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Enset Agroecosystems and Soil Fertility Dynamics
Implications for Soil Carbon and Climate-Resilient Agriculture
Abstract

Enset (Ensete ventricosum) is a perennial staple crop cultivated primarily in the Ethiopian highlands and
supports the food security and livelihoods of more than 40 million people. Unlike annual cereals, Enset
is grown within integrated home-garden agroecosystems that combine livestock, perennial crops, and
organic nutrient recycling. Scientific studies show that these systems maintain higher soil organic
carbon, improved nutrient cycling, and enhanced soil stability compared with surrounding annual
cropland. This briefing reviews current research on how soil fertility changes in Enset-based farming
systems and introduces a conceptual model that connects perennial agroecosystems, the build-up of soil
carbon, and agriculture that is resilient to climate change.

1. Introduction

Many agricultural systems worldwide depend heavily on annual crops such as maize, wheat, and rice.
While these systems can be highly productive, they often contribute to soil degradation when organic

matter and nutrient cycles are not maintained. Indigenous perennial cropping systems offer alternative
pathways for sustaining soil productivity and agroecosystem stability.

Enset (Ensete ventricosum), sometimes referred to as the “tree against hunger,” is a perennial staple
crop cultivated primarily in Southern and Southwestern Ethiopia (Borrell et al., 2019; Yemata, 2020).
The crop provides fermented starch foods such as kocho and bulla and also supplies fiber, fodder, and
organic biomass.

Enset cultivation occurs within complex indigenous farming systems that integrate livestock, organic
waste recycling, and diversified cropping arrangements (Brandt et al., 1997; Negash & Niehof, 2004).
These systems have supported dense rural populations in Ethiopian highlands for centuries and represent
one of the most sophisticated indigenous agroecosystems in Africa (Tsegaye & Struik, 2002).

Integrated management of land, livestock, and crops in these landscapes is widely recognized as a
central element of sustainable natural resource management in Ethiopian highlands (Amede et al., 2011).

2. Structure of Enset-Based Farming Systems

Enset production is typically embedded within home-garden agroecosystems surrounding rural
households. These gardens often contain multiple Enset plants of different ages, coffee shrubs,
vegetables, and livestock enclosures.
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Farmers maintain substantial genetic diversity of Enset cultivars through indigenous knowledge and on-
farm management practices (Olango et al., 2015). Such biodiversity contributes to system resilience and
adaptation to environmental variability.

Because livestock and household activities are located close to these gardens, nutrients circulate
efficiently within the farming system. Organic waste from households and livestock manure are
frequently applied to Enset fields, reinforcing soil fertility and supporting long-term productivity
(Brandt et al., 1997).

3. Soil Fertility Gradients in Enset Agroecosystems

A distinctive feature of Enset farming systems is the presence of soil fertility gradients across farm
landscapes.

Research by Amede and Diro (2007) shows that Ethiopian smallholder farmers strategically allocate
organic inputs—including manure, crop residues, and household organic waste—to Enset gardens
located near the homestead. Approximately two-thirds of available organic resources are concentrated in
these inner fields.

This management practice creates a spatial pattern of soil fertility:

Homestead gardens Intermediate fields Outfields (lowest fertility)
(highest fertility) * moderate nutrient inputs » cereal-dominated

* high organic matter inputs » mixed cropping systems production

* perennial cropping systems * limited organic amendments

* intensive management

Studies confirm that soils in Enset gardens typically contain significantly higher organic matter and
nutrient concentrations than soils in surrounding cereal fields (Amede & Diro, 2007; Tamire & Argaw,
2015). These gradients reflect deliberate farmer strategies for allocating scarce organic resources.

Landscape-level studies further show that integrated soil and water management is essential for
maintaining productivity in Ethiopian highlands (Amede et al., 2011).

4. Soil Organic Carbon and Nutrient Dynamics

Soil organic carbon (SOC) plays a critical role in soil fertility by influencing nutrient availability, water
retention, and microbial activity.

Comparative studies indicate that soils under Enset cultivation contain significantly higher SOC
concentrations than adjacent croplands (Wolka et al., 2021). Enset gardens accumulate organic matter
due to continuous biomass inputs and reduced soil disturbance.
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Three ecological processes contribute to SOC accumulation:
Organic biomass inputs

Enset plants produce large quantities of leaves and pseudostem biomass that decompose and enrich the
soil.

Manure recycling

Livestock manure and household organic waste are frequently applied to Enset gardens near the
homestead.

Reduced soil disturbance
Because Enset is a perennial crop, soils experience less tillage compared with annual cropping systems.

Together, these processes contribute to improved soil aggregation and nutrient retention (Wolka et al.,
2021; Shara et al., 2021).

5. Soil Rehabilitation and Land Stability

Research conducted in southern Ethiopian highlands suggests that Enset systems contribute to soil
rehabilitation and erosion control.

Soils under Enset cultivation often show higher levels of organic carbon, nitrogen, and available
phosphorus compared with soils under annual cropping systems (Tamire & Argaw, 2015). The perennial
root systems of Enset plants also help stabilize soils and reduce erosion in steep highland landscapes
(Borrell et al., 2019).

These land management strategies are increasingly recognized as important components of sustainable
agricultural transformation in Ethiopia (Amede & Shiferaw, 2013).

6. Soil Fertility and Crop Health

Soil fertility conditions can also influence crop health within Enset systems. One major threat to Enset
production is Enset Xanthomonas Wilt (EXW). Studies suggest that soil management practices and
plant vigor may influence disease incidence and crop resilience (Hunduma et al., 2015).

Understanding the interactions between soil fertility, crop management, and disease dynamics remains
an important research area.

7. Conceptual Framework: Enset, Soil Carbon, and Climate Resilience

The ecological processes observed in Enset agroecosystems suggest a broader relationship between

perennial cropping systems and climate-resilient agriculture.
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CONCEPTUAL FRAMEWORK: ENSET, SOIL CARBON, AND CLIMATE RESILIENCE
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Figure 1. Conceptual framework of soil carbon dynamics in Enset agroecosystems.

8. Soil Fertility Cycle in Enset Agroecosystems
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Figure 2. Nutrient cycling and soil fertility maintenance in Enset-based farming systems.
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9. Implications for Climate-Resilient Agriculture

The soil fertility dynamics observed in Enset systems offer several insights for climate-resilient
agriculture.

First, increased soil organic carbon indicates potential for carbon sequestration in agricultural soils.
Second, perennial root systems reduce soil disturbance and erosion. Third, integrated nutrient recycling
improves soil fertility while reducing reliance on external inputs.

Finally, because Enset plants can remain in the ground for several years and be harvested when needed,
the crop functions as a living food reserve, allowing households to buffer against climatic shocks such
as drought (Borrell et al., 2019; Yemata, 2020).
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