
This ECN Fact Sheet compiles evidence from long-term field trials to show how repeated quality-assured
compost applications from abundant green- and bio-waste materials support sustained soil health and farm
productivity. Bringing the evidence together shows that the long-term use of compost builds soil structure and
carbon content, improves water retention, increases biodiversity, enhances nutrient supply, preserves soil
quality, and stabilises yields, which together strengthen farm resilience and soil health over time.

         Consistently maintains and increases soil organic matter, improving structure and the soil web.

         Stores and stabilises organic carbon in soils.

         Improves structure, porosity, and water retention, enhancing drought resilience.

         Enhances soil biodiversity, supporting structure and nutrient supply.

         Provides a reliable, steady supply of available nutrients.

         Shows no significant accumulation of impurities and heavy metals after long-term use.

         Supports stable crop yields and quality after repeated applications.

Compost Application Builds Soil Health and Crop Resilience

Key Findings of Long-Term Compost Application
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Fact Sheet 1:

©

Why Compost Matters in the Long-Term for Soil Health

ᵃMainly from nutrients that are initially not readily available.
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ᵇAcross the Fact Sheets, compost application rates and related data refer to compost expressed in fresh mass (FM). 
ᶜThere is still limited long-term research on the use of anaerobic digestate to provide robust evidence of its sustained benefits for soil health.

Effects on Soil Health Indicators and Evidence from Compost Trials

Soil Organic Carbon⁸ ⁹ ¹² ¹³ ¹⁹ ²²
It acts as a reservoir for nutrients and water.
It feeds and provides niches for organisms.
It builds soil structure and stability.
It helps sequester CO₂ from the atmosphere.
Repeat application stabilises SOC.
Organic carbon converts into humus in soil,
which serves as a reliable carbon sink.
Compost increased SOC in all trials

4- to 10- year trial 11–45% applied C remained as SOC

7-year trial, ongoing +77% SOC on average

2-y. solid digestateᵇ: +19–23% SOC grasslands; +11–12% croplands 

1 tonne fresh mass Net CO₂-eq. savings of 143 kg ha⁻¹ yr⁻¹

27-year trial +42% in 0–20 cm; +63% in 20–40 cm

, , , , ,

5-year trialIt serves as a reservoir for nutrients and
water.
It drives microbial activity and nutrient
cycling.
It provides soil structure and habitat.
Compost increased SOM in all trials.

9- and 12-
year trial

At <20 t/haᵇ → +35% SOM

At 7–10 t/ha → average SOM increase of +0,1–1,9%
points in amended plots

9-year trial At 47–49 t/ha → +24% SOM → +8–10 t/ha SOM

Evidence from the Trials Soil Organic Matter¹ ¹³ ²³, ,

Soil Structure & Water³ ⁸ ⁹ ¹¹ ¹³ ¹⁶ ²⁰ ²³
Humic substances in compost provide
stable soil structure for microbes, air, and
water.
Soil bulk density and porosity control water
storage, availability, and infiltration.
Repeat application improves all aspects.

24-year trial

Long-term use reduced bulk density of arable soil by 5-15%.

At 15 and 45 t ha⁻¹ yr⁻¹ → ~ +350% infiltration rate
versus mineral fertilised plots

12-year trial +5–7% water capacity in medium to heavy soils
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Soil Nutrient Supply¹ ¹⁰ ¹¹ ¹³ ¹⁵ ¹⁹ ²³
Compost builds a “nutrient bank”, reduces
nutrient leaching, and decreases reliance on
synthetic inputs.
Long-term compost use steadily increases
essential macro- (N, P, K, Mg, Ca, S) and
micronutrients in the soil, acting as a slow-
release, multi-nutrient fertiliser.
Effects of slow N release and long-term
nutrient banking visible after 4–5 years,
with higher N availability and yields.
N and SOC are closely linked.
Reduced N losses from compost in soil
result in greater SOC build-up.

20-year trial P and K just as readily available as with mineral
fertilisation. Total P and K contents can be taken into
account for fertilisation.

Repeated compost use → up to +90% soil organic N

High rates of 45-55 t/ha in 3-year rotation, supplied annually: 60–70
kg/ha P O , 100–110 kg/ha K O, 65–75 kg/ha MgO 2 5 2

9-year trial Potential mineralisable nitrogen increased to 60%
after nine years of green compost application.

27-year trial Total N increased 13% in 0–20 cm layer, and 25% in
20-40 cm layer relative to soil under fallow.

, , , , , ,

Compost and digestate supplied P, K, S above baseline fertilisation.

Soil Biology⁹ ¹³ ¹⁷ ²³
Soil organisms drive nutrient cycling and
soil aggregation.
Soil biology creates resilient, self-sustaining
soil ecosystems.
Repeated compost applications boost
microbial biomass, enzyme activity, and
earthworm populations.

Experimental trials report up to +100% microbial biomass.

    earthworm densities; Stimulated C, N, and P cycling enzymes

9-year trial Sandy soils, 20-80 t/ha → +10-46% biomass

Solid digestate stimulates biomass most vs. whole or liquid dig.ᶜ

Green compost applications → +20% microbial biomass

→
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Evidence from the Trials 

Evidence from the Trials 

Evidence from the Trials 

Evidence from the Trials 

11-year trial Without compost, soil P O  and K O dropped ~⅓2 5 2



1978 – 2023 — DOK Trials¹²: 40+ years of compost and manure increased SOC and biodiversity, stabilised
humus levels, and enhanced microbial biomass versus mineral-only systems.

1992 – 2012 — Bioforschung Austria¹¹: After 20 years, compost matched mineral fertilisers for P₂O₅ and K₂O
uptake, increased plant-available P and K, reduced nitrate leaching at all rates, and showed no significant heavy
metal differences in soil or crops.

2011 – 2013 — WRAP DC-Agri²³: Multi-year trials showed yield gains, SOM improvements, higher microbial
activity, and greater soil resilience, with no negative effects on crop quality or pollutants.

2016 – 2022 — INRAE’s Digestate–Organic Amendments Trial¹⁸: Six-year trials with raw digestate plus
biennial compost or farm manure application maintained SOC levels and increased soil P and K compared to
mineral-only fertilisation.

2018 – ongoing — Navarra Project⁸: Long-term compost increased SOC and maintained yields similar to
mineral fertilisation. Stable compost achieved the highest carbon conservation.

Case Studies to Highlight
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Soil Quality² ⁷ ¹¹ ¹³ ¹⁶ ²³
Soil quality reflects the level of impurities,
contaminants, and heavy metals in soil.
Long-term trials show that quality-assured
compost does not cause harmful
accumulation of heavy metals or organic
contaminants in soils or crops.
Compost binds heavy metals to organic
matter, reducing their bioavailability and
maintaining soil quality.
Compost microbes act physiologically,
behaviourally, and morphologically to
adsorb persistent organic pollutants (POPs).
Repeated compost and digestate
applications showed no negative effects on
crop or soil quality.

Potatoes under mineral fertilisation had higher cadmium (Cd) content;
Cd in compost was bound to SOM and less available.

Multi-year UK and EU trials detected no build-up of organic
contaminants (PAHs, dioxins, furans, phthalates) in soils.

Impurities (e.g. glass, metal, plastic) in biowaste compost were well
below standard thresholds, including for organic standards; and levels
even declined over 15 years.

20-year trial No significant differences in soil or wheat heavy
metal content were found between compost,
mineral, or combined fertilisation.

17-year trial Nitrate leaching at 195 cm depth is greater under
mineral N fertiliser vs. compost-derived N.

, , , , ,

Crop Yield & Quality¹ ⁸ ²⁰ ²³
Long-term compost use supports stable,
resilient yields, especially under stress such
as drought.
Compost can improve crop quality traits and
sometimes reduce plant disease versus
mineral-only fertilisation.
Compost stabilises annual and seasonal
yield fluctuations, depending on location,
conditions, and rotation.
Drought resilience: compost-amended plots
maintain yields under water stress
compared with mineral-fertilised soils.

Yield effects typically appear after 3–6 years of regular compost use;
shorter trials may not capture the benefit.

Crop quality improvements: long-term compost application increased
oil content in pumpkin seeds and protein in wheat.

Cereal Trial: +0,5–0,6 t ha⁻¹, with higher grain protein than mineral-
only controls, without compromising quality.

11-year trial All compost treatments increased cumulative corn
yields.

7-year trial Compost plots matched mineral fertilisation yields.

, , , Evidence from the Trials 

Evidence from the Trials 



Native soil P mainly comes from parent rock.
P is often abundant but bound to minerals, so plants
cannot access it. Its limitation is about availability, not
absence.
Soil microbes unlock bound P, and compost boosts
microbial biomass and P input, increasing plant-
availability and reducing leaching.
Nitrogen (N) in soil comes from exogenous organic
matter, including from compost, natural atmospheric
inputs, and deposition.
Microbes release N and P from decomposing organic
matter for plant uptake.

Organic Matter Facts¹⁴

K , Ca , and Mg  are soluble cations (positively
charged) that leach easily from organic matter and
residues.

+ 2+ 2+

After N and P, K and Ca are the most limiting nutrients,
especially in soils low in SOM. 
Their positive charges let them adsorb onto negatively
charged SOM and mineral surfaces.
Plants take them up by exchanging H⁺ ions for these
adsorbed cations.
Compost increases organic matter and cation
exchange capacity, helping soils retain K⁺, Ca²⁺, and
Mg²⁺ for plants.

Broader Implications
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Long term compost application supports carbon sequestration and aligns with global initiatives
like the international “4 per 1000” Initiative: Soils for Food Security and Climate.Climate Mitigation

Enhanced infiltration, water-holding capacity, and drought tolerance make farming systems
more robust under climate extremes.Water Resilience

Compost is a reliable long-term fertiliser, recycles food waste, and, along with digestate,
reduces reliance on finite mineral reserves and energy-intensive mineral nitrogen production.Nutrient Circularity

Findings support EU soil health goals and circular economy strategies, strengthening the case
for wider compost and digestate adoption.Policy Relevance

Compost is more than a fertiliser substitute, it is a multifunctional soil amendment that builds organic
matter, improves structure and water retention, enhances biodiversity, and supports stable crop yields. 

By sequestering carbon and reducing reliance on energy-intensive mineral fertilisers, compost contributes
directly to climate mitigation while strengthening the resilience of farming systems. 

Scaling up the use of green- and bio-waste compost unlocks both agronomic and environmental co-
benefits, making compost a cornerstone of sustainable soil management. 
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Promoting Nitrogen and Phosphorus Availability Capturing Potassium, Calcium, and Magnesium
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	Native soil P mainly comes from parent rock.
	K+, Ca2+, and Mg2+ are soluble cations (positively charged) that leach easily from organic matter and residues.
	Compost is more than a fertiliser substitute, it is a multifunctional soil amendment that builds organic matter, improves structure and water retention, enhances biodiversity, and supports stable crop yields.
	By sequestering carbon and reducing reliance on energy-intensive mineral fertilisers, compost contributes directly to climate mitigation while strengthening the resilience of farming systems.
	Scaling up the use of green- and bio-waste compost unlocks both agronomic and environmental co-benefits, making compost a cornerstone of sustainable soil management.


