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Highlights 

•         Challenges in Western European agriculture may be addressed by perennial grain crops 

•         Perennial traits of intermediate wheatgrass provide ecosystem services 

•         Improved populations of intermediate wheatgrass are suitable for grain-forage dual use 

•         Additional grain value could increase profitability of grasslands and mixed farming 

 

Abstract 

Western European agriculture is largely defined by the high level of productivity of its cereal 

grain production. Such productivity is largely a result of farm specialization and 

intensification. This approach however has led to environmental problems and farm 

sensitivity to climatic and economic hazards. Recently, perennial grains have been promoted 

as a potential alternative, particularly with intermediate wheatgrass (Thinopyrum 

intermedium). Perennial grains bring new perspectives and innovation, and can contribute to 

both system diversification and environmental performance. Above all, the value of year-

round ground cover and root activity, as well as the ability to harvest both grain and forage 

production, offers a large range of interest and potential application for such a grain crop. 

Realization of the potential benefits from perennial grains depends on the development of 

suitable seed material and the identification of tangible economic and environmental benefits 

coming from the integration of perennial grains into crop rotations. Although more work is 

needed, perennial grains are compatible with the current European interests and policies for 

food security, soil health, water quality, and farmer interest in innovative practices and 

sustainable cropping systems. 

 

Keywords: perennial grains, intermediate wheatgrass, multifunctionality, agroecology, 

innovation, diversification 

 

1. Perennial grains: an agroecological innovation for Western Europe? 

Most of the human food supply is provided by annual cereal crops. Western Europe includes 

some of the most productive regions for cereal grains in the world. With about 30 million 

hectares that produce more than 40 million tons of grain, France represents the largest country 

in terms of agricultural area and is the largest producer of small grain cereals (Eurostat, 2018) 

(Figure 1). Wheat is the most commonly cultivated cereal crop. For example, in France, wheat 

is grown on 73% of cropland used for small grain production (Figure 2, red section of the pie 
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chart). Average wheat yield is over 7 Mg ha-1 in conventional and 3 Mg ha-1 in organic 

systems (Agreste, 2018; FranceAgriMer, 2012). Grain farming is characterized by high yields 

and intensive management. The productivity is facilitated by extensive use of inputs under 

low-diversity and short term crop rotations (Mudgal et al., 2010). Unfortunately, these crops 

are widely associated with environmental degradation due to soil disturbance prior to sowing 

and the fertilizers and pesticides that are applied to support production (Power, 2010). The 

main ecosystem disservices include soil erosion, nutrient runoff or leaching, pest spread and 

resistance (pathogens, weed and insects), loss of biodiversity and organic matter depletion 

(Crews et al., 2016; Crews and Peoples, 2005). Europe loses about 970 million tons of soil per 

year via soil water erosion, with an average of about 2.5 t ha-1 yr-1 considering the European 

Union’s erosion-prone lands (Panagos et al., 2015). Considering both the mean soil loss rate 

and the area concerned, France accounts for 11.85% of the total soil loss, the third highest 

share in Western Europe (Panagos et al., 2015). Much of the soil lost from agricultural fields 

ends up in surface waters where it negatively impacts water quality. Pesticides and nutrients 

can also contaminate surface and ground water. A recent broad assessment in France 

highlighted that 53% of surface water has pesticide concentration higher than the European 

threshold of 0.1 mg L-1, and 43% of ground water has nitrate concentration higher than the 

European threshold of 25 mg L-1 (Michon, 2016).  

 

Innovations are needed to overcome tradeoffs between crop production and environmental 

goals. Adebiyi et al. (2016) termed these innovations “radical transformative technologies” as 

“their architecture, functionality, component principles and underlying science markedly 

depart from existing agricultural systems” and suggests perennial grains as one of these 

“radical transformations”. While other regions such as North America and Australia have 

been conducting research on perennial grain crops for more than a decade, similar research is 

still rare in Western Europe (Hayes et al., 2018). Recently a research program in France was 

set up in 2017. 
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Figure 1. Total production of small grain cereals (1000 tons) in Western Europe. Circles size and 

numbers inside indicate the average yield of wheat by country (tons ha-1). Figure created from 

European online data (Eurostat, 2018).  

 

Figure 2. Proportion (%) of arable lands used for small grain cereal production in Western Europe. 

Red shares of pie charts indicate the proportion of wheat fields. Figure created from European on line 

data (Eurostat, 2018). 

(tons ha-1) 
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With a dedicated breeding program at The Land Institute (TLI), Kansas, USA, the perennial,  

wheat-relative, intermediate wheatgrass (IWG), Thinopyrum intermedium, marketed as 

“Kernza”, is a promising deep-rooted forage-grain producing crop (DeHaan and Ismail, 

2017). It demonstrates good longevity and high biomass production along with significant 

grain yields compared to other perennial grasses (DeHaan et al., 2005). Kernza® is already 

being used as an ingredient in US food products, and as such IWG is the most documented 

perennial grain prototype and presents a unique opportunity to discuss the potential of 

perennial grains in the Western European farming context. This review used the available 

literature published after 2000. Papers were targeted using the scientific search engines Web 

of Science, Google Scholar and Science Direct, and were found through using “perennial 

grain”, “perennial crop”, “Kernza”, “Intermediate wheatgrass”, “Thinopyrum intermedium”, 

“perennial wheat” and “perennial grass” as keywords. Complementary and related papers 

were then used to support discussion (e.g. the European agricultural context; the development 

of organic, conservation or agroecological practices; nature and importance of grassland 

services). 

 

Figure 3. Grain-forage biomass production of IWG at the spring growth peak (photo 1, June 15, 2018, 

field experiment in Southern France), and at early post-harvest regrowth (photo 3, September 13, 

2018, same field experiment). IWG head before flowering period (photo 2) 

 

2. Perennial grain: potential to provide ecosystem services for Western Europe  

Although current breeding efforts are promising and suggest further yield improvements will 

be forthcoming, IWG is currently unable to compete with annual counterparts in terms of 

grain productivity, mainly due to low harvest index which is around 0.10 (Culman et al., 

2013; DeHaan et al., 2018). In contrast, perennial grain accessions obtained from the 

hybridization of domesticated varieties with close perennial relatives, most often using 

crosses between wheat (Triticum L.) and perennial Triticeae from the Thinopyrum genus, 

could be markedly higher yielding but also experience much lower perenniality and regrowth 

vigor (Cox et al., 2006; Hayes et al., 2018). Currently, plant breeders are working to improve 

breeding strategies and agronomic traits of perennial grains, including yield, threshability, 

favorable phenology, shattering rate, and plant persistence (Cox et al., 2010; DeHaan et al., 

2018, 2014, 2005; Hayes et al., 2012; Kantar et al., 2016). In the meantime, one approach to 

increase feasibility of perennial grains in Western Europe is to focus on multifunctionality and 

different benefits that perennial grain crops might provide beyond grain production, including 

forage production, protection of soil resources, regeneration of soil health, conservation of 

biodiversity, and improvement of agroecosystem resilience (Ryan et al., 2018).  

 

2.1.Valuation of both grain and forage biomass 

1 

 

3 

 

2 
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IWG is a cool season crop being developed for both grain and forage production. In contrast 

to certain crossed lines (x Triticum), IWG produces smaller seeds than annual grains such as 

wheat (thousand-kernel-weight = 7-8 g for naked seeds compared to 30-40 g for winter 

wheat). To date, breeding efforts have allowed grain yields from 300 to 1500 kg ha-1 in field 

experiments and tend to decline over time as the stand fills in and plants become sod bound 

(Culman et al., 2013; Hayes et al., 2017; Jungers et al., 2017; Pugliese, 2017; Tautges et al., 

2018). IWG is also a productive forage crop that can produce biomass comparable to 

grasslands (e.g., 12 Mg ha-1, Jungers et al., (2017)). Compared with annual cereals, the 

biomass production is strengthened by the efficient use of solar radiation, nutrients, and water 

during the post-harvest regrowth (Bell et al., 2008; Cattani and Asselin, 2017). Interestingly, 

harvesting forage does not cause yield penalties if it is done before stem elongation or after 

grain harvest (Larkin et al., 2014; Lee et al., 2009; Pugliese, 2017; Pugliese et al., 2019). 

Higher quality of forage biomass is found in the spring when the relative mass of leaves in 

regard to stems is the highest (Jungers et al., 2018). But still, post-harvest crop residue has 

been shown suitable for mature beef cattle feed, which do not need to gain weight during 

winter. When fed with 50% of IWG residue, completed by 50% grass-alfalfa haylage, the 

average dry matter intake was similar to normal predicted values, with no body condition 

decrease (Favre, 2019). Considering the economic cost of high quality forage and the strategic 

objective to match with the dietary need of mature cows, but not to exceed it, IWG post-

harvest residue could offer a beneficial, low-cost forage source. Thus, managing IWG for 

both grain and forage production could be a viable option in mixed farming systems. This 

dual-purpose management and investigation of plant resource allocation to the different plant 

organs is an active area of research, as there may be different ways to optimize interactions 

between forage and grain production (Pugliese et al., 2019). For instance, choice in grain 

harvest method could be made depending either on the optimization of grain yields or crop 

residue quality (Favre, 2019). When the entire plant is swathed, leaf loss could lower residue 

forage quality, while direct combining grain could mean heterogeneous grain maturity and 

losses due to grain shattering. A meta-analysis that examined the performance of different 

perennial grain genotypes over twenty-one locations across four continents (Hayes et al., 

2018), including IWG and perennial wheat derived from T. intermedium, suggests that milder 

climates like in Western Europe, compared with colder climates of higher latitudes such as 

Northern US and Canada, are favorable for both grain and forage production in the 

establishment year. In the second and later years of growth, the T. intermedium demonstrated 

the strongest longevity.  

 

Grain quality is also an important factor dictating economic value. IWG generally expresses 

an interesting nutritional profile with higher protein, carotenoids, and fiber concentration than 

in annual wheat (Tyl and Ismail, 2018). While this is mostly the result of a significantly lower 

ratio of starch (endosperm) compared to bran, the protein composition of the grain is also 

different, notably including a higher proportion of gliadins and fewer glutenins of high 

molecular weight producing different bread-making quality (Marti et al., 2016; Tyl and 

Ismail, 2018; Zhang et al., 2015). Finally, this biomass could also find a useful end as 

bioenergy feedstock (Jungers et al., 2017; Wang et al., 2014). Similar to perennial bioenergy 

crops (e.g., switchgrass - Panicum virgatum, miscanthus - Miscanthus sinensis), IWG has 

several valuable characteristics including its capability of high biomass production and 

carbohydrate concentration (e.g., hemicellulose), and its ability to grow in various soil and 
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climatic conditions (Jungers et al., 2017). Although biomass production is lower than 

miscanthus (Clifton-Brown et al., 2004), IWG production is comparable to switchgrass, which 

is currently being grown in Western Europe (Lee et al., 2009; Lewandowski et al., 2003). 

 

2.2 Promoting soil health, fertility and water quality 

Compared to annual grains, the larger and more persistent root system of perennial grains can 

have a positive impact on soil health with positive effect on soil porosity, aggregate stability, 

water infiltration, nutrient cycles and microbial activity (Crews et al., 2016; Crews and 

Brookes, 2014; Culman et al., 2010; DuPont et al., 2014; Rasche et al., 2017). Water quality 

can also be improved by transitioning from annual to perennial grain production in sensitive 

watershed areas. Increased water and nitrogen uptake from soil were observed under IWG, 

which can prevent leaching and losses due to water runoff, leading to efficient prevention of 

surface and ground water contamination (Culman et al., 2013; Jungers et al., 2019; Sainju et 

al., 2017a). Permanent plant cover is also an important lever to increase carbon inputs and 

storage into soil and to control soil erosion and runoff in sensitive areas (Ryan et al., 2018). 

Although time is required before increases in soil carbon are detectable and changes are hard 

to measure in most situations due to strong influence of land management (Necpalova et al., 

2014; Sprunger et al., 2017), previous research on IWG and other perennial grasses has shown 

12 to 16 times greater root biomass carbon and nitrogen content compared with annual spring 

wheat and higher levels of carbon and nitrogen in soil compared to other perennial grasses, 

such as switchgrass and smooth bromegrass - Bromus inermis (Sainju et al., 2017b). Such 

efficiency of IWG roots for nitrogen uptake is particularly important in a context of limited 

nitrogen inputs in organic systems or low-input systems (Lasisi et al., 2018). However, 

additional data will be necessary to understand detailed nitrogen dynamics and determine 

what happens during crop growth in terms of nitrogen efficiency, and what happens when the 

crop is tilled in terms of availability, balance and leaching risk. Looking at carbon exchange 

and balance, de Oliveira et al. (2018) suggest that IWG has good potential as a carbon sink in 

the long term. This is consistent with the conclusions of Crews and Rumsey (2017) indicating 

that the conversion from annual to perennial grains could potentially accumulate up to 1.7 t 

ha-1 year-1 of soil organic carbon. Earlier observations from long-term experiments have 

indicated also that never-tilled perennial grass fields could maintain over 4 t ha-1 more root 

carbon and 43 t ha-1 more soil carbon than in annual croplands (Glover et al., 2010). Research 

is needed to understand the specific and cumulative impacts of IWG and no-till practices on 

soil health and carbon sequestration across different soil and climate conditions. 

 

2.3.Control and pest management  

Once well-established, IWG weed competitiveness could be very substantial over its lifetime 

due to permanent soil cover, light interception, and nutrient use (Dick et al., 2018). Also, the 

Thinopyrum genus has already been shown responsible for better tolerance or resistance to 

important plant pathogens, such as fusarium head blight (Li et al., 2017; Mo et al., 2017; 

Singh et al., 2017). Diversifying perennial grain crops with intercropping or the 

implementation of insectary strips could further limit the development and spread of crop 

pests, and be part of an efficient strategy of pest control. Interestingly, the use of crop 

mixtures could enable different mechanisms including resource dilution, disruption of spatial 

host density and proximity, or conservation of natural enemies. Of course, farmers may also 

choose to rotate perennial grains with other annual crops, which could help manage more 
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challenging pests. Generally, in spite of attractive perspectives, more investigations and long-

time experiments are required to make conclusions about pest issues and identify specific 

influences and appropriate management strategies. Notably, weed management during the 

establishment year can be highly challenging as IWG is slow to emerge and does not cover 

the whole soil surface and has delayed stem elongation and flowering period compared to 

annual cereal grains (Jungers et al., 2018). This early weed sensitivity may contradict the low-

input purpose since herbicide need could expand during this time. In response, work is 

currently ongoing to engineer intercrop mowers to allow mechanical weeding or mowing of 

intercropped legumes. In contrast to fields that have been managed with conventional 

practices for years, the larger weed-seed bank usually found in organic systems could make 

IWG establishment particularly sensitive or problematic. Cultural management practices such 

as altering sowing date, sowing rate, inter-row spacing, and intercropping could contribute to 

weed suppression in organic cropping systems. Regardless of the management systems, 

farmers should aim to select fields with low populations of weeds. Differences in farming 

practices and climate between continental or northern regions of North America and milder 

climates (oceanic) of Western European countries might result in different weed infestation 

issues. Like in the case of Alopecurus myosuroides (blackgrass) found in Europe, the capacity 

to adapt establishment choices and weed control practices would be crucial to deal with a 

specific weed context and history (Chauvel et al., 2001; Moss, 1980; Moss et al., 2007).   

 

3. What would fit the Western European context? 

Perennial grains potentially provide answers to existing challenges in Western Europe (e.g., 

soil erosion control, nitrate leaching reduction), but many challenges still need to be faced 

before integrating perennial grains into farming systems. Scattered references and 

“prototypes” like IWG (i.e., crops in development and partially domesticated) are not 

definitive in tackling the issue of perennial grains use in European agriculture. The 

development of improved plant materials, including increased grain yields, non-shattering 

inflorescences and earliness of reproductive stage induction would significantly further 

perennial grains development and use. To date, no perennial grain is registered in the common 

seed catalogue in Europe, limiting their use in farm fields. Despite the ease adaptation to 

existing equipment in fields, questions also remain about their integration and compatibility 

with existing farming systems. Depending on production priorities, agricultural policy, and 

market opportunities, farmers might choose to grow perennial grains for a variety of reasons 

including: (1) environmental goals (water protection, carbon sequestration, maintaining soil 

health and biodiversity); (2) cropping system strategies (crop diversification, promoting soil 

fertility, operating costs reduction); and (3) production objectives and value (forage-grain dual 

use). The delivery and relative benefits of ecosystem services might vary across farms and 

across fields within farms, and thus spatial placement of perennial grains should be optimized 

depending on the ecosystem services that are sought (Corry, 2018). 
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3.1. Integration of an adaptive crop in the farmscape 

 

Figure 4. Designing perennial and annual crops landscape  

As IWG currently produces lower yields than annual grains, one approach is to focus on 

strategically integrating this crop in areas where annual grains cause problems, such as on 

sloped fields with intense soil erosion, marginal lands where potential of production is 

limited, along field edges to improve functional biodiversity, or as riparian buffers to preserve 

water quality (Figure 3). This approach could be supported by the hypothesis of Asbjornsen et 

al., (2014) that suggests there is a ‘disproportionate benefit’ of including perennials in areas 

where annual crops are widely grown. Even small areas of perennial grass may provide 

significant gains (Helmers et al., 2012; Hernandez-Santana et al., 2013; Zhou et al., 2014). 

For instance, results from Hernandez-Santana et al., (2013) suggest that only 10% of a field 

dedicated to prairie strips allows mitigation of most surface runoff, sediment transport and 

nutrient losses (Cacho et al., 2017). Similarly, Panagos et al. (2015) reported that grass 

margins and field edges are one of the most significant practices to help in reduction of soil 

loss, due to their intrinsic efficiency and easy application. Perennial grains also limit soil 

tillage while providing provisioning services in the form of grain or forage, and thus can be 

attractive in more productive landscape positions such as lowland crop fields. This would be 

particularly true in sensitive fields such as watershed protection areas. In contrast to shallow 

marginal soils, productive lowland fields that have good water reserves, good soil fertility, 

and that are suitable for machine use would be sought to optimize yields and crop 

management. Secure plant growth and performance in those favorable lands would also be 



9 
 

necessary in a context where seed is scarce and farmers are dedicating time to learning a new 

cropping system. 

 

3.2. Enhancing services via the duration of the perennial phase in the rotation 

Western European agriculture covers a large range of climatic conditions (from the 

Scandinavian climate to arid Southern regions, from oceanic contexts to Mediterranean or 

more continental situations), including all kinds of soils and land profiles. Potential issues of 

resource depletion (e.g., groundwater recharge), or pest management over illustrate the 

important need for better identifying suitable growth contexts, productivity objectives and 

appropriate duration of perennial phases in fields (Bell et al., 2010; Tautges et al., 2018; Vico 

and Brunsell, 2017; Weißhuhn et al., 2017). Alternating between perennials and annuals will 

require balancing soil conservation and tillage periods and understanding the magnitude and 

persistence of services supply depending on the duration of the perennial phase (Ryan et al. 

2018). Based on crop-pasture observations, a perennial phase of three years could be 

worthwhile since gains might arise due to soil fertility improvement (Bell et al., 2010; Franco 

et al., 2018; Franzluebbers et al., 2014). Soil protection from erosion occurs as soon as plant 

cover is developed. However, the timing and magnitude of the potential effects on soil 

compaction and porosity are unclear. Considering carbon sequestration and soil organic 

carbon gains, no visible improvements can be planned in the short term due to the large 

influence of many interacting factors, even if increase could be underway (Necpalova et al., 

2014; Sprunger et al., 2017; Syswerda et al., 2011; Wander, 2004). However, the periodic use 

of a perennial phase in the crop rotation will likely improve soil carbon in the long term 

(Franzluebbers et al., 2014; King and Blesh, 2018), suggesting larger soil carbon gains than 

carbon losses to the atmosphere during the conversion back to annuals (Grandy and 

Robertson, 2007). Finally, the assumed increase of root exudation should enable beneficial 

processes related to soil-plant interactions (e.g., microbial biofertilization or phytostimulation, 

in Rasche et al., 2017). Within a short time frame (over one or two years), microbial changes 

are likely to be some of the most visible changes in soil due to perennial roots. 

 

3.3. European trend for conservation policies and practices 

The last decades have seen the development of new policies and eagerness for agroecological 

practices in Western Europe. In Threats to Soil Quality in Europe, Montanarella et al. (2008) 

emphasized how “there has been a surge of concern and attention in Europe to soil 

degradation processes […] leading to the adoption by the European Commission in 

September 2006 of the Thematic Strategy for Soil Protection […]. One of the most innovative 

aspects […] is the recognition of the multifunctionality of soils.” The EU Nitrates Directive 

(1991) and the directive on the sustainable use of pesticides (2009) provide a global 

framework to promote water, soil and health protection by preventing synthetic input transfers 

from agricultural sources. These directives mostly imply the monitoring of environmental 

impacts and the implementation of action programs by the Member States. For instance, the 

use of extensive practices (e.g., grass margins) in vulnerable riparian and watershed areas has 

been largely integrated in most of the Member States as an obligation. Under the EU’s 

Common Agricultural Policy (CAP), payments to farmers have been established after 2005 by 

the Member States in order to promote a set of beneficial agro-environmental practices for 

Good Agricultural and Environmental Condition (GAEC), such as cover cropping, keeping 

plant residues, reduced soil tillage, protection of sloping areas and implantation of grass 



10 
 

margins (Matthews, 2013). These policies do not include perennial grains as yet as they do 

not exist in European fields but it makes sense to devise soil conservation approaches, 

including IWG use, as it would fulfill many current requirements (soil cover, reduced soil 

tillage, protection of sensitive areas).  The expansion of organic and conservation practices in 

European farming systems are also demonstrating how farmers seek new means to move 

forward in farming sustainability. In 2016, more than 12 million European hectares were 

under organic farming (Le Douarin, 2017) and the development of conservation practices is 

also expressing a net upward trend. Four hundred thousand hectares were managed by 

conservation practices in France in 2001 and rose to 630,000 hectares in 2006. As a 

consequence, the share of no-till cereal crop systems has increased from 21% to 34% during 

the same period (Schaller, 2013). Notwithstanding that the adoption of organic or 

conservation practices are likely to be related to economic reasons in one way or another 

(Napier, 2010), environmental concerns and specific soil care are increasingly becoming part 

of the decision process (Casagrande et al., 2016; Peigné et al., 2016; Wilson and Hart, 2000). 

But the current absence of a European market, value chain and economic references for 

perennial grains is actually hindering the informed process of balancing incentives and 

disincentives that should finally lead to farmer choice, strategy and crop profitability.    

 

3.4. A springboard to perennial grains  

Given the recent changes and trends in EU land management, it is likely that perennial grains 

will be valued for their effects on soil and water quality. Providing farmers with incentives 

based on valuable services coming from perennials at the farm (soil fertility) or society level 

(water quality, climate change mitigation), while their cultivation could agree with EU 

Directives (nitrates or pesticides), would allow the restoration of “unproductive” vulnerable 

and restricted areas (e.g., watershed or riparian zones) to grain-forage production fields. This 

should not promote the conversion of native vegetation or wildlands, but allow for production 

of perennial fields in sensitive or unprofitable areas for annual grain production. This would 

shift the issue of grain yield reduction compared to annual counterparts, to the opportunity of 

additional grain production permitted by perennial grains. Also, one current use for IWG 

could be as a transitional crop from conventional to organic production. In order to combine 

the benefits of weed management history of conventional fields and the willingness to 

promote organic practices and reduced chemical use, growing IWG on transitional fields, 

either conventional or organic, could make sense. The same logic should also apply to new 

fields managed with no or reduced tillage where the transition period could result in soil 

compaction increase (Peigné et al., 2018; Vian et al., 2009). The benefit of year-round cover 

and deep rooted grain plants would also make IWG a strategical transitional crop. 

 

3.5. Restore mixed farming and grasslands value 

Both organic and conservation systems have potential for integration of perennial grains. 

Market variations, volatile prices and production costs due to input use are endangering the 

profitability of a large set of farming systems, especially conventional systems using high 

inputs, since the calculation of their gross margins over years could suffer from chronic 

reductions (Pacini et al., 2003; Pimentel et al., 2005). Valuing ecosystem services and 

harvesting both grain and forage from perennial grain systems enhances the economic outlook 

for these new systems. The opportunity of grain-forage dual-use management of IWG makes 

mixed (crop-livestock) systems naturally privileged. The forage biomass will find use for 
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animal feeding, as could the grain even if use in the human diet would bring additional 

economic value. This adaptability to produce both grain and forage also offers valuable 

plasticity in fields to respond to yearly variability and hazards in terms of climatic conditions, 

plant performances or market opportunities. Current concerns about climatic changes, 

repeated drought periods and earlier ending of the growing seasons increases forage demand 

for self-sufficiency and influence farming strategies to strengthen farm adaptability (Chang et 

al., 2017; Lurette et al., 2013; Nettier et al., 2010; Volaire et al., 2014). Dealing with this 

issue, the IWG production of forage biomass at summer or during post-harvest regrowth 

represents a strong asset and value. As the current absence of truly perennial grain which 

maintains grain yields over years, the IWG model suggests a climax grain production the first 

harvested years (Tautges et al., 2018) and then declines due to changes in the availability 

and/or allocation of resources, or lack of persistence and over-wintering. Thus, the dual-use 

purpose could also be considered on a multiyear basis, taking profits either from grain or 

forage depending on what is worth more. However, the importance of mixed farming in 

Western European countries (crop and livestock) is significantly lower than arable croplands, 

and has been decreasing. In France, the 2010 agricultural census indicated that only 13% of 

the French agricultural holdings, and only 16% of the agricultural lands, are involved in 

mixed farming, while arable croplands account for 35% (Agreste, 2010). Due to this 

specialization, the conservation of grass fields that help in maintaining ecological functions is 

arduous. Less than 15% of the total European land is dedicated to grass fields. The decline in 

grasslands is due to their lack of revenue relative to staple crop production in the context of 

intensification and productive agriculture development. Bypassing or limiting the gap 

between grain and forage field profits, perennial grains have potential to help reverse this 

trend if they can increase the economic returns from perennial grass/legume fields. 

 

Conclusion  

The tremendous interest in perennial grains that is growing in many places has not yet fully 

transformed into research or practical applications in Western Europe. This makes it difficult 

to couple perennial grains progress to local farming systems opportunities. The introduction 

of new crops for the purpose of diversification and a new economic scenario has already been 

suggested either in North America or Europe, and includes many different crops (e.g., quinoa, 

hemp, buckwheat, miscanthus, switchgrass, etc.; Krupinsky et al., 2002; Mudgal et al., 2010). 

But the introduction of perennial grains would provide an unprecedented opportunity to better 

value grasslands from combining forage and environmental conservation with the production 

of high value grains. However, farmer adoption of innovative and transformative practices is 

an interactive and multifactorial process. The preconditions for such adoption have been 

gathered within a four imperative measures process, including: 1) farmer willingness and 

motivation; 2) an existing demand; 3) farmer’s ability to implement the new practice; and 4) 

the legitimation or recognition of the practice (Runhaar, 2017; Schoonhoven and Runhaar, 

2018). Despite that we have seen the current expansion and eagerness from farmers to society 

for sustainable development of agriculture, perennial grains are not legitimized yet by 

agricultural standards and policies. The reality and rapidity of the increase in yield through 

breeding, the availability of seed and the creation of value chains will define the accuracy of 

perennial grains adoption and legitimization. While there is no market demand in Europe yet, 

the investment and food processing from US companies such as General Mills or Patagonia 

Provisions are encouraging signs of the emerging value of perennial grains in Western 
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Europe. In the meantime, important knowledge gaps need to be filled to establish and deepen 

perennial grain research in Western Europe. As prime research areas to determine relevant 

farming situations for perennial grains integration, we suggest 1) quantifying growth and 

performance under different soil and climate conditions; 2) characterizing the environmental 

gains and tangible benefits in relation with plant age and duration in field; 3) developing basic 

field management guidelines and techniques; 4) identifying best-case scenarios for perennial 

grains use in terms of purposes, locations, and coherent farming systems; 5) characterizing 

food and feed value to evaluate global crop economics; and 6) setting up European breeding 

and selection programs in order to provide materials adapted to European conditions. 
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