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Abstract: Mountain societies are strongly linked to natural resources and their rational management.
The growing population has led to the management of mountain areas according to emerging human
needs. The study was conducted in the Urej River catchment (The Fann Mountains, Tajikistan). This
paper aims to present changes in land use in 1988–2023 resulting from environmental conditions and
land reform. Pasturelands predominate in the study area (93.8%), while built-up with kitchen garden
and irrigated areas cover 1.8% and 4.0% of the area, respectively. Kitchen gardens and irrigated areas
provide food for the residents. Significant land-use changes were observed along the Uroz River,
where the irrigation system was developed in areas that have not yet been used for plant cultivation.
This is typical of many areas in Tajikistan, where it is impossible to obtain crops without irrigation
due to climatic conditions. Until 1988, the study area was not as intensively cultivated as it is today.
Under the ongoing lease system based on the Dehkan Farm Act, grazing land is still owned by the
state, but inhabitants have access to it. The leased land does little to improve the economic situation
of households but contributes to preventing ecosystem degradation on the slopes caused by humans.

Keywords: sustainable land use; farming system; land stewardship; dehkan farms; landscape change;
land tenure

1. Introduction

Covering 22% of the globe’s total land area and being home to 13% of the world’s
population [1], mountains provide habitats for various plant organisms [2]. They are a very
complex geosystem and, simultaneously, a susceptible ecosystem, especially to human pres-
sure [3–5]. Although montane species are well adapted to life at extremes, they are highly
vulnerable to human-derived ecosystem threats [6]. Mountain areas are characterised by
highly diverse climatic conditions depending on their altitude and topoclimatic diversity
determined by the degree of slope and aspect of the terrain. The diversity of mountain
habitats results in a highly varied pattern of ecosystem services of diverse availability and
land use by local communities, such as providing food crops and fodder for domestic
animals [7–11]. Approximately 13% of the world’s population is directly dependent on
mountain ecosystems that provide a variety of ecosystem services [1,12,13]. Nowadays,
human activity is the primary factor influencing ecosystem processes in many mountain
regions of the world. As a result, current vegetation is primarily shaped by historical and
current land use [14]. Human activity shapes the structure of biogeocenoses as a whole;
it causes both its simplification, the simplification of the trophic level and the reduction
of the differentiation between different plant zones [15]. The degree of influence depends
mainly on the area’s accessibility [16].
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While in developed countries the post-abandonment reforestation of former agricul-
tural lands represents a major land-use change of global importance [17], in other areas,
human pressure and deforestation are still of great global concern [18]. This pressure is
usually associated with low-income countries in Latin America, Africa and Asia that are
in the deforestation phase of the forest transition [19]. The increasing human pressure
concerns, among others, the Republic of Tajikistan in Central Asia and is connected with an
ongoing increase in population [20]. Studies on land-use and land-cover (LULC) changes
in Tajikistan are rare [21]. Until now, land-use changes in Central Asia have been presented
on a large scale [22–26], and there is a lack of studies on particular regions that are very
varied in terms of human activity. It should be emphasised that 93% of the country’s area
is mountainous, and agricultural land is most often found on river terraces. Settlements
located in high mountain areas, far from urban centres, are often left to fend for themselves
and are self-sufficient in their daily needs. This is possible due to the increased use of
developing areas that were previously not used for growing basic vegetables and fruit.
This activity has developed intensively in the Urej Valley over the past 30 years. Human
management of large river valleys and their surroundings through irrigation for cotton
production concerned the post-Soviet countries of Central Asia, which led to an ecological
disaster and contributed to the drying up of the Aral Sea [27].

In the Urej River Valley, like in most of Tajikistan, the human impact on the functioning
of mountain ecosystems has not been assessed yet [28–34]. There were only some studies
on the vegetation and land use in this area against the background of the whole Zeravshan
Mountains. As a result, these studies are pretty general [35,36]. There is still a lack of
studies on the human impact and consequences of LULC changes, even though the area is
very attractive regarding nature and ecotourism [37].

During the Soviet era, most of the land now used in the Urej River catchment and
other parts of Tajikistan was state-owned pastureland stewardship by collective farms
(kolkhozes) or by state farms (sovkhozes) [38]. As these production systems proved highly
inefficient after the collapse of the USSR, land reforms were introduced in the new Central
Asian states soon after their independence [39–41]. To increase productivity and avoid land
degradation, collective and state farms have been largely privatised, leading to different
approaches to the stewardship of agricultural land and pastureland. In most cases, these
farms were dissolved, and their land and livestock assets were equally distributed to
the households of former workers. However, in some cases, pastures remained state
property [42–45]. These pasturelands can now be leased under certain rules resulting from
the land reform. In Tajikistan, state farm assets in the form of livestock were distributed
to individual households from 1999 onwards [46,47]. However, although the state still
owns pasturelands, inhabitants have access to the pasturelands under a lease system based
on the Dehkan Farm (chojagii dehqoni in the Tajik language) Law [48]. This reform began
to be implemented in the first half of the 1990s and was modified a few times [49,50].
These farms were divided and irrigated, while in the Urej River catchment, the land at
that time was already occupied by households in the form of kitchen gardens. These
kitchen gardens are one of the most important land-use forms in the Urej Valley and across
Tajikistan. They are small-scale private properties of economic and cultural significance
in post-Soviet Central Asia [51]. For this reason, the increasing local population began
to develop previously unirrigated areas on a large scale, quickly leading to significant
land-cover changes. The aim of this article was to determine and analyse changes in land
use in the Urej catchment over the last 35 years, resulting from environmental and political
conditions and land reform.

2. Materials and Methods
2.1. Study Area

The Fann Mountains are a unique place called the country of mountains. Their ancient
name is Kuhistan (Kuh from Farsi—mountains, istan—place). They are located in Central
Asia at the junction of two huge mountain ridges—Zeravshan and Hisor—in the Pamiro-
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Alai chain system [52]. Thanks to their exceptional and unique landscape, they have been
called the pearl of the Pamir-Alay Mountains (Figure 1).
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Artuch (photo by M. Sobala—(a) 2019, and O. Rahmonov—(b) 2003).
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Geologically, it is made up of alluvial fans dated to the late Quaternary (Holocene)
Period and Mesozoic lithologies abutting a granite batholith in the higher parts of the
Fann Mountains [36]. The Fann Mountains are characterised by high relative heights
in relatively small distances. The highest peaks rise to altitudes of more than 5000 m
and relative elevations of up to 1500 m. The highest point in the Fann Mountains is
Chimtarga Peak (5489 m a.s.l.). This undoubtedly has a significant impact on scenic
diversity and its mosaicist. High, steep ridges and deep, narrow valleys foster processes of
intense downwash, which destroy the soil cover down to the bedrock. The soil cover is
heterogeneous in terms of mechanical composition and development stage. Soils range
from fine-grained to poorly developed coarse-grained skeleton soils depending on the
topography, aspect, altitude and vegetation. Specific physiogeographic features of the
study area determine the formation of particular types of mountain soils: mountain-brown
(Cambisols), sandy-desert (Arenosols), floodplain/meadow/marsh (Fluvisols) and all
variants of grey soils (light brown, typical and dark) [53]. The soils in managed areas and
yards are regularly fertilised mainly with animal manure and are referred to as Hortisols.

Mean temperatures reach about 15–16 ◦C in summer with a maximum of 25–26 ◦C and
−5 to −8 ◦C in winter with a minimum of −25 to −26 ◦C. The period without ground or
air frost reaches 90–100 days per year [29]. Air temperatures tend to depend strongly on the
altitude. The vertical gradient of the mean yearly temperature in the Zeravshan (Zarafshon)
Range is −0.65 ◦C/100 m. The temperature drops from about 10.5 ◦C at 1680–1700 m a.s.l.
at the mouth of the Urej River to the Kishtut River to 0 ◦C at the altitude of 3200 m a.s.l.
near the Kulikalon Lakes to about −5 ◦C at about 4000 m a.s.l. at the lower glacier and
snowline. At the highest Chimtarga Peak (5489 m a.s.l), it is estimated at about −15 ◦C [54].

2.2. Material and Methods

The methods used in the present study consisted of a field study and a spatial analysis.
The field study consisted mainly of in situ observations, photographic documentation and
field mapping of vegetation and land use. The desk part was related to remote sensing
spatial analyses in GIS software based on satellite data and a digital elevation model.

The detailed field studies were conducted in the catchment of the Urej River (the left
tributary of Zeravshan river) two times. Firstly, at the end of the 1980s, field mapping of
build-up areas, kitchen gardens and kolkhoz areas was carried out. Based on this field
mapping, topographic sketches were drawn and photographic documentation was taken
to archive the state of the environment and selected elements of land use at that time.
Next, these sketches were vectorized in GIS software and georeferenced in accordance
with contemporary base maps. The second approach was conducted in the summer
of 2023. In order to identify and accurately summarize in the form of a map the state of
the environment and types of land use in 2023, satellite imagery was used. The satellite
data used as basemaps for contemporary land use and vegetation mapping were Bing
Virtual Earth (2023), Esri Imagery (2023) and Google Satellite (2023). In order to maintain
precision and spatial compatibility, the same WGS 84/Pseudo-Mercator coordinate system
(EPSG:3857) [55] was used for all spatial data, i.e., satellite imagery, created vectored
data, digital terrain model. In addition, we used a global digital surface model AW3D30
(AW3D30, 2017) [56]. This model has a spatial horizontal resolution of 24 × 30 m and
an accuracy of 5 m (vertical and horizontal) and was released by the Japan Aerospace
Exploration Agency [57,58]. All spatial analyses, maps and digitisations were performed in
GIS software: ArcGIS 10.8.1 [59] and QGIS 3.32.1 [60].

Subsequently, all land-cover forms and vegetation types distinguished on the satellite
data and base maps were verified during field studies in the summer of 2023. As a result, a
land-cover map presenting the land use in 2023 was prepared. A comparison of land-use
change between 1988 and 2023 was carried out only in the settled and farming sections
of the river. Land-use field mapping was necessary as not all land-use types were easy
to detect based on satellite image interpretation. To this aim, an itinerary method and
interpretation of satellite imagery were used [28,29]. The itinerary method is a class of
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methods realised by repeated surveys along the route, which can be multi-scale, covering
small patches of vegetation or whole areas, and they differ in precision, i.e., they are based
on strictly visual estimates and detailed vegetation analysis methods. During vegetation
mapping, Latin plant names were given on the basis of Flora of Tajik SSR [61].

3. Results
3.1. Topography of the Urej Catchment

The study catchment area of the Urej River covers more than 273 km2. This catchment
is located in a mountainous area: the highest places reach heights of more than 5000 m a.s.l.,
and the lowest only reach 1343 m a.s.l. (Figure 2). Such significant differences in altitude
(more than 3700 m) in such a small area cause a considerable variation in topography. The
main morphological feature is the largest valley of the Urej River, which has a length of
more than 30 km. The smaller river valleys tributary to the main Urej River range in length
from about 3 km (Obi-Zuba) to over 9 km (Tandara) (Figure 2).
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The vast majority of the catchment area includes gradients of more than 40◦ (almost
98% sic!) (Figure 3A). The flattest surfaces (0–20◦) occupy only 1.9 km2 (0.7%) and are
located in the Kulikalon Basin or around the village of Artuch (Figure 3A). Medium slopes
(20–40◦) also allow human functioning in this area.

Aspect is an essential element of the topography that determines the local climate. A
detailed analysis of the aspects map shows a regular distribution of southern and western
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slopes in the eastern part of the area and northern and eastern slopes in the southern and
western parts of the study area (Figure 3B). The northern slopes (more than 33%), southern
slopes (more than 29%) and western slopes (about 26%) are the most numerous, while the
eastern slopes (about 11%) are the least.
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3.2. Land Cover in 2023 in Urej Catchment

The catchment of the Urej River and its tributaries are located in a mountainous
area characterized by massive ridges, steep slopes, scree and landslides, while flat areas
suitable for cultivation are the least frequent (Figures 2 and 3). A glacial and snowy regime
characterizes the river. The catchment is dominated by steep slopes of more than 60◦, some
of which are devoid of soil cover, and the bedrock is on the ground surface due to water
and wind erosion.

According to the land-use classification of Tajikistan, the study area includes residen-
tial, agricultural (irrigation) and livestock grazing (pasturelands) areas, which themselves
include alpine meadows, forest/shrub ecosystems and typical Central Asian juniper forests
(Figures 4 and 5). The latter occur throughout the study area mainly in scattered and
rarely in dense forms. The largest areas of pastureland are dominated by juniper wood-
land with Juniperus seravschanica and J. semiglobosa (37.1%), alpine meadows (17.8%), rocky
surfaces and scree with vegetation (13.5%) (Table 1). Sparse juniper forests are mainly
found on gentle and lower-lying southern slopes and in places on eastern and northern
slopes. In contrast, dense forests occupy steep (>60◦) northern and in places western slopes
(Figures 3 and 4).

3.3. Natural Vegetation Changes
3.3.1. Forest Vegetation

The junipers in the study area are represented by two formations: a thermophilous
one with Juniperus seravschanica and an oligothermic one with J. semiglobosa. As mentioned
above, they cover more than 37% of the area and environmental conditions determine
their distribution. J. semoglobosa occupies the higher-located areas, between 2700 and
3200 m a.s.l. This formation of juniper woodland dominates in the study area and is
characterised by different degrees of density (Figure 6). J. seravschanica occurs at lower
altitudes (1500 to 2400 m a.s.l.). Regarding species composition, they are both similar, apart
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from a single dominant species resulting from terrain and habitat conditions. Among
the shrubs, Lonicera simulatrix, L. korolkovii, Cerasus verrucosa, Spiraea hypericifolia, Berberis
oblonga, Rosa Fedtschenkoana, R. kokanica, Sorbus tianschanica, etc. are the most characteristic.
They occur sporadically and do not form a distinct layer in the community. As far as the
herbaceous vegetation is concerned, the following species occur: Thymus seravschanicus,
Ziziphora clinopodioides, Festuca sulcata, Poa relaxa, Eremopoa persica, Astragalus lasiosemius,
Ferula kokanica, Gentiana olivieri, Erigeron cabulicus, Asperula setosa, Silene tachtensis, Asyneume
attenuatum, Polygonum coriarium, P. hissaricum, Nepeta podostachis, Acantholimon velutinum,
Piptatherum sogdianum, Veronica biloba, Astragalus platyphyllus, Trigonella adscendens, Oxytropis
Lehmanniana, Cousinia verticillaris, C. splendida, Ligularia thomsonii, Campanula lehmanniana,
Elytrigia trichophorum, Piptatherum sogdianum, Hordeum brevisubulatum, etc.
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to Table 1).

3.3.2. Scrub Vegetation along River Ecosystems

In various parts of the Urej River catchment, tugai vegetation develops on its flood-
plain as a narrow strip (depending on its width). In the upper and middle sections, the
river flows through a narrow gorge between rocky outcrops and rocky shores (in the case of
the Tandara River), where small or single species of shrubs are found. Here, in addition to
Salix linearifolia, P. talassica, Lonicera simulatrix, L. zeravschanica, Rosa ecae, Cerasus verrucosa,
Ephédra equisetína, Cotoneaster multiflora, Salix capusii and Hippophae rhamnoides, dense thick-
ets occur in some places. In the luxuriant herbage, Carex pachystilis, C. turkestanica, Anizantha
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tectorum, Eremopoa persica, Poa bulbosa, Ziziphora tenuior, Allyssum desertorum, Astragalus
tibetanus, Piptatherum alpestre, Potentilla orientalis and many others are predominant.
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lands on terrain flattening, (c) residential areas and kitchen gardens/agricultural (irrigation) land
(photo by M. Sobala—(a) 2019, (b) 2019 and O. Rahmonov—(c) 2004).

3.3.3. Ticket Vegetation on South Slopes

On the southern slopes, communities of thyme (with domination of Thymus seravs-
chanicus) and Juniperus seravschanica are formed, confined to low-moisture habitats. The
most typical of the shrubs are L. simulatrix, C. verrucosa, Spiraea hypericifolia, B. oblonga, R.
fedtschenkoana, etc. They are found singly and do not form a distinct layer. In the herbs
layer, in addition to the dominant Thymus seravschanicus, Ziziphora clinopodioides, Festuca
sulcata, Poa relaxa, Eremopoa persica, Astragalus lasiosemius and Ferula kokanica are common.
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Table 1. Land cover and land use in Urej River catchment in 2023.

No. Land Cover Class Area in km2 Area in %

1 Ticket of Ephedra equisetina,

pa
st

ur
el

an
ds

2.34 0.9
2 Tickets of Berberis oblongata and Rosa fedtschenkoana, R. ecae 0.45 0.2
3 Peat bogs 0.65 0.2
4 Steppified farmland, pastureland after felling of junipers 20.03 7.3
5 Alpine meadow/steppe vegetation 48.56 17.8
6 Scattered and rarely forest with Juniperus seravschanica and J. semiglobosa 59.81 21.9
7 Dense forms of Juniperus seravschanica and J. semoglobosa 41.50 15.2
8 Rocky surface and scree with scarce vegetation 36.83 13.5
9 Slopes, mountain ridges 45.96 16.8

10 Build-up areas with kitchen garden 4.83 1.8
11 Irrigated farmland 10.88 4.0
12 Lakes 1.48 0.5

Total: 273.32 100.0
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3.3.4. Non-Forest Vegetation

In open and sunny areas, high-mountain steppes with the following species are formed:
Artemisia dracunculus, Stipa kirghisorum S. caucasica S. trichoides, Festuca sulcata, F.
alaica, Zerna turkestanica, Z. angrenica Adonis turkestanicus, Hordeum turkestanicum
and Poa relaxa (Figure 7).
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Figure 7. Artemisia dracunculus—a common steppe element in the Fann Mountains (photo by O.
Rahmonov, 2023).

At the highest altitudes (3000–3100 m a.s.l.), highly mobile scree dominates with
individually scattered pioneer plant species (Figure 8): Stilpnophleum laguroides, Allium
polyphyllum, Aconitum seravschanicum, Polygonum hissaricum, Dydimophysia Fedtschenkoana
and Nepeta kokanica. On less mobile scree (Figure 6), small open groupings are formed from
various combinations of the above species, often Rheum Fedtschenkoi, Rhodiola heterodonta,
Angelica ternata, Astragalus chionanthus and Dracocephalum oblongifolium.
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3.4. Land-Use Changes in the Uroz and Urej River Valley in 1988–2023

In the valleys of the Uroz (also known as the Artuch or Obi-Uroz) and Urej Rivers,
there are small areas of flat land (floodplain) for land cultivation. Until the end of 1988,
these valleys were not as intensively cultivated as they are today (Figure 9A,B; Table 2).
The changes in land use were possible due to the development of irrigation systems on
previous pasturelands (Figure 9B).
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Figure 9. Spatial changes in land use in the last 35 years: (A) state in 1988, (B) state in 2023;
1—villages, 2—peaks, 3—study area, 4—rivers, 5—artificial canals, 6—build-up areas, 7—kitchen
gardens, 8—kolkhoz areas.

Table 2. Selected land-use categories in Urej River catchment in 1988.

No. Land Cover Class Area in km2

1 Build-up areas 0.96
2 Kitchen gardens 0.28
3 Kolkhoz areas 1.94

Until 1988, small fragments of land in the Artuch settlement were cultivated (Figure 9A).
By 2023, the entire valley had already been mainly utilized for growing food crops but also
for producing fodder for domestic animals (Figure 9B). The settlements of Artuch, Madovra
and Yakkachona were smaller and located separately, and today, they form one settlement
entity with three names. The areas outside the development area belonged to the kolkhozes
(collective farms with an area of 1.94 km2). In this area, Nicotiana tabacum was grown as
fodder for the animals belonging to the kolkhoz. Irrigated areas belonging to collective farms
were distributed to farmers, and according to the law in Tajikistan, everyone is entitled to
6 sotiqs (600 square meters) of land from the state. Such areas were supposed to be sufficient
to build a house and establish a kitchen garden.
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3.4.1. Land Leaseholds

The 1990s were difficult for families in the high mountain areas due to the civil war in
Tajikistan. During the period of political chaos, people without permits occupied areas near
the settlement of Artuch and even far from it (Figure 9B). The owners later documented
these areas. Initially, areas close to the river were chosen because they were easier to
irrigate. Without this, there was no possibility of yields, as the prevailing climate is dry
and rainfall is very scarce during the development period of the plants to ensure their
proper functioning.

After the land reform, the areas managed in the studied catchment were called arendas
(land leased from the state), most often including non-irrigated areas in the analysed
catchment. Later, these areas were irrigated by digging artificial and often very long
irrigation canals (Figure 9B). In this way, arendas were created along the entire Uroz River,
starting from its spring section. Figure 10 shows changes in land use over the last 20 years.

Artificial irrigation canals have become an essential feature of the area (Figure 11). The
length of natural watercourses in the analysed section is 28.8 km (Figure 9A), while the
length of artificial canals is 44.05 km (Figure 9B).

3.4.2. Kitchen Gardens

The specific type of agricultural land located directly in households and dwellings
within the settlement, supplying fresh fruit and vegetables to the inhabitants, is obchakoria
(so-called kitchen gardens). These kitchen gardens cover significant areas in the study
area (Figures 9 and 10). On small plots, onions, carrots, tomatoes, cucumbers, potatoes
and fruits such as cherries, pears and apple trees are grown. The steep slopes are used
to produce hay and grain, mainly for animals. In the event of a good yield, produce is
sold. Populus tremula, P. alba and species of the genus Salix also grow in such gardens as
fuel and building material for commercial purposes. Areas with kitchen gardens in such
situations are transformed into forest areas. Thanks to this, large areas under irrigation and
development of former pasturelands were transformed into anthropogenic poplar/willow
forests, and their range overlaps with kitchen gardens.
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4. Discussion
4.1. Land-Use Changes in Urej Catchment

Changes in land use are influenced by the study area’s location, natural resources,
the features of the mountain environment (dry, rocky, sparse forests) and the study area’s
accessibility. Compared to other mountain areas in Central Asia, the study area is difficult
to access and often impossible to cultivate without irrigation. Potential areas for cultivation
are located only in flat parts of river valleys (Figure 3A), additionally equipped with
systems of irrigation canals (Figure 11) [36,62]. A typical farm in the Urej River Valley and
the whole of Tajikistan is small. Small plots are cultivated, and a small number of animals
graze. Agriculture suffers from low crop yields due to insufficient water (in the hills) and
nutrient-poor soils [13].

Most importantly, the end of the Soviet system halted supplies to the region from
outside, leading to serious supply problems and, consequently, the failure of the lease
system [63]. The post-independence civil war in Tajikistan (1992–1997), which forced many
refugees to seek refuge in the high mountain villages of the Zeravshan region (including
the study area), worsened the situation regarding supplies and livelihoods. A similar
situation has been observed in most mountainous regions of Tajikistan [63–66]. For this
reason, people began to lease land from collective farms or develop fragments of pastures
that could be easily irrigated without permission to provide household food.

Introducing reforms under the name ‘dehkan farms’ only accelerated this process.
Land reform began at the start of the transition to the market economy by the Resolution
of Government 16.09.1992 N◦ 357 regarding measures on land reform in the Republic
of Tajikistan [67]. The purpose of this document was to create conditions for the future
development of various types of stewardship methods, organize a multi-sector economy
and increase agricultural production. As mentioned before, dehkan farms were established
after the break-up of large state farms and livestock enterprises as a result of the collapse
of the Soviet Union. They can be large (up to 3000 ha) or small and are controlled by
individuals, families, co-operatives or collectives [48,68]. Land in Tajikistan is state property
and is provided for long-term use by dehkan farms and households. Private farms were
formed based on the reorganized Sovkhoz or Kolkhoz collective farms. The legal basis for the
organization and activities of dehkan farm in the Republic of Tajikistan was set down in
1992 and is regulated by the law of the Republic of Tajikistan [48,68]. The establishment of
dehkan farms contributed to developing and fencing previously pasturing areas near the
villages. The local people’s animals grazed all year round, and because of this, they are
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now facing problems, so most of the communities have given up animal farming. Large
families and high-income households use the most significant areas. Preparing such areas
for cultivation requires a lot of effort.

The impact of the USSR collapse on changes in land use was also detected in mountain
areas of post-soviet European countries [69]. Nevertheless, the direction of land use was
completely different. The most prevalent changes in post-soviet European countries were
cropland abandonment, conversion of croplands into grasslands and forest expansion
on non-forest land. Cropland abandonment was most extensive during the post-socialist
transition period and predominantly occurred in marginal areas with low suitability for
agriculture, causing the vanishing of traditional landscapes [70]. Conversely, substantial
recultivation of formerly abandoned cropland has been observed in high-value agricultural
areas since 2000. Hence, market forces increasingly adjust socialist legacies of expansive
land production and agricultural land-use clusters in favourable areas, while marginal
lands revert to forest. In some areas, nature conservation programmes are implemented to
protect the landscape [71]. This process is typical for developed countries and is known as
land-use polarization between areas utilized more intensively and more extensively [72].
In the study areas, as well as in other mountain areas in Central Asia, the expansion of
agricultural land use is still observed [73]. As a result, in contrast to post-Soviet countries
in Eastern Europe, in the mountainous areas of Central Asia, human pressure on the
environment is increasing [74].

4.2. Kitchen Gardens

Kitchen gardens occupy significant areas in the study area. From the earliest days of
the USSR, Tajik inhabitants were allowed to have small kitchen gardens at or near their
homes to enrich their diets with fresh food and raise a dairy cow and other animals. These
areas require frequent irrigation due to the dry climate. The Uroz River flowing through
the village of Artuch cannot provide enough water to irrigate, so the local people appoint
a person to manage the water resources during the growing season of the crops (such a
person is called a mirob—he divides the water one by one for each household). Until the
1990s, during the Soviet period, there was a boundary, and it was impossible to use the
land beyond it. That was because it was assumed that the water resources of the Uroz River
were barely sufficient to irrigate the land below.

Central Asian horticulture is traditionally practised in irrigated plots around the house,
in kitchen gardens called obchakori [51]. Gardening is common along the entire Urej and Zer-
avshan River Valleys (Figures 5, 10 and 12). The high-altitude regions provide favourable
conditions for growing vegetables and seed potatoes. Kitchen gardens exist throughout
Tajikistan, Uzbekistan and Kyrgyzstan and similarly provide basic food needs [75]. They
differ in size, which depends on the availability of water and land for development [76].

4.3. Forest Ecosystem Changes

The main threat to juniper forest ecosystems is human activity. This threat is not
connected with cutting down a 500–700-year-old juniper tree [13,33,52,54,77] to obtain one
relatively small piece of building material and fuel. Still, it is connected with forest devasta-
tion by logging. Junipers will never regenerate, as seedlings emerge and survive mainly
under the crowns of the parent trees. Logging is particularly dangerous in the Zeravshan
mountains, where the climate is arid. In many gullies in the Urej river basin and elsewhere
in Tajikistan, juniper forests have been destroyed. In place of the decimated forests, we
now see bare slopes with a washed-out soil horizon and rocky outcrops on the surface [54].
At best, we see slopes with desert vegetation or sclerophyllous shrubs that are secondary,
replacing the juniper forests. The juniper forests in the Urej River Basin, especially in the
upper part, are the best in the entire catchment. They occupy considerable areas here,
form a relatively wide vertical belt and penetrate many phlorocenotypes of woody and
shrubby vegetation. They are restricted to the most diverse soil conditions and landforms
and they are communities showing considerable phytocenotic diversity [32,78]. Within
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juniper stands, there are often extensive glades overgrown with herbaceous species [79]
that have resulted from the cutting of junipers.
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Figure 12. Typical kitchen gardens in Artuch settlement (photo by O. Rahmonov, 2023).

Another important driving force is human dependence on livestock as the primary
source of income in many other Asian countries, such as Kyrgyzstan, Uzbekistan and
others [7], which may affect the functioning of ecosystems in a dry environment. The
situation is entirely different in the Fann Mountains, where most households have given
up animal farming due to the lack of pastures in the area where they live and the high
feed cost. They buy animal products only in supermarkets, and the money is provided
by household members working abroad (mainly in the Russian Federation). This, in turn,
affects the regeneration of early degraded ecosystems [13].

4.4. Environmental Consequences of Land Use

The disturbance of high mountain ecosystems in the Urej River catchment is caused
by previously inaccessible, non-irrigated, and also irrigated land. Water is supplied by
irrigation ditches several kilometres long running up steep slopes. These ditches were
made with primitive digging tools and are constantly exposed to damage because the
ground is often saturated with water, and, as a result, landslides can cause irreversible
damage to both land and household resources. At this point, some of the land has already
been mechanically eroded. On the one hand, this causes erosion and, on the other one,
a dramatic transformation of the biogeocenoses in areas high above the rivers. On the
other hand, valley areas, together with wet meadows and parts of peatlands, have been
transformed into areas for fodder production [36]. In addition, they are fertilised and,
flowing out of the cultivated area, pollute the waters with pesticides. The effect of irrigation
also affects the composition of the flora of the surrounding area. Thus, local endemics are
replaced by other species.

Another element influencing the dysregulation of high-mountain ecosystems is using
previously inaccessible areas through irrigation. Water is supplied through drainage ditches
on steep slopes, often several kilometres long [13]. The environmental changes that have
taken place are, on the one hand, positive in the area being forested and, on the other,
negative due to over-watering and soil degradation due to soil creep (Figure 13).
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Contemporary climate change may have a negative impact on the water abundance of
these regions (glaciers are already shrinking), which may, in turn, exert a colossal negative
impact on the functioning of high-mountain societies. Both an excess and lack of water
influence the sustainable use of the vulnerable high-mountain ecosystem [6]. The threat of
climate change further intensifies the negative impacts of drought [62]. The result is soil
erosion and, consequently, significant transformations in biogeocoenoses. Climate change,
land degradation and drought affect millions of people living in drylands worldwide. With
its food security depending almost entirely on irrigated agriculture, Central Asia is one of
the arid regions highly vulnerable to water scarcity [80], but it is also interesting from the
touristic point of view [81].

Pastures are the dominant component of all land uses in the Urej River catchment. Pas-
ture areas are used according to seasons: summer pasture, winter pasture and spring/autumn
pasture. As a result of land cultivation and animal grazing, the following landforms have
developed: stone walls, mounds and enclosures, agricultural terraces and beaten paths
typical of areas intensively used for animal grazing (Figure 14). These forms are typical of
many mountain areas worldwide [82]. They are visible not only in areas that are currently
utilised but can persist for decades or centuries after land abandonment [83–85].
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5. Conclusions

The changes in land use in the Urej River catchment have been very rapid over the
past 40 years. For the most part, the irrigated areas were owned by the state and managed
by collective farms, some of which were used to produce fodder for kolkhoz animals that
were used to plough the land and some for the transport of animals (mainly horses). The
other part was used to grow tobacco. After the collapse of the USSR, the kolkhozes ceased
to function, and the irrigated land was allocated to families who did not have their own
home gardens. On the other hand, against the backdrop of the political chaos of the 1990s
(civil war), people began to occupy non-irrigated land (grazing land) along rivers in entire
river catchments without permission. During this period and after the implementation
of the land reform, land near or along the Uroz River along its entire stretch began to
be developed on a large scale by local inhabitants. Land use along the different sections
of the rivers was determined by the relief of the terrain and the possibility of irrigation.
Artificial canals have been created over a considerable area to irrigate the area. Nowadays,
irrigation systems are longer than natural rivers. The process of building these canals
has led to significant environmental changes. As a result, much of the pastureland has
been changed into kitchen gardens, where vegetables, fruit and wood are mainly obtained.
The environmental changes that have taken place are, on the one hand, positive in terms
of the wooded area and, on the other one, negative due to excessive irrigation and the
initiation of soil creep. Sustainable land use in this area is closely related to the economic
conditions of individual households. Improving economic conditions could help regenerate
the environment because people will not have to exploit the land.
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