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Agroforestry-based production of peat-free
planting and soil-improving subsirates
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Agroforestry Residues for Climate-Positive Substrates

FIGURE 1. From left to right: raw wood chips, coarse wood fibers, fine wood fibers, coarse composted wood fibers, finely sieved
composted wood fibers, and final peat-free soil substrate. (Al-generated with Playground Al and modified; Fischer / ZALF)

In 2024, approximately 4.7 million m? of peat were still extracted in Germany for processing into potting soil or soil improvers
(IVG & GGS, 2025). Replacing peat in horticulture and nurseries is an important step towards climate change mitigation and
sustainable land use. In general, peat extraction often degrades wetlands, destroys long-term carbon sinks, and conflicts with
biodiversity and climate objectives (IPCC, 2022), which has led to increasing political and market pressure in Europe to phase
out peat-based substrates (BMEL, 2022). Using biomass from agroforestry systems to produce peat-free planting and soil-
improving substrates offers a concrete alternative that combines climate protection, circularity, sustainable use of resources,
and more resilient farming systems, in line with the goals of EU funding programs such as EIP-AGRI (EU Commission, 2026a)
and Horizon Europe (EU Commission, 2026b) that aim to bridge research and practice.

Agroforestry practices - such as silvoarable and silvopastoral systems, alley cropping, and shelterbelts - generate diverse
biomass streams, including wood chips (Fischer et al., 2025), bark, leaves, and prunings, that can be processed into mulches,
composts, wood fibre fractions (Figure 1), or biochar—compost blends (Fischer, 2025). These materials can partly or fully replace
peat in nurseries, market gardening, and tree planting, while also enhancing soil structure, organic matter, and water-holding
capacity on farms. In addition, well-managed agroforestry systems improve soil fertility and biological activity, supporting long-
term productivity and resilience in the face of increasing extreme weather events such as heat and drought (Mosquera-Losada
et al., 2020).
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The shift to peat-free potting soils opens up new income opportunities for farmers through the use of regionally available raw
materials such as compost, wood fibres, and other organic materials. However, the actual production of high-quality potting
soils requires specialised expertise and modern processing technology, as found only in appropriately equipped facilities. In
such facilities, raw materials can be processed in a targeted manner, mixed in optimised proportions, and checked with regard
to their physical and chemical properties to ensure consistently high substrate quality. By closely collaborating with these
specialised producers, farms can help build regional value-added chains: raw materials are supplied locally, transport distances
are reduced, and expensive peat imports are avoided.

Challenges in Replacing Peat and Maintaining Soil Functions

Professional growers have relied on peat because of its stable structure, predictable water retention, and low nutrient content,
which facilitate precise fertilization and irrigation. Peat-free substrates based on agroforestry biomass must offer comparable
performance if they are to be adopted at scale. A major challenge is variability: biomass from different tree and shrub species
varies in lignin content, decomposition rate, and particle size, which affects aeration, water dynamics, and nutrient availability
in the substrate. Without careful processing and blending, this variability can lead to inconsistent plant growth, nitrogen
immobilization, or uneven moisture distribution.

Logistics and cost present additional challenges. Collecting, chipping, transporting, and composting biomass require machinery,
storage space, and labour, which may be unaffordable for individual farms operating at a small scale. Ensuring substrate
hygiene and quality - particularly the absence of weed seeds, pathogens, and contaminants - demands controlled processing
and, ideally, formal quality standards. In view of these and further
requirements, such as the continuous and secure supply of
sufficient biomass, fast-growing pioneer tree species are
particularly promising and open up suitable solution pathways
(Figure 2).

Knowledge gaps remain regarding the long-term performance of
agroforestry-based substrates across different crops, climates, and
production systems. More evidence is needed on optimal mixing
ratios, potential phytotoxic effects from insufficiently matured
composts, and the interactions between substrate components
and fertilization regimes. Addressing these gaps requires close
cooperation among farmers, researchers, advisory services, and
substrate users.

FIGURE 2. Fast-growing pioneer tree species, such as poplar, yield
high biomass over short rotations, providing valuable feedstocks
for substrate production alongside other applications.
(photo: Fischer / ZALF)

Innovative Practices and Processing Approaches

Targeted biomass production within agroforestry designs can increase both substrate quality and economic viability. Regular
pruning of fast-growing tree species such as willow, poplar, or alder generates wood chips (Fischer et al., 2025) with favourable
fibre characteristics and stable physical properties. When combined with residues from hedgerows and shelterbelts, this
material forms the basis for wood fibre components that provide structure and aeration similar to peat (Figure 1). Selecting
suitable species and pruning regimes helps to standardise raw material quality and ensures a steady supply for processing.
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Controlled composting is a core technique for turning heterogeneous residues into reliable substrates. Finely shredded
prunings and leaves can be mixed with nitrogen-rich inputs such as manure or legume biomass, including nitrogen-fixing shrubs
and trees, and composted optimally by precisely controlling temperature, moisture, and aeration. This also helps reduce
pathogens and weed seeds and produces stable organic matter with low phytotoxicity (Figure 3). Adding biochar produced

j from agroforestry woody biomass and residues can further
enhance water-holding capacity, improve cation exchange, and
stabilise carbon in the substrate. Field and pot trials have already
proven that appropriately formulated compost—biochar mixtures
can improve soil fertility and plant growth (Schulz et al., 2013)
while contributing to long-term carbon sequestration (Gross et
al., 2024).

FIGURE 3. Controlled composting as a core biotechnology
converting organic input materials, including woody and leafy
agroforestry residues, into stable and pathogen-reduced

substrate material. (photo: Fischer / ZALF)

However, additional on-farm trials are essential to adapt these processing methods to specific contexts, especially under real
nursery and vegetable production conditions, which allow practitioners to identify combinations that perform well in terms of
germination, rooting, growth, and nutrient dynamics. The results can be translated into practical guidelines covering
recommended recipes, maturation times, and application strategies, directly supporting the transfer of research into on-farm
practice.

Business Models and Value Chains for Agroforestry-Based Substrates

The production of peat-free substrates from agroforestry biomass opens up opportunities for innovative business models
connecting farms, horticultural enterprises and tree nurseries as well as hobby gardeners. Cooperative approaches, in which
several farms pool biomass and jointly invest in chipping and composting infrastructure, can reduce individual costs and achieve
volumes that meet market demand. Such cooperatives or specialised enterprises may supply regional substrate producers,
nurseries, horticultural farms, garden centres, or landscaping companies with standardised substrate components or ready-to-
use blends. This strengthens the development of a regional circular economy and creates additional income streams directly
linked to agroforestry management.

Farms can also integrate substrate production into their plant propagation, particularly in market gardening or nursery
production. Using self-produced peat-free substrates to raise tree seedlings, berry plants, perennial crops, or vegetables allows
farmers to demonstrate closed nutrient cycles and climate-friendly production to customers, while saving costs. Transparency
regarding biomass origin, peat-free production, and the associated benefits when selling these seedlings or harvests — for
example via direct marketing, farm shops, community-supported agriculture models, or plant markets — enables, in many cases,
higher sales prices and stronger customer loyalty.

Policy instruments and research funding under Horizon Europe and related programmes can further accelerate the
development of these value chains. Investment support for machinery and composting sites, funding for operational groups
and living labs, and advisory services focused on agroforestry and peat substitution all help reduce entry barriers. By linking
technical innovation, farm economics, and supportive policy frameworks, agroforestry-based substrate production can become
an important driver of wider agroforestry adoption in Europe.
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Highlights:

e Agroforestry biomass and residues like wood chips, bark, and pruning material can replace peat in
substrates, mitigating wetland degradation and supporting EU climate goals.

e Challenges include biomass variability, logistic costs, and knowledge gaps on long-term performance
across different crops, climates, and production systems.

e Cooperatives and co-composting with biochar enable scalable business models for local and regional
value chains, in favour of circular economies and agroforestry adoption.
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