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Protected areas located in the steppe zone of Russia represent unique territories. Fires are a constant strong
factor affecting the plant and soil components of ecosystems. The resistance of soils to fire in the conditions
of semi-arid climate and hilly topography determines the speed of recovery of vegetation and soils in the
steppe landscape. The study was devoted to the restoration of water-physical, physico-chemical and chemical
properties of soils after the fire in 2014 on the site of the site «Burtinskaya Steppe» of the Orenburg State Na-
ture Reserve (Russia). The study sites were represented by two polygons with burned and unburned (control)
areas. The destruction of vegetation by fire contributed to the reduction of moisture reserves in the layer of
0-30 cm by more than 30% in the first years after the fire. For burning soils, there was a greater warming and
migration of easily soluble salts and gypsum to the upper part of the soil profile. The most intense accumu-
lation of CaSO, and sodium salts was noted in the soils of polygon 1. The study of the fire influence on the
content of soil organic matter and nutrients demonstrated their significant reduction in the first two years of
research. The restoration of phosphorus and potassium content to the level of control sites was noted by the
end of three years of monitoring. The content of soil organic matter and nitrogen significantly exceeded the
values in control sites. The conducted research has allowed drawing a conclusion about the ability of soils of
steppe landscapes to restoration of stocks of biogenic elements after the fire. At the same time, changing the
granulometric composition and migration of soil salts up the profile can contribute to the restructuring of plant
communities and change the basic properties of the soil cover. The particular danger of changing the soils of
steppe landscapes arises in the context of recurring fires and changing climate. The observed post-pyrogenic
dynamics of soil processes indicate the need for a deep and comprehensive study of the impact of fires on the
soil as a key link in the functioning of steppe ecosystems.

Key words: chernozem, consequences of fires, organic carbon, particle size distribution, steppe ecosystems,

https://dx.doi.org/10.24189/ncr.2019.041

water-physical properties of soils

Introduction

In Eurasia, the largest areas of steppes are in
Russia, Kazakhstan, Ukraine, Mongolia and Chi-
na. In the territory of the steppe zone of the Russian
Federation considerable areas of arable land were
excluded from arable use and part of these steppe
spaces is included in the structure of state reserves
(Rusanov & Shein, 2013; Pavleichik et al., 2016).

The main factor of anthropogenic impact
on the protected areas was wildfire. Fires, as a
factor in the evolution of landscapes, are wide-
spread in the (sub)boreal, and (sub)tropical
zones of Eurasia, Africa, America, and Oceania
(Leys et al., 2018).

The interest in fire research has become global
and interdisciplinary, due to the influences, interac-
tions and feedback between fire systems, terrestrial
and atmospheric systems in the context of human
health and climate dynamics (Jia et al., 2015).
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Soils are among the most valuable non-renew-
able resources on Earth. They support natural veg-
etation and ecosystems, are the largest terrestrial
organic carbon stock and act as storage and filters
for water. Assessing the destruction of aboveg-
round plant organs by fire is critical for effectively
prediction the response of the terrestrial ecosystem
carbon and water cycle to future climate change
(Santin & Doerr, 2016).

Sometimes, wildfire is considered as one of the
soil-forming factors. But it can also significantly
change vegetation, increase soil erosion and even
lead to desertification of previously fertile areas
(Krawchuk et al., 2009). The problem of preserva-
tion of reference areas of zonal steppe types with
their inherent biodiversity and appearance is ur-
gent. Therefore, practical importance of a compre-
hensive study of the fire impact on steppe vegeta-
tion and soil increases.
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The purpose of this work was to study the res-
toration of water-physical, physico-chemical and
chemical properties of the soils of the site «Bur-
tinskaya steppe» of the Orenburg State Nature Re-
serve after the fire of 2014.

Material and Methods

The study was conducted in the site «Burtins-
kaya steppe» of the Orenburg State Nature Reserve,
Orenburg region, Russia (Fig. 1). The study area
was burned in August 2014. And data were collect-
ed one year later in October 2015 and 2016, and in
September 2017 and 2018. Burned and unburned
sites polygon Nel and Ne2 were approximately 30—
50 m apart from each other depending on the site.
Polygon 1 included a burned site at 51.203408°N,
56.679956°E, and an unburned site at 51.203625°N,
56.678886°E. Polygon 2 contained a burned site at
51.210553°N, 56.737581°E, and an unburned site
at 51.203408°N, 56.679956°E.

Samples were collected from sites where physi-
ographical, topographical properties, parent mate-
rial and plant cover were similar before the fire in-
fluence. The soil cover of the site is represented by
calcic sceletic chernozem according to IUSS Work-
ing Group WRB (2015). From each site (burned/
unburned) within both polygons, samples were col-
lected at five points (weighing at least 500 g), and
then mixed into a medium sample (weighing at least
2 kg). From each site, soil samples were taken from
several depths: 0-10 cm, 10-20 cm, 20-30 cm, 30—
40 cm, 40—50 cm. The comparison of soil properties
was made between burned and unburned sites.

The soil bulk density was determined by the
undisturbed soil core cylinder method according to
Klute (1986). The total nitrogen was measured using
the semi-micro Kjeldahl method, mobile potassium
by the Peive’s method, mobile phosphorus using the
Kirsanov’s method according to Vorobieva (1998).
The cation exchange capacity (CEC) was determined
by the BaCl, displaced method according to Sparks
etal. (1996). The soil pH was determined by the elec-
trode method at a 1/5 soil to water ratio. The total or-
ganic carbon (TOC) was analysed using the dichro-
mate oxidation technique (Vorobieva, 1998).

Results and Discussion
The fire impact on the steppe ecosystem was
manifested in the destruction of above-ground parts
of plants, which affected the change of thermal and
water regimes of soils. The results indicated stronger
heating and cooling of the soils in the burned sites
in summer and winter compared to unburned sites.
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In conditions of subboreal climate and insufficient
atmospheric moisture, the release of the soil surface
from plant material leads to an increased soil mois-
ture loss described in detail for this site in the first
two years after the fire by Pavleichik et al. (2016).
So, in the first year after the fire, the soil moisture re-
serve is significantly lower in the soils of both sites
after the fire (polygon 1: U= 3.2, p=0.005; polygon
2: U=3.2, p=0.005). The restoration of vegetation
cover and steppe felt contributed to the erasure of
differences in soil moisture reserves of burned and
unburned sites by the end of three years in polygon
1, and four years in polygon 2. The different recov-
ery rate of moisture reserves in the polygons is as-
sociated with the heterogeneity of soil properties.
Our results are in accordance with data obtained by
Shcherbyna et al. (2017) and Manning et al. (2017).

The increase in soil surface repellency is a
consequence of the deposition of a thin film of
carbonaceous substances of pyrogenic origin and
hydrophobic nature (Coetsee et al., 2010). This
contributes to a significant reduction in the rate of
water filtration from the soil surface by 15% and
22% relative to unburned sites (Fig. 2).

During the four-year study period, in the burned
sites the rate of water permeability gradually recov-
ered to the values in control sites. The calculation of
the moisture reserves in the 0-30 cm layer showed
similar moisture content and speed of water filtration
dynamics of manifestation of a significant difference
in the first two study years. It also demonstrated the
alignment of the indicators by the end of the study
period. It should be noted that the formation of a hy-
drophobic pyrogenic layer, the decrease in the speed
of water filtration down the soil body and reserves
of moisture are characteristics of soils of different
natural zones. It is a universal consequence of fires
(Shein et al., 2012; Shakhmatova, 2015).

The study of the granulometric soil composi-
tion showed a change in soil particles of the fine
earth fraction of the upper soil layer (0—10 cm) un-
der the fire influence. It was caused by a decrease
in the content of clay and sand fractions with a
maximum (14.2%) and a significant (U = 3.2, at
p = 0.005) difference in the first year after the fire,
and the smallest (6.8% at the site of polygon 1 and
5.2% of polygon 2) after four years after the fire
(Fig. 3). The change of the granulometric com-
position of the soil after the fire, a number of re-
searchers associated with the movement of fine
earth fraction down the surface of the soil and an
increased risk of development of erosion processes
(Vogelmann et al., 2013; Heydari et al., 2017).
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Fig. 1. The location of the site «Burtinskaya steppe» (Orenburg State Nature Reserve, Russia).
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Fig. 2. Water filtration rate in soils in the study area. The period of twelve (left) and forty-eight (right) months after the fire influence.
Note: 1 —unburned sites in polygonl; 2 — burned sites in polygon 1; 3 —unburned sites in polygon 2; 4 — burned sites in polygon 2.

Changing the temperature and water balance in
the fire-damaged sites led to a change in the chemi-
cal parameters of the soil (Table). Thus, the pH_,
index of soil solution had seasonal dynamics with
a slight increase by the end of the growing season.
The greatest variation of the indicator (12.7%) was
in the 0—10 cm soil layer in burned sites. Seasonal
and annual dynamics of soil pH did not exceed 5%
in unburned sites. The described dynamics may be
explained by the presence of gypsum in the soil
mass composition. In the upper soil layer of poly-

gon 1, its content significantly exceeded the con-
trol soil by more than 9.5% (U = 3.2, p = 0.005).

The change of the complex chemical proper-
ties expressed in the variation of the values of cat-
ion exchange capacity from 33 mmol/100 g soil
to 39 mmol/100 g soil in polygon 1, and from 31
mmol/100 g soil to 38 mmol/100 g soil in polygon
2. The dynamics of the indicator in the upper layer
was similar to the pH. A significant impact of fire
on the value of CEC was observed in the soils of
the second polygon (U =4.5, at p = 0.005).
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Fig. 3. The soil texture of polygon 1 (left) and polygon 2 (right) in the site «Burtinskaya steppe» of the Orenburg State

Nature Reserve.

Table. The main soil properties in the sites studied in the first year after the fire influence

Depth, cm | pH,... | CEC, mmol /100 g soil | CaCO,, % | CaSO,, %
Polygon 1 (burned sites / unburned sites)

0-5 7.8/73 39/33 52/43 0.170/0.052
5-10 7.8/7.5 37/35 5.8/4.9 0.173/0.059
10-20 8.0/7.9 29/27 55/1.1 0.186/0.147
20-30 8.0/7.8 27/27 8.4/8.6 0.192/0.192
30-50 79/7.6 23/21 12.9/9.0 0.200/3.331

Polygon 2 (burned sites / unburned sites)

0-5 7.6/7.0 38/31 1.5/1.2 0.098 /0.046
5-10 73/6.9 36/35 1.2/1.1 0.109/0.059
1020 7.4/7.0 31/30 8.0/2.9 0.236/0.133
20-30 72/72 29/27 16.3/8.8 0.236/0.236
30-50 72/73 23/19 15.7/8.7 0.339/0.240

In the soils of the burned sites, there was a sig-
nificant increase in the sodium content in the com-
position of the soil-absorbing complex by more
than 16% and 7% in relation to the ones for un-
burned sites in the soils of polygon 1 and polygon
2, respectively. Similar dynamics were observed
for calcium carbonate with an increase in the con-
centration in the 0—5 cm layer by 20.9% and 25%
in polygon 1 and polygon 2, respectively. By the
end of the study period, the soils of site 1 differed
significantly in terms of the set of chemical com-
position indicators. The tendency to increase the
pH and change the CEC has been described also by
Yildiz et al. (2010) and Shakhmatova (2015).

The study demonstrated that within a few
months after the fire in the 0—10 cm soil layer, the
total nitrogen content decreased by 43% in poly-
gon 1 and by 39% in polygon 2. The phosphorus
content decreased by 19% and 32%, potassium by
6% and 15% in the 0-10 cm soil layer in polygon
1 and polygon 2, respectively. Observations con-
ducted in 2018 indicated an increase in the content
of nitrogen, phosphorus and potassium in the soils
of the burned sites in relation to the control values.
The studies conducted in the first two years after
the fire allowed recording a significant reduction of
more than 12.6% (polygon 1) and 21.3% (polygon

2) of organic carbon in the 0—10 cm layer of burned
soils. However, in the subsequent period, the hu-
mus content exceeded the control soil values by
more than 6% in the soils of polygon 1 and by 15%
in the soils of polygon 2. The stabilisation of the
carbon pool and the increase in the content of nu-
trients in the soil indicates the stability of the soil-
plant system in relation to the damaging effects of
fire. This is in accordance with studies conducted
in the forest-steppe and tropical soils (Yildiz et al.,
2010; Vogelmann et al., 2013; Maksimova & Aba-
kumov, 2017). The same structure of organic mat-
ter on the results of infrared spectroscopy has not
changed. This indicates a stabilisation of the soil
organic matter accumulation and restoration of the
carbon pool.

Conclusions

The impact of fires on the soils of the Oren-
burg State Nature Reserve manifested in a signifi-
cant decrease in soil moisture, water filtration rate
and soil moisture reserves at the first three years
after the fire influence. Changes in water and heat
regimes led to the intensification of soil accumula-
tion of easily soluble salts and gypsum. In the dam-
aged soils, there was a decrease in the content of
organic substances, nitrogen, phosphorus and po-
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tassium in the first two years after the fire impact.
However, the subsequent period was characterised
by the level restoration of organic carbon and ni-
trogen above the soil of unburned sites.

The observed changes in soil granulometric
composition are an important signal of the surface
runoff development and reduced soil resistance to
erosion processes.

The observed processes are dangerous from
the viewpoint of preserving the appearance of
protected areas. It indicates a need for in-depth
and comprehensive study of the fire impact
on the soils as a key link in the functioning of
steppe ecosystems.
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Oco00 oxpaHsieMble MPUPOAHBIE TEPPUTOPHH, PACIIONIOKEHHBIC B CTEMHOW 30He Poccuu, MpencTaBisioOT co-
00i1 yHHUKaJIbHBIE MPOCTPAHCTBA, COXpaHUBIINE O0MUK crerned EBpasun. [loxapbl sSBISIOTCS HEOTHEMIIEMBIM
(haxTOpOM, BIMSIONIUM Ha PACTHUTEIBHBIN M MOYBCHHBIA KOMIIOHCHTBI 3KOCHCTEM. YCTOWYMBOCTH IMOYB K I10-
Kapy B yCIOBHAX MOTY3acCyIIIMBOTO KJIMMAaTa U XOJIMHCTOTO penbeda onpenenseT CKOPOCTh BOCCTAHOBICHHS
PaCTUTENBHOCTH M TIOYB CTeMHOro jJanamadTa. MccnenoBanne ObIIO MOCBSIIEHO H3YYEHUIO BOCCTAHOBICHUS
BOJIHO-(DM3UUECKUX, (DUBUKO-XMMUUECKUX M XMMHUYECKHX CBOWCTB MO4YB mHocie noxkapa B 2014 r. Ha yvacTke
«BypTHHCKasi CTernby rocyjapcTBEHHOTO 3anoBeHrKa «OpeHOYprekuii». Y4acTku ucclieoBaHus ObUIN Mpe/i-
CTaBJICHBI IBYMs MOJMUTOHAMH C COCEAHUMH COMXOKEHHBIMH U HECTOPEBIIUMH ((DOHOBBIMHU) y4acTKaMHU. YHHY-
TOKEHUE PACTUTEIBHOCTH MOXKAaPOM CIIOCOOCTBOBAIO CHIIKEHHIO 3amacoB Biary B cinoe Ha 0-30 cm Goree yem
Ha 30% B mepBbIe TOABI TTOCKIE TIoXkapa. J[Jisi TOYB y4acTKOB, MPOMIEHHBIX MOXKApOM, HAOIIONAI0Ch OoJbIee
[IPOrPEBaHNE U MUTPALHS JIETKOPACTBOPUMBIX COJICH M THIICAa B BEPXHIOK 4acTh MOUBEHHOTrO mpoduis. Hau-
Oonee uaTeHcuBHOE HakomieHne CaSO, u conell HaTPHst OTMEYIEHO B MOYBax monurona 1. Msyvenue Biusaus
raja Ha COAepKaHNe B TMIOYBE OPraHNYECKOTO BEIIECTBA U MUTATENbHBIX BEIIECTB MMOKA3aJI0 UX 3HAYUTEIBHOE
CHI)KCHHUE B MEPBBIC JIBa TOJIa UCCIe0BaHN. BoccTaHoBIeHUe coaepxkanus pocdopa U Kanust 10 YpoBHs ¢o-
HOBBIX Y4aCTKOB OTMEYAIOCh K KOHITY TPEX JIeT HaOIroeHUH. A cofepKaHue B TIOYBE OPTraHUYECKOTO BEIECTBA
W a30Ta 3HAYUTEJIBHO MPEBBIIATI0 3HaYeHHs (POHOBBIX Mo4B. [IpoBeieHHOE HCClieoBaHUE TTO3BOIMIIO ClIeNaTh
BBIBOJ] O CIIOCOOHOCTH TOYB CTEMHBIX JIAHIIAPTOB K BOCCTAHOBJICHHIO 3a11aCOB OMOT€HHBIX 3JIEMEHTOB MOCIIEe
Tmoxkapa. B 10 xe BpPEM UBMCHCHHUEC T'PAHYJIOMETPHUYECKOTO COCTaBa U MUT'PAlUA TTOUYBECHHBIX coJiei BBEpPX 11O
IPOQUITIO MOKET CIIOCOOCTBOBATH MEPECTPOMKE PACTUTEIBLHBIX COOOIIECTB M U3MEHEHUIO OCHOBHBIX CBOMCTB
TIOYBEHHOTI'O ITOKPOBA. Oco0ast 0ITaCHOCTL CMEHBI ITOYB CTEIMHBIX IIaH}lLHa(bTOB BO3HHUKACT B YCJIOBUAX ITOBTOPSA-
IOIINXCA MTOXKApPOB U U3BMCHCHUA KiiMMara. Ha6m011aeMa$[ MOCTIIMPOrCHHAsA JUHaAMHKa IMOYBCHHBIX ITPOLECCCOB
CBHJICTENLCTBYET O HEOOXOAUMOCTH IITYOOKOTO M BCECTOPOHHETO M3yUeHHMs BO3JICHCTBHS IT0YKAPOB HA MOYBY KaK
KJIFOUEBOI'O 3BCHA B (byHKLII/IOHI/IpOBaHI/II/I CTCIIHbIX DKOCHUCTEM.

KutioueBble cj10Ba: BOMHO-PU3NYECKHE CBOWCTBA IMOYB, TPAHYIOMETPUUYECKHI COCTAB, OPTaHMUECKHH yIIIepo,
TOCIIEACTBUA M0KAPOB, CTEIHBIE IKOCUCTEMbI, YEPHO3EMBbI
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