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OBJECTIVE: To provide an overview of 

the role of Soil Quality and Soil Carbon  

for biomass resource assessments. 

(GBEP-ECOWAS; The Global Bioenergy Partnership for the Bioenergy-

Economic Community of West African States).



Soil Quality – Definition*

“The capacity of a soil to: 

1. function, within natural or managed 
ecosystem boundaries,

2. sustain plant and animal productivity,

3. maintain or enhance water and air quality,

4. support human health and habitation“ 

*(Ad Hoc Committee on Soil Quality (S-581)



Healthy Soil
Rich in organic matter -- stores water, air, and 
nutrients efficiently. 

Plant nutrients -- right amount of nutrients for 
plant growth—not too little; not too much. 

Supports beneficial organisms --like Supports beneficial organisms --like 
earthworms, to aerate and fertilize the soil. 

Produces nutrient-rich plants -- resistant to 
disease and high yielding.



Soil Organic Matter (SOM) -- a proxy for Soil 
Organic Carbon (SOC) and soil quality:

1. Maintains nutrients – provides nitrogen (N), 

Soil Quality and Soil Organic Matter

1. Maintains nutrients – provides nitrogen (N), 
phosphorus (P), sulfur (S) & iron (Fe); 

2. Improves soil structure and minimize erosion;

3. Aids water infiltration and retention. 



Five factors contributing to soil degradation:

1. Soil organic matter loss (SOM) -- including [Soil organic 
carbon (SOC) and soil fertility];

2. Soil erosion -- (Loss, especially of fertile topsoil); 

3. Soil compaction -- Reduces water flow and storage, and 
limits root growth;

4. Salinization -- Accumulation of  salts  (salinization)—from  
irrigation water or poor drainage;

5. Plant nutrients -- Lack of organic/other input & intensive 
harvest.



Carbon sequestration Carbon sequestration *

1. Refers to the long-term
carbon storage.

2. Reduces or slows buildup 
of atmospheric carbon 
dioxide (CO2). 

3. Carbon sequestration can 
accomplished by natural accomplished by natural 
processes. 

4. Sometimes excess CO2 is 
disposed of by novel 
techniques. 

� *US Dept. of Energy 

<www.science.doe.gov>



1. Baseline SOC measurement. 

2. Appropriate sampling. 

3. Sampling interval.

Determining Soil Quality Maintenance/Improvement 

4. Successive sampling.

5. Gathered data directly. 

6. Soil quality evaluated by land area/ production.

7. Data aggregated by feedstock/management. 



1. Capacity and resources—insufficient or not 
available for risk assessment and 
measurement.

Anticipated limitations: 

2. Areas difficult to distinguish—bioenergy 
production areas too similar to crop growing 
areas 

3. Monitored trends—monitored trends are hard 
to identify.



1. Soil erosion/soil loss: 
a) Measure directly if practical.
b) Models, e.g. Revised Universal Soil Loss 

Equation (RUSLE) for effects of production and 
residue management.

Measures for Specific Risks 

residue management.
2. Soil compaction—bulk density. 
3. Soil salinization—soil electrical conductivity (EC). 

4. Nutrient imbalance—compare inputs to outputs: 
e.g. removed by harvest vs. input by fertilization. 

5. Soil quality indicator—repeat at 1- to 5-year 
intervals.



Risk of soil erosion/soil loss: 



Kevin Swanson’s & neighbor’s:           

Farms near Overton, NE   









Leached Salts in Subsoil Layers from 
Fertilizers and Other Applied Chemicals



Soil Compaction: 



Soil compaction & lack of crop residues 
in the surface layer can increase runoff 

& increase soil and water losses.





Malformed roots (left) indicate a 
compaction problem.



WHAT CAUSES SOIL COMPACTION?

1. Raindrop impact –

2. Tillage operations –

3. Wheel traffic –

4. Minimal Crop Rotation -



UNDOING SOIL COMPACTION

1. Choice of machinery & cultural practices to 
minimize compaction. 

2. Mechanical sub-soiling. 2. Mechanical sub-soiling. 

3. Conservation tillage & crop rotations to 
alleviate compaction. 

4. Crop residue and organic material increase 
SOC and decrease compaction.



Risk of soil salinization:

1. White or grey salt crust on soil.
2. pH of soil around 8.5.
3. The salt interferes with the 

growth of most plants

Temporal variability of salt 
affected soils. 
1. Prolonged rainfall can lead 

to a temporary leaching of 
salt from the surface layers. 

2. The white deposits on the 
bank of the pond are 
evaporated salt crystals . 



Weber et. al. 2012  
CSA News (Oct 2012).



Relative salt tolerance of crops (solid lines). The response of alfalfa, wheat, 
& barley to salinity (dashed lines).  (Utah State Univ. Coop. Ext. AG-425.3; May 1999.)



Reduce severity and extent of soil salinity –
primarily a problem of water management – two 

ways to address: 

How can salinity problems be 
managed?

ways to address: 

(1) manage the recharge – decrease excess water. 

(2) managing the discharge area – decrease 
excess water coming to the soil surface.



∗RECHARGE MANAGEMENT:

• • • • Build SOM (SOC), soil aggregates, and avoid 
compaction.
• • • • Proper cropping systems and tillage. 
• • • • Perennial plants such as alfalfa, are useful because of • • • • Perennial plants such as alfalfa, are useful because of 
their long growing season and depth of rooting.
• • • • Remove excess water from recharge areas of seeps 
by using actively growing, deep-rooted plants (trees). 
• • • • Do not over-irrigate. Which may require artificial 
drainage. 
• • • • Return manure and crop residue for water retention.
• • • • Reduce summer fallow by continuous cropping.



1) Grow salt-tolerant crops. 
2) Convert to permanent soil cover with salt-tolerant crops 

in high risk areas. 
3) Reduce deep tillage, which may bring up salts from 

∗Discharge management:
∗ Control measures generally take an integrated approach 
involving cropping, structural methods, and tillage systems.

3) Reduce deep tillage, which may bring up salts from 
deeper soil horizons.

4) Plant forage crops or trees next to bodies of water to 
increase water use. 

5) Install artificial drainage systems in severely affected 
areas only. 

6) Eliminate seepage from irrigation canals, dugouts, and 
ponds.



Nutrient imbalances: 















Soil quality indicator of 
NRCS/USDA—repeat use at 1 to 5-

yr intervals: yr intervals: 



Typical soil analyses for soil quality assessment.
The assessment includes standard soil fertility tests for pH and essential 
nutrients, but require a range of other tests to measure physical and 
biological, as well as chemical, soil properties.



Figure 2. Conceptual framework for the Soil Management 
Assessment Framework (SMAF;

Andrews et al., 2004; D. Karlen, personal communication, 2009).



Cropping Systems to 
Maintain Soil Quality: 



Cassava (Manihot esculenta)





Bos indicus (Zebu) on grazed Pasture

Termite mound



Rows of eucalyptus trees

Brachiaria grass



Year # Plant Plant Introduce Notes

0 Eucalyptus Soybean

1 Brachiaria Corn Intersown

2 Brachiaria

estabished

Cattle

Graze (70d)

Trees 6m & 

10cm diam

3 Graze

4 Graze Harvest trees

6 Graze Harvest trees



Sugarcane culture:

1.  No-burning of fields,

2.  Bagasse utilized to create steam 

to refine sugar.

Sugarcane waste:

1. Vanassi fluids 

2. (high in N & K) 

returned to field.



Building SOC and soil quality—no-till corn-winter wheat-double crop soybean (VA, USA)



Our Good Earth

The future rests in the soil beneath our feet.  
National Geographic, Published: September 2008




