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moderate grazing, rotational management,
and incorporating legumes to improve soil
fertility and livestock health, supporting
land restoration in Uzbekistan.

Keywords: soil degradation, tragedy
of the commons, sustainable land

management, legume integration.

INTRODUCTION

Xenophon (2013) accentuate the significance of understanding soil properties for agricultural
achievement, whereas FAO (2020) focus attention on the critical role of soil biodiversity in the
global ecosystem. As per Wilsey (2018), around 40% of the planet surface is comprised of
grasslands, encompassing approximately 70% of its agricultural land. Neal et al. (2020) present
the concept that grassland ecosystems expand interactions among animals, plants, and
microorganisms. Coban et al. (2022) point out that soil microorganisms are highly sensitive to
environmental alternations, allowing them to quickly adjust to changes in ecosystems. This
sensitivity underscores their importance as valuable indicators for assessing soil health. Hartmann
and Six (2023) bring forward that earth bacterium are essential for facilitating nutrient exchange
between vegetation and the topsoil, thus fostering the development of soil structures favorable for
plant growth. Feltran-Barbieri and Féres (2021) imply that pasture deterioration often occurs due
to factors such as excessive grazing, inadequate management of weeds and pests, and insufficient
soil fertilization. Keesstra and colleagues (2019) state that a recent analysis of soil erosion in
agricultural regions reveals degradation rates significantly surpassing soil formation rates by
multiple orders of magnitude. Lodge and Tyler (2020) propose that livestock serve as substitutes,
enriching native species diversity, and fostering the growth of forage plants. Bardgett et al. (2021)
analyze that intensive livestock practices represent a major contributor to desertification
worldwide. Liu et al. (2022) suggest that the geographical environment and severe climatic
conditions present substantial obstacles to the recovery of sandy lands following grassland
desertification.

Evans et al. (2020) assert that soil erosion poses a substantial risk to global soil health,
consequently endangering food provision supplies for the expanding global population. Poesen
(2018) emphasizes that soil constitutes a delicate environment, prone to deterioration under
unfavorable physical, topographic, climatic, or human-induced conditions. Chowdhuri et al.
(2021) underscore that soil erosion, stemming from these aspects, results in the depletion of fertile
soil and a decline in agricultural output. Shahriary et al. (2021) attentively observed that
overgrazing is diminishing in certain developed areas, whereas it has become prevalent in Asia.
Zhang et al. (2018) make clear that due to extensive growth in animal husbandry, grassland
ecosystems in Central Asia have undergone significant deterioration over the last three centuries,
encompassing overall productivity of once abundant pastures. Mirzaev et al. (2019) noted that
Uzbekistan is predominantly characterized by desert and semi-desert landscapes, covering more
than 85% of its territory. Covering approximately 23 million hectares, the pastures represent half
of the total land area, yet they have undergone notable degradation in the last 15-20 years due to
imbalanced cattle farming practices. Yeneayehu and Wang (2020) give the idea that while
overgrazing has led to a decline in forage availability, implementing careful rotational methods
has shown significant overall improvements. Sheoran et al. (2021) draw attention to the value of
legume crops in arid regions, thriving because of their capacity for nitrogen fixation, ability to
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tolerate drought, lower water requirements, and soil recovery, thereby addressing concerns
associated with overgrazing and assisting rotational management.

3. LITERATURE REVIEW

Public ownership implies no private ownership. Hardin (1968), a prominent biologist, argued that
communal grazing systems create a scenario where each herder aims to maximize livestock count,
but the costs of rangeland degradation from large herds are shared by the entire community. This
lack of individual responsibility leads to the tragedy of the commons and, thus, Hardin strongly
proposed privatizing commonly managed rangelands as a solution. At the same time, Bordevic et
al. (2022) report that one of the primary challenges facing contemporary human civilization is
ensuring survival, with food provision being of paramount importance. As such, attempts to
decrease cattle numbers and production may not yield universal success. Vejchodska et al. (2022)
focus attention on the fact that land scarcity is a significant concern both nationally and
internationally, underscoring the importance of its efficient and sustainable management and
distribution. Agricultural land transcends being merely a production factor but stands as a public
asset vital for ensuring national food security, characterized by non-exclusivity. Dixon (2021)
bring out the fundamental role of land in social and commercial interactions, with Rahimzadeh
(2018) noting widespread support for agricultural land reforms across many nations, driven by the
understanding that securing land tenancy status outweighs other forms of land rights
arrangements. Bilotto et al. (2021) are convinced that carefully organized pastures contribute
economical fodder solutions for cattle while effectively reducing carbon footprints on grazing
lands, a notion supported by Pierre et al. (2023) who emphasize farmers’ recognition of the
significance of integrating legumes into forage systems. Jimoh et al. (2020) state that in recent
times, the productivity of natural grasslands has proven inadequate for meeting the needs of
livestock, leading to increased reliance on purchasing forage as a vital strategy for promoting
sustainable growth of animal husbandry. Podebradska et al. (2022) suggest that achieving high-
quality forage production necessitates a blend of expertise, methods, and tactics concerning soil,
pasture management, silage varieties selection, recognizing their interconnectedness to ensure
robust feed production and farm proceeds. Genes and Dirzo (2022) put forward that there is a lack
of comprehensive understanding regarding the restoration of diverse and functional ecosystems
following exposure to various stressors, despite the critical role this knowledge plays in ecological
reclamation efforts. Liu et al. (2021) point out that effectively managing grasslands involves a
continuous monitoring of crucial sustainability metrics to prevent soil degradation and address
future climate change, posing a particular challenge for land managers.

Maes et al. (2020) suggest that the sustainable management of grasslands has gained prominence
globally and is now a key aspect in advancing the UN SDGs. Fritz and Ramirez (2021) underline
that climate change is a global concern. Karlsson et al. (2022) emphasize the crucial role of
grasslands, which are essential for various ecosystem functions and provide critical services such
as regulating water flow and mitigating environmental impacts, despite often being overlooked or
underestimated. Zhou et al. (2023) note that degradation primarily manifests as a decline in vital
ecological attributes, such as biodiversity, productivity, soil organic matter, alongside reduced
provision of ecosystem services like forage yield. Harrison et al. (2021) suggest that population
growth, dietary preferences, rising incomes, climate change, and urbanization are driving up the
demand for livestock products, thereby intensifying pressure on agricultural landscapes.
Moreover, in the absence of land use alterations, the livestock sector stands out as being the
primary source of carbon pollution in agriculture. Giller et al. (2021) notice a recent growing
interest in rotational management, whereas Aronson et al. (2020) emphasize global efforts to
reintroduce traditional practices such as grazing for preservation or reclamation, which provide
advantages to rural population. Olander et al. (2021) observe a rising trend among ecosystem
managers to balance diverse ecosystem services across landscapes for different stakeholder
groups. Chabert and Sarthou (2020) propose that discovering management solutions involves
understanding how different actions impact ecosystem functioning and subsequent service supply.
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Song et al. (2020) propose restoring natural vegetation by excluding grazers as a direct method to
improve degraded rangeland conditions, yet Lewis et al. (2019) argue that while this approach
may enhance water quality, it does not consistently address conflicts over ecosystem services for
all stakeholders. Rieb and Bennett (2020) propose an alternative strategy for balancing trade-offs
by adjusting local-scale management practices to ensure that actions aimed at enhancing one
ecosystem service do not compromise the provision of another. Swanson et al. (2015) accentuate
rotational grazing as an example of such a practice, providing managers with the flexibility to
determine the duration of cattle presence on rangelands and the seasons during which they graze.
Souther et al. (2020) propose that strategic rotation provides advantages to ecosystems by
stabilizing the grassland community and bolstering its resilience against interference. Ma et al.
(2019) assert that enhancing nutrient accessibility, such as through controlled grazing or soil
enhancements, stimulates plant development, thereby augmenting carbon absorption.

Medina Hidalgo et al. (2022) accentuate the importance of livestock production in food and
socioecological systems. Galanakis (2023) outlines the significant challenges confronting the
global food environment, including population growth, climate change, geopolitical conflicts and
pandemics, and food supplies. Kim et al. (2019) maintain that in a cereal market with insufficient
supply for both animals and humans, disparities in purchasing power are likely to extend intensive
livestock farming practices. Komarek et al. (2021) project a 14% rise in per capita global demand
for red meat protein and a total increase of 38% by 2050 if income and population trends maintain
a moderate trajectory. Campbell et al. (2017) argue that there is a broad consensus on the necessity
for transformation in national food systems to mitigate their significant environmental impacts,
such as methane emissions from livestock and N.O emissions from fertilizer application in crop
cultivation. Wezel et al. (2021) call attention to the increasing focus on grazing management,
which is perceived as a response to present-day obstacles, serving to preserve grasslands. Schmitt
et al. (2021) additionally argue that it can improve livestock production. Kremen and Merenlender
(2018) stress the crucial role of equilibrium to advance landscape multifunctionality, safeguarding
the sustainability of pastures. Teague and Kreuter (2020) of the view that integrating pastures into
diverse cropping systems, with prolonged periods of land rest, could enhance grazing management
practices. Li et al. (2021) demonstrate that intercropping could offer solutions to several
significant challenges in modern agriculture, thus promoting the achievement of productive,
efficient, and sustainable agricultural practices. Bansal et al. (2022) present that crop-livestock
systems operate on a reciprocal exchange principle: crops provide feed for livestock, and in turn,
livestock farms contribute manure for plant fertilization. This interplay forms a conversion cycle
between the crop and livestock sectors, promoting internal resource recycling within the system.
Cummins et al. (2021) have proposed that recent research suggests advantages in herbage
production and ecosystem service provision by integrating plants from various functional groups
like grasses and legumes. Calles et al. (2019) state that beans are recognized as a valuable addition
to cereal-based cropping systems, contributing to food security by providing affordable sources of
protein, minerals, and vitamins. Gajender et al. (2021) suggest that embracing an integrated
farming system represents an effective method for managing resources. This approach entails
carefully blending different elements to boost productivity on small-scale farms, ensuring that
each component complements with the others.

4. DISCUSSIONS

Boon et al. (2022) emphasize the expanding body of research dedicated to meeting the urgent need
for adapting to climate change. Spiller et al. (2022) note a growing decline in public acceptance
towards intensive livestock production. Liao et al. (2020) stress the importance of transitioning
grassland systems for sustainability in global dryland regions, while Zhu et al. (2020) put forward
the resource constraints and diminished ecological services in the temperate grasslands of Central
Asia. Campos et al. (2018) note that in this region, land use is predominantly dominated by
rangeland-based livestock production, along with crop cultivation. At the same time, Burrell et al.
(2020) argue that the worsening of soil conditions, combined with overgrazing, heightens the



254 American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

vulnerability of these ecosystems to degradation. Oripov and Davlatov (2018) observed that
during disintegration of international system of socialism, numerous countries experienced a
decline in cattle numbers, contrasting with Uzbekistan, where the livestock numbers remained
stable and even increased. Naumov and Pugach (2019) noted a considerable increase in cattle
numbers (2.3-fold) between 1992 and 2017, alongside a 73% reduction in fodder crop acreage and
a notable decline in pastures managed by agricultural producers during the same period. Currently,
livestock constitutes 31% of the total gross agricultural output, underscoring its vital role in
generating rural revenues. As reported by the Ministry of Ecology, Environmental Protection, and
Climate Change of Uzbekistan (2023), the nation covers an expanse of 44.9 million hectares, of
which 26.2 million hectares (58%) are allocated for agricultural activities. However, despite
having 21.2 million hectares of pastures, desertification primarily arises from livestock
overgrazing, leading to the degradation of 70% of these pastures. Bardgett et al. (2021) adds that
various factors, including land relinquishment, contribute to a wide range of challenges. Jacobs
and Street (2020) encourage that difficulties might still be surmountable through knowledge-
sharing and partnership networks, serving as mechanisms to connect different stakeholders,
policies, and implementation efforts. Molnar et al. (2020) emphasize the considerable significance
of comprehending the shifts in herders’ modern perspectives and attitudes, among other
considerations, to effectively address the changes.
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Losapio et al. (2024) suggest that overgrazing in public pastures leads to reduced biodiversity and
productivity. On the other hand, Stampa et al. (2020) indicate that there is a growing demand for
the sustainable management of pasture-based production, driven by consumer preferences for
natural and healthier food options. Qian et al. (2019) carry on with the argument that recognizing
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and adopting efficient land use practices are recognized as essential approaches to enhance land
productivity and improve farmers’ economic status from poverty. According to Naumov and
Pugach (2019), a notable aspect of the livestock sector is that the majority of livestock products
originate from small-scale family producers in rural regions, with an average landholding size of
0.35 hectares in rainfed areas and 0.04-0.08 hectares in irrigated regions. These producers
contribute to over 90% of meat and milk production, owning more than 11.5 million head of
cattle, representing 94% of the total population, 16 million head or 83% of sheep and goats, 85%
of horses. It is noteworthy that “small-scale farms operate with enhanced transparency and are
capable of crafting premium-quality, organic products that overcome the conventional supply
chains overseen by major enterprises” (Arnalte-Mur et al., 2020). However, as per Naumov and
Pugach (2019), absence of private land ownership and restrictions on subleasing hinder the
development of market mechanisms for redistributing land between owners and users.
Consequently, land users encounter challenges in adjusting their land holdings’ size as needed,
making it difficult to acquire additional land for expansion. Moreover, as all land in Uzbekistan is
state-owned and centrally distributed, there is no land market, thereby limiting the growth
opportunities for successful small-scale livestock farms. Zorya et al. (2019) put forward that the
welfare of rural households relies not just on land and herd size but also on livestock quality and
access to productivity-boosting technologies, particularly feed and adequate veterinary services.
Hardin (1968) add on that addressing these pressing challenges requires more than technical
solutions but necessitates outright privatization of communal pastures.

Number of cattle, 1992 to 2021
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Picture 2. Number of cattle, 1992 to 2021
Source: Food and Agriculture Organization of the United Nations
https://ourworldindata.org/grapher/cattle-livestock-count-heads?tab=chart&country=UZB

Capstaff and Miller (2018) argue for the need to strengthen agricultural resilience and ensure
economic stability by cultivating forage that can thrive in arid conditions while providing high
quality fodder. Lal et al. (2022) underline the abundance of legumes in rangelands and their
utilization of resources like light, water, photoassimilates, and nutrients. Ergon et al. (2018)
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suggest that they thrive without human intervention, possessing traits that facilitate survival in
challenging environments, making them vital for preserving native species and reducing land
degradation. Stevovi¢ et al. (2020) propose that compared to biomass from other plant families,
Leguminosae decompose faster, resulting in nitrogen enrichment for subsequent crops. Hall et al.
(2020) underscore the multitude of benefits rangeland forage crops offer compared to cultivated
counterparts, showcasing their abilities in vegetative propagation, regrowth potential, stress
tolerance, nutrient remobilization efficiency, biomass conversion, and enhanced efficiency in
water, nutrient, and energy utilization. Tessema and Feleke (2018) emphasize the higher protein
content in legume forages compared to carbohydrate-rich cereals, advocating for the integration of
both types of crops in livestock feed to ensure comprehensive nutrition essential for supporting
livestock productivity. Jensen et al. (2020) advance that integrating intercrops into cereal systems
could reduce nitrogen fertilizer application by 25% and preserve land resources. Rau et al. (2023)
assert that Medicago sativa L., a significant legume crop in Uzbekistan with a rich history of
application, can enhance soil fertility and physicochemical properties through cultivation, thereby
promoting a symbiotic relationship between application and conservation initiatives. Gillespie and
Volaire (2017) state that extensive root system enables lucerne to access water sources
inaccessible to numerous other crops, enhancing its resilience in arid environments. Clark et al.
(2019) explain that transitioning to plant based protein agroecosystems would lead to enhanced
natural resources management due to their significantly reduced resource and energy
requirements. Domiciano et al. (2020) additionally observe that integration of livestock
incorporating forage and crop-based components, along with arboriculture, has emerged as an
approach, promoting the development of more environmentally friendly approaches.

Share of land used for permanent meadows and pastures, 2020
Permanent meadows and pastures is defined by the FAO as: "the land used permanently (five years or more) to
grow herbaceous forage crops, either cultivated or growing wild (wild prairie or grazing land)
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Picture 3. Share of land used for permanent meadows and pastures, 2020
Source: Food and Agriculture Organization of the United Nations
https://ourworldindata.org/grapher/area-meadows-and-pastures
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CONCLUSIONS

The report presents a comprehensive analysis of the challenges facing national pastures and offers
practical solutions to mitigate overgrazing and land degradation. The study emphasizes the critical
importance of rational land management in dry and semi-dry rangelands, underlining the need for
moderate foraging intensity alongside potential of rotational management and legume integration
to restore degraded lands. It discusses the challenges faced by livestock sector, including land
ownership issues and the lack of market mechanisms for land redistribution. The integration of
legumes into rangeland systems, as suggested by various studies, offers promising opportunities to
enhance soil fertility, reduce application of nitrogen fertilizers, and improve cattle conditions. By
implementing these strategies, Uzbekistan can reclaim degraded lands, improve livestock
productivity, and safeguard the long-duration sustainability of rangeland biodiversity.

REFERENCES

1. Aronson, J., Goodwin, N., Orlando, L., Eisenberg, C., Cross, A.T., (2020). World of
Possibilities: Six Restoration Strategies to support the United Nations Decade on Ecosystem
Restoration. Restor. Ecol.

2. Arnalte-Mur, L., Ortiz-Miranda, D., Cerrada-Serra, P., Martinez-Gomez, V., Moreno-Pérez,
0., Barbu, R., Bjorkhaug, H., Czekaj, M., Duckett, D., Galli, F. et al. (2020). The drivers of
change for the contribution of small farms to regional food security in Europe. Glob. Food
Secur., 26.

3. Bansal, S., Chakraborty, P., Kumar, S. (2022). Crop-livestock integration enhanced soil
aggregate-associated carbon and nitrogen, and phospholipid fatty acid. Sci. Rep., 12.

4. Bardgett, R. D., Mullock, J. M., Lavorel, S., Manning, P., Schaffner, U., Ostle, N., Chomel,
M., Durigan, G., Fry, E. L., Johnson, D., Lavallee, J. M., le Provost, G., Luo, S., Png, K.,
Sankaran, M., Hou, X., Zhou, H., Ma, L., Ren, W., Shi, H. (2021). Combatting global
grassland degradation. Nature Reviews Earth and Environment, 2, 720-735.

5. Bardgett, R.D., Bullock, J.M., Lavorel, S., Manning, P., Schaffner, U., Ostle, N., Chomel, M.,
Durigan, G., Fry, E.L., Johnson, L. et al. (2021). Combatting global grassland degradation.
Nat. Rev. Earth Environ., 2, 720-735.

6. Bilotto, F., Harrison, M.T., Migliorati, M.D.A., Christie, K.M., Rowlings, D.W., Grace, P. R.,
Smith, A.P., Rawnsley, R.P., Thorburn, P.J., Eckard, R.J. (2021). Can seasonal soil N
mineralisation trends be leveraged to enhance pasture growth? Sci. Total Environ. 772.

7. Boon, E., Judith, S., Biesbroek, R., Goosen, H., Ludwig, F. (2022). Successful climate services
for adaptation : What we know, don’t know and need to know. Clim. Serv. 27.

8. Burrell, A.L., Evans, J.P., De Kauwe, M.G. (2020). Anthropogenic climate change has driven
over 5 million km 2 of drylands towards desertification. N.at Commun 11.

9. Calles, T., Xipsiti, M., del Castello, R. (2019). Legacy of the International Year of Pulses.
Environ. Earth Sci. 78, 124.

10. Campbell, B.M., Beare, D.J., Bennett, E.M., Hall-Spencer, J.M., Ingram, J.S., Jaramillo, F.,
Ortiz, R., Ramankutty, N., Sayer, J.A., Shindell, D. (2017). Agriculture production as a major
driver of the Earth system exceeding planetary boundaries. Ecol. Soc. 22.

11. Campos, P., Ovando, P., Mesa, B., Oviedo, J.L. (2018). Environmental Income of Livestock
Grazing on Privately-owned Silvopastoral Farms in Andalusia, Spain. Land Degrad Dev
29:250-261.

12. Capstaff, N.M., Miller, A.J. (2018). Improving the yield and nutritional quality of forage
crops, Front. Plant Sci. 9, 535



258

American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Clark, M., Science, N. R., Paul, S., and States, U. (2019). Changing Dietary Patterns as
Drivers of Changing Environmental Impacts.

Coban, O., De Deyn, G. B., van der Ploeg, M. (2022). Soil microbiota as gamechangers in
restoration of degraded lands. Science 375.

Chabert, A., Sarthou, J.P. (2020). Conservation agriculture as a promising trade-off between
conventional and organic agriculture in bundling ecosystem services. Agriculture, Ecosystems
and Environment, 292.

Chowdhuri, 1., Pal, S. C., Saha, A., Chakrabortty, R., & Roy, P. (2021). Evaluation of different
DEMs for gully erosion susceptibility mapping using in-situ field measurement and validation.
Ecological Informatics, 65.

Cummins, S., Finn, J.A., Richards, K.G., Lanigan, G.J., Grange, G., Brophy, C., Cardenas,
L.M., Misselbrook, T.H., Reynolds, C.K., Krol, D.J. (2021). Beneficial effects of multi-species
mixtures on N20 emissions from intensively managed grassland swards. Sci. Total. Environ.
2021, 792.

Dixon, M. (2021). Modern Land Law. Routledge.

Domiciano, L.F., Pedreira, B.C., da Silva, N.M.F., Mombach, M.A., Chizzotti, F.H.M.,
Batista, E.D., Carvalho, P., Cabral, L.S., Pereira, D.H., Nascimento, H.L.B. (2020).
Agroforestry systems: an alternative to intensify forage-based livestock in the Brazilian
Amazon. Agrofor. Syst. 94.

DPordevic,V., Mirilovic, M., Katanic, N., Janjic, J., Nedic, D., Sarcevic, D., et al. (2022). Food
production and security in the area of Serbia: historical background and current situation. Meat
Technol. 63, 1-10.

Ergon, A., Seddaiu, G., Korhonen, P., Virkajarvi, P., Bellocchi, G., Jargensen, M., @strem, L.,
Reheul, D., Volaire, F. (2018). How can forage production in Nordic and Mediterranean
Europe adapt to the challenges and opportunities arising from climate change? European
Journal of Agronomy 92, 97-106.

Evans DL, Quinton JN, Davies JAC, et al. (2020) Soil lifespans and how they can be extended
by land use and management change. Environmental Research Letters 15(9)Gajender, Y., Jat,
H.S., Raju, R., Yadav, R.K., Singh, S.K. Chaudhari, S.K., Sharma, D.K., Gurbachan Singh,
Sharma, P.C. (2021). Enterprise mix diversification: An option for ecologically sustainable
food and nutritional security of small holders in Indo-Gangetic plains. International Journal of
Agricultural Sustainability, 20:1, 31-41.

Feltran-Barbieri, F., Féres, J.G. (2021). Degraded pastures in Brazil: Improving livestock
production and forest restoration. R. Soc. Open Sci., 8

Galanakis, C.M. (2023). The “Vertigo” of the food sector within the triangle of climate
change, the post-pandemic world, and the Russian-Ukrainian war. Foods, 12, 721.

Genes, L., Dirzo, R. (2022). Restoration of plant-animal interactions in terrestrial ecosystems.
Biological Conservation, 265.

Giller, K.E., Hijbeek, R., Andersson, J.A., Sumberg, J., (2021). Regenerative Agriculture: An
agronomic perspective. Outlook Agric. 50, 13-25.

Gillespie, L.M., Volaire, F.A. (2017). Are winter and summer dormancy symmetrical seasonal
adaptive strategies? The case of temperate herbaceous perennials, Ann. Bot. 119, 311-323

Hall, M.H., Newman, Y.C., Williamson, J.A. (2020). Forage establishment and renovation. In
‘Forages: the science of grassland agriculture’. Vol. 2. pp. 455-471.



259

American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Hardin, G. (1968). The tragedy of the commons: the population problem has no technical
solution; it requires a fundamental extension in morality. Science, 162.

Harrison, M.T., Cullen, B.R., Mayberry, D.E., Cowie, A.L., Bilotto, F., Badgery, W.B., Liu,
K., Davison, T., Christie, K.M., Muleke, A. (2021). Carbon myopia: the urgent need for
integrated social, economic and environmental action in the livestock sector. Global Change
Biol. 27.

Hartmann, M., Six, J. (2023). Soil structure and microbiome functions in agroecosystems. Nat.
Rev. Earth Environ. 4, 4-18.

Jacobs, K.L., Street, R.B. (2020). The next generation of climate services. Clim. Serv. 20.

Jensen, E.S., Carlsson, G., Hauggaard-Nielsen, H. (2020). Intercropping of grain legumes and
cereals improves the use of soil N resources and reduces the requirement for synthetic
fertilizer N: a global-scale analysis. Agronomy for Sustainable Development 40: 1-9.

Jiang, A., Jing, L.H., Mipam, T.D., Tian, L.M. (2022). Progress in research on the effects of
grazing on grassland litter decomposition. Acta Pratacult. Sin., 32, 208-220.

Jimoh, S.0O., Yin, Y., Li,P., Muraina, T.O., Hou, X. (2020). Understanding stocking rate in
response to supplementary feed in Inner Mongolia, China. Rangel. J. 42, 135-142.

Karlsson, J.0., Tidaker, P., RG6s, E. (2022). Smaller farm size and ruminant animals are
associated with increased supply of nonprovisioning ecosystem services. Ambio, 51.

Keesstra, S., Rodrigo-Comino, J., Novara, A., Giménez-Morera, A., Pulido, M., Di Prima, S.,
Cerda, A. (2019). Straw mulch as a sustainable solution to decrease runoff and erosion in
glyphosate-treated clementine plantations in Eastern Spain. An assessment using rainfall
simulation experiments. Catena, 174, 95-103.

Kim, S.W., Less, J.F., Wang, L., Yan, T., Kiron, V., Kaushik, S.J., Lei, X.G. (2019). Meeting
global feed protein demand: Challenge, opportunity, and strategy. Ann. Rev. Anim. Biosci., 7,
221-243.

Komarek, A.M., Dunston, S., Enahoro, D., Godfray, H.C.J., Herrero, M., Mason-D’Croz, D.,
Sulser, T.B. (2021). Income, consumer preferences, and the future of livestock-derived food
demand. Glob Environ Chang, 70.

Kremen, C., and Merenlender, A. M. (2018). Landscapes that work for biodiversity and
people. Science 362.

Lal, M.K., Sharma, N., Adavi, S.B., Sharma, E., Altaf, M.A., Tiwari, R.K., Kumar, R., Kumar,
A., Dey, A, Paul, V., Singh, B., Singh, M.P. (2022). From source to sink: mechanistic insight
of photoassimilates synthesis and partitioning under high temperature and elevated [COZ2].
Plant Molecular Biology 1-20.

Lewis, D. J., Voeller, D., Saitone, T. L., Tate, K. W. (2019). Management scale assessment of
practices to mitigate cattle microbial water quality impairments of coastal waters.
Sustainability, 11.

Li, L., van der Werf, W., Zhang, F. (2021). Crop diversity and sustainable agriculture:
mechanisms, designs and applications. Front. Agric. Sci. Eng. 8.

Li, W. Y., Li, F.,, Zeng, H. J., Ma, L., Qi, L. Y., Wang, X. C., et al. (2021). Diversity and
variation of Asymbiotic nitrogen-fixing microorganisms in alpine grasslands on the Tibetan
plateau. Front. Ecol. Evol. 9.

Liao, C., Agrawal, A., Clark, P.E., Levin, S.A., Rubenstein, D.l. (2020). Landscape
sustainability science in the drylands: mobility, rangelands and livelihoods. Landscape
Ecology 35.



260

American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

46.

47.

48.

49,

50.

Y

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

Liu, K., Harrison, M.T., Archontoulis, S.V., Huth, N., Yang, R., Liu, D.L., Yan, H., Meinke,
H., Huber, I., Feng, P., Ibrahim, A., Zhang, Y., Tian, X., Zhou, M. (2021). Climate change
shifts forward flowering and reduces crop waterlogging stress. Environ. Res. Lett. 16 (9).

Liu, Y., Zhao, L.R., Liu, Y.F., Huang, Z., Shi, J.J., Wang, Y.L., Ma, Y., Lucas-Borja, M.E.,
Lopez-Vicente, M., Wu, G.L. (2022). Restoration of a hillslope grassland with an ecological
grass species (Elymus tangutorum) favors rainfall interception and water infiltration and
reduces soil loss on the Qinghai-Tibetan Plateau, Catena 219.

Lodge, K.A., Tyler, A.C. (2020). Divergent impact of grazing on plant communities of created
wetlands with varying hydrology and antecedent land use. Wetl Ecol Manag 28:797-813

Losapio, G., De Moraes, C. M., Volker, N., Tscheulin, T., Zuros, N., Mescher, M. C. (2024).
The effects of shrub encroachment on arthropod communities depend on grazing history.
Global Ecology and Conservation, 50.

Ma W, Li J, Jimoh S, Zhang Y, Guo F, Ding Y, Li X, Hou X. (2019). Stoichiometric ratios
support plant adaption to grazing moderated by soil nutrients and root enzymes. PeerJ 7(1).

Madembo, C., Mhlanga, B., Thierfelder, C. (2020). Productivity or stability? Exploring maize-
legume intercropping strategies for smallholder conservation agriculture farmers in Zimbabwe.
Agric. Syst. 185, 1-14.

Maes, J., Teller, A., Erhard, M., Condé, S., Vallecillo, S., Barredo, J.l., Paracchini, M.L.,
Malak, D.A., Trombetti, M., Vigiak, O. et al. (2020). Mapping and Assessment of Ecosystems
and Their Services: An EU Ecosystem Assessment; EUR 30161 EN; Publications Office of
the European Union: Ispra, Italy.

Medina Hidalgo, D., Nunn, P., Beazley, H., Burkhart, S., Rantes, J. (2022). Adaptation,
sustainable food systems and healthy diets: an analysis of climate policy integration in Fiji and
Vanuatu. Clim Pol:1-16.

Ministry of Ecology, Environmental Protection and Climate Change of the Republic of
Uzbekistan. (2023). The National Report on Environment. (in Russian). https://zoinet.org/wp-
content/uploads/2024/01/UZB-eco-report-2023-RU-web.pdf

Mirzaev, B., Mawmatov, F., Ergashev, I., Islomov, Y., Toshtemirov, B., Tursunov, O. (2019).
Restoring Degraded Rangelands in Uzbekistan, Procedia Environmental Science, Engineering
and Management 6 (3), pp. 395-404.

Molnar, Z., Kelemen, A., Kun, R., Méaté, J., Safian, L., Provenza, F., Diaz, S., Barani, H., Biro,
M., Mété, A., Vadasz, C. (2020). Knowledge co-production with traditional herders on cattle
grazing behaviour for better management of species-rich grasslands. Journal of Applied
Ecology 57(9)

Naumov, Y., Pugach, I. (2019). The problems and prospects of livestock development in
Uzbekistan. Leibniz Institute of Agricultural Development in Transition Economies (IAMO).
(In Russian). https://www.iamo.de/fileadmin/documents/dp188.pdf

Neal, A.L., Bacg-Labreuil, A., Zhang, X., Clark, 1.M., Coleman, K., Mooney, S.J., Ritz, K.,
Crawford, J.W. (2020). Soil as an extended composite phenotype of the microbial
metagenome. Sci. Rep. 10, 1-16.

Olander, L., Warnell, K., Warziniack, T., Ghali, Z., Miller, C., Naeelan, C. (2021). Exploring
the use of ecosystem services conceptual models to account for the benefits of public lands:
An example from National Forest planning in the United States. Forests, 12, 267.

Onatibia, G.R., Amengual, G., Boyero, L., Aguiar, M.R. (2020). Aridity exacerbates grazing-
induced rangeland degradation: A population approach for dominant grasses. J Appl Ecol 57.

OpenAl. (2024). ChatGPT.



261

American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Oripov, M., Davlatov, S. (2018). Current status development prospects of livestock in
Uzbekistan, Asian J Multidim Res.

Pierre, J.F.; Singh, U.; Ruiz-Sanchez, E.; Pavan, W. (2023). Development of a Cereal-Legume
Intercrop Model for DSSAT Version 4.8. Agriculture.

Podebradska, M., Wylie, B.K., Bathke, D.J., Bayissa, Y.A., Dahal, D., Derner, J.D., Fay, P.A.,
Hayes, M.J., Schacht, W.H., Volesky, J.D., Wagle, P., Wardlow, B.D. (2022). Monitoring
climate impacts on annual forage production across U.S. semi-arid grasslands’, Remote Sens,
14, p. 4.

Poesen, J. (2018). Soil erosion in the Anthropocene: Research needs. Earth Surface Process
and Landforms, 43, 64-84

Qian, L., Chen, H., Ye, J. (2019). Effect of off-farm and household population structure on
agricultural land transfer: An empirical analysis based on CFPS. J. China Agric. Univ., 24,
184-193.

Rahimzadeh, A. (2018). Political ecology of land reforms in Kinnaur: Implications and a
historical overview. Land Use Policy, 70, pp. 570-579.

Rau, A., Zhu, K., Nurlan, B., Mirobit, M., Yessenkul, K., Bek, M. H., et al. (2023).
Agronomic and reclamation strategies to enhance soil fertility, productivity and water
accessibility. Front. Sustain. Food Syst. 7.

Rieb, J. T., Bennett, E. M. (2020). Landscape structure as a mediator of ecosystem service
interactions. Landscape Ecology, 35.

Rodriguez, B.C., Zuazo, V.D., Rodriguez, M.S, et al. (2022). Legumes protect the soil erosion
and ecosystem services. In: Meena RS and Kumar S (eds) Advances in Legumes for
Sustainable Intensification. Cambridge, USA: Academic Press, pp.247—-266.

Schmitt, T.M., Martin-Lopez, B., Kaim, A., Frih-Miiller, A., Koellner, T. (2021). Ecosystem
services from (pre) Alpine grasslands: matches and mismatches between citizens’ perceived
suitability and farmers’ management considerations. Ecosyst Serv 49.

Shahriary, E., Langford, R.P., Gill, T.E., Hussein, M., Hargrove, W.L., Golding, P. (2021).
Partitioning variation in vegetation communities around Lajaneh Piosphere, Iran. Arid. Land
Res. Manag., 35, 32-54.

Sheoran, S., Kumar, S., Kumar, P., Meena, R.S., Rakshit, S. (2021). Nitrogen fixation in
maize: breeding opportunities. Theor. Appl. Genet. 134.

Song, S., Zhum, J., Zheng, T., Tang, Z., Zhang, F., Ji, C., et al. (2020). Longterm grazing
exclusion reduces species diversity but increases community heterogeneity in an Alpine
Grassland. Front. Ecol. Evol. 8:66.

Souther, S., Loeser, M., Crews, T. E., Sisk, T. (2020). Drought exacerbates negative
consequences of high-intensity cattle grazing in a semiarid grassland. Ecological Applications,
30.

Spiller, M., Moretti, M., De Paepe, J., Vlaeminc, S.E. (2022). Environmental and economic
sustainability of the nitrogen recovery paradigm: evidence from a structured literature review.
Resour, Conserv Recycl.

Stampa, E., Schipmann-Schwarze, C., Hamm, U. (2020). Consumer perceptions, preferences,
and behavior regarding pasture-raised livestock products: A review. Food Qual. Prefer., 82.

Stevovi¢ V, Purovi¢ D, Tomi¢ D (2020). Forage legumes in agricultural production systems.
In: Przulj N, Trkulja V (Eds). From genetics and environment to food. Academy of Sciences
and Arts of the Republic of Srpska, Banja Luka, Bosnia and Herzegovina 41:313-437.



262

American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Swanson, S. R., Wyman, S., Evans, C. (2015). Practical grazing management to meet riparian
objectives. Journal of Rangeland Applications, 2, 1-28.

Teague, R., Kreuter, U. (2020). Managing grazing to restore soil health, ecosystem function,
and ecosystem services. Front Sustain Food Syst 157.

Tessema, Z.K., Feleke, B.S. (2018). Yield, yield dynamics and nutritional quality of grass-
legume mixed pasture. JAPS: Journal of Animal & Plant Sciences 28(2), 155-164.

Tian, M., He, X., Feng, Y., Wang, W., Chen, H., Gong, M., van Eerde, A. (2021). Pollution by
antibiotics and antimicrobial resistance in livestock and poultry manure in China, and
countermeasures. Antibiotics 10(5).

Van Zanten, H.H., Van Ittersum, M.K., De Boer, 1.J. (2019). The role of farm animals in a
circular food system. Glob. Food Secur., 21, 18-22.

Viaud, P., Heuclin, B., Letourmy, P., Christina, M., Versini, A., Mansuy, A., et al. (2023).
Sugarcane Yyield response to legume intercropped: A meta-analysis. Field Crop Res. 295.

Vejchodskd, E., Shahab, S., Hartmann, T. (2022). Revisiting the Purpose of Land Policy.
Effic. Equity. J. Plan. Lit., 37, 575-588.

Wang, Z.S., Jiang, C., Paul et al. (2022). “Plant and soil responses to grazing intensity drive
changes in the soil microbiome in a desert steppe,” Plant and Soil, vol. 491, pp. 1-19.

Wang C, Jiang Y, Shao Y, Chen Z, Gao Y, Liang J, Gao J, Fang F, Guo J (2024). The
influence and risk assessment of multiple pollutants on the bacterial and archaeal communities
in agricultural lands with different climates and soil properties. Applied Soil Ecology, 193.

Wezel, A., Herren, B. G., Kerr, R. B., Barrios, E., Rodrigues, A. L., Sinclair, F. (2020).
Agroecological principles and elements and their implications for transitioning to sustainable
food systems. A review. Agron. Sustain. Dev. 40:40.

Wezel, A., Stockli, S., Tasser, E., Nitsch, H., Vincent, A. (2021). Good pastures, good
meadows: mountain farmers’ assessment, perceptions on ecosystem services, and proposals
for biodiversity management. Sustainability 13(10).

Willett, W., Rockstrém, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., Garnett, T.,
Tilman, D., DeClerck, F., Wood, A. et al. (2019). Food in the Anthropocene: The EAT-Lancet
Commission on healthy diets from sustainable food systems. Lancet, 393, 447-492.

Wilsey, B. J. (2018). The Biology of Grasslands, Oxford Univ. Press.

Xenophon. (2013). Memorabilia, Oeconomicus, Symposium, Apology. Loeb classical library.
Harvard University Press.

Zhao, J., Chen, J., Beillouin, D., et al. (2022). Global systematic review with meta-analysis
reveals yield advantage of legumebased rotations and its drivers. Nature Communications 13.

Zhang, Y., Ganjurjav, H., Dong, S., Gao, Q. (2020). Excessive plant compensatory growth: A
potential endogenous driver of meadow degradation on the Qinghai-Tibetan Plateau. Ecosyst.
Health Sustain., 6.

Zhou, T., Hou, G., Sun, J., Zong, N., Shi, P. (2021). Degradation shifts plant communities
from S- to R-strategy in an alpine meadow, Tibetan Plateau. Sci. Total Environ., 800.

Zhou, H., Yang, X., Zhou, C., Shao, X., Shi, Z., Li, H., Su, H., Qin, R., Chang, T., Hu, X. et
al. (2023). Alpine Grassland Degradation and Its Restoration in the Qinghai—Tibet Plateau.
Grasses, 2, 31-46.

Zhu, S.H., Zhang, C., Fang, X., Cao, L.Z. (2020). Interactive and individual efects of multi-
factor controls on water use efciency in Central Asian ecosystems. Environ Res Lett 15(8).



263 American Journal of Biology and Natural Sciences Volume:2 | Number:3 (2025) March

98. Zorya, S., Djanibekov, N., Petrick, M. (2019). Farm restructuring in Uzbekistan: how did it go
and what is next? World Bank, Washington D. C.

99. Yeneayehu, F., Wang, Y. (2020). “Assessment of impact of ecological elevation on grass
species diversity in Yabello Rangeland, Southern Ethiopia,” International Journal of
Biodiversity and Conservation, vol. 12, no. 2, pp. 118-127.



