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• Fallow periods between annual grain 
crops create environmental issues.

• Cover crops help, but pose financial and 
managerial burdens to producers.

• We propose self-cover cropping systems 
via post-harvest crop regrowth.

• We define plusquam-annuals: crops with 
one grain harvest and regrowth.

• Plusquam-annuals may support more 
sustainable farming systems.
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A B S T R A C T

Annual grains form the basis of human diets and thus agricultural systems, but the seasonal fallow phases 
inherent in their production pose environmental challenges. While cover cropping and perennial grains offer 
potential solutions, both currently carry significant practical hurdles to wide-scale implementation. Here we 
introduce self-cover cropping systems - achieved through post-harvest crop regrowth - to deliver cover crop-like 
ecosystem services with fewer challenges. As a corollary, we define plusquam-annuals (meaning “more-than 
annuals”) as a distinct, novel crop growth habit characterized by a single grain harvest followed by regrowth 
with no expectation of a second grain harvest. We suggest viable plusquam-annual cereals may already exist and 
offer a conceptual framework that invites empirical exploration with both applied and theoretical significance for 
supporting sustainable agricultural systems.
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1. Background

As modern agricultural systems are re-examined through the lens of 
unprecedented population growth and changing climates, production 
systems are being reimagined with an explicit intention to consider 
productivity in tandem with other goals such as minimizing non- 
renewable resource use and increasing environmental services 
(Deguine et al., 2023; Nair et al., 2021; Olsson et al., 2024; Swinton 
et al., 2007). Annual grain production systems, which are scaffolded by 
annual cereal crops such as wheat (Triticum aestivum), rice (Oryza 

sativa), and maize (Zea mays), play a crucial role in global food security. 
While extremely productive, annual cropping poses significant chal
lenges to long-term sustainability in the form of decreased soil produc
tivity (Rubio et al., 2021; Shang et al., 2024), compromised water bodies 
and drinking water (Hatfield et al., 2009; Michael Beman et al., 2005), 
greenhouse gas emissions (Shcherbak et al., 2014), and declines in 
biodiversity (Rigal et al., 2023). Many of these negative outcomes stem 
from short (<1 year) fallow periods in annual crop rotations between 
harvest of one crop and sowing of the next (hereafter referred to as 
seasonal fallow) (Liebman and Helmers, 2024; Kladivko et al., 2014; 

Fig. 1. A conceptual comparison of four cropping systems and their relative performance* in six categories including minimization of labor (e.g., machinery passes) 
and inputs (e.g., seeds, fuel), potential for incorporating plant diversity, grain production, soil retention, nutrient retention, and soil carbon maintenance and/or 
accrual. (A) annual grain production system with a winter fallow period between cash crops; (B) annual grain production system with a cover crop planted between 
cash crops; (C) novel self-cover cropping system exhibiting post-sexual cycle regrowth (PSCR) following grain harvest; (D) a perennial grain system producing 
multiple grain harvests from one planting; (E) a crop that is capable of PSCR but produces only one grain harvest (monocarpic) occupies a previously unnamed space 
in crop life histories, which we propose to call a plusquam-annual, meaning ‘more-than-annual’. 
*Performances represent the authors opinions, justifications with citations for these choices is provided in supplemental material.
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Dietz et al., 2024; Basevich et al., 2025) (Fig. 1A). As such, several ho
listic agricultural paradigms (e.g., regenerative, organic) encourage 
minimizing seasonal fallow through the use of cover crops and/or pe
rennials (Newton et al., 2020; Reilly et al., 2023; Saffeullah et al., 2021; 
Schreefel et al., 2025).

1.1. The trouble with cover crops

Cover cropping is an umbrella term that refers generally to the 
practice of growing a crop for its ability to provide multifunctional 
services, often to replace seasonal fallow periods (Lamichhane et al., 
2025). Cover crops proffer numerous documented benefits, and their use 
is a well-established conservation practice in agriculture (Schipanski 
et al., 2014; Daryanto et al., 2018; Snapp et al., 2005). However, 
implementation of cover crops can be challenging. Establishment of 
cover crops entails direct costs to the producer in the form of seeds, fuel, 
and time, and indirect costs through potential risks to cash crop per
formance (Deines et al., 2023; Garba et al., 2022; Almeida et al., 2024; 
Nichols and MacKenzie, 2023). In the short term, producer benefits from 
cover crop use can be tenuous and difficult to quantify (Bergtold et al., 
2019; Nichols et al., 2020). While long-term use may offer agronomic 
benefits which can help offset the costs of implementation, the benefits 
are not easily priced (Vendig et al., 2023; Wade et al., 2020; Plastina 
et al., 2020; Zhang et al., 2024; DeVincentis et al., 2020). Voluntary 
adoption of cover cropping therefore remains low (Fendrich et al., 2023; 
Platina et al., 2024), and usage depends heavily on policy approaches. 
Furthermore, even when implemented, weather and management 
choices (particularly during cover crop establishment (Thapa et al., 
2018; Teixeira et al., 2016; Wayman et al., 2017)) render outcomes from 
cover cropping highly variable (Nouri et al., 2022; Chen et al., 2022).

1.2. The need for long-term solutions

Currently, adoption of cover crops relies heavily on policy support 
(Platina et al., 2024; Kathage et al., 2022; Zhou et al., 2022). In many 
contexts, the variable outcomes from cover cropping render the cost of 
supporting cover crop adoption less efficient when compared to other 
conservation practices (Dalgaard et al., 2014; Christianson et al., 2013; 
Wauters and Mathijs, 2014). Cover crop policies also may not always 
translate into measurable outcomes without a holistic approach (Smith 
et al., 2007; Fleming, 2017), or in systems with large amounts of 
interannual and landscape variability (Danalatos et al., 2022; Lee et al., 
2016; Speir et al., 2022). In some instances policy that constrains 
management options such as sowing date (Bowman and Lynch, 2019) to 
ensure more reliable outcomes can result in unintended sustainability 
tradeoffs due to reduced flexibility in farmer decision-making (Stone 
et al., 2024; Iversen et al., 2024). Due to the limits to policy in
terventions, technical long-term solutions are clearly needed to make 
cover crops more effective and feasible to grow. Genetic improvement of 
cover crop varieties can undoubtedly contribute (Wilke and Snapp, 
2008), however cover crop sowing often conflicts with cash crop ac
tivities, an issue that cannot be addressed through breeding alone (Clay 
et al., 2020; Roesch-McNally et al., 2018). There have been notable and 
creative attempts provide long-term solutions to the challenges of 
traditional cover crop systems, including drone-planted cover crops 
(Stockel et al., 2025) weedy fallow (Wortman, 2016), self-seeding cover 
crops (Singer et al., 2007), perennial groundcovers (Schlautman et al., 
2021) and perennial grain crops (DeHaan et al., 2023). While these all 
offer potential, each poses substantial limitations that necessitate 
significantly more research.

2. Self-cover cropping systems through post-harvest regrowth

In this Perspective we propose a novel alternative to conventional 
cover cropping, herein termed self-cover cropping systems (Fig. 1C). In 
this approach, the cash crop exhibits regrowth following grain harvest, 

or post-sexual cycle regrowth (PSCR), defined in the perennial wheat 
literature as the retention of viable axillary meristems beyond grain 
ripening, enabling a subsequent phase of tiller outgrowth (Lammer 
et al., 2004; Murphy et al., 2010). In annual cropping systems, PSCR 
could potentially provide environmental benefits comparable to those of 
cover crops while eliminating the need for cover crop establishment, and 
therefore also eliminate the attendant uncertainties, variability, costs 
and risks (Platina et al., 2024; Clay et al., 2020; Yousefi et al., 2024).

2.1. Introducing the plusquam-annual

While self-cover cropping systems require PSCR (Fig. 1C), unlike 
perennial grains they are agnostic with respect to the ability of the crop 
to produce subsequent grain and/or biomass harvests. Previously, the 
distinction between PSCR and perenniality has not always been clear, 
with the former being used as a proxy for the latter (Chapman et al., 
2022). Conceptually, removing the requirement of multiple grain har
vests following PSCR represents a crop growth habit that, to our 
knowledge, has not been previously articulated. From an evolutionary 
standpoint, the reproductive fitness of a monocarpic plant exhibiting 
PSCR is questionable, and therefore may only be possible through 
anthropogenic intervention (Li et al., 2022). This ‘more than’ annual 
growth occupies a unique position within the spectrum of plant life 
histories that is not well-defined (Friedman, 2020). To facilitate con
sistency in future research we propose the term plusquam-annuals - 
meaning ‘more-than annuals’ – for crops falling into this previously 
unnamed growth category (Fig. 1E).

The literature suggests plusquam-annuals have already arisen from 
wide-hybrid crosses with perennials, a practice common in the pursuit of 
perennial grain development and for introgression of agronomic traits of 
interest (e.g., biotic and abiotic stress tolerance) into elite crop cultivars 
(Wendler et al., 2015; Prohens et al., 2017). Several studies indicate 
plusquam-annual germplasm already exists, and could be immediately 
tested for application in self-cover cropping systems (see summary in 
supplemental material).

2.2. The role of perennial grains

Perennial grains (Fig. 1D) could be used in self-cover cropping sys
tems by terminating the perennial grain prematurely to maintain an 
annual sequencing of crops. Perennial grains have been utilized as multi- 
purpose grain and forage crops (Ryan et al., 2018; Pinto et al., 2024; 
Hunter et al., 2020), yet to our knowledge they have not been deployed 
and studied in a self-cover cropping context. While perennial grain crops 
are generally expected to produce grain for a minimum of three growing 
seasons (Hayes et al., 2018), current commercially available perennial 
grains, such as the domesticated intermediate wheatgrass (Thinopyrum 
intermedium) marketed under the trade name Kernza® (Bajgain et al., 
2020) and a perennial cereal rye hybrid (Secale cereale x S. strictum) 
(Acharya et al., 2004), often exhibit significant declines in grain yields 
(>50%) following the first year of production (Daly et al., 2022; Zhen 
et al., 2024) [but see (Fagnant et al., 2024; Jaikumar et al., 2012)]. 
While deployment of perennial grains in a self-cover cropping system 
will not deliver the full benefits expected from a multi-year imple
mentation (Fig. 1D), it offers a practical use case that could garner 
research support and act as a stepping stone towards wider landscape 
integration.

2.3. Breeding and genetics of plusquam-annuals

Conversion of annual crops into true perennials or de novo domes
tication of perennials both likely require changes in a large number of 
genes (Chapman et al., 2022). In contrast, although PSCR can result 
from various physiological traits (e.g., rhizome development, tillering, 
stay green traits (Fan et al., 2020; Swentowsky et al., 2021; Ma et al., 
2019; Westerbergh and Doebley, 2004)), many of them may be simply 
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inherited, and therefore pose lower barriers for transference into elite 
annual crop cultivars (Zhao and Wang, 2024; Gruner and Miedaner, 
2021; Abbasi et al., 2020). Moving forward, relieving the expectation of 
multiple grain yields may allow perennial grain breeders to produce 
high-yielding, plusquam-annual cereals using traditional phenotypic 
selection in a medium time frame (Morgounov et al., 2025). Other 
breeding approaches such as new genomic technologies also offer op
portunities; one study found that regular applications of cytokinin 
throughout the growing season caused significant and meaningful PSCR 
in spring barley (Hordeum vulgare) (Christiansen et al., 1995), demon
strating the presence of biochemical pathways that could be targeted 
using high throughput mutagenesis screening techniques (Knudsen 
et al., 2022) or new genomic breeding technologies such as site directed 
nucleases (e.g., CRISPR-Cas9) or cisgenesis (Holme et al., 2013; Kar
avolias et al., 2021). Additionally, the conceptual separation of plus
quam-annual growth habits from perennial growth habits opens the door 
for interesting genetic studies on perenniality such as presence/absence 
variant analysis, QTL mapping of segregating populations from inter
specific crosses, and differential gene expression analyses (Fan et al., 
2020; Fuerst et al., 2023), which would lay the foundation for efficient 
implementation in breeding pipelines.

2.4. Tradeoffs

Self-cover cropping systems are not a panacea and entail trade-offs 
when compared to other system interventions. A simple example using 
common optimization criteria for agricultural systems (Cinelli et al., 
2014; Adeux et al., 2022; Emran et al., 2022; Zhang et al., 2007) can be 
used to highlight these anticipated tradeoffs (Fig. 1). We anticipate that 
the strength of self-cover cropping systems lies in balancing productiv
ity, environmental outcomes, and farmer workloads (Fig. 1C). By 
eliminating the establishment procedures required for cover crops, self- 
cover cropping systems could contribute to soil carbon accrual through 
less soil disturbance and a continuous production of root exudates 
(Poeplau et al., 2021). The established root system could also contribute 
to improved water quality through better nutrient retention compared 
to cover crops (Ferchaud and Mary, 2016). Moreover, self-cover crop
ping systems could positively alleviate the financial, managerial, and 
labor input demands placed on farmers during and following cash crop 
harvest. On the other hand, by extending the duration of the cash crop 
beyond its harvest, self-cover cropping systems could reduce opportu
nities for short-term infusions of plant biodiversity offered by cover 
crops. In particular, since Poaceae crops presently offer the most likely 
self-cover cropping candidates (see supplemental material), it is likely 
that self-cover cropping systems will initially offer less nitrogen fixation 
opportunities compared to cover cropping systems. However, we foresee 
ample opportunities to develop hybrid cover crop systems, wherein 
multiple cover crop species can be layered with PSCR, potentially 
providing synergistic services and/or allowing for more flexibility in 
cover crop planting dates.

2.5. Necessity of context

There is wide diversity in cover crop system implementation and 
goals globally, and self-cover cropping systems will need to reflect this 
diversity. Agronomic studies that compare self-cover cropping systems 
to appropriate controls using relevant evaluation metrics will therefore 
be essential for developing these frameworks while accounting for so
cial, economic, and policy contexts. For example, in Denmark, fall ni
trate leaching from arable land is of primary concern, and regulations 
require cover crop use between winter and spring crops (Dalgaard et al., 
2014). In this context lower grain yields from a self-cover cropping 
cereal may be offset by the monetary savings from not having to 
establish a cover crop, and winter survival is less important compared to 
vigorous fall regrowth. Conversely, in the Midwestern and Eastern 
United States, significant nitrate leaching occurs in the spring and cover 

crop use is optional – this context would require a self-cover cropping 
system to produce grain yields equivalent to its annual counterpart and 
to exhibit significant spring regrowth (Kladivko et al., 2014). In some 
systems, soil borne pathogens that could use the ‘Green Bridge’ provided 
by self-cover cropping systems will need explicit consideration, as will 
water use in semi-arid environments (Garba et al., 2022; Mahoney et al., 
2016). Therefore, involving diverse stakeholders early in the research 
and breeding processes to collaboratively develop appropriate ideotypes 
will likely result in more relevant and impactful outcomes (Runck et al., 
2014; Nichols et al., 2025).

3. Conclusions

Self-cover cropping represents a novel production system that could 
provide environmental benefits mirroring those offered by the practice 
of cover cropping. Additionally, self-cover cropping systems would 
reduce the producer-level challenges of cover crop implementation and 
potentially offer more consistent societal benefits. Plusquam-annuals 
were identified as a novel crop growth habit that can be leveraged to 
develop self-cover cropping systems, while also providing a unique 
platform for studying important biological processes in crops. The cur
rent knowledge base could support the establishment of self-cover 
cropping systems using several Poaceae crops in the short to medium 
term, while also offering a framework for introducing additional crops in 
the future. In conclusion, we posit that self-cover cropping systems could 
offer a unique and effective convergence of productivity and environ
mental benefits, and merit research investment.
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Christiansen, J.L., Jorgensen, J.R., Stölen, O., 1995. Stimulation of regrowth in barley by 
application of cytokinin. Acta Agricult. Scandinav. Sect. B — Soil Plant Sci. 45, 
258–260.

Christianson, L., Tyndall, J., Helmers, M., 2013. Financial comparison of seven nitrate 
reduction strategies for Midwestern agricultural drainage. Water Resourc. Econ. 2–3, 
30–56.

Cinelli, M., Coles, S.R., Kirwan, K., 2014. Analysis of the potentials of multi criteria 
decision analysis methods to conduct sustainability assessment. Ecol. Indic. 46, 
138–148.

Clay, L., Perkins, K., Motallebi, M., Plastina, A., Farmaha, B.S., 2020. The perceived 
benefits, challenges, and environmental effects of cover crop implementation in 
South Carolina. Agriculture 10, 372.

Dalgaard, T., et al., 2014. Policies for agricultural nitrogen management—trends, 
challenges and prospects for improved efficiency in Denmark. Environ. Res. Lett. 9, 
115002.

Daly, E.J., et al., 2022. Perennial rye as a grain crop in Alberta, Canada: prospects and 
challenges. Agron. J. 114, 471–489.

Danalatos, G.J.N., Wolter, C., Archontoulis, S.V., Castellano, M.J., 2022. Nitrate losses 
across 29 Iowa watersheds: measuring long-term trends in the context of interannual 
variability. J. Environ. Qual. 51, 708–718.

Daryanto, S., Fu, B., Wang, L., Jacinthe, P.-A., Zhao, W., 2018. Quantitative synthesis on 
the ecosystem services of cover crops. Earth Sci. Rev. 185, 357–373.

Deguine, J.-P., et al., 2023. Chapter one - agroecological crop protection for sustainable 
agriculture. In: Sparks, D.L. (Ed.), Advances in Agronomy, 178. Academic Press, 
pp. 1–59.

DeHaan, L.R., et al., 2023. Discussion: prioritize perennial grain development for 
sustainable food production and environmental benefits. Sci. Total Environ. 895, 
164975.

Deines, J.M., et al., 2023. Recent cover crop adoption is associated with small maize and 
soybean yield losses in the United States. Glob. Chang. Biol. 29, 794–807.

DeVincentis, A.J., et al., 2020. Using cost-benefit analysis to understand adoption of 
winter cover cropping in California’s specialty crop systems. J. Environ. Manag. 261, 
110205.

Dietz, C.L., Jackson, R.D., Ruark, M.D., Sanford, G.R., 2024. Soil carbon maintained by 
perennial grasslands over 30 years but lost in field crop systems in a temperate 
Mollisol. Commun. Earth Environ. 5, 360.

Emran, S.-A., Krupnik, T.J., Aravindakshan, S., Kumar, V., Pittelkow, C.M., 2022. Impact 
of cropping system diversification on productivity and resource use efficiencies of 
smallholder farmers in South-Central Bangladesh: a multi-criteria analysis. Agron. 
Sustain. Dev. 42, 78.

Fagnant, L., Duchene, O., Celette, F., Dumont, B., 2024. Maintaining grain yield of Th. 
intermedium across stand age through constant spike fertility and spike density: 
understanding its response to various agronomic managements. Eur. J. Agron. 152, 
127038.

Fan, Z., et al., 2020. Interactions among multiple quantitative trait loci underlie rhizome 
development of perennial Rice. Front. Plant Sci. 11.

Fendrich, A.N., et al., 2023. From regional to parcel scale: a high-resolution map of cover 
crops across Europe combining satellite data with statistical surveys. Sci. Total 
Environ. 873, 162300.

Ferchaud, F., Mary, B., 2016. Drainage and nitrate leaching assessed during 7 years 
under perennial and annual bioenergy crops. Bioenergy Res. 9, 656–670.

Fleming, P., 2017. Agricultural cost sharing and water quality in the Chesapeake Bay: 
estimating indirect effects of environmental payments. Am. J. Agric. Econ. 99, 
1208–1227.

Friedman, J., 2020. The evolution of annual and perennial plant life histories: ecological 
correlates and genetic mechanisms. Annu. Rev. Ecol. Evol. Syst. 51, 461–481.

Fuerst, D., Shermeister, B., Mandel, T., Hübner, S., 2023. Evolutionary conservation and 
transcriptome analyses attribute Perenniality and flowering to day-length responsive 
genes in bulbous barley (Hordeum bulbosum). Genome Biol. Evol. 15, evac168.

Garba, I.I., Bell, L.W., Williams, A., 2022. Cover crop legacy impacts on soil water and 
nitrogen dynamics, and on subsequent crop yields in drylands: a meta-analysis. 
Agron. Sustain. Dev. 42, 34.

Gruner, P., Miedaner, T., 2021. Perennial Rye: genetics of perenniality and limited 
fertility. Plants 10, 1210.

Hatfield, J.L., McMullen, L.D., Jones, C.S., 2009. Nitrate-nitrogen patterns in the 
Raccoon River basin related to agricultural practices. J. Soil Water Conserv. 64, 
190–199.

Hayes, R.C., et al., 2018. The performance of early-generation perennial winter cereals at 
21 sites across four continents. Sustainability 10, 1124.

Holme, I.B., Wendt, T., Holm, P.B., 2013. Intragenesis and cisgenesis as alternatives to 
transgenic crop development. Plant Biotechnol. J. 11, 395–407.

Hunter, M.C., Sheaffer, C.C., Culman, S.W., Jungers, J.M., 2020. Effects of defoliation 
and row spacing on intermediate wheatgrass I: grain production. Agron. J. 112, 
1748–1763.

Iversen, S.V., Dalgaard, T., Graversgaard, M., 2024. Discordance between farmers and 
scientists - perspectives on nitrogen reduction measures in Denmark. J. Environ. 
Manag. 352, 119877.

Jaikumar, N.S., Snapp, S.S., Murphy, K., Jones, S.S., 2012. Agronomic assessment of 
perennial wheat and perennial rye as cereal crops. Agron. J. 104, 1716–1726.

Karavolias, N.G., Horner, W., Abugu, M.N., Evanega, S.N., 2021. Application of gene 
editing for climate change in agriculture. Front. Sustain. Food Syst. 5.

Kathage, J., Smit, B., Janssens, B., Haagsma, W., Adrados, J.L., 2022. How much is policy 
driving the adoption of cover crops? Evidence from four EU regions. Land Use Policy 
116, 106016.

Kladivko, E.J., et al., 2014. Cover crops in the upper midwestern United States: potential 
adoption and reduction of nitrate leaching in the Mississippi River Basin. J. Soil 
Water Conserv. 69, 279–291.

Knudsen, S., et al., 2022. FIND-IT: accelerated trait development for a green evolution. 
Sci. Adv. 8, eabq2266.

Lamichhane, J.R., van der Worf, W., Alletto, L., Blanco-Canqui, H., 2025. A call toward a 
consistent terminology of “cover crops” in agroecological literature. Agron. J. 117, 
e70237.

Lammer, D., et al., 2004. A single chromosome addition from Thinopyrum elongatum 
confers a polycarpic, perennial habit to annual wheat. J. Exp. Bot. 55, 1715–1720.

Lee, S., et al., 2016. Impacts of watershed characteristics and crop rotations on winter 
cover crop nitrate-nitrogen uptake capacity within agricultural watersheds in the 
Chesapeake Bay region. PLoS One 11, e0157637.

Li, Z., Lathe, R.S., Li, J., He, H., Bhalerao, R.P., 2022. Towards understanding the 
biological foundations of perenniality. Trends Plant Sci. 27, 56–68.

Liebman, M., Helmers, M.J., 2024. Multiyear productivity and nitrate-nitrogen loss from 
corn and prairie bioenergy cropping systems. Agron. J. 116, 3053–3069.

Ma, A., et al., 2019. The Genetics and Genome-Wide Screening of Regrowth Loci, a Key 
Component of Perennialism in Zea diploperennis. G3 (Bethesda) 9, 1393–1403.

Mahoney, A.K., et al., 2016. Characterizing and mapping resistance in synthetic-derived 
wheat to rhizoctonia root rot in a green bridge environment. Phytopathology® 106, 
1170–1176.

Michael Beman, J., Arrigo, K.R., Matson, P.A., 2005. Agricultural runoff fuels large 
phytoplankton blooms in vulnerable areas of the ocean. Nature 434, 211–214.

Morgounov, A., Shchuklina, O., Pototskaya, I., Aydarov, A., Shamanin, V., 2025. 
Perennial grains in Russia: history, status, and perspectives. Crops 5, 46.

Murphy, K.M., Lyon, S.R., Balow, K.A., Jones, S.S., 2010. Post-sexual cycle regrowth and 
grain yield in Thinopyrum elongatum × Triticum aestivum amphiploids. Plant Breed. 
129, 480–483.

Nair, P.K.R., Kumar, B.M., Nair, V.D., 2021. Historical developments: the coming of age 
of agroforestry. In: Nair, P.K.R., Kumar, B.M., Nair, V.D. (Eds.), An Introduction to 
Agroforestry: Four Decades of Scientific Developments. Springer International 
Publishing, Cham, pp. 3–20. https://doi.org/10.1007/978-3-030-75358-0_1.

Newton, P., Civita, N., Frankel-Goldwater, L., Bartel, K., Johns, C., 2020. What is 
regenerative agriculture? A review of scholar and practitioner definitions based on 
processes and outcomes. Front. Sustain. Food Syst. 4.

Nichols, G.A., MacKenzie, C.A., 2023. Identifying research priorities through decision 
analysis: a case study for cover crops. Front. Sustain. Food Syst. 7.

Nichols, V., et al., 2020. Cover crops and weed suppression in the U.S. Midwest: a meta- 
analysis and modeling study. Agricult. Environ. Lett. 5, e20022.

Nichols, V., Carter, A., Gailans, S., Basche, A., Weisberger, D., 2025. Data feminism as a 
guide for agricultural research. NPJ Sustain. Agric. 3, 46.

Nouri, A., Lukas, S., Singh, S., Singh, S., Machado, S., 2022. When do cover crops reduce 
nitrate leaching? A global meta-analysis. Glob. Chang. Biol. 28, 4736–4749.

Olsson, L., et al., 2024. What is the prospect of a perennial grain revolution of 
agriculture? Glob. Sustain. 7, e35.

Pinto, P., Cartoni-Casamitjana, S., Stoltenberg, D.E., Picasso, V.D., 2024. Forage boost or 
grain blues? Legume choices shape Kernza intermediate wheatgrass dual-purpose 
crop performance. Field Crop Res. 316, 109522.

Plastina, A., Liu, F., Miguez, F., Carlson, S., 2020. Cover crops use in Midwestern US 
agriculture: perceived benefits and net returns. Renew. Agricult. Food Syst. 35, 
38–48.

Platina, A., Sawadgo, W., Okonkwo, E., 2024. Pervasive Disadoption Substantially 
Offsets New Adoption of Cover Crops and No-Till. Choices 39. https://doi.org/ 
10.22004/ag.econ.344738.

Poeplau, C., Don, A., Schneider, F., 2021. Roots are key to increasing the mean residence 
time of organic carbon entering temperate agricultural soils. Glob. Chang. Biol. 27, 
4921–4934.

Prohens, J., et al., 2017. Introgressiomics: a new approach for using crop wild relatives in 
breeding for adaptation to climate change. Euphytica 213, 158.

Reilly, E.C., et al., 2023. Editorial: continuous living cover: adaptive strategies for 
putting regenerative agriculture into practice. Front. Sustain. Food Syst. 7.

Rigal, S., et al., 2023. Farmland practices are driving bird population decline across 
Europe. Proc. Natl. Acad. Sci. 120, e2216573120.

Roesch-McNally, G.E., et al., 2018. The trouble with cover crops: farmers’ experiences 
with overcoming barriers to adoption. Renew. Agricult. Food Syst. 33, 322–333.

Rubio, V., Diaz-Rossello, R., Quincke, J.A., van Es, H.M., 2021. Quantifying soil organic 
carbon’s critical role in cereal productivity losses under annualized crop rotations. 
Agric. Ecosyst. Environ. 321, 107607.

V. Nichols et al.                                                                                                                                                                                                                                 Agricultural Systems 234 (2026) 104657 

5 

http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0015
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0015
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0020
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0020
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0020
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0025
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0025
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0030
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0030
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0030
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0035
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0035
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0035
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0160
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0160
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0040
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0040
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0045
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0045
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0050
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0050
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0050
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0055
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0055
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0055
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0060
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0060
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0060
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0065
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0065
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0065
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0070
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0070
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0070
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0075
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0075
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0080
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0080
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0080
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0085
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0085
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0090
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0090
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0090
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0095
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0095
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0095
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0100
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0100
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0105
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0105
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0105
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0110
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0110
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0110
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0115
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0115
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0115
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0115
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0120
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0120
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0120
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0120
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0125
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0125
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0130
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0130
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0130
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0135
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0135
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0140
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0140
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0140
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0145
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0145
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0150
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0150
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0150
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0155
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0155
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0155
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0165
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0165
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0170
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0170
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0170
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0175
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0175
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0180
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0180
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0185
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0185
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0185
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0190
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0190
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0190
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0195
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0195
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0200
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0200
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0205
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0205
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0205
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0210
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0210
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0210
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0215
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0215
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0220
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0220
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0220
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0225
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0225
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0230
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0230
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0230
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0235
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0235
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0240
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0240
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0245
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0245
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0250
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0250
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0250
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0255
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0255
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0260
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0260
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0265
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0265
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0265
https://doi.org/10.1007/978-3-030-75358-0_1
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0275
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0275
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0275
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0280
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0280
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0285
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0285
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0290
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0290
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0295
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0295
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0300
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0300
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0310
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0310
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0310
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0315
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0315
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0315
https://doi.org/10.22004/ag.econ.344738
https://doi.org/10.22004/ag.econ.344738
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0320
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0320
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0320
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0325
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0325
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0330
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0330
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0335
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0335
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0340
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0340
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0345
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0345
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0345


Runck, B.C., et al., 2014. The reflective plant breeding paradigm: a robust system of 
germplasm development to support strategic diversification of agroecosystems. Crop 
Sci. 54, 1939–1948.

Ryan, M.R., et al., 2018. Managing for multifunctionality in perennial grain crops. 
BioScience 68, 294–304.

Saffeullah, P., et al., 2021. Organic agriculture: principles, current status, and 
significance. In: Hakeem, K.R., Dar, G.H., Mehmood, M.A., Bhat, R.A. (Eds.), 
Microbiota and Biofertilizers: A Sustainable Continuum for Plant and Soil Health. 
Springer International Publishing, Cham, pp. 17–37. https://doi.org/10.1007/978- 
3-030-48771-3_2.

Schipanski, M.E., et al., 2014. A framework for evaluating ecosystem services provided 
by cover crops in agroecosystems. Agric. Syst. 125, 12–22.

Schlautman, B., et al., 2021. Perennial groundcovers: an emerging technology for soil 
conservation and the sustainable intensification of agriculture. Emerg. Top. Life Sci. 
5, 337–347.

Schreefel, L., et al., 2025. Beyond the buzz: analysing actors promoting regenerative 
agriculture in Europe. Preprint. https://doi.org/10.21203/rs.3.rs-6477627/v1.

Shang, Y., Olesen, J.E., Lærke, P.E., Manevski, K., Chen, J., 2024. Perennial cropping 
systems increased topsoil carbon and nitrogen stocks over annual systems—a nine- 
year field study. Agric. Ecosyst. Environ. 365, 108925.

Shcherbak, I., Millar, N., Robertson, G.P., 2014. Global metaanalysis of the nonlinear 
response of soil nitrous oxide (N2O) emissions to fertilizer nitrogen. Proc. Natl. Acad. 
Sci. 111, 9199–9204.

Singer, J.W., Kohler, K.A., McDonald, P.B., 2007. Self-seeding winter cereal cover crops 
in soybean. Agron. J. 99, 73–79.

Smith, R.J.N., Glegg, G.A., Parkinson, R., Richards, J.P., 2007. Evaluating the 
implementation of the nitrates directive in Denmark and England using an actor- 
orientated approach. Eur. Environ. 17, 124–144.

Snapp, S.S., et al., 2005. Evaluating cover crops for benefits, costs and performance 
within cropping system niches. Agron. J. 97, 322–332.

Speir, S.L., et al., 2022. Cover crops control nitrogen and phosphorus transport from two 
agricultural watersheds at multiple measurement scales. Agric. Ecosyst. Environ. 
326, 107765.

Stockel, C., Grebner, S., Bernhardt, H., 2025. Transverse distribution accuracy of 
agricultural drones in the application of a cover crop mixture compared to a 
traditional cover crop spreader. In: 2025 Toronto, Ontario, Canada July 13–16, 
2025. American Society of Agricultural and Biological Engineers. https://doi.org/ 
10.13031/aim.202500370.

Stone, T.F., Nichols, V., Thorsøe, M.H., 2024. Exploring the position of farmers within 
the European green transition: transformation for whom? Front. Sustain. Food Syst. 
8.

Swentowsky, K.W., Bell, H.S., Wills, D.M., Dawe, R.K., 2021. QTL map of early- and late- 
stage perennial regrowth in Zea diploperennis. Front. Plant Sci. 12, 707839.

Swinton, S.M., Lupi, F., Robertson, G.P., Hamilton, S.K., 2007. Ecosystem services and 
agriculture: cultivating agricultural ecosystems for diverse benefits. Ecol. Econ. 64, 
245–252.

Teixeira, E.I., et al., 2016. Sources of variability in the effectiveness of winter cover crops 
for mitigating N leaching. Agric. Ecosyst. Environ. 220, 226–235.

Thapa, R., Mirsky, S.B., Tully, K.L., 2018. Cover crops reduce nitrate leaching in 
agroecosystems: a global meta-analysis. J. Environ. Qual. 47, 1400–1411.

Vendig, I., et al., 2023. Quantifying direct yield benefits of soil carbon increases from 
cover cropping. Nat. Sustainability 6, 1125–1134.

Wade, J., et al., 2020. Improved soil biological health increases corn grain yield in N 
fertilized systems across the Corn Belt. Sci. Rep. 10, 3917.

Wauters, E., Mathijs, E., 2014. The adoption of farm level soil conservation practices in 
developed countries: a meta-analytic review. Int. J. Agric. Resour. Gov. Ecol. 10, 
78–102.

Wayman, S., et al., 2017. Organic and conventional farmers differ in their perspectives 
on cover crop use and breeding. Renew. Agricult. Food Syst. 32, 376–385.

Wendler, N., et al., 2015. Bulbosum to go: a toolbox to utilize Hordeum vulgare/bulbosum 
introgressions for breeding and beyond. Mol. Plant 8, 1507–1519.

Westerbergh, A., Doebley, J., 2004. Quantitative trait loci controlling phenotypes related 
to the perennial versus annual habit in wild relatives of maize. Theor. Appl. Genet. 
109, 1544–1553.

Wilke, B.J., Snapp, S.S., 2008. Winter cover crops for local ecosystems: linking plant 
traits and ecosystem function. J. Sci. Food Agric. 88, 551–557.

Wortman, S.E., 2016. Weedy fallow as an alternative strategy for reducing nitrogen loss 
from annual cropping systems. Agron. Sustain. Dev. 36, 61.

Yousefi, M., Dray, A., Ghazoul, J., 2024. Assessing the effectiveness of cover crops on 
ecosystem services: a review of the benefits, challenges, and trade-offs. Int. J. Agric. 
Sustain. 22, 2335106.

Zhang, W., Ricketts, T.H., Kremen, C., Carney, K., Swinton, S.M., 2007. Ecosystem 
services and dis-services to agriculture. Ecol. Econ. 64, 253–260.

Zhang, Y., et al., 2024. Medium-term economic impacts of cover crop adoption in 
Maryland. Soil Security 17, 100170.

Zhao, B., Wang, J.-W., 2024. Perenniality: from model plants to applications in 
agriculture. Mol. Plant 17, 141–157.

Zhen, X., Dobbratz, M., Jungers, J.M., Sadok, W., 2024. Is interannual grain yield decline 
of intermediate wheatgrass influenced by management and climate in the Upper 
Midwest? Agric. Ecosyst. Environ. 362.

Zhou, Q., et al., 2022. Recent rapid increase of cover crop adoption across the U.S. 
Midwest detected by fusing multi-source satellite data. Geophys. Res. Lett. 49, 
e2022GL100249.

V. Nichols et al.                                                                                                                                                                                                                                 Agricultural Systems 234 (2026) 104657 

6 

http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0350
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0350
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0350
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0355
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0355
https://doi.org/10.1007/978-3-030-48771-3_2
https://doi.org/10.1007/978-3-030-48771-3_2
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0365
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0365
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0370
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0370
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0370
https://doi.org/10.21203/rs.3.rs-6477627/v1
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0380
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0380
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0380
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0385
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0385
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0385
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0390
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0390
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0395
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0395
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0395
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0400
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0400
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0405
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0405
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0405
https://doi.org/10.13031/aim.202500370
https://doi.org/10.13031/aim.202500370
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0415
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0415
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0415
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0420
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0420
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0425
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0425
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0425
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0430
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0430
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0435
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0435
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0440
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0440
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0445
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0445
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0450
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0450
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0450
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0455
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0455
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0460
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0460
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0465
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0465
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0465
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0470
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0470
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0475
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0475
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0480
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0480
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0480
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0485
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0485
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0490
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0490
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0495
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0495
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0500
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0500
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0500
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0505
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0505
http://refhub.elsevier.com/S0308-521X(26)00025-9/rf0505

	Self-cover cropping systems and the plusquam-annual: New tools for cropping system sustainability
	1 Background
	1.1 The trouble with cover crops
	1.2 The need for long-term solutions

	2 Self-cover cropping systems through post-harvest regrowth
	2.1 Introducing the plusquam-annual
	2.2 The role of perennial grains
	2.3 Breeding and genetics of plusquam-annuals
	2.4 Tradeoffs
	2.5 Necessity of context

	3 Conclusions
	CRediT authorship contribution statement
	Acknowledgements and funding
	Declaration of competing interest
	Appendix A Supplementary data
	Data availability
	References


