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About

Abdubakir Kushbokov completed his master's degree at Samarkand State
University in Uzbekistan in 2021. He subsequently participated in the GRO —
Land Restoration Training Programme, a fellowship at the Agricultural University
of Iceland, in 2022. He is currently pursuing his PhD at the University of Szeged
in Hungary, where his research focuses on assessing the soil seed bank and its
potential for restoration within the rangelands of the Kyzylkum Desert in
Uzbekistan.

As part of the Marion Donhoff Fellowship Program, his research project is
titled “Sustainability of Rangeland Utilisation in the Kyzylkum Desert in
Uzbekistan.” He aims to deepen this work by integrating socio-ecological
perspectives into the framework of rangeland restoration. His ultimate goal is to
develop practical management recommendations that support the restoration of
these vital ecosystems.

Abstract

This research investigates the potential roles of soil seed banks (SSBs) and
indigenous ecological knowledge (IEK) in the restoration and management of
degraded rangelands in the Kyzylkum Desert of Uzbekistan. Despite only 21
species emerging from the SSB, compared to 68 species present in aboveground
vegetation, a moderate Sgrensen’s Similarity Index (S = 0.42) indicates potential
ecological continuity. This study also includes a socio-ecological survey with 30
local herders and small-scale farmers, revealing a widespread perception of
ecological degradation, primarily attributed to drought and overgrazing. Findings
highlight the critical need for improved management practices and greater
governmental support to empower local communities. By integrating scientific
insights with local knowledge, this research emphasizes the importance of
collaborative approaches to sustainable rangeland management. The results
underscore the potential for leveraging SSBs in future restoration efforts,
contributing to biodiversity conservation and community resilience in the face of
climate change.

Keywords: soil seed banks, rangelands, restoration, ecological knowledge,
desert, land management.
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1. INTRODUCTION

1.1.Background

Livestock grazing is a dominant land use globally, with approximately 80% of
agricultural land designated as pasture (FAO, 2015). Extensive rangeland
ecosystems play a crucial role in supporting animal husbandry, particularly in
Central Asia, where they provide essential fodder and ecosystem services
(Maestre et al., 2022). For pastoralists, these rangelands represent a primary
source of livelihood (Mirzabaev et al., 2016). However, unsustainable grazing
practices have detrimental effects on rangeland productivity, vegetation
composition, and soil structure across the globe (Chen et al., 2017).

The preservation of biodiversity within rangeland ecosystems is crucial,
particularly given the widespread degradation occurring. In Central Asia, around
65 million hectares of rangelands are deemed degraded, with Uzbekistan alone
accounting for 10 million hectares (CACILM, 2006). Rangelands make up about
52% of Uzbekistan's total land area, with 78% classified as arid or semi-arid
(Dong et al., 2011). Historically, these areas have served as the primary forage
source for the livestock sector (Toderich et al., 2013).

Continuous overgrazing near settlements has resulted in severe trampling and
degradation, leading to significant biodiversity loss (Gintzburger et al., 2003). The
livestock population has increased dramatically, with cattle numbers rising from
5 million to 12 million and sheep from 10 million to 20 million between 1990 and
2017 (UZSTAT Statistical Collection, 2018). Despite this growth, the interactions
between livestock production, biodiversity, and other ecosystem services remain
insufficiently explored (Petz et al., 2014). Consequently, research focused on
rangeland management and ecosystem restoration is essential to address these
pressing challenges.

1.1.1. Importance of SSBs on natural regeneration

In degraded rangelands, disturbances such as high stocking rates and
unsustainable land use significantly impact ecosystem health, leading to declines
in soil seed bank (SSB) density and shifts in vegetation composition (Solomon et
al., 2006). Understanding the SSB's potential is crucial, as its depletion can
impede ecosystem recovery post-disturbance (Gross et al., 1990). The SSB,
which consists of viable seeds either on the soil surface or buried within the soll
(Roberts, 1981; Walck et al., 2005), serves as an important indicator of past
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vegetation. They also provide a crucial resource for the establishment of future
plant communities (Fisher et al., 2009).

Facilitating natural regeneration requires assessment of belowground potential,
seed resources, and seed longevity. Viable seeds in the soil are essential for
transforming degraded ecosystems into well-vegetated landscapes through
natural succession (Tessema et al., 2012). Management strategies that promote
natural regeneration are often more cost-effective than active restoration
methods like transplanting and seeding (Valko et al., 2016).

Despite the acknowledged importance of seed resources for rangeland
regeneration and sustainable management, the effects of grazing on grassland
seed banks are inadequately understood (Mulloy et al., 2019). Specifically, sheep
grazing can reduce biodiversity, ecosystem function, plant biomass quality, and
soil stability (Ross et al., 2016). Furthermore, grazing affects seed production and
dispersal, as well as the availability of germination microsites through increased
bare ground and aeolian deposition (Sierro Miguel, 2017).

While the role of soil seed banks in dryland restoration is well-documented,
research is scarce in Central Asia, particularly in the former Soviet Union
countries (Kushbokov et al., 2025). Investigating the potential for restoring soil
seed banks is essential for developing effective, sustainable rangeland
management strategies. This study focuses on the Kyzylkum rangelands,
assessing seed bank resources, plant communities, and their interactions across
varying grazing gradients to evaluate their potential for natural recovery.

A clear understanding of the factors adversely affecting seed bank resources and
plant cover in degraded rangelands is vital for successful restoration and
sustainable management. This research aims to deepen insights into the effects
of grazing on seed resources and plant community dynamics, providing valuable
guidance for future rangeland management strategies.

1.1.2. Importance of ecological knowledge

Indigenous ecological knowledge (IEK) or local knowledge represents a complex
interplay of ecological and social systems, mutually reinforcing one another (Das
et al., 2021). The significance of traditional ecological knowledge is increasingly
recognized as a valuable resource for informing global, regional, and national
policies that are relevant at the local level (Sharifian et al., 2023). By deepening
our understanding of these locally specific systems, we can support bottom-up
pastoral initiatives and foster discussions on sustainable land management.
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IEK encompasses practices employed daily by indigenous communities, which
not only sustain their livelihoods but also promote the sustainability of socio-
ecological systems (Bhatta et al., 2016). It plays a crucial role in enhancing life
quality and supporting livelihoods (Turner et al., 2000) while contributing to
biodiversity conservation efforts (Berkes et al., 2000). Furthermore, IEK is
recognized as essential for achieving sustainability and enabling local
communities to adapt effectively to environmental changes (Batdelger et al.,
2025).

Generally, having the IEK and traditional ecological knowledge offers vital
insights for developing locally relevant policies and practices that foster both
ecological sustainability and community resilience.

Given the significance of pastoralism in the livelihoods of Central Asia, where
rangeland degradation poses a substantial challenge (Mirzabaev et al., 2016),
leveraging local knowledge can assist policymakers in developing effective land
management strategies. This is particularly critical in Uzbekistan, where over
50% of the land has been degraded (Umarov et al., 2025). Therefore, this study
aims to utilize local ecological knowledge to promote sustainable rangeland
utilization in Uzbekistan.
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2. METHODS

SSB study area description and research design.

The SSB study was conducted in the southern part of the Kyzylkum Desert,
located within the Navoi and Bukhara provinces of Uzbekistan (Fig. 1). The
research area is characterized by an altitude of approximately 200-500 meters
above sea level, where the region has historically been utilized for grazing by
free-roaming livestock throughout the year.
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Figure 1. The study site locations of SSB research

The research was conducted across 20 study sites with varying ages of watering
wells, categorized into used and abandoned wells (Fig. 2). We designated four
zones, from the vicinity of the watering well to less heavily grazed areas along
the gradient. This entailed a transition from overgrazed areas adjacent to these
wells to locations 2000 meters away, characterized by light grazing. Four distinct
gradient zones were divided into two transects. Within each transect, three plots
(5x5 m) were delineated, resulting in a total of 480 individual plots across the
study area. Three soil samples were collected in each plot at 0-10 cm depth and
pooled and transported to the greenhouse at Samarkand State University to
conduct a germination experiment.



Sustainability of Rangeland Use in the Kyzylkum Desert, Uzbekistan

DHE E = -] b
o [ I R X &
RS N e N

Sacrificed zone 500 m 1000 m 2000 m

Figure 2. The research design of the SSB study

Socio-ecological survey

In total, 30 interviews were conducted with herders and local small-scale farmers
in Southern Kyzylkum desert rangelands (Fig. 3) to better understand their
perceptions of rangeland degradation, community-based solutions to land
management issues, and attitudes toward management practices.

0 100 200 km

Figure 3. Interview locations

During the investigations, the structured interviews were used to quantify
perceptions of degradation (e.g., vegetation loss, soil erosion) and management
preferences, and semi-structured discussions were used to explore place-based
knowledge, including historical baselines for rangeland health and adaptive
management strategies (Appendix 1).

10
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Figure 4. Photos from the fieldworks
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3. RESULTS

3.1. Aboveground vegetation and SSB species composition

By the end of the study, over 1,000 seedlings had emerged from the SSB,
comprising 21 distinct species. The most prevalent seedlings included Peganum
harmala, Carex physodes, and Poa bulbosa. In total, we identified 68 species
within the aboveground vegetation. To assess the relationship between the
species present in the aboveground vegetation and those emerging from the
SSB, we employed Sgrensen's Similarity Index. The results indicated a moderate
degree of similarity between the two groups, with a Sgrensen's Similarity Index
value of 0.42.

Additionally, a Venn diagram illustrated that 19 out of the 21 species emerging
from the SSB were also present in the aboveground species assemblage, while
only two species were uniquely found in the SSB (Fig. 4).

49

Figure 4. A Venn diagram visualizing a relationship between aboveground
vegetation and SSB species richness.

This finding underscores the functional overlap between the seed bank and the
aboveground vegetation, enhancing our understanding of species diversity in this
ecological context.

3.2. Conceptions of ecological changes

The interviews, which were based on a set of 23 questions (Appendix 1) designed
to assess the quality of livelihoods and local socio-ecological issues, were
conducted with local people and herders in the Kyzylkum Desert.

It was found that local people (small farm holders) and herders use their grazing
land all year round. The main livestock type was sheep, where around 45-50

12
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(median) sheep were in a 1-100-hectare, 250 sheep in a 100-300-hectare land
area. Interestingly, herders who own more than 300 sheep had no idea about
their grazing land or did not want to answer (Chart 1).

Livestock Counts by Land Area

600
Livestock
400 B camel
. Cattle
- Sheep
200
.
.
— —— —_—— —— ——

1_100 100_300 no_idea
Land Area (hectares)

Chart 1. Livestock numbers and types by land area (ha)

Number of Animals

The herder’s total herding experience was an average of 24 years, and 15 years
in the particular area where the interview was conducted (experience in that
particular area was higher due to local people’s experience who have been living
there for a long time).

Around 90% of respondents mentioned that they use only one watering well and
do nothing to reduce grazing pressure around the watering well. Therefore, the
question was asked to know the grazing land conditions over the decades using
five grade scale (Chart 2).

7% 0%
17% .

33%

43%

= considerably deteriorated = somewhat deteriorated = remained the same

somewhat improved = considerably improved

Chart 2. People’s thoughts on grazing land changes over the decades.

13
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As the bar chart illustrates, most of the respondents think that their grazing land
is considerably deteriorated or somewhat deteriorated, while none mentioned a
considerably improved grade scale.

When asked about the main factors contributing to changes in grazing lands,
around 61% of respondents mentioned drought (Chart 3).

Main factors contributing to land changes

9%

7%
2%

14% 7
7%

= Drought = Sandstorms Land shortages Conflicts = Minings = Floods

61%

Chart 3. The main factors in the grazing land change.

Despite a lower percentage of floods and sandstorms, these events have become
more problematic for local communities over the past several years. Notably, the
frequency of sandstorms has increased, posing significant challenges for
livestock survival as they obscure the plants in grazing lands.

Land shortages ranked as the second most significant factor contributing to
changes in land use, leading to conflicts between neighbours. When asked about
their management practices to mitigate land degradation, approximately 93% of
herders and residents responded that they do not undertake any specific actions,
while only 7% indicated that they change their grazing lands seasonally.

Regarding perceptions of vegetation cover changes due to current management
or grazing practices, results are presented in Chart 4. Although a small number
of respondents expressed the belief that plant cover has increased, nearly three-
fourths perceived a reduction in vegetation. Meanwhile, about one-fourth of
respondents either did not have a clear opinion or believed that the vegetation
cover had not changed over time as a result of grazing management. Although
there was uncertainty regarding the specific impacts of climate variability on
vegetation, respondents generally agreed that climate change would negatively
affect vegetation.

14
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Plant cover change

23%

4% —

73%

m Reduced ®lIncreased = Remained the same / noidea

Chart 4. Thoughts on plant cover changes due to grazing practices.

Almost all respondents indicated that they have a sufficient abundance of
palatable plant species, noting the presence of vegetation around watering wells
during the spring season. They reported that their livestock generally prefer to
consume grasses and shrubs, particularly Artemisia diffusa, while avoiding
Peganum harmala.

Considering responses identifying drought as the primary factor influencing land
changes, we inquired whether the respondents perceived water shortages as the
main issue contributing to land degradation and whether they believed other
factors were equally significant. Approximately three-fourths of the respondents
affirmed that water shortages are indeed the primary cause of land degradation.
Others highlighted sandstorms and high stocking rates (or land shortages) as
additional significant contributors to this issue, as illustrated in Chart 5.

Perceptions on significant factor types in land degradation

12% 15%

73%

= WATER SHORTAGES = SANDSTORMS = HIGH STOCKING RATE
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Chart 5. Perceptions on significant factor types that are equally important to water
shortages.

The subsequent question addressed the issue of government support for herders
(or farmers) and local residents, specifically inquiring whether they receive such
assistance. The results indicate that 73% of respondents do not receive any
government support or subsidies for their grazing practices. In contrast, only 10%
reported receiving hay for the winter or free electricity for their stock shelters as
forms of government support (Chart 6). The remaining respondents were unsure
about the existence of any government assistance. Since respondents noted that
they were typically employed by farmers as herders, performing only the herding
duties, this might imply that the farmers themselves manage other aspects of
their operations, as indicated in their responses.

Government support

10%

17%

HYes
H No

® No idea

73%

Chart 6. Answers on government support.

The following question inquired about the type of support respondents would
require from the government if they were not receiving any assistance. Most
respondents indicated that they did not need any support or were uncertain about
what kind of support might be beneficial (Chart 7).

Some herders specified a desire for higher salaries and job legalization, noting
that their compensation is provided directly by farmers rather than the
government. Additionally, other respondents expressed a need for winter fodder
and increased grazing land for their livestock.

16
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NEEDED SUPPORT
20
16
12
8
4
0
MORE LAND HIGHER JOB FODDER FOR NO NEED
SALARY LEGISLATION WINTER SUPPORT / NO
IDEA

Chart 7. Needed support that inquired from the land users.

We inquired about additional sources of income, specifically whether
respondents earned supplementary income through another job or from livestock
products such as wool, milk, and meat. The consensus was that they do not
generate any extra income from livestock products. However, some respondents
noted that family members work for a nearby mining company, which serves as
their only additional source of income (Chart 8).

Given the issues related to land shortages, we also asked whether respondents
share their land with neighbours or actively protect it. If so, we inquired about their
management practices for shared resources and whether they bring their
livestock onto other herders’ land. More than 83% of respondents affirmed that
they do engage in sharing land, indicating a lack of clear boundaries or defined
territories for their grazing areas. The remaining responses indicated that while
they attempt to protect their land, overlaps between properties still occur (Chart
8).
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Land sharing and income source responses

2
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Chart 8. Land sharing and income source responses.

Respondents were asked to provide suggestions for local authorities or farmers'
associations to enhance land management strategies and improve the quality of
life. Unfortunately, 85% of respondents were unable to offer any ideas or
suggestions. The remaining respondents proposed various measures, including
the establishment of additional watering wells, provision of winter forage,
reduction of taxes for farmers, expansion of grazing land, and timely wage
payments for herders.

We also inquired about their perceptions of future rangeland conditions and
management in their region, as illustrated in Chart 9.

Herder's perception on future land use management

16%

= Negative = Depends on weather = Noidea

Chart 9. Herder’s perception of the future rangeland conditions and rangeland
management.
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As depicted in the chart, 42% of local residents and herders expressed the belief
that rangeland conditions and management will deteriorate. In contrast, another
42% suggested that future outcomes will largely depend on weather conditions,
specifically adequate precipitation. Unfortunately, 14% of respondents were
uncertain about the future of rangeland conditions or indicated that they do not
foresee themselves in that context.

Overall, the survey results indicate that while some respondents may lack insight
into the current state of their grazing lands, there are significant socio-economic
and ecological challenges that profoundly impact their livelihoods.

19
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4. DISCUSSION

Our study investigated the potential role of SSBs and IEK in restoring degraded
rangelands and promoting sustainable management practices in the Kyzylkum
Desert Rangelands of Uzbekistan. Although the total number of species that
emerged from the SSB was relatively low, with only 21 species identified
compared to 68 species present in the aboveground vegetation, Sgrensen's
Similarity Index revealed a moderate degree of similarity (S = 0.42) between the
seed banks and the established vegetation, suggesting some ecological
continuity between these two components of the ecosystem.

It is essential to recognize that the relatively low number of species emerging
from the SSBs is a phenomenon reported in previous dryland studies, including
those by Erfanzadeh & Kahnuj (2015) with 15 species, Leder et al. (2017) with
36 species, and Loydi & Collins (2021) with 23 species. This trend underscores
a recurring pattern where arid environments tend to exhibit diminished species
richness in seed bank communities compared to their aboveground counterparts.
While these findings are preliminary, they indicate a possible nature-based
restoration potential afforded by the species that have successfully emerged from
persistent SSBs in these degraded rangelands. It is important to note that
statistical analyses regarding soil seed bank density and species diversity across
various grazing gradients related to different types of watering wells are still
ongoing. This ongoing research will further elucidate the dynamics of SSBs and
their capacity to foster ecological recovery. Ultimately, our study contributes to
the understanding of how leveraging both biological resources and local
ecological insights can enhance restoration efforts, thereby promoting resilience
and biodiversity in these fragile ecosystems.

Moreover, integrating IEK into rangeland management can enhance the
effectiveness of restoration efforts. Local knowledge can provide insights into
traditional practices that have successfully supported biodiversity and ecosystem
health, offering a complementary approach to scientific findings.

4.1. Socio-Ecological insights into sustainable land management

The survey conducted among local herders and small-scale farmers in the
Kyzylkum Desert provides valuable insights into the perceptions and experiences
of communities affected by rangeland degradation. A striking 90% of respondents
indicated that they utilize a single watering well throughout the year, underscoring
a heavy reliance on insufficient water resources and potentially exacerbating
grazing pressure in their vicinity. The overwhelming consensus that grazing lands
have deteriorated reflects a deep-seated awareness of ecological changes, with

20
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61% attributing these shifts primarily to drought - a factor that local participants
have increasingly identified as critical in recent years.

This awareness of deterioration is not merely anecdotal; it reflects a lived
experience marked by significant shifts in vegetation cover and biodiversity.
Approximately three-quarters of respondents reported a perceived reduction in
plant cover, with many expressing concern that climate variability, particularly
climate change, will continue to exacerbate these trends. This aligns with broader
findings in the literature indicating that livestock overgrazing, alongside climatic
stressors, contributes to substantial ecological degradation (Chen et al., 2017;
Petz et al., 2014).

The survey also highlights socio-ecological challenges faced by local
communities, revealing that while drought is viewed as the primary driver of land
degradation, issues such as land shortages and increasing sandstorm frequency
further complicate the landscape for these herders. The fact that 73% of
respondents reported a lack of governmental support indicates a significant gap
between needed support and available assistance. This disconnect could hinder
community efforts to adopt adaptive management strategies that mitigate
degradation, underscoring the need for policies that promote local resilience.
Interestingly, the survey results indicated that while many respondents
acknowledged changes in their grazing lands, 85% could not propose actionable
suggestions to improve their life standards or strategies for sustainable land
management. Nevertheless, a small percentage of respondents articulated a
desire for better management practices, highlighting a potential avenue for
development initiatives aimed at enhancing local ecological knowledge and
sustainable practices.

The insights derived from this survey emphasize the critical role of integrating
local perceptions into rangeland management strategies. Engaging with
communities to understand their knowledge and experiences can not only
enhance restoration efforts but also ensure that any interventions are culturally
relevant and ecologically sound. Continued investigation and communication are
essential for fostering adaptive management practices that empower local
herders and farmers, allowing them to become stewards of their ecological
landscape.

In summary, the perceptions reported by survey participants illuminate the
complexities of rangeland management in the context of ongoing degradation
and climate change. Addressing these insights requires a multi-faceted approach
that combines scientific understanding with local ecological knowledge to foster
sustainable rangeland utilization. By developing targeted policies that support
community engagement and resource management, we can work towards
restoring the ecological integrity of the Kyzylkum Desert Rangelands.
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5. CONCLUSION

This study highlights the critical interplay between SSBs and IEK in the context
of rangeland restoration efforts in the Kyzylkum Desert Rangelands of
Uzbekistan. Our findings reveal that while the density of viable seeds emerging
from SSBs is low, the moderate similarity with the aboveground vegetation
indicates a potential for ecological continuity and natural regeneration. These
insights underscore the importance of SSBs as reservoirs of biodiversity that can
facilitate the recovery of degraded ecosystems.

The survey of local herders and small-scale farmers provides essential context
for understanding the socio-ecological dynamics shaping rangeland
management. Community perceptions of ecological change reveal a deep
awareness of the challenges posed by drought, land shortages, and the
deteriorating condition of grazing lands. The lack of governmental support
compounds these challenges, highlighting an urgent need for policies that
empower local communities to engage in sustainable land management
practices.

Ultimately, this research emphasizes the necessity of integrating scientific
findings with local knowledge to develop targeted, culturally relevant strategies
for rangeland restoration. By leveraging the insights gained from both SSB
assessments and community perceptions, stakeholders can foster resilience and
enhance biodiversity in these fragile ecosystems. Future research should focus
on evaluating the long-term impacts of adaptive management practices, ensuring
that they contribute to sustainable rangeland utilization and ecological integrity in
Uzbekistan.

In conclusion, the pathway to restoring the Kyzylkum Desert's rangelands lies in
a collaborative approach that values local knowledge and prioritizes sustainable
practices. By addressing the interconnected challenges of ecological degradation
and socio-economic pressures, we can work towards a future where rangelands
not only support livelihoods but also retain their ecological vitality.
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