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Abstract

Agroecological and permaculture approaches provide holistic pathways for
addressing the ecological, economic, and social challenges facing modern agriculture.
In semi-arid Uzbekistan, where irrigation accounts for nearly 90% of freshwater
withdrawals and land degradation undermines productivity, innovative methods are
urgently required. This paper discusses the outcomes of a pilot project in the Samarkand
region that applied agroecology and permaculture principles on smallholder farms.
Using a mixed-method approach, soil quality indicators, crop productivity,
biodiversity, and socio-economic factors were assessed. The results showed an increase
in soil organic matter by 12—-20%, irrigation water savings of 20-40%, and forage yields
up to 25% higher than conventional plots. Biodiversity improved, particularly in
pollinator activity and beneficial insects, while household resilience was enhanced
through diversified incomes and reduced dependence on synthetic inputs. Challenges
include higher labor demands and limited market access, but the overall findings
underscore the potential of agroecology and permaculture to strengthen sustainable
agriculture and food security in Uzbekistan. The study recommends scaling these
practices through targeted policies, participatory training, and integration into climate
adaptation frameworks.
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1. Introduction

The sustainability of agricultural systems in semi-arid and arid regions is under
severe threat from climate change, water scarcity, and soil degradation. Globally,
agriculture faces the dual challenge of meeting growing food demand while preserving
ecosystems (FAO, 2018). The situation is particularly acute in Central Asia, where
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irrigated agriculture dominates production but contributes to widespread salinity and
ecological imbalance.

In Uzbekistan, agriculture accounts for around 18-20% of national GDP and
employs nearly a quarter of the population. Yet, the sector consumes 85-90% of all
freshwater resources, primarily through inefficient flood irrigation (World Bank, 2023).
As a result, soil salinity affects nearly 50% of irrigated land, reducing yields and
threatening long-term food security (FAO, 2021). Conventional monoculture farming
systems—centered on cotton and wheat—are increasingly vulnerable to climatic
extremes, global market fluctuations, and declining soil health.

Agroecology, defined as the application of ecological principles to farming, and
permaculture, a design framework emphasizing resource efficiency and ecosystem
resilience, present viable alternatives. Agroecological practices such as mulching,
composting, intercropping, and reduced tillage improve soil fertility and water use
efficiency, while permaculture integrates perennial plants and closed nutrient cycles to
enhance long-term sustainability (Altieri & Nicholls, 2017; Gliessman, 2020).

While these approaches are well-documented in regions such as Latin America,
Sub-Saharan Africa, and South Asia (Pretty et al., 2018), evidence from Central Asia
remains limited. Few empirical studies examine both ecological and socio-economic
outcomes of agroecology in Uzbekistan. This study aims to fill that gap by presenting
results from a pilot project in the Samarkand region, where agroecological and
permaculture techniques were implemented on smallholder plots. The objectives were
to evaluate impacts on soil health, crop productivity, biodiversity, and household
livelihoods, and to assess implications for sustainable agricultural policy in Uzbekistan.

2. Results

Soil organic matter (SOM) increased by 12-20% over two cropping cycles in
agroecological plots compared to negligible changes in conventional fields. Enhanced
nitrogen availability was also observed. Salinity levels declined modestly in areas using
mulching and drip irrigation, supporting evidence from Ibragimov et al. (2007) that
localized irrigation mitigates secondary salinization. These improvements are critical
in Uzbekistan, where declining soil fertility is a key constraint on productivity.
Irrigation efficiency improved significantly. Farmers using drip irrigation and mulched
basins reported 20-40% reductions in water use compared to traditional flood
irrigation. This is consistent with global studies demonstrating 25-60% water savings
with drip systems (Kienzler et al., 2012). Given that Uzbekistan is highly dependent on
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transboundary rivers already under stress, water-saving practices are indispensable for
future resilience.

Forage crops intercropped with legumes produced yields equal to or higher (up to
25%) than conventional monoculture fields. Farmers highlighted the superior regrowth
potential of alfalfa when integrated with legumes. These results mirror findings from
Morocco and India, where crop diversification both improved yields and reduced
reliance on fertilizers (Pretty et al., 2018). Yield stability was also greater in diversified
systems, reducing vulnerability to climatic shocks.

Biodiversity surveys documented higher species richness in agroecological plots,
along with increased pollinator activity. Beneficial insects such as ladybirds and
parasitic wasps were more frequent, correlating with lower pest outbreaks. This aligns
with Altieri and Nicholls (2017), who observed a 30% reduction in pesticide needs in
diversified agroecosystems in Latin America. Enhanced biodiversity thus provides
ecosystem services that reduce external input dependence.
Survey data from 30 farmers revealed key socio-economic outcomes:
- Reduced input costs: Fertilizer and pesticide expenditures fell by 10-30%.
- Diversified incomes: Tree crops and vegetables supplemented traditional cereals.
- Risk management: Farmers reported greater confidence in coping with drought and
market fluctuations.

- Labor demands: Agroecological practices required more labor for composting,
mulching, and intercropping, posing adoption barriers without cooperative support.
Overall, households experienced improved livelihood security, though adoption
requires institutional and policy support to overcome initial challenges.

3. Conclusion

This pilot study demonstrates the potential of agroecology and permaculture to
transform agriculture in semi-arid Uzbekistan. By improving soil fertility, reducing
salinity, saving water, enhancing biodiversity, and diversifying incomes, these practices
directly address the country’s pressing challenges of land degradation, water scarcity,
and food insecurity.

The results align with international evidence from India, Brazil, and North Africa,
confirming that agroecological systems can maintain or even increase productivity
while reducing environmental impacts (Wezel et al., 2009; Pretty et al., 2018).
Importantly, the transition requires supportive policies, including subsidies for drip
irrigation, farmer training programs, and market development for diversified products.
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Limitations of this study include the short observation period (two cropping cycles),
limited geographical coverage, and reliance on farmer-reported data. Future research
should involve long-term monitoring across multiple regions of Uzbekistan, advanced
measurement techniques (e.g., soil spectroscopy, biodiversity DNA barcoding), and
gender-sensitive socio-economic analyses.

In conclusion, agroecology and permaculture provide a promising pathway for
sustainable agriculture and climate resilience in Uzbekistan. Scaling up these
approaches can contribute to national food security, rural development, and alignment
with the United Nations Sustainable Development Goals (SDGs).
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