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Abstract
Lawns provide green infrastructure and ecosystem services for anthropized areas. They have a strong impact on the environ-
ment in terms of inputs (water and fertilizers) and maintenance. The use of warm-season grasses, such as Cynodon dactylon 
(L.) Pers., provides a cost-effective and sustainable lawn in the dry summers of the Mediterranean. In winter, Bermudagrass 
is dormant and brown, which instead of being a problem could be an opportunity for biodiversity through the coexistence of 
flowering species. This study assesses the possibility of growing autumn-to-spring-flowering bulbs and forbs with Bermu-
dagrass, to provide ecosystem services in urban areas. Eight geophytes and 18 forbs were incorporated into a mature turf of 
hybrid Bermudagrass, Cynodon dactylon × C. transvaalensis cv. “Tifway”. At the same time, a commercial flowering mix 
was sown in the same conditions. Two different soil preparations, scalping and turf flaming, and two different nitrogen doses, 
50 and 150 kg ha−1, were carried out before sowing and transplanting. The flowering plants were counted. All the bulbs and 
six of the 18 forbs were able to grow and flower in the first and second years. The commercial mix was in full bloom from 
April until the cutting time for the hybrid Bermudagrass, at the end of May. Adding the flowering species did not affect the 
healthy growth of the warm-season grass. The fertilization dose had no effect, while turf flaming led to a wider spread of 
Bellis perennis L. and Crocus spp. Several flower-visiting insects were observed in the spring.

Keywords Cynodon dactylon (L.) pers. · Cynodon transvaalensis · Geophytes · Forbs · Flaming · Nature-based solutions

Introduction

The continuous increase in land areas devoted to urban 
development has an impact on the wildlife species normally 
found in such areas. The appropriate planning of landscapes 

around homes, businesses, industrial complexes, and public 
buildings can help support a representative wildlife com-
munity that residents can enjoy (Beard and Green 1994), 
as well as contributing to managing the range of habitats in 
and around where people live, work, and play (Nilon 2011).

Lawns can provide beauty and appeal that help to improve 
the quality of life for citizens; recreational activities on turf 
are vital to contemporary society, especially in densely 
populated urban areas (Ignatieva et al. 2015). Their esthetic 
benefits are enhanced when combined within an integrated 
landscape of trees, shrubs, and flowers and where urban pol-
linators can find a suitable habitat (Ahrné et al. 2009; Ock-
inger et al. 2009; Matteson and Langellotto 2010).

Bolund and Hunhamma (1999) proposed six major 
groups of important urban ecosystem services for lawns: 
air filtering, micro-climate regulation, noise reduction, rain-
water drainage, sewage treatment, and recreational/cultural 
factors.

In studies carried out in Texas (USA) by Beard and Johns 
(1985), in August the overall temperature of urban areas may 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1135 5-020-00423 -w) contains 
supplementary material, which is available to authorized users.

 * Francesca Bretzel 
 francesca.bretzel@cnr.it

1 Istituto di Ricerca Sugli Ecosistemi Terrestri (IRET), CNR, 
Via Moruzzi 1, 56124 Pisa, Italy

2 Dipartimento di Scienze Agrarie, Alimentari e 
Agro-Ambientali, Università di Pisa, 56124 Pisa, Italy

3 Istituto di Scienze della Vita, Scuola Superiore Sant’Anna, 
Pisa, Italy

4 Istituto di Scienza e Tecnologie dell’Informazione 
“A. Faedo” CNR, Via Moruzzi 1, 56124 Pisa, Italy

http://orcid.org/0000-0002-4801-2233
http://crossmark.crossref.org/dialog/?doi=10.1007/s11355-020-00423-w&domain=pdf
https://doi.org/10.1007/s11355-020-00423-w


308 Landscape and Ecological Engineering (2020) 16:307–317

1 3

be as much as 5–7 °C warmer than that of nearby rural areas. 
Through the cooling process of transpiration, turfgrasses dis-
sipate high levels of radiant heat. Maximum daily canopy 
temperatures of a growing Cynodon turf were found to be 
21 °C cooler than a brown dormant turf and 39 °C cooler 
than a synthetic surface (Beard and Johns 1985; Beard and 
Green 1994).

One of the most important ecosystem services provided 
by green urban infrastructure is rainwater drainage: in cities 
lacking vegetation, up to 60% of the rainwater is lost with 
the surface runoff. On the other hand in permeable surfaces, 
such as lawns, the rainwater infiltrates the soil, supplying 
moisture for the plants and fauna, ending up in the water 
table: so the runoff is only reduced to 5–15% (Ignatieva et al. 
2015).

Lawns can also have positive effects on the environment, 
through carbon sequestration in the soil (Qian et al. 2010; 
Zirkle et al. 2011); however, the positive effect on the envi-
ronment may be negated by the frequent use of lawnmowers 
powered by fossil fuels that cause pollution (Law et al. 2016; 
Ignatieva 2017). In fact, the environmental impact of lawns 
very much depends on the intensity of the management: e.g., 
lawn grasses are the largest irrigated non-food crops (Igna-
tieva and Hedblom 2018).

So-called “conventional” lawns are intensively managed 
and frequently cut short, whereas “meadow-like lawns” are 
cut less frequently. The latter lawns are closer to natural 
grassland as they are rarely mown and have a higher number 
of species (Ignatieva 2017). The level of management inter-
feres negatively with the degree of biodiversity (Bertoncini 
et al. 2012).

Warm-season grasses, in physiological terms C4 photo-
synthetic pathway grasses, are commonly used for turfs in 
tropical to temperate climates, as they have a good wear 
resistance and high tolerance to summer drought and heat 
stress. This is unlike the cool season grasses, in physiologi-
cal terms C3 photosynthetic pathway grasses, which are 
more sensitive to these environmental factors (Beard 1973). 
However, in Mediterranean climate areas in Europe, there 
is a distinctly seasonal pattern: winter low temperatures 
prevent growth, and the warm-season turfgrass species 
enter winter dormancy and turn brown (Croce et al. 2004; 
Volterrani and Magni 2004). To overcome this problem, 
high maintenance lawns, such as sports turfs, are gener-
ally overseeded with a cool season grass, to obtain a green 
cover throughout the year. This practice requires agronomic 
knowledge and is not always economically feasible for home 
lawns or amenity ornamental lawns (Mirabile et al. 2016).

Cynodon dactylon (L.) Pers. (Bermudagrass) is one of 
the warm-season grasses that best tolerates drought stress 
(Beard 1973). It is widely used in Italy due to its adaptabil-
ity to the Mediterranean climate both as Cynodon spp. and 
as interspecific hybrid with Cynodon transvaalensis Burtt 

Davy (Volterrani and Magni 2004). When temperatures fall 
below 10 °C in autumn or early winter, C. dactylon stops 
growing, and when temperatures drop below 0 °C, plants 
enter dormancy and the leaf blades turn brown. Low tem-
perature tolerance varies significantly among cultivars, but 
on average, all Bermudagrasses lose their green color when 
the temperatures fall below 0 °C. In spring, dormancy termi-
nates when the soil temperature has an average above 10 °C 
for several days (Double 1996; Mirabile et al. 2016).

Bermudagrass survives the dormancy period using the 
reserves of non-structural carbohydrates and nitrogen com-
pounds accumulated in storage organs (Macolino et al. 2010; 
Volterrani et al. 2012; Giolo et al. 2013; Pompeiano et al. 
2013; Magni et al. 2014).

Traditional turfs in parks or in private areas are dominated 
by a grass monoculture, preventing the growth of other spe-
cies. They are kept constantly mown and weeded to have a 
short and tidy sward: the perfect green lawn (Jenkins 1994).

Ignatieva (2017) reviewed the early landscape garden-
ers at the beginning of the twentieth century, who proposed 
the use of alternative lawns enriched with wild flowers. In 
his wild garden in the UK, William Robinson experimented 
with hardy native and exotic bulbs and various herbaceous 
perennials in the grass. Deriving inspiration from nature, 
Willy Lange in Germany proposed the use of natural flow-
ering seed mixtures in lawns. Recent research into natural 
landscape gardening has focused on urban forestry, sown-
on-purpose meadows, and extensive green roofs (Dunnet and 
Hitchmough 2004; Bretzel et al. 2016).

In Arkansas (USA), a trial was carried out to examine the 
flowering capacity and persistence of several early spring 
bulbs in a zoysia grass lawn (Zoysia japonica Steud.) (Rich-
ardson et al. 2015). In Italy, intercropping was carried out 
between some forbs and bulbous species with hybrid Bermu-
dagrass, “to provide an aesthetically pleasing groundcover 
during its winter dormancy” (Mirabile et al. 2016). “The 
presence of flowering species in the dormant turf provided 
an attractive green groundcover and created a more sustain-
able lawn with a higher biodiversity” (Mirabile et al. 2016, 
p. 196). Lawns can provide a habitat for pollinators if incor-
porating flowering species (Robinson and Lundholm 2012). 
Biodiversity conservation needs to be considered when plan-
ning new urban green areas (Bretzel et al. 2016; Gavrilidis 
et al. 2019), while multicolored flowering habitats can attract 
people and insects (Hoyle et al. 2017, 2018).

In the warm-temperate Mediterranean area of central 
Italy, our aim was to improve the visual attractiveness and 
biodiversity of a warm-season turf of hybrid Bermudagrass, 
by incorporating autumn-to-spring flowering bulbs and forbs 
together with a commercial annual mix. In addition, we 
assessed the effects of management: turf flaming and scalp-
ing as weed control, and two different doses of organic ferti-
lizer, on plant establishment and development, thus enabling 
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us to evaluate the cost efficiency. To assess the overall value 
of the lawn, we also observed the presence of pollinators.

Materials and methods

Experimental setup

The trial started in October 2016 and ended in May 2018 
at the Experimental Research Station of the Department of 
Agriculture, Food and Environment (DAFE), University of 
Pisa (Italy) (43°40_N, 10°18_E, 6 m asl.).

Table 1 shows temperatures and rainfall during the exper-
imental period. The trial site is open and sunny. The soil 
presents the following properties: silty loamy texture, pH 
7.7, nitrogen 1.0 g kg−1, phosphorus 12 mg kg−1, potassium 
126 mg kg−1, organic matter 21 g kg−1 (ASA-SSSA 1996). 
The experiment was carried out on a hybrid Bermudagrass 
lawn composed of Cynodon dactylon × Cynodon transvaal-
ensis cv. “Tifway” (hereafter Cdxt), as in a previous trial 
(Mirabile et al. 2016). Native forbs (18 species of annuals 
and perennials) were seeded, and eight species of geophytes 
were planted (Table 2). The ecological model that inspired 
the choice of species was the spontaneous vegetation (spon-
taneously appearing biotopes dominated by grass and forbs) 
of local urban and rural areas, mown periodically in summer. 
Our key criteria were the flowering period (autumn–spring) 
and the capacity to thrive with grasses and mowing frequen-
cies typical of ornamental lawns.

At the same time, on different plots of the same hybrid 
Bermudagrass sward, the commercial mix “Poesie print-
aniere” (Euroflor) was sown. The mix was composed of 
variable quantities, not specified from the selling com-
pany, of the following species: Centaurea cyanus L., 

Chrysanthemum carinatum Schousb., Clarkia elegans 
Lindl., Coreopsis tinctoria Nutt., Echium vulgare L., Layia 
platyglossa (Fisch. & C.A. Mey.) A. Gray, Linum grandi-
florum Desf., Linum usitatissimum L., Nigella damascena 
L., and Papaver rhoeas L.

The experimental design was a split plot with four repli-
cations. The first-order plots were 4.8 m2 (4.0 m × 1.20 m), 
and the second-order plots were 2.40 m2 (2.0 m × 1.20 m). 
Plots were separated by a pathway of 0.5 m. Before sow-
ing and transplanting, two different soil preparations, turf 
flaming (hereafter, flaming) and scalping were carried out 
in the first-order plots, and two different fertilizer doses of 
50 and 150 kg ha−1 N (Grena Ultra micro fertilizer, total N 
6%) were applied in the second-order plots. Turf scalping 
was carried out with a flail lawn mower (Amazone) at a 
1.0 cm cutting height. Weed flaming was carried out with 
a self-propelled experimental machine built at the Univer-
sity of Pisa (Raffaelli et al. 2013) and used previously for 
weed control in urban contexts. The machine was equipped 
with five 25-cm-wide rod burners and fueled by liquefied 
petroleum gas (LPG).

The aim of the soil preparations was to eliminate any 
excessive thatch, thus improving the contact seed/soil and 
creating free space to allow for the growth of bulbs and 
forbs. Flaming is becoming more common as an alterna-
tive to chemical weed control, and scalping is widely used 
to prepare the soil before turf overseeding and to reduce 
the thatch (Aldous et al. 2014). Fertilization was applied 
only during the first year. Seeding and the manual trans-
planting of bulbous species took place on 22 November 
2016, and for a more uniform distribution, the seeds were 
mixed with silica sand. The broadcast seeding was carried 
out when there was no wind, and close to the soil surface 
to prevent seeds drifting into adjacent plots.

Table 1  Mean air temperatures 
and rainfall during the trial 
period (Oct 2016–May 2018)

Mean air temperature (°C) Rainfall (mm)

2016 2017 2018 2016 2017 2018

Min Max Min Max Min Max

Jan 1.8 9.9 6.1 13.6 41 49
Feb 6.1 14 2.9 9.4 89 82
Mar 6.9 17 5.5 13.2 48 185
Apr 8.3 19.3 9.8 20.1 20 64
May 12.6 23.3 13.1 21.9 32 91
Jun 17.2 28.2 29
Jul 18.1 29.5 1
Aug 19 31.5 3
Sep 14.9 24.2 194
Oct 11.9 20.4 9.8 21.1 106 7
Nov 8.4 16.1 5.8 14.2 123 124
Dec 3.6 13.6 3 11.2 5 135
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Germination treatments

After monitoring the first results, germination trials were 
set up to examine the possible reasons for the failure of field 
germination. Different seed treatments were administered to 
some of the forb seeds (Table 3): chilling, gibberellic acid 
(GA3), sodium hypochlorite (NaClO) and washing (Benv-
enuti and Macchia 2006). Seeds that had the chilling treat-
ment were placed in Petri dishes equipped with moistened 
filter paper and maintained at a low temperature (4 °C) in 
darkness. Seeds treated with gibberellic acid were soaked in 
a solution containing 200 ppm of GA3 for 30 min. Through-
out the treatment, seeds were constantly stirred to achieve 
uniform seed contact with the solution. Seeds treated with 
sodium hypochlorite solution, diluted to 50% with distilled 
water for 10 min, were washed under running water to elimi-
nate the residual solution at the end of the treatment. Seeds 
were washed under running water for five minutes.

The mean germination time (MGT) was calculated as fol-
lows: 

∑k

i=1
n
i
t
i
∕
∑k

i=1
n
i
 . ti refers to the days from the start of 

the germination test to the ith observation, ni is the number 

of germinated seeds in the ith time and k is the last day of 
germination (Benvenuti et al. 2001; Ranal et al. 2009). To 
determine the percentage of germination and MGT, treated 
and non-treated seeds were incubated in a climatic chamber 
at 20 °C for four weeks and a photoperiod of 12 h.

Turf management

From the end of May, corresponding to the complete spring 
green-up of the Cdxt, to November, corresponding to the 
start of dormancy of the turf, plots were mown once a week 
at a mowing height of 4 cm, for the 2 years of the trial. Turfs 
were irrigated once a week from June to September during 
both years of the trial.

Data collection

Every 2 weeks from autumn to spring, the numbers of bulb 
and forb flowers produced were counted. The counting of the 
commercial mix was carried out just during the first year as 
all the species were annual.

Table 2  Forb and bulb species 
added to the warm-season grass 

life form: A annual, P perennial, G geophyte, commercial purchased, wild harvested in nature (Pignatti et al. 
2017; Cornelissen et al. 2003)

Species Family Life form 1000 seeds 
weight (g)

Grams/
bulbs 
 m−2

Origin of seeds

Alyssum alyssoides (L) L. Brassicaceae A 2 0.2 Commercial
Calendula arvensis L. Asteraceae A 9 1.0 Commercial
Erodium cicutarium L. Geraniaceae A 2 0.2 Commercial
Euphorbia cyparissias L. Euphorbiaceae A 2.2 0.2 Commercial
Geranium molle L. Geraniaceae A 1.1 0.08 Wild
Tordilium apulum L. Apiaceae A 3.8 0.6 Wild
Veronica chamaedrys L. Scrophulariaceae A 0.2 0.2 Commercial
Allium roseum L. Amaryllidaceae G – 6 Commercial
Allium triquetrum L. Amaryllidaceae G – 2 Commercial
Anemone blanda L. Mix Ranunculaceae G – 4 Commercial
Crocus pulchellus Herb. Iridaceae G – 4 Commercial
Crocus tommasianus Herb. Iridaceae G – 5 Commercial
Galanthus nivalis L. Amaryllidaceae G – 3 Commercial
Iris reticulata M. Bieb. Mix Iridaceae G – 5 Commercial
Muscari armeniacum Leich. ex B Liliaceae G – 4 Commercial
Bellis perennis L. Asteraceae P 0.1 0.2 Commercial
Galium verum L. Rubiaceae P 0.5 0.08 Commercial
Hypochoeris radicata L. Asteraceae P 0.7 0.08 Wild
Leontodon autumnalis L. Asteraceae P 0.7 0.2 Commercial
Leontodon tuberosus L. Asteraceae P 1 0.04 Wild
Linaria vulgaris Mill. Plantaginaceae P 0.1 0.3 Commercial
Lobularia maritima L. Brassicaceae P 0.4 0.1 Wild
Primula veris L. Primulaceae P 1.2 0.3 Commercial
Prunella vulgaris L. Lamiaceae P 0.7 0.2 Commercial
Ranunculus acris L. Ranunculaceae P 1.6 0.3 Wild
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Cdxt spring green-up, expressed as the percentage of 
green cover was estimated every week from April 2017 to 
May 2017, and from April 2018 to May 2018. Data reported 
refer to 31 May when some of the plots first exceeded the 
60% threshold (NTEP 2012).

The pollinators were observed in April, while they were 
visiting flowers, at the warmest time of the day (about h 
12.00 a.m.) and in the absence of wind. They were identified 
from the photos at the possible taxon level (genus or species) 
(Benvenuti and Bretzel 2017).

Statistical analysis

All data collected were subjected to two-way ANOVA to 
examine the effects of the type of treatment (flaming and 
scalping) and the year of the trial, on the density of flowers 

in bulbs and forbs. The homogeneity of the variance within 
the classes was verified with Bartlett’s test. The two-way 
ANOVA showed statistically significant differences in the 
variance depending on the year (p value < 0.05), but not on 
the treatment administered, because the individual species 
have very different behaviors compared to the administra-
tion of the trial. For this reason, we did not perform multiple 
comparisons on the entire data set, but instead investigated 
the behavior of the individual species, with respect to the 
year and to the trial, by carrying out the paired-sample T test 
(U test in the non-parametric case). All statistical analyses 
were conducted using R Studio (Version 3.5.3).

For germination, average germination time and flower 
density standard errors (SEs) were also calculated.

The analysis showed that there was no statistical differ-
ence in the flower density in bulbs and forbs attributable to 
the different doses of nitrogen administered, and therefore 
we did not group the data on the basis of this variable.

Results

Bulbous species

In terms of flower density, the results showed that for Gal-
antus nivalis L., Iris reticulata M. Bieb., Allium triquetrum 
L. and Anemone blanda L., an average flower density lower 
than 3 (number of flowers  m−2) was recorded, and for Cro-
chus pulchellus Herb 6.3 flowers  m−2 and Allium roseum 
L. and Muscari armeniacum Leich 9 and 8.8 flowers  m−2, 
respectively (Table 4). Considering the propensity of the 
species to emit multiple inflorescences, M. armeniacum 
showed the best propensity, producing 2.2 inflorescences per 
plant. The lowest production was observed for I. reticulata, 
G. nivalis, Crochus tommasianus Herb. and A. blanda with 

Table 3  Trials on forbs’ germination (%)

Means are followed by the relative standard error. 1w one week, 
3w three weeks, 4w four weeks, NaClO sodium hypochlorite, 
HCl hydrochloric acid, nt not treated, GA3 gibberellic acid. Species 
that germinated in the field trial are shown with an x in the last col-
umn, ng not germinated, MGT mean germination time

Species Treatment Germination 
(%)

MGT (days) Field

Alyssum alys-
soides

nt ng – ng

Bellis perennis nt 98 ± 2 7 ± 1 x
Calendula 

arvensis
1w chilling 12 ± 3 7 ± 2 x

Erodium cicu-
tarium

1w chilling ng – x

Euphorbia 
cyparissias

1w chilling ng – ng

Galium verum HCl ng – ng
Geranium molle nt ng – x
Hypochoeris 

radicata
Washing 91 ± 4 7 ± 1 ng

Leontodon 
autumnalis

Washing 5 ± 1 26 ± 3 ng

Leontodon 
tuberosus

Washing ng – ng

Linaria vulgaris 3w chilling 8 ± 2 7 ± 1 ng
Lobularia mar-

itima
nt 67 ± 3 8 ± 2 x

Primula veris GA3 10 ± 2 28 ± 3 ng
Prunella vul-

garis
1w chilling 6 ± 1 22 ± 2 ng

Ranunculus 
acris

4w chilling ng – ng

Tordilium 
apulum

NaClO 5 ± 1 19 ± 3 x

Veronica 
chamaedris

1w chilling 45 ± 3 13 ± 1 ng

Table 4  Bulbous species: flower density (number of flowers 
 m−2) recorded during the apex of blooming period of each spe-
cies (November 2016–May 2017 First year, October 2017–April 
2018s year)

Data are means of four replicates ± SD

Species Year 1 Year 2

Flaming Scalping Flaming Scalping

Allium roseum 9.5 ± 1.1 8.5 ± 0.7 0.6 ± 0.5 0.4 ± 0.6
Allium triquetrum 2.0 ± 0.4 2.0 ± 0.4 2.0 ± 1.1 1.5 ± 0.5
Anemone blanda Mix 1.5 ± 0.7 5.0 ± 1.5 3.5 ± 3 4.0 ± 1.8
Crochus pulchellus 6.5 ± 0.4 6.0 ± 0.6 4.0 ± 1.4 4.0 ± 1.6
Crochus tommasianus 4.0 ± 0.7 3.0 ± 0.5 2.5 ± 0.7 2.0 ± 1.0
Galantus nivalis 2.0 ± 0.5 1.5 ± 0.3 1.5 ± 0.2 1.0 ± 0.5
Iris reticulata Mix 2.5 ± 0.5 1.5 ± 0.8 2.0 ± 1.0 1.2 ± 1.0
Muscari armeniacum 8.5 ± 1.2 9.0 ± 0.7 18.0 ± 4.5 17.0 ± 3.6
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values lower than 1 (0.4, 0.6, 0.7 and 0.8 inflorescences per 
plant, respectively).

In the second year, M. armeniacum greatly increased the 
number of inflorescences per plant (4.4), as shown in the 
box plot (Fig. 1a), while other species remained constant or 
decreased (A. roseum).

Forb species

Sowing after flaming generally produced the greatest 
density. In the first year (p < 0.01) and the second year 
(p < 0.01), flaming significantly affected the flower density 
in Bellis perennis L. (Fig. 1b). During the second year, the 
number of flowers in B. perennis significantly increased 
(p < 0.01) (Fig. 1c).

The flower density of Calendula arvensis L. was highest 
with flaming (p < 0.01) (Fig. 1d). Erodium cicutarium L., 
Geranium mole L., and Lobularia maritima L. did not seem 
to be influenced by the effect of soil preparation in the first 
year. By the early May monitoring (10th), the annual species 
had produced seeds.

During the second year, the flower density in the plots of 
C. arvensis and G. molle increased (Fig. 1e); E. cicutarium 
reduced its density, and L. maritima disappeared from the 
plots. Tordilium apulum L. appeared with an average con-
stant density in the plots, regardless of the soil preparation 
and the N dose (Table 5).

Flowering period

Table 6 shows the complementarity of flowering between 
bulbs and forbs during the 2 years of the trial.

Most of the forbs species flowered from early to late 
spring, while the bulbs had an earlier flowering at the end 
of winter. In the second year, the flowering was generally 
earlier than the first year, although the forbs and some bulbs 
carried on flowering at the beginning of the Cdxt green-
up. Crocus pulchellus flowered in the winter, which in the 
second year was 1 month earlier. In fact it produced flow-
ers from November to December in 2016, while in 2017 
the flowering lasted throughout November. M. armeniacum 
flowered from March to April for both years of the trial, 
producing 1–7 inflorescences per plant, and at the end of 
flowering, this species produced seeds. Bellis perennis 

and C. arvensis were the earliest flowering species in the 
second year after seeding. Alliums showed late flowering 
(April–May), when hybrid Bermudagrass spring green-up 
had almost finished. No flowering was detected for T. apu-
lum in 2016, which flowered throughout April 2017, dis-
playing a massive quantity of flowers and attracting many 
insects.

Commercial mix

Some of the species in the mix began flowering in April 
(Laija platyglossa and Linum grandiflorum), and Papaver 
rhoeas flowered at the beginning of May, while all the others 
flowered from May 10 onward. They all kept flowering until 
the cutting time at the end of May. The total flower density 
of the species was similar in all the experimental conditions 
(Table 7). As regards the individual species, L. platyglossa 
(Fig. S1) and Clarkia elegans had the largest production of 
flowers.

Hybrid Bermudagrass green‑up

The Bermudagrass turf green cover at the end of the spring 
green-up (May) was not significantly influenced by soil 
preparation or by the nitrogen doses applied (Table 8). The 
green cover mean value of Cdxt was 66% the first year and 
61% the second year. These values were not significantly 
different from the non-treated turf (not sown with forbs and 
not transplanted with bulbs). The remaining area on the plots 
(34% the first year and 39% the second year) was represented 
in equal measure by bare soil and weeds.

Forb germinability

To investigate the reasons why many forb species failed to 
germinate in the field trial, we carried out a germinability 
test a posteriori. The results are reported in Table 3. Erodium 
cicutarium and G. molle, which had failed to germinate in 
the laboratory trial, succeeded in the field trial; B. perennis 
and C. arvensis succeeded in both; Hypochoeris radicata 
L., Leontodon autumnalis L., Linaria vulgaris Mill., L. mar-
itima, Primula veris L., Prunella vulgaris L., T. apulum, 
and Veronica chamaedris L. benefited from the germination 
treatments and succeeded in the germination trials.

Insect observation

The observations were at the beginning of the warm sea-
son (March–April). The flowers that attracted insects the 
most were: M. armeniacum which attracted Hymenop-
tera Apoidea (Apis mellifera L., honey bee, (Fig. S2), 
Xylocopa violacea L., violet carpenter bee, Lepidoptera 
Vanessa cardui L. (painted lady); T. apulum attracted 

Fig. 1  Box plots of single species flower density in relation to year 
and treatment. Statistical significance was determined by a paired-
sample T test (U test in the non-parametric case). a Effect of time on 
flower density in Muscari armeniacum (p < 0.01). b Effect of flaming 
and scalping on Bellis perennis flower density: on the left in the first 
year (p < 0.01) and on the right in the second year (p < 0.01). c Effect 
of time on B. perennis flower density (p < 0.01). d Effect of flaming 
and scalping on Calendula arvensis flower density (p < 0.01). e Effect 
of time on Geranium molle flower density (p < 0.01)

◂
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Diptera Syrphidae (Episyrphus spp. and Eristalis spp.), 
hover fly and Tipuloidea, crane fly (Fig. S3). We also 
observed active Coleoptera (Coccinella septempunc-
tata L. (ladybird) on the green parts of the plants and 
Oxythyrea funesta P., chafer beetle, on B. perennis 
inflorescences.

Cost‑efficiency

The installation cost of the hybrid Bermudagrass turf, by 
sod, is about €15 m−2 including materials, transport and 
installation, while the approximate cost of the sowing is 4 
€ m−2, including all the operations. Overseeding with win-
ter grass can cost 0.40 € m−2; however it has to be repeated 
every year. On the basis of the results of our study, the most 

successful bulb and forb mix is shown in Fig. 2 and Fig-
ure S4; we thus considered the costs of this mix: 6.4 € m−2 
(5.7 € m−2 bulbs and 0.72 € m−2 forbs). The seeding of the 

Table 5  Forb species: flower density (number of flowers  m−2) in rela-
tion to the effect of soil preparation and N doses, recorded during 
the apex of the blooming period of each species (from March 2017 
to April 2017 first year, from November 2017 to April 2018 sec-
ond year)

Data are means of four replicates ± SD

Species Year 1 Year 2

Flaming Scalping Flaming Scalping

Bellis perennis 3.3 ± 0.5 1.0 ± 0.1 57.0 ± 7.2 23.5 ± 3.4
Calendula arvensis 4.2 ± 1.2 1.6 ± 0.3 6.6 ± 1.2 5.7 ± 1.1
Erodium cicutarium 4.2 ± 1.1 3.2 ± 0.4 2.0 ± 0.3 2.4 ± 0.2
Geranium molle 1.0 ± 0.2 1.0 ± 0.1 5.4 ± 0.6 4.0 ± 0.3
Lobularia maritima 1.0 ± 0.4 1.1 ± 0.2 nd
Tordilium apulum nd 43.0 ± 5.0 46.0 ± 5.6

Table 6  Phenological complementarity of the tested species (November 2016–April 2018)

The number of points (1–3) indicate the flowering period in the 10-day period of the relative months

Forbs 2016 2017 2018

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

B. perennis ●●● ●●● ●● ●●● ●●●
C. arvensis ● ●●● ●●● ●● ●●● ●●
E. cicutarium ● ●●● ●●● ● ●●
G. molle ●●● ●●● ●●●
L. maritima ● ●●● ●●●
T. apulum ●●●
Bulbs
 A. roseum ●●● ●● ●
 A. triquetrum ●● ●●● ●●
 A. blanda Mix ●● ● ●●● ●●
 C. pulchellus ●● ● ● ●●●
 C. tommasianus ●● ●● ●
 G. nivalis ● ●● ●● ●
 I. reticulata Mix ● ● ●● ●
 M. armeniacum ●● ● ●● ●●

Table 7  Commercial mix species: flower density (number of flowers 
 m−2) recorded during the apex of the blooming period (April–May 
2017)

Data are means of four replicates ± SD

Species Flower density (number  m−2)

Flaming Scalping

Centaurea cyanus 0.2 ± 0.06 0.06 ± 0.01
Clarkia elegans 11.4 ± 3.9 11.8 ± 6.6
Echium vulgare 0.5 ± 0.2 0.9 ± 0.5
Laija platyglossa 6.8 ± 2.2 8.4 ± 1.9
Linum grandiflorum 3.7 ± 0.3 1.7 ± 0.7
Linum usitatissimum 1.5 ± 0.6 2.3 ± 0.5
Nigella damascena 0.1 ± 0.01 0.1 ± 0.01
Papaver rhoeas 2.8 ± 1.3 2.4 ± 1.4

Table 8  Cynodon dactylon × C. transvaalensis green cover (%) at the 
end of spring green-up period (31 May)

Two-way ANOVA did not show statistically significant differences 
between treatments

Year Flaming Scalping

N 50 N 150 N 50 N 150

2017 60 70 65 70
2018 60 60 65 60
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commercial mix “Poesie printaniere” (Euroflor) costs about 
1 € m−2 and seeding 4 g m−2.

Discussion

Our results showed that it is possible to incorporate bulbs 
and forbs in a mature turfgrass, composed of C. dactylon × 
transvaalensis. The results also showed that flaming prior 
to seeding is beneficial for forb establishment, especially 
B. perennis and C. arvensis and for some flowering bulbs. 
Different doses of nitrogen fertilization had no effect on the 
flowering, although during the second year without fertiliza-
tion the bulb flower production declined, except for M. arme-
niacum. While the forb germination benefited from flaming, 
this treatment did not negatively affect the turf vigor or the 
presence of forbs and bulbs. The annual commercial mix 
produced considerable blooming in April—May, just before 
the green-up of the hybrid Bermudagrass.

Early flowering bulbs provide color and decoration 
in gardens, when the need for turf mowing is not urgent, 
because of the warm-season grass dormancy. Richardson 
et al. (2015) found that after three years, only Ruby giant 
crocus performed effectively in zoysiagrass. On the other 
hand, our findings showed that M. armeniacus is a promising 
species for naturalization in hybrid Bermudagrass, as well as 
I. reticulata, G. nivalis, and A. blanda. The latter three spe-
cies are appropriate for adding color and biodiversity to the 
warm-season grass, in spite of the reduction in the number 
of flowers in the second year. Crocus pulchellus proved very 
interesting for the early flowering, and was the only species 
in our trial that flowered in November–December (Mirabile 
et al. 2016).

In terms of forbs, in the second year, B. perennis and 
G. molle showed a good tendency to spread and naturalize 
in the turf. In addition, C. arvensis was able to seed dis-
perse and grow, unlike findings in a previous study where 
this species completely disappeared from the experiment 
in the second year (Mirabile et al. 2016). Bellis perennis 
has a great phenotypic plasticity (i.e., an adaptive strategy) 

and tends to vegetate and flower in early spring, while it 
dies back in summer (Warwick and Briggs 1979). Erodium 
cicutarium generally colonizes mowed lawns abundantly in 
spring, thanks to the particular features of its seeds: a ballis-
tic dispersal and capability of penetrating the soil when the 
crevices are small and frequent (Stamp 1984). The reason 
for the lack of colonization in our trials could be the impos-
sibility of penetrating the compact soil.

The starting time of the summer mowing at the beginning 
of May affected whether L. maritima was able to reach seed 
maturity (Bertoncini et al. 2012), which may be one of the 
reasons why this species disappeared. Tordilium apulum, on 
the other hand, tends to germinate in the summer. Conse-
quently, due to the autumn sowing time, in our experiment 
it germinated in summer and developed the next year with 
abundant flowering (Benvenuti and Macchia 2006). In the 
second year, the abundant flowering of T. apulum attracted 
many different insect species, especially Diptera syrphides. 
Syrphides are beneficial insects as pollinators and in the 
larval phase as predators of aphids, which are noxious phy-
tophagous, so they greatly contribute to the complexity of 
the food web (González-Chang et al. 2019). During the field 
observations, we also found the presence of chafer beetle 
(Oxythyrea funesta P.), the habitat opportunist, whose pres-
ence is related to the density of the flowering plants, causing 
significant damage to the floral organs (Horák 2016).

The germinability test carried out to investigate the pos-
sible causes of failures highlighted the efficacy of the treat-
ments, on some of the species that had failed to germinate 
in the field trial. The species with the highest percentage 
of germination apart from B. perennis, which received no 
treatment, were H. radicata, L. maritima and V. chamaedrys, 
which only received chilling. Chilling in field is carried out 
by bringing the seeding time forward to the end of sum-
mer, so the seeds can be exposed to cycles of chill. While 
the germination rate was high in the laboratory, H. radicata 
and V. chamaedrys did not germinate in the field. These 
species may need longer time in the field to germinate and 
undergo more cycles of wet chill to be able to break second-
ary dormancy. Generally, H. radicata has a high germination 

Fig. 2  Color and seasonality 
of the lawn composed of suc-
cessful bulbs, forbs and hybrid 
Bermudagrass (C. dactylon × C. 
transvaalensis)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
A. blanda
B. perennis
C. arvensis
C. dactylon
C. pulchellus
E. cicutarium
G. molle
G. nivalis
I. re�culata
M. armeniacus
T. apulum
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rate in Petri dish conditions and germinates well in bare soil 
(Doi et al. 2006; Scarici et al. 2018); probably, there were 
no seedlings in November 2016 because of the competition 
from other dominant grass species, such as Cdxt. Some of 
the thin seed species that failed in the germinability test, but 
succeeded in the field trial, such as G. molle, may have been 
affected by the excess moisture of the Petri dishes (Benv-
enuti 2018).

The commercial mix produced a colorful and abundant 
flowering. Although the period of 40 days was short, it took 
place at the point in the year when people start to enjoy open 
air activities, thus the shape and colors of the flowers are 
at their best appearance (Lindemann-Matthies and Brieger 
2016). Plantings with a high percentage of colors (about 
30%) tend to be preferred by the general public even if just 
for a short period, but outside the flowering period, green is 
very much appreciated (Hoyle et al. 2017).

In terms of lawn management, Cynodon dactylon × C. 
transvaalensis, bulbs and forbs can be intercropped, as 
mowing during the summer does not hinder the flowering 
of bulbs and forbs in the autumn–spring period. On the other 
hand, the presence of bulbs and flowers enables the hybrid 
Bermudagrass to maintain an acceptable coverage in the 
summer, and it can be managed with minimal inputs. This 
type of intercropping may become a stable association over 
time by slightly increasing the amount of fertilization, as 
Cynodon needs nitrogen during the active growth period 
(Christians 2004).

Conclusions

Our study highlights the feasibility of a combination of 
hybrid Bermudagrass, bulbs and forbs to create a multi-
functional, sustainable lawn, exploiting the phenological 
complementarity of the different life forms. In particular, 
the B. perennis, C. arvensis, and G. molle forbs and the M. 
armeniacum bulbs showed a great adaptability to coexist-
ence, leading to a flowering and biodiverse lawn mixed with 
hybrid Bermudagrass. The spring blooming of the commer-
cial mix composed of flowering annuals may be an appeal-
ing ornamental solution for providing colors and shapes at 
the beginning of the fine weather season. The presence of 
some flower-visiting entomofauna is a sign of the ecological 
potential of the system as a habitat, which could be explored 
further in future studies, also in relation to the coloniza-
tion by spontaneous species of the gaps in the turf left open 
by the other species. Hybrid Bermudagrass dormancy from 
October to May represents an opportunity for increasing bio-
diversity during that period.
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