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Abstract

Tropical smallholders face a dual challenge: producing enough food while maintaining the ecological base
on which future harvests depend. Permaculture, a design system based on mimicking natural ecosystems,
may offer principles that address both goals simultaneously. A comparative survey of 24 permaculture-
practising and 24 conventional smallholder farms in the humid lowlands of Western Region, Ghana was
conducted during 2022-2024 with coordination from the University of Reading. Farms were matched by
size (0.5-2.0 ha), soil type, and years of operation. Shannon biodiversity index was 68% higher on
permaculture farms (2.41) than conventional farms (1.43). Soil organic carbon in the 0-15 cm layer
averaged 2.87% on permaculture farms versus 1.62% on conventional farms. Annual net income per
hectare was 23% higher on permaculture farms (USD 1,247 versus USD 1,014), driven by more diversified
revenue streams. However, labour input was 31% higher on permaculture farms, and yields of individual
staple crops (maize, cassava) were not significantly different between systems. These findings suggest that
permaculture principles, when applied over several years, can substantially improve biodiversity and soil
health on tropical smallholdings while maintaining or slightly improving economic returns, though the
higher labour demand remains a barrier to widespread adoption.

Keywords: Permaculture, tropical smallholder, biodiversity, soil organic carbon, income diversification,
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Introduction

Smallholder farms in the humid tropics sit at the intersection of food security and biodiversity
conservation. These farms—typically under 2 hectares—produce the majority of food consumed
locally, yet their conventional management often degrades soils and simplifies landscapes ™ 2,
Permaculture, as articulated by Mollison and Holmgren 1, proposes a design-based approach to
agriculture that arranges crops, trees, animals, water, and structures to work as an integrated
system modelled on natural ecosystems.

Core permaculture principles include stacking functions (each element serves multiple
purposes), closing nutrient loops, maximising edge effects, and designing for succession rather
than static monocultures ™. In tropical settings, these ideas translate into practices like multi-
strata agroforestry, composting, rainwater harvesting, and integration of small livestock Bl
While anecdotal success stories abound, rigorous comparative data on permaculture’s effect on
productivity, biodiversity, and economics remain scarce, especially for tropical Africa [©l.

This research compared 24 permaculture-practising farms with 24 matched conventional farms
in Ghana’s Western Region to assess whether permaculture principles, applied over 3-15 years,
measurably improve ecological and economic outcomes for smallholders.

Research Area Description

All 48 farms were located in the Wassa East and Wassa Amenfi districts of Western Region,
Ghana (5°10-5°50'N, 1°40-2°20'W). The area is in the wet semi-deciduous forest zone,
receiving 1,400-1,800 mm of bimodal rainfall. Soils are predominantly Acrisols and Ferralsols
derived from granite and phyllite parent materials.
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Materials and Methods

Materials

Permaculture farms were identified through the Ghana
Permaculture Network and NGO partners; each had practised
permaculture for at least three years. Conventional farms were
matched from the same communities. Soil samples (0-15 cm, 5
cores composited per farm) were analysed for organic carbon
(Walkley-Black), total N, available P (Bray-1), and pH.
Biodiversity was assessed using the Shannon index (H') applied
to all cultivated and semi-wild plant species on each farm,
supplemented by arthropod pitfall trapping at three points per
farm over two wet seasons [ &1,

Methods
The research used a matched-pair design with 24 pairs, sampled
during three field visits (March 2022, October 2022, March
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2023). Economic data were collected through structured
interviews covering all inputs, outputs, and off-farm income for
the 12-month period preceding each visit. Labour was recorded
in person-days ha™ yr. Net income was calculated as gross
revenue minus all cash and imputed costs. Data were analysed
by paired t-tests and Pearson correlation; non-normal variables
were log-transformed before analysis P,

Seasonal Patterns

Sampling was timed to capture both major (March-July) and
minor (September-November) cropping seasons. Rainfall during
the research period was close to the long-term average, with no
extreme drought or flood events, making the results
representative of typical conditions.

Results

Table 1: Comparison of ecological and economic indicators between permaculture and conventional smallholder farms (means of 24 farms per

group)
Indicator Permaculture Conventional p-value
Shannon Biodiversity (H') 241 1.43 <0.001
Plant species per farm 34.7 18.2 <0.001
Arthropod species 47.3 28.6 0.003
SOC 0-15 cm (%) 2.87 1.62 <0.001
Total N (%) 0.24 0.15 0.008
Net income (USD ha™) 1,247 1,014 0.031
Labour (person-days ha™) 218 166 0.004
Maize yield (t ha™) 2.13 2.07 0.627
Cassava yield (t ha™) 11.8 12.4 0.482

SOC = Soil Organic Carbon.

Permaculture farms had significantly higher biodiversity, soil
organic carbon, and net income (Table 1). Individual staple crop
yields (maize, cassava) didn’t differ between systems, but

permaculture farms generated income from a wider range of
products. Labour input was 31% higher on permaculture farms.
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Fig 1: Shannon biodiversity index versus years of practice for permaculture and conventional farms.

Biodiversity on permaculture farms increased with years of
practice (r = 0.78, p < 0.01), while conventional farms showed

no such trend (Figure 1). Farms with over 10 years of
permaculture had H' values exceeding 3.0.
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Fig 2: Distribution of farm income sources for conventional and permaculture farms.

Conventional farms depended on cereals for 52.3% of income,
while permaculture farms spread income across vegetables
(28.4%), fruit trees (22.7%), poultry (16.3%), compost sales
(11.8%), and cereals (14.2%) (Figure 2). This diversification
reduced income variability.

Comprehensive Interpretation

Multiple regression showed that SOC and plant species richness
jointly explained 67% of net income variation across all 48
farms (p < 0.001). The SOC advantage on permaculture farms
(+1.25% absolute) is substantial and likely reflects years of
composting and leaf litter accumulation from agroforestry trees.

Discussion

The 68% higher biodiversity on permaculture farms is consistent
with the design philosophy of maximising species interactions
101 The multi-strata canopy structure on these farms—combining
tall fruit and timber trees, mid-story shrubs, and ground-level
crops—creates diverse niches for both cultivated and wild
species. The positive correlation between years of practice and
biodiversity suggests cumulative benefits that strengthen over
time.

The absence of a yield difference for maize and cassava is worth
noting. Permaculture farms didn’t sacrifice staple food
production; they added value through diversification. The 23%
income advantage came entirely from non-cereal products—
fruit, poultry, compost—that conventional farms typically lack
(111, However, the 31% higher labour demand is a real constraint;
in areas where off-farm employment pays well, the opportunity
cost of permaculture labour may offset income gains [*2,

Limitations

The cross-sectional design cannot prove causation; self-selection
bias is possible, as farmers who adopt permaculture may differ
in motivation or skill from conventional farmers [, The
matched-pair approach reduces but does not eliminate this
concern. Soil carbon differences may partly predate
permaculture adoption. A longitudinal design tracking farms
from the point of conversion would strengthen causal inference.

Conclusion

Permaculture-practising smallholder farms in Ghana’s humid
lowlands showed 68% higher biodiversity, 77% more soil
organic carbon, and 23% greater net income than matched

conventional farms. Individual staple crop yields were
equivalent between systems. The benefits accumulated with
years of practice, suggesting that long-term commitment to
permaculture principles builds ecological and economic
resilience. The higher labour requirement remains the main
adoption barrier.
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