
Intercropping cereal
and legume crops

The overall objective of EcoStack is to develop and support ecologically, economically and
socially sustainable crop production via enhancement of ecosystem services provision and
protection of functional biodiversity.

New practices are implemented on farms to face the reduction of
chemicals inputs used to control pests in the field. One way to achieve this
objective can be to increase in-plant diversity. It can promote many
ecosystem services such as biodiversity conservation, soil protection,
nutrient recycling or pests regulation. Increasing in-plant diversity can be
done by two ways: (1) Increasing intra-specific plant diversity, meaning
growing together two or more varieties of the same crop; (2) Increasing
inter-specific plant diversity, meaning growing two or more plant species
in the same field, then also called intercropping. These two ways are
described in the Figure 1 with an example of a cereal crop and
intercropped clover. The combination of these two ways can also be
implemented in fields as a stacking of practices.

Cereal crops are European wide cultivated. Increasing in-plant diversity in
these main crops are mostly done by adding legume crops in the field.
Farmers are in demand for using it, mainly for the legume capacity to fix
the air nitrogen in the soil, as it can reduce costs in the field with lover N-
fertilizer needed, but benefits need to be detailed on this practice for a
wider implementation.

During the EcoStack project, the addition of clover in cereal fields was
studied, focusing on the benefits of these non harvested clovers on cereals
production, agronomic parameters and aphids infestation in the field.

Introduction and context

Figure 2: Intercropping of clover and winter wheat at
wheat bolting in France (Photo: ISARA)

Figure 3: Intercropping of clover and winter barley at
harvesting time in France (Photo: ISARA)

Figure 1: Description of
intra-specific and inter-
specific diversification in
cereal crop in EcoStack
experimentation
(Grauby et al., 2023)



Field experiments

Figure 4: EcoStack countries and
experiment places (EcoStack, 2023)

Table 1: Description of all crops used in EcoStack experiments on
cereal grown alone or intercropped with clover (EcoStack, 2023)

Country Crop Intercropped forage legume Trials type

United Kingdom
(RRes)

Winter wheat
Mix of berseem clover, white

clover and crimson clover
Small plots

Serbia (FBUB) Winter wheat
Mix of berseem clover, white

clover and crimson clover
Small plots

Bulgaria (AUPL)
Winter wheat

Mix of berseem clover, white
clover and crimson clover

Small plots

Sweden (SLU) Spring barley
Mix of berseem clover, white

clover and crimson clover
Small plots

Finland (LUKE) Spring barley
Mix of berseem clover, white

clover and crimson clover
Small plots

Bosnia &
Herzegovina (UBL)

Spring barley
Mix of berseem clover, white

clover and crimson clover
Small plots

France (ISARA) Winter barley
Mix of berseem clover, white

clover and crimson clover
Commercial fields

Spain (UB) Winter wheat Bur clover Commercial fields

Eight research teams worked on the assessment of
intercropped mix of clovers and cereal crops in diversified
pedoclimatic contexts across Europe. Six research teams
worked on small plots replicated and two on commercial fields
with large scale trials. Experiments took place from 2019 to
2022, depending on the country.

Each country used the cereal crop the most suitable for their
climate or mostly used for commercial reason. In addition, a
mix of three species of clover, or bur clover in Spain, were
sown at the same time as the cereal crop in winter or in spring.

Every experiment had six treatments as illustrated on the
Figure 5. Each experiment had a part with cereal crop
grown alone, another part with cereal crop intercropped
with clover and one treatment with two practices stacked
to test the potential synergetic effect of both practices.

During the growing season, aphids colonisation,
agronomics parameters such as plant emergence and
yields were recorded in all plots.

1st cultivar 2nd cultivarMix

Cereals 
alone

Cereals 
+ Clovers

Figure 5: Design of experiments cereal grown
alone or intercropped with clover (EcoStack 2023)

Stacking of 
practices



Key findings
Aphids colonisation with intercropped clover

The abundance of aphids in spring time is
variable from a country to another and
between years. But the abundance was very
low in 2022 in the UK, Sweden and Finland,
limiting the power of analysis.
Most of the countries did not find any effect of
the intercropped clover in cereal fields during
spring time. Except in two cases: (1) in Spain,
in 2020, where the additional clover show
significant effect with susceptible cultivar (2)
and in France in 2021 only, when cultivar
mixture and intercropped clover were
implemented in the field, the number of
aphids was significantly lower (Figure 6).

Agronomic parameters

In the 6 countries with small plots, plant emergence had shown better results only in the UK in
the plots with clovers. In Finland and Serbia, the clover had also shown better results on plant
emergence but depending on the cereal cultivar.

Over the eight countries, the establishment of companion clovers was very variable and in
some cases resulted in a poor establishment of clovers and a low biomass produced by this
companion plant. These poor establishments might have lead to a lack of impact of the clovers
in the field. The great establishment of the companion crop seems to be a major difficulty in
this practice to the provisioning of ecosystem services.

The cereal yield was not affected by the
intercropped clovers in most of the
countries. Except in Bosnia &
Herzegovina where the impact of the
additional clover is dependent of the
cereal cultivar, in one case positive,
negative in the other case (Figure 8). In
this case, the right cultivar has to be
chosen to be intercropped with clover.

Figure 7: Mean yield (+/- SE) of cereal crop in gram per transect
in Experiments in Bosnia & Herzegovina. In yellow are plots
without clover and in green plots with clover intercropped.
(EcoStack, 2023)

Over experiments conducted in France in commercial fields, plots with additional clover in
winter barley fields showed on average a lower yield by 16% compared to winter barley with no
clover. In these experiments, the biomass of clover was high during spring time, thus maybe
competing with the cereal crop. Even if the cereal yield is lower, high clover biomass will add
lots of nitrogen in the soil and can increase next crop yield, thus can reduce inputs cost for the
next crop.
These results are very context-dependent and did not seem relevant over most of the
countries’ experimentations places and over the years.

Figure 6: Number of cereal aphids per tiller (mean ± SEM)
during the field season in 2021 (Grauby et al., 2023)



Conclusion

- The addition of clover with the cereal crop showed limited effects over the eight countries
on aphids management and over agronomics parameters. Most of the countries did not
measure any effect of the additional clover, except one case in Spain with a susceptible
cultivar.

- The effect of two practices combined, cultivar mixtures and clover intercropping, called
stacking of practices had been testing in these experiments. But it also showed limited
effects on aphids management, except in one case in French experiments and on
agronomics parameters as well.

- These results seem very context-dependent over countries or cereal cultivar.

- The establishment of intercropped clover sown at the same time as the cereal crop seems
to be one of the key point to support benefits from this practice. A minimum of clover
biomass might be needed to enhance aphids regulation.

- In addition to aphids regulation in cereals field, this practice of intercropped clover in
cereal fields can add many benefits in the field, providing flowers in cereal field for
pollinators or after harvest, as a cover crop to protect soil from erosion, limit weeds
abundance and increase nitrogen available for the next crop.

Questions? Please contact us at sam.cook@rothamsted.ac.uk or info@ecostack-h2020.eu

Visit our web site to be informed : www.ecostack-h2020.eu

Lessons learnt and perspectives

Figure 8: Crimson clover flowering in barley field in May in
France (Photo: ISARA)

Figure 9: Intercropped clover cover crop in autumn
after cereal harvest in France (Photo: ISARA)
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