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Why Combining Agroforestry with Biochar Matters 

Agroforestry integrates trees (and shrubs) on arable land, promoting 

ecosystem services and diversifying farm income through timber, fruit, 

berries, and nut production (Böllersen, 2019; Couso-Viana et al., 2025a, 

2025b, 2025c; Fischer, 2025a, 2025b; Fischer et al., 2025a, 2025b; Fischer & 

Zander, 2025; Hallez, 2025; Mosquera-Losada et al. 2025; Pástor, 2025; Pástor 

& Gracovský, 2025a, 2025b). These systems provide diverse root systems and 

perennial tree cover that continuously generates woody and herbaceous 

residues, such as prunings, hedgerow trimmings and short-rotation coppice 

cuttings, that are often underutilized. Converting these residues into biochar 

transforms them into a stable, carbon-rich amendment that can enhance soil 

fertility while contributing to long-term carbon sequestration. The integration 

of biochar production and application into agroforestry systems (Figure 1) 

therefore creates powerful synergies that enhance soil quality, carbon 

sequestration, water and nutrient retention, and farm productivity. 

 

FIGURE 1. The multifunctional benefits of agroforestry systems and biochar 

application complement each other, delivering multiple ecosystem services 

that benefit farmers, the environment, and society. (photo: AI-generated with 

Playground AI and modified; Fischer / ZALF) 

 

Biochar's porous structure and high surface area, in turn, improve soil aeration, water-holding capacity, and nutrient binding, 

while storing carbon for centuries due to its high stability (Fischer, 2021; Glaser, 2007; Kuzyakov et al., 2009; Lehmann, 2007). 

Applied to cultivated soils, biochar fosters beneficial microbes (Yoshizawa et al., 2005), minimizes nutrient leaching (Steiner et 

al., 2011), and stabilizes organic matter (Cooper et al. 2020; Gross et al. 2024). Combined with continuous biomass inputs and 

root exudates from trees, this approach supports a climate-positive, resilient agroecosystem that enhances long-term fertility, 

agricultural productivity, as well as yield stability while reducing greenhouse gas emissions. Agricultural productivity here refers 

to the amount of agricultural output produced per unit of input, serving as a measure of resource efficiency in agricultural 

production. 
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FIGURE 2. Close-up of fine biochar (0-5 mm particle size), offering optimal conditions for 

agricultural and horticultural applications through facilitated soil integration and enhanced 

efficacy. (photo: Fischer / ZALF) 
 

Realizing this potential aligns with the EU’s Farm to Fork and Common Agricultural Policy 

strategies but requires appropriate feedstocks, practical technologies, supportive regulations, 

and functioning markets. 

Biochar Basics: From Terra Preta to Modern Farms 

Biochar is a carbon-rich material (Figure 2) produced by thermal decomposition of plant biomass under low-oxygen conditions 

(i.e., pyrolysis). Unlike other organic matter such as compost or manure, its stable “black carbon” fraction resists decomposition 

for centuries. 

Biochar is the key component of Terra Preta — the 

ancient, fertile “black earth” soils created by 

indigenous pre-Columbian communities around 

Amazonian settlements. These soils were formed 

through the addition of biochar mixed with organic 

matter and nutrients, combined under a microbial 

activation process as shown in Figure 3 (Fischer & 

Glaser, 2012; Glaser & Birk, 2011). Remarkably, they 

have remained productive for over 2,000 years, 

demonstrating biochar’s long-term stability even 

under the tropical conditions typically characterized 

by highly weathered, low-fertility soils. Recent 

research confirms that Terra Preta-like soils can also 

develop under temperate conditions (Wiedner et al., 

2015).  

However, for maximum effectiveness, biochar must 

first be "charged" with nutrients and biologically 

activate — ideally via co-composting or lactic acid 

fermentation with nutrient-rich organic wastes or 

fertilizers (BUND Region Hannover und Hameln-

Pyrmont, 2015) — promoting the formation of a 

stable soil matrix over time (Figure 4). 
 

 

 

  

FIGURE 3. Key components of Terra Preta formation and their 

interactions. (Adapted from Fischer & Glaser, 2012; slightly 

modified) 

Biochar Nutrients 

Microorganisms 

FIGURE 4. Formation of (a) organo-mineral biochar complexes 
promoting a stable soil matrix; biochar as (b) chemically stable, 
inert carbon framework with (c) porous structure providing 
habitat, living space, and refuge for microorganisms (in green 
colour tones). (design: Fischer / ZALF; enhanced with AI-
assisted post-processing and editing via Playground AI. 
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Key Benefits of Biochar Application for Farmers: 

Biochar offers versatile, wide-ranging benefits across applications (see Table 1 and Nitsch 2023 for details). Farmers especially 

benefit from the following major effects: 

• Soil & Crop Performance: Enhanced agricultural productivity and efficiency, water/nutrient retention, and soil health—

particularly on poor/degraded land. 

• Input Reductions: Lower external input needs (fertilizers, pesticides) through improved nutrient efficiency and plant 

health. 

• Environmental Gains: Reduced GHG emissions (N₂O, CH₄): supports carbon sequestration, erosion control, water 

protection, and soil biology. 

• Livestock & Processing: Improved animal health, feed efficiency, silage quality, and biogas/manure management. 
 

Biochar from Agroforestry Biomass: Turning Waste into Value 

Agroforestry systems continuously produce woody and herbaceous residues — such as prunings, coppice shoots, hedgerow 

trimmings, leaf litter, and shells — that are often underused. Converting these residues into biochar via pyrolysis transforms 

waste into a valuable product for versatile applications (Table 1) and new potential revenue sources. 

 

TABLE 1. Versatile applications of biochar and their key benefits in temperate regions. 

Application Key Benefits Peer-Reviewed Source(s) 

Silage enhancer Reduces spoilage / odors; supports 
fermentation 

Calvelo Pereira et al. (2014); Schmidt et al. (2019) 

Feed additive Improves digestion / gut health; reduces 
methane 

Qomariyah et al. (2023); Schmidt et al. (2019) 

Bedding material Absorbs moisture; reduces pathogens and 
odors; improves animal welfare 

Guerreiro et al. (2025); Thiele-Bruhn & Ngigi (2021) 

Biogas/manure Partly raises methane output; cuts GHG 
emissions 

Ashiq et al. (2020); Chen et al. (2023);   
Rödger et al. (2013) 

Compost amendment Accelerates composting; improved quality 
and stability characteristics of the compost 
end product; retains nutrients; reduces 
CH4, NH3 and N2O emissions 

Chen et al. (2017); Dias et al. (2010);  
Fischer & Glaser (2012); Fischer et al. (2018);  
Jindo et al. (2012); Kammann et al. (2016);  
Sánchez-García et al. (2015); Thiele-Bruhn & Ngigi 
(2021); Zhang et al. (2014); Zhao et al. (2020) 

Soil improver Enhances soil structure, soil organic matter, 
water / nutrient retention and  agricultural 
productivity 

Meyer et al. (2022); Patel & Panwar (2023);  
Schmidt et al. (2021); Waheed et al. (2025) 

Industrial uses Renewable adsorbents for pollutant 
adsorption; advanced bio-based materials 
(e.g., wastewater/drinking water 
treatment, air filters, carbon fibers, 
electronics, metallurgy, cosmetics, textiles, 
paints, energy production, construction 
materials, polymers) 

Schmidt & Wilson (2014); Waheed et al. (2025)  
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The cultivation of fast-growing pioneer trees such as hybrid balsam poplars (Populus hybrids) as illustrated in Figure 5 

represents another highly suitable approach for enhanced biomass production in Germany and other European countries, 

yielding around 10 t dry matter per hectare of tree area annually. 

 

FIGURE 5. Fast-growing pioneer trees such as poplars combined with agroforestry alley cropping provide multiple ecosystem 

services, improved structural diversity and landscape aesthetics especially in monotonous agricultural landscapes. They also 

enable enhanced biomass production which can be used as biochar feedstock.  (photos: Fischer / ZALF) 

 

Based on the yield data as shown above and a typical conversion efficiency of 20–35% for pyrolysis, approximately 2.0–3.5 t of 

biochar can be produced annually from poplar biomass. With efficient trench planting, subsoil fertilization, and annual biochar 

applications, this method can support the cultivation of 2–3.5 ha of high-value crops such as vegetables. By concentrating the 

application near the root zone, the beneficial effects of biochar can be better harnessed, maximizing return on investment. 

This mirrors ancient practices: Schmidt (2011) suggests that indigenous Amazonians used woody biomass from forest gardens 

partly for charcoal production rather than slash-and-burn cultivation. Instead of large monoculture fields, they most likely 

cultivated multi-layered forest gardens / food forests of edible species — mixing charcoal with organic and composted wastes, 

manure and human faeces to sustain soil fertility. Consequently, this built Terra Preta soils over centuries, sustaining high 

population densities and sufficient food supply through vertically structured agroforestry. As a conclusion, these ancient 

practices offer valuable insights and inspirations for modern sustainable farming. 

Biochar Production Methods: A Practical Overview 

The main production methods for biochar can be distinguished as follows: 

Pyrolysis thermally decomposes dry biomass under low-oxygen conditions (λ=0) at 350-900°C, yielding stable biochar (20-35%), 

syngas, minor ash, and, in some cases, bio-oil and wood vinegar. Lower temperatures maximize biochar yield (Kaltschmitt et 

al., 2009), while higher ones first favour pyrolysis oil and then gas production with increasing temperature. The carbon-rich 

product is highly aromatic and stable. Product yields and proportions depend not only on the input material but primarily on 

process conditions such as pyrolysis temperature (Garcia-Nunez et al., 2017) and reaction time (Quicker & Weber, 2016). 

Modern reactors ensure low emissions and enable energy recovery — making the technology suitable for farm-scale, municipal 

and industrial applications. Excess heat can be used for sustainable heating solutions or converted into electricity. 

Wood Gasification partially oxidizes dry wood biomass at about 800°C with limited air (0<λ<1), yielding syngas (CO, H₂, CH₄) 

for heat and power. Unlike pyrolysis, oxygen addition creates more ash and gasifier biochar as byproduct. Although energy-

efficient, gasifier biochars can contain high amounts of polycyclic aromatic hydrocarbons (PAHs), depending on plant design. 

Thus, careful analysis and technical expertise are essential. Consequently, this method is not the first choice for soil amendment 

due to inconsistent purity and potential contamination or health risks. 
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Hydrothermal Carbonization (HTC) processes wet biomass (e.g. manure, silage) at 180-250°C under high pressure, mimicking 

coal formation. The process yields hydrochar, process water, and gases. However, hydrochar’s lower stability (lasting decades) 

and occasional phytotoxicity limit its agricultural use. Therefore, hydrochars are better suited for energy, fuel, or industrial 

applications within the bioeconomy. 

Conclusion: Modern pyrolysis systems with energy recovery and emission control currently offer the most robust, sustainable 

way to produce high-quality biochar for agricultural use.  

In Germany, different manufacturers supply pyrolysis systems varying in scale and features. Selection criteria include feedstock 

type and preparation requirements, allowable moisture content, processing capacity, mode of operation (batch or continuous), 

achievable biochar yield, thermal capacity, and investment cost. 

Biochar and Regulations 

The production, use, and marketing of biochar are governed by several regulatory frameworks. For the agricultural sector, the 

most relevant are the German Fertilizer Ordinance (DüMV), EU Regulation 2019/1009, and the horizontally applicable, cross-

sector Regulation (EU) 2019/515 on the mutual recognition of goods within the EU. 

In Germany, when the criteria of the DüMV are met (currently, only biochar made from untreated wood with a minimum 

carbon content of 80% is permitted), biochar may be used as a base material for growing media or as a nutrient carrier in 

fertilizers. In practice, this makes it nearly impossible to use other biogenic residual materials, such as those from landscape 

management, hedgerow maintenance, agroforestry, or agricultural by-products, which typically have higher bark content and 

therefore do not reach the 80% carbon threshold. As a result, costly high-quality wood chips or pellets are required as 

feedstock, which increases production costs and often makes biochar economically unattractive for farmers. These strict 

requirements also hinder local and regional circular value chains based on upgrading low-grade biomass into high-quality 

biochar. 

For these reasons, experts have criticized the German DüMV regulation for a long time. They argue that it ignores key quality 

and safety parameters of feedstocks and produced biochars in favor of technically inappropriate requirements. Therefore, the 

current German DüMV regulation does not provide a useful legal model for other EU countries. 

By contrast, EU Regulation 2019/1009 defines biochar from biogenic residues as a permissible fertilizer component. Once 

approved, such biochar can be placed on the market throughout the EU as part of CE-certified fertilizers. However, the 

procedure required to obtain CE certification is very labor- and time-intensive, so that especially small-scale producers with 

limited budgets and staff often cannot realistically benefit from this option. As a result, the practical implementation of the 

'Farm to Fork' approach and regional value creation faces significant obstacles, preventing the full realization of biochar's 

positive properties and ecosystem services – particularly in carbon farming and regenerative agriculture. 

For the use of biochar as a soil improver, Regulation (EU) 2019/515 on the mutual recognition of goods within the EU can also 

be applied. According to this regulation, fertilizers and soil improvers, including biochar, that are lawfully produced and 

approved under the national legislation of one EU Member State may, in principle, be placed on the market in another Member 

State under the rules of mutual recognition, unless a restriction is justified and proportionate on specific grounds of public 

interest. Authorities that intend to restrict or deny market access under these circumstances are required to provide a clear, 

reasoned, and verifiable justification. 

In addition, both producers and users must comply with the German Soil Protection Ordinance (BBodSchV) for applications in 

Germany. For the operation of pyrolysis plants, the Federal Immission Control Act (BImSchG) applies in Germany. Depending 

on plant type and rated thermal capacity, installations usually fall under the 1st or 4th BImSchV. The 4th BImSchV is particularly 

relevant for biochar plants using residual materials and is expected to be amended soon to specifically address pyrolysis plants. 

With regard to the use of biochar in animal feed, it is listed in the Catalogue of Feed Materials in Regulation (EC) No 68/2013 

and is therefore legally recognized, provided that it is produced from carbonized plant biomass. Its use in animal nutrition is 

conditional on compliance with all applicable maximum levels for contaminants (e.g., heavy metals, pesticides, organic 

chlorinated compounds) and the feed manufacturer's responsibility to ensure feed safety. 
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Biochar producers who manufacture one tonne or more of biochar per year are also subject to mandatory registration under 

the REACH regulation. 

According to Nitsch (2023), the overall conclusion is that German fertilizer law regarding biochar is still not fully harmonized 

with EU law. At the same time, since July 2022 biochar producers have been able to place biochar on the market as an EU 

fertilizer either under EU Regulation 2019/1009 or, alternatively, via Regulation (EU) 2019/515 using the mutual recognition 

principle. As a result, the range of possible feedstocks for the production of such products has significantly expanded. 

 

Conclusion 

Biochar production from underused agroforestry residues in temperate regions is a scientifically validated strategy for waste 

valorization and revenue generation. Each application — silage, feed, bedding, biogas, compost, soil, and industry — is 

supported by peer-reviewed evidence, confirming biochar’s versatility and value for sustainable land use, including 

agroforestry. 
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