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Introduction

From the beginning of the 20t century wildfires have been successfully supressed in
Sweden and Scandinavian. Wildfires are a natural process and some living organisms
are dependent on wildfires to survive. Nowadays there are different types of
certifications that advocating a sustainable and a responsible forestry. In Sweden there
are two types, PEFC and FSC and both are favouring forest burning. To maintain the FSC
and the PEFC standards you have to burn a minimum 5% of the productive forestland
area to maintain or promote the natural biological diversity of the habitat.

In the summer of 2006, after a few dry weeks, a fire spread in northern Sweden and
about 1628 ha of boreal forest burnt down. The burnt area lies in the boreal region that
comprises around 29 % of the world’s forest area (Sjors, 1999). The boreal zone is also
called “circumpolar” when the boreal zone circles (Brandt, 2009) the northern
hemisphere typically between 45 and 70° north latitude (Larsen, 1980) Scandinavian
countries contain about 4 % of the world’s boreal zone, Russia is home to 60% and
Canada 29% (Brandt, 2009). The Boreal zone is home of coniferous trees such as pine,
larch, spruce and fir but also of deciduous trees like birch and aspen.



Figure 1 Boreal zones in Sweden from (Sjors, 1999)

There are plenty of works about effects on the soil after fire but most have been made in
north America (e g references in Smith (2011), (Lucas et al. 2011) and Bayley &
Schindler (1991)) and little have been done in Scandinavian and the effect that the fire
has on the groundwater (e g Lydersen et al,, 2014, Nordblad 2011 and Eriksson, Edberg,
& Borg, 2003).

This master thesis aims to present how fire affects forest soils (Part I) and to illustrate
how measurements of stream water geochemical data can be used to deduce the fire-
induced processes (Part II).

Part |

Effects of wildfires

A fire can start by the most common nonanthropogenic way, eg. by lightning, or by
anthropogenic, human interference that can be accidental or nonaccidental (DeBano et
al, 1998).

In a complete combustion model of biomass burning the assumption is that H,0, CO>
and minerals in ash is the ending product. The biggest challenge in that simplified model
is that it requires Oz through the whole process for a complete combustion. In reality the
combustion will be incomplete and instead we will get an incomplete combustion where
CO, CH4 and a variety of pyrolysis including hydrocarbons and particulate organic
matter can be the outcome (Cofer et al., 1997). The newly formed C species that can be
created do not naturally exist in the ecosystem (Gonzales et al., 2004)

The fire effect in the soil is a complex process but a dependence of the severity of the fire
can be seen. Mild degree of burning can have a positive effect on the ecosystem, increase



of plant available nutrients; stimulation of herbaceous flora and reduce of an
overcrowded forest. High-impact fires can have a negative effect; it can cause different
changes in successional rates, changing above- and belowground species composition,
produce changes in mineralization rates, change the C:N ratios, cause nutrient losses
through accelerated erosion, generate volatilization of nutrients, cause entrainment in
smoke columns and denitrification. The soil hydrological function can change and also
its physical properties, decreases in micro- and macrofauna and its microbial population
(Neary et al. 1999). The fire can also cause different fire resistance between different
organic livings. An example is that fungi are less intolerant to heat then bacterial
organism (Bollen, 1969).

A very little part of the heat generated in forest fires is absorbed and transmitted to the
duff, litter or the soil on the forest floor. About 10 to 15 % of the heat has been estimated
to be a part of the heating of the soil and the rest is released upwards (DeBano, 1976,
Raison et al. 1985) The heat can be transferred by radiation, convection, conduction,
mass transport, vaporization and condensation. (DeBano et al.,, 1998). The heat effect on
the soil can varies with; duration of the fire, its magnitude, soil composition, moisture in
the soil, the structure of the soil and previous land-use practice (Neary et al. 1999).

Experiments have showed different results when the temperature starts to vaporize in
soils. (Cambell et al. 1994) showed that the temperature was 95 °C and the temperature
stays there until the water content dropped below 0.02m3/m3. Another experiment
showed that the water starts to vaporize as early as 80°C (Hungerford et al. 1990). The
heat transfer in moistures soils can be more efficient then in dry soils due to the vapour
movement and has a bigger heat effect then conduction <95°C (Albini, 1996) Studies
have also shown that wet conditions can have a more severe damage to the microbial
biomass then under a fire under dry conditions (Klopatek et al. 1990).

Nutrients can be leached from the soil after fire and as well removed as partial form by
convection in smoke columns or by surface winds. The contribution of elements is
dependent on the level the combustion has undergone. When the combustion is higher
the result is a low-density fine gray-ash that can easily be transported by air. It have
been showed that 11% of ash can be lost by convection columns (Raison et al. 1985)

The alteration of the soil depends on the heat that has been transported downwards and
the amount of heat the soil composition tolerate before altering. The temperature in the
soil can rise very slow due to that dry soil is good insulator (DeBano et al. 1998). In
moist soils the temperature raises slowly because the water will not allow the
temperature rise above the boiling point before the water have evaporated (Campbell et
al. 1995).
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Figur 2 Maximum ground temperatures during fires in forest, shrubland and grassland ecosystems (Adapted
from Rundel, 1983)

Studies of severity on soils after wildfires in Australia showed that soils are good
insulators and because of that the temperature never exceeded the ambient
temperature 2-3 cm downwards. The time it takes for a forest to recover from a fire is
dependent on witch type of fire that has spread. Slow-moving fires can do a lot more
damage to the belowground then a fast moving fires e.g. grassland, even if the intensity
isalotless, 10 sat 1000°C couldn’t be comparable to the damage after 30 min at 300°C
(Humphreys and Craig, 1981).

The loss of organic carbon starts at temperatures between 100°C and 200°C (Kang and
Sajjapongse, 1980; Giovannini and Lucchesi, 1997), when the temperature is above
200°C charring starts to occur. Lignins and hemicelluloses start to degrade at 130 -
190°C (Chandler et al., 1983). When the temperature rises to 300°C more structural
changes starts to occur. This involves decarboxylation in the soil macromolecules HAs
(Humic Acids) and FAs (Fulvic Acids) and the aromatic structures starts to increase
(Almendros et al., 1990, 1992; Knicker et al., 1996).

Disturbance in the biological livings, protein degradation and plant tissue death starts at
40+70°C. In the temperature interval between 48+54°C dehydration of roots starts and
between 70+90°C seed mortality starts (Neary et al. 1999).

Biological component threshold Temperatures (°C) Reference

Plant roots 48 Hare, 1961

Small mammals 49 Lyon et al., 1978

Protein coagulation 60 Prechtetal., 1973

Fungi - wet soil 60 Dunn et al., 1985

Seeds - wet soil 70 Martin et al., 1975

Fungi - dry soil 80 Dunn et al., 1985
Dunn and DeBano,

Nitrosomonas spp. -wet soil 80 1977

Nitrosomonas spp. -dry soil 90 Dunn and DeBano,




1977
Seeds - dry soil 90 Martin et al., 1975
VA mycorrhizae 94 Klopatek et al., 1988

Table 1 Threshold temperatures for biological disruptions in soils (adapted from DeBano et al., 1998)

In some specific cases when the fire intensity is high a water repellent layer is created. It
happens when heating of partly decomposed organic material mixes with mineral soil,
but also heating of fungal can create a water repellent layer. Studies have shown that the
water-repellent layer is destroyed when the temperature is higher then 288°C. It also
showed that the temperature 176 - 204°C is the optimal temperature to create a water
repellent layer (DeBano, 1981). This layer is created horizontally and can increase water
runoff and in steep terrain it increases erosion greatly (Neary et al. 1999). Thermal
cracks in soil aggregates are also a causative agent that may increase leaching of the
burnt area (Arocena & Opio, 2003).

pH

Organic matter and clay contains many acidity groups that can work as a pH buffer in
the forest soils. Ion exchange can occur between base cat-ions (Ca, K, Mg and Na) and H*.
When the soil is rich in base cat-ions the ion exchange can make the organic matter
more alkali when dispatching the H* ions from the negative charged organic collides
(Ahlgren and Ahlgren, 1960; Wells et al., 1979). A rule of thumb is that a soil that is rich
in organic matter is more acid then pure mineral soil (Magnusson, 2009; Certini, 2005).

Studies have shown that the pH usually goes up in the soil after fire but there are some
examples when the pH had no significant changes. The burning rate and the quality of
the soil is important in determining the amount the pH will change (Ahlgren and
Ahlgren, 1960). The typical explanation as described above, is the high Ca, Mg and K
content (base saturation) are displacing the H and Al ions that are absorbed on the
negative charge colloids (Ahlgren and Ahlgren, 1960; Wells et al., 1979). The pH
increase can have a short duration but in high pH soils where the pH is >8 the effect
lasted up to three years due to release of K and Na oxides, hydroxides, and carbonates.
The long lasted buffering effect is believed to be cause of the carbonates (Ulery et al,,
1993). (Ahlgren and Ahlgren, 1960) also assumed that the pH raise is caused by the
release of mineral salts, especially those who contains Ca.

According to Arocena and Opio (2003) the pH increase is related to the fire intensity.
Only at high temperatures (>450- 500°C) when the organic matter is totally combusted,
will lead to consequent release of bases.

The concentration of K, Ca, and Mg in the ash can be the depending factor to neutralize
acidity in soil (Khanna et al. ,1994). Due to loss in in organic matter the cation exchange
capacity in the soil can decrease (Oswald et al. 1999) and can have an effect on the
electrical conductivity when the inorganic ions is released from the combusted organic
materials (Certini, 2005).



N

Nitrogen is one of the most studied ion post-fire due to it’s a macro-nutrition and a
essential component for all living organism (Neary et al. 1999). The proportion of
ecosystem N that can be found in the forest floor depends on the living plant and trees in
the forest. It can rage between 7.8 - 72.4 % in the forest floor when looking at jack pine
(P. banksiana) and black spruce (Piceamariana) forest (Morris and Miller, 1994).
Variations of N after fire can be due to ammonium formation, effects on nitrification,
volatilization, moisture changes in the soil, change of vegetation and addition of charcoal
(Fritze et al. 1993, 1994; Schimmel & Granstrom 1996; Certini 2005; DeLuca et al.
2006).

Type Dry weight N P K
Kg per hectare

Trunk 52000 54 6 31
Bark 5100 18 3 10
Branches 22000 125 16 61
Softwood 6700 67 8 34
Tree above the ground 79000 180 22 92
Tree stump + root system 23500 45 8 24
Tree stump 6200 6 1 5
Tree 102000 224 31 116
Ground vegetation above 4000 10 4 20
ground

Layer of mor inclusive roots 35000 525 24 52
Groundvegetation and mor 39000 565 29 72
Habitat (vegetation + mor) 141000 789 60 188

Table 2 Nutritional distribution for coniferous forest in costal area in North Sweden (Vasterbotten). Tabel
modified from Skogsstyrelsen compendium, skogsbruk Mark och vatten.

In some studies an increase of N pools has been reported (Kutiel and Naveh, 1987;
Prieto-Fernandez et al., 1993) the increase is believed to be due to, increased pH and
temperature that promote increased mineralization rates after fire (Raison, 1979). An
increase of N-fixing bacteria has also been observed after fire (Johnson, 1992).
According to (Carreira et al., 1994; Pappa et al., 2008; Rodriguez et al. 2009) a fire can
cause an increase of the N availability in the ecosystem in the short term. But in the long
term the fire can be the cause loss in N. But there are also studies that have not shown
any significant changes in the total available N in the Ae and the Bm horizons (Arocena
et al. 2002).

(Almendros et al., 1984a,b; Viro, 1974; Vega, 1986) showed that the C/N ratio is usually
lower after fire, which promote availability of N for growing plants.



Nitrogen is the first of the macro-nutrition that starts to volatilize at 200°C. Most of the
nitrogen is volatilized as N2, NOx and sometimes as ammonia (Magnusson, 2009). When
the temperature have reach over 500°C over half of the N in organic matter can be
volatilized. Burning of woody debris and organic matter on the forest floor is where the
most volatilization of nutrients happens. The fire intensity can vary much between
forest fires and so does the volatilization of the nutrients (Neary et al. 1999). The loss of
N through volatilization can be as high as 39 % in a coniferous forest (Grier, 1975).
(Duran et al., 2009) implies that new studies should not only consider the inorganic N,
which have been seen traditionally as the main N source for plant and trees. Even labile
organic N should be in considering giving an overall understanding of the impact after
fire, when labile organic N can be especially important in N-poor soils for plant uptake.
In semi-arid regions with slow decompositions rates and with limited N can the
recovery of soil-nutrients be slow. (Neary et al. 1999) suggests that mineralization and
nitrification can be enhanced by fire disturbance at these conditions.

Phosphorus is likely to be less affected by fire then N, when P resistance to volatilisation
and leaching are greater (Certini, 2005). Also most of the P-pool can be found the soil
and not the forest floor. Around (94+98%) of P is in the soil and therefore the impact of
the fire will not be as severe as for N (Neary, 1999). P starts to vaporize in higher
temperatures (774 °C) so its more stable nutrient compared to N (Weast, 1988).

The fire can anyway have a big impact on the P bioavailability if there is a pH raise after
fire. This has a positive effect on the bioavailability when the peak lies at pH 6.5
(Sharpley 2000). Organic pools of soil P can be converted to orthophosphate after fire.
Orthophosphate are the most available form of P for plant and trees (Cade-Menun et al.
2000), binds in later stages through chemisorption to Al, Fe and Mn in acidic soil. In
alkaline soil orthophosphate binds to Ca-phosphate. Studies have shown that this effect
can be very variable, but with a common increase of available P in the first months after
fire. (Certini, 2005)

K

Potassium can have a tendency to remain unchanged compared with N and P post fire.
But there is a general increase of K after combustion of the soil organic matter and it can
be depended on the burnt tree species, soil properties and pathway of leaching process
(Certini, 2005). K starts to vaporize at 760 °C (Weast, 1988).

Studies have shown that the availability of the nutrients K, Mg and Ca in a Q. rubra-
Populus grandidentata forest found elevated levels that went back after 3 months
(Adams et al., 1980). Elevated levels have also been showed for some years in a mesic
black spruce boreal forest in Quebec in two of three test sites. But in one test site the
levels were lower for K in the burnt site compared to a cut and controlled area. (Simard
etal, 2001).



Effects on the organic matter and carbon

The most important effect a fire has on the belowground system is the combustion of the
organic matter (Certini, 2005). The effect the fire has on organic carbon is dependent on
the severity and the type of the fire. There are three types of fires canopy, aboveground
and underground fires. The slope can also have a difference in the combustions of the
organic matter. Studies have shown that SOIL organic carbon can be totally destructed
or in some cases even increase in abundance due to external input. (Gonzalez-Pérez et
al. 2004) In laboratory tests the combustion can be 100 % of C in soils (Almendros et al.
1984; Fernandez et al. 1997) while in wildfires in pine forest it have shown that losses
can be up to 50 % 10 cm down in the upper humic cambisol (Fernandez et al., 1997). In
moderate fires observations usually shows that the C increases (Rashid, 1987).

After fire soil physic-chemical properties can change due to creation of a water repellent
layer (Savage, 1974; DeBano, 2000) this and the removal of herbaceous layer with its
roots can increase the soil erodibility can be due to loss of the topsoil layer (Diaz-Fierros
et al. 1987; McNabb and Swanson, 1990; Andreu et al., 1996, Gonzalez-Pérez et al.
2004).

(Gonzalez-Pérez et al. 2004) infers that litter that are usually removed when doing soil
sampling is turned to fine grained ash that are mixed with the soil after a fire and that
can be a explanation of the increase of C content in the samples.

Part Il

Site description

The wildfire-affected area is located in north Sweden 90 km northwest from the town
Luled, close to a village called Bodtraskfors (see figure 2 and 3).
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Figure 2 Location of the burnt area and the reference site.
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Figure 3 The location of Bodtraskfors.

The forest lies in the middle boreal zone (see figure 1), a biome that stretches through
Eurasia and North America.

More then 94 % of the site was covered by coniferous forest and mesic dwarf-shrub type
dominated with 50 % but also the lichen type and wet dwarf shrub type were common,
22 % each. After the fire around 6% were untouched and due to mires covering the
area. The small creek (Tiljetonbadcken), where the samples were taken, starts in the top of
the small hill Klusdberget (273m a.s.l.) in a small pond (see fig. 2). Klusaberget were not
subject to harvesting before and after the fire. Therefore the sampling where divided in
two sites within the burnt area. On site when referring to ‘burnt creek’ is between the
small pound on Klusaberget and 400 meter downstream.

The reference site is similar to the burnt area. It is located around 6 km northwest from
the burnt area and have reminiscent vegetation. The domination of coniferous forest is
75%, a little less compering to the burnt area. The mesic dwarf-shrub is similar with 50
% and wet dwarf-shrub 26 %. The creek that where sampled is named Forstmyrbacken
and starts in a mire (26 % of the reference site is covered with mires). It runs towards
northeast 3.5 km before it converging in the stream Bodtraskan. The samples taken in
Forstmyrbacken are referred as ‘reference creek’ and the sampling site is located 1 km
from were it converging into Bodtraskan.

Geological description



The burnt area and the reference area is within the fennoscandian shield and consists
mainly of the Edefors suite (1.81-1.78 Ga) that ranges from syenites to granites and are
alkali-rich and distinctly metaluminous rock (Ohlander & Skiold, 1994). The Edefors
suite is similar to the Lina suite and intruded in the end of the Svecokarelian orogeny.
The burnt area consists of medium to coarse-grained granite. The medium grained
granite spread out on an area on top of the hill where outcrops have been observed. The
coarser grained granite is around the hill and a quartz diorite to gabbro intrusion can be
found close to Stortjarnen.

Soil Type

Both the reference area and the burnt area are covered of quaternary till with medium
boulders.

Sampling, measurement and analyses

TotNand Tot P

Were analysed 2007 and 2009 respectively to the standards SS EN ISO 11905 and SS EN
ISO 6878:2005 mod. Tot N and Tot P analyses were performed at ALcontrol in Umeg3,
2007 and at the Geochemical Laboratory, Swedish University of Agricultural Sciences in
Uppsala, 2009.

Conductivity and pH

Measurements were done between the years 2007 - 2009 by a Hydrolab MS-5
Minisonde. Calibrations were done every sampling week by using three pH standards 4,
7 and 10. The conductivity was calibrated to 147 pS/cm using a 0.001 M KCI solution.

K

A peristaltic pump with plastic tubing was used when sampling for major element K. The
water was taken directly from the creek and passed through a 0.22 pum nitrocellulose
filter that were cleaned by 5% CH3COOH solution for 7 days and rinsed repeatedly with
MilliQ© deionized water. The filters where attached to Geotech© Acrylic In-Line filter
holders. Both the filter holders and the tubing was acid cleaned in 5% HNO3 and rinsed
thoroughly with MilliQ© deionized water. The filtered water where collected in
polyethylene (LDPE) containers that where cleaned in 5 % HNO3 (SP grade, sub boiling
distilled in house) and cleaned with MilliQ© deionized water before use. Before
sampling in field the containers where cleaned twice in creek water. K where analysed
by ALS Scandinavian laboratory in Luled and by the standard EPA 200.7. K had to be re-
analysed because the detection limit was to low. For that inductively coupled plasma
sector field mass spectrometry (ICP-SFMS) was used. The measurements were
conducted in 2007 and 2009.



Result
ph

Measurements between 2007-2009 (see fig.4) shows that groundwater from the fire
area has a lower pH then the reference site. During the spring flood in 2007 the pH got
lower and both had their lowest levels at pH 4,8. Immediately after the spring flood the
both sites started to rise and got their pH peak in beginning of July when the reference
site had a pH of 6,2 and the burnt site had a pH of 5,3. After July the pH started to fall
and the reference site showed a pH of 5,9 in November. The burnt site got a lower
reading in the end of August with a pH of 5,0 and in November the pH went up to 5,2.
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Figure 4 pH 2007 with a lower pH in the burnt area.

In 2008 analyses showed that the pH also went down during the spring flood. This can
only seen for the reference site when the burnt site misses analyses before the spring
flood. In the Middle of the spring flood the reference site had even lower pH then the
burnt site. This lasted only for a short period and after the spring flood the pH in the
reference site went over the burnt site. Both sites had a peak in the middle of June and in
the end of June the pH went down again. The last analyse were made in middle of
September and it showed a heavy raise in both sites. The reference site had a pH of 6,9
and the burnt site had a pH of 6,3. That was the highest recorded in all three years.
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Figure 5 pH 2008 the pH is still low in the burnt area.

In the end of April in 2009 the burnt site had a higher pH before the spring flood. During
the spring flood the burnt site got a lower pH while the reference site had an increased
pH during the whole spring flood, the burnt site got a increase only after the spring flood
was over. In 2009 the pH peak was in the beginning of June for both sites with a pH of
5,9 in the burnt site and 6,7 in the reference site. After June the last sample was taken in
the middle of September and showed a decline at both sites.
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Figur 6 pH 2009 the pH is higher in the burnt site but still lower then the reference site.

Conductivity

There is a clear difference between the two sites. The water in the burnt area has much
higher conductivity then the reference site in 2007. During the spring flood there is a



small drop in conductivity in both sites. After the spring flood there is an increase in
both sites during the beginning of the summer. The burnt site has still a higher
conductivity but it the end of the summer there is a clear drop in the Burnt site. The
reference site has still alower conductivity bit the difference is not as much in the end
on 2007 as it was in the beginning.
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Figur 7 Conductivity (uS/cm) 2007 A clear difference between both sites.

In 2008 there has been a clear equalization between the two sites compared to the
previous year. The sampling stared just in the end of the spring flood in the burnt site
and there is a clear raise in conductivity in both sites just after the spring flood. During
the summer there is still a higher conductivity in the burnt site but not as much as
compared the previous year.
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Figur 8 Conductivity (uS/cm) 2008 The difference in not as clear.

In 2009 equalisation is clearly and there is almost no difference now between the two
sites. There is also another big difference between this year and the previous two years.
The conductivity goes up to levels that not has been seen before.
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Figur 9 Conductivity (uS/cm) 2009 The conductivity is almost the same in both sites.

N-tot

After the fire the first test results showed a big variation during the spring flood in 2007.
The burnt area showed a higher N-tot content when the highest water melting occurred,
but went down with the decreasing water runoff. The reference site showed occurrence
of a similar pattern, but had grades that were around 4 yM lower then the burnt site
during flooding. When the spring flood was over the both sites had a suddenly fall of N-
tot in the creeks and the burnt area had even lower values (9,3 uM) then the reference
site (10,7 uM). This drop lasted only for a short period and under the summer. Both
creeks had an increase in the same rate. But the burnt area increased more, and in the
end of June the burnt creek had higher values that lasted the whole year trough. The
highest values that the reference creek got (20,7 pM) were measured in the beginning of
July. In the burnt creek the highest value (24,9 uM) were measured beginning of August.
The burnt creek had higher values throughout the whole autumn.
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Figure 7 Result of N-tot in 2007 shows a higher N concentration in the burnt area.



Two years after the fire measurements showed a different outcome of N-tot in the
creeks. Sampling started a bit later so the first measurements were just after the peak of
the spring flood. In the burnt area the first measurement showed a value of 15,5 uM that
went up and peaked in the beginning of June (24,05 pM). Measurements were sparse
under the summer and in the autumn but the last measurement in middle of October
showed a heavy decline compared to the year before. The reference site had a higher
peak (25,05 pM) than the year before and even a higher peak then the burn creek. The
last measurement gave a similar concentration of N (7,1 uM) as the burnt creek (6,9 uM)
that where lower then the year before.
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Figure 8 N-tot 2008 measurements shows no big difference between both areas.

In 2009 sampling of N-tot were only conducted to June. The data showed a similar trend
of the both sites. Both had relativity high concentrations in April compared to the earlier
years and showed a negative trend after the spring flood. The data was incomplete for
the late summer and autumn.
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Figure 9 N-tot 2009 measurements show a lower N concentration in the burnt area during the spring.

Tot-P

When the sampling started in 2007 tests showed that the burnt site had higher
concentration of P then the reference site. In end of April the burnt site had a
concentration of 1,83 yM compered to the reference site with a concentration of 0,11
MM. In the beginning of May, when the spring flood peaked, the concentrations went
down to 0,71 uM in the burnt site but went up to 1,01 yM following a decline short after.
The reference site had low concentrations the whole spring and troughout the whole
year with a mean value of 0,09 uM. In the summer P is relative stable in the burnt site
and peaked in the beginning of June with a concentration of 0,66 M. In September the
last test results showed that the concentrations in the burnt site (0,45 pM) was still
much higher than the reference site (0,08 uM).
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Figure 10 2007 P was higher in the burnt area.



2008 test result showed still a higher P concentration in the burnt creek compared to
the reference creek. In the spring flood the concentration of K was 0,45 yM in the burnt
site compared to the reference creek, were the concentration was 0,12 yM. Short after
the spring flood concentrations of P went up in the burnt site to 0,95 uM for a short
period following a drop to 0,43 uM. In end of June there is a raise of P concentrations in
both the burnt site and the reference site, following a small discharge under the summer
period. The last sampling taken in middle of October showed drop of P, meanwhile the
burnt site went down to the lowest concentration in 2008 (0,25 uM) and the reference
site with a concentration of 0,09 yM.
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Figure 11 2008 still higher in the burnt area.

Year 2009 showed a still high P concentration under the spring flood in the burnt area
with a concentration of 2,20 M. In the reference area the concentration had the highest
measured concentration at the same time through the three years of testing with
concentration of 0,56 yM P. The high concentration declined in both sites after the
spring flood and the burnt site had the lowest values of P through the summer with a
mean value of 0,24 pM. In the reference creek the mean value was 0,10 yuM throughout
the summer to the fall.
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Figure 12 2009 P levels is almost the same in both areas.

K

In the beginning of 2007 analyses showed a higher K content in the burnt creek. In the
end of April the K concentration was 0,46 yM in the burnt area compared to 0,007 yM in
the reference creek. Sampling showed a bigger flux of K in the burnt site varying
between 0,046 - 0,015 pM. The reference site showed a minor variation between 0,007-
0,005 pM. In 2007 the water discharge was the highest between the 14th and the 22nd
May and then the concentration went down to around 0,036 M in the burnt creek. In
the reference site there was no big difference in the variation through the whole year.
When the discharge went lower the concentration in the burnt creek got lower. In
August the burnt creek had a concentration 0,023 uyM and the concentration got lower in
the fall. The last sample showed a concentration of 0,015 yM in the burnt area.
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Figur 13 2007 with much higher Klevels in the burnt site.



2008 data shows that K concentration in the burnt creek is lower than the year before. K
concentration varies between 0,028-0,010 uM in the burnt site. The data from the
reference site in not complete when the assay couldn’t detect the low K concentration in
the creek. The summer sampling of in the burnt site detected that the burnt site had a
reduction of K. Assay showed a concentration of 0,01 yM in the end of June and 0,013
MM concentration in middle of September.
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Figur 14 2008 Higher K levels during the spring flood.

2009 data shows a similar trend as 2008. The K concentration in the burnt creek is
highest in the end of April simultaneous with the maximum discharge from the spring
flood (0,045 uM). The reference site had meanwhile the highest value of all three years
of sampling (0,015 pyM). After the spring flood the concentrations in the burnt site went
down to nearly the same concentration as the reference creek. The last sampling
showed a K concentration of 0,012 yM in the burnt creek and 0,007 uM in the reference
creek. The last sample in the middle of September couldn’t be detected in the assay for
the burnt creek. The reference site had a concentration of 0,005 uM in the same time.
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Figure 3 K 2009 still high K levels.

Discussion

pH

In 2007 results from the burnt creek shows a higher pH then the reference site in the
beginning of the spring flood. The pH drop was detected only in 2007 and this variation
can’t be compared and analysed to the next two years when the sampling started later in
2008-2009. Only when the highest dispatch from the spring flood occurred, a clear drop
was showed in both test sites. This can be an effect from the release of and the
degradation of the organic matter to the stream during the high water dispatch causing
release of H* (Ingri, 2012) The big difference in pH variation in both sites is clear after
the spring flood. The pH increases in the reference site from a pH below 5 to a pH over 6,
and this is probably due to the decrease of organic matter in the reference stream. The
burnt stream doesn’t have the same pattern. During the summer the pH stays low and
doesn’t have the same gain in pH as the reference stream. This can have different
explanations one can be due to the buffering effect between the ash and the organic
matter from the organic-rich topsoil layers (Ahlgren and Ahlgren, 1960; Wells et al.,
1979). The buffering between the cat-ions in the ash and the organic matter can give a
constant release of H* to the runoff water and lowers the pH for long time. More erosion
can also be an other explanation (Neary et al. 1999). Erosion can give a higher transport
of loose material including organic matter from the burnt site organic matter through
the whole summer. The bedrock is the same in both areas so this cant be the cause of the
almost one pH higher water in the reference site.

2008 has a similar trend with a decline of pH during the spring flood and a raise just
after. The big difference is that the pH in the both streams is much higher in the autumn
compared to the year before. Why we have this big difference is hard to explain but can
be as simple as there has been an error when sampling were conducted. The sampling
frequency is also lower this year and the year before and that makes the data more
unreliable 2008 and 2009.



In 2009 there is a clear raise of pH in the burnt site during the spring flood. This can
imply that the cat-anions have started to deplete and the buffering effect with the
organic matter has started to fade. But still there is a clear different between these to
sites and it's probably due to the big cat-anion exchange happening and consistent
releases of H* that is in progress.

Conductivity

In 2007 the burnt site have a higher conductivity than the reference. This is also
probably due to the transport of cat-anions that are accumulated in the ash, to the
stream. But even here the effect of a higher degree of erosion (Neary et al. 1999) that
can be a significant agent, witch leads to a higher transport of organic material and
leached ash particles to the stream. These things alone or together may give a higher
transportation of ash and organic material and followed by a higher conductivity in the
burnt creek. The ash has a high content of cat-ions that can give a higher conductivity
when it’s leeched. In 2008 there is a clear decrease in the burnt creek compared to the
previous year. The burnt area and the spring flood don’t give a clear increase in
conductivity and have almost the same levels. This may be due to most of the loose
material have been leached out from previously year. In 2009 the two sites show almost
the same trend and now there is probably no more extra ash and loose organic material
that can be transported to the creek.

N

Data show a gain of nitrogen in the burnt creek during the spring flood, summer and fall
in 2007. The gain is not as much as for potassium and phosphorus the same year and it’s
likely that the lower concentrations of N, compered to K and P has to do with the
vaporization temperature (Magnusson, 2009). Volatilization starts at 200°C for N and
for P and K its over 700°C. This could mean that the duration of the fire was too short or
the temperature wasn'’t high enough for P and K to volatilize, but for N a big part of the N
pool could volatilize and that has been showed in old studies (Minroe, 1986; Friend,
1989; Harvey et al., 1979; Ballard and Hawkes, 1989). Data from 2008 shows its almost
no difference between the burnt site and the reference site. The lower concentration
here might have to do with higher consumption of N in the burnt area but also a loss of N
by denitrification (Neary et al. 1999). In 2009 there is less N in the burnt creek
compared to the reference creek. This may depend on even higher N uptake of plants in
the burnt area causing the N pool to be more depleted in the burnt area.

P

In 2007 there is a clear gain in of phosphorus in the burnt creek. Especially in end of
April and in the beginning of the spring flood when the measurements showed more
than 16 times higher P in the burnt area. The high vaporization temperature (Weast,
1988) that is demand for phosphorus is probable due to the big gain when the ash stills
contains high P concentrations, which later on can be leeched out the stream. The next
year has a similar trend in the spring and it goes down during the lower water runoff in
the summer. This can be a consequence of the smaller discharge during the summer that



will give a lower content of P in the runoff water. One other explanation of the decline in
P during the summer is that the plants can absorb P when growing. The bioavailability is
around pH 6,5 (Sharpley 2000) for P so if the pH goes up in the burnt area the uptake
may increases if the pH is lower in the soil. Analyses from 2009 shows that the increase
during 2007 and 2008 is almost gone to the same levels as for the reference site and it
might be a result of the depletion of ash that have been drained out and a recovery of the
vegetation that can take up the nutrients in a higher grade than before. Especially if P
has been converted to Orthophosphate that has a higher bioavailability (Cade-Menun et
al. 2000).

K

Analyses from 2007 shows that the burnt site has a big increase in potassium and it’s
consistent for the whole year. In the beginning of the year the burnt site has K levels
more then 6 times the reference creek. The explanation is probably the same for K as
well as for P; the ash, that has is highly abundant in these ions, are being leeched or
eroded with the runoff water and gives the burnt creek high concentrations of both
elements and organic material. Analyses have shown that K is a crucial element and
shows very high grades after the fire in Bodtraskfors. There is a clear difference
between N and K and its probably due to K is more stable in high temperatures (Weast,
1988) and do not vaporize as easy as N. This may give a richer K concentration in the
burnt area even if N is more abundant in organic matter. In 2008 there is still an
increase of K during the spring flood and during the summer there is no big increase and
it's probably a sign of leaching is very small and that the growing vegetation in the area
absorbs K when growing. In 2009 the levels of K is still high in large water dispatches,
sometimes 3 times more, and it still shows that there is a effect in the burnt area from
the fire. In the summer and fall, when the dispatch is small, there are still almost 2 times
higher K grades in the burnt area.

Future studies

In future studies there will be a good idea to have an even more similar reference area
when the reference in this study have more mires then the burnt area and could give a
different water-chemistry. The sampling occasions the first year could be better to have
more constituent throughout the study. This could give a better and more reliable data
that are easier show sampling errors that could have occur. I would also be good to have
at least two more year of analyse to see if the water chemistry goes back to the normal
values.

Also a good future study could be to look at N bacteria’s survival after a forest fire. Since
N is an important nutrient for the living forest.
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