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1. Introduction 

This report provides a review of the effects of current soil management practices on soil 
organic content (SOC) of soils within the Ontario Greenbelt identifying potential practices 
that could be implemented to increase SOC levels and to provide estimates for feasible 
increases in SOC that could be achieved within given timeframes. The overall aim of this 
work is to recommend methods for Greenbelt land managers to increase the sequestration 
of atmospheric carbon in soils in view of climate change. 

2. Study Area 

Ontario’s Greenbelt comprises almost 800,000 hectares (2 million acres) of protected land 
stretching from Niagara Region through the highly populated Golden Horseshoe area of 
southern Ontario; along the Oak Ridges Moraine to Northumberland County and land 
immediately surrounding the Niagara Escarpment through Dufferin County north to the 
Bruce Peninsula (Figure 1).  

 
 

Figure 1: Ontario’s Greenbelt (source: Green Analytics, 2016) 
 



 
The Greenbelt includes farmland as well as aquatic and terrestrial spaces such as wetlands, 
watersheds, and forests that support ecological, cultural, recreational, and economic 
systems. The Greenbelt Plan, established in 2005, protects prime agricultural farmland and 
environmentally sensitive areas within the Greenbelt from urban development. 

Agricultural farmland within the Greenbelt accounts for about 54% (429,765 ha or 
1,061,949 acres) of the total Greenbelt area (Table 1) inclusive of approximately 5,500 
farms or 11% of Ontario farms (JRG Consulting Group, 2014).  
 
The Greenbelt covers portions of 15 Ontario counties and municipalities including major 
parts of Niagara, Hamilton, Halton, Peel, York, Durham, and Northumberland, with small 
parts of southern Kawartha Lakes, southern Peterborough, Wellington, Waterloo, Dufferin, 
Simcoe, Grey and Bruce counties. These lands include specialized growing areas such as 
the Holland Marsh, Niagara tender fruit and grape growing region and environmentally 
sensitive areas such as the Oak Ridges Moraine, the Niagara Escarpment and Rouge 
National Park. 
 

Table 1: Estimated Areas of Land Cover for Ontario’s Greenbelt 
 

Land Cover 
Type 

Area (ha) Area (acres) % of Total 

Agriculture 429,765 1,061,949 54% 

Forest 182,674 451,387 23% 

Wetland 100,063 247,256 13% 

Open Water 8,597 21,243 1.1% 

Hedge Row 7,826 19,338 1.0% 

Other* 439 1,085 0.06% 

Developed Lands 66,036 163,175 8% 

Total 795,400 1,965,433 100% 

 

*Note: Other = Hedge Rows, Alvar, Cliffs & Talus, Native Grassland and Beach. 
 



3. Soil Organic Carbon (SOC) in 
Agricultural Soils 

Maintenance of the soil organic carbon (SOC) content in agricultural soils is essential for 
sustained food productivity and soil health. Soil management practices such as tillage, 
types of crops grown, crop rotation, and application of animal and green manures have a 
profound influence on levels of SOC in soils under agricultural production. 

Soil organic carbon is one part of the global carbon cycle that involves continual transfer of 
carbon among soil, vegetation, animals, the ocean, the atmosphere, fossil fuels and 
geological sediments (i.e., carbonate rock) (Brady and Weil, 1999; FAO, 2017). Soil organic 
carbon is the largest terrestrial carbon reservoir containing more carbon than terrestrial 
vegetation and the atmosphere combined (FAO, 2017). Soil organic carbon makes up the 
majority of soil organic matter (SOM) which contains roughly 55 to 60% carbon by mass 
(FAO, 2017). The content of SOM is typically estimated as 1.72 times SOC (Brady and 
Weil, 1999). For the purposes of this report, data may be converted interchangeably using 
this factor.  
 
The Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) has defined a rating 
system for soil organic matter levels depending on texture (Table 2). Coarse textured soils 
(sand and sandy loam soils) naturally contain lower levels of organic matter (and thus 
organic carbon) compared to fine textured soils (clay and clay loam soils). Coarse textured 
soils are more aerated, accentuating the metabolism of soil organic matter compared to 
finer textured soils which have comparatively reduced aeration, and are able to provide 
more sites for physical stabilization of organic substrates. Sandy soils typically do not 
accumulate SOC compared to the levels found in finer textured soils. Thus SOM contents 
of >3.1% (SOC>1.8%) are rated as “Very Good” in sandy soils but rated only as “Fair” in 
loam, clay loam and clay textured soils (Table 2).   

Table 2: Organic Matter Level Ratings in Ontario Soils for Different Textures 
 

Soil Texture Very Good Good Fair Poor 

Sand 3.1%+ 2.1-3.0% 1.2-2.0% <1.1% 

Sandy Loam 3.6%+ 2.6-3.5% 1.6-2.5% <1.5% 

Loam 4.1%+ 3.1-4.0% 2.1-3.5% <2.0% 

Clay Loam 4.6%+ 3.6-4.5% 2.6-3.5% <2.5% 

Clay 4.6%+ 3.6-4.5% 2.6-3.5% <2.5% 

(Source: OMAFRA, 2017) 

Based on analytical soil data obtained for farm soils from various counties in southern 
Ontario for the period from 2002 to 2016 (Legg, 2017) the overall average content of soil  
organic matter for agricultural soils in the province averaged about 4.16% (equivalent SOC 
= 2.42%). Although this level falls within the “Good” to “Very Good” range for Ontario soils 
(Table 2; OMAFRA, 2017), the level of SOM in Ontario soils has declined in recent years.  



 
Soil samples collected from most counties in southern Ontario indicate that the average 
annual soil organic matter content has declined by about 0.016% per year (-0.009% SOC 
per year) during the past 15 years (Figure 2).  
 
In terms of mass this equates to approximately 200 kg SOC per Ha lost per yr. This value is 
higher but consistent with estimates where 82% of Ontario farmland is said to be losing 
SOM annually, with over 50% of land losing SOC at a rate of at least 25 kg C per Ha per 
year (AAFC, 2016). Based on these data the trend towards decreasing contents of SOC in 
southern Ontario soils should be considered real.   
 
It should be noted that the data summarized in Figure 2 and Table 3 represent averages 
(arithmetic means) for certified analytical values obtained for SOC/SOM for samples 
received by the laboratory categorized by year for submissions from addresses originating 
within individual counties. It is assumed that the submitted soil samples originated from the 
same county (same farm) as the submitters address. Yearly data are averages drawn from 
on the order of several thousand samples received by the laboratory during that year.  
Estimates for sample variability were not available.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Average Content of Soil Organic Matter in Southern Ontario Soils  
(Data source: Legg, 2017) 

 
Although the overall content of SOM is decreasing, the SOM rating for Greenbelt soils 
currently range from good to very good (Table 2). Almost all counties within the Greenbelt 
have “Very Good” ratings with the exception of Durham, Hamilton, and Niagara regions 
which had SOM levels less than 4.0% and rated as “Good” (Table 3).  
 
Ratings were “Good” based on the finer textured soils (loam/clay loam/clay) typically found 
in these areas; however these regions also account for three of the top four of the highest 
intensity farm areas within the Greenbelt (Table 4) representing about 48% of the total 
farmed area in the Greenbelt. Although the SOM content for Durham, Hamilton, and  



 
Niagara regions are “Good” based on OMAFRA ratings; the SOM levels are less than the 
levels for other counties indicating these areas have potential for the greatest improvement.  
 
Table 3: Content of Soil Organic Matter (%) by Year for Selected Greenbelt Counties 

and Regions 
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2002 5.43 4.68 3.79 4.92 4.41 3.58 4.60 5.07 3.66 32.03 

2003 6.18 
  

5.56 4.32 3.50 5.75 5.10 4.08 3.90 

2004 8.08 13.7 3.91 4.42 4.04 3.33 4.39 4.74 4.12 4.37 

2005 4.26 
  

4.96 4.86 3.00 4.22 6.11 3.80 7.50 

2006 4.86 6.00 3.54 5.23 4.41 3.16 3.88 4.77 3.75 3.67 

2007 5.01 5.63 2.05 5.09 12.83 3.93 4.52 4.86 4.48 4.98 

2008 4.70 5.74 5.12 5.03 4.75 3.11 5.45 5.03 3.98 5.53 

2009 4.66 14.4 4.26 4.17 8.58 3.36 4.82 8.86 3.65 12.79 

2010 4.38 
 

4.10 4.58 6.74 3.03 3.55 5.24 3.77 26.04 

2011 4.21 4.00 3.93 4.78 5.55 3.58 4.26 9.28 3.59 26.87 

2012 4.16 6.41 3.75 4.09 5.58 5.32 3.33 4.31 3.25 5.18 

2013 4.98 4.71 5.73 6.29 5.00 3.28 4.18 3.91 3.35 8.15 

2014 4.00 
 

3.47 4.19 7.43 3.28 4.59 3.86 3.05 5.23 

2015 4.33 
  

4.75 9.62 4.11 3.73 4.12 3.67 5.88 

2016 4.40 
  

5.29 6.30 4.14 4.19 4.33 4.12 6.52 

           Average 4.91 5.31 3.97 4.89 5.83 3.58 4.36 5.31 3.75 5.54 

Trend 
(%SOM/yr) 

-0.01 0.14 0.07 -0.01 0.28 0.05 -0.07 -0.06 -0.04 nd** 

 

Notes: *Dataset for York includes samples for organic soils from the Holland Marsh for some years 
producing intermittent high values.    
**nd = not determined  
%SOM = %SOC x 1.72 (Brady and Weil, 1999). 
Highlighted values indicate Average SOM <4.0% and annual loss (negative trend) of SOM 

 
Soil data from individual counties and regions of the Greenbelt show mixed trends with 
Dufferin county, and regions of Durham, Halton, and Niagara having positive trends 
(increasing levels) of SOM while soils in Bruce, Grey, Simcoe, Wellington, and Hamilton 
have negative (SOC loss) trends (Table 3). The available dataset represent soils from each 
county but does not differentiate samples specifically from Greenbelt areas.  
It is likely that Greenbelt farms represent a significant portion of the dataset and it was 
assumed that the data within each respective county, municipality or region is 
representative of Greenbelt farms from those area units particularly those where Greenbelt 
farms represent a large proportion of the total. 
 
 



 
Although Durham, Hamilton, and Niagara counties currently have “Good” ratings for SOM 
content, Durham and Niagara currently show positive trends (increasing SOM levels) while 
Hamilton has a negative trend (decreasing SOM levels).  
 
This combined with a less than “Very Good” rating identifies Greenbelt farmland within 
Hamilton as a region of immediate concern. Farms in these counties could likely benefit the 
most from changes to current soil management practices although all farms would likely 
benefit from review and changes to current soil management practices.  
 

Table 4: Area of Farmland within Greenbelt Counties and Regions 
 

County (ha) 

Durham 121,181 

York 65,833 

Hamilton 55,263 

Niagara 30,911 

Grey 30,281 

Peel 29,858 

Halton 25,615 

Northumberland 18,225 

Dufferin 13,878 

Simcoe 13,863 

Wellington 11,293 

Kawartha 
Lakes 

5,515 

Peterborough 3,512 

Bruce 2,984 

Toronto 1,156 

Total 429,368 

 

Data Source: Statistics Canada. http://www5.statcan.gc.ca/cansim/a03; Table 004-0205 - Census  
of Agriculture, 2011 CANSIM (database). (Accessed: March 19, 2017) 



4. Soil Organic Matter and Soil Organic 
Carbon 

In general, soil organic carbon (SOC) consists of living biomass (plants, animals, bacteria, 
fungi etc.) and detritus which is made up of mostly of dead plant material, decaying 
biomass, animal waste and animal tissue in various stages of decay. The living soil 
biomass typically makes up approximately 10% of the SOC (van der Perk, 2006).  When 
living biomass dies, the detritus or litter enters the process of decomposition by the soil 
population (Six, et al., 2006). Organisms differ in their mode of attack on organic detritus.  
Larger animals (e.g., earthworms) ingest organic tissue (as well as inorganic materials) 
whereas fungi and bacteria require water soluble molecules to metabolize by absorption 
through cell walls. Some organisms exude extracellular compounds to breakdown larger 
molecules.  
 
Easily assimilated compounds include simple sugars and amino acids that are water 
soluble. More complex molecules (e.g., proteins, carbohydrates, lignin, resins, fats and oils 
that are not water soluble must be broken down to simpler soluble forms for utilization. The 
ease of breakdown of more complex organic molecules to simpler ones effectively controls 
the rate of loss of SOC. Nevertheless, it has been shown: that some compounds 
considered easily metabolized may reside in soils for years and even decades due to 
physical protection by aggregation and surface adsorption (Schmidt, et al., 2011). 
 
Larger, non-water soluble, organic compounds are resistant to microbial breakdown, 
although they are constantly susceptible to attack (Lehmann and Kleber, 2015), and may 
remain in soil for periods ranging from days to thousands of years. For most mineral 
agricultural soils under aerobic conditions easily metabolize organic tissue added to soil is 
converted to inorganic carbon dioxide (CO2), water (H2O) and the cells of the living 
biomass. Compounds resistant to microbial degradation may be formed from microbial 
waste or left over as partly modified and partly metabolized materials. Organic by-products 
remaining after considerable degradation are typically amorphous, colloidal, polymeric, 
dark-brown compounds with high molecular weight. They are typically referred to as humic 
substances or humus which makes up about 60-70% of the total soil organic matter. The 
process of formation of humic substances is called humification, whereas complete 
breakdown to CO2 and H2O is referred to as mineralization. Humic materials may become 
protected from metabolism by physical stabilization and intimate association with silt and 
clay particles or conversion to recalcitrant forms (Six, et al., 2002); however, they may also 
revert to potentially mineralizable forms or become exposed to and available for metabolise 
if conditions allow. The presence of humic forms of SOC acts in soil to impart the 
macroscopic properties commonly associated with increased soil quality and health such 
as improved aggregation, increased water holding capacity, and increased nutrient holding 
capacity. 
 



 
Stabilization and persistence of SOC in soil is complex and poorly understood. Organic 
matter persists in soil, not because of intrinsic properties of the organic matter itself, but 
rather physicochemical and biological influences (ecosystem properties) of the soil 
environment that reduce the rate of decomposition and allowing organic matter to persist 
(Schmidt et al., 2011). Influences may include the presence of co-metabolism enzymes, 
specific micro-environmental conditions, hydrophobicity, soil pH, and/or mineral adsorption 
sites. Root derived carbon is retained in soil much more effectively compared to above 
ground inputs (Balesdent, & Balabane, 1996; Kong and Six 2010; Rasse et al,. 2005). 
Stabilization potentials of SOC may be site and horizon-specific (Marschner et al., 2008).  
Some researchers suggest that SOM is composed strictly of microbial residues (Lovell, 
2016b) and that the level of recalcitrant inputs such as lignin is unimportant (Thévenot et al., 
2010). 
 

4.1. Dynamics of SOC Accumulation and Loss 

Carbon residues are constantly added to the soil and, at the same time constantly 
metabolized by soil organisms and lost from the soil. The abundance of organic carbon in 
soil is a dynamic steady state process meaning that the amount and maintenance of SOC 
levels in the soil at any given time is a balance between two competing processes: the rate 
of organic carbon addition vs. the rate of loss or decay, such that (generally):  

Mass of SOC = Mass Added - Mass lost as CO2 
 
Simply expressed: the mass of SOC increases when the rate of organic carbon added 
exceeds the rate of loss and vice versa. Additions of organic carbon are derived primarily 
from botanical sources, with lesser amounts of animal waste and tissue after death with the 
decay process mediated through activity of the biological population. Decay and loss of 
SOC from soil is due to ultimate conversion and loss of SOC to CO2. Organic carbon can 
also be lost from soil to the atmosphere as CH4 (methane), or as eroded soil material, or as 
dissolved organic carbon carried into waterbodies (FAO, 2017).    
 
Although the ability of soil to sequester carbon is extremely large, when a mineral soils 
ability or capacity to protect organic humus from degradation is exceeded it is said that the 
soil has reached its carbon saturation limit (Six et al., 2002; Kane, 2015). Additional carbon 
beyond the saturation limit considered is vulnerable to attack and mineralization. It should 
be noted that soil carbon saturation limits are very high and SOC levels in southern Ontario 
soils and elsewhere are less than saturation limits and may be increased substantially 
before exceeding these limits.  
 

4.2. Factors Affecting the Decay Process 

Factors influencing the decay process are primarily those controlling biological functions in 
the soil. These include the presence or absence of oxygen (soil aeration); soil moisture 
content; soil temperature; abundance and availability of nutrients and the composition of 
the added organic residues (Hausenbuiller, 1985). 
 



 
Soil Aeration 
 
Oxygen is required for microbial respiration and the mineralization of organic carbon to CO2. 
The rate of mineralization in soil is greatly reduced if oxygen from the bulk atmosphere is 
restricted from entering the soil. Consequently highly aerated coarse textured and porous 
soils favor rapid breakdown and loss of soil organic matter. Soils that are poorly aerated 
(e.g., due to inundation or high water table) contain a higher SOC content compared to 
those that are well aerated. These differences in drainage and therefore SOC levels are 
influenced by slope-position and the redistribution of water across the landscape 
(Bergstrom et al., 2001; Contant et al., 2003) with higher SOC contents usually found in 
lower slope positions.  Management practices such as tillage operations also increase soil 
aeration and thus promote SOC mineralization. Conversely compacted conditions 
(increased bulk density) reduce soil aeration.  
 
 
Soil Moisture 
 
The presence of moisture in the soil is necessary to maintain high relative humidly and 
prevent desiccation of the soil biological population. The presence of excessive moisture 
impedes the ingress of atmospheric air thus preventing the resupply of oxygen to soil 
organisms and impedes the mineralization of SOC. Soil water received as rain water 
contains roughly 10 ppm dissolved oxygen; however this is extremely small compared to 
the content of oxygen in the atmosphere which contains about 20% oxygen. Oxygen also 
diffuses through water at an extremely slow rate (approximately 10,000 times slower 
compared to air) consequently when excess water fills most of the soil voids it forms a very 
effective barrier to oxygen transport in soil. 
 
Soil Temperature 
 
Biological activity and the decay of SOM are temperature dependent (Contant et al., 2003).  
The maximum rate of organic matter decay in soil typically occurs between 25oC and 40oC.  
Temperatures above this range are generally detrimental to soil organisms. Decay rates 
below 25oC generally decrease by roughly one-half for every 10oC. Decay continues at 
temperatures below freezing but very slowly.  
 
Nutrients 
 
Several nutrients in addition to carbon are required for organic matter decay to proceed 
normally. Nitrogen is most commonly lacking; however, phosphorous, sulphur and calcium 
are also required in smaller amounts and may also limit decay but less frequently. 
Generally, a carbon to nitrogen (C:N) ratio in the range of 10:1 to 12:1 is considered 
optimal for the content of SOM.  Soils with high nitrogen contents (C:N ratios <10:1) tend to 
promote the mineralization of carbon.  Soils with low nitrogen contents (C:N ratios >12:1) 
promote humification. 
 



 
Composition of Organic Residues 
 
Organic residues added to the soil vary greatly in composition. Materials include plant 
residues (above and below the soil surface); plant metabolites and exudates; macro and 
micro soil organisms; animal wastes; and dead animal tissue. The rate at which these 
carbon residues decay in soil depends on their composition. Simple soluble compounds 
such as sugars and amino acids are mineralized quickly at the fastest rates. Larger 
complex molecules such as proteins, starches, cellulose and hemicellulose must first be 
broken down to their simpler components before being fully metabolized by the biological 
population. Other more complex compounds (e.g., lignin, resins, fats, and waxes) are not 
easily be broken down to simpler compounds and are very resistant to biological attack.  
Some are only attacked by specific soil organisms. These compounds may be partly 
metabolized and slowly converted to humic material and are commonly identified as soil organic 

matter. 

5. Influence of Management Practices on 
SOC Levels 

Although changes in the level of soil organic materials in soil occurs slowly, on the order of 
years it can be managed to reduce mineralization losses of CO2 and increase the mass of 
humified materials remaining in the soil (Thiele-Brunh et al., 2012). In general, soil 
management practices that increase the mass of carbon returned to the soil and/or imped 
mineralization to CO2 and/or enhance humification are those that will increase levels of 
SOC.  Management practices include: 

 Approaches to tillage (e.g., conventional tillage vs. minimal tillage and no-till practices) 
particularly reduced tillage practices that decrease the amount of oxygen introduced into 
the soil and thus reduce the rate of microbial metabolism and the rate of carbon 
mineralization.   

 The addition of animal manures have historically been utilized as a method of applying 
plant nutrients; addition of organic carbon; and as a means of disposing of farm animal 
waste.  

 Controlled and managed animal grazing. 

 Addition of organic composes and composted manures. 

 Inclusion of cover crops as well as crop rotations that include perennial crops have also 
shown promise as a means of increasing SOC.   

 
Combining methods of management may provide the highest returns. 

5.1. Tillage Practices 

Soil tillage is the long-standing agricultural practice of mechanical agitation of the soil. The 
practice has been employed in farming for millennia and in fact soil tillage has long been 
symbolic of agriculture in general.  



 
Historically, tillage was a means of killing weeds and preparing a seedbed. Mechanized 
cultivation methods include ploughing (overturning with moldboards or chiseling with chisel 
shanks), rototilling, harrowing, and cultivating with cultivator shanks (teeth). Unfortunately 
most of the worlds agricultural soils have been depleted in SOC due to conventional tillage 
practices compared to their native state (Corsi, et al., 2012) leading to losses of 30–40% of 
SOC compared to natural or semi-natural vegetation (Don et al., 2011; Poeplau et al., 2011, 
Poeplau and Don, 2015).   
 
Some cultivated soils have lost two-thirds to one-half of the original SOC pool with a 
cumulative loss of 30–40 Mg C/ha (Mg = megagram = 106 g = 1 tonne) (Lal, 2004).  Use of 
long-standing traditional tillage practices are the cultural norm and remain a primary barrier 
to change. No-till cultivation (also referred to as zero tillage or direct drilling) is a practice of 
growing crops without disturbing the soil through tillage.  
 
The practice is well known among soil scientists to increase the amount of water infiltrating 
into the soil; increased nutrient cycling; and greatly reduced soil erosion (Triplett and Dick 
2008).  
 
The practice has slowly gained favor among farmers, primarily due to increased feasibly 
related to reduced energy inputs, reduced fertilizer requirements, improved time of sowing 
and better trafficability compared to conventional tillage practices. In addition to reduced 
oxygen inputs, no-till cultivation also allows more SOM to become intimately attached to 
soil mineral particles.  
 
Long term (15 year) studies have shown that adapting no-till cultivation alone does not 
necessarily increase SOC levels in many Ontario soils (VandenBygaart et al., 2002) 
whereas the practice does appear to increase SOC in prairie soils (West and Six, 2007). 
Reduced tillage combined with the additional management practices of crop rotation and 
growing cover crops including grasses, and other perennials with fibrous root systems 
appears necessary to increase intimate interaction of fine root fibers and root exudates with 
clays and other soil mineral phases. Addition primarily of below-ground residues increases 
the potential for occluded organic material becoming intimately bound to soil minerals and 
thus increased SOC levels. 
 
The influence of conventional tillage, such as traditional moldboard plow or chisel plow, 
compared to minimal tillage and no-tillage practices on the levels of soil organic carbon and 
other soil parameters have been compared in many long-term field experiments conducted 
in North America and other parts of the world (e.g., Mahboubi et al., 1993; Angers, et al., 
1997; Bergstrom et al., 2001; Campbell et al., 2001; Yang and Kay, 2001; Smith et al., 
2001; VandenBygaart et al., 2002; Kay and VandenBygaart, 2002, 2004; VandenBygaart et 
al., 2003; Deen and Kataki, 2003; West, et al., 2004; Blanco-Canqui et al., 2006; Wright, et 
al., 2007; Beyaert and Voroney, 2011; Shi et al., 2011, 2012; Van Eerd, et al., 2014; 
Congreves et al., 2014; Dimassi et al., 2014; Zhang et al., 2014).  
 
It is estimated that changing from conventional plowing to no-till on prairie soils can 
increase soil carbon by an average of about 16% (West and Six, 2007).  
 
 

https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Tillage
https://en.wikipedia.org/wiki/Soil_erosion


 
Estimated rates of soil carbon sequestration in Canadian soils on the order of 0.5 to 0.75 
tonne C ha-1.yr-1 (Dumanski, et al., 1998) can be expected to peak in about 5-10 years with 
SOC levels reaching new steady state levels within 15 to 20 years (West and Post, 2002). 
In agricultural soils these changes occur primarily within the top layer of soil with significant 
differences also observed at depths below 15 cm (Post and Kwan, 2000; Rumpel and 
Kögel-Knabner 2011). 
 
No-till practices have been adopted for an average of about 30% of farmland in the 
Greenbelt area based on data from Statistics Canada (Table 5). Areas range from 57% of 
no-till adoption in Northumberland County to about 17% adoption in Dufferin.  

 
Table 5:  No-Till vs. Conventional Tillage Practices Adopted within Greenbelt 

Counties and Regions 
 

County / Region 
Using No-till 
seeding or 
zero-till seeding 

Using 
Conventional 
Tillage Practices 

Total 

 
(ha) (%) (ha) (%) (ha) 

Bruce 829 28 2,155 72 2,984 

Dufferin 2,298 17 11,580 83 13,878 

Durham 27,802 23 93,379 77 121,181 

Grey 6,838 23 23,443 77 30,281 

Halton 12,298 48 13,315 52 25,615 

Hamilton 18,405 33 36,858 67 55,263 

Kawartha Lakes 1,543 28 39,72 72 5,515 

Niagara 14,774 48 16,137 52 30,911 

Northumberland 10,386 57 7,839 43 18,225 

Peel 8,357 28 21,501 72 29,858 

Peterborough 1,021 29 2,491 71 3,512 

Simcoe 3,494 25 10,369 75 13,863 

Wellington 2,708 24 8,585 76 11,293 

York 14,202 22 51,631 78 65,833 

Totals 124,956 29 303,255 71 428,212 
 
Data Source: Statistics Canada. http://www5.statcan.gc.ca/cansim/a03; Table 004-0205 - Census of 
Agriculture, 2011, tillage practices used to prepare land for seeding, every 5 years, CANSIM (database). 
(Accessed: March 19, 2017)  

5.2. Animal and Green Manures 

The addition of animal manures to soil is well established as a method of increasing soil 
nutrient levels to increase yields and simply as a means of disposing of farm animal waste.  
In addition to increasing SOC levels, manures are a prime source of nitrogen and other 
plant nutrients (N’Dayegamiye and Tran, 2001).  
 
 



 
Paradoxically application of large quantities of manures and green plant materials high in 
nitrogen (C:N ratios <10:1) and other nutrients may actually decrease SOC levels in the 
long term (Fontaine et al., 2004; Khan et al., 2007; Zhao et al., 2016).  
 
The addition of large quantities of easily mobilized organic residues along with high 
amounts of nitrogen stimulates the soil microbial population to include attack on stabilized 
humus resulting in a decrease is SOC. Addition of excessive nitrogen along with additional 
carbon residues tends to exacerbate loss of soil humus. 
 
Application of animal and green manures to soil as a means of increasing SOC should 
therefore be approached with careful consideration to overall soil C:N ratio balance 
(including all carbon residues). Composting manure amended with addition high carbon 
sources to balance the C:N ratio to the range of 11:1 prior to soil application is optimal for 
building SOC levels regardless of single or multiple applications during the growing season 
(Ryals et al., 2015). Composting moderates the risk of over applying nitrogen and the risk 
of SOC losses. 

5.3. Cover Crops and Crop Management Systems  

The inclusion and contribution of cover crops as well as crop rotations influencing SOC 
levels have many possibilities (Decker, et al., 1994; Smith et al., 2001; Gregorich et al., 
2001; Izaurralde, et al., 2001; Olson et al., 2010; Dimassi et al., 2014; Xiong et al., 2014; 
Poeplau and Don, 2015; Autret, et al., 2016; Belfry, and Van Eerd, 2016; Petherick, 2016; 
Zhao et al., 2016). Cover crops (also known as inter-crops or catch crops) are vegetation 
that replaces bare fallow land during winter. Cover crops may be planted along with the 
main crop; after seeding of the main crop; or after harvest of the main crop.  
 
Growing cover crops is reported to neither enhance nor reduce yields of the main crop 
(Poeplau and Don, 2015). Types of cover crops vary depending on the primary crop. Some 
examples are cereal rye with soybeans (SCCC, 2016) and growing clover with corn 
(Decker et al., 1994).  Alternatively crop rotations that include, for example, a legume 
minimally for one year in eight in a rotation with corn have also shown to increase SOC 
(Gregorich et al,., 2001). The advantages of cover crops are that, in addition to increased 
carbon inputs, they also reduce soil erosion and increase soil moisture retention. Based on 
a meta-analyses conducted by Poeplau and Don, (2015), maximum gains on the order of 
16.7 Mg C.ha-1 using cover crops may be possible; however, this level of carbon 
sequestration could potentially require greater than 100 years to achieve with increases on 
the order of 8.35 Mg C.ha-1 (50% of maximum gain) possible within the first two decades. 
 
A wide variety of crops are grown by Greenbelt landowners (Table 6). Grains, such as 
barley, buckwheat canola, flax, oats rye, soybeans triticale, wheat, corn and cash crops  
including beans, berries, ginseng, hops peas potatoes and turfgrass account for 
approximately 35% of annual land use. Pasture and forages account, an average, for an 
additional 42% of annual land use.  Other land uses (e.g., fallow, or non-specified) average 
about 20%. 



 
Vineyards and Orchards account for very minor areas (<1%) of most counties with the 
exception of Niagara where these crops account for 27% of agricultural land use. These 
latter crops are not necessarily adaptable practices used in field crops and need to be 
given separate consideration and attention.  
 
It should be noted that the above mentioned practices of no-till cultivation; application of 
manures and inclusion of cover crops are not mutually exclusive (Raphael et al., 2016).  
For example, extraordinary increases in SOC have been observed by combined adoption 
of no-till plus the use of cover crops. This practice has shown to increase SOM from 1.5% 
to the 3-4% range within a 20 year period in Quebec (SCCC, 2016). Research indicates 
that conversion from conventional tillage to no-till in the long-term may require as many as 
seven to nine years of continuous no-till to produce higher yields compared to conventional 
tilled fields. This relates to the time required to improve soil health by allowing soil biological 
population to adjust, adapt, and restore conditions lost by tillage. Use of cover crops 
appears to reduce or eliminate this lag time (Hoorman et al., 2009).  Cover crop residues 
also reduce weeds and promote soil water retention in no-till systems.  
 
An alternate aspect to crop rotation may be introducing livestock to graze on forages as  
part of the rotation. Large herbivires have been shown to improve soil aggregation, nutrient 
cycling and increase soil quality in southern Brazil (de Faccio Carvalho, 2010).  
 

Table 6: Area of Crops Grown Annually by County / Region 
 

County / 
Region 

Grains Corn 
Cash 
Crops 

Pasture 
& 

Forage 

Vineyards
& 

Orchards 
Other Total 

(ha) (ha) (ha) (ha) (ha) (ha) (ha) 

Bruce 204 19 2 1,966 8 785 2,984 

Dufferin 2,253 1,016 27 7,709 0 2,761 13,878 

Durham 25,217 22,833 222 53,181 109 19,559 121,181 

Grey 4,164 977 24 18,422 146 6,548 30,281 

Halton 5,136 1,901 14 11,359 23 7,182 25,615 

Hamilton 18,562 9,367 743 17,832 153 8,419 55,263 

Kawartha Lakes 646 576 0 2,187 0 2,106 5,515 

Niagara 7,033 1,991 278 7,145 8,322 6,140 30,911 

Northumberland 4,301 3,034 0 6,334 0 4,556 18,225 

Peel 7,280 2,566 72 13,849 8 6,071 29,858 

Peterborough 657 480 0 1,583 0 792 3,512 

Simcoe 2,212 1,104 11 6,362 7 4,128 13,863 

Toronto 224 136 0 216 0 580 1,156 

Wellington 2,568 1,238 3 5,244 9 2,231 11,293 

York 13,222 8,887 256 28,263 62 14,903 65,833 

Totals 93,679 56,125 1,652 181,652 8,847 86,761 429,368 

 
 



 
Data Source: Statistics Canada. http://www5.statcan.gc.ca/cansim/a03; Table  004-0205 -  
Census of Agriculture, tillage practices used to prepare land for seeding, every 5 years,  
CANSIM (database). (Accessed: March 19, 2017) 
 
Notes: 

1. Grains:  Barley, Buckwheat, Canola, Flax, Oats, Rye, Soybeans, Triticale & Wheat 
2. Cash Crops: Beans, Berries, Ginseng, Hops, Peas, Potatoes, & Turfgrass 
3. Other: Unspecified, Fallow, & Other. 

 

Based on the above discussion, the following estimates were calculated with respect to the 
potential amounts of carbon sequestration for agricultural soils from Greenbelt counties 
(Table 7).  

 
Table 7: Estimates for Potential Increases in SOC 

 

County / 
Region 

Potential Increase in 
No-Till Lands 

Potential Increase in Use of  
Cover Crops 

(ha) 
Sequestered 

Carbon 
(Tonnes) 

(ha) 
Sequestered 

Carbon 
(Tonnes) 

Bruce 2,155 19,189 1,010 8,434 

Dufferin 11,580 111,542 6,057 50,576 

Durham 93,379 672,149 67,831 566,389 

Grey 23,443 207,947 11,713 97,804 

Halton 13,315 140,763 14,233 118,846 

Hamilton 36,858 251,031 37,091 309,710 

Kawartha Lakes 3,972 25,798 3,328 27,789 

Niagara 16,137 120,017 15,442 128,941 

Northumberland 7,839 58,298 11,891 99,290 

Peel 21,501 159,904 15,989 133,508 

Peterborough 2,491 18,526 1,929 16,107 

Simcoe 10,369 82,084 7,455 62,249 

Wellington 8,585 82,633 6,040 50,434 

York 51,631 518,598 37,268 311,188 

Total 303,255 2,468,478 237,277 1,981,263 

 
Potential increases in SOC due to conversion from conventional to no-till practices as much 
as 16% (West and Six, 2007) within 14 years may be expected in some soils. Observed 
changes in SOC levels due to conversion to no-till practices in Ontario soils are reported to 
be extremely variable with an average of about 3.7 kg SOC/ha/year from 1991 to 2001 
(VanderBygaart et al., 2004) or a 0.06% increase in 10 years. Assuming a maximum 
potential increase of 16% (West and Six, 2007) for Greenbelt lands based an average SOC 
level of 2.4% (4.1% SOM) and assuming the rate has continued then using an average 
SOC level of 2.4% (4.1% SOM) for Ontario soils a potential level of 2.8% SOC (4.8% SOM) 
might be realized by adopting no-till practices combined with the use of cover crops over  



 
conventional tillage methods alone.Full adoption of no-till practices on Greenbelt farms 
could result in the sequestration of almost 2.5 million tonnes of atmospheric carbon as SOC 
(Table 7). It should be noted however that adopting no-till alone is not sufficient and that 
additional management practices such as crop rotation and/or growing cover crops which 
include grasses, and legumes with fibrous root systems appear necessary to promote soil 
aggregation to increase SOC levels in Ontario soils. Steady state levels could be expected 
within about 15-20 years depending on adoption of no-till practices at the farm level.  
 
In addition, approximately 2 million tonnes of atmospheric carbon could be sequestered as 
SOC by adopting the use of cover crops on Greenbelt farms assuming an increase of 8.35 
Mg C.ha-1 within 20 years of adopting the use of cover crops (Poeplau and Don, 2015). 

6. Conclusions 

The following conclusions were drawn from the forgoing discussion:  

 Soil organic matter ratings for Greenbelt county soils vary from “Good” to “Very Good” 
based on the OMAFRA (2017) rating system. Ratings were “Very Good” for all counties 
and regions with the exception of Durham, Hamilton, and Niagara regions with SOM 
levels less than the provincial average of 4.16% and rated as “Good”. This suggests 
that Durham, Hamilton, and Niagara regions could benefit the most with the greatest 
potential for improvement in SOC levels. An exception being areas where non-field 
crops such as tender fruit and grapes are grown and soil management and tillage 
practices differ.  
 

 Although the Municipality of Hamilton currently has a “Good” rating for SOM content, the 
average SOM content is less than 4.0% which is less than the provincial average. Data 
also indicate that SOM levels for farmland in the Municipality of Hamilton are currently 
decreasing which identifies the Municipality of Hamilton as a region of immediate 
concern. Farms within these counties could likely benefit the most from changes to 
current soil management practices although all farms in the Greenbelt would likely 
benefit from review and changes to current soil management practices. 

 

 An estimated 303,255 ha of Greenbelt farmland could benefit from the adoption of no-till 
practices over conventional tillage methods. Traditional tillage practices are currently 
conducted on about 70% of Greenbelt farms. This change in tillage practice could 
sequester almost 2.5 million tonnes of atmospheric carbon as SOC within 20 years of 
full adoption. It should be noted that conversion to no-till in Ontario should include 
adoption of planting cover crops and/or including grasses and green manures in crop 
rotations in order to effectively increase SOC. 



 

 Inclusion of cover crops as well as crop rotations coupled with adoption of no-till 
cultivation is necessary in Ontario to in order to retain carbon reserves in soil. It is 
estimated that cover crops could potentially be adopted for approximately 55% of 
agricultural Greenbelt lands (i.e., non-pasture, forage or vineyard/orchard uses) 
resulting in the sequestration of about 2.5 million tonnes of atmospheric carbon as SOC 
within 20 years of full adoption. 
 

 Application of animal and green manures to soil is commonly practiced in the Greenbelt 
area with little additional opportunity for significant expansion. Addition of animal and 
particularly green manures to soil results in the addition of nitrogen as well as carbon 
and other plant nutrients. Paradoxically, application of large quantities of green manures 
with C:N ratios <10:1 (high nitrogen content) may actually decrease SOC levels.   
 

 Composting manures with addition of carbon residues to adjust the C:N ratio of the 
composted product into the range of 10—12:1 is optimum for increasing SOC levels.  
Introduction of livestock to graze on forages as part of a crop rotation may also provide 
advantages to increase soil quality.  

 
A possible concept to enhance the adoption of SOC building practices is to provide a dollar 
added value for SOC. For example, a premium for farmland with high SOC levels could be 
demanded when the farm is sold (Lovell, 2016a). Adoption of both no-till and use of cover 
crops by all farms within the Greenbelt area could potentially result in the sequestration of 
at least 4.5 million tonnes of atmospheric carbon within 20 years. Assuming an average 
cost of C$42.87/tonne for carbon emissions (Green Analytics, 2016) this amount would be 
equivalent to a market value of $193 million in sequestered carbon or about $450 per ha.  
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