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Influence of Slash Burning on lon Transport in a Forest Soil

Ion transpon in a forest soil is an imporrant part of the mineral cycle of a forest
ecosystem. Through this process ions n-rove downward into the soil where they are
recycled by the forest, retained within the soil system, or leached from the soil profile.
This transport process can be altered by various foresr management practices inclnding
slash burniog, clearcutting, and fertilization_ Potentially, slash buroing should have the
most serious impact oo ion transport as it directly affects ( 1) uptake and rerurn of ele_
ments by the forest, (2) the nutrient capital of the soil system, and (j) the mobility of
mineral elemeors within the soii system. In addition ro rhese fesulrs rhe quantiries of
nutrient ions incorporated in rhe slash must also be considered since substantial amounts
of these murienrs are released ro rhe soil by bLrming.

Because of difficulties in directly measuring the ttansport of ions through the soil
and lack of sufficient data on nurrienr levels in the slash, srudies coflcerning the effects
of fire on forest soil have q'pically considered only the chemical and morphologicai
changes occuriing within the profiie as determined by sampling before and after
burning (Ahigren and Ahlgren, 1960). Such sudies are insensitive to changes in
the nuffient sratus of rbe ecosystem resuiting from slash burning.

This paper reports the resrlts of a pilot study desigoed to evaluate changes in
nutrient release and transfcr following slash fircs in two different fuel concenrrations.
A tension lysimeter system was used to cxamine the relationships of ion release and
transfer resulting from burning. This technique permits continuous monitoring of ion
corcenffations in sclected soil horizons. The data thus obtained permit ion transfer
rvithin the soil to be evaluated as a function of time. These data in combination with
data of nutrient conrenr of the slash rnaterial provide information on changes in the
nutrient stanrs of the ecosystem foilowing burning.

Melhods

The srudy was conduced at the Ailcn E. Thompson Research Center (formedy the
Cedar River Research Areal locared about 35 miles southeast of Seattle in the foothiils
of the NTashington Cascade range. This research center is located in a 40,year-old
second-grorvth Douglas-fir (Pseutlottuga tnenzie:ii (Mi.tb.; Fraoco) plantarion growing
on an Everett series graveliy sandy loarn, a brown podzolic soit (Typic Haplorthod)
derived from Pleisrocene glacial outwash. The climate is typical of lower elevations
in westero \fashington, the average temperaruie in July is 16.C; in January it is 3.C.
The average annual precipiration (ca. 144 cn) falls largely during the winrer months.
Thc research facilities have been described by Cole (1968). The soils, vegetarion,
geology, and climate bave been described by Cole and Gessel (1968).
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Dnring spring I)6), an area about 40 x 70 m was clearcur. This area was adjacent
to an existing 0.2 ha clearcut. All logs of srnall-end diameter grearer lhao 12 cm were
removed, and branches and rops were piled for storage. Three plots 1.5 x 2 m each
(plots 1 through 3) were established on rhe clearcur to delineate uearmenr bouodaties.
Iron-coostantan, three-junction integrating thermopiles were installed in plots 2 and 3
at the surface of the forest f loor, ar the surface of the mineral soil, and at 2.5,5, 10,20,
40, and 80 cm in the soil. Teosion lysimeters 620 cm2 in area (Cole, 1968) were
installed io the three plots at rhe base of the forest floor (or ash layer), at the base
of the A-horizon (about 7 cm), at the base of the B-horizon (about 30 cm), and in
the C-horizon (1 m). Installation of the forest floor and A-horizon lysimeters in the
treatme[r plors was deferred until after burning to avoid the possibility of heat damage
to the acrylic portions of the lysimeters.

Slash composed of needles, branches, and rops was piled evenly on rhe rrearmenr
plots-plot 2 receiving about 7.5 kg/m! of slash and plor 3 ieceiving about 32 kg/m,
of slash. In addition, foresr floor marerial weighing 1.4 1 0.04 kg/m2 ( McColl and
Grier, unpublished) was left intact beneath the piles. All weights are on an oven-
dry basis at 70'C. The slash piles were then covered witir a polyethylene sheer unril
burning.

. Mineral conceorration of the fuel load was approximately 0.15 percenr nitrogen,
0.11 percent potassium, and 0.16 percent calciurn (Cole, Gessel, and Dice, 1967). The
forest floor contains 0.86 percent calcium, 0.14 percent magnesium, 0.19 percent potas
sium, and 0.!8 percent nitrogen (Grier and McColl, unpublished). All mineral con-
tents are bascd on oven-dri weighr

The slash was burned on Seprember 11, 1969. Frel moisrure conrent rhen averaged
20 percent of oven-dry weight. Soil remperaftues during the fire and for 24 hours
after were recorded. The thermopiles were rhen removed from the soil profile, tire
vacuum system for rhe lysimeters installed, and a 0.1 bar tension was established at the
lysimeter plates. Plots 2 and 3 were then covered with open-ended polyerhylene tents.

To allow examination and comparison of wetting cycles between the tearrnenr
plots, they were irrigated every rhree days (beginning September 28) with uniform
wate! volumes consisting of sprinkled applications of 1.5 cm of water. Eleven days
elapsed between burning and the first itrigation. Leachates were collected during the
irrigations io separate 100-nll to 200-ml increments. The time required for each sample
to accumulate and the sample voltme were recorded.

After five irrigations, rhe rrearmeot plots were uncovered, and weekly bulk col-
lections of solutions from all plots were made. During the irrigarion period, pre-
cipitation rorghiy equal to thc irrigation fell on rhe coouol plot, so rotal soil solution
{low through all plots was abour equal. Errors of total ion amounr due ro different
flow rates bewreen the trcatmenr and control plots are small due ro rhc much lower
ion concenuations in the conrol plot solutions.

Measurements of lcachate pH, electrical conductivity, and total alkalinity (carbonate
plus bicarbonate) were made within 12 hours of collecion, using the techniques of
Rainwater and Thatcher ( 1!60).

Total dissolved snlr conrent of the solution sarnples was calculaced from clectrical
conductivity, using an empirical esrimarion method (Logan, 1!61 ).

Selected samples werc digested, using a sulfuric acid and hydrogen peroxide digest,
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after which calcium, magnesium, and sodium were determined by atomic absorption
spectrophotometry. Organic nitrogen and ammonium in the digest samples were
determined by the micro-Kjeldahl method (Jackson, 1958). Phosphorus was deter-
mined by colorimetry using the chlorostannous-reduced: molybdophosphoric blue color
method of Jackson ( 1958).

The measured volumes of solutioos collectcd from the differenr lysimeter plots
in the burned plots exhibited higher variability than previously noted at rhis site ( Cole
and Machno, in press). This increased variability is partly due to channeling of
water by the uneven soil surface and also to water-repellenr layers in the upper soil
horizons of rhe burned plots. Because of the high variability, the cumularive leachate
flow in Figure 1 and Table 1 was estimated from measuremenrs of water entering
the soil. Eror introduced by this estimation should be small since evapotranspirarion
losses at this site are negligible during rhe cool, wer aurumn season.

Resulls and Discussion

Slash burning substanrially alters both the magnimde o{ ion tansport aod the propor-
tions of rhe various ionic species in rhe soil solution. In this study, the in{lux of
ioos to the mineral soil was enormously increased by water leaching through the ash
layer (Table 1). Concenradons as high as 80 meq/liter vrere observed in solutions
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Figrre 1. Relationship between cumulative leachate flow (cm) and ion concentration itr leachates
(meq/liter) from the ash layer or forest floor. The time interval is from 28 Septern-
ber to 2l November 1969. Rainless inteivals noted on figure actually repiesent
the first wetring cycle followin-g dry period. Rainless interval 1 was 14 davs.-B was
two 3-day dry periods with small wetting front between-
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r
entering the soil of the heavily burned PIot duriog the first wetting of the soil after

burniog. This represcnts ao inclcase of about 250 Perceot over concenlrxlions in lhe

controi plot. An inctease io ion loss through leaching was also noted deep in the soil

profile. For examPle, leaching losses from the 1-m soil depth iocreased 3 3 times on

the Iightly burned plot and 4.5 times or the heavily burned plot over leaching losses

from the control piot (Tabie 1).

TABLE 1. Total ion amount collected ftom soil horizons subjected to various treatmenrs from

25 Seotember to 2i November 1969.

tor . l r  'on (rneq) -

Horizon Light burn Hervy burn

Forest floor* *

B'horizon
C-horizon

* Total ion estimated on basis of uniform flow through soil and neasured ron .onc€nttatlons-
** Forest floor or ash layer.

Leachiog of the soluble ash constituents from the ash layet was the major cootributor

of ions to the soil soludon. Thcre was Jittle if any addition of ions to the leachates

as they passed through the heated portion of the mineral soil. This result could be

expected since heat flux fron tl-re fire did not substantially increase the temperature

of the underlying mineral soil. The maximum surface temPeratutes were about 410'C

on both plots, while at the 2.5-cm soil depth the maximum temPelatures were 41oC

on the iightly burned and 84'C on the heaviiy butned ueetment plots Soil moistute

in the upper 10 cn.r of soil raoged bet\teen 10 and i0 percent before the fire Higher

or lower soil moisture could produce different results by changing the theimal con-

ductiviry of the soil.

Thc mineral soil played an imPortaot role in regulating the downward movement

of ions released by the ash layer. The A- and B-horizons adsorbed 70 to 90 percent

of the ions entering the soil ftom the asir layer (Table 1). In the two montlls r'loder

<liscussion, the A- and B-borizons of the lightly and heaviiy burned plots adsorbed

about 1.1 equiv/m2 and 1.8 equiv/m2, respectively' from rhe soil soluti"n.

The ion concentration of the solution that was leached from the ash layer decreased

rapidly as a function of total flow (Fig 1), indicating that mucb of the ash was

readily soluble and raPidiy depleted. However, the ion concentrations of the ash

leachates remained abovc those of the forest fLoor leachatcs from tirc conrrol plor

throughout the period reported, indicating dle ptesence of less soluble ash comPooents

This finding stggests a differential release of ions from the ash layer, the more solubLe

constituents comprising a majot portion of the ion contcnt of the early wetting cycles'

Two environn-rental factors also appeared to influence the ion concentration of the

soil solution, these being soil solution flow tates and the Jength of time between wetting

cycles. The flow ratc of the soil solttion, which io this well-drained soil is governed

by precipitation rate, was inverscly related to ion concentration (Fig 2) The inverse

relationship suggests that chcmical equilibrium between soil and solution was not

achieved in the soil system under conditions of hiSh flo$'.

The time elapsed betwcen wetting cycles also influcnced ion concentration in the

soi l  solurion. Figure 1 shows thar incteases in ion concentrat ion coincident with rain-

less periods occurred betweeo 6 and 7 cm of total flow and again between 11 ard 13
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Figuie 2. Ion concentration and flow rare oJ leachares from the A-horizon oI the lightly burnedplot as a function of time elapsed since tbe beginntng "i liiigl"".

cm, of rotal flovr- This phenomenon was also noted by McColl (1969) in an undis,
turbed Douglas-fir ecosysrem at rhis research site. He found that the length of the
period preceding the wetting front was a major componenr increaslng the ion con_
cenffarion in the soil solution, and he also found an inverse relationship between flow
rate and ion concenrrarion in the soil solurion.

_ 
In addition to changing the rotal ion concenftadon of the soil solution, burning

also ,rlrered_the conceflrratioil and proportion of various ions in the soil solution ( Table
2). Potassium, for example, was presenr in the forest froor leachates rrom the control
plot oo September 28 at 0.1 meq/iter, or about 30 percent of the total carions. In rhe
leachares from the burned piots of the same date, poiassi.rm comprised 60 ro g0 percent
of 

.the 
total cations afld was presenr in concentrations as hfuh as 25.3 meq/liter.

Only trace amounts of potassium were lost from the rooting ,on",1rovl"u"r. Magnesium,
on the_ orher hand, comprised only 15 co 20 percent of the cations entering the soil
frofir the ash, but comprised as much as 50 to 60 percent of the cations lost lrom the
rooung zone_ Calcium was the major cation in the unburned fuel (Cole, Gessel, and
Dice, 1967 ) and presumably also in the ash, but it was only a minor constiftrent of
the soil solution from the burned plots ( Table 2). ^fhe 

small an.rount of calcium
iri_ the soil soluriori can probably be explained by the physical_chemical behavior of
calcium salts in high pH ranges.

The bicarbonate ion vras the major anion io the leachates from rhe treatment and
control plots. The carbonate ion was also ptesent in the initial leachate collections
from the surface botizons of rhe treatmenr plots, but in all cases was less than 10 percenr
of the total anions. Pbosphate concenffarions were highest in the leachates of the
lightly burned treatment plot and lowest in the heavily burned treatment. Although
reported as POa3 in Table 2, the H:pO+ and HpOr2 forms are probably dominalnt
in the solutions. This conclusion could explain part of the discreiancy between cal_
culated total ion and the analyrical total in the control plot leachates. eualirative tesrs
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shovred that substanrial amounts of sulfate and silicate were present in the solutions from
the ueatmenr piots, but tests for nitrate and chloride were nesative.

Organic nitrogen and ammorium niuogen were pr"."n, only in trace amounts in
lhe soil solurion of the treatmeot plots. Tests for nitrate were negariveJ so it is con_
cluded that little nitrogen was released to the soil soludoo as a result of burnins.

Conclusions

Slash burning produced the following changes in the ion regime of this soii.
1. Burning caused substantial increases in the concentrations of ions enterine

the soil. Ion loss from the rooting zone aiso increased. These increases ure r.l"r"I
to the weight of fuel on the soil surface.

2. Leaching of ions from the ash layer caused the major chemical changes occurring
in the soil. There was no evidence that hearing of the mioeral soil appreciably affected
the chemical composition of the leachates.

3. Most of rhe ions leached from the ash layer were adsorbed n the A_ and B-
horizons of rhis soil.

4. Total floq flow rate, and time between werting fronts influence the amount
of ion transport after burning.

5. The principal anion in rhe soil solution of the treatment plots was bicarbonatg
but carbonate, sulfate, phosphate, and silicate were also present. Leaching loss of
nitrogen occurred only in trace amounts and at conceotratioos less than in the control
plot.

.6. _Calcium 
was rhe major carion in the fuel while potassium was the major

catio[ leached from the ash layer, and magnesium was the major cation leached from
che rooring zone.

Acknowledgement

This research was supported in part by funds from Mclntyre-stennis grant No. MS_12.

Literalule Ciled
Ahigren, l. F., and C. E. Ahlgren. 1960. Ecological effects of fotest fires. tsot. Rev. 26:483-5aa.
co1e,--D. s7. 1969. A svstem for measuring conductivity and rate of flow rn a forest soir.\trater Resour. kes. 4. 1121-1116.
-, ald S. P. Gessel. 1968. Cedar Rjver re5e.rrch_a program {or srudying the pathways,

rdres a-rd pro{e\es o[ elemenral ct. l ing in a to,e,t ecosyiem. nore,r ni.orr. 'Uono!.
Co4tr ib. No. 4. Univ. of Wash.. Siarr je. t  r  oo. 

". '
-, Gessel, S. P., and S. I. Dice. 1967. Oiitijburion aod cycting of nitrogen, phosphorus,potassium and calcium in a second,s_rowrh D_ouglas_fir ".ory"t.-, epl tl-lZl Syrrip. FrimuryProducriviry and Mine-al Cy. t ing in\arurat e.. :y. i . . , .- i . , i i  S"i .  dr 're,. ,  , ia.qs ,Ann,ut Vee,-ing, Dec. 27. 1967. New'Yorf
- 

'* .jod P. Mach_no.. In press. Iactors affecting percolation in forest soils. proc. SvmD.waref jjnlance in Norrh Arnen.a. Amer. \Fater Resour. Assoc. lune 21-26, tg6g. sanit.Alberta.
Jacksoo, M. L. 1958. Soil Chemical Analysis. prentice,Hall, Inc., Englewood Ciiffs, N.J.498 pp.
Logan' l. 1961. Estimation of erectricar conductiviw from chemical analysis or natural waters.

J. ceophys. Rel 66: 2t+79,2483.
M.!911,,-J.- C 

_,_f969. 
Ion ransport in a forest soit: models and mechanisms. ph.D. Thesis,unrv, or wa5n,, 5ea(te, 111+ Db.

Raiowater, F.-H, and r. l. Thati6er. 1960. Methods for corlection and anaryses oI watersamples. U.S. Geol. Surv. $rater Supply paper 1454. 301 uo.

Receiued, May 28, 1970.

Accepted, lor publicatiotz Ocrober 23, 1970.

i06 Chades C. Grier and Dale W. Cole


