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Brief to the Senate Standing Committee on Agriculture: Soil
Health Study

Canadian Organic Growers is pleased to contribute the following comments to the Senate’s Soil
Health Study. This brief summarizes the scientific literature on the relationship between organic
agriculture and soil health. It is part of a larger study we are undertaking (to be completed by summer
2024) aimed at identifying the impacts of organic agriculture on environmental, climate and economic
outcomes in Canada.

Organic Agriculture as a Model for Restoring the Health of Canada’s
Farmland Soils: A Review of the Scientific Literature

Soil health is the foundation of our food system and is paramount to food security and combating
climate change. However, decades of intensive agriculture have contributed to the loss of soil fertility,
and soil erosion costs Canadians $3.1 billion annually.

Stacking agroecological practices allows farmers to optimize soil health and should be
encouraged.

Studies have shown the benefits of beneficial management practices (BMPs) such as diverse crop
rotations, conservation tillage, amendments, and cover crops, and their impacts on soil health (see
Appendix 2). However, there is less research on how these practices function together as a system,
and how utilizing certain practices simultaneously in various combinations (stacking) can result in
significant gains. Individual practices are important to improve soil health; however, implementing
these practices separately may not result in measurable and lasting systemic improvements.

Organic agriculture provides an ideal system for research and testing of stacked
practices to manage trade-offs and improve outcomes.

Organic farming systems place a central focus on maintaining and building soil health through
ecological management, necessarily using a systems-based approach of stacking
agroecological practices to ensure the resiliency of production. Key recommended practices for
managing soil health are routinely utilized in organic cropping systems in varying combinations
depending on intensity of management.

This provides an ideal testing ground for practices that can manage trade-offs across the agricultural
sector, such as the increasing risk of managing nitrogen at the expense of declining carbon, a key
factor for soil health. Organic farming systems are ideal production systems for testing and
refinement of advanced organic carbon and nitrogen management to improve overall agri-
environmental outcomes for Canada. This point is expanded upon in Appendix 1. Organic
systems spur constant innovation to respond to challenges such as weed and pest management, thus
the adoption of organic practices can benefit all producers, helping to address challenges like high
input costs, herbicide resistance, and environmental impacts.


https://drive.google.com/file/d/1vTcN0x5KFIdNf4YJMRHsn46wAD0TbQye/view?usp=sharing
https://soilcc.ca/
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Research to date suggests improved soil health and soil organic carbon through
organic management; however, more research is needed.

A recent literature review on soil health in organic systems in Canada (found in Appendix 2) found
that, compared to conventional production, organic management can maintain soil health and soil
organic carbon (SOC). This is especially true when best management practices are used and
combined in organic systems. These practices include reduced tillage intensity and frequency, cover
crops, forages, and integration of livestock into the system. However, farming practices in organic
systems vary widely in intensity, with varying impacts on soil health outcomes. As well, research
conducted in the Canadian context, particularly for horticultural crops, is lacking when considering soil
health. This confirms the need for more research to properly assess the impacts of organic
management with a variety of practices in Canada's diverse agricultural system.

Case Study: Upland Organics, Saskatchewan: Combining regenerative practices
improves soil health and climate resilience.

Upland Organics, a Regenerative Organic Certified 8,000 acre mixed cattle and grain farm near Wood
Mountain, Saskatchewan has achieved an average 1% increase in soil organic matter (SOM)
across the farm (total SOM ~3%), along with increased soil aggregation and stability. A key measure
of soil health, SOM also has a significant impact on the farm’s drought resilience, since every 1%
increase in SOM results in soils being able to hold an additional 25,000 gallons of water per acre. Soil
health is a key climate resilience strategy for the farm, which is located in the drought-stricken
Palliser Triangle.

Upland Organics places a central focus on managing soil health by combining practices including
reduced tillage, diverse and extended crop rotations, intercropping, cover crops, pollinator strips,
composting, and rotational grazing in order to build a resilient soil ecosystem that supports soil water
conservation, natural fertility, and pest management.

This increase in SOM also corresponds to an annual increase of approximately 1.5 tonnes of soil
organic carbon (SOC) per hectare per year, considerably above the rate of about 0.2 tSOC/halyr
ascribed to Prairie no-till on its own, helping the farm contribute to climate change mitigation. While
soil erosion risk has declined through the reduction of tillage and summerfallow, the use of multiple
regenerative practices can greatly enhance results.

Summary

Regenerating the health of our soils rests in the hands of our farmers, ranchers, foresters, and land
stewards. Delivering research, extension and incentives to producers will improve outcomes along the
whole spectrum of management to assist producers in building soil health and long-term resilience. To
advance this goal, the organic sector is currently conducting a national soil health benchmarking

study.

Organic farming is both an established system to invest in to increase soil health, and a model system
that benefits all of agriculture. With research, extension, and incentives, increased and improved
organic production can contribute to improved soil health while producing nutritious food without the
use of pesticides and synthetic fertilizers, with reduced inputs costs and lower reliance on fossil fuel
inputs, and benefits for biodiversity and climate.


https://www.frontiersin.org/articles/10.3389/fsufs.2022.826486/full
https://indiana.clearchoicescleanwater.org/wp-content/uploads/sites/3/2020/09/WaterRetention-infographic.pdf
https://soilcc.ca/wordpress/wp-content/uploads/2022/04/Recruiting-Soil-to-Tackle-Climate-Change_April-14-2022.pdf
https://www.canadiancattlemen.ca/daily/organic-farmers-invited-to-soil-health-benchmarking-study/
https://www.canadiancattlemen.ca/daily/organic-farmers-invited-to-soil-health-benchmarking-study/
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Appendix 1: Advanced Organic Carbon and Organic Nitrogen Management
to Improve Agri-Environmental Outcomes in Canada’s Next Agricultural
Policy Framework'

Advanced Organic Carbon (C) Management

1. Soil organic carbon (SOC) levels are continuing to decline particularly across cropping systems
in Eastern Canada (Clearwater et al., 2016; Nyiraneza et al., 2017), leading to declining soil health
and soil degradation and loss, due to cropping intensification (less diverse rotations often including low
residue crops).

2. SOC gains must be based on added residue and C input to soil. Zero-tillage does not reverse SOC
declines in humid regions (Angers et al., 2017) and minimum tillage increases N20O emissions on finer
textured soils when growing season precipitation exceeds 600mm (Pelster et al., 2024).

3. Itis not just about cover crop utilization, but proper management of cover crops. Current federal
(On-Farm Climate Action Fund, Living Labs) and provincial programs are increasing on-farm testing
and exploration of cover crop utilization. Cover crops have the potential to provide three natural climate
solution services; increased SOC, N fertilizer replacement, and reduced N2O emissions and N leaching
(Drever et al, 2021). However, current cover crop adoption and utilization may not significantly enhance
SOC levels, as:

e SOC gains from cover crops alone vary widely with their type and utilization (full-season,
intercropped, relay cropped etc.) and region. In the Prairie region black soil zone average cover
crop biomass rates ranges from 0.5 to 0.6 Mg C ha™ yr' (Thiessen-Martens et al. 2015), but is
less in drier prairie regions, compared to up to 2 Mg C ha™' yr' (~4 Mg biomass) in more humid
cropping regions, with earlier planting and later termination achieving upper ranges (Blanco-
Canqui, H. 2022). As only a fraction of cover crop soil C input contributes to SOC gain
(Gregorich et al., 2017), rates of SOC gain, if any, from cover crops are suggested at 0.27-0.39
t C ha™' yr' or less depending on cover crop biomass production (Poeplau et al., 2024).

e Generating higher cover crop biomass rates being avoided due to (i) perceived risk of N
immobilization challenges for the following cash crop (R. Barrett pers comm.), (ii) evidence of a
link between cover crop biomass and N20 emissions in humid regions leading to
recommendations to use cover crops primarily as a low-biomass catch crop to utilize excess
residual soil mineral N (RSMN) (M. Tenuta pers comm; Thapa et al., 2018). Cover crops of low
biomass (<2 Mg ha™"), however, are unlikely to contribute to SOC gains (Blanco-Canqui, 2022).

e Some studies suggest enhancing SOC levels may not be guaranteed by more diverse rotations
which include cover crops unless a period in perennial forages is included (Arcand and
Congreves, 2018; Sprunger et al., 2020).

4. Soil is the fundamental and critical non-renewable resource that must be sustained, and SOC is
central to all aspects of soil health. While Advanced Nitrogen Management (4Rs) has a key role to
play in achieving greenhouse gas (GHG) reductions in cropping systems, there is a need for a parallel
emphasis on Advanced Carbon Management to sustain SOC, soil health and climate resilience, i.e.
programming geared to enhance testing and adoption, optimized by region, namely:

' By Dr. Derek Lynch - Professor, Canada Research Chair, Organic Agriculture, 2005-2015



Canadian Organic Growers
Cultivons Biologique Canada

Rotation diversification (including cover crops)

Residue management (residue exports (straw, hay etc.) can negate gains from diversification)
Rate of tillage intensity (based on frequency and level of disturbance/STIR metrics)

Return of manure (or composts)

These 4Rs for Advanced Carbon Management are key pillars of regenerative agriculture, and these
practices are routinely utilized in organic cropping systems in varying combinations depending on
intensity of management (Lynch et al., 2022).

Advanced Organic Nitrogen (N) Management

1. Improvements observed from organic cropping practices. Frequent use of cover crops, as
practiced in organic cropping systems, further enhances the significant yield gains from use of cover
crops, yield gains in the range of 13-22% shown for corn and wheat in the meta-analysis of Bourgeois
et al. (2022). Cover crop mixtures that include legumes may provide yield gains plus increased soil N
and C contents (Lavergne et al., 2020).

2. Beyond manure management. Current programs and recommendations with respect to improved
crediting of organic N sources focus primarily on manure management, with minimal or no emphasis on
replacement of N fertilizer use through targeted use of perennial or cover crop legumes in rotation.

3. Provincial suggested N credits for preceding legume cover crops vary widely and need
refinement to enhance fertilizer N replacement and adoption. Outside of organic farming systems,
farmer inexperience, and perceived agronomic risks, limit the potential of expanding testing and use of
common and novel leguminous cover crops as predominant source of N supply for the following cash
crop. Biological nitrogen fixation (BNF) capacity and soil N supply from some novel leguminous cover
crops have been shown in eastern Canada to largely replace N fertilizer needs for corn (Yang et al.,
2024), wheat (Alam et al., 2018) and potatoes (Lynch et al., 2012).

As with fertilizer N, N from legumes can also lead to N2O emissions (Rochette et al., 2008), but this is
offset by cover crop co-benefits to soil health and resiliency, biodiversity, and potential for SOC gain
(Lynch, D. H. 2022).

Estimates of relative N2O emissions rates from cover crops are also under ongoing revision (Liang et
al., 2020). D’Amours et al (2023) in Quebec found that a chisel ploughed green manure minimized per
hectare N2O emissions without increasing crop (barley, corn, soybean) yield-scaled N2O emissions.

4. N balances in organic systems are typically low compared to non-organic systems. The intensity
of N fertilizer use has continued to increase across cropping systems in Canada with attendant
increases in field scale N balances (N input-outputs). The emission rates of N2O are considered to be
non-linear in relation to N inputs and have increased accordingly.

Organic farming systems, even within specific sectors, vary in terms of management and farm nutrient
intensity (Roberts et al., 2008), but are generally significantly less intensive with respect to N flows
than conventional cropping systems. As a result, field scale N balances and residual soil mineral N
levels post-harvest are typically low in organic cropping systems, with attendant reduced risk of N
losses via leaching and direct or indirect N2O losses (Lynch et al., 2012).


https://www.dal.ca/news/2023/01/03/adjusting-the-intensity-of-farming-can-help-address-climate-chan.html
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5. Aleguminous, or legumes-in-mixture, perennial or cover crop rotation phase acts as an ‘N-
buffer’ that allows application of diverse carbon-rich soil amendments (composts etc.). Legume
BNF ability avoids a loss of biomass productivity due to N immobilization following amendment
application (Lynch et al., 2004).

Summary

The GHG benefits of advanced organic carbon and organic nitrogen management practices, used alone or
in-combination, remain understudied and are not currently covered in the National Inventory Report (NIR).
The increasing risk of managing nitrogen in conventional systems at the expense of declining C
must be addressed. Organic systems are ideal production systems for testing and refinement of
Advanced Organic Carbon and Nitrogen Management to Improve Agri-Environmental Outcomes for
Canada.

Appendix 2: A Literature Review of Soil Health in Organic Systems in
Canada - Organic Task Force Report?

Context

Healthy soils are the foundation of productive systems. In agriculture, soil health is defined as the ability of
the soil to produce high-quality food with minimal inputs. Soil health is the result of multiple interactions
between physical, chemical, and biological soil functions (Blinemann et al., 2018). Therefore, soil health
indicators need to reflect soil functions. For example, because soil organic carbon (SOC) is the key element
that influences multiple soil functions, SOC and labile SOC fractions [particulate (POM-C), permanganate
oxidizable (POXc), mineralizable C] are essential components and measures of soil health (Hurisso et al.,
2016; Norris et al., 2020). Therefore, relative to other soil properties, more studies on SOC and SOC
fractions are included in this review of soil health.

Soil health is important to organic producers. Cranfield et al. (2010) found that health and environmental
concerns were a greater motivation than economic considerations for conversion to organic production in
Canada. Interviews with 34 producers in Atlantic Canada found that organic producers had a more holistic
definition of soil health than conventional producers (Mann et al., 2021). They also tended to be more open
to more comprehensive soil health assessments that include chemical, physical, and biological soil
properties, such as the Cornell Soil Health Assessment (CSHA). In a study conducted on three organic
farms in southwestern Ontario, Hargreaves et al. (2019) found that organic producers' perceptions of
productivity and soil health were associated with physical, biological and chemical soil properties.

This review draws on reviews and meta-analyses to compare organic and conventional agriculture in a
Canadian context. It is organized as follows:

e Comparisons of soil health under organic and conventional cropping systems.

e Comparisons of soil health under organic and conventional horticultural systems.
¢ Best management practices to improve soil health.

1. Field crops

2 By Stéphanie Lavergne, PhD Candidate, Dalhousie University, Faculty of Agriculture
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No meta-analysis specific to soil health in organic field crops was found. However, many meta-analyses
compared SOC content and concentration. These meta-analyses show that organic farms have higher
soil organic carbon (SOC) concentrations and soil C stocks than conventional farms (Mondelaers et
al., 2009; Gomiero et al., 2011; Gattinger et al., 2012; Tuomisto et al., 2012; Garcia-Palacios et al., 2018).
However, in a recent meta-analysis, Alvarez and Cayuela (2022) reviewed 83 head-to-head comparisons of
organic and conventional systems. They found that organic systems increased SOC compared to
conventional systems, but mostly because of external sources of C (manure from animal production or
residue retention). They concluded that organic farming itself does not increase SOC. Garcia-Palacios et
al. (2018) found that organic systems had higher soil respiration, SOC stocks, and SOC sequestration rates
than conventional systems. Their main explanation was the source of fertilization in organic systems, an
external source of carbon inputs. They also hypothesize that crop traits (e.g., leaf N and fine-root C and N)
play an important role in the effects of organic systems on SOC stocks and sequestration rates.

Long-term agroecosystem research experiments around the world have compared organic field cropping
systems with conventional ones. Most of these studies have collected soil health data over many years. In
the majority of these studies, organic systems generally have higher SOC content or concentration than
conventional systems when an external C source is used (Teasdale et al., 2007; Delate et al., 2013;
Omondi et al., 2022; Mayer et al., 2022). This is reflected in other soil health indicators such as SOM,
POM-C, MBC (microbial carbon biomass), POXc (Spargo et al., 2011; Wortman et al., 2011; Delate et al.,
2013; Braman et al., 2016; Krauss et al., 2022; Mayer et al. 2022; Lori et al., 2023; Rodale Institute, 2021).
However, in P and N deficient systems, organic systems do not outperform conventional systems (Malhi et
al., 2009; Bell et al., 2012). Furthermore, soil health in organic systems tended to be similar to conventional
ones when organic systems are compared to conventional systems using best management practices such
as no-till, cover crops, or manure amendments (Green et al., 2005; Spargo et al., 2011).

Organically managed soils tended to have higher aggregate stability (Lotter et al., 2003; Green et al., 2005;
Gomiro et al., 2011; Stainsby et al., 2022). Bulk density has also been reported to be lower in organically
managed soils than in conventional soils after 40 years in the USA (Rodale Institute, 2021). Organically
managed soils also tended to have higher pH, K, P and N availability (Birkhofer et al., 2008; Wortman et al.,
2011; Delate et al., 2013), although in some cases P depletion has been observed in organically managed
soils (Malhi et al., 2009; Welsh et al., 2009; Fraser et al., 2019).

2. Horticulture

2.1 Fruits and vegetables

Soil health literature in organic horticultural crops is especially scarce in Canada. A long-term study in Italy
(Campanilli and Capi, 2012) reported that over a nine-year period, the SOC and TN content of the organic
management system increased over time following the conversion period, while the SOC and TN content of
the conventionally managed soils tended to remain unchanged. In California, USA, Reganold et al. (2010)
measured soil health in 13 paired organic and conventional strawberry fields. They reported that organic
soils had higher SOC, TN, MBC, and mineralizable C than conventional soils. In an on-farm survey
conducted in Quebec, preliminary results suggest that organic commercial farms had higher topsoil SOM
content and lower soil bulk density compared to conventional farms (Bélanger et al., 2024). In a study
conducted on mixed commercial farms in southwestern British Columbia, Norgaard et al. (2022) found no
difference in POXc and soil N-NO3 between management strategies. Residual P was eight times higher
with high compost than with low compost. In their study, 80% of the farms were organic. In a study
conducted on thirty organic mixed vegetable farms in Michigan, USA, Kaufman et al. (2020) reported that
BMPs such as tillage depth, cover crop use, and types of soil amendments could increase SOM levels on
organic farms. Looking at different management strategies in organic vegetable systems in the US, Prichett
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et al. (2011) reported that organic amendments had the greatest short-term effect on SOC and bulk density
compared to reduced tillage and cover crops.

In Eastern Canada, two soil health assessments were conducted on commercial potato farms. Potato
rotations in Eastern Canada typically include cereals and are therefore discussed separately from other
vegetable studies. In New Brunswick, Nesbit et al. (2014) found that the mean abundance of nematodes,
mite suborders and Collembola families did not differ significantly between organic and conventional fields.
However, in the same study, organically managed fields had MBC, pH, soil moisture, litter light fraction, and
lower C:N ratio and bulk density than the conventional fields. Boiteau et al. (2014) also evaluated soil
health in four systems in New Brunswick. They found that conventional production systems had the lowest
levels of biological parameters (i.e., earthworm abundance, biomass, soil respiration, Acari, and Collembola
abundance) compared to organic potato fields, an abandoned potato field, and pasture. They also reported
that conventional systems had the highest P content and P saturation, while organic systems had the
highest soil TN and calcium content. In Prince Edward Island and New Brunswick, Nelson et al. (2009)
evaluated soil health in extensive potato rotations (i.e., potato phases followed by 4 years of forage) and
found a recovery in earthworm abundance and biomass two years after the potato phase, while other soil
health parameters remained unchanged.

2.2 Vineyards

Vineyard studies comparing organic to conventional management were mostly conducted in Europe. In a
long-term study of organic, biodynamic, and integrated vineyard management in Italy, Simona et al. (2024)
found that the sustainability level of organic vineyards was higher than that of integrated vineyards.
However, when looking specifically at soil health, bacterial species richness and diversity and SOC storage
in integrated management production were similar to those in organic production systems. These results
are similar to those reported by Meissner et al. (2019) and Gutiérrez-Gamboa et al. (2019) in studies
conducted on research farms. Both reported similar soil health parameters in organic vineyards compared
to integrated vineyards. Other studies conducted on commercial vineyards reported similar soil health
between conventional and organic vineyards (Vavoulidou et al., 2006; Wheeler and Crips, 2011; Van Geel
etal., 2017; Unc et al., 2021). Nevertheless, other studies conducted in commercial vineyards reported
higher soil health in organically managed vineyards compared to conventional vineyards (Coll et al., 2014;
Brunori et al., 2016; Orkur et al., 2016; Amaral et al., 2022). Interestingly, Coll et al. (2014) reported that
most soil health parameters (e.g., SOC, available P and K, and microbial biomass) were higher than in
conventional vineyards after 11 years of organic management, but not after only 7 years.

However, organic vineyards appear to be detrimental to earthworms in some cases (Coll et al., 2014;
Beaumelle et al., 2023). The use of copper in organic orchards may explain lower earthworm abundance
(Steinmetz et al., 2017).

On-farm studies assume that conventional and organic vineyards have identical soil characteristics at the
time of conversion, which limits the conclusions that can be drawn from on-farm studies and emphasizes
the importance of long-term studies to assess soil health (Probst et al., 2008).

2.3 Orchards

Most of the soil health data available for orchards comes from commercial farm comparisons. These on-
farm studies suggest that organic orchards support soil health parameters compared to
conventional orchards.
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A study of mixed fruit orchards in Cyprus found that soils in organic orchards had higher SOM mean weight
diameter and respiration than conventional mixed fruit orchards (loannidou et al., 2022).

In Spain, Herencia et al. (2019) reported higher SOM, TN, available P, Mg, earthworm abundance and
microorganisms in organic plum orchards than in conventional plum orchards.

However, another study conducted in commercial orchards in Belgium showed that SOC, SOM, TN, and
bulk density did not differ between integrated and organic orchards (Dealemans et al., 2022). Similar
results were reported by Orpet et al. (2020) as soil health parameters did not differ between transition,
organic, and conventional apple orchards in the USA.

In a study conducted at a research farm in Washington, Glover et al. (2000) reported that the integrated
apple orchard had a higher soil health score than the conventional orchard. The organic production system
did not result in a significantly different soil health score than the other two management systems. In this
study, both the integrated and organic orchards had lower bulk density and higher MBC than the
conventional apple orchard.

3. Best management practices to improve soil health

In a systematic review, Tully and McAskill (2020) reported 17 studies where reduced tillage in organic
systems resulted in higher topsoil SOC and microbial biomass compared to conventional tillage. Reduced
tillage was also associated with greater soil stratification compared to conventional tillage in most of these
studies. They also reported increased soil aggregate stability in four studies, increased water content in one
study, and reduced soil erosion in three studies. However, most of the comparisons do not account for
variability in tillage intensity and frequency (Tully and McAskill, 2020).

In an on-farm survey in the Midwestern organic corn system, Sprunger et al. (2021) reported that tillage
intensity was associated with increased crop diversity and decreased soil health.

Research on organic no-till has been conducted in Canada. In a review of no-till research projects
conducted in Eastern Canada, Halde et al. (2017) reported that the fact that soil health was not measured
was a research gap.

In a study conducted in Nova Scotia comparing different green manure termination strategies, Marshall and
Lynch (2018) found that three years after green manure termination, topsoil SOC was higher in the no-tilled
green manure compared to the tilled green manure. In the same experiment, they also found lower
earthworm abundance in the tilled treatment compared to no-till; however, the earthworm population
recovered three years after tilling (Marshall and Lynch, 2018).

In Western Canada, Halde et al. (2014) investigated the adaptation of no-till practices to include cover crop
mulch. They found a similar yield under the organic no-till system as the organic tilled system (Halde et al.,
2014).

Halde et al. (2015) compared different types of cover crop mulch and reported that hairy vetch mulch was
the best option for N supply and weed control. Soil organic carbon, P, and pH did not vary between
treatments. No other soil health parameters were measured in these systems.

Future organic no-till trials in Canada should be conducted over a longer period of time and include
soil health measurements.
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In a meta-analysis of different BMPs in organic systems, Crystal-Ornelas et al. (2021) found that cover
crops increased SOC by 10% compared to no cover crops. They also found a temporal trend where the
effects of cover crops were significant 5 years after adoption.

Incorporating cover crops into the rotation may be more beneficial when combined with organic
amendments. Studies have found that the combination of cover crop use with animal manure application
can improve N use efficiency (Torstensson et al., 2006), soil N availability (Chirinda et al., 2010; Kauer et
al., 2015; Spargo et al., 2016), and soil respiration (Chirinda et al., 2010). The combination of cover crop
use and organic amendments can reduce animal manure application rates and improve nitrogen use
efficiency.

The benefits of cover crops on cash crop yields have been demonstrated in eastern Canada.
Lavergne et al. (2021) found that cover crops seeded after grain harvest increased soil nitrates in the
following spring, contributing to corn yield. Similar results have been reported for organic wheat (Alam et
al., 2018) and organic potatoes (Alam et al., 2016). The use of cover crops in organic systems does not
always result in higher soil health (McNeil et al., 2023) or higher cash crop yields (Evans et al., 2016),
leaving room for optimization of cover crops depending on both region and system (Thiessen Martens,
2019).

Adding forages to organic crop rotations can improve soil health (Sprunger et al., 2021). A meta-
analysis showed that organic farms tend to have longer crop rotations, resulting in higher diversity than
conventional farms (Barbieri et al., 2017). Including alfalfa in organic cereal rotations increases SOC
(Wander et al., 2007; Welsh et al., 2009) and soil biological activity (Wander et al., 2007; Braman et al.,
2016). Over a 5-year rotation, Wachter et al. (2019) found that SOC remained unchanged after two organic
rotations with alfalfa, but decreased under conventional management. There are some exceptions (Bell et
al., 2012; Wortman et al., 2011; Blanco-Canqui et al., 2017; Spargo et al., 2011). Including alfalfa in grain
rotations can also increase soil nitrogen (Welsh et al., 2009; Spargo et al., 2011). Integrating livestock into
organic cropping systems could improve soil health and SOC status.

Integrated livestock is a great opportunity for grazing crop residues (Rakkar and Blanco-Canqui,
2018). Livestock can be integrated in different ways into cropping systems (e.g., lambs and goats in
vineyards and orchards, cattle on mixed crop farms, or chickens on vegetable farms). Long-term studies
and global systematic comparisons of soil health in organic and conventional field crop systems suggest
that efficient stockless organic systems rely on external sources of manure (e.g., Omondi et al., 2022;
Mayer et al., 2022). Smith et al. (2000) studied the effect of organic manure application in annual crop and
perennial pasture systems and reported that manure application improved SOC in annual crop fields
compared to perennial pastures.

The use of perennial crops in the rotation could improve soil health and SOC levels (Spargo et al.,
2011; Delate et al., 2013). However, studies have suggested that harvesting or removal of crop residues
may limit the ability of perennial crops to increase SOC (Bell et al., 2012). In the US, Rui et al. (2022)
reported that perennial pasture managed with rotational grazing was the only treatment that supported
MAOM-C and SOC accumulation compared to annual grain systems.

The literature directly addressing the effects of organic management on pastures is sparse. Schulz
et al. (2014) observed a negative effect of no-till organic crop production on SOM levels after 11 years,
compared to mixed cropping. They also concluded that perennial legume leys should be included in
organic crop rotations to maintain SOM.

In northern England, Zani et al. (2021) investigated the effects of organic and non-organic (conventional)
farming systems on soil quality indicators on a mixed commercial farm and found that when grazing was
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included, both conventional and organic systems benefited from significantly improved soil quality. The
length of pasture leys in the rotation was positively related to SQ regardless of the type of farming system,
and a grass-clover ley length equivalent to 30-40% of the full crop rotation is required to linearly increase
soil C concentration.

In a horticultural context, Bilenky et al. (2024) found that integrating chickens has the potential to improve
soil health indicators such as microbial biomass without affecting the productivity of organic vegetables.

Reducing pathogen contamination when using raw manure: The use of raw manure in food production
may pose a risk of E. coli and Salmonella contamination. Bilenky et al. (2024) found no pathogens on the
spinach crop when the leaf surface was exposed, even though the pathogens were present in the field after
chicken integration.

The dynamics of disease regulation in the Canadian beef production industry is also a concern in Canada
(Pogue et al., 2018). In Canada, raw manure must be incorporated into the soil at least 120 days prior to
harvest if the edible portion of the crop is in contact with the soil, or at least 90 days prior to harvest for all
other food crops. Grazing crop residues could reduce the risk of disease from pathogens while
improving soil health. In a review, Rakkar and Blanco-Canqui (2018) reported that residue grazing has
less negative impact on wind and water erosion than residue baling and less negative impact on soil
properties than grassland grazing.

Conclusion

While there is a large literature resource on the effects of organic farming on SOC, few global studies have
examined the effects of organic farming on other chemical, physical, and biological parameters of sail
health. Research conducted in the Canadian context, particularly for horticultural crops, is also lacking
when considering soil health.

Compared to conventional production, most studies suggest that organic management can maintain soil
health and SOC. This is especially true when best management practices are used and combined in
organic systems. These practices include reduced tillage intensity and frequency, cover crops, forages, and
integration of livestock into the system.

Farming practices in organic systems vary widely in intensity (Lynch, 2022). Therefore, more research is

needed to properly assess the impacts of organic management with a variety of practices in Canada's
diverse agricultural system.

10



Canadian Organic Growers
Cultivons Biologique Canada

Appendix 1 References:

Alam, M.Z., Lynch, D.H., Tremblay, G., Gillis-Madden R., and Vanasse, A. 2018. Optimizing
combining green manures and pelletized manure for organic spring wheat production. Can J. Soil Sci.
98: 638-649.

Angers, D., Bolinder, M.A., Carter, M.R., Gregorich, E.G., Drury, C.F.Liang, B.C. et al. (2017).
Impact of tillage practices on organic carbon and nitrogen storage in cool, humid soils of eastern
Canada. Soil and Tillage Research 41:191-201

Arcand, M and Congreves, K.A. (2018). Alternative management improves soil health indices
in intensive vegetable cropping systems: A review. Frontiers in Environmental Science 6: 1-18.

Blanco-Canqui, H. (2022). Cover crops and carbon sequestration: Lessons from U.S. studies.
Soil Sci. Soc. Amer. J. 86: 501-519.

Bourgeois, B., Charles, A, Van Eerd, L.L., Tremblay, N., Lynch, D.H., Bourgeois, G., Bastien,
M., Bélanger,V., Landry,C., and Vanasse, A.2022. Interactive effects between cover crop
management and the environment modulate benefits to cash crop yields: a meta-analysis. Can. J.
Plant Sci. 102:656-678.

Clearwater, R.L., Martin, T., and Hoppe, T. 2016. Environmental sustainability of Canadian
agriculture: Agri-environmental indicator report series — Report #4., Ottawa, Ont.

D’Amours et al., 2023. Combining reduced tillage and green manures minimized N.O
emissions from organic cropping systems in a cool humid climate. Agric. Ecosys. Env. 341:108205.

Drever et al. 2021. Natural climate solutions for Canada. Science Advances. Vol 7

Gregorich, E., et al. 2017. Litter decay controlled by temperature, not soil properties, affecting
future soil carbon. Global Change Biology 23:1725-1734.

Lavergne, S., et al. 2020. Using fall-seeded cover crop mixtures to enhance agroecosystem
services: A review. Agrosyst Geosci Environ. 2021;e20161.

Liang, C., MacDonald, D., Thiagarajan, A., Flemming, C., Cerkowniak, D., and Desjardins, R..
2020. Developing a country specific method for estimating nitrous oxide emissions from agricultural
soils in Canada. Nutr. Cycling. Agoroecosyst. 117: 145-167.

Lynch, D. H. 2022. Soil health and biodiversity is driven by intensity of organic farming in
Canada. Frontiers in Sustainable Food Systems. 6: 826486

Lynch, D.H., Sharifi, M., Hammermeister, A., and Burton, D. 2012. Nitrogen management in
organic potato production. Sustainable potato production: Global case studies, 209-231

Lynch, D.H., Voroney, R.P., and Warman, P.R. 2004. Nitrogen availability from composts for
humid region perennial grass and lequme—grass forage production. J. Env. Qual. 33:1509-1520

Nyiraneza, J., Thompson, B., Geng, X., He, J., Jiang, Y., Fillmore, S., and Stiles, K. 2017.
Changes in soil organic matter over 18 yr in Prince Edward Island, Canada. Can. J. Soil Sci. 97:745-
756.

Pelster et al. 2024. Tillage effects on growing season nitrous oxide emissions in Canadian
cropland soils. Can. J. Soil Sci. 104: 1-10.

Poeplau, C., et al. 2024. Cover crops do increase soil organic carbon stocks—A critical
comment on Chaplot and Smith (2023). Glob Change Biol. 2024;30:e17128.

Roberts, C. J., Lynch, D.H., Voroney, R.P., Martin, R. C. and Juurlink, S. D. (2008). Nutrient
budgets of Ontario organic dairy farms. Can. J. Soil Sci. 88:107-114.

Rochette, P., et al. 2008. Estimation of N20 emissions from agricultural soils in Canada. I.
Development of a country specific methodology. Can. J. Soil Sci. 88:641-654.

Sprunger, C.D. Martin, T., and Mann, M. (2020). Systems with greater perenniality and crop
diversity enhance soil biological health. Agricultural and Environmental Letters. 5:e20030

11


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=NGF-f_gAAAAJ&citation_for_view=NGF-f_gAAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=NGF-f_gAAAAJ&citation_for_view=NGF-f_gAAAAJ:2osOgNQ5qMEC

Canadian Organic Growers
Cultivons Biologique Canada

Thapa et al. 2018. Cover crops reduce nitrate leaching in agroecosystems: A global meta-
analysis. J. Env. Qual. 47:1400-1411.

Thiessen-Martens, J.R. et al. 2015. Review: Redesiging Canadian prairie cropping systems for
profitability, sustainability and resilience. Can. J. PI. Sci. 95:1049-1072.

Yang, X., et al. 2024. Legume cover crop as a primary nitrogen source in an organic crop
rotation in Ontario, Canada: impacts on corn, soybean and winter wheat yields. Org. Agr. 14:19-31

Appendix 2 References:

Amaral, H. F., Schwan-Estrada, K. R. F., Sena, J. O. A. de, Colozzi-Filho, A., Andrade, D. S.
(2022). Seasonal variations in soil chemical and microbial indicators under conventional and organic
vineyards. Acta Scientiarum., 45. https://doi.org/10.4025/actasciagron.v45i1.56158

Alam, M. Z., Lynch, D. H., Sharifi, M., Burton, D. L., Hammermeister, A. (2016). The effect of
green manure and organic amendments on potato yield, nitrogen uptake and soil mineral nitrogen.
Biological Agriculture & Horticulture. 32, 221-236. https://doi.org/10.1080/01448765.2015.1133319

Alam, M. Z., Lynch, D. H., Tremblay, G., Gillis-Madden, R., Vanasse, A. (2018). Optimizing
combining green manures and pelletized manure for organic spring wheat production. Canadian
Journal of Soil Science. 98, 638—649. https://doi.org/10.1139/cjss-2018-0049

Alvarez, R., Cayuela, M. (2022). Organic farming does not increase soil organic carbon
compared to conventional farming if there is no carbon transfer from other agroecosystems. A meta-
analysis. Soil Research., 60(3), 211-223. https://doi.org/10.1071/SR21098

Barbieri P, Pellerin S, Nesme T. Comparing crop rotations between organic and conventional
farming. Sci Rep. 2017 Oct 23;7(1):13761. https://doi.org/10.1038/s41598-017-14271-6

Beaumelle, L., Giffard, B., Tolle, P., Winter, S., Entling, M. H., Benitez, E., Zaller, J. G., Auriol,
A., Bonnard, O., Charbonnier, Y., Fabreguettes, O., Joubard, B., Kolb, S., Ostandie, N., Reiff, J. M.,
Richart-Cervera, S., Rusch, A. (2023). Biodiversity conservation, ecosystem services and organic
viticulture: A glass half-full. Agriculture, Ecosystems & Environment, 351.
https://doi.org/10.1016/j.agee.2023.108474

Bélanger, A., Hogue, R., Dessureault-Rompré, J. (2024). Est-ce que les sols sous cultures
maraichéres au Québec sont en santé? Poster presented at RQRAD 2nd annual conference in Levis.
February 14-15.

Bell, L., Sparling, B., Tenuta, M., Entz, M. (2012). Soil profile carbon and nutrient stocks under
long-term conventional and organic crop and alfalfa-crop rotations and re-established grassland.
Agriculture, Ecosystems & Environment, 158, 156—163. https://doi.org/10.1016/j.agee.2012.06.006

Birkhofer, K., Bezemer, T. M., Bloem, J., Bonkowski, M., Christensen, S., Dubois, D., Ekelund,
F., FlieBbach, A., Gunst, L., Hedlund, K., Mader, P., Mikola, J., Robin, C., Setéla, H., Tatin-Froux, F.,
Van der Putten, W. H., & Scheu, S. (2008). Long-term organic farming fosters below and aboveground
biota: Implications for soil quality, biological control and productivity. Soil Biology & Biochemistry.,
40(9), 2297-2308. https://doi.org/10.1016/j.s0ilbio.2008.05.007

Bilenky, M. T., Nair, A., McDaniel, M. D., Shaw, A. M., Bobeck, E. A., Delate, K. (2024).
Integrating pastured meat chickens into organic vegetable production increased nitrogen and microbial
biomass with variability in presence of E. coli and Salmonella spp. Renewable Agriculture and Food
Systems., 39. https://doi.org/10.1017/S1742170524000012

Blanco-Canqui H, Francis CA, Galusha TD (2017) Does organic farming accumulate carbon in
deeper soil profiles in the long term? Geoderma. 288:213-221. https://doi-
org/10.1016/j.geoderma.2016.10.031

12


https://doi.org/10.4025/actasciagron.v45i1.56158
https://doi.org/10.1080/01448765.2015.1133319
https://doi.org/10.1139/cjss-2018-0049
https://doi.org/10.1071/SR21098
https://doi.org/10.1038/s41598-017-14271-6
https://doi.org/10.1016/j.agee.2023.108474
https://doi.org/10.1016/j.agee.2012.06.006
https://doi.org/10.1016/j.soilbio.2008.05.007
https://doi.org/10.1017/S1742170524000012
https://doi-org/10.1016/j.geoderma.2016.10.031
https://doi-org/10.1016/j.geoderma.2016.10.031

Canadian Organic Growers
Cultivons Biologique Canada

Boiteau, G., Goyer, C., Rees, H. W., Zebarth, B. J. (2014). Differentiation of potato ecosystems
on the basis of relationships among physical, chemical and biological soil parameters. Canadian
Journal of Soil Science, 94(4), 463—476. https://doi.org/10.4141/CJSS2013-095

Braman, S., Tenuta, M., & Entz, M. (2016). Selected soil biological parameters measured in
the 19th year of a long term organic-conventional comparison study in Canada. Agriculture,
Ecosystems & Environment, 233, 343-351. https://doi.org/10.1016/|.agee.2016.09.035

Brunori, E., Farina, R., & Biasi, R. (2016). Sustainable viticulture: The carbon-sink function of
the vineyard agro-ecosystem. Agriculture, Ecosystems & Environment, 223, 10-21.
https://doi.org/10.1016/j.agee.2016.02.012

Bunemann, E.K., Bongiorno, G., Bai, Z., Creamer, R.E., De Deyn, G., de Goede, R., ...
Brussard, L. (2018). Soil quality — A critical review. Soil Biology and Biochemistry 120, 105-125.
https://doi.org/10.1016/j.s0ilbio.2018.01.030.

Campanelli, G., Canali, S. (2012). Crop Production and Environmental Effects in Conventional
and Organic Vegetable Farming Systems: The Case of a Long-Term Experiment in Mediterranean
Conditions (Central Italy). Journal of Sustainable Agriculture., 36(6), 599—619.
https://doi.org/10.1080/10440046.2011.646351

Chirinda N, Olesen JE, Porter JR, Schjgnning P (2010) Soil properties, crop production and
greenhouse gas emissions from organic and inorganic fertilizer-based arable cropping systems.
Agriculture, Ecosystems & Environment 139:584-594. https://doi-org/10.1016/j.agee.2010.10.001

Coll, P., Le Cadre, E., Blanchart, E., Hinsinger, P., Villenave, C. (2011). Organic viticulture and
soil quality: A long-term study in Southern France. Applied Soil Ecology, 50(1), 37—44.
https://doi.org/10.1016/j.apsoil.2011.07.013

Cranfield, J., Henson, S., Holliday, J. (2010). The motives, benefits, and problems of
conversion to organic production. Agriculture and Human Values., 27(3), 291-306.
https://doi.org/10.1007/s10460-009-9222-9

Crystal-Ornelas, R., Thapa, R., & Tully, K. L. (2021). Soil organic carbon is affected by organic
amendments, conservation tillage, and cover cropping in organic farming systems: A meta-analysis.
Agriculture, Ecosystems & Environment, 312. https://doi.org/10.1016/j.agee.2021.107356

Daelemans, R., Hulsmans, E., Honnay, O. (2022). Both organic and integrated pest
management of apple orchards maintain soil health as compared to a semi-natural reference system.
Journal of Environmental Management, 303. https://doi.org/10.1016/].jenvman.2021.114191

Delate, K., Cambardella, C., Chase, C., Johanns, A., Turnbull, R. (2013). The Long-Term
Agroecological Research (LTAR) experiment supports organic yields, soil quality, and economic
performance in lowa. Crop Manage. https://doi.org/10.1094/CM-2013-0429-02-RS.

Evans, R., Lawley, Y., Entz, M. (2016). Fall-seeded cereal cover crops differ in ability to
facilitate low-till organic bean (Phaseolus vulgaris) production in a short-season growing environment.
Field Crops Research., 191, 91-100. https://doi.org/10.1016/j.fcr.2016.02.020

Fraser, T. D., Lynch, D. H., O’Halloran, I. P., Voroney, R. P., Entz, M. H., Dunfield, K. E.,
Lupwayi, N. (2019). Soil phosphorus bioavailability as influenced by long-term management and
applied phosphorus source. Canadian Journal of Soil Science., 99(3), 292-304.
https://doi.org/10.1139/cjss-2018-0075

Garcia-Palacios, P., Gattinger, A., Bracht-Jgrgensen, H., Brussaard, L., Carvalho, F., Castro,
H., Clément, J., De Deyn, G., D\'Hertefeldt, T., Foulquier, A., Hedlund, K., Lavorel, S., Legay, N., Lori,
M., Mader, P., Martinez-Garcia, L. B., Martins da Silva, P., Muller, A., Nascimento, E., Reis, F. (2018).
Crop traits drive soil carbon sequestration under organic farming. The Journal of Applied Ecology.,
55(5), 2496—-2505. https://doi.org/10.1111/1365-2664.13113

Gattinger, A., Muller, A., Haeni, M., Skinner, C., Fliessbach, A., Buchmann, N., Mader, P.,
Stolze, M., Smith, P., Scialabba, N. E.-H., Niggli, U. (2012). Enhanced top soil carbon stocks under

13


https://doi.org/10.4141/CJSS2013-095
https://doi.org/10.1016/j.agee.2016.09.035
https://doi.org/10.1016/j.agee.2016.02.012
https://doi.org/10.1016/j.soilbio.2018.01.030
https://doi.org/10.1080/10440046.2011.646351
https://doi-org/10.1016/j.agee.2010.10.001
https://doi.org/10.1016/j.apsoil.2011.07.013
https://doi.org/10.1007/s10460-009-9222-9
https://doi.org/10.1016/j.agee.2021.107356
https://doi.org/10.1016/j.jenvman.2021.114191
https://doi.org/10.1094/CM-2013-0429-02-RS
https://doi.org/10.1016/j.fcr.2016.02.020
https://doi.org/10.1139/cjss-2018-0075
https://doi.org/10.1111/1365-2664.13113

Canadian Organic Growers
Cultivons Biologique Canada

organic farming. Proceedings of the National Academy of Sciences of the United States of America.,
109(44), 18226—18231. https://doi.org/10.1073/pnas.1209429109

Glover, J., Reganold, J., Andrews, P. (2000). Systematic method for rating soil quality of
conventional, organic, and integrated apple orchards in Washington State. Agriculture, Ecosystems &
Environment, 80(1-2), 29-45. https://doi.org/10.1016/S0167-8809(00)00131-6

Gomiero T, Pimentel D, Paoletti MG (2011) Environmental impact of different agricultural
management practices: conventional vs. organic agriculture. Crit Rev. Plant Sci 30:95-124. https://doi-
org/10.1080/07352689.2011.554355

Green, V. S., Cavigelli, M. A,, Dao, T. H., & Flanagan, D. C. (2005). SOIL PHYSICAL
PROPERTIES AND AGGREGATE-ASSOCIATED C, N, AND P DISTRIBUTIONS IN ORGANIC AND
CONVENTIONAL CROPPING SYSTEMS. Soil Science : An Interdisciplinary Approach to Soils
Research., 170(10), 822—831. https://doi.org/10.1097/01.5s.0000190509.18428.fe

Gutiérrez-Gamboa, G., Verdugo-Vasquez, N., & Diaz-Galvez, |. (2019). Influence of Type of
Management and Climatic Conditions on Productive Behavior, Oenological Potential, and Soil
Characteristics of a ‘Cabernet Sauvignon’ Vineyard. Agronomy., 9(2).
https://doi.org/10.3390/agronomy9020064

Halde, C., Bamford, K.C., Entz, M.H., 2015. Crop agronomic performance under a six-year
continuous organic no-till system and other tilled and conventionally-managed systems in the northern
Great Plains of Canada. Agriculture, Ecosystems & Environment 213, 121-130.
https://doi.org/10.1016/j.agee.2015.07.029

Halde,C., Gulden,R.H., and Entz,M.H. (2014). Selecting cover crop mulches for organic
rotational no-till systems in Manitoba, Canada. Agronomy Journal. 106: 1193-1204
https://doi.org/10.2134/agronj13.0402

Halde C, Gagné S, Charles A, Lawley Y. Organic No-Till Systems in Eastern Canada: A
Review. Agriculture. 2017; 7(4):36. https://doi.org/10.3390/agriculture7040036

Hargreaves, S. K., Dedong, P., Laing, K., McQuail, T., Van Eerd, L. L., Naeth, M. A. (2019).
Management sensitivity, repeatability, and consistency of interpretation of soil health indicators on
organic farms in southwestern Ontario. Canadian Journal of Soil Science., 99(4), 508-519.
https://doi.org/10.1139/cjss-2019-0062

Herencia, J., Pérez-Romero, L., Daza, A., Arroyo, F. (2021). Chemical and biological indicators
of soil quality in organic and conventional Japanese plum orchards. Biological Agriculture &
Horticulture an International Journal., 37(2), 71-90. https://doi.org/10.1080/01448765.2020.1842243

Hurisso, T. T., Culman, S. W., Horwath, W. R., Wade, J., Cass, D., Beniston, J. W., Bowles, T.
M., Grandy, A. S., Franzluebbers, A. J., Schipanski, M. E., Lucas, S. T., Ugarte, C. M. (2016).
Comparison of permanganate-oxidizable carbon and mineralizable carbon for assessment of organic
matter stabilization and mineralization. Soil Science Society of America Journal. 80, 1352—-1364. doi:
10.2136/sss2aj2016.04.0106

loannidou, S. C., Litskas, V. D., Stavrinides, M. C., Vogiatzakis, |. N. (2022). Linking
management practices and soil properties to Ecosystem Services in Mediterranean mixed orchards.
Ecosystem Services., 53. https://doi.org/10.1016/j.ecoser.2021.101378

Krauss, M., Wiesmeier, M., Don, A., Cuperus, F., Gattinger, A., Gruber, S., Haagsma, W.,
Peigné, J., Palazzoli, M. C., Schulz, F., van der Heijden, M., Vincent-Caboud, L., Wittwer, R., Zikeli,
S., Steffens, M. (2022). Reduced tillage in organic farming affects soil organic carbon stocks in
temperate Europe. Soil & Tillage Research., 216. https://doi.org/10.1016/j.still.2021.105262

Kauer, K., Tein, B., Sanchez de Cima, D., Talgre, L., Eremeev, V., Loit, E., Luik, A. (2015). Soil
carbon dynamics estimation and dependence on farming system in a temperate climate. Soil & Tillage
Research., 154, 53—63. https://doi.org/10.1016/].still.2015.06.010

14


https://doi.org/10.1073/pnas.1209429109
https://doi.org/10.1016/S0167-8809(00)00131-6
https://doi-org/10.1080/07352689.2011.554355
https://doi-org/10.1080/07352689.2011.554355
https://doi.org/10.1097/01.ss.0000190509.18428.fe
https://doi.org/10.3390/agronomy9020064
https://doi.org/10.1016/j.agee.2015.07.029
https://doi.org/10.2134/agronj13.0402
https://doi.org/10.3390/agriculture7040036
https://doi.org/10.1139/cjss-2019-0062
https://doi.org/10.1080/01448765.2020.1842243
https://doi.org/10.1016/j.ecoser.2021.101378
https://doi.org/10.1016/j.still.2021.105262
https://doi.org/10.1016/j.still.2015.06.010

Canadian Organic Growers
Cultivons Biologique Canada

Kaufman, M. M., Steffen, J. M., Yates, K. L. (2020). Sustainability of soil organic matter at
organic mixed vegetable farms in Michigan, USA. Organic Agriculture., 10(4), 487—496.
https://doi.org/10.1007/s13165-020-00310-6

Lavergne S, Vanasse A, Thivierge M-N, Halde C. (2021). Nitrogen content of pea-based cover
crop mixtures and subsequent organic corn yield. Agronomy Journal. 1-16.
https://doi.org/10.1002/agj2.20727

Lori, M., Hartmann, M., Kundel, D., Mayer, J., Mueller, R. C., Mader, P., Krause, H.-M. (2023).
Soil microbial communities are sensitive to differences in fertilization intensity in organic and
conventional farming systems. FEMS Microbiology Ecology., 99(6).
https://doi.org/10.1093/femsec/fiad046

Lotter DW, Seidel R, Liebhardt W (2003) The performance of organic and conventional
cropping systems in an extreme climate year. American Journal of Alternative Agriculture 18:146—-154.
https://doi-org /10.1079/ajaa200345

Lynch, D. H. (2022). Soil Health and Biodiversity Is Driven by Intensity of Organic Farming in
Canada. Frontiers in Sustainable Food Systems, 6. https://doi.org/10.3389/fsufs.2022.826486

Malhi, S. S., Brandt, S. A., Lemke, R., Moulin, A. P., Zentner, R. P. (2009). Effects of input
level and crop diversity on soil nitrate-N, extractable P, aggregation, organic C and N, and nutrient
balance in the Canadian Prairie. Nutrient Cycling in Agroecosystems, 84(1), 1-22.
https://doi.org/10.1007/s10705-008-9220-0

Mann, C., Lynch, D. H., Dukeshire, S., Mills, A. (2021). Farmers’ perspectives on soil health in
Maritime Canada. Agroecology and Sustainable Food Systems., 45(5), 673—-688.
https://doi.org/10.1080/21683565.2020.1866143

Marshall, C.B., and Lynch, D.H. (2018). No-till green manure termination influences soll
organic carbon distribution and dynamics. Agron. J. 110: 1-9.
https://doi.org/10.2134/agronj2018.01.0063

Marshall, C.B., and Lynch, D.H. (2020). Soil microbial and macrofauna dynamics under
different green manure termination methods. Applied Soil Ecology. 148: 103505.
https://doi.org/10.1016/j.apsoil.2020.103505

Mayer, M., Krause, H.-M., Fliessbach, A., Mader, P., Steffens, M. (2022). Fertilizer quality and
labile soil organic matter fractions are vital for organic carbon sequestration in temperate arable soils
within a long-term trial in Switzerland. Geoderma., 426.
https://doi.org/10.1016/j.geoderma.2022.116080

McNeil, M. O., Lynch, D. H., Alam, M. Z., Mills, A., Marshall, C. B. (2023). Impact of green
manure and weeds on selected soil health indicators in an organic grain cropping system in Nova
Scotia. Canadian Journal of Plant Science., 103(5), 507-511. https://doi.org/10.1139/cjps-2023-0004

Meissner, G., Athmann, M. E., Fritz, J., Kauer, R., Stoll, M., Schultz, H. R. (2019). Conversion
to organic and biodynamic viticultural practices: impact on soil, grapevine development and grape
quality. OENO One., 53(4), 639-659. https://doi.org/10.20870/0eno-one.2019.53.4.2470

Mondelaers K, Aertsens J, Van Huylenbroeck G (2009) A meta-analysis of the differences in
environmental impacts between organic and conventional farming. British Food Journal. 111:1098—
1119. https://doi-org/10.1108/00070700910992925

Nelson, K., Lynch, D., Boiteau, G. (2009). Assessment of changes in soil health throughout
organic potato rotation sequences. Agriculture, Ecosystems & Environment, 131(3—4), 220-228.
https://doi.org/10.1016/j.agee.2009.01.014

Nesbitt, J. E., Adl, S. M. (2014). Differences in soil quality indicators between organic and
sustainably managed potato fields in Eastern Canada. Ecological Indicators., 37(PART A), 119-130.
https://doi.org/10.1016/j.ecolind.2013.10.002

15


https://doi.org/10.1007/s13165-020-00310-6
https://doi.org/10.1002/agj2.20727
https://doi.org/10.1093/femsec/fiad046
https://doi.org/10.3389/fsufs.2022.826486
https://doi.org/10.1007/s10705-008-9220-0
https://doi.org/10.1080/21683565.2020.1866143
https://doi.org/10.2134/agronj2018.01.0063
https://doi.org/10.1016/j.apsoil.2020.103505
https://doi.org/10.1016/j.geoderma.2022.116080
https://doi.org/10.1139/cjps-2023-0004
https://doi.org/10.20870/oeno-one.2019.53.4.2470
https://doi-org/10.1108/00070700910992925
https://doi.org/10.1016/j.agee.2009.01.014
https://doi.org/10.1016/j.ecolind.2013.10.002

Canadian Organic Growers
Cultivons Biologique Canada

Norgaard, A. E., Lewis, D., Borden, K. A., Krzic, M., Carrillo, J., Smukler, S. M. (2022). Trade-
offs in organic nutrient management strategies across mixed vegetable farms in Southwest British
Columbia. Frontiers in Sustainable Food Systems, 6. https://doi.org/10.3389/fsufs.2022.70627 1

Norris, C. E., Bean, G. M., Cappellazzi, S. B., Cope, M., Greub, K. L., Liptzin, D., Rieke, E. L.,
Tracy, P. W., Morgan, C. L., Honeycutt, C. W. (2020). Introducing the North American project to
evaluate soil health measurements. Agronomy Journal., 112(4), 3195-3215.
https://doi.org/10.1002/agj2.20234

Orpet, R.J., Jones, V.P., Beers, E.H., Reganold, J.P., Goldberger, J.R., Crowder, D.W. (2020).
Perceptions and outcomes of conventional vs. organic apple orchard management. Agriculture,
Ecosystems & Environment 289, 106723. https://doi.org/10.1016/j.agee.2019.106723

Okur, N., Kayikcioglu, H., Ates, F., Yagmur, B. (2016). A comparison of soil quality and yield
parameters under organic and conventional vineyard systems in Mediterranean conditions (West
Turkey). Biological Agriculture & Horticulture an International Journal., 32(2), 73—-84.
https://doi.org/10.1080/01448765.2015.1033645

Omondi, E. C., Wagner, M., Mukherjee, A., Nichols, K. (2022). Long-term organic and
conventional farming effects on nutrient density of oats. Renewable Agriculture and Food Systems.,
37(2), 113-127. https://doi.org/10.1017/S1742170521000387

Pogue, S. J., Krobel, R., Janzen, H. H., Beauchemin, K. A., Legesse, G., de Souza, D. M.,
Iravani, M., Selin, C., Byrne, J., & McAllister, T. A. (2018). Beef production and ecosystem services in
Canada’s prairie provinces: A review. Agricultural Systems, 166, 152—-172.
https://doi.org/10.1016/j.agsy.2018.06.011

Pritchett, K., Kennedy, A. C., Cogger, C. G. (2011). Management Effects on Soil Quality in
Organic Vegetable Systems in Western Washington. Soil Science Society of America Journal., 75(2),
605-615. https://doi.org/10.2136/sssaj2009.0294

Probst, B., Schiler, C., Joergensen, R. G. (2008). Vineyard soils under organic and
conventional management—microbial biomass and activity indices and their relation to soil chemical
properties. Biology and Fertility of Soils, 44(3), 443—-450. https://doi.org/10.1007/s00374-007-0225-7

Rakkar, M. K., & Blanco-Canqui, H. (2018). Grazing of crop residues: Impacts on soils and
crop production. Agriculture, Ecosystems & Environment, 258, 71-90.
https://doi.org/10.1016/j.agee.2017.11.018

Reganold, J. P., Andrews, P. K., Reeve, J. R., Carpenter-Boggs, L., Schadt, C. W., Alldredge,
J.R., Ross, C. F., Davies, N. M., Zhou, J., EI-Shemy, H. A. (2010) Fruit and Soil Quality of Organic
and Conventional Strawberry Agroecosystems. PLOS ONE 5(9): €12346.
https://doi.org/10.1371/journal.pone.0012346

Sharifi, M., Lynch, D. H., Hammermeister, A., Burton, D. L., Messiga, A. J. (2014). Effect of
green manure and supplemental fertility amendments on selected soil quality parameters in an organic
potato rotation in Eastern Canada. Nutrient Cycling in Agroecosystems, 100(2), 135-146. https://doi-
org./10.1007/s10705-014-9633-x

Rodale institute (2021). Farming Systems Trial. 40-year Report. https://rodaleinstitute.org/wp-
content/uploads/FST_40YearReport Rodalelnstitute-1.pdf

Rui, Y., Jackson, R. D., Cotrufo, M. F., Sanford, G. R., Spiesman, B. J., Deiss, L., Culman, S.
W., Liang, C., Ruark, M. D. (2022). Persistent soil carbon enhanced in Mollisols by well-managed
grasslands but not annual grain or dairy forage cropping systems. Proceedings of the National
Academy of Sciences of the United States of America., 119(7).
https://doi.org/10.1073/pnas.2118931119

Schulz, F., Brock, C., Schmidt, H., Franz, K.-P., Leithold, G. (2014). Development of soil
organic matter stocks under different farm types and tillage systems in the Organic Arable Farming

16


https://doi.org/10.3389/fsufs.2022.706271
https://doi.org/10.1002/agj2.20234
https://doi.org/10.1016/j.agee.2019.106723
https://doi.org/10.1080/01448765.2015.1033645
https://doi.org/10.1017/S1742170521000387
https://doi.org/10.1016/j.agsy.2018.06.011
https://doi.org/10.2136/sssaj2009.0294
https://doi.org/10.1007/s00374-007-0225-7
https://doi.org/10.1016/j.agee.2017.11.018
https://doi.org/10.1371/journal.pone.0012346
https://doi-org./10.1007/s10705-014-9633-x
https://doi-org./10.1007/s10705-014-9633-x
https://rodaleinstitute.org/wp-content/uploads/FST_40YearReport_RodaleInstitute-1.pdf
https://rodaleinstitute.org/wp-content/uploads/FST_40YearReport_RodaleInstitute-1.pdf
https://doi.org/10.1073/pnas.2118931119

Canadian Organic Growers
Cultivons Biologique Canada

Experiment Gladbacherhof. Archives of Agronomy and Soil Science, 60(3), 313-326.
https://doi.org/10.1080/03650340.2013.794935

Simona, C., Nicola, F., Micol, M., Rodriguez Carmen, M., Raffaella, M., Daniele, P., Andrea,
V., Roberto, Z. (2024). A multi-indicator approach to compare the sustainability of organic vs.
integrated management of grape production. Ecological Indicators., 158.
https://doi.org/10.1016/j.ecolind.2023.111297

Smith, P., Powlson, D. S., & Schlesinger, W. H. (2000). Considering Manure and Carbon
Sequestration. Science, 287(5452), 428—-429. http://www.jstor.org/stable/3074420

Spargo, J. T., Cavigelli, M. A., Mirsky, S. B., Maul, J. E., Meisinger, J. J. (2011). Mineralizable
soil nitrogen and labile soil organic matter in diverse long-term cropping systems. Nutrient Cycling in
Agroecosystems, 90(2), 253—266. https://doi.org/10.1007/s10705-011-9426-4

Spargo, J. T., Cavigelli, M. A., Mirsky, S. B., Meisinger, J. J., Ackroyd, V. J. (2016). Organic
Supplemental Nitrogen Sources for Field Corn Production after a Hairy Vetch Cover Crop. Agronomy
Journal., 108(5), 1992-2002. https://doi.org/10.2134/agronj2015.0485

Sprunger, C. D., Culman, S. W., Deiss, L., Brock, C., Jackson-Smith, D. (2021). Which
management practices influence soil health in Midwest organic corn systems? Agronomy Journal.,
113(5), 4201—4219. https://doi.org/10.1002/agj2.20786

Stainsby, A., Entz, M. H., Naeth, M. A. (2022). Aggregate stability after 25 years of organic,
conventional, and grassland management. Canadian Journal of Soil Science., 102(2), 519-530.
https://doi.org/10.1139/cjss-2021-0104

Steinmetz, Z., Kenngott, K. G. J., Azeroual, M., Schéfer, R. B., Schaumann, G. E. (2017).
Fractionation of copper and uranium in organic and conventional vineyard soils and adjacent stream
sediments studied by sequential extraction. Journal of Soils and Sediments : JSS., 17(4), 1092—1100.
https://doi.org/10.1007/s11368-016-1623-y

Teasdale, J. R., Coffman, C. B., Mangum, R. W. (2007). Potential Long-Term Benefits of No-
Tillage and Organic Cropping Systems for Grain Production and Soil Improvement. Agronomy
Journal., 99(5), 1297—-1305. https://doi.org/10.2134/agronj2006.0362

Thiessen Martens, J. R., Lynch, D. H., Entz, M. H., Willenborg, C. (2019). A survey of green
manure productivity on dryland organic grain farms in the eastern prairie region of Canada. Canadian
Journal of Plant Science., 99(5), 772—776. https://doi.org/10.1139/cjps-2018-0311

Torstensson G., Aronsson H., Bergstrom L. (2006). Nutrient use efficiencies and leaching of
organic and conventional cropping systems in Sweden. Agronomy Journal. 98:603-613. https://doi-
org/10.2134/agronj2005.0224

Tuomisto H. L., Hodge I. D., Riordan P, Macdonald D. W. (2012). Does organic farming reduce
environmental impacts?—a meta-analysis of European research. . Journal of Environmental
Management, 112:309-320. https://doi-org/10.1016/j.jenvman.2012.08.018

Tully, K.L., McAskill, C. (2020). Promoting soil health in organically managed systems: a
review. Org. Agr. 10, 339-358. https://doi-org/10.1007/s13165-019-00275-1

Unc, A., Eshel, G., Unc, G. A, Doniger, T., Sherman, C., Leikin, M., Steinberger, Y. (2021).
Vineyard soil microbial community under conventional, sustainable and organic management practices
in a Mediterranean climate. Soil Research., 59(3), 253—-265. https://doi.org/10.1071/SR20152

Van Geel, M., Verbruggen, E., De Beenhouwer, M., van Rennes, G., Lievens, B., Honnay, O.
(2017). High soil phosphorus levels overrule the potential benefits of organic farming on arbuscular
mycorrhizal diversity in northern vineyards. Agriculture, Ecosystems & Environment, 248, 144—-152.
https://doi.org/10.1016/j.agee.2017.07.017

Vavoulidou, E., Avramides, E., Dimirkou, A., Papadopoulos, P. (2006). Influence of Different
Cultivation Practices on the Properties of Volcanic Soils on Santorini Island, Greece. Communications

17


https://doi.org/10.1080/03650340.2013.794935
https://doi.org/10.1016/j.ecolind.2023.111297
http://www.jstor.org/stable/3074420
https://doi.org/10.1007/s10705-011-9426-4
https://doi.org/10.2134/agronj2015.0485
https://doi.org/10.1002/agj2.20786
https://doi.org/10.1139/cjss-2021-0104
https://doi.org/10.1007/s11368-016-1623-y
https://doi.org/10.2134/agronj2006.0362
https://doi.org/10.1139/cjps-2018-0311
https://doi-org/10.2134/agronj2005.0224
https://doi-org/10.2134/agronj2005.0224
https://doi-org/10.1016/j.jenvman.2012.08.018
https://doi-org/10.1007/s13165-019-00275-1
https://doi.org/10.1071/SR20152
https://doi.org/10.1016/j.agee.2017.07.017

Canadian Organic Growers
Cultivons Biologique Canada

in Soil Science and Plant Analysis., 37(15-20), 2857-2866.
https://doi.org/10.1080/00103620600832837

Wachter, J. M., Painter, K. M., Carpenter-Boggs, L. A., Huggins, D. R., Reganold, J. P. (2019).
Productivity, economic performance, and soil quality of conventional, mixed, and organic dryland
farming systems in eastern Washington State. Agriculture, Ecosystems & Environment, 286.
https://doi.org/10.1016/j.agee.2019.106665

Wander, M. M., Yun, W., Goldstein, W. A., Aref, S., & Khan, S. A. (2007). Organic N and
particulate organic matter fractions in organic and conventional farming systems with a history of
manure application. Plant and Soil., 291(1-2), 311-321. https://doi.org/10.1007/s11104-007-9198-4

Welsh, C., Tenuta, M., Flaten, D.N., Thiessen-Martens, J.R. Entz, M.H. (2009). High Yielding
Organic Crop Management Decreases Plant-Available but Not Recalcitrant Soil Phosphorus. Agron.
Journal, 101: 1027-1035. https://doi-org/10.2134/agronj2009.0043

Wheeler, S., Crisp, P. (2011). Going organic in viticulture: a case-study comparison in Clare
Valley, South Australia. Australasian Journal of Environmental Management., 18(3), 182—-198.
https://doi.org/10.1080/14486563.2011.583206

Wortman S. E., Galusha T. D., Mason S. C., Francis C. A. (2011). Soil fertility and crop yields
in long-term organic and conventional cropping systems in Eastern Nebraska. Renewable Agriculture
and Food Systems, 27:200-216. https://doi-org/10.1017/S1742170511000317

Zani, C. F., Gowing, J., Abbott, G. D., Taylor, J. A., Lopez-Capel, E., Cooper, J. (2021). Grazed
temporary grass-clover leys in crop rotations can have a positive impact on soil quality under both
conventional and organic agricultural systems. European Journal of Soil Science., 72(4), 1513—-1529.
https://doi.org/10.1111/ejss.13002

18


https://doi.org/10.1080/00103620600832837
https://doi.org/10.1016/j.agee.2019.106665
https://doi.org/10.1007/s11104-007-9198-4
https://doi-org/10.2134/agronj2009.0043
https://doi.org/10.1080/14486563.2011.583206
https://doi-org/10.1017/S1742170511000317
https://doi.org/10.1111/ejss.13002

