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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Alfalfa has long been known as a habitat for wildlife in farmland landscapes
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Favouring in-field biodiversity, but also landscape -scale heterogeneity
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Favouring in-field biodiversity, but also landscape -scale heterogeneity
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

What do we know about the agronomical benefits of alfalfa
cultivation its effects on biodiversity and the factors
regulating them? We focused on:

[ .

Journa 1 for Nature Conservation 69 (2022) 126253

772

V Vascular plants

Contents lists available at ScienceDirect

_ Journal for Nature Conservation

EIL.SEVIER joumal homepage: www.elsevier.com/locate/jnc
) V Arthropods
‘ Review 4.)
) The adequacy of alfalfa crops as an agri-environmental scheme: A review of | &
agronomic benefits and effects on biodiversity
V Ve rte b rates David Gonzalez del Portillo™ ", Beatriz Arroyo °, Manuel B. Morales *
* Terrestrial Ecology Group (TEG), Department of Ecology, Research Center on Biodiversity and Global Change, Auténoma University of Madrid, G/ Darwin 2, 26049
7/_/// Madrid, Spain

® Instituto de Investigacion en Recursos Ginegéticos (IREG), GSIG-UGLM-JCGM, Ronda de Toledo 12, 13005 Giudad Real, Spain

In order to evaluate the suitability of alfalfa crops as AES.
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Systematic review following Pullin & Stewart (2006), DOI: 10.1111/j.1523-1739.2006.00485.x

Searched for articles on the relationship of alfalfa crops with biodiversity and
agronomic benefits, until February 2021 in Google Scholar and Web of Science
(WOS)

keywords and their combination: AES, agricultural intensification, agriculture, agri-
environmental measures / policy / schemes / programmes, alfalfa, arthropods,
biodiversity, birds, climate change, common agricultural / agriculture policy,
conservation, conservation measures, fallow management, farmland biodiversity, forage
crops, grassland, grassland management, habitat loss, insects, legume crops, lucerne,
mammals, meadows, Medicago sativg plant community, weed community, and wildlife.

Used abstract contents to filter out articles not reporting on effects of alfalfa or its
management (or differences between alfalfa and other crops)
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Search outcome

101 articles, but only 46 dealt specifically with alfalfa crops and their agronomical
effects, or their relationship with any of the three focal biological groups .

V Birds: 15 studies (32.6%), steppe/farmland birds

V Mammals: 9 studies (19.6%), rodents

V Arthropods: 12 studies (26.1%)

V Plants (grassland restoration): 4 studies (8.7%)

V Agronomic effects: 6 studies (13%)

Only in 13 studies alfalfas were part of AES programmes.
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Search outcome

N= 2, 4.3%
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Agronomical benefits: use as green manure

t Solil nutrients (Fribourg & Bartholomew 1956), soil moisture (Yunusa et al. 1994)

‘ Undesired weeds (Teasdale et al. 1991)

Mulch may not be produced
under green management:
net environmental benefits of
the whole production system
may be unclear!

Wiens et al. (2006)

Benefits

Amount of mulch
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Agronomical benefits: benefits in subsequent crops

Nitrogen in solil , enhancing soil structure and composition (Mortenson & Ingram,
2004, Fuerst et al., 2009Syswerda & Robertson, 2014).
' Fertilizer and biocide costs (though not disease-free, thus some treatment

usually required, Undersander et al. 2011)

Per-ha cereal yield (Li et al., 2015), even after several years (Forster, 1999),
favouring significant reduction of fertilizer application.

Presence of some plant species detrimental for annual crops (Meiss et al.,
2010a) s

Weed seed predation compared to s
other crops (Meiss et al., 2010c)

Fumariaofficinalis &§
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Agronomical benefits: benefits in subsequent crops

high arable plant diversity to support ecosystem services

I Presence of perennial broad -leaved plants , maintaining
(Meiss et al., 2010b)

local conditions and specific crop

f Effects on subsequent crops vary according to
management applied (Kirkegaard et al., 2008)

Climate constraints benefits of alfalfa for cereal

rotations: smaller in semiarid regions and drier
seasons (Gan et al., 2003; Kirkegaard et al., 2001,

AR . S R
Taraxacumofficinale
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Agronomical benefits: interaction with grazing

t Protein content in the long term (Chocarro et al., 2001) Hyperapostica

‘ Undesirable weeds (Chocarro et al., 2001)

t Control of alfalfa weevil (Hyperapostica) outbreaks, thus :,
reducing the use of agrochemicals (Goosey, 2012),

‘ Use of agrochemicals

Grazing intensity must be surveyed
A carefully, since alfalfa plants cannot

survive under intensive grazing, due to
poor nutrient root storage (Lodge, 1991),

Alfalfa
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Plant communities and grassland restoration

>

o '/ V Sowing alfalfas with native grass seeds after
Lo / ‘ intensive management was a good option for
i i ! g ] grassland restoration in Hungary: after 10 yearsfields

/ e had turned into grasslands dominated by native

oL | | perennial species (Torok et al. (2010), as described
i also in France (Meiss et al., 2010b)
B &0
01 V Similar results from China, reducing weed

dominance in first years (Li et al., 2007), although
process enhanced when combined with phosphorus
B amendment and periodical mowing Zhou et al.

—O— Fesluca rupicola

B e (2019).

2006 2007 2008
Year

Cover (%, mean+SE)
8
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Plant communities and grassland restoration

V Specific grass -legume combinations may enhance
species recruitment and grassland productivity in
Eurasian steppes due to increased nitrogen fixing as in the
case of Medicagomixed with false wheatgrass (Leymus
chinensis) (Li et al. 2015). It also reduces chemical
fertilization.

V Complementary measures that improve restoration:
U Margins as refuges and seedbanks for wild species (natural '’
corridors, José-Maria et al., 2010).

U Moderate, and locally adapted livestock grazing may benefit
plant diversity in alfalfa and other leguminous grasslands (Faria,
_..2019)
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Arthropods
Of the 250-1,000 arthropod species are associated with alfalfa
worldwide, only 10-150 can cause damages to this crop, and
few of them can be considered as pests (Pimentel & Wheeler,
1973; Alsuhaibani, 1996; Flanders & Radcliffe, 2013).

1

Insect abundance , especially herbivore thrips, aphids,
their predators (mostly generalist rather than specialist
predators ) (Clemente-Orta et al. 2020, Pons et al. 2005)

t Abundance in alfalfas compared to uncultivated fields with native
vegetation in North America, although similar diversity (Forister, 2009)

Pests in surrounding fields (Clemente-Orta et al., 2020; Madeira et al., 2014;

Nufez, 2002; Pons et al., 2005), but predator mobility correlated with regular
mowing (Madeira et al., 2014; Madeira & Pons, 2015; di Lascio et al., 2016), thus, to

control outbreaks, cutting regime critical .
e Alfalfa |
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity
Arthropods: pollinators

V Greater preference for alfalfas in bumble bees, honeybees and several
wild bees than for other agricultural (e.g. sunflower) and seminatural
habitats in France (Rollin et al. 2013)

Alfalfa flowers are not well suited for all bee

species, as some species are excluded because
A their tongue length constrains their ability to forage

on them (Kirk & Howes, 2012; Michener, 2007): Only
30% of potential wild bee genera were reported
on alfalfa crops (Rollin et al. 2013).

V AES should include both sowing alfalfa crops and restoring nearby natural
areas to provide high floristic diversity to further increase pollinator richness
(Rollin et al., 2013).
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Arthropods: pest control

V Alfalfas are important for carabids , especially as overwintering habitats (Marrec et
al., 2015). Carabid abundance and richness increase when cuts are delayed
(Caro et al., 2016).

V In Hungarian alfalfa fields, several effective
pest controllers were found (Ban et al.,
2010): hemipterans of genus Orius, ladybugs,
carabids and spiders, which supports the
Integration of alfalfa in sustainable pest
control strategies .

V Periodic harvesting negatively impacts pest control capacity of alfalfas due to direct
mortality of predators (Casagrande & Stehr, 1973; Bishop & McKenzie, 1986),
decreased prey densities and habitat quality (van den Bosch et al., 1966), as well as
movement of individuals to more stable areas (Schaber et al., 1990).
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Arthropods: pest control

V Unharvested strips favours pest control
concentrating pest insects (Hossain et al.,
2000a) and increasing predator densities
(Hossain et al. 2002, Grez et al., 2007)
reducing pest impact in harvested zones
(Hossain et al., 2000b, 2001)

& = V Thus, unharvested strips are a good

‘ alternative to pesticides and help
maintain abundant populations of pest
predators.
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Arthropods as resources for other taxa: orthopterans

V In France, grasshoppers (Acrididae) prefer grass-dominated mixture
crops over alfalfa crops (Badenhausser & Cordeau 2012) and high
densities of legume species (including M. sativag) had a negative effect on
these insects (Badenhausser et al., 2015). .

V' In north-western Spain, overall ; “";**:-,
orthopteran (grasshoppers and crickets) L ‘
abundance was higher in alfalfa fields
than in other crops (Gonzalez del Portillo
et al., 2021), which suggests a context -
dependent relationship between

orthopterans and alfalfa and taxon-
specific responses.
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: general results

Putnam et al. (2001) found 182 species of amphibians, birds, mammals, and reptiles
using alfalfa regularly in California (27% of the terrestrial vertebrate species in that
state). Birds and mammals were the most relevant groups (California Alfalfa &
Forage Associatior)

Our review found
results only for
birds and
mammals,
indicating a
strong bias in
the literature .
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: birds

__Emberizacalandra

V Several European farmland birds such as skylark (Alauda arvensig, corn bunting
(Emberizacalandra), whinchat (Saxicola rubetrg and quail (Coturnix coturnix)
prefer alfalfa crops to breed over other agricultural habitats (Fischer, 2006;
Stein-Bachinger & Fuchs, 2012)
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: birds

A Not all farmland birds benefit from alfalfa crops due to their forage and breeding

requirements.

Densities of prairie
l specialists : lark bunting
(Calamospizamelanocorys),
grasshopper sparrow

(Ammodramus savannarum)
and others

sparrow (Spizella pallida) (Johnson &

Abundance of (generalist)clay-coloured
. Schwartz, 1993).
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: birds

Bird movement occurs at landscape rather than field scale, so the use birds make of
alfalfa is usually complementary to other habitat resources. Its open structure favours
prey capture Centrocercus urophasianus
V Sage grouse(Centrocercus -
urophasianus) in North America uses
alfalfa crops to rear chicks duetothe |
high abundance of insects (Connelly et
al., 2000). 5
V Lesser kestrels (Falco naumanni) used
Irrigated alfalfas after harvest as
foraging habitat during the chick -
rearing period (Ursua et al. 2005). o _
V Alfalfas are good foraging areas for vole- C'rcus ¢ s
eating birds suchas~ Y Uaq¢ Ne K | LLI o
= = (Circus pygargus WAC 111 PLENARY SESSION /// FROM G3TO 06 NOVEMBER 2025 oalatta,
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: birds

Some species use alfalfas as nesting habitat . Thus, alfalfa can become an
ecological trap if mowing regime is not adapted to their breeding phenology: little

bustard (Tetraxtetrax) (Bretagnolle et al. 2018)
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: mammals

Rodents are particularly linked to agricultural ecosystems. Some species like common
voles (Microtus arvalis) are far more abundant in alfalfa fields than in other
agricultural habitats (Janova et al., 2011; Jarefo et al., 2015; Rodriguez-Pastor et al. 2016)

Common vole’s expansion in the Iberian

Peninsula is associated to the increase In
the surface of irrigated alfalfas (Jarefio et
al., 2015) b s

—— |migated herbaceous crops and allalfa
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: mammals

Vole outbreaks produce damage in millions of farmland hectares (under different
crops) in the European Union (Luque-Larena et al., 2013)

1 4-6 years P ®
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Vertebrates: mammals

Rodent population growth is limited by livestock grazing through changes in
vegetation structure reducing food available and the compaction of soil (Torre et al.,
2007), as well as by natural predators (e.g. Montagu’s harrier, Koks et al., 2007).
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Alfalfa
(Medicago sativa
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Take-home messages

V Alfalfa can be of high value for farmland biodiversity conservation and a useful
restoration tool .

V These features plus its agronomical benefits, make it suitable as AES.

V Depending on management applied, it may have both positive and negative effects
on biodiversity.

V More studies on the relationship between alfalfa management and biodiversity are
required. For example, on the influence of alfalfa grazing regimes, especially on
arthropods and birds.

V Most of the studies were done in Europe, whereas very few in Asia, Africa or South
America.

V Alternative legume crops may be required en areas unsuitable for dry alfalfa crops
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The role of alfalfa in conservation: agronomic benefits and relationships with biodiversity

Thanks for your kind attention
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