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Using Roots to  
Build Soil Structure
Perennial plants allocate more 
photosynthetic carbon below ground than 
annual plants1 and below-ground residues 
are approximately five times more likely than 
above-ground residues to be stabilised as soil 
organic matter (SOM)2..

Recent evidence suggests that root exudates 
may also be a neglected but important 
carbon input due to their high carbon use 
efficiency. This translates into more microbial 
biomass and less CO2 respiration from 
exudates as compared to litter inputs3,4.

Dead microbial biomass (called necromass) 
is now known to make up around half of soil 
organic carbon (SOC)5, hence a paradigm 
shift towards optimising microbial biomass 
production and necromass preservation is 
emerging6–8 .

Building Root Structure in Practice
Use of perennial systems and plant varieties 
with high root to shoot ratios improves the 
overall allocation of carbon below-ground.

Maintaining a living root in the ground also 
sustains a supply of highly efficient root 
exudates into the soil. A diversity of root 
exudates has been demonstrated to induce 
positive effects on soil microbial biomass 
suggesting multi-species pastures are 
preferable9.

No Sequestration  
without Stabilisation
Plant and microbial residues that enter 
the soil must be stabilised in order to be 
sequestered10.

Chemical adhesion to soil mineral surfaces 
and physical occlusion within soil aggregates 
are essential stabilisation processes11,12.

Microbial necromass and their residues 
are more likely to form the more stable 
mineral associations while plant residues 
either adhere to these microbial residues 
or are primarily preserved within larger 
aggregates12,13.

Soil Stabilisation in Practice
Soil cultivations destabilise both chemically 
and especially physically protected SOC, 
leading to greater oxidative losses14.

Adoption of zero till and direct drilling for 
pasture rejuvenation protects SOC stocks.



Effective Pasture 
Management
Plants release the bulk of their root exudates 
during vegetative rather than reproductive 
growth stages1 and grazing management can 
support this, along with other plant growth 
promoting and soil carbon accrual process15–17.

The longer rest and recovery periods 
associated with rotational grazing also 
supports greater root biomass production18.

Higher plant species diversity is associated 
with improved aggregation19,20, SOC18,21–23, 
nitrogen use efficiencies24,25 and can also 
improve animal health and performance 
through a more varied diet26,27.

Pasture Management in Practice
Tools such as virtual fencing simplifies the 
adoption of practices like rotational grazing 
which maximise root and root exudate 
production by keeping plants in vegetative 
growth stages.

Direct drilling pastures with a mixture 
of functionally diverse C3 and C4 plant 
species such as grasses, legumes and other 
broadleaves supports these interactions.

 
 

Other Methods for 
Soil Improvement
Soil acidity and other nutritional constraints 
such as nitrogen, phosphorus and sulphur 
can limit the formation of SOM28,29.

Nitrogen use efficiencies can be improved 
with carbon-based inputs, foliar nitrogen and 
legume based pastures24,30.

Organic amendments such as compost 
and manures can improve soil quality, 
aggregation, nutrient use efficiencies and 
SOC31.

Biochar supplementation to livestock helps 
reduce methane emissions and is a valuable 
soil conditioner when mixed with manures, 
improving nutrient and carbon retention32.

Soil Improvenent in Practice
Address pH and nutritional constraints to 
improve SOM formation.

Use organic amendments whenever 
economically feasible.

Biochar supplementation is an indirect 
and practically convenient method of soil 
application.
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