
FORESTRY  IDEAS, 2015, vol. 21, No 2 (50): 229–239

VARIATION OF THE ACID-BASE PROPERTIES OF 
FOREST SOIL AND LITTER UNDER DIFFERENT TREE 

SPECIES AFFECTED BY FOREST FIRES IN 
SOUTH-EASTERN BULGARIA

Ibrahim Molla and Emiliya Velizarova*

Department of Forest Ecology, Forest Research Institute – Bulgarian Academy of Sciences, 
132 St. Kliment Ohridski Blvd., 1756 Sofia, Bulgaria. E-mails: mollata@abv.bg, velizars@abv.bg*

Received: 02 July 2015					         Accepted: 12 December 2015

Abstract
Acid-base properties in cinnamonic forest soils (Chromic Luvisols) and forest litter under 

different fire-affected stands of tree species have been studied. The samples were taken 
immediately after fire, 1 month, 3 months and 1 year after it from affected and from unaffected 
(control) areas. The depth at which soil sampling was performed was from 0 cm to 5 cm and 
from 5 cm to 20 cm. Soil and litter acidity (pH) was measured potentiometrically in an aqueous 
extract. The most pronounced changes in pH values in comparison with the control variants was 
established in soil samples, taken from influenced by a surface fire broadleaf stand of Quercus 
pubescens Willd. The pH changes in the samples from forest litter were more pronounced than 
the changes registered in soil samples. A trend of a soil acidity increase was established till one 
year after fire influence for Austrian pine plantations and oak stands.

Key words: cinnamonic forest soil, forest litter, soil acidity, Pinus nigra Arn., Pinus sylvestris L., 
Quercus pubescens Willd.

Introduction

Fire is a dynamic process that influences 
composition, structure, and patterns of a 
vegetation community and soil (Boerner 
1982). Soil properties could be influenced 
by short-term, long-term or permanent 
fire-induced changes, depending primar-
ily on types, severity and frequency of 
fires, and post-fire climatic conditions. 
Fire could cause alterations of soil bio-
geochemical cycles, destroying/burning 
soil organic matter that increased soil pH 
for short duration, and change availability 
of nutrients in soil (Prieto-Fernandez et al. 
1993, González-Pérez et al. 2004, Neill et 
al. 2007, Nguyen 2011).

Soil pH is one of the most important 
index, influencing directly and indirectly 
availability of soil nutrients (DeBano et al. 
1998, Úbeda et al. 2005). According to 
Pritchett and Fisher (1987) the magnitude 
and duration of soil pH changes depends 
on the amount of ash formed, and also 
on the soil texture and pre-fire content of 
soil organic matter. Nutrient cations – Ca, 
Mg, and K, released by combustion of or-
ganic matter tend to move downward into 
the soil’s profile, and result in elevation 
of sub-surface soil pH (Dikici and Yilmax 
2006, Murphy et al. 2006). In many stud-
ies was found that the soil pH increases 
immediately after forest fire (Kutiel and 
Shaviv 1990, Velizarova et al. 2001, Ve-
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lizarova et al. 2002, Boerner et al. 2009, 
Tufekcioglu et al. 2010, Aref et al. 2011, 
Bogdanov 2013, Pereira et al. 2014). The 
results of pH changes in fire influenced 
soils under Austrian pine plantations show 
that its increasing depends on fire inten-
sity (Velizarova et al. 2010). According to 
Kutiel and Naveh (1987) the pH values 
showed significant increase immediately 
after the fire and then decreased rapidly 
to the levels of unburned soil. This trend is 
presumably due to the increase of soluble 
cations from the formed ash (DeBano et 
al. 1977). Khanna et al. (1994) assessed 
that capacity of ash to neutralize soil acid-
ity was well correlated with sum of con-
centrations of K, Ca, and Mg in ash itself. 
Forest fires lead to quick increase in soil 
pH, resulting from combustions of soil or-
ganic matter (SOM) and plant residues, 
and denaturation of organic acids in soils. 
The numerous authors suppose that in-
crement of pH only occurs when tempera-
ture during fire is greater than 450° and 
organic matter is absolutely burned, and 
ash is formed (Macadam 1987, Arocena 
and Opio 2003, Qian et al. 2009). Kutiel 
et al. (1990) found that soil pH decreased 
to pre-fire conditions eight months after a 
low intensity fire in a pine forest in Israel, 
while following a high intensity fire was 
found that soil pH values remained signifi-
cantly higher in burned plots for at least 
two years (Litton and Santelices 2003). 
Higher soil acidity (lower pH values) in fire 
influenced soil in comparison with not af-
fected was established five years after fire 
occurrence in deciduous forests (Ilinkin et 
al. 2013). Increasing of the soluble forms 
of calcium, magnesium, potassium and 
sodium are the reason for soil acidity de-
crease immediately after forest fire (Bog-
danov 2014). Ulery et al. (1993) found that 
the topsoil pH could increase as much as 
3 units immediately after fire. This rise 
was essentially due to formation of K and 

Na oxides, hydroxides, and carbonates in 
result of fire. In contrast, the fire-induced 
changes of soil pH are negligible in cal-
careous soils which have a high buffer ca-
pacity (Motavalli et al. 1995). All reviewed 
data show that the impact of forest fire on 
soil and forest litter pH depends on tree 
species composition, type and intensity 
of fire, buffer capacity of soils and require 
detail studies for separate area, affected 
by forest fire.

The purpose of the study was to es-
tablish the time-dependence changes in 
pH of cinnamonic forest soils (Chromic 
Luvisols) and forest litter under different 
tree species form South-eastern part of 
Bulgaria.

Material and Methods

The sampling was performed in 
Cinnamonic forest soils – Chromic 
Luvisols (LVha) (WRBSR 2014) impacted 
by crown and surface forest fires occurred 
in summer 2013 in South-eastern part of 
Bulgaria (Fig. 1).

Object 1 was representative for crown 
and surface fire affected area in Mineralni 
bani Municipality region. The main tree 
species is Austrian pine (Pinus nigra Arn.) 
plantation assigned as ’PN‘ impacted by 
crown and surface fire occurred in August 
2013. Soil samples were collected in 
three replications from fire-influenced soil, 
assigned as C1, C2, C3 (crown fire) and 
from undisturbed soil – U1, U2 and U3 
(control variants) (Fig. 1, Table 1).

Within Svilengrad Municipality region 
two objects have been established. The 
studied area is located in southern part 
of Sakar Mountain referring to Southern 
edge of border of forest vegetation 
region (Zahariev et al. 1979). In Object 2 
the mixed coppice stand with dominant 
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tree species Downy oak 
(Quercus pubescens Willd.) 
assigned as follows – S1, 
S2, S3 was affected by 
surface fire. In Object 3, the 
main tree species, affected 
by surface fire in August 
2013 was Scots pine 
plantation (Pinus sylvestris 
L.) – ’PS‘. Sampling plots 
were assigned as S4, 
S5 and S6 respectively. 
Close to the affected area 
undisturbed sites for control 
plots were established – 
U4, U5, U6, U7, U8 and U9 
(Table 1).

Table 1. Study area characteristics.

Studied 
objects Variants Fire type Dominant 

tree species
Altitude, 

m Stand age Area,
ha

Geographic 
coordinates

Mineralni bani Municipality

1

C1

Crown and 
surface fire

Pinus nigra 
(PN) 473 40 7.0

41°52’54.9” N 25°19’8.1” E

C2 41°52’55.5” N 25°19’9.6” E

C3 41°52’55.3” N 25°19’9.9” E

U1

Undisturbed

41°52’57.6” N 25°19’5.9” E

U2 41°52’57.3” N 25°19’5.8” E

U3 41°52’57.5” N 25°19’5.9” E

Svilengrad Municipality

2

S1

Surface fire
Quercus 

pubescens 
(Q)

462

50 5.8

41°53’18.9”N 26°21’15.1”E

S2 41°53’18.7”N 26°21’15.1”E

S3 41°53’18.9”N 26°21’15.5”E

U4

Undisturbed 35 6.7

41°53’18.9”N 26°21’14.2”E

U5 41°53’19.2”N 26°21’13.9”E

U6 41°53’18.7”N 26°21’13.6”E

3

S4
Surface fire

Pinus 
sylvestris (PS)

378

45 1.2

41°53’50.8”N 26°22’4.2”E
S5 41°53’50.6”N 26°22’4.3”E
S6 41°53’50.6”N 26°22’4.0”E
U7

Undisturbed 377
41°53’51.5”N 26°22’4.4”E

U8 41°53’51.3”N 26°22’4.7”E
U9 41°53’51.6”N 26°22’5.1”E

Fig. 1. Location of the studied area: Object 1 – Mineralni 
bani Municipality region; Object 2 and Object 3 – Svilengrad 

Municipality region.
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The changes in soil pH were studied in 
dynamic. For this purpose, the sampling 
was performed immediately after fire, 
1 month, 3 months and one year after 
fire marked as I, II, III and IV (sampling) 
respectively. The soil samples for analysis 
were taken in 3 replications from a depth: 
0–5 cm and 5–20 cm. Sampling was 
performed from forest litter at each variant 
for soil sampling. Forest litter samples 
were collected using sampling frame with 
size 25  ×  25  cm. Forest litter samples 
were analysed for pH, using a 1:2 ratio 
(mass forest litter /volume H2O) solution. 
Soil pH was determined in suspension soil 
to water in ratio 1:5. Measurement was 
performed potentiometrically by pH meter 
(HANNA HI 2211).

Results and Discussion

In Fig. 2, the results of pH values of forest 
litter from different tree species, affected 
by forest fire in studied periods are pre-
sented. 

A considerable increase of pH in for-
est litter, collected from PN plantation af-
fected by fire was observed, as the high-
est value 7.9 was recorded for the period 
immediately after the fire occurrence. 
During next three periods of investigation 
a decrease of pH was observed (Fig. 2). 
The similar trend was observed for two 
other tree species affected by forest fire 
in Object 2 and Object 3. However the 
most pronounced changes of pH between 
control variants and fire affected forest lit-
ter were observed for PN and PS, which 
is most probably in result of the organic 
acids denaturation (Certini 2005) and due 
to increase of soluble cations from the 
formed ash (DeBano et al. 1977).

Parzych and Sobisz (2012) estab-
lished that in the needles of Pinus nigra 

a notably higher accumulation of P, K, 
Ca, Mg and Mn was observed than that 
in the needles of Pinus sylvestris which 
could be the reason for higher differences 
in pH of PN forest litter between control 
and fire affected samples. Less increase 
in pH values for all studied periods in the 
forest litter under coppice oak stand (Q) 
influenced by surface fire was found as re-
sults of investigations. The highest values 
were recorded in the period immediately 
after the fire – pH = 8.2.

The trend in pH changes through the 
next studied periods was slightly down-
ward (Fig. 2, Object 2). The results of for-
est litter pH from the PS sampling sites 
show the highest values of the pH – 8.3 
immediately after fire occurrence. The dif-
ference in pH of the fire affected forest lit-
ter and control one is the highest imme-
diately after forest fire and decreased to 
values from the control sampling sites one 
year after forest fire. The pH increment is 
with about 3 units, while in ash formed as 
a result of the fire affected oak litter, it is 
with about 1.5 units. Pereira et al. (2011) 
also found higher pH in ash of conifers 
species in comparison with broadleaf 
(oak) species and explain the increas-
ing of pH in ash with formation of more 
CaCO₃. Similar results were obtained by 
Pereira et al. (2014) and Blank and Zamu-
dio (1998), who found that pH values were 
higher in ash extracted from fire affected 
forest litter under Pinus pinaster Ait. and 
Salix scouleriana Barratt ex Hook. respec-
tively than from unburned one. Our results 
for time-relation changes of pH in forest 
litter after fire are in agreement with that 
established by Smith (1969) who found 
that the pH values of fire influenced L-H 
sub-horizons remained higher than ones 
of uninfluenced litter for a year after the 
fire occurrence. One year after fire, due 
to the felling of Austrian pine forest stands 
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no ash on the surface of mineral 
soil was found (Fig. 2, Object 1).

Additionally, the newly 
formed needle fall was found 
just before the second period of 
sampling, which could also pro-
voke slightly underestimation of 
forest litter pH (Fig. 2, Object 3). 
In Fig. 3 the results of pH values 
in both soil layers are presented. 
Soil pH in layer from 0 to 5 cm 
under PN affected by surface 
and crown fire show negligible 
changes in comparison with 
control variants during all stud-
ied periods (Fig. 3).

However slightly increased 
pH could be mentioned at the 
end of the period – about one 
year after forest fire. The com-
bustion of forest litter, in result 
of which sum of concentrations 
of K, Ca, and Mg in ash itself in-
crease reduced fire intensity and 
heat transfer to the mineral soil. 

On the other hand, the dis-
solution of this ash and subse-
quent effects upon surface soil 
chemistry depends, to a great 
extent, on the nutrient status of 
the soil prior to fire and the mass 
of ash-derived nutrients that are 
added as a consequence of fire 
(Boerner 1982). Similar trend 
was observed for Chromic Lu-
visols under PN plantations, af-
fected by surface and crown fire 
20 months after it (Velizarova et 
al. 2011). In studies of Glogov 
and Bogdanov (2003) and Bog-
danov (2013) in Chromic Luvi-
sols under coniferous forests af-
fected by surface and crown fire 
also observed increasing of pH 
values one year after it.

Soil pH in variant with PS plantation 
affected by surface fire, was changed 

Fig. 2. Time-related changes of pH (mean ±SD) in the forest 
litter under Austrian pine plantation – Object 1, Downy oak 

stand – Object 2 and Scots pine plantation – Object 3.
Note: U – unburned sampling sites; F – fire affected sampling 
sites.
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negligibly for both layers for all studied 
periods. The increase in soil pH, how-
ever, is usually temporarily and depends 
on the initial soil pH, amount of ash re-
leased, chemical composition of the ash, 

and wetness of the climate (Wells et al. 
1979). Also, the fire has different effect 
on soil pH depending on a reached tem-
perature. The decrease in soil pH at low-
er temperature was established as well 

Fig. 3. Time-related changes of soil pH (mean ±SD) under P. nigra plantation – Object 1, Q. 
pubescens stand – Object 2 and P. sylvestris plantation – Object 3.

Note: A) 0–5 cm soil layer; B) 5–20 cm soil layer, U – unburned sampling sites, F – fire affected 
sampling sites.



Variation of the Acid-Base Properties... 235

as increasing of soil pH at the higher tem-
perature (Fernandez et al. 1997).

The increasing of pH in soil a year af-
ter fire in variants Q and PN is presum-
ably due to leaching of soluble compo-
nents from surface mineral soil layer to 

soil depths (Grier 1975). The same in-
creasing of the pH values in cinnamonic 
forest soils under Austrian pine planta-
tion a year after forest fire occurrence 
was also established (Bogdanov 2013). 
Tryon (1948) found that the hardwood 
ash is more effective in increasing of pH 
values of the soil than the conifer ash. 
Our results show that soil pH increases 
more pronouncedly in the surface 0–5 
cm of soil affected by fire under oak 
stand. If we take into account the state-
ment that magnitude and duration of pH 
changes in mineral soil depends on the 
amount of ash formed due to forest litter 
burning, the relatively high pH values in 
forest litter (formed ash) after fire occur-
rence could be the reason for this results 
(Tryon 1948). Knighton (1977) studied 
the burning effects on an oak-hickory for-
est and found that the availability of Ca 

and Mg were considerably higher in the 
soil solution from the burned sites than 
the control, but with no indication of a cu-
mulative effect over time. Soil pH in the 
layer of 0 to 5 cm in the variant of oak 
stand affected by fire is increased im-

mediately after it. The soil pH under oak 
stand changed negligibly in result of fire 
influence in the next two periods, but at 
the end of the studied period increase in 
comparison with control variants is men-
tioned (Fig. 3, Object 2).

The data for pH of soil layer from 5 
to 20 cm also are presented in Fig. 3 
(B). Our results show that changes were 
negligible in all studied variants, except 
in case of the stands of oak, influenced 
by forest fire (Object 2). The difference 
between pH of fire influenced soil for all 
studied periods in surface soil layer of 
oak stand (Object 2) is higher in com-
parison with pH of surface soil layer un-
der PS and PN. This affect is long-term, 
as high pH values were kept during all 
studied period (Fig. 3, Fig. 4). Accord-
ing to the results obtained by Ulery et 
al. (1993), Henig-Sever et al. (2001) and 

Fig. 4. Time-related soil pH differences (∆ pH) in soil layers: A) from 0 to 5 cm; B) from 5 to 20 cm of 
studied variants and time periods.

Note: PN – Pinus nigra; PS – Pinus sylvestris and Q – Quercus pubescens.



I. Molla and E. Velizarova236

Goforth et al. (2005) the pH values of the 
ash, sampled after forest fire increased 
with fire severity increase. Neary et al. 
(1999) and Dūdaitė et al. (2011) found 
that during high intensity fires (~500ºC) a 
light grey or white ash is produced, com-
posed mainly of alkaline (Ca, K, Mg). The 
elements such as Ca, K, Mg were the 
most abundant in white ashes, produced 
from combusted leaf litter (Goforth et al. 
2005) which over time, could increase 
pH of the soil. Most probably, the newly 
formed light-grey coloured ash layer, on 
the soil surface under downy oak stand, 
is the reason for more sizable changes of 
the soil pH values than in PN and in PS 
plantations. At the end of the studied pe-
riod ∆ pH = 1.22 in the 0–5 cm soil layer 
(Fig. 4, A). Only in the variant with PS sig-
nificant changes in soil pH have not been 
registered as immediately after fire and 
one year after. Similar results were ob-
tained by Velizarova and Tashev (2008) 
studied changes in soil pH one year after 
fire influenced mixed plantations of Pinus 
sylvestris and Pinus nigra.

Conclusions

The values of pH increased significantly 
in fire affected forest litter of Pinus nigra, 
Quercus pubescens and Pinus sylvestris 
immediately after forest fire occurrence. 
In long-term scale – one year after fire 
these values are still higher than control 
variants.

The results for soil pH changes showed 
more pronounced increases in the surface 
0–5 cm of soil affected by surface fire un-
der oak stand. This trend was kept for the 
layer below. Slightly increase in soil pH 
was observed at the first year of observa-
tions.

During all studied periods, the results 
show negligible changes in soils affected 
by surface and crown fires under Pinus 
nigra in both layers compared to control 
variants. At the end of the period, the pH 
increase of fire-influenced soil in the sur-
face 0–5 cm soil layer was observed.

Soil pH changes for both soil layers in 
variant with Pinus sylvestris plantation are 
negligible for all researched periods.

Fig. 5. Studied sampling sites immediately after 
fire occurrence: 

A) Object 1 – P. nigra plantation, influenced by 
crown and surface fire, the forest litter after fire 

is black coloured; 
B) Object 2 – Q. pubescens stand, influenced 

by surface fire, the forest litter after fire is grey-
white coloured; 

C) Object 3 – P. sylvestris plantation, influenced 
by surface fire, the forest litter after fire is black 

coloured.
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