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Cover cropping is increasingly promoted as a tool for enhancing sustainability and resilience in horticultural
systems. This review synthesises the outcomes of 79 studies on cover cropping in temperate European horti-
culture, focusing on agronomic and ecological impacts. The evidence demonstrates that cover crops can improve
yield and quality, enhance soil health indicators, increase nutrient density in follow on cash crops, suppress
weeds, reduce synthetic chemical inputs, and improve nitrogen (N) availability. Tomato, cabbage, pepper,
courgette, lettuce, baby leaf, and onion were the most frequently studied crops, with positive outcomes most
consistently reported in yield, soil health, and nutrient density. However, outcomes were highly context-
dependent, with negative effects, such as reduced yield, lower quality, increased weed pressure, or decreased
N availability, occurring regularly. Conflicting results were influenced by species, composition, sowing dates,
termination methods, crop type, and local agroecological conditions. For instance, legume cover crops increased
N availability for some crops but led to N immobilisation or competition in others. Termination strategies also
affected subsequent crop performance and soil health indicators. Farmer adoption remains limited, driven by
perceived risks, management complexity, and knowledge gaps. Few studies examined ecological outcomes,
multi-cropping strategies, or nutritional benefits, highlighting priorities for future research. This review dem-
onstrates that cover cropping can be an important component of wider regenerative practices in horticulture, but
success requires careful, site-specific management, iterative testing, and monitoring. Strategic integration of
cover crops, informed by species selection, sowing and termination timing, and crop priorities, is essential to
maximise benefits while minimising trade-offs.

1. Introduction and Rivera-Ferre, 2021; Merino, 2020; Valenzuela, 2016).

Regenerative agriculture is increasingly defined as a principles based

In Europe, the frequency and intensity of droughts and heatwaves are
projected to increase, with associated impacts on land degradation and
food insecurity (Reidsma et al., 2010; Medina et al., 2017; Hermans and
McLeman, 2021). Climate change is also expected to exacerbate soil
erosion through more frequent and intense storm events (Baxter et al.,
2013; IPCC, 2022; Routschek et al., 2014).

Agriculture contributes nearly one-quarter of global anthropogenic
greenhouse gas (GHG) emissions, driven by fertiliser use, agrochemical
application, monoculture cropping, and intensive tillage. These prac-
tices reduce ecosystem services, undermine ecological functions essen-
tial for production, and limit the regenerative capacity of soils (Houser
and Stuart, 2020; McLennon et al., 2021; Schwarz et al., 2022).
Collectively, these practices result in production systems that are un-
sustainable and exhibit low climate resilience i.e. have limited capacity
to absorb or recover from disturbances under climate change (Anderson
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approach aimed at restoring soil health, enhancing biodiversity,
improving ecosystem services, and increasing agroecosystem resilience
while maintaining productivity. Core principles commonly associated
with regenerative agriculture include minimising soil disturbance,
maintaining living roots, increasing diversity, protecting soil cover, and
adapting practices to site specific ecological conditions (Newton et al.,
2020). Within this framework, cover crops contribute to regenerative
outcomes by supporting multiple principles simultaneously, although
such outcomes depend strongly on context and management.

Previous studies have proved how these regenerative agricultural
practices, including minimal tillage, cover cropping, mob grazing, and
diverse crop rotations, improve soil health, enhance biodiversity,
maintain yields, reduce GHG emissions, and increase system resilience,
although precise benefits are context specific (Sherwood and Uphoff,
2000; Rhodes, 2017). Support for regenerative agriculture is growing
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among researchers, policy makers, and practitioners as a strategy to
mitigate land degradation, reduce climate impacts, and strengthen food
security (Ingram, 2008; Montgomery, 2017; Defra, 2021). The princi-
ples most associated with regenerative agriculture include protecting
the soil surface from erosive rainfall, maintaining living roots, mini-
mising soil disturbance, increasing agricultural diversity, integrating
livestock, and recognising site-specific context (Cherry, 2020; Ritz,
2021; Khangura et al., 2023; Cusworth and Garnett, 2023).

Cover crops are widely considered central to regenerative agriculture
(LaCanne and Lundgren, 2018; Giller et al., 2021; Cusworth and Gar-
nett, 2023; Khangura et al., 2023). Their use in horticultural systems
addresses three core principles: protecting the soil surface from erosive
rainfall, maintaining living roots, and minimising soil disturbance, often
achieved in association with reduced tillage (Wortman et al., 2012;
Chapagain et al.,, 2020; Nordblom et al., 2023). Cover crops, also
referred to as living mulches, green manures, catch crops, or agroeco-
logical service crops, are grown outside the main cash crop cycle and can
be annual or biennial, either as single species or mixtures (Abdalla et al.,
2019). They can provide multiple agronomic and environmental bene-
fits, including improvement of soil structure, enhanced nutrient cycling,
suppression of weeds and pests, and increased system biodiversity
(Wortman et al., 2012; Chapagain et al., 2020; Nordblom et al., 2023).
In addition, cover crops can reduce nitrate leaching, improve water
infiltration, and contribute to soil carbon (C) sequestration, supporting
both productivity and environmental sustainability.

Cover crops can also remediate compacted soils by creating biopores
through a bio-drilling effect, which has been shown to increase yields of
subsequent cash crops (Seymour et al., 2012). Plant roots contribute to
soil structure directly by penetrating and displacing soil and depositing
adhesive compounds, and indirectly by providing energy and nutrient
sources that support soil biota. These processes enhance soil aggregation
and macro porosity. Additionally, the canopies, stems, and root systems
of cover crops reduce soil erosion. Consequently, cover crops are a key
component of regenerative horticultural systems. Termination methods
include grazing, incorporation via tillage, roller-crimping, flail mowing,
or herbicide application (Bergtold et al., 2017), while living mulches are
maintained as a continuous ground cover alongside the cash crop
(Nakamoto and Tsukamoto, 2006; Westbrook et al., 2021). Cover crops
are typically classified as grasses, brassicas, legumes, or small cereals
(Singer et al., 2007; Abdalla et al., 2019). The use of diverse cover crop
mixtures is debated: while monocultures may not deliver multiple
benefits, some studies suggest mixtures may not consistently achieve
specific functional outcomes (MacLaren et al., 2019; Chapagain et al.,
2020; Saleem et al., 2020; Florence & McGuire, 2020). More broadly,
cover crops can be associated with yield trade-offs, for example in a
study on organic kale following different cover crops, yield (leaf
biomass) varied widely: when preceded by perennial ryegrass the kale
yield reached ~ 42.8 t ha™!, but when preceded by a winter-pea cover
crop, it dropped to ~ 16.2 t ha™! (Thavarajah et al., 2019). Employing
cover crops can also increase costs and labour for seed, planting and
termination (Thavarajah et al., 2019; MacLaren et al., 2019).

Horticultural systems face additional challenges from climate
change, necessitating adoption of strategies that mitigate ecological
pressures. Practices such as excessive N fertiliser application, pesticide
misuse, intensive irrigation, and poor waste management contribute to
environmental degradation and threaten food security through denitri-
fication, soil erosion, ground and surface water contamination, biodi-
versity loss, elevated GHG emissions, emergence of new plant virus
strains, and increased nitrate concentrations in crops (Bourn and
Prescott, 2002; Castro et al., 2019; Aznar-Sanchez et al.,, 2020;
Sakrabani et al., 2023). These impacts are particularly pronounced in
light-textured soils, which are more prone to compaction, leaching, and
erosion, especially under intensive tillage, destoning, and repeated
mechanical disturbance (Rickson, 2015). Light-textured soils are well
suited for horticultural crops; however, intensive tillage operations
reduce aggregate stability, promote surface sealing and crust formation,
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and can substantially decrease seed emergence, infiltration, and increase
runoff and erosion risk. Growing cover crops in rotation as part of a
regenerative approach may reduce erosion risk.

This paper addresses the research question: Do cover crops in hor-
ticultural systems support regenerative outcomes, and should their
adoption be promoted to improve soil health, restore ecosystem ser-
vices, enhance biodiversity, and support food security? The study aims
to achieve regenerative outcomes by evaluating the effects of cover
cropping in horticulture and identifying the agronomic and ecological
factors involved. Current research on regenerative agriculture has
largely focused on arable and livestock systems, with horticultural
production primarily examined through agroecology and permaculture
frameworks (Hathaway, 2016; Newton et al., 2020; Muhie, 2022). There
is a clear need to include horticultural systems in regenerative agricul-
ture research, as all production sectors face challenges from climate
change, ecosystem degradation, and food security pressures (Webb
et al.,, 2017; Medina et al., 2017; Schwarz et al., 2022). This study
contributes by providing evidence-based recommendations on the suit-
ability of cover cropping for horticultural systems in the context of
relevant crops for European agriculture specifically, but with findings
that are widely applicable to global agricultural systems. Ultimately, this
study seeks to assess whether regenerative agriculture can deliver the
comprehensive benefits often claimed by its proponents. Specifically,
the objectives of this study are: i) to evaluate the agronomic and
ecological outcomes associated with cover cropping in European horti-
cultural systems; ii) to identify the agroecological and management
factors driving positive outcomes, trade-offs and conflicting results; and
iii) to assess under what conditions cover cropping may contribute to
regenerative horticultural goals and identify priorities for future
research.

2. Methodology
2.1. Study design

A Rapid Evidence Assessment was conducted to examine the use of
cover cropping in horticultural systems. The assessment followed sys-
tematic review principles in a streamlined format and was guided by the
standards of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement (Fig. 1; Sarkis-Onofre et al., 2021).
The review was completed in August 2023.

2.2. Search strategy

A structured search was carried out using the Scopus database to
identify relevant peer-reviewed literature. Search terms for peer-review
articles combined key concepts for cover cropping and horticultural
production: “cover crops”, “cover cropping”, “cover crop”, “living
mulches”, “living mulch”, “vegetables”, “horticulture”, “vegetable pro-
duction”. Keywords were linked using Boolean operators ‘OR’ and
‘AND’, and were searched within article titles, abstracts, keywords, and/
or topics. These words were selected as they are the usual terms used in
the scientific community. No date restrictions were applied. An initial
search revealed that no publications using the combined search terms
appeared before 1997, thus the review spanned approximately 25 years
of research. Detailed records were maintained throughout the review
process to document search results, exclusions, and methodological
decisions, ensuring transparency and reproducibility.

2.3. Eligibility criteria and scope

The geographical scope of the review was restricted to Europe. This
limitation ensured that all studies were conducted in temperate cli-
mates, allowing for fair comparison of impacts and effects and the
generation of regionally relevant agronomic recommendations for hor-
ticultural practitioners in a pan-European context (Fig. 1).
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Fig. 1. Approach taken to perform systematic review in to cover cropping in horticulture systems, directed by the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) Statement (adapted from Schreefl et al. 2020).

Studies were included if they:

e Reported empirical data on cover cropping or living mulches within
horticultural or vegetable production systems, and
e Were based within European countries.

Studies were excluded if they:

e Focused on non-European regions,

e Were grey literature, editorials, or conference papers,

e Were not directly related to cover cropping in horticultural systems,
or

e Were unavailable in full text.

While restricting the review to European studies reduced broad cli-
matic heterogeneity compared with a global synthesis, we recognise
considerable variation exists among Mediterranean, Atlantic, and con-
tinental systems. Because many primary studies did not report climatic
descriptors consistently, formal stratification by climatic zone was
beyond the scope of this review. Nevertheless, climate is recognised as
an important driver of context dependent outcomes and is considered in
interpretation of findings.

2.4. Screening and selection process

The initial Scopus search identified 161 articles. After screening titles
and abstracts, 48 articles were excluded because they were either un-
related to the subject matter or conducted outside the defined European
scope. A total of 113 articles were then assessed at the full-text screening
stage. Of these, a further 34 articles were excluded: 26 for being unre-
lated to the review topic, two for being based outside Europe, and six
because full texts were non-retrievable. Following this process, 79 peer-
reviewed articles met all inclusion criteria and were retained for detailed
analysis (Fig. 1).

All references and screening records were managed in a structured

database. Detailed notes were kept at each review stage to document
inclusion and exclusion decisions, allowing reassessment of excluded
studies if necessary and ensuring transparency in data handling.

3. Results

The reviewed studies revealed a range of both positive and negative
agronomic and ecological outcomes (Table 1). Among the cash crops
examined, tomato, cabbage, pepper, courgette, lettuce and baby leaf,
onion, carrot, and cauliflower were the most frequently studied. Positive
outcomes were most reported and included increased yield and quality,
reduced weed pressure, enhanced soil health indicators, decreased
reliance on synthetic inputs (e.g. mineral fertilisers, pesticides, herbi-
cides), improved N availability, higher nutrient density, reduced pest
and disease incidence, and greater soil C- sequestration. In contrast, the
most frequently cited negative outcomes were reductions in yield and
quality, increased weed pressure, and decreased N availability. The
prevalence of tomato-focused studies may reflect the geographic dis-
tribution of the research: 34 studies were conducted in Italy, globally
one of the largest tomato producing countries. This highlights a poten-
tial bias in the literature towards crops of regional economic impor-
tance, which may influence the generalisability of the results.

3.1. Agronomical and ecological outcomes

3.1.1. Yield and quality

The most frequently reported beneficial outcome of cover cropping
in horticultural systems was increased yield and quality, with 49 studies
reporting this effect across more than 80% of the crops reviewed. For
example, Lenzi et al. (2015) reported that courgette yields increased
from 7.9t ha™ to 9.2t ha™', and lettuce yields increased from 19.9 t
ha'to 23.7t ha’ following cover crop introduction. Similarly,
Radicetti et al. (2013) observed a significant increase in pepper yield
from 15.3 t ha™' on bare soil to 45.6 t ha™! when grown following a pure
strand of common vetch (Vicia sativa, variety not specified).



Table 1
Matrix of crop type and associated effect of cover cropping in horticultural production. No studies were identified that reported reduced carbon sequestration, increased synthetic inputs, increased levels of pests and
disease, decreased levels of beneficial insects, decreased soil health indicators, or declines in water management, and have therefore been omitted).

Increased Reduced Increased Reduced Increase Reduced Increased Reduced Increased Reduced Increased Improved Improved TOTALS
yield and yield and weed weed nitrogen nitrogen carbon inputs nutrient levels of levels of soil health water
quality quality burden burden availability availability sequestration (synthetic) density pests & beneficial indicators management
disease insects
Tomato 8 2 2 1 3 1 2 5 2 1 1 4 1 37
Cabbage 6 7 3 3 2 2 4 1 3 34
(savoy,
white,
red)
Pepper 5 3 5 2 1 2 4 1 4 30
(sweet)
Courgette 6 4 1 2 1 1 2 1 1 5 29
Lettuce & 3 2 3 1 2 3 1 1 1 5 26
baby leaf
Cauliflower 2 3 1 3 1 2 1 4 1 3 1 26
Carrot 3 2 1 1 2 1 1 2 13
Aubergine 2 1 1 1 1 2 9
Onion & 3 1 1 1 1 2 9
Shallot
Artichoke 1 1 1 2 2 7
Melon 1 1 1 2 5
Olive 1 1 1 1 1 5
Fennel 1 1 1 1 4
Leek 1 1 1 4
Beetroot 1 1 1 1 4
Endive & 1 1 1 4
root
chicory
French 1 1 1 3
beans
Kohlrabi 1 1 1 3
Kale & 1 1 1 3
collards
Potatoes 1 1 2
Celery 1 1 2
Celeriac 1 2
Hamburg 1 1
parsley
(root)
Broccoli 1
Turnip 1 1
TOTAL 49 31 8 24 16 7 10 29 10 10 5 37 3

‘D 12 20WS W
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Yield and quality responses were influenced by both biotic and
abiotic factors. Biotic factors included weed pressure (Radicetti et al.,
2013) and insect pressures (Ciaccia et al., 2019), while abiotic factors
included temperature extremes (Kumar, 2020) and drought conditions
(Morel and Cartau, 2023). The use of cover crops appears to mitigate
some of these stressors, which may drive farmer adoption of regenera-
tive agriculture practices.

Conversely, reductions in yield and quality were reported in 31 in-
stances across 60% of crops. Cabbage (Kristensen and
Thorup-Kristensen, 2007; Ubelhor et al., 2014; Pinto et al., 2016;
Antichi et al., 2019; Hefner et al., 2020b, 2022), courgette (Magagnoli
et al., 2018; Ciaccia et al., 2019; Di Bene et al., 2022), cauliflower
(Canali et al.,, 2015, 2016; Di Bene et al., 2022), and peppers
(Adamczewska-Sowinska et al., 2022; Campiglia et al., 2014; Persiani
et al., 2021) were the most frequently cited crops experiencing yield
reductions, in some cases up to 100%. In addition to yield responses,
several studies reported effects of cover cropping on crop quality char-
acteristics, although these outcomes were less consistently measured
than productivity metrics. Reported quality improvements included
increased nutrient density, enhanced mineral composition, improved
marketable quality and reductions in physiological or pest related
damage. For example, some studies observed improved nutrient con-
centrations in leafy vegetables and enhanced fruit quality in tomato
systems associated with improved nutrient cycling and soil function.
However, quality responses were highly variable and depended strongly
on crop type, cover crop species, management practices and environ-
mental conditions. In several cases, quality improvements occurred
alongside stable or reduced yields, highlighting the importance of
evaluating cover cropping beyond productivity alone.

Crucially, many studies did not provide detailed information on the
cover crop species, whether they were grown in monoculture or mix-
tures, or whether they were used as rotational crops versus companion
crops. Termination strategies were also not consistently reported. This
limits the ability to draw specific recommendations regarding which
cover crop strategies are most likely to increase yield or quality for
horticultural crops. There is therefore a clear need for more detailed
reporting and comparative studies, potentially summarised in a matrix
format (cover crop species/type x horticultural crop x outcome), to
guide practical cover cropping strategies (Table 1).

3.1.2. Soil health indicators

Improvement of soil health indicators was the second most
frequently reported beneficial outcome, with 37 studies reporting this
across 60% of the horticultural crops examined. Reported benefits
included increased soil microbial activity (Patkowska and Konopinski,
2013), improved soil structure (Adamczewska-Sowinska et al., 2022),
enhanced water retention (Diacono et al., 2021), increased fertility
(Ciaccia et al, 2019), reduced populations of soilborne pests
(Djian-Caporalino et al., 2019), improved soil pH
(Domagaia—éwiqtkiewicz and Siwek, 2022), reduced soil erosion (Stein
et al., 2022; Salata et al., 2022), increased soil organic matter (Deligios
et al., 2017; Domaga{a—éwiqtl<iewicz et al., 2019), and higher levels of
beneficial fungi and root interactions with mycorrhizal networks
(Trinchera et al., 2016; Patkowska et al., 2018).

For example, soil bulk density was reported to be 2.5% lower in
aubergine crops grown with a cover crop (white clover and perennial
ryegrass) compared  to those  without  cover  crops
(Adamczewska-Sowinska et al., 2022). Similarly, Steenwerth and Belina
(2008) observed a 1.4-fold increase in soil organic matter under a rye
cover crop system, though it was unclear whether this was grown as a
living mulch or prior to the horticultural crop. These gaps in reporting
highlight the need for more detailed contextual information.

3.1.3. Reduced chemical inputs
Cover cropping was reported to reduce the need for chemical inputs,
including mineral fertilisers, herbicides, and pesticides, in 29 studies
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covering 48% of crops examined. Examples include reduced N fertiliser
requirements (Campiglia et al., 2012, 2014; Galieni et al., 2017), lower
herbicide application (Tittarelli et al., 2018), and decreased pesticide
interventions (Magagnoli et al., 2018; Depalo et al., 2020). Reduced
chemical inputs are a common objective in regenerative systems, sug-
gesting that cover cropping can support more sustainable horticultural
practices. However, details of the cover crop species, monoculture
versus mix, and management strategy were often missing, limiting
practical guidance for growers.

3.1.4. Weed burden

Cover crops were associated with reduced weed pressure in 24
studies across 60% of crops evaluated. Some of these studies also re-
ported reduced chemical inputs (Tittarelli et al., 2018), while others
involved organic systems where chemical inputs were not applied (Lenzi
etal., 2015; Antichi et al., 2019; Sportelli et al., 2022). Weed control is a
key agronomic consideration, as practices to reduce weeds can some-
times negatively impact ecological factors (e.g. soil disturbance, biodi-
versity; Cai and Gu, 2016; Singh et al., 2017; Mia et al., 2020).

In contrast, increased weed burden was reported in eight studies
across 20% of crops, with lettuce showing the highest number of cases
(Mennan et al., 2006; Diacono et al., 2019; Antichi et al., 2019).
Increased weed pressure often correlated with reduced yields (Ciaccia
et al., 2016) and can influence farmer decisions regarding cover crop
adoption (Jiri et al., 2015; Table 1).

3.1.5. Nitrogen availability

Increased N availability (NOs™ and NHa4*) was reported in 16 studies
covering 44% of crops, notably in tomatoes (Campiglia et al., 2010;
Galieni et al., 2017; Diacono et al., 2021), peppers (Campiglia et al.,
2014; Persiani et al., 2021), and cabbages (Kristensen 2006; Hefner
et al.,, 2020b; Stein et al., 2022). Higher N availability was linked to
increased yield and quality and allowed reductions in synthetic N inputs
(Campiglia et al., 2014; Persiani et al., 2021; Galieni et al., 2017).

Reduced N availability was reported in seven instances across 20% of
crops, particularly in cabbage, pepper, and courgette (Ubelhor et al.,
2014; Persiani et al., 2021; Hefner et al., 2022). Causes included N
immobilisation from incorporated cover crops and competition with
living cover crops (Hiltbrunner et al., 2007; Antichi et al., 2019). These
findings underscore the importance of considering cover crop species,
growth method, and local soil conditions when managing N (Table 1).

3.1.6. Carbon sequestration

When reported, integration of cover crops was seen to increase C-
sequestration in 10 instances and across 28% of crops. This occurred
twice as often in tomato (Mancinelli et al., 2019; Domaga-
ta-Swiatkiewicz and Siwek, 2022), pepper (Mancinelli et al., 2019;
Persiani et al., 2021), and lettuce (D0n1agala—§wiqtkiewicz and Siwek,
2022; Diacono et al., 2019), compared to courgette (Mancinelli et al.,
2019), cauliflower (Diacono et al., 2019), artichoke (Deligios et al.,
2021) and French beans (Domagala—éwiqtkiewicz and Siwek, 2022).
Increased C-sequestration is seen as an important outcome in regener-
ative systems (Elevitch et al., 2018; Newton et al., 2020; Giller et al.,
2021; Cusworth and Garnett, 2023) and often highlighted as a benefit of
adopting regenerative agriculture, which can reduce the levels of syn-
thetic N required (Almaraz et al., 2021).

3.1.7. Pest and disease

Reduced levels of pests and disease were reported for crops grown
with cover crops in 10 instances and across 32% of the horticultural
crops covered in the literature review. This includes reduced levels of
root-knot nematodes (Collange et al., 2014; Djian-Caporalino et al.,
2019), reduced abundance of Sclerotinia sclerotiorum (Patkowska et al.,
2018), decreased aphid populations (Magagnoli et al., 2018) and the
reduced viability of Verticillium longisporum microsclerotia (Franca et al.,
2013). These pest and disease reductions were seen to improve yield and
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quality (Patkowska et al., 2018; Patkowska, 2021), improve soil health
indicators (Patkowska et al., 2018; Ciaccia et al., 2019) and reduce the
need for synthetic inputs (Magagnoli et al., 2018; Depalo et al., 2020).
The importance of reduced pest and disease levels are considered a
critical agronomic and ecological factor across horticultural production
and are seen as a major driving factor in farmer adoption (Euriga et al.,
2021).

3.2. Agroecological factors driving conflicting outcomes

The literature demonstrates multiple instances where the outcomes
of cover cropping vary widely depending on agroecological context.
Factors such as geographic location, climatic conditions, soil type, cover
crop species, and horticultural crop type all interact to influence yield,
nutrient availability, weed pressure, and pest suppression. For example,
Depalo et al. (2020) highlighted that cauliflower crops under the same
cover crop management showed contrasting outcomes between
Denmark and Italy: aphid numbers were reduced in Denmark but
increased in Italy. Similarly, (Xie and Kristensen, 2016) reported that N
uptake in cauliflower decreased in Denmark under cover cropping but
increased in Italy under the same cover crop system. These discrepancies
underscore the importance of local environmental conditions in deter-
mining the efficacy of cover cropping strategies.

Crop-specific responses are also notable. Adamczewska-Sowinska &
Kotota, (2008) demonstrated that white clover used as a living mulch
reduced pepper yield, while tomato yields remained largely unaffected.
Di Bene et al. (2022) observed that lettuce yields increased by 10%
under a system with cover crops, whereas courgette yields decreased by
55% under the same management. These examples illustrate that not
only crop species but also cover crop selection and management stra-
tegies are critical determinants of outcomes.

Furthermore, conflicting outcomes are influenced by cover crop
species traits, including N mineralisation rates, biomass production,
rooting density and depth, and competitiveness with cash crops. For
instance, hairy vetch and white clover rapidly mineralise N, providing
benefits to subsequent crops (Isik et al., 2009), while crimson clover and
sweet clover have slower mineralisation rates, which can delay N
availability. Mixed cover crop systems, such as vetch-barley mixtures,
can balance nutrient release and reduce N leaching (Farneselli et al.,
2018). Hefner et al. (2022b) found that adding vetch to a pure clover
strand enhanced N management in cabbage, leek, and lettuce systems
(Table 2).

Overall, these examples highlight the need for context-specific
management. Timing, species selection, and crop rotation practices
interact with local agroecological conditions to produce variable out-
comes, and blanket recommendations for cover cropping are likely to be
ineffective. A structured reporting framework, such as a matrix of cover
crop x horticultural crop x outcome, would aid practitioners in making
informed decisions.

3.3. Termination strategies

Termination approaches significantly affect the performance of
subsequent horticultural crops and the sustainability of the system. The

Table 2
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two most reported termination strategies are ploughing/incorporation
and roller crimping. Thorup-Kristensen (2006) demonstrated that
ploughing legume and grass cover crops enhanced N availability, root-
ing depth, and yield in follow-on cabbage, carrot, onion, and lettuce
crops. Ploughing appeared particularly beneficial for legume cover
crops due to improved N release and reduced competition with the
subsequent crop.

In contrast, roller crimping generally provided lower immediate
yield benefits. Franczuk et al. (2009), (2010) and Manici et al. (2018)
showed that ploughing increased mean yields in cabbage and other
crops compared to roller crimping, though roller crimping has potential
long-term benefits for soil organic matter and C-sequestration. Diacono
et al. (2019) reported improved yield and soil health in lettuce and
courgette under ploughed cover crops compared with roller-crimped
systems, though it was unclear whether cash crops were transplanted
into the crimped residue or if additional soil preparation occurred.
Hefner et al. (2020a) found that cabbage yields were reduced under
roller crimping across multiple countries but noted that the practice
could enhance soil organic matter over time.

These findings suggest that termination strategy must be carefully
aligned with cover crop species, cash crop requirements, and production
goals. Legume species benefit from ploughing to maximise N release,
whereas grass-dominated cover crops may tolerate roller crimping with
fewer negative yield consequences. Timing of termination, in combi-
nation with sowing dates, further interacts to influence weed suppres-
sion, soil moisture retention, and nutrient cycling.

3.4. Farmers and growers adoption

Farmer adoption of cover cropping in horticultural systems remains
relatively limited, despite demonstrated benefits. Only three of the 79
reviewed studies explicitly addressed adoption, but they reveal key in-
sights into drivers and barriers. Morel and Cartau (2023) found that
climate change concerns motivate farmers to adopt cover crops as part of
adaptive strategies to enhance system resilience and productivity.
Farmers perceive cover crops to mitigate negative impacts such as yield
instability, pest outbreaks, and extreme weather events, although
adoption increases farm management complexity and requires addi-
tional staff training.

Perceived efficacy is crucial for adoption. De Notaris et al. (2022)
reported that Danish farmers were more likely to adopt cover cropping
when clear positive outcomes were observed, rather than simply as a
mitigation for negative impacts. However, lack of knowledge regarding
potential trade-offs or management nuances often limited wider uptake.
Canali et al. (2015) found that 75% of respondents accepted cover crop
practices, but ongoing adoption was contingent on maintaining yield
and quality, highlighting that perceived risk remains a barrier.
Conversely, 25% of respondents considered cover cropping ineffective
or too risky.

These findings emphasise the importance of extension services,
knowledge exchange, and context-specific guidance. Adoption is influ-
enced not only by ecological and agronomic outcomes but also by so-
cioeconomic factors, training, and perceived risk. Strategies to increase
adoption should therefore integrate technical advice with clear

Outcomes associated with hairy vetch as a cover crop related to different cash crop types (vetch included as a monoculture; Isik et al. 2009; Borowy, 2012; Campiglia
et al. 2012; Domagala—éwiqtkiewicz et al. 2019; Mancinelli et al. 2019; Patkowska and Konopinski, 2013).

Cashcrop  Increased available Increased nitrogen Reduced nitrogen Reduced weed Increasd yield and/or Reduced yield and/or
N leeching leeching burden quality quality

Cabbage 4 1 1 3 6 1

Lettuce 2 1 1 1 2 1

Pepper 1 2 2

Tomato 1 1 1 1

Leek 1 1 1 1

Turnip
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demonstrations of cover crop benefits under local conditions, including
species selection, termination strategy, and crop rotation compatibility.

4. Discussion

These outcomes are interpreted through a regenerative agriculture
lens, recognising that cover cropping may support regenerative goals
but is not inherently regenerative in all contexts.

Our review demonstrates that cover cropping in horticultural sys-
tems can provide a range of benefits, including improved yield and
quality, higher nutritional density in follow on cash crops, reduced weed
burden, enhanced soil health indicators, reduced synthetic chemical
inputs, and increased N availability (Campiglia et al., 2010; Galieni
et al., 2017; Djian-Caporalino et al., 2019). However, the results also
show that cover cropping is not inherently a solution; its efficacy de-
pends on careful management of species selection, timing, sowing dates,
and termination techniques (Campiglia et al., 2014; Morel and Cartau,
2023). While negative outcomes were less frequently reported than
beneficial ones, they occurred regularly, emphasising the nuanced and
context-dependent nature of cover cropping in horticultural systems.
Rather than viewing cover cropping as inherently regenerative, our
synthesis suggests regenerative outcomes emerge when species selec-
tion, termination strategy, climatic conditions and cash crop compati-
bility are aligned. This conditional framework represents a key
contribution of this review.

Importantly, the ‘potential’ referred to in this review does not imply
that cover cropping delivers universal or previously unrecognised ben-
efits but rather highlights its conditional capacity to support regenera-
tive outcomes when species selection, management practices and
agroecological context are appropriately aligned. A key finding
emerging from this synthesis is that cover cropping should not be viewed
as inherently regenerative, but as a practice whose outcomes depend on
how and where it is implemented. This review therefore shifts emphasis
from asking whether cover crops are beneficial in general, toward
identifying the conditions under which they can optimise soil health,
nutrient cycling, resilience and reduced input dependency while mini-
mising trade-offs. In this sense, the potential uncovered lies in recog-
nising cover cropping as a context-dependent management strategy
rather than a universally positive intervention. This work also highlights
opportunities for improving outcomes through species selection, sowing
and termination strategies, multi-species mixtures and integration with
wider regenerative practices. Framing cover crops through this condi-
tional and systems-based lens represents a central contribution of this
review and provides a basis for more targeted implementation and
future research.

Evidence from arable systems suggests parallels that can inform
horticultural practice. Studies have shown that cover cropping supports
yields under reduced tillage and contributes to ecological intensification
(Wittwer et al., 2017). Cover crops in arable systems have also been
associated with reduced synthetic input requirements (Wittwer and van
der Heijden, 2020) and improvements in soil health, pest suppression,
weed control, and wildlife habitat. These findings corroborate the pos-
itive outcomes identified in our review and reinforce the potential of
cover cropping to contribute to sustainable and regenerative agricul-
tural practices.

The variability of outcomes, particularly the conflicting results re-
ported for yield, N availability, and weed suppression, underscores the
importance of context. Agroecological factors such as soil type, climate,
cash crop type, and regional management practices interact with cover
crop species traits to determine results. For instance, hairy vetch and
white clover were associated with rapid N mineralisation benefiting
pepper yields (Isik et al., 2009), while the same species had little or even
negative impact on lettuce, cabbage, and turnip crops in other studies
(Pinto et al., 2016). Timing of cover crop sowing and termination was
also critical: early or late sowing influenced weed suppression and crop
competition, while termination method (ploughing versus roller
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crimping) affected nutrient availability, yield, and soil health outcomes
(Franczuk et al., 2009, 2010; Thorup-Kristensen, 2006; Diacono et al.,
2019; Hefner et al., 2020a).

In addition to competition for resources and differences in nutrient
mineralisation, allelopathic interactions may also help explain some of
the contrasting outcomes associated with cover crops. Certain cover
crop species, particularly grasses and brassicas, can release bioactive
compounds through root exudates or decomposing residues that influ-
ence weed emergence, soil microbial communities, nutrient dynamics
and, in some cases, subsequent cash crop performance. These effects
may contribute to reported weed suppression benefits but may also
partly explain occasional negative outcomes where crop establishment
or growth is reduced. Despite this potential importance, allelopathy was
rarely examined explicitly in the studies reviewed, with most studies
reporting agronomic outcomes without isolating underlying biochem-
ical mechanisms (Schulz and Tabaglio, 2025). Greater research atten-
tion to allelopathic interactions, particularly in relation to species
mixtures, termination strategies and horticultural crop sensitivity, could
improve understanding of when cover crops support regenerative out-
comes and when trade-offs may emerge.

Farmer adoption of cover crops is influenced by both perceived
benefits and risks. Positive economic outcomes such as yield uplift,
improved soil health, and reduced chemical inputs can drive adoption
(Quintarelli et al., 2022; De Notaris et al., 2022). However, negative
outcomes, complexity of management, and risk perception slow uptake
(Canali et al., 2015; Morel and Cartau, 2023). Adoption is further
limited by the need for technical knowledge regarding species selection,
management, and site-specific conditions. This review highlights that
only three studies explicitly addressed adoption in horticulture, showing
a significant knowledge gap that requires further research and extension
support in the sector.

Beyond the agronomic and ecological performance, economic con-
siderations strongly influence whether cover cropping can contribute to
regenerative horticulture in practice. While cover crops may reduce
expenditure on fertilisers, herbicides or pest control over time, adoption
can involve short-term costs associated with seed purchase, sowing,
termination, additional labour and management complexity (Francis
and Holmes, 2020). In some systems, these costs may be compounded
by risks of temporary yield reductions or delayed returns, which can
discourage adoption despite potential long-term benefits.

Whether ecological and economic benefits offset implementation
costs is likely to depend on context, including crop value, input costs,
labour availability, farm scale and the time horizon over which benefits
are evaluated. For example, improvements in soil health, nutrient
cycling or resilience may generate economic value over multiple sea-
sons, but these benefits may not be immediately captured in short-term
farm decision-making. This mismatch may partly explain adoption
barriers reported in the literature.

These findings suggest that evaluating cover cropping solely through
agronomic performance may underestimate its broader value, while
focusing only on ecological benefits may overlook important economic
constraints. Future research should therefore integrate agronomic,
ecological and economic assessments, including cost-benefit analyses
and consideration of economic thresholds, to determine under what
conditions cover cropping provides net benefits for horticultural
producers.

Collectively, these findings suggest that successful adoption of cover
cropping strategies requires iterative on-farm testing and monitoring.
Farmers should evaluate combinations of cover crop species, sowing
dates, termination strategies, and cash crop interactions to identify ap-
proaches that optimise regenerative outcomes on their own farms
(Fig. 2). Without monitoring and adaptation, cover cropping could
produce suboptimal or even negative results.

This work also identifies priority areas for future research in
temperate horticultural systems:
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Context
Soiltype
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; quality
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Fig. 2. Factors requiring consideration by practitioners when approaching cover cropping integration in horticultural production systems.

1. Beneficial insects and pollinators: Only two studies explicitly
examined these outcomes: Depalo et al. (2017) and Magagnoli et al.
(2018). Both yield inconclusive or context-dependent results.
Further research is needed to clarify the ecological benefits of cover
cropping for pollinator and beneficial insect populations under
different management and climatic conditions.

2. Farmer adoption and perception: Only three studies directly
addressed adoption and perception of cover cropping in horticultural
systems: Canali et al. (2015), De Notaris et al. (2022), and Morel and
Cartau (2023). These revealed key social and economic barriers,
underscoring the need for more participatory and socio-economic
research to complement agronomic studies.

3. Use of cash crops as cover crops: Innovative approaches, such as
Lenzi et al. (2015), who tested globe artichoke (Cynara scolymus L.)
as a multifunctional cash-cover crop, deserve further exploration to
integrate productivity and ecosystem service delivery within regen-
erative systems.

4. Multi-cropping and intercropping strategies: Studies such as Diacono
et al. (2021) and Di Bene et al. (2022) illustrate the potential of
intercropping and rotational systems with legumes to enhance N use
efficiency and system resilience. Expanding such work could help
mitigate the yield and quality reductions sometimes observed with
cover cropping while improving overall profitability and ecological
performance.

5. Conclusion
Cover cropping in European horticultural systems offers substantial

potential to enhance sustainability, improve soil health, chemical in-
puts, and support regenerative practices. This review shows that cover

cropping can provide multiple benefits, including increased yield and
quality, higher nutritional density, improved soil structure and fertility,
reduced weed pressure, and enhanced N availability. However, out-
comes are highly context-specific and influenced by cover crop species,
sowing and termination timing, cash crop type, and local agroecological
conditions. Negative outcomes, such as reduced yield, quality, or N
availability, were observed across several crops, emphasising the need
for careful, site-specific management. Farmers are advised to adopt
iterative approaches, testing and monitoring cover cropping strategies
to optimise both productivity and ecological benefits. Overall, the
findings suggest cover cropping can contribute to regenerative horti-
culture when managed appropriately within site-specific systems.
Future research should address gaps in understanding ecological im-
pacts, nutritional outcomes, multi-cropping approaches, and farmer
adoption behaviours, ensuring that cover cropping delivers consistent
agronomic and environmental benefits while minimising trade-offs.
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