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Carbon sequestration in 
mixtures (2023-2025)



Initial findings

Note: Some results presented are based on preliminary and ongoing analyses 
and may be subject to additions or updates as work on technical manuscripts 
progresses.
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Background

• Beyond Productivity: Crop mixtures have traditionally focused on feed quality and 
yield, but there's growing interest in their role in soil carbon (C) sequestration to 
combat climate change.

• Diversity Matters: in natural grasslands, high-diversity has shown potential benefits 
for increased soil C storage, through possible mechanisms like deeper rooting, varied 
root chemistry, and enhanced microbial interactions.

• Root-derived C: Due to its longevity and depth allocation, root-derived C plays a 
crucial role in long-term soil C storage

• Designing for Impact: Selecting species with beneficial root traits (e.g. depth, 
rhizodeposition) may improve mixtures for both productivity and sustainable soil C 
storage.
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Objectives

• Identify targets for improving mixture C storage:
1. higher diversity
2. specific crop components
3. a combination of both. 

• Identify contribution of diverse mixtures and individual 
mixture components (species) to soil C inputs 

• Quantify the major processes that determine soil (root) C 
storage (Figure).

 which processes are most important for C storage?

 which targets are most likely to deliver improved C storage 
(species and/or mixture diversity)?
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Core activities

• Combined field and glasshouse trials

• Root imaging (minirhizotrons 1.7m) + soil & root sampling

• Quantifying rhizodeposition (13C isotope labelling)

• Quantifying quality and decomposition of species & mixture roots
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Core activities

1. Field assessment of effects along the depth of the soil profile 

2. Assess root-C release and distribution in soil organic matter fractions 

3. Evaluate decomposition and chemical structure of roots
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Field trial
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• Gradient of mixtures to evaluate the effects of 
increasing diversity (i.e. greater number of components)

• Selection of pure stand crops to inform which 
component species/varieties may be of major 
importance.

Treatment Species

6 pure stands Perennial Ryegrass, White clover, Festulolium, Tall fescue, Alfalfa, Chicory

Mix 2 Perennial Ryegrass, White clover

Mix 4 Perennial Ryegrass, White clover, Red clover, Festulolium

Mix 5 Perennial Ryegrass, White clover, Red clover, Festulolium, Tall fescue

Mix 7 Perennial Ryegrass, White clover, Red clover, Festulolium, Tall fescue, Alfalfa, Chicory

Mix 15 Perennial Ryegrass, White clover, Red clover, Festulolium, Tall fescue, Alfalfa, Chicory, Timothy, 

Meadow fescue, Cocksfoot, Red fescue, Smooth-stalked meadow grass, Birds foot trefoil, 

Plantain, Caraway



Results

• (Preliminary) observations point towards initial differences in 
biomass, however, there is a need to continue monitoring 
productivity to see if the diverse mixtures may deliver benefits for 
keeping up yield levels. 

• In general, aboveground biomass productivity tends to decline with 
age (although root biomass tends to increase – which may be 
relevant to C storage). 
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Results

• We observed species differences in root 
biomass distribution down to 40cm depth in 
2023. 

• Samples have been taken down to 100cm in 
2024; data will be added pending ongoing 
root scanning.
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Root biomass distribution of pure-stand species and mixtures in 2023



Results
• (Preliminary) observations point towards fast-changing soil C pools, although changes in 

total C are small. There is a clear need to observe soil C changes in longer timeframes and 
to detect realistic changes in total C stocks. 

11/08/2025 10



Results

• Root-C release and distribution in soil organic 
matter fractions was assessed for chicory, perennial 
ryegrass, red clover and tall fescue

• In this system, chicory seems to be a major driver of 
C inputs by virtue of its relatively large root biomass
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(Poster presentation at the International 
Society of Root Research 12th International 

Symposium (ISRR) in Leipzig, Germany, 
2024) 



Results

• Root composition (quality) differed substantially among 
species, linked to differences in turnover speeds

• Drivers seem to be C, (hemi-)cellulose, Lignin content

• Chicory roots decomposed rapidly, followed by clover

• Over time differences diminish as decomposition is completed

11/08/2025 12



• Tentative differences in biomass productivity and soil C; 
monitoring for more years (ongoing) will hopefully provide a 
more complete picture. 

• Possible link between deep roots and C inputs, for example, we 
observed relatively large potential C inputs by chicory roots. 
However, chicory roots also seems to decompose relatively 
rapidly: 
• How much of root-derived C remains in soil in stable forms?
• What is the role of biopores left behind by decomposing roots?

• Projected long-term effects of replacing shallow rooted crops 
with deeper rooted crops should also consider rotation effects: 
farmers currently keep grass for 2-4 years.
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Summary and next steps
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