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Application of wildflower strips for agricultural landscaping*

WU Xuefeng, GAO Yike ', XIE Zhecheng, XU Jun
(School of Landscape Architecture, Beijing Forestry University, Beijing 100083, China)

Abstract: Wildflower strips in the agricultural landscape are constructed in strip or matrix forms as buffers on headlands, or-
chards, vegetable fields, etc. by means of mixture sowing. By combining different functional plants into communities, the
wildflower strips provide nectar and pollen resources as well as habitats for natural enemies and pollinators. They also con-
tribute in improving the quality of habitats; strengthen the support system for natural enemies; and provide different ecosystem
services, such as improving pollination rates, reducing pesticide use, improving and restoring farmland soil, purifying water
sources, and inhibiting weeds. The application and development of wildflower strips in Central and Western Europe and the
United States were reviewed in this study. Wildflower strips originated in Switzerland but were first applied with the intention

of ecological conservation in agricultural settings in Belgium. Over time, the ecological compensation mechanism improved in
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these countries. In United Kingdom, wildflower strip application occured with strong, detailed policy support involving the use
of a variety of methods. However, in the United States, the promotion of native plants, grassland habitat restoration, and the
conservation of key pollinators were emphasized. In China, the lack of landscape heterogeneity and habitat fragmentation was
mainly caused by the invasion of exotic species and human intervention. The introduction of these methods of wildflower strip
implementation as a means for habitat management and planning was crucial. The study on wildflower strip usage in China
was still in the early stages of development and was not yet to be practically applied at larger scales. In the future, wildflower
strip implementation would be initiated with simultanecous dynamic monitoring and investigation of plant community interac-
tions along with various insect communities in existing non-crop habitats. These investigations will provide the data necessary
to construct ecological networks after delimitation of ecological protection areas on a large scale. In addition, these studies will
facilitate decision-making on suitable vegetation structures to combine natural and semi-natural habitats based on spatial and
temporal dynamics of arthropod functional groups.

Keywords: Wildflower meadow; Pollinators; Habitat management; Wildflower strip; Ecosystem services
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(Macroglossum spp.)

E) >

, (Danaus plexippus) (18] Tschumi ™
_ (Asclepias (Triticum
spp.) [13-14] aestivum)
44%,
, (
2 ; b )7 5
(Fragariaxananassa) )
[15-17]
1.2 5 (Pieris rapae) (Brassicaceae)
(predator), ;
(Coccinellidae) (Chrysopidae) ;
(Anthocoridae) (Syrphidae) (Araneae) ,
(Carabidae) ; (parasitoids), ,

(parasitoid wasp) (

Fz1

[19-20]

1))
HRHETHETEETRANMMERARSHBEXMEYREXRIEMER

Tablel Beneficial arthropod functional groups and relative key functional traits in the wildflower strip community
Main natural enemy & pollinator functional group Key functional traits related to wildflower strip community
iy
Predators Canopy density, canopy structure, canopy width, canopy
Natural height, plant height, stem structure
enemy
functional . . . . - ..
un;:oll(;na Libellulidae, Aeshnidae, Coenagrionidae, Salticidae, Thomisi-
group dae, Lycosidae, Linyphiidae, Clubionidae, Oxyopidae, Theridii-
dae, Carabidae, Cicindelidae, Staphylinidae, Coccinellinae,
Nabidae, Reduviidae, Saldidae, Anthocoridae, Cantharidae,
Cleridae, Chrysopidae
Parasitoids
Ichneumonoidea, Chalcidoidea, Platygastroidea, Proctotry-
poidea, Cynipoidea, Diaprioidea, Chrysidoidea, Tachinidae  [pitial blooming stage, canopy density, canopy structure,
flower number per plant, inflorescence nectar volume,
flower UV light reflectance, inflorescence type, flower
color, canopy width, canopy height, plant height, stem
structure, flowering duration, inflorescence height, flower
pollinator and type of reward.
Flies Calliphoridae, Muscidae
Pollinator ~ Social bees Apidae, Bombidae
functional Initial blooming stage, flower number per plant, inflores-
group Andrenidae, Anthophoridae, Colletidae, Halictidae, Mega-cence nectar volume, flower UV light reflectance, flower-

Solitary bees

chilidae ing duration, flower pollinator and type of reward, inflo-

rescence type, flower color, inflorescence height, canopy

Butterflies Lycaenidae, Nymphalidae, Papilionidae, Pieridae, Riodinidaeheight, plant height, stem structure
Moths Sphingidae, Zygaenidae
Hesperiidae
Formicidae

http://www.ecoagri.ac.cn
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Table2 Common trap crops & host plants along with the main pests in the wildflower strip

Trap crop & host plant

Attracted pest

Achillea
Ageratum Macrosiphum, Macrosiphoniella, Prodenia larva
Allium
Mpyzus, Neotoxoptera, Thrips, Delia, Xanthorhoe larva, Phyllotreta

Alyssum
Anethum Cavariella, Dysaphis, Papilio larva
Angelica Melanagromyza, Phytomyza larva, Aphis, Papilio larva

Anthemis Polymerus, Pseudococcus, Homoeosoma larva
Aster Cucullia, Eupithecia, Anthonomus, Lygus
Baptisia Colias, Grapholita larva, Neohydatothrips
Brassica Pieris larva, Liriomyza, Adelphocoris, Hellula
Celosia Prodenia larva, Nysius

Daucus Cavariella, Liriomyza, Papilio larva
Delphinium Brachycaudus, Heliothis, Uroleucon, Phytomyza larva
Dianthus Aphis, Myzus, Hadena, Prodenia larva

Echinacea Homoeosoma larva, Eupithecia larva, Uroleucon
Echium Plagiognathus, Brachycaudu
Erigeron Mordellistena, Polymerus, Cucullia larva, Aphis
Eupatorium

Galium Longitarsus, Ostrinia, Peridroma, Eupithecia, Rhopalosiphum, Myzus

Gaura Altica, Proserpinus, Macrosiphum

Helianthus

Liatris Estigmene, Megalurothrips, Spilosoma, Homoeosoma, Pieris larva, Aphis
Malva Acyrthosiphon, Anomis, Phenacoccus, Aphis
Medicago Acyrthosiphon, Agromyza, Sitona

Oenothera Altica, Aphis, Macrosiphum, Proserpinus
Papaver Aphis, Macrosiphum, Acyrthosiphon

Persicaria Acronicta, Colaspis, Homorosoma, Brachycaudus
Ranunculus Sparganothis larva, Prasocuris, Monophadnus
Pl Rorippa Pieris, Aphis, Helicoverpa, Peridroma

Rudbeckia Homoeosoma larva, Calycomyza, Uroleucon
Rumex Colaspis, Adelphocoris, Aphis, Macrosiphum, Pseudococcus

Salvia Sphinx, Phenacoccus

Senecio Calycomyza, Brachycaudus, Uroleucon
Tanacetum Brachycaudus, Macrosiphoniella

Trifolium

Eupithecia, Colias larva, Sitona, Agromyza, Dasineura, Halticus, Acyrthosiphon, Adelphocoris, Lygus, Thrips

Tropaeolum Pieris larva, Liriomyza

Verbascum Melanchra, Endothenia, Campylomma larva

Verbena

Campylomma, Endothenia larva, Macrosiphum, Spilosoma
Veronica Aphis, Myzus
Vicia

Colias, Cnephasia larva, Acyrthosiphon, Aphis, Empoasca
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1.3 s
5~6
, (Metarhizium ani-
sopliae, )
[21]
90% ) ;
(Panicum virgatum)
[22-24]
- 6~12 m
(Zea mays)
[25]
14
(Rhinanthus spp.)
(Melampyrum spp.) (Orobanchaceae)
[26-27]
[28]
[29].
(Cynosurus cristatus) (Agrostis
capillaris) (Prunella vul-
garis) (Daucus carota) (Achillea
millefolium) , (Dactylis
glomerata) (Alopecurus pratensis)
[25]
2~4 m , ,
1 m, ( )
7~12 m, s

[30]

, 19
(Picking flowers in a field, Mary Cassatt, 1875)
(The Yellow Fields at Gennevilliers,
Gustave Caillebotte, 1884)
(Field with Poppies, Vincent Van Gogh, 1889)
(Papaver rhoeas) (In
Flanders Fields, John McCrae, 1915)

>
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, 20 70
(agri-environ-

mental schemes, AES)!"*),

, 80
1986 (Lake Constance region)
[8]
[31-32] ( ),
[33]
, “ ”(Griininsel programm)
(Saatgutm-
ischung)(80% , 20% B34,

(national polli-

nator strategy) 133],

The B-Lines Programme Get Britain Buzzing
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20 , , ; 3~5
, , (
)
[36] [31]
3.5 [37-38]( 3)
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Table3 Comparison among various countries in plant composition, width & management of wildflower strips

Country

Plants component

Width of wildflower strip

Management

United Kingdom

Switzerland

Belgium

Germany

France

The United States

Mainly include native wildflowers and little exotic
grassland plants, sometimes mix with grasses and leg-
umes

24~37 , ,

24-37 flora species, mainly are native, generally with-
out grasses

- ( 85%, 4%, 11%)
Mixture of grasses and flowers (85% grasses, 4% leg-
umes, 11% perennials)

30 s 10%

More than 30 species, at least 10% legumes

(1997 ) ,
4~6
Annual and biennial mixtures prevailed in the early
stage (around 1997), till now, perennial mixtures in-
cluding 4-6 species occupy the priority

5

Most perennial species native to Prairies, annuals and
biennials mainly from Southern United States, South
America and Eurasia

2~6 m,
6 m

Generally 2—6 m for pollina-
tors, 6 m is the best width

3~4m
Generally 3-4 m

3~24 m
Generally 3-24 m

1 9
I,
After first-year sowing, better to
mow after mid-September; for
pollinator strips, mowing can be
delayed in winter

Relevant departments advise to
mow once a year, but fail on prac-
tice

Mowing after or before overall
blooming time

Mowing after or before overall
blooming time

Mowing after or before overall
blooming time

Extensive management

tanacetifolia)

2.1

>

(Phacelia

(Centaurea cyanus)

(Leucanthemum vulgare)

(Echium vulgare)

(Lobularia maritima) 30
80 s (Fabaceae) (Asteraceae)
(Apiaceae) ,
19

http://www.ecoagri.ac.cn



10 1487
, , , 10 hm’
(ecological compensation area, ECA),
, (Ranunculus , 7%
acris) (Galium mollugo) 30 [48-49]
76%, 25
( ) (391 , 1993 ,
20 90 (ecological cross compliance),
(Common Agricultural Policy, CAP) [50-51] 2010 ,
, 1987 2 800 (CHF)
(Environmental Stewardship, 2014 ,
ES), : (entry s S
level stewardship, ELS) (higher level
stewardship, HLS) ELS 2013 64.6% 20 80
[31]
; HLS Natagriwal
, , 522005 11 “
e ”(‘managed-strips’) ,
, , 10% 2013 1275 km 53] ,
, 4%
41 2014 10 (341, Amy P
[’41-43], 2015 ( ) ’
(countryside stewardship
scheme, CSS), 5 9.25 2.3
, (prairie) ,
HLS (Higher Tier), 2018
R (Seed A Legacy)
; (Middle Tier) (The Bee & Butterfly Habitat Fund, BBHF)
, 2018 ,
18 AB1 Nectar flower mix( ) 11
AB3 Beetle banks( ) , ’
[44] [56-57] ,
, 23~46 ,
, s Roundstone
s 10 s Seeds
[45-47] i 627
2.2 ) )
S 40% R (Vaccinium
1993 corymbosum) (Amygdalus communis)
(ecological compensation), , 20 90
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b b

, (Osmia spp.) (Mesona chinensis) (Phyla nodiflora)
58] (Wedelia chinensis)
7 s
) 27 ,
(Kalimeris indica) (Bactrocera
159 dorsalis) — (Dirhinus gif-
2.4 fardii), (621

) ) (Sesamum indicum) ,
2%~7% ; (Delphacidae)

; (Cnaphalocrocis medinalis) (63]

E)

, 2017
> (Verbena bonariensis) (Trifolium repens)
[64]
) ”(operation pollinator) «“ ”, 10 391 hm?
) [65]
) , 2016
[66-67]
3 PERBAHFHETRKRMARE ’
(Oryza sativa) (Brassica campestris) , (681,
(Saccharum officinarum) , ,
(Arachis hypogaea) , , ;
, ; ( );
(Hibiscus syriacus) (Vitex negundo
var. heterophylla) (Elsholtzia stauntoni)
30% [60] ’ [61] (Spiraea spp.) (Caryopteris nepetaefolia)
0
(Sassafras tsumu) (Camellia oleifera)

(Crataegus pinnatifida)

>

(Alternanthera philoxeroides) (Ambrosia ar-

temisiifolia) (Bidens frondosa)

b
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