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People have significantly influenced on Orenburg region steppes by ploughing large parts of it, or by
utilising other parts as mowed grasslands, pastures or abandoning crop production on the old abandoned
fields. Frequent fires are another serious threat to the biodiversity of the steppes in the region. The main
cause of fires is the anthropogenic factor. This problem is relevant not only for managed areas, but
also for Protected Areas. The need to study the fire effects on ecosystems in the Orenburg State Nature
Reserve (Russia) has appeared for a long time, once it cleared that a special regime of Protected Areas
could not always preserve steppes of fire influence due to the steppe’s specifics (i.e., significant length
of the fire front and a burnt area, high speed of a fire spread under strong wind). At the same time, it is
most relevant to conduct environmental studies in the Protected Areas as ecosystems, least managed and
disturbed by humans. It is supplemented by excluding of any impacts within these areas and using data of
long-term research accumulated over previous years. In 2015-2016, we carried out the post-fire dynam-
ics of the stock of the above-ground phytomass in the site «Burtinskaya Steppe» in the Orenburg State
Natural Reserve. The study area is located in the steppe zone of the Pre-Ural region. In August 2014,
more than 20 km? of the steppe area was on fire. We established six study sites in this area. Each of them
included a control (unburnt) and a burnt plots. In each plant community, we conducted the geobotanical
surveys and mowing of the above-ground phytomass in spring (May), summer (June), late summer (Au-
gust), autumn (September). The obtained samples were dried, divided into groups (grasses, forbs, dwarf
semi-shrubs) and then weighted. We compared both unburnt and burnt study plots, and found statistically
significant differences between them using the Mann-Whitney U-test (o < 0.05) in the total stock of the
above-ground phytomass, stock of the dead phytomass, the standing dead phytomass, and litter. In the
burnt plant communities, the accumulation peaks of the living grass and forbs phytomass shifted com-
pared to the unburnt plots. During the first two post-fire years, only stock of the living phytomass and its
components (grasses, forbs, dwarf semi-shrubs) were restoring. Other components of the above-ground
phytomass did not reach the control values. Our data were part of a project for creation a framework to
monitor ecosystems in the preserved area after the 2014 fire impact.
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Introduction

In recent years, the fire impact on steppe land-
scapes has reached a catastrophic scale. The acti-
vation of fire phenomena has been recorded in the
steppes of the Volga-Ural region. Analysis of the
available Landsat space images dated by 1984-2014
in various areas in the Volga-Ural region indicated
a sharp increase in number and area of fires starting
since the late 1990s (Pavleichik, 2016). Similar con-
clusions were formulated for other regions of Russia
(Dubinin et al., 2011; Tkachuk, 2015).

Due to the widespread relevance of the fire im-
pact phenomenon, this factor acquires a significant
role in the Protected Areas. Even within a state na-
ture reserve, wildfire is a difficult to control compo-
nent of anthropogenic origin. The fire usually arises
as a result of economic activity and rapidly moves to
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Protected Areas from adjacent territories (Kalmyko-
va, 2006). Therefore, the site «Burtinskaya Steppe»
could be completely burnt out over 56 years due to
the frequent fires (Pavleichik, 2015).

The fire impact on the steppe vegetation has
been studied comprehensively. However, it is still
assessed ambiguously. Research of the fire influ-
ence on the vegetation cover of the steppes has
been carried out in Europe (Dedk et al., 2012, 2014;
Valko et al., 2014, 2016, 2017; Pereira et al., 2015,
2016, 2017; Ruprecht et al., 2016), USA (Engle
et al., 1989; Fuhlendorf & Engle, 2004; Davies
et al., 2007, 2012; Augustine & Milchunas, 2009;
Augustine et al., 2010; Bates et al., 2009; Schein-
taub et al., 2009; Twidwell et al., 2012; Winter et
al., 2013, 2015; Dufek et al., 2018; Dickson et al.,
2018), Australia (Allan et al., 2003; Andersen et
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al., 2008). Most of these studies were conduct-
ing on pastures. On these sites, fire influence has
seriously both environmental and economic con-
sequences (Rostagno et al., 2006; Davies et al.,
2008, 2017; Bates et al., 2009; Winter et al., 2015;
Mata-Gonzalez et al., 2018). In Russia, the impact
of fires on the steppe vegetation has been studied in
the Orenburg region (Rozhanets-Kucherovskaya,
1926; Ryabtsov, 2002, 2006; Ryabtsov & Safonov,
2002; Ryabinina, 2003; Kalmykova, 2006; Ryabi-
nina et al., 2010), Volgograd region (Ryabinina,
2013, 2014), Samara region (Ilyina, 2011), Re-
public of Bashkortostan (Yunusbayev et al., 2007;
Yunusbayev & Abdulina, 2010), Republic of Tyva
(Titlyanova & Sambuu, 2016), Dauria region (Tka-
chuk, 2015; Tkachuk & Denisova, 2015).

Protected Areas are the most suitable sites to
conduct long-term studies of the fire impact on nat-
ural ecosystems. In Russia, the fire impact on the
vegetation cover of steppe Protected Areas has been
studied previously (Lavrenko, 1950; Fedyunkin,
1953; Ryabtsov, 2002, 2006; Ryabinina, 2003;
Kalmykova, 2006; Kandalova, 2007; Skolzneva
& Skolznev, 2003; Ryabinina, 2013, 2014; Kudry-
avtsev, 2016). Extensive, thorough and detailed
study of the fire influence on the steppe vegeta-
tion of state nature reserves has been carried out in
Ukraine (Shalyt & Kalmykova, 1935; Drohobych,
2000; Lysenko, 2006; Timoshenkov & Timoshen-
kova, 2007; Gavrilenko, 2008; Hoffman, 2015).
Such studies have been conducted in Europe (Dedk
et al., 2012; Pereira et al., 2016; Kertiisz et al.,
2017), North America (Fuhlendorf & Engle, 2001;
Davies et al., 2012), Australia (Allan et al., 2003;
Andersen et al., 2008).

The stock of the above-ground phytomass
and its dynamics are considered as objective in-
dicators. These allow assessing the fire impact
on vegetation cover. In Russia, the most detailed
consequences of the fire influence on the above-
ground phytomass of the steppe vegetation of
Tyva region has been established by Sambuu &
Dapyldai (2016), Titlyanova & Sambuu (2016).
Similar studies have been carried out in the grass-
lands of Turkey (Gullap et al., 2018), steppes of
Hungary (Valky et al., 2016, 2017). Such studies
are widely represented in North America, where
the frequency, severity and intensity of fires on
the above-ground phytomass of prairies with fo-
cus on their pasturable use have been estimated
(Engle et al., 1989; Davies et al., 2007; Augustine
& Milchunas, 2009; Bates et al., 2009; Augustine
et al., 2010; Dufek et al., 2018). In North Amer-
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ica, the fire frequency and intensity through the
phytomass stock regulation have been considered
(Davies et al., 2017); these have also been stud-
ied in relation to the Russian steppe ecosystems
(Tishkov, 2003).

The research of steppe ecosystems before
and after the fire influence is necessary to devel-
op methods and approaches for steppe preserva-
tion from the fire influence effects and prevent-
ing their burnout. The study of the vegetation
cover in steppes plays a special role in formation
of such ideas. The fire affects all components of
the steppe plant communities. It causes remark-
able transformations of communities, changing
their structure, the processes of formation of the
living and dead phytomass, modifying the com-
munity composition.

The aim of the study was to analyse the post-
fire dynamics of the stock of the above-ground
phytomass in the steppe plant communities. We
established the following tasks: 1) to identify the
specificity of the fire effect on the stock of the
living phytomass and its components; 2) to study
the post-fire dynamics of the dead phytomass and
its components.

Material and Methods

Investigations were conducted on the site
«Burtinskaya Steppe» in the Orenburg State Na-
ture Reserve (Belyaevsky district, Orenburg re-
gion, Russia). This site has an area of 45 km? and
is located within the eastern part of the Pre-Ural
regional deflection (Chibilev, 1996). It is located
in the subzone of forbs-bunchgrass of the Trans-
Volga-Kazakhstan steppes (Ogureyeva, 1999; Saf-
ronova & Kalmykova, 2012).

On the basis of the Selyaninov Hydrothermal
Coefficient values, the weather conditions of the
study period were very arid in 2014, slightly arid in
2015, and satisfactory wet in 2016 (Table 1).

The 2014-2015 winter was characterised by a
low amount of snow. The maximum snow cover
(34 cm) was noted early February. The lack of herb
cover on the burnt sites during the snow cover for-
mation determined its fragmentary distribution,
mainly in the lowlands within the study area (Pav-
leichik et al., 2016) (Fig. 1).

The 2015-2016 winter was characterised by
a high precipitation amount and high temperature
in combination with a series of thaws. Similar
weather conditions and partial vegetation resto-
ration in 2015 caused an even larger snow cover
(Pavleichik et al., 2016).
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Table 1. Climatic data in the study area in 2014-2016

Month Study years
2014 [ 2015 | 2016
Average monthly air temperature, °C
May 18.8 | 15.7 | 16.2
June 209 | 234 | 18.8
July 19.9 | 21.5 | 21.6
August 245 | 19.5 | 26.0
September 149 | 17.2 | 14.6
Total monthly precipitation, mm
May 41.5 | 90.3 | 77.2
June 31.6 | 56.8 | 81.9
July 264 | 289 | 713
August 166 | 253 | 83
September 129 | 145 | 62.2
Selyaninov Hydrothermal Coefficient
. . . . 0.4 0.7 1.0
meaning during vegetation period

Since the establishment of the site «Burtins-
kaya Steppe» five large fire evidences have been
registered. In 1991, an area of 14.7 km? was burnt,
in 1995 — 38.9 km?, in 1998 — 42.5 km?, in 2003 —
40.5 km?, in 2009 —18.5 km?. Before the 2014 fire,
the study area did not burn during 611 years. Be-
fore 2014, study sites Nel, 3, 6 burnt the last time
in 2003, and study sites Ne2, 4, 5 burnt the last time
in 2009. Most of the fires started from the adjacent
agricultural areas. The fires occurred the most fre-
quent in late summer and autumn.

The study of vegetation cover was carried out
during the vegetation periods in 2015-2016. Six
study sites were established in the site «Burtinska-
ya Steppe» and its buffer zone. The study sites Nel,
3, 4 were located on the plain areas with a small
slope. The study site Ne5 was situated on a hill top.
The study sites No2, 6 were located on the slopes of
different exposures. The plant communities in the
study sites belonged to Stipetea zalesskii (Nel, 2,
3,5, 6) and Stipetea lessingiana (Ne4) formations.
These plant communities are most common on
the site «Burtinskaya Steppe» (Kalmykova, 2009,
2012). The study sites Nel, 3 had been stronger
overgrazed before establishment of the Protected
Area. The study site Ne4 located in the buffer zone
of the site «Burtinskaya Steppe» is an old aban-
doned field. The study sites Ne2, 5, 6 were located
in the undisturbed steppe.

Each study site consisted of a burnt (A) and
unburnt (B) plot. We planned the location of study
plots on the basis of their availability, diversity
(e.g. landscape position, vegetation cover) and
the possibility to compare (burnt vs. unburnt). We
established the study sites at the periphery of an
area burnt in 2014 (Fig. 2), where the unburnt plots
were located as close as possible to the burnt ones.
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Fig. 1. Snow distribution at the boundary of burnt (left) and
unburnt (right) areas on the site «Burtinskaya Steppe» (Oren-
burg State Nature Reserve, Russia), December 2014.

We performed geobotanical surveys using
widely accepted geobotanical methodics (Walter
& Alekhin, 1936; Yaroshenko, 1961; Lavrenko &
Korchagin, 1964, 1972; Rabotnov, 1992) on per-
manent 10 x 10 m sample plots. The geobotanical
surveys of each plant community included the total
projective cover of the phytocenosis and its species
composition. For each species, we counted its abun-
dance, projective cover and the character of spatial
location. The study of the above-ground plant sub-
stance dynamics has been performed according to
Bazilevich et al. (1978). In each plant community,
the mowing has been carried out in spring (May),
summer (June), late summer (August) and autumn
(September). The sample plants were cut at the level
of the soil on study plots of 0.25 m? at three repli-
cates (three copies per plot). Under laboratory con-
ditions, we weighted the samples and estimated the
stock of each component of plant matter (mass of
plant organs per unit area at the time of the study).
The following abbreviations are used: G — stock of
the above-ground living phytomass, L — litter, D —
stock of the above-ground standing dead phytomass.
Components of the stock of the above-ground living
phytomass are abbreviated as G,, — grasses, G,
forbs, G,, — dwarf semi-shrubs, D + L — stock of
the above ground dead phytomass. Components of
the standmg dead phytomass are abbreviated as D
—grasses, D, —forbs, D .—dwarf semi-shrubs. All
above- ground phytomass was dried to air-dry state.
Then it was weighted with an accuracy of 0.05 g.

The statistical data processing was performed
using Statistica 6.1 software. To assess the statisti-
cal significance of the differences in the stock of
the phytomass and its components between the
burnt and unburnt plots, we used the Mann-Whit-
ney U-test (a0 < 0.05).
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Fig. 2. The location of the study area. A — location of the site «Burtmskaya steppe» in the Orenburg State Nature Reserve. B —area
burnt in 2014 (dark-grey colour) and map of study site locations. The black line is the boundary of the site «Burtinskaya Steppe».

Results

Total stock of the above-ground phytomass

During the study period, the total stock of the
above-ground phytomass (G + D + L) on all burnt
plots was always lower than on the unburnt ones. At
the same time, the total stock of the above-ground phy-
tomass on unburnt plots exceeded those on the burnt
ones at 2—11 times in 2015, and at 1-3 times in 2016.
The Mann-Whitney U-test confirmed statistically sig-
nificant differences at a significance level of a < 0.05
in all study sites (Table 2). Despite an increase in the
total stock of the above-ground phytomass on the
burnt plots in 2016, the difference between them and
unburnt plots still remained quite large.

On the unburnt plots, the maximum stock of the
above-ground phytomass was mainly associated with
the beginning or end of the vegetation period over
both study years. This is explained by an increase in
the dead phytomass during this period (Fig. 3). On the
contrary, the largest stock of the above-ground phyto-
mass on the burnt plots was always associated with the
largest stock of the living above-ground phytomass.
Therefore, maximum values occurred most often in
the first half of the season — in June (Fig. 4).

The dynamics of the above-ground phytomass
stock on all six burnt study plots was similar with a
peak in June and a decline during the following months.
The composition and structure of plant communities is
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simplified. The ratio of the above-ground phytomass
components and the role of certain species in its for-
mation changed (Fig. 3, Fig. 4). On the contrary, plant
communities on the unburnt plots are characterised
by a higher ecological and biomorphological fullness
with preservation of the phytocoenotic role of species,
manifested in a certain period of the vegetation period.

Over the whole study period, on the unburnt
plots, the stock of the above-ground dead phy-
tomass exceeded the stock of the above-ground
living phytomass by 1.2-9.0 times. On the burnt
study plots, the opposite situation was demonstrat-
ed at the beginning and middle of the 2015 vegeta-
tion period. The stock of the living phytomass was
1.2—7 times higher than the stock of the dead phy-
tomass. In some cases (in May in study site Ne3, 6),
this difference counted hundreds of times.

Stock of the living phytomass

The stock of the living phytomass (G) on both
the burnt and unburnt plots accumulated similar-
ly. Their values predominantly increased May to
June due to the active development of the domi-
nated forbs-bunchgrass vegetation (Fig. 5, Fig. 6).
By a late vegetation period, their values gradually
decreased, once the most of the living phytomass
changed to the standing dead phytomass or litter,
by reaching minimum values.
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Table 2. The stock of the above-ground phytomass (mean + SE) on burnt (A) and unburnt (B) plots (g/m?)

Fig. 4. Dynamics of the total stock of above-ground phyto-

Parametres

Plots
G+D+L | G G I, Gfor Gdh | D+L | D Dcr Dfor Ddh L
2015 year
1A | 96+ 13* 70 £ 11* 306 12+3 11+3 31+ 6% 20+ 5% 8 £ 2% 14+3 0.5 +0.3*% 114 3%
IB | 371 +30*% | 109+ 15* 54+ 11 23+9 29+9 262 +£25% | 84+ 10* 64+ 10* 12+4 5+ 3% 178 £21*
2A | 143 + 14* 89+ 11 61+7 13+3 13+6 53 + 9% 50 + 8* 16 +3* 33+7 8+3 3+ 1.8%
2B | 378 £22*% | 110+ 15 69 + 8 23+9 15+4 268+ 16* | 184+ 16% | 130+ 7* 21+5 21+13 84 + 7*
3A | 96+ 12% 54+ 11%* 29 + 4% 25+ 10 02+0.1 42 + 9% 34 + 8% 16 + 7% 22+6 1+3 8 + 4%
3B | 583+ 64* 86 + 9* 62 + 8* 23+6 1.5+1.3 | 496+61* | 163 +£26% | 141 +25%* 17+4 0.06+0.06 | 333 +51*
4A | 130+ 12%* 87 + 8* 65+ 7* 17+4 5+2 43 £ 7* 30+ 6* 18 +4* 11+£2 0.7+2 13+ 6*
4B | 387 +20% | 135+9* 111 +8* 13+3 11+3 252+ 18* | 155+ 18% | 141 +17* 11+4 3+1 97 + 7*
SA | 133+ 14* 95+ 12 68 +8 21+7 3+1 39 + 9% 33+ 8% 18 + 5% 37+ 7% 3+£1.5 5+2%
SB | 367+23* | 107+ 12 61+6 36+8 7+2 260 +£22% | 1524 18% | 104 + 12* 12 + 4% 8+5 108 + 13*
6A | 136 + 14* 89+ 11 73+ 11 8+2 8+3 47 +£10* 45+ 11%* 37 + 9% 15+ 3% 0.3 +£0.3*% 2+ 1%
6B | 359+26* | 127+19 99 + 14 9+3 18+6 233+ 17% | 121 +8* 103 + 7% 7 +£2% 34+ 1% 111 +12%
2016 year
1A | 182+ 18* 96+ 15 40 + 6* 37+ 11 17+6 50 + 9% 48 + 6* 24 + 3% 18+3 6+3 50 £ 9*
IB | 497 +21* 120+ 8 69 + 8* 23+5 24+5 247+ 17* | 131+ 12* | 103 + 14* 15+3 11+3 247 £ 17*
2A | 256+ 14*% | 132+13 80+ 11 30+7 18+5 39 + 8* 85 + 5* 65 + 6* 12 +£2% 7+ 3% 39 + 8*
2B | 597 +35*% | 177+21 103+9 37+ 10 34+ 10 189+ 11% | 232+£20% | 178 £ 17* 29 + 9% 22 + 3% 189 + 11*
3A | 250+ 12% | 130+ 11 89+ 6 37+8 34+3 34 +7* 86 + 7* 61 +7* 25+4 0.7+0.7 34+ 7%
3B | 748 £54* | 126+ 15 83+7 39+ 12 5+3 408 £49* | 214 £23* | 191 +23* 22+4 0.7+0.4 | 408 +49*
4A | 233 £ 11* 106 +£7 81+ 6* 16+3 9+3 50 + 5* 76 + 6* 67 + 6* 7+1 2+0.8 50 + 5*
4B | 469 +30*% | 130+ 11 103 + 6* 19+5 8+3 173 +£19* | 166+ 10* | 153 +9%* 9+2 4+2 173 £ 19*
SA | 282+£17% | 145+19 101 + 14 28+9 14+4 51 +8* 85+ 7* 70 &+ 7% 11 +3* 5+£2 51+ 8*
SB | 585+23* | 161 +23 81+38 56+ 14 22+7 262+ 13* | 163 £ 12* | 109 + 6* 44 + 9* 8+2 262 + 13*
6A | 256+ 18* | 130+15 89+ 11 18+9 23+8 34 + 4% 91 + 6* 77 + 5% T+2 7+3 34 +4*
6B | 480 +30* 109+9 94 +7 6+2 9+2 161+ 18* | 210+£22% | 197 +23* 10+4 3+1 161 + 18*
Note: * — significant differences between burnt and unburnt plots. Significance level: a < 0.05.
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Fig. 5. Dynamics of the stock of the living phytomass on
unburnt plots.

Fig. 6. Dynamics of the stock of the living phytomass on
burnt plots.
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In the first post-fire year, the stock of the
living phytomass on the burnt and unburnt
plots had statistically significant differences
on study sites Nel, 3, 4. There were no differ-
ences found on study sites Ne2, 5, 6 (Table 2).
Such a division of study sites into two groups
suggests an interesting pattern associated with
the characteristics of the original plant com-
munities located on these sites. For study sites
damaged by intensive use before the Protected
Area foundation, we found statistically signifi-
cant differences in the stock of the living phy-
tomass between the burnt and unburnt plots, as
follows: study sites Nel, 3 were grazed, while
study site Ne4 is an old abandoned field.

For the second post-fire year, the Mann-
Whitney U-test showed no statistically signifi-
cant differences between the stock of the living
phytomass on the burnt and unburnt plots on any
of the study sites. Consequently, the values of the
living phytomass on burnt plots already reached
the values of this parameter on unburnt plots by
the second post-fire year. Thus, a decrease in
the total stock of the above-ground phytomass
(G + D + L) in the first post-fire year is mainly
explained by the loss and slower recovery of the
dead phytomass (D + L).

Stock of the living phytomass of grasses

Both the living and dead above-ground phy-
tomass of the firm-bunch grasses (Stipa zalesskii
Wilensky, Stipa lessingiana Trin. & Rupr., Festu-
ca valesiaca Gaudin, Stipa capillata L.) dominat-
ed on the unburnt plots. On the burnt plots, grass
species dominated in the first post-fire year. How-
ever, grasses can be inferior in the above-ground
living phytomass to forbs or dwarf semi-shrubs.

The comparison of the stock of the living
phytomass of grasses (G ) on the study sites
demonstrated statistically s1gn1ﬁcant differences
between burnt and unburnt plots only in the study
sites managed earlier: 2015 — study sites Ne3, 4, in
2016 — study sites Nel, 4 (Table 2). No differences
were found on the other study sites. However, an
increase in the projective cover of grasses up to
the control values in the plant communities has
not occurred yet.

On most of the burnt plots, the stock of
the above-ground living phytomass of grasses
reached the highest values by August of the first
post-fire year. On the unburnt plots, a peak was
in June during all the study years. Such a shift of
peaks in the grass phytomass accumulation was
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a result of the direct fire effect on grass species.
In the second post-fire year, we did not find such
effect, and peaks were found in May — June 2016.

Stock of the living phytomass of forbs

The fire effect on different groups of the
steppe plants is not uniform. After the fire im-
pact, the grasses were in a depressed state, while
the taproot perennial forbs increased both their
abundance and stock of the living phytomass.
Similarly, the abundance of the short-living spe-
cies (including some weeds) increased on the
burnt plots.

We did not find statistically significant dif-
ferences for the stock of the living phytomass of
forbs (G, ) between the burnt and unburnt plots
for a whole study period. Values of the stock
of the living phytomass of forbs on burnt plots
was close to values of this parameter on unburnt
plots during the whole study period. This in-
dicates the ability of forbs for a rapid post-fire
recovery (Table 2). The maximum stock of the
living phytomass of forbs on the unburnt plots
was associated with June. On the burnt plot, the
maximum stock has been also associated with
June in the first post-fire year and with May in
the second post-fire year. This is associated with
a post-fire increase in the phytocoenotic role of
the spring-flowering perennials (e.g. Scorzonera
austriaca Willd., S. stricta Hornem., Potentilla
humifusa Willd. ex Schltdl.), including ephem-
eroids (e.g. Tulipa biebersteiniana Schult. &
Schult. f., Allium tulipifolium Ledeb., Gagea
pusilla (F.W. Schmidt) Schult. & Schult. f.),
and short-living species (e.g. Sisymbrium poly-
morphum (Murray) Roth, Androsace maxima
L., Draba nemorosa L.). This is evidenced by
their massive appearance after the fire impact
in steppes. The summer-flowering species (e.g.
Galium ruthenicum Willd., Eremogone bieber-
steinii (Schltdl.) Holub, Salvia stepposa Des.-
Shost., S. tesquicola Klokov & Pobed.) domi-
nated on the unburnt study plots.

Stock of the living phytomass of dwarf
semi-shrubs

There were no statistically significant dif-
ferences between the burnt and unburnt plots
in the stock of the living phytomass of dwarf
semi-shrubs (G, ) during the whole study pe-
riod (Table 2).

On both burnt and unburnt study plots, the
phytomass values changed depending on the
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phenotypic rhythms of the dominant dwarf semi-
shrub species. Because of the fact that among
dwarf semi-shrubs, the summer-flowering spe-
cies (e.g. Eremogone koriniana (Fisch. ex Fenzl)
Ikonn., Onosma simplicissima L.) prevailed, the
maximum of the stock of the living phytomass of
dwarf semi-shrubs was in June (study site Ne5).
Under prevalence of the late-flowering species
(Artemisia austriaca Jacq., A. marschalliana
Spreng.), the maximum stock was at the end of
the vegetation period (study site Ned4). According
to our data, some of the summer-flowering spe-
cies remain green for a long time and can repre-
sent a significant part of the stock of the living
phytomass in August and September. Sedges and
shrubs are characterised by a small coenotic role
and a small contribution in the formation of the
stock of the living phytomass during the entire
study period.

Stock of dead phytomass

During the 2014 fire, the entire above-ground
dead phytomass (D + L) burnt out on the burnt
plots. The soil became bare, and the newly form-
ing dead phytomass partially deflated under wind
influence. The stock of the dead phytomass on
the unburnt plots exceeded the stock on the burnt
plots by 3.5-31 times (in some cases, it was by
several hundreds or even thousands times) in
2015, and by 2-9 times in 2016.

During the entire study period on all study
sites, the stock of the above-ground dead phy-
tomass on unburnt plots was higher than on
burnt plots. Statistically significant differences
in the above-ground dead phytomass stocks be-
tween burnt and unburnt plots were found dur-
ing the whole study period on all study sites
(Table 2). In the first post-fire year, the stock of
the above-ground dead phytomass on the burnt
plots gradually increased on all study sites from
May to September. The maximum stock was
associated with September in both burnt and
unburnt plots. In the second post-fire year, the
maximum stock was typical for August on both
burnt and unburnt plots.

During the whole study period, the stock of
the standing dead phytomass dominated in the
structure of the stock of the dead phytomass on
the burnt plots. On the unburnt plots, there were
two variants of the stock of the dead phytomass
distribution. On study sites Nel, 3, 5, the litter phy-
tomass dominated under standing dead phytomass
during the whole study period. On study sites No2,
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4, 6, the litter phytomass prevailed at the begin-
ning and end of the vegetation period, i.e. at the
time once the standing dead phytomass intensively
transferred to litter phytomass.

The seasonal dynamics of the stock of the stand-
ing dead phytomass and litter differed in the study
years by following the seasonal characteristics of
changes in the living phytomass and its components.

Stock of the standing dead phytomass

In all study years, the stock of the standing
dead phytomass was higher on unburnt plots of all
study sites. In the first post-fire year, it was by 1.5—
50 times (in some cases, by hundreds times) high-
er, in the second post-fire year, it was 1.3—4 times
higher. The comparison of the stock of the dead
standing phytomass on burnt and unburnt plots
showed statistically significant differences using
the Mann-Whitney U-test (o < 0.05). It was typical
for the whole study period (Table 2). Herbaceous
plants of different life forms differed by processes
of death of certain organs, their subsequent preser-
vation, subsequent decomposition and destruction.

Stock of the standing dead phytomass of grasses

During the whole study period, the stock of
the standing dead phytomass of grasses on the un-
burnt study plots differed significantly from the
one on the burnt plots on all study sites (Table
2). We identified two peaks of an increase in the
stock of the standing dead phytomass of grasses,
associated with spring and late summer periods.
These peaks were more expressed on the unburnt
plots. On unburnt plots, the first (spring or early
summer) peak of the stock of the standing dead
phytomass is determined by leaves of grasses
preserved during the winter after the previous au-
tumn generation. The second peak is associated
with the dried leaves of the spring generation of
the current year (Fig. 7). On burnt plots, we found
a peak of the stock of the standing dead phyto-
mass dated in the late summer of 2015 and in the
early summer in 2016 (Fig. 8).

Stock of the standing dead phytomass of forbs

In the steppe plant communities, there are
species of forbs of different types of phenologi-
cal rhythms (Borisova, 1965; Borisova & Popova,
1972; Semenova-Tyan-Shanskaya, 1977). Differ-
ences in occurrence of these species groups on burnt
and unburnt plots determine the dynamics of the
stock of the living phytomass of forbs and its transi-
tion to the stock of the standing dead phytomass.
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Fig. 7. Dynamics of the stock of the standing dead phytomass
of grasses on unburnt plots.

We compared burnt and unburnt plots for the
stock of the standing dead phytomass of forbs us-
ing the Mann-Whitney U-test, and showed statisti-
cally significant differences on study sites Ne5, 6
in 2015 and on the study sites Ne2, 5 in 2016. On
these study sites, the abundance of Galatella villo-
sa (L.) Rchb. f., Galium octonarium (Klokov) So6,
Galium ruthenicum was remarkably higher on the
unburnt plots than on the burnt ones. At the same
time, on the burnt plots, the stock of the standing
dead phytomass of forbs was also formed by the
spring-flowering and short-lived species. These
species rapidly finished flowering and turned into
the standing dead phytomass with rapid transition
into litter. Both on the unburnt and burnt plots, the
maximum stock of the standing dead phytomass of
forbs has been found by the late vegetation period.

Stock of the standing dead phytomass of dwarf
semi-shrubs

Both on the unburnt and burnt plots, there was
a small accumulation of the stock of the standing
dead phytomass of dwarf semi-shrubs. By the late
vegetation period, its amount was growing on both
burnt and unburnt plots.

We compared burnt and unburnt plots for the
stock of the standing dead phytomass of dwarf semi-
shrubs using the Mann-Whitney U-test, and showed
statistically significant differences on study sites Nel,
61n 2015 and on study site Ne2 in 2016. In these cases,
the stock of the standing dead phytomass was higher
on the unburnt plots than on the burnt ones (Table
2). This is explained by the fact that after the fire im-
pact, on study sites Nel, 6, Artemisia marschalliana
disappeared in the plant communities, while Astraga-
lus macropus reduced its abundance compared to the
unburnt plots. In 2016, there were no significant dif-
ferences in the abundance of dwarf semi-shrubs be-
tween the burnt and unburnt plots on study site Ne2.
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The differences are probably associated with uneven
distribution of dwarf semi-shrubs within a study plot.

Stock of litter

After the 2014 fire, the litter completely burnt
out on the study plots. In May and August 2015,
there was no litter on burnt plots, possibly due to
the wind affect. From 2015 to 2016, the amount of
the stock of litter increased by 1.5—4.0 times on the
burnt plots, while on the unburnt plots the increase
was 1.2-3.0 times. On the unburnt plots, the stock
of litter was higher than on the burnt ones by 4-25
times in 2015, and by 2—15 times in 2016. In all
study years, the amount of the stock of litter dif-
fered statistically significantly between burnt and
unburnt plots on each study site (Table 2).

On the study sites, the litter decomposed from
April to June. The most favourable weather condi-
tions for the transition of the litter into the soil were
in May — June. This process actively took place on
the unburnt plots (Fig. 9). On the burnt plots, the
litter amount was minimal. Its unburnt residues
represented most of the stock of litter (Fig. 10).

From mid- to late summer, the litter decom-
position slowed down on the study sites due to a
sharp increase in the air temperature (30-32°C)
with a relative air humidity much lower than the
norm (Table 1). In August, we found the maximum
stock of the litter on some study plots. It concerned
only unburnt plots, as on the burnt plots, the litter
was almost absent due to the wind affect.

In September, we found a decrease in the stock
of the litter on the unburnt study sites Ne3, 4, 6, in-
dicating a continuation of the litter destruction. On
other study sites, the litter accumulation continued,
which may be explained by the small total monthly
precipitation amount (14.5 mm) during this period.
On the burnt plots, the stock of the litter continued
to accumulate (Fig. 10).
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2016

From September 2015 to May 2016, on most
of both burnt and unburnt study plots, the stock of
the litter increased. Despite the temperature and
humidity (Table 1) being favourable for the litter
decomposition, the stock of litter continued to in-
crease on the unburnt plots of study sites Ne2, 4, 5,
6. On the other hand, on study sites Nel, 3, there
was a sharp transition of litter into the soil.

The dead phytomass accumulated on most of
the burnt plots. From June to August, both on the
burnt and unburnt plots, the litter mass increased
on all study sites. In September, the decrease in the
average monthly temperature and the increase in
the total monthly amount of precipitation affected
the litter mass decrease on both burning and con-
trol plots.

Discussion

We revealed some features of the post-fire
dynamics of the stock of the above-ground phyto-
mass in the steppe plant communities in the study
area. For appropriate comparison of our data with
analogous studies conducted earlier, geographic
locations of compared sites should be taken into
account. The patterns of fire influence on the veg-
etation cover of grasslands are mainly specific and
determined by the zonal position of the study area.
Therefore, our data are less comparable with data
of foreign studies. It is predominantly explained
by differences in seasonal dynamics and composi-
tion and patterns of phytomass stock. The results
of our research are most comparable with studies
conducted in Russia and adjacent countries (e.g.
Ukraine, Kazakhstan).

The interpretation of both obtained data and
post-fire patterns is also influenced by the views
of different specialists on the ecosystem role of a
vegetation cover. The same reasons determine the
difference in the obtained results and their assess-
ments in different regions, in the formation of ideas
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on importance of the fire factor in the dynamics of
the steppe ecosystems as a whole.

Asaresult of our conducted research, we showed
a post-fire decrease in the stock of the above-ground
phytomass, determined primarily by a decrease in
the stock of the standing dead phytomass and lit-
ter, in accordance to previous studies (Rozhanets-
Kucherovskaya, 1926; Ryabinina, 2014; Martyno-
va, 2016). Similar data were obtained in Mongolia
(Tuvshintogtokh & Magsar, 2000, 2007), Turkey
(Gullap et al., 2018), Ukraine (Gavrilenko, 2008),
USA (Old, 1969; Davies et al., 2007).

At the same time, a number of authors believe
that fire has no significant impact on the above-
ground phytomass or even leads to its increase.
For example, data from North America (Augus-
tine & Milchunas, 2009; Augustine et al., 2010)
and Europe (Valko et al., 2014, 2016) did not note
a decrease in the above-ground phytomass at the
burnt areas. However, Valko et al. (2016) indicated
extensive grazing or mowing as one of the causes
explaining these results. Thus, a significant part of
the dead phytomass is destroyed during such ex-
ploitation types. And the stock of the standing dead
phytomass and litter becomes equally low both on
the burnt and unburnt plots.

Our data indicate a rapid post-fire recovery of
the stock of the living phytomass until the values
on unburnt plots. Many authors indicated also an
increase in the stock of the living phytomass on
burnt plots in comparison with unburnt areas (e.g.
Dhillion & Anderson, 1994; Yunusbayev & Abdu-
lina, 2010; Pereira et al., 2015; Valko et al., 2016).
However, long-term studies (e.g. Titlyanova &
Sambuu, 2016) showed an increase in the stock
of the living phytomass in the first post-fire period
and its gradual decrease in the following years.

Steppe plant communities are characterised by
a post-fire decrease in the litter stock and its gradu-
al accumulation during the following years. In ac-
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cordance with that, some authors consider the re-
duction of the litter stock as a positive fire effect on
the vegetation cover of steppes and their analogues
(e.g. Hansson & Fogelfors, 2000; Antonsen & Ols-
son, 2005; Dedk et al., 2014). However, we believe
that the litter is a necessary and mandatory compo-
nent of any steppe plant community. The stock of
litter is determined by the need for the formation
and regulation of the microclimate within the plant
community under the current weather conditions.

The fire effect on different groups of steppe
plants is not uniform. It depends largely on the
zonal position of the study area and its environ-
mental patterns. In the plant communities we stud-
ied, grasses dominated. These plants were the most
affected group within the plant community in ac-
cordance with data of other authors (e.g. Danilov,
1936; Ivanov, 1952; Borisova & Popova, 1972;
Ryabinina, 2014; Tkachuk & Denisova, 2015).

While we demonstrated the fire effect on the
stock of the living phytomass of grasses only for
separate study sites, we found that the stock of the
dead phytomass of grasses determined differences
in values and dynamics compared to the stock of
the total phytomass on all study sites during the
whole study period. The rapid restoration of the
stock of the living phytomass of grasses on burnt
plots until the level of unburnt plots is explained by
the location of their buds below the fire-damaged
soil surface (Shalyt & Kalmykova, 1935; Tanfily-
ev, 1936). At the same time, despite the ability of a
rapid restore of the stock of the living phytomass,
the stock of the dead phytomass of grass-based
plant communities is significantly affected by fire
and the recovery takes longer.

We have shown that the stock of the living phy-
tomass of forbs and dwarf semi-shrubs on burnt
plots rapidly reached its level on unburnt plots.
For the stock of the living phytomass of forbs, it is
explained by an increase a role of weeds, ephem-
eroids, annuals and some biennials. A post-fire in-
crease in the forbs species richness was noted also
by Allan et al. (2003), Bates et al. (2009), Twidwell
et al. (2012), Winter et al. (2013, 2015), Kertész et
al. (2017). Danilov (1936), Fedyunkin (1953) not-
ed an increase in the role of the forbs in the burnt
plant communities.

During the vegetation season, both the stock
of the above-ground phytomass and its dynam-
ics changed under the fire influence. In this
case, we found a shift in the peaks of accumula-
tion of certain components of the above-ground
phytomass on the burnt plots in comparison to
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the unburnt plots. The values and number of
such peaks also changed.

The seasonal changes in the plant communi-
ty are determined by the development of certain
plants, where phenological rhythms of dominant
species play a primary role (Borisova, 1976). We
have shown (Fig. 2, 6, 9) that unburnt plots are
characterised by more diverse seasonal dynamics
of the above-ground phytomass and its compo-
nents, depending on the floristic composition, eco-
logical preferences of species and the conditions of
the vegetation period. On the burnt plots, the sea-
sonal dynamics of the stock of the above-ground
phytomass was less diverse. It was predominantly
similar for different study plots, and often remark-
ably different from the unburnt plots.

Conclusions

After the fire influence on the steppe vegetation,
a serious transformation of the plant community
takes place. During all study years, the total post-fire
stock of the above-ground phytomass on all study
plots was lower than on the unburnt plots. On the
burnt plots, the stock of phytomass accumulated in
the spring and early summer. The living phytomass
had the highest contribution to the formation of the
above-ground phytomass stock. On the unburnt
plots, its accumulation occurred in the late summer
and autumn with the highest role of the dead phy-
tomass. The stock of the living phytomass reached
the values of unburnt plots at the first post-fire year,
if the sites had not been managed previously. If the
burnt plots had been overgrazed or were represented
by abandoned lands, the stock of the living phyto-
mass reached the values of unburnt plots at the sec-
ond post-fire year. During the whole study period,
no statistically significant differences in the stock of
the living phytomass of forbs and dwarf semi-shrubs
were found between burnt and unburnt plots. For
the stock of the living phytomass of grasses, these
differences were found on the study sites Nel, 3, 4.
The stock of dead phytomass exceeded the stock of
the living phytomass on the unburnt plots during the
whole vegetation season, while on the burnt plots,
we observed it only by the end of the vegetation
period. During the whole study period, the stocks
of the dead phytomass, standing dead phytomass,
and litter, standing dead phytomass of grasses were
higher on the unburnt plots than on the burnt ones
on all study plots. The stock of the standing dead
phytomass predominated in the dead phytomass
structure of the burnt plots, while the stock of litter
prevailed on unburnt plots.



Nature Conservation Research. 3anoeeonan nayxa 2019. 4(Suppl.1): 78-92

https://dx.doi.org/10.24189/ncr.2019.050

In conclusion, we have shown that only stock
of the living phytomass and its components (grass-
es, herbs, dwarf semi-shrubs) are able to restore in
the first two post-fire years. The remaining frac-
tions of the above-ground phytomass do not reach
the values observed in unburnt plots.
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B OpenOyprckoit obnacTu cTenHas 30Ha MOABEPIKEHA CHIbHEHIIICH aHTPOIIOIeHHON HArpy3Kke, OOJbIias 4acTh
CTemnel pacraxaHa, OCTaJbHbIC 36MJIM UCIIOIB3YIOTCS M0J] CEHOKOCHI U MacTOMIa WK He 00pabaThIBalOTCs U
MPECTABIISIFOT CO00H 3aexu. UacThie MmoKaphl SBJISIFOTCS CIIe OJJHON Cepbhe3HOM yTrPo30ii it OMOIOrHYECKOTO
pasHooOpa3us crerneil pernona. JlaHHas npobieMa akTyalbHa HE TOJBKO Ul TEPPUTOPH, UCIIOIb3YEMBIX B
CeIIbCKOM XO3SIHCTBE, HO U ISl 3a110BeIHMKOB. HeoOXoMMMOCTh U3y4eHH s TIOCIIEICTBUI TT0XKapOB Ha IKOCHUCTE-
MBI B FOCYJIapCTBEHHOM IPUPOAHOM 3aroBeanuke «OpeHOyprekuid» Haspelia JaBHO, KaK TOJBKO CTajo SICHO,
4TO B CBSI3U CO CIIEIM(UKOM (3HAYUTENIbHAS TPOTSHKEHHOCTD (PPOHTA M ILIOIIA/Ib BBITOPAHHSI, BBICOKASI CKOPOCTh
pacnpocTpaHeHHUs IPU CUIBHOM BETpE U T.J.) U C YYaIl[eHHEM CTEMHBIX MO0XKapoB, OXpaHa 3allOBEAHOMN Teppu-
TOPHHM HE BCEr/a pemaer npobiieMy o0ecriedyeHns] COXpaHHOCTH cTerneil. B To jxe Bpemsi, IMEHHO Ha 3aloBe/l-
HBIX TEPPUTOPUAX C COXPAHUBHIMMUCA U IMTOABEPKCHHBIMA HAMMCHBIIEMY BJIMAHHUIO AHTPOIIOICHHOTO (baKTopa
9KOCHCTEMaMH IPEICTABIISIETCSl BOBMOXKHBIM M HanboJiee JOCTYIHBIM MPOBEACHHE IKOJIOIMYECKUX UCCIIe0Ba-
HUll. DTO NOMOIHSIETCS UCKIIOYEHUEM BIMSHUS APYTUX BO3ACHCTBUII HA 3TUX TEPPUTOPUAX U BO3MOKHOCTBIO
HCIIOJIb30BaHUA JaHHBIX, HAKOIIJICHHBIX paHEE€ B XOA€ MHOT'OJICTHUX Ha6J’lIO[leHHﬁ. Hamu H3y4dC€Ha JUHaAMHUKa
3anacoB HaJ3eMHOW (hPUTOMACCHI MOCJe BO3JACHCTBHS MOXKapa Ha TEPPUTOPHU I'OCYJapCTBEHHOTO MPUPOIHO-
ro 3anoBenHuka «OpeHOyprekuity yuactka « BypTuHCKasi cTenby. TeppuTopus HCCIe0BaHus PACIOIOKEHA B
crennoit 3oue [Ipeaypanbs. B aBrycre 2014 r. cropeno Gonee 20 KM? 3al0BEIHOM CTENH, MOCIE Yero Obuia
3aJI0’)KeHa MOHUTOPHHIOBAsI CETh, COCTOSIIAs U3 6 yYaCTKOB, KaXK/IbIii y4acTOK BKIIIOYAJ B Ce0sl KOHTPOJIbHYIO
(HeropesIIyI0) U ropeBIIyIo IwIomanky. Mcciaenosanus 0butn nposeaeHs! B nepuon 2015-2016 rr. B kaxmom
COO0OILECTBE TPOBOAMIN T'e000TaHUUECKUE ONMCAHUS U YKOCHI HaJ[3MHOM (pUTOMACChl B BECCHHHM, JICTHUMH,
oceHHuii nepuos. [lomydyeHHble 00pa3ibl BRICYNIMBAIIHI, Pa3Ielisuld 110 TpyImaM (3/1aku, pa3HOTPaBbe, MOJIYKY-
CTapHHUYKH) U B3BEIIUBAJIN. B pe3ynbTare cpaBHEHUS HErOPEBIINX U MOCTPAJIAaBIINX OT OTHS MJIOIIAI0K Ha BCEX
yYacTKaxX BBISBUJIMCH CTATUCTHYCCKHU 3HAYMMBbIC pasnunyus no U-kpureputo Manua-Yuthu (o < 0.05) B 001mux
3amacax HaJ3eMHOI GpUTOMACCHI, 3aracax MepTBOil (pUTOMACCHI, BETOILH 3JIaKOB, MOACTHIKU. B ropesBmmx ¢u-
TOLIEHO3aX POUCXO/IMIIO CMELICHHE TUKOB HAKOIUICHNUS! )KUBON HaJA3eMHOU (PUTOMACCHI 371aKOB U PAa3HOTPaBbsI
10 CPAaBHEHHIO C KOHTPOJILHBIMY ILIOIIAAKaMK. B 1epBble aBa rojia 1mociie noxapa BOCCTaHaBIMBAIOTCS TOJIBKO
3amnackl )KHBOW HaJ13eMHON (PUTOMACCHI U €€ KOMIIOHEHTOB (3J1aKOB, pa3HOTPaBbs, ITOJIYKYCTAPHHYKOB), OCTAJIb-
HbIC (PPAKIIUU HA3EMHOM (PUTOMACCHI HE OCTUTAOT KOHTPOJIBHBIX 3Ha4YeHUil. Hamu HaOmroneHus, SBISsUTHUC
YacThIO MPOEKTA MO CO3/IaHUI0 OCHOBBI MOHUTOPHHIA SKOCHCTEM Ha 3aOBEHOM ydacTke mocie noxapa 2014
r., nopaepkannoro [IPOOH/I'D®/MITP PO «CosepriieHCTBOBaHHE CUCTEMbI U MexaHu3MblI yripasienus OOIT
B cTenHOM Ouome Poccumy.

KuaroueBblie ciioBa: Haj3emHas puromacca, OpeHOyprekast 0071acTb, 0C000 OXpaHseMasi IPUPOIAHAs TEPPUTO-
PpysL, TMPOTEHHBIN (aKTOP
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