7 | 1586 | 13 56 9.0L1 g 12
# 14 of Lodgepole Pine 8,12 * 11l.26 : 9424 '
" 15 1951 Burn of 19,79 | 19,79 7.83 7«83 7.94 | 7.94
Lodgepole Pine ‘ - : ) ' :
16 Unburned 12,31 | 124,31 | 12,60 | 12,60 12036 | 12436
Lodgepole Pine _
17 1951 Burn Stagnant 8,12 6,76 | 12,75 :
.18 Lodgepole Pine - 20444 14°28 |- 530 { - 603 6:02 9.38
ig - Unburned Stagnant || 4 .40 | 4,40 | 5.79.| 5.79 | 7.95| 7.95

# COMPARE WITH MAP SITE 1z

Lodgepole Pine

83
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TABIE 25 THE. EFFECT OF FIRE OGN THE

(IN PARTS PER MILLION)

CONTENT OF CO8 SOILUBLE NITRATE IN THE SOIL

MAP SITE

NUMBER DESCRIPTION Ao AVERAGE A2 AVERAGE B2 AVERAGE
1 1943 Burn of 432 : 237 1~ - : 516 | :
2 Douglas fir -088 60| om1| *¥°%| 5ge| 555
3 Unburned o716 073 .103
4 Douglas fir +688 70l .134 -105 «483 +293
5 ]-9[}5 B.urn Of 0051 .053 .051 .040 0051 .0\70
6 Mixed Stand «055 . 0030 ] .089
Unburned C v
7 Minod Stend 342 | o342 | .181| 181 ,039| .039
_ 1945 Burn of ' ’
8 Todgepole Fine +926 0926 313 «313 o376 | 376
9 Unburned = 1,017 | 1,017 062 | ,062 | ,389| .389
' Lodgepole Pine T ‘
~ . 063 : o6l | 255
10 . 1945 Burn of «U71 S oo | #0711 ° 276
11 Lodgepole Pine -080 '082A 0297 °
12 Unburned . ] . ) ] o
Lodgepole Pine 158 158 143 0143 609 | .609
13 1945 & 1951 Burn 0274 .156 358 | _4n o710 |
# 1k of Lodgepole Pine «038 583 : © 416 #9563
315 1951 Burn of .108 108 | L0733 | .O'3| .672 | .67
‘ Lodgepole Pine. ’
Unburned 1.390 | 16390 17 %17 . .
16 Lodgevole Pine ‘ .j oIEE «1730 1730 154 154
. , o . 216 156 ] W42k
17 1951 Burn. Stagnant . ' _ . ,
18 Lodgepole Pine - .127 -171 .127 4l | g | 0433
Unburned Stagnarnt - ,298 T ,208 305 05 ' ' . '
19 Lodgepole Pine * N ;. ,3 . "175 175

# COMPARE WITH MAP SITE .12

84
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TABIE 24 ’I'HE EFFECT OF FIRE UPON THE BASE EXCHANGE CAPACITY, EXCHANGEABLE BASES, AND THE PERCENT BA§ E SATURATION

. OF A IODGEPOLE PINE %IL BURNED IN 1940 and 1lH0l.. .

b
-

MAP SITE EXCHANGE CAPACITY EXCHANGEABLE EXCHANGEABLE EXCHANGEABLE 3
© 7 DESCRIPTON HORIZON .. _IN . CALCIUM _IN MAGNESTUM. IN POTASSIUM IN PERCENT BASE
NUMBER . MILLIEQUIVAIENTS MILLIEQUIVS. MILLIEQUIVS. MILLIEQUIVS. | SATURATION
- PER. 100 GRAMS OF PER_100 GMS. PER 100 GMS. - PER.100 GMS. o
OVEN DRY SOIL OVEN DRY S0IL. OVEN DRY SOIL. OVEN DRY $0IL,
Ao 49,00 13055 B 4432 - 1,06 3865
UNBURNED Ag 11.00 3476 1.2 .22 | 47.1
12 IDDGEPOLE B2 10.00 3,10 .96 012 ' 4108
' .PINE. - ] —
B 7.20 3.08 2.83 17 85.8
C 4,50 2401 1,16 .18 96,46
Ao 31400 2443 5,50 1,07 | 100.0
1945 AND 1951 Ao 10400 4,05 1.92 237 6344 -
13  BURN ' OF By, 8.64 2044 136 #25 7248
LODGEPOLE Bs- 5,10 2460 1,97 032 95,8
" PIRE e 3,80 2425 1.26 018 97,1

S8



FIGURE 2. - AN OUTCROP OF COAST INTRUSIVE GRANITICS NEAR
ROSSMORE LAKE

FIGURE 3. COAST INTRUSIVE GRANITIC OUTCROP NEAR LAC LE JEUNE.



FIGURE 4

FIGURE S

TERTIARY BASALT AT ROSSMORE LAKE

TERTIARY BASALT FORMING A DISTINCT ESCARPMENT
AT ROSSMORE LAKE
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FIGURE 6.

FIGURE 7.

A TRANSVERSE MORAINE NEAR ROSSMORE LAKE

A DEGRADED MORAINE DAMMING LAC LE JEUNE
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FIGURE 8.

FIGURE 9.

A MORAINE ROUGHLY PARALLEL WITH LAC LE JEUNE

ROSSMORE IAKE IS MORAINE DAMMED.
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FIGURE 10s A GLACIAL ERRATIC CONGLOMERATE BIOCK NEAR
ROSSMORE LAKE

FIGURE 1l. A GLACIAL ERRATIC CONGLOMERATE BIOCK NEAR
LAC LE JEUNE
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o1

KETTIE-LIKE DEPRESSIONS IN A TRANSVERSE MORAINE

e

FIGURE 1

NEAR ROSSMORE IAKE

Zanit S

'\.

5

AN ESKER NEAR ROSSMORE LAKE

FIGURE 13.
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FIGURE 14. A ROCK DRUMLIN LOCATED L1 MIIES FROM IAC IE JEUNE

FIGURE 15. A ROCK DRUMLIN 12 MILES FROM LAC LE JEUNE
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1943 BURN OF DOUGLAS FIR

FIGURE 16.

UNBURNED DOUGLAS FIR

FIGURE 17.
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STAND

1945 BURN OF MIXED

FIGURE 18.

XED STAND

UNBURNED MI

FIGURE 19,



FIGURE 20.

FIGURE 21.

1945 BURN OF IODGEPOLE PINE

UNBURNED IODGEPOLE PINE
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FIGURE 22. 1945 BURN OF LODGEPOLE PINE
(COMPARE WITH FIGURE 21).

FIGURE 23. 1945 and 1951 BURN OF LODGEPOLE
PINE. (COMPARE WITH FIGURE 21).



FIGURE 24.

FIGURE 25.

1951 BURN OF IODGEPOLE PINE

UNBURNED IODGEPOLE PINE

97
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1951 BURN OF STAGNANT LODGEPOLE PINE

FIGURE 26.

> — ..l;l,—'.nl
=5 X/

UNBURNED STAGNANT IODGEPOLE PINE

FIGURE 27.



FIGURE 28. THE STEEL CYLINDER USED FOR DETERMINING
INFILTRATION RATES

FIGURE 29. A WESTON SOIL THERMOMETER
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FIGURE 30. THE APPARATUS USED FOR DETERMINING
0, SOLUBLE MINERALS.
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