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ABSTRACT

This study provides original data on the impact of human activity on vegetation under the specific conditions of
the Kastanozem from the Kostanay region (northern Kazakhstan). Radical changes in land use are provoking
deposition in vegetation. The question remains whether natural vegetation will return or whether a different type
of vegetation will be created under the specific conditions of the Kastanozems soils. The evaluation of vegetation
took place in the fields that were abandoned in different time horizons. Height, cover, biomass weight and species
composition of vegetation were monitored. The vegetation of abandoned fields is characterized by low species
diversity. Succession runs from annual species to a stage where perennial dicotyledonous species with a deep root
system dominate. Spontaneous vegetation leaves a sufficient amount of biomass on the soil surface, which as-
sumes that the land will be protected from undesirable phenomena such as erosion and desertification processes.
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INTRODUCTION

Kazakhstan experienced the most consid-
erable anthropogenic land cover change in the
twentieth century. During the *Virgin Lands Cam-
paign’, about 420 000 km? of temperate grass-
land, mainly in northern Kazakhstan and in the
Altai region of Russia, were converted into arable
land for grain production (Frithauf et al., 2020;
Prishchepov et al., 2020).

Large areas of arable land were abandoned
after the collapse of the Soviet Union in 1991
(Rachkovskaya and Bragina, 2012). According to
Espolov (2002), only the sown area of grain crops
from 1995 to 1999 decreased from 18.88 mil-
lion hectares to 11.39 million hectares, which
is more than 7 million hectares. The reasons for
this situation are expressed by the fact that there
are difficulties associated with an irrational and
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inefficient use of agricultural land (Nyussupova
et al., 2015). However, Akiyanova et al. (2014)
and Kazangapova et al. (2017) reported that land
degradation is still observed in a significant terri-
tory of the Republic of Kazakhstan.

Land degradation and its manifestation in
drylands, known as desertification, are the most
critical environmental issues in many parts of the
world (Fleskens and Stringer, 2014; Kouba et al.,
2018; Kirichenko-Babko et al., 2020; Schwieger
and Mbidzo, 2020; Wijitkosum, 2021). Kazakh-
stan, a typical country, is suffering from severe
desertification risks (Hu, Han, Zhang, 2020). Sev-
eral necessary changes in agriculture and animal
husbandry may result in desertification moving in
different directions, such as the expansion of ir-
rigated agriculture and the abandonment of exten-
sive croplands, the collapse of animal husbandry,
and the abandonment of distant pastures (Klein et
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al., 2012; Xi and Sokolik, 2016). Wind erosion is
a global environmental issue (Dudiak et al., 2020;
Kucera et al., 2020; Zhang et al., 2021), affecting
approximately one-third of the world’s land, in-
cluding Central Asia (Pimentel et al., 1995; Shen
et al., 2018). Reportedly, the average soil wind
erosion rate reaches 4000 t-km in Central Asia
(Barrow, 1991). In central and western Kazakh-
stan, ecological engineering measures, such as
green barriers, should be established to prevent
soil loss during the 21st century (Li et al., 2020).

In the past, it was common to temporarily
leave pastures, which were used to restore the
pasture fertility (Shevynogov et al., 2019). How-
ever, this has not happened on such a scale as at
present. Abandoned fields are mainly in the area
with the Kastanozems soil type. In Kazakhstan,
the area of Kastanozems soils of the dry steppe
subzone is 20.7 million hectares; in agricultural
land, 10.2 million hectares are registered. The
area of arable land, as of 1 November 2015 is
1785.6 thousand hectares (Uspanov et al., 1975;
Anonym 2016).

The use of land for agricultural production
has led to a change in the upper layers of the soil
(Klatka, 2020; Qin et al., 2020), which are more
homogenized than if they were in their natural
state. However, the conversion of natural grass-
lands into croplands is usually accompanied by
significant changes in vegetal biomass, soil phys-
ical characteristics, and carbon and nutrient con-
tents, leading to corresponding changes in carbon
and nutrient stocks and their stoichiometric ratios.
Derived croplands are characterized by consider-
able external inputs and outputs of carbon as well
as nutrients via fertilizer application and crop
harvest (Kanchikerimath and Singh, 2001; Li et
al., 2009). The abandonment of croplands and
subsequent natural restoration into abandoned
lands can commonly lead to the accumulation of
plant biomass in the soil, engendering the rela-
tively closed carbon and nutrient cycles (Rich-
ard et al., 2001; Vesterdal et al., 2002; Davidson
et al., 2007).

The specific characteristics of Kastanozem
are unsatisfactory for the growth of most species
of herbs, shrubs, and trees (Kalinichenko, 2015).
Long-term abandonment leads to the changes in
species composition, vegetation structure and
causes diversity losses (Enyedi et al., 2008). Still,
there is a serious lack of data regarding the dy-
namics and restoration prescriptions for these
abandoned drylands (Cremene et al., 2005).

Radical changes in land use are provoking
deposition in vegetation. The question remains
whether there will be a return of natural veg-
etation or whether a different type of vegetation
will be created under the specific conditions of
Kastanozems soils. The study aims to assess the
development and characterize vegetation com-
position in abandoned, unused fields with soil
type Kastanozems. Furthermore, the possibili-
ties of vegetation biomass to protect soil quality
were evaluated. The study set the following sub-
objectives (i) determine the type of vegetation in
abandoned fields; (ii) determine the effect of land
non-use time on vegetation; (iii) assess the effect
of non-use time on phytomass on the soil surface.

MATERIAL AND METHODS

This study was conducted in the area of north-
ern Kazakhstan in the Kostanay region. Tempo-
rarily unused fields at Arkalyk Agricultural Ex-
perimental Station (AAES) were selected for
monitoring. A specific soil type Kastanozem is
represented in the area (IUSS Working Group
WRB, 2015). The Kastanozem is moderately
thick; the soil profile occurs at 0.4—0.6 m depth.
The soil organic matter (SOM) content is 2.6%.
Granulometric properties are 47.7% physical clay
and 29.5% clay. The CaCO, content is 0.15%
(up to 3-10% at 0.8—-1.5 m soil depth). The pH
value is 7.8.

The climatic and meteorological data from
the “Arkalyk” meteorological station were used;
the data were taken from the period of 1986 to
2006. Significant differences in temperature dur-
ing the year are typical for the monitored area.
The average air temperature is 3.5°C, large dif-
ferences between temperatures are typical. The
coldest month is January. The average air tem-
perature is —19°C. The warmest month is July;
the average air temperature is 21°C. The average
soil surface temperature is 44.4°C in June, 45.7°C
in July and 42.0 °C in August. Rainfall is highly
uneven. In the summer months of 1992 and 1993,
total precipitation amounted to 117.88 mm and
143.26 mm, respectively. In 1997, only 7.31 mm
was recorded during the summer.

Vegetation assessment took place on the land
originally used for growing spring wheat. In order
to evaluate the course of vegetation succession,
the fields that were abandoned in different time
horizons were selected. The Global Positioning
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System (GPS) coordinates are given in Table 1

and Figure 2. Four fields have been selected:

e Field No35A: the land ceased to be used for
agriculture in 2016, left fallow for 2 years
(Fig. 1a),

e Field Nol2: the land ceased to be used for
agriculture in 2015, left fallow for 3 years
(Fig. 1b),

e Field No7: the land ceased to be used for agri-
culture in 2014, left fallow for 4 years (Fig. 1¢),

e Field No59: the land ceased to be used for
agriculture in 2012, left fallow for 6 years
(Fig. 1d).

Evaluation of vegetation was performed us-
ing phytocenological relevés. Four phytocenolog-
ical relevés were randomly plotted in each moni-
tored field. The size of one relevés was 25 m?.
In each image, all plant species were determined.
The total cover of living vegetation and the cover
of individual plant species were estimated. The
maximum stand height was measured. The cov-
erage was defined directly as a percentage, and
the size was measured in meters. The evaluation
deadline was June 2018 and 2019.

Phytomass determination was executed on
the areas near phytocenological relevés. The sam-
pling area of 1 m? in 4 repetitions was marked
out. All plants were pulled up from each sampling
area, and phytomass was collected. The phyto-
mass was placed in paper bags, dried and weighed
in the laboratory, and converted to t-ha™'. The veg-
etation survey was performed in June 2018.

The determined values of total cover, maxi-
mum stand height and phytomass weight were
statistically processed and evaluated using the
Statistica program (version 12). Analysis of vari-
ance (ANOVA) was applied, and the method of
minimal detection difference (Fisher’s LSD test)
was chosen for subsequent testing.

Multivariate analyses of ecological data pro-
cessed the data recorded from phytocenological
relevés. First, a Detrended Correspondence Anal-
ysis (DCA) was performed, which led to calcu-
lating of the Lengths of Gradient. Subsequently,
a Redundancy Analysis (RDA) was used. Proof
testing was performed using the Monte-Carlo
test, and a total of 999 permutations were calcu-
lated. Computer program Canoco 5.0. was used to
process data and calculations.
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RESULTS AND DISCUSSION

The processed and statistically analyzed re-
sults of monitored vegetation characteristics (total
cover, maximum stand height, biomass weight)
are given in Tables 2 and 3. The obtained results
show a significant influence of the year on the
height of the stand and the cover. The influence
of the year is mainly due to rainfall, which is ex-
tremely different in this area. Furthermore, there
is a clear trend in the height and cover of vegeta-
tion depending on the time of non-use of fields.
The highest height and lowest cover are for veg-
etation on the land that is not used for the shortest
time (No35A — 2 years). The height of the vegeta-
tion gradually decreases as the period of non-use
increases. The highest vegetation cover was mea-
sured for vegetation on the land that has not been
used for 3 years (Nol2 — 3 years). The vegeta-
tion cover is around 50% in other fields, and the
differences are not statistically significant. The
monitored vegetation parameters change during
the succession. Initially, it is more of higher but
thinner vegetation. In the following years, lower
species with a similar degree of cover are more
prevalent.

Differences can also be found in the weight of
vegetation biomass. Most biomass is on the land
that is not used for the shortest time (No35A —
2 years). In other fields, the differences in biomass
weight are significant. It can be assumed that bio-
mass production is highest in the first years after
leaving the fields. In the following years, there is
probably a slowdown in production and decom-
position; therefore, the amount of biomass does
not decrease significantly.

The amount of biomass that remains on the
soil surface represents the barrier and changes the
environmental conditions. The changes in physi-
cal conditions can lead to a change in the species
spectrum of vegetation as well as reduce water
evaporation, runoff and wind erosion (Fowler,

Table 1. Characteristics of selected fields

Working FaI_Iow period
designation GPS coordinates |n_2018

of land (agricultural
non-use)
No35A 50.121139 N; 66.833152 E 2 years
No12 50.137272 N; 66.794133 E 3 years
No7 50.153063 N; 66.776068 E 4 years
No59 50.010139 N; 66.995133 E 6 years
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Figure 1. a) Vegetation on plot No35A —unused for 2 years b) Vegetation on plot No12 —unused for
3 years c) Vegetation on plot No7 —unused for 4 years d) Vegetation on plot No59 —unused for 6 years

Fields No7 Fields Nol2 Fields No35A  Fields No59

Figure 2. Location of monitored abandoned fields
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1986; Hamrick and Lee, 1987; Eckstein and Don-
ath, 2005; Rotundo and Aguiar, 2005).

The changes in the species composition of
vegetation were analyzed by means of the RDA
method. Its results are statistically significant
(p = 0.001). The results are shown in the ordi-
nation diagram (Fig. 3). Points show individual
unused plots; vectors show plant species. The
direction of the vector is determined by the pre-
dominant occurrence of the species on the land
located in the direction of the vector.

Vegetation on the land, which is not used for
the shortest time (No35A — 2 years) was formed
mainly by the Cirsium arvense (L.) Scop., Con-
volvulus arvensis L., Chenopodium album L.
and a Triticum aestivum L. species. These are
mainly species of originally grown crop and
weeds. On the land which has not been used for
3 years (Nol2), there were mainly Ferula com-
munis L. and a Tragopogon orientalis L. These
are the original species and they reached the
abandoned field from the surrounding lands.
As far as the vegetation on the land that was
not used for 4 years (No7) is concerned, there
were significant species of Bassia prostrata (L.)
Beck, Erysimum cheiranthoides L. and Lactuca
tatarica (L.) C.A.Mey. Again, these are local

native species. The dominant species on the land
which has not been used for 6 years (No59),
were Euphorbia stepposa Zoz ex Prokh. and a
Tanacetum millefolium (L.) Tzvelev. These are
also local native species.

The results of the species composition of veg-
etation indicate the progress of vegetation succes-
sion in abandoned fields under the conditions of
Kastanozems. The vegetation here is relatively
very poor in species throughout the observed
period. This is in line with Aksoy et al., (2017)
where the natural vegetation of the Kastanozem
belt in western Turkey is dominated by short and
poor grass vegetation which dries each summer.
Similarly, in Mongolia Kastanozems are the most
important soil where the vegetation changes to
the central steppe and southern desert (Tamura et
al., 2012). In the conducted study, annual species
dominate in the first years, which subsequently
give way to perennial dicotyledonous species. A
common feature of these species is a deep root
system (Diaz-Zorita et al., 2002; Wang et al.,
2017; Kalinitchenko et al., 2021a; Kalinitchenko
etal., 2021b), which allows them to obtain scarce
water. According to Bonet (2004), the higher pro-
portion of these perennial dicotyledonous spe-
cies leads to higher production of above-ground

Table 2. Mean total coverage and the maximum height of the stand on the monitored unused fields

Variant Year The mean m aximum hgight (‘m) and statistical stalt\i/ls?irc(‘:r;ltcs)Fglr]icfiC)c\frlrgg zt(::ﬁ))rgi:(; to
significance by Fisher's LSD test Fisher's LSD test
No35A (2 years) 2018 0.97 b 38.75 be
No35A (2 years) 2019 0.83 abe 33.75 b
No12 (3 years) 2018 0.92 ab 63.75 e
No12 (3 years) 2019 0.75 ade 48.75 a
No7 (4 years) 2018 0.85 ab 62.50 de
No7 (4 years) 2019 0.68 cde 52.50 a
No59 (6 years) 2018 0.63 cd 53.75 ad
No59 (6 years) 2019 0.53 c 45.00 ac

Note: Different indices mean statistical significance, the same indices mean statistical inconclusiveness at the level

of significance p = 0.05.

Table 3. The average weight of phytomass on monitored unused fields

Variant Average weight of phytomass (t.ha™')
No35A (2 years) 2.50 b
No12 (3 years) 1.80 ab
No7 (4 years) 1.40 a
No59 (6 years) 1.48 ap

Note: Different indices mean statistical significance, the same indices mean statistical inconclusiveness at the level

of significance p = 0.05.
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Figure 3. The ordination diagram expressing the relationship between plant species and unused land
(Explanations of abbreviations: No35A (2years) — land unused for two years; No12 (3years) — land unused for
three years; No 7 (4 years) — land not used for four years; No59 (6 years) — land not used for six years; Bas
pros — Bassia prostrata (L.) Beck; Cir arve — Cirsium arvense (L.) Scop.; Con arve — Convolvulus arvensis
L.; Ery chei — Erysimum cheiranthoides L.; Eup step — Euphorbia stepposa Zoz ex Prokh.; Fer comm — Ferula
communis L.; Che albu — Chenopodium album L.; Lac tata — Lactuca tatarica (L.) C. A. Mey.; Tan mill —
Tanacetum millefolium (L.) Tzvelev; Tra orie — Tragopogon orientalis L.; Tri aest — Triticum aestivum L

biomass on abandoned land and thus limits the
introduction of other species (grasses). The pro-
cess of plant succession has a particular course
in abandoned fields under the conditions of Kas-
tanozems (Jiang et al., 2009; Lopez-Vicente et
al., 2011). Typical are low species diversity, slow
changes in species composition and a high pro-
portion of deep-rooted dicotyledonous species.
Most of the species found, which dominate the
fields after the third year after leaving the fields,
produce above-ground biomass, which protects
the soil surface and thus prevents erosion and soil
degradation. However, these are species that are
problematic in the event of a resumption of agri-
cultural activity. The ecosystems in Central Asia
with insufficient biodiversity and stability have
been exposed in recent decades to a desertifica-
tion process exacerbated by climate change (Han
etal., 2016; Zhou et al., 2015; Lashchinsky et al.,
2019). The changes in precipitation and tempera-
ture directly affect the soil water content and the
retention function of the ecosystem (Sharratt et
al., 2013). Abandoned fields inhabited by natural
vegetation produce large amount of phytomass,
hoping that it will reduce negative phenomena
such as wind erosion and desertification in the ar-
eas with arid climates. The increase in phytomass

is the basis for increasing soil fertility, which can
be used to reuse land for agricultural purposes.

CONCLUSIONS

This study provides original data on the im-
pact of human activity on vegetation under the
specific conditions of Kastanozem from the
Kostanay region (northern Kazakhstan). The ef-
forts to maximize agricultural production have led
to crop production even in arid areas. Subsequent
social changes led to the gradual abandonment of
these arid fields and left to their fate. Soil condi-
tions and vegetation were changed by agricultural
activity, so it was unclear how direction the suc-
cession of vegetation would occur. The vegeta-
tion of the abandoned fields is characterized by
low species diversity. Succession runs from annu-
al species to perennial species. However, it stops
at a stage when perennial dicotyledonous species
with a deep root system dominate. Even though
the vegetation is species-poor with lower cover,
it leaves a sufficient amount of biomass on the
soil surface. This biomass protects Kastanozem
from undesirable phenomena such as erosion and
desertification process.
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