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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 (}3C 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

« 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.

11/08/2025 7

Tresment ———Spedis

6 pure stands
Mix 2

Mix 4

Mix 5

Mix 7

Mix 15

Perennial Ryegrass, White clover, Festulolium, Tall fescue, Alfalfa, Chicory

Perennial Ryegrass, White clover

Perennial Ryegrass, White clover, Red clover, Festulolium

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

Perennial Ryegrass, White clover, Red clover, Festulolium, Tall fescue, Alfalfa, Chicory
Perennial Ryegrass, White clover, Red clover, Festulolium, Tall fescue, Alfalfa, Chicory, Timothy,
Meadow fescue, Cocksfoot, Red fescue, Smooth-stalked meadow grass, Birds foot trefoll,

Plantain, Caraway
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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).

Biomass yield first cut (establishment 2023)

Total Biomass for all 3 cuts (2024)
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Treatment

Total Yield (tons/ha)

Alfalfa
Chicory
Festulolium
Perennial ryegrass
Tall fescue
White clover
MIX2
MIX4
MIX5
MIX7
MIX15

11/08/2025

Rhizotron imaging of chicory 2023-2024
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Results
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Results
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(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.

Labile Carbon at Different Soil Depths (2024)
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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

(Poster presentation at the International
Society of Root Research 12th International
Symposium (ISRR) in Leipzig, Germany,
2024)

UNIVERSITY OF COPENHAGEN
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Fate of carbon rhizodeposition across soil organic
matter fractions in a four species ley-mixture
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Motivation

Carbon rhizodeposition is a critical process in the global carbon cycle, where plants transfer organic carbon compounds from their roots into the soil. These
root exudates, including sugars, amino acids, and organic acids, provide nutrients for microorganisms, promoting microbial activity and soil organic matter
(SOM) cycling. SOM is a complex assemblage of decomposing plant tissues and microbial-derived compounds that vary in size, degree of degradation and
accessibility (Texteira et al., 2024), making its dynamics difficult to understand and predict. For this reason, SOM can be distinguished info two fractions with
conirasting properties and dynamics: particulate organic matter (POM) and mineral-asscciated organic matter (MACOM) (Bai and Cotrufo, 2022).
Grassland-leys, are temporary grasslands infroduced to place a break in crop rotations; leys favour SOM content by maximizing below ground inputs over
multiple years with minimum soil disturbance, while producing forage for livestock consumption. Partitioning of SOM into POM and MAOM, together with
stable isotope analyses, can allow significant advances in the understanding of SOM formation in grassland-leys (Berenstecher et al., 2022).

Research questions Materials and methods

1. 5=C with enri a sui means
for studying C rhizodeposition across multiple species?

2. Which crop compenent is the major contributor of net C
rhizodeposition within a ley-mixture?

3. Where does the C from rhizodeposition end up within
soil organic matter fractions?

—Chicory, ryegrass, red clover and tall fescue were grown in 2m tall mesocosms

- ™C enriched glucose was fed to the leaves of individual species over four months

—»Size-density fractionation of rhizesphere soil was performed to distinguish POM
and MAOM and samples were analysed with an EA-IRMS i i i

= 013C (%) values were converted to the isotopic ratio
(Rsample).Rsample = (513C/1000 = RPDB) + RPDB

- percentage of 13C relative to total C atoms (13Catom%)
13Catom% = Rsample/(Rsample + 1)

Preliminary results *C enrichment in POM
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Implications and further work
= The study confirmed the suitability of leaf feeding with *C enriched glucose as means to frace C enrichment in rhizosphere soil
> Chicory was identified as main driver of C inputs in this mixture, with roots spanning throughout the 2m mesocosm, and also reporting highest enrichment of
POM and MAOM fractions
= Highest 13C enrichment was found in POM aithough most C was stabilized as MAOM
? What share of net C rhizo was assimilated in the microbial biomass?
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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
Variable Alfalfa Chicory Festulolium MIX2 MIX7 RedClover Ryegrass TallFescue  WhiteClover j%
c_mg_g 400.1+1.9c 302.0x2.67 436.7+04a 407.1+x1.2c 407.5+0.8c 386.8+x6.4d 4221+09b 4189=x27hb 347.1£209e EU
N.mg g 33.5£0.7b 6.8+0.2f 12.5+0.6¢e 16.8+0.2d 19.1+04c 37.3x14a 12.3+0.1e 20.7+0.4c 348+1b °
Lignin_mg_g 44.6+1.4d 48.1+x0.9d 15.0+x1.7cd 59.6+2.7h 55.1+1.2hc 58.5+4.3b 56.2=3bc 57.4+15bc 73.1%x3.1a
Cellulose_mg_g 328.9+16.3ab 182.89+11.5d 355.8+13.9a 328.4+£9.5ab 328.7+£4.8ab 281.9+x11.1c 324.1+x84b 351.9+x4.6ab 345.5%x14.7ab

Hemicellulose_mg_g 171.5+7.7cd 19.6+10.3f 323.0+22.0a 202.7+30.9c 259.4+59b 109.9+0.3e 2229+33.9bc 346.8+17.3a 121.8+19.7de

SolubleCompounds_mg_g 455.1+12.5¢ 749.4+10.8a 270.2x7.4f 409.3+£21.7d 356.9+14ec 549.8+6.7b 396.7+25.8de243.9+20.4f 459.6+13.9¢c

Ash_mg_g

52.8+5.8d 68.0+5.0d 71.6+8.7d 114.6+10.4c 856+6.3cd 217.2+26a 105.3+11.7c 58.5+6.6d 152.1+£18.7b
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Summary and next steps

« 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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