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Summary

Tuva has been a cattle-breeding region since ancient times, extremely continental climate
of this region is little suitable for agriculture. However, the steppes of intermountain depressions
in Tuva were heavily plowed by the early 1980s. In the 1990s most of the arable lands were
abandoned; the process of restoration (demutation) of natural vegetation on fallow lands began.
By now, 30 years later, the old fallows are expected to achieve the stage of the secondary steppe.

The purpose of this work is to estimate the differences between virgin steppes and
corresponding secondary steppes in Tuva. Tussock, hummock, and desert virgin steppes have
been compared with corresponding to three types of 30-year-old fallow communities. For this
study, 330 geobotanical releves have been used. The criteria for comparison have been chosen
as follows: the similarity of species composition, the spectrum of dominant species, species
richness, grass cover, and grass height. The statistical validity of their differences has been
verified. According to these criteria, virgin steppes and their 30-year-old fallow derivatives are
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shown to differ significantly.

Introduction

The development of virgin lands in the 1960s marked a
new period in agriculture of Russia and neighboring states:
during several years, vast areas of virgin steppes were plowed
[1]. In the early 1990s, a huge part of them was abandoned, so
a large-scale natural experiment on arable land revegetation
was triggered. Scientific works about its intermediate results
[2-16] described fallows of different agricultural region.
Fallows adjacent to Tuva agricultural areas of Baikal region
[17], Krasnoyarsk Krai [18] and Khakassia [19-22] were
delineated too.

This article discusses the results of steppe demutation in
Tuva, where until the 1960s cattle breeding predominated
and arable lands were rare. Tyva is located in the center of
the Eurasian continent; its length from West to East exceeds
700 km; from North to South it varies from 100 km in the
West to 450 in the East (Figure 1). The extremely continental
climate of Tuva is little suitable for agriculture. In winter,
its territory is in the center of the Asian anticyclone. The
stratification of cold air in intermountain depressions leads to
air temperature decrease: the average temperature in January
varies from -30 °C to -35 °C. The summer is warm enough: the
average temperature in July fluctuates from +15 °C to +20 °C.
In the northern Turan-Uyuk depression, 300 mm - 400 mm
of precipitation falls per year, in Central Tuvan and Uvs-Nuur
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depressions the precipitation amount is reduced to 200 mm -
300 mm per year [23].

Nevertheless, by the early 1980s, the arable land area in
Tuva amounted to 370.7 thousand hectares. The arable lands
covered flat watersheds in 3 intermountain depressions: the
northernmost Turan-Uyuk depression, where tussock steppes
had prevailed before, and lying to the South Central Tuvan and
Uvs-Nuur depressions coated with hummock steppe. Even
desert steppes on gentle slopes at the foot of the ridges facing
Central Tuvan and Uvs-Nuur depressions were partially
plowed. In the 1990s, most of the arable lands in Tuva were
abandoned. The 3 main trends of steppe demutation have
been stated: the first one occurs on fallow lands in place of
tussock steppes, the second one encompasses fallow lands
in place of hummock steppes, and the third was noticed on
fallow lands in place of desert steppes [24].

Demutation is characterized by different rates: it is fast in
the initial stages but gets slow in the later ones [25]. According
to A. M. Semenova-Tyan-Shanskaya's [26] process of steppe
demutation can be divided into 4 stages. The initial, weedy
stage continues from 1 to 5 years, and the intermediate,
long-rooted one lasts for the next 5 years; after 10 years of
succession, bunch grasses are supposed to dominate in fallow
communities. This period is divided into two stages. From 10
to 20 years, tussock grasses predominate [27]; after a 20-year
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period, the stage of secondary steppes occurs: typical virgin
steppes grasses are supposed to dominate [24]. By now, 30
years have passed since the start of steppe demutation in
Tuva, according to the idea above, most fallow communities
should be at the stage of secondary steppes.

The studies of Tuvan steppe fallows communities follow
2 main streams. The first one deals with an analysis of the
productivity of different age fallows [28,29]. The second one
encompasses the works on flora and phytocoenotic diversity
of fallow communities [27,30-32]. Only some works compare
Tuvan virgin steppes and fallows of different ages [24,33]; in
these works list of dominant species and species richness have
been chosen as criteria, but only a low number of samples
have been analyzed. The comparison of other important
phytocoenotic parameters (for example, grass height, and
grass cover) has never been carried out, statistical validity of
differences has never been verified.

The aim of this work is to measure the similarity of Tuvan
virgin steppes and secondary steppes, i.e., 30-year-old fallows,
using as criteria for comparing the spectrum of dominant
species, species richness (average number of species on 100
m?), grass cover, and grass height. To verify the statistical
validity of differences, quite a large number of geobotanical
releves should be involved in processing. This work will check
new criteria and will clarify some conclusions declared when
analyzing individual samples.

Materials and methods

330 geobotanical releves of the author, describing the
virgin steppes and 30-year-old fallow communities of Tuva,
have been selected. Each geobotanical releve contains a list of
species and information about grass cover and grass height.
The releves have been divided into 6 groups characterizing
3 types of virgin steppes and 3 types corresponding to them
of 30-year-old fallows (secondary steppes). Virgin steppes
form the following ecological series: tussock steppes are the
most humid, hummock steppes take the central place, and
desert steppes are the driest. When comparing virgin steppes
and corresponding fallow communities, the species richness,
grass cover, grass height, and dominant species spectra of
each pair have been analyzed, validity of differences has
been verified. When comparing coenoflora, the Jacquard
similarity coefficient has been used. Statistical processing and
calculation of the similarity coefficient have been carried out
in the program PAST [34]. The scheme map of Tuva has been
designed in the NextGIS QGIS version 18.10.0 (Figure 1).

Results

Virgin desert steppes and corresponding to them the fallow
communities are the most floristically similar: the similarity
index is 0.41 (Figure 2). They do not have statistically valid
differencesin either the grass cover or the grass height (Figures
3,4). However, the difference in species richness of this pair

is statistically valid (p < 0.05) (Figure 5). Their appearance is
different. In virgin desert steppes, the semi-shrub Nanophyton
grubovii dominates, and the steppe herb Artemisia frigida is
abundant (Table 1). Weeds Artemisia scoparia, Neopallasia
pectinata, and steppe herb Artemisia frigida form the habitus
of fallows. The floristic similarity is achieved through common
subdominant species: Agropyron cristatum, Potentilla acaulis,
and Stipa krylovii.

Hummock steppes and fallows in their place have the
lowest similarity index: 0.24 (Figure 2). The differences of
this pair in grass cover and grass height were revealed to be
statistically valid (p < 0.01) (Figures 3,4), but species richness
is the same (Figure 5). Their appearance is very different: the
virgin hummock steppes are dominated by steppe hummock
species: Agropyron cristatum, Stipa krylovii, Artemisia frigida,
and Potentilla acaulis, while tussock grasses Stipa capillata and
Achnatherum sibiricum predominate in fallow communities
(Table 1).

Figure 1: Scheme map of Tuva. Notes: 1 — Turan-Uyuk depression, 2 — Central Tuvan
depression, 3 — Uvs-Nuur depression.

0,45
0,4
0,35

0,25
o0 I
0

tussock steppe

o
w

o
N

similarity

o
e B
ST

hummock
steppe

desert steppe

Figure 2: Similarity of different types of virgin steppes and 30-year-old fallows.
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Figure 3: Species richness of different types of virgin steppes and 30-year-old fallows.
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Figure 4: Grass cover of different types of virgin steppes and 30-year-old fallows.
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Figure 5: Grass height of different types of virgin steppes and 30-year-old fallows.

The index of floristic similarity of virgin tussock steppes
and fallow communities in their place is 0.34 (Figure 2). Their
differences in the species richness, grass cover, and grass
height were found to be statistically valid (p < 0.05) (Figures
3-5). This pair has only one common dominant: tussock
grass Poa botryoides. Steppe tussock grasses Helictotrichon
altaicum, Stipa capillata, S. pennata, and Carex pediformis
prevail in the virgin tussock steppes, while meadow grasses
Elytrigia repens, Poa angustifolia, weed Artemisia scoparia,
and Scabiosa ochroleuca dominate in fallow communities
(Table 1).

Discussion

According to the obtained results, the Tuvan virgin steppes
follow general ecological patterns of dry communities: the
wetter the habitat, the greater the number of species, grass
height, and grass cover. Fallow communities mainly follow it
too; the only exception is the high species richness of fallow
communities in place of desert steppes.

When comparingvirginsteppesandtheirfallowderivatives,
such differences in their phytocoenotic characteristics should
be noted: the grass height of virgin steppes is smaller, whereas
the grass cover is higher. This trend is true for tussock and
hummock steppe, it fades in desert steppes.

Two articles with comparisons of virgin Tuvan steppes
and fallow in their place have been published. The article by
A. D. Sambuu [32] presents the similarity indexes of virgin
steppes and their fallow derivatives. The same trends have
been noted in this article: virgin desert steppes and their
fallow derivatives have maximal similarity index values, but
the values are higher than the ones in this article. This fact can
be explained by methodological approach differences.

https://doi.org/10.29328/journal.jpsp.1001115

Table 1: Dominant and subdominant species in Tuvan virgin steppes and its fallow
derivatives

Species Desert Steppes Hsutr:::;:k -2::::::
Virgin | Fallow | Virgin | Fallow Virgin | Fallow
Desert Steppe Species
Nanophyton grubovii ++ +
Psathyrostachys juncea +
Stipa glareosa +
Hummock Steppe Species
Agropyron cristatum + + ++
Artemisia frigida ++ ++ ++ +
Artemisia obtusiloba
Cleistogenes squarrosa
Kochia prostrata
Koeleria cristata +
Potentilla acaulis + + ++
Stipa krylovii + + ++
Steppe Weeds
Artemisia scoparia ++ ++ ++
Artemisia sieversiana + +
Heteropappus altaicus + + +
Neopallasia pectinata ++
Potentilla bifurca + + +
Tussock Steppe Grasses
Achnatherum sibiricum + ++
Helictotrichon altaicum ++
Leymus dasystachys
Poa botryoides + ++ ++
Stipa capillata ++ ++ +
Stipa pennata ++
Meadow Grasses
Elytrigia repens ++
Poa angustifolia ++
Bromopsis inermis +
Other Steppe Species
Artemisia glauca + + +
Carex pediformis ++
Coluria geoides +
Festuca valesiaca +
Galatella angustissima +
Galium verum + +
Medicago falcata + +
Phleum phleoides + +
Phlomoides tuberosa
Potentilla longifolia + +
Pulsatilla patens +
Scabiosa ochroleuca ++
Schizonepeta multifida
Veronica incana + +
Notes: ++ - dominant species, + - subdominant species

In the article by A. A. Titlyanova and A. D. Sambuu [24],
the prevalence of virgin steppe species in the secondary ones
and similar dominant species spectra of virgin and secondary
steppes have been declared. The first suggestion has been
partly confirmed; the second one does not fully correspond
to this article's results: the dominant species of virgin steppes
and their 30-year-old fallow derivatives (secondary steppes)
differ significantly [35,36].

Conclusion

The 30-year-old fallows (so-called secondary steppes) were
considered to have the main characteristics of virgin steppe:
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similar dominant species spectra, similar species composition,
and similar phytocoenotic characteristics. The results above
make the fact obvious: virgin steppes and their 30-year-old
fallow derivatives differ significantly. Their floristic similarity
indexes are low, and most of the phytocoenotic characteristics
differ validly.
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