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Abstract: Bermudagrass is becoming increasingly popular in the Mediterranean transition zone of
Europe for establishing new sports and recreational turfgrasses. In these regions, the quality and
winter hardiness of bermudagrass turf is influenced by the establishment. It has been demonstrated
that an early establishment of bermudagrass results in a longer growing season with a greater
stolon and rhizome production, which favors cold hardiness and a quicker green up after the first
winter. Dormant seeding is reported to be beneficial for an early establishment. However, the
response to early seeding depends on local environmental conditions. A field study was conducted
in northeastern Italy during spring 2018 and 2019. Four bermudagrass cultivars (‘Transcontinental’,
‘Jackpot’, ‘SR9554’, and ‘La Paloma’) were compared under three seeding times from March to May
to evaluate whether early spring seeding allows anticipating the establishment of bermudagrass
compared with late spring seeding which generally benefits of better temperatures for germination
and growth. The number of days from seeding to the emergence and from seeding to the full
establishment were determined, and the number of seedlings was counted in each plot. Late March
seeding assured the earliest establishment. This result could be due to the quick lateral spreading of
seedlings as the emergence occurred about 15 days later in the late March seeding compared with
April and May seedings. Results also displayed that the speed of establishment was positively related
to the number of emerged seedlings. ‘Transcontinental’, ‘Jackpot’, and ‘SR9554’ performed similarly,
whereas ‘Jackpot’ showed a slower establishment.
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1. Introduction

The Mediterranean region of Europe is placed between the temperate and rainy climate of Central
Europe and the arid area of North Africa, and its climate is characterized by mild and wet winters and
hot and dry summers [1]. Italy, placed in the heart of the Mediterranean Sea, is a typical transition
zone [2]. In this area, warm-season turf species are suitable but not always appreciated due to the
long dormancy period of up to 6 months [3–5]. In winter, warm-season species turn yellow and
survive using reserves accumulated during the previous growing season in stolons and rhizomes [6–8].
Therefore, the performance of warm-season species in transition zones is mainly related to the duration
of the dormancy period [4]. Although winter dormancy can limit widespread distribution of these
species in Europe, warm-season species are preferred over cool-season ones [9] due to their lower
water demand, higher wear tolerance and rapid recovery from injuries by means of vigorous stolons
and rhizomes [10,11].
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Among warm-season turf species, bermudagrass (Cynodon spp.) is the most widely used [8,10,12]
with a large number of cultivars available. In the turfgrass industry, there are both seeded and
vegetative cultivars, with the latter considered highly performing due to a greater stolon and rhizome
development [11]. However, seeded-type bermudagrass cultivars are the most used in the upper
transition-zone environments of Europe and are reported to grow successfully without facing significant
cold damage during the winter months [8]. In transition zones, cultivar selection and management
practices, including seeding time, should be carefully evaluated [13,14] as, despite their good cold
tolerance, some seeded cultivars can still suffer from severe temperatures in winter, resulting in delayed
spring green-up [4]. In these areas, bermudagrass is generally seeded from late spring to early summer,
when soil temperatures are favorable for germination and growth. The effects of soil temperature
on the establishment of warm-season species have been widely documented [15,16]. It has been also
demonstrated that the date of establishment has substantial effects on long-term turfgrass quality.
Richardson et al. [17] reported that planting bermudagrass in April and May in Arkansas results in
improving recovery from winter and in stolons development than planting it in June. Moreover, they
found significant differences among cultivars tested (‘Yukon’, ‘Princess’, ‘Jackpot’, ‘Mirage’, ‘NuMex
Sahara’, and ‘Mohawk’) with ‘Yukon’ showing an earlier spring green-up. Pornaro et al. [18] in a field
study carried out in northeastern Italy, investigated the effect of winter (January and February) and
spring (April) seeding on the establishment of ‘Sea Spray’ seashore paspalum (Paspalum vaginatum
Swartz) in comparison to ‘Riviera’ and ‘Sovereign’ bermudagrass. All of them had a faster establishment
when seeded in spring than in winter, but the establishment occurred earlier in the season for the
winter seeding. Similar findings were obtained by Shaver et al. [12], who demonstrated the faster
establishment of early spring seeding compared with late spring seeding of ‘Riviera’ and ‘Princess 77’.

Seeded bermudagrass cultivars are considered easy to establish due to relatively rapid germination
and seedlings growth [19]. However, the response of cultivars to seeding time in terms of germination
and establishment is strongly related to local environmental conditions and cultivar adaptation [17,18].
Therefore, studies at the regional scale are needed to help turf specialists in choosing the optimum
seeding time. A field trial was conducted in northeastern Italy during spring 2018 and 2019, comparing
four bermudagrass cultivars available on the Italian turf market. The study aimed to evaluate whether
early spring seeding allows anticipating the establishment of bermudagrass compared with late spring
seeding, which is the recommended seeding time for this area.

2. Materials and Methods

A field study was conducted from late March to early July 2018 and 2019 at the experimental
agricultural farm of Padova University in Legnaro, northeastern Italy (45◦20′, 11◦57′ E, elevation
8 m). The area is characterized by a humid subtropical climate with the annual minimum, average,
and maximum temperature, respectively, of 8.9, 13.6, and 18.7 ◦C, and rainfall of 842 mm year−1

(1994–2019 series) [20]. The soil at the site consisted of a clay loam [21]: 28.0% silt, 27.7% clay, and 44.3%
sand with pH of 8.17, 2.77% organic matter (Walkley-Black method), 0.14 mg kg–1 N content, 3.9 mg kg–1

of available phosphorus (Olsen method), and 170.8 mg kg–1 exchangeable potassium (buffered BaCl2
method). The establishment response of four bermudagrass cultivars: ‘Transcontinental’, ‘Jackpot’,
‘SR9554’, and ‘La Paloma’ under three seeding dates with about 30 day-interval [27 March (S1), 26 April
(S2), and 27 May (S3) in 2018 and 22 March (S1), 3 May (S2), and 4 June (S3) in 2019] was evaluated.
The experimental design was a split-plot with seeding times as main plot and cultivars as subplot
(1.50 × 1.50 m) with three replications. Plots were hand-seeded at a rate of 2.5 g m2 pure live seed [18];
seeding rates for coated cultivars (SR9554, Transcontinental) were increased to match seed number
per plot of uncoated seed (3.906 g m−2). Cultivars were selected among those recently introduced
to the Italian turf market, and certified seed was used. Sprinkler irrigation consisted of 5 mm daily
from seeding until emergence and 10 mm every other day from emergence until full establishment.
Irrigation was applied regardless of the natural rainfall. A complex granular fertilizer (8-24-24, NPK)
was incorporated into the soil at a rate of 50 kg ha−1 of N before seeding. Additional 60 kg ha−1 of N
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was applied, as urea (46-0-0, NPK), 10 days after emergence. Both broad and narrow-leaf weeds were
hand-removed at a weekly interval.

Three temperature sensors (thermocouples) connected to a data logger (Spectrum Technologies,
Inc., Plainfield, IL, USA) were installed at the soil depth of 2.5 cm. Soil temperature was recorded
hourly, and the average daily temperature was calculated (Figure 1).

Agronomy 2020, 10, x FOR PEER REVIEW 3 of 10 

 

Additional 60 kg ha−1 of N was applied, as urea (46-0-0, NPK), 10 days after emergence. Both broad 
and narrow-leaf weeds were hand-removed at a weekly interval.  

Three temperature sensors (thermocouples) connected to a data logger (Spectrum Technologies, 
Inc., Plainfield, IL, USA) were installed at the soil depth of 2.5 cm. Soil temperature was recorded 
hourly, and the average daily temperature was calculated (Figure 1).  

 

Figure 1. Average daily soil temperatures (2.5 cm depth) during the establishment period of three 
seeding times (S1, S2, and S3) in 2018 and 2019. The blue line corresponds to the base temperature for 
bermudagrass (15 °C). 

Meteorological data were collected at a nearby station located in the experimental farm. In 2018, 
the rainfalls of April, May, and June was 30, 70, and 90 mm, respectively, whereas in 2019, it was 131, 
201, and 9 mm, respectively. The average daily air temperature at 2 m above ground did not differ 
substantially from the soil temperature recorded at 2.5 cm depth (Figure 2). 

 

Figure 1. Average daily soil temperatures (2.5 cm depth) during the establishment period of three
seeding times (S1, S2, and S3) in 2018 and 2019. The blue line corresponds to the base temperature for
bermudagrass (15 ◦C).

Meteorological data were collected at a nearby station located in the experimental farm. In 2018,
the rainfalls of April, May, and June was 30, 70, and 90 mm, respectively, whereas in 2019, it was 131,
201, and 9 mm, respectively. The average daily air temperature at 2 m above ground did not differ
substantially from the soil temperature recorded at 2.5 cm depth (Figure 2).
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At the emergence, the number of seedlings per unit area was determined by counting the seedlings
in a metal frame (10 cm × 10 cm) placed randomly on the plot surface. Three measurements per
plot were taken. The number of days from seeding to the emergence (DFSseed) was determined for
each plot. From the emergence until the end of July of both years, green turfgrass cover was weekly
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determined using digital image analysis technique [22]. The sigmoidal model [23,24] was the best
to describe the dynamic of establishment (GraphPad Prism 5.1 for Windows; GraphPad Software,
La Jolla, CA). According to Leinauer et al. [25], the establishment was considered satisfactory when
75% of turfgrass cover was reached. This model was used to calculate the number of days from seeding
(DFS) and the degree days from seeding (DD) to reach 75% green cover. The DD were calculated using
daily average soil temperature at 2.5 cm depth and 15 ◦C as the base temperature [26,27].

The following parameters were subjected to the analysis of variance: (i) days from seeding to the
emergence (DFSseed), (ii) number of seedlings at the emergence, (iii) days from the first seeding time
to reach 75% green cover (DFS1), (iv) days from seeding to reach 75% green cover (DFS), and (v) degree
days to reach 75% green cover (DD). In both years of investigation, plots seeded in the third seeding
time did not reach 75% green cover before the end of July, which was very late compared with S1 and
S2. Therefore, DFS1, DFS, and DD for S3 were not included in the statistical analysis.

The analysis of variance was performed using the R statistical environment [28] together with
the package ‘emmeans’ [29]. Data were used to parametrize a Linear Mixed Model, where the ‘Year’,
‘Seeding Time’, ‘Cultivar’, and all the interactions therein were included as fixed effects, whereas the
blocks within years and the main plots within blocks were included as random effects, to account
for the clustering of observations and ensure the independence of model residuals. Normality and
homoscedasticity of residuals were checked by using graphical analyses. The means for the significant
interaction of the highest order were compared by using a multiple comparison testing procedure,
accounting for multiplicity [30]. Correlation between number of seedlings emerged and DFS was
also performed to investigate the influence of plant density on establishment. Pearson correlation
coefficient was calculated with XLSTAT [31].

3. Results

The development of turfgrass green cover for S1 and S2 of the 2 years of experimentation (2018
and 2019) is reported in Figure 3a,b. In both years, S1 allows reaching the reference cover (75%) earlier
than S2, even temperatures occurred following S2 treatment were higher than those following S1
(Figure 1).
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of the days from the first seeding time (DFS1). Graphs show the coverage predictions of sigmoidal
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The interaction between year and seeding time was significant for number of seedlings at the
emergence and for DFS. The main effect of cultivar was significant for DFS1 and DD. Furthermore,
seeding time significantly affected DFSseed and DFS1, whereas year affected DFSseed and DD (Table 1).
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Table 1. Analysis of variance testing the effects of year, seeding time, cultivar, and their interactions on
days from seeding to the emergence (DFSseed), number of seedlings at the emergence (Seedlings Nr),
days from the first seeding time (DFS1), days from seeding (DFS), and degree days (DD) to reach 75%
green cover.

Factors DFSseed Seedlings Nr DFS1 DFS DD

Year <0.001 0.019 NS NS 0.037
Seeding time <0.001 NS 0.009 0.005 NS
Cultivar NS <0.001 <0.001 <0.001 <0.001
Year × seeding time NS 0.009 NS 0.030 NS
Year × cultivar NS NS NS NS NS
Seeding time × cultivar NS NS NS NS NS
Year × seeding time × cultivar NS NS NS NS NS

NS = not significant at the 0.05 level of probability.

On average of both years of experimentation and the four cultivars tested, plots seeded at the first
seeding time needed about 15 days more than plots seeded at the second and third seeding time to reach
the emergence with, respectively, 43, 29, and 27 days. Likewise, DFSseed were higher in 2019 (37 days)
than in 2018 (29 days). This difference in DFSseed seems related to differences in temperatures between
the 2 years (Figure 1). In 2019, soil temperatures were lower than the germination base temperature
for this species [26] until the end of May, and this may have negatively affected the germination for
both S1 and S2. Regarding the number of seedlings at the emergence, higher values were observed for
‘Transcontinental’ than for ‘Jackpot’ and ‘SR9554’ (Figure 4a). The interaction between seeding time
and year displayed differences only between S2 in 2018 and S3 in 2019, without differences within 2018
or 2019 (Figure 4b).
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Plots seeded at the second seeding time had higher DFS1 than plots seeded at the first seeding
time (93 vs. 77). Days from the first seeding time to reach 75% green cover were higher for ‘Jackpot’
(92) than for ‘La Paloma’, ‘SR9554’, and ‘Transcontinental’ with, respectively, 86, 82, and 80 days.
Jackpot was also the cultivar with higher DFS (Figure 5a). In 2018, DFS were not different for S1 and S2,
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whereas in 2019, S1 displayed higher DFS than S2. These could be the consequence of low temperatures
in May 2019 that delayed seed germination of S1 (Figures 1 and 3).
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The analysis of variance did not display any significant difference in DD between seeding times,
whereas DD in 2018 were significantly higher than DD in 2019 (Figure 6a). Multiple comparisons
among cultivars showed that DD of ‘Jackpot’ were significantly higher than DD of ‘SR9554’ and
‘Transcontinental’ (Figure 6b).
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4. Discussion

Differences between 2018 and 2019 in days needed to reach the emergence stage (DFSseed) were
influenced by differences in temperatures between the 2 years of investigation (Figures 1 and 2). In 2019,
the average daily soil temperature until mid-May rarely exceeded 15 ◦C, which is the base temperature
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for bermudagrass germination [26] (Figure 1). The first seeding time showed higher DFSseed than the
others two seeding times as at the end of March, since average soil temperatures were not favorable for
germination in both years (Figure 1). These results are consistent with previous findings obtained in
laboratory reporting the estimated period for the beginning of bermudagrass germination in the field
from early April to mid-May in northern Italy [32].

The second seeding time reached the coverage reference quicker than S1 in 2019 (Figure 5b) mainly
due to favorable temperatures. Specifically, in 2019, soil temperatures were mostly nonoptimal until
the end of May, and they were lower than the corresponding temperatures of 2018 until mid-June.
At any rate, in both years of investigation, plots seeded at S2 were not able to reach 75% of green
cover earlier than plots seeded at S1 regardless of the average temperatures. These results agreed with
those found by Pornaro et al. [18] in a study comparing late winter seedings with a spring seeding.
The establishment of S3 did not happen before mid-July in both years of the study, although soil
temperatures as well as air temperatures were adequate for germination and growth. The main
limitation for a late spring seeding is related to a short growing period available before bermudagrass
stops growing in the fall that in the North Italy correspond to the middle of October.

Our results also displayed different behavior among the cultivars tested, but we did not find the
interaction between cultivars and seeding time. At emergence, we found a higher number of seedlings
for ‘Transcontinental’ than for ‘Jackpot’ and ‘SR9554’. However, ‘Jackpot’ was the worst-performing
cultivar in the study area as it showed significant higher DFS1, DFS, and DD than the other cultivars.
‘La Paloma’ performed similarly to ‘Jackpot’ most probably because of the similarity in thermal
time requirement for germination [32]. Likewise, Richardson et al. [19] in Arkansas found a slow
establishment of ‘Jackpot’. As expected, we found that the number of seedlings at emergence was
negatively correlated with DFS (r = −0.31; p = 0.03). However, despite this relationship, cultivars with
lower number of seedlings at the emergence (Figure 4a) were not necessarily the slower to establish
(Figure 5a). Both seedlings density and stolonization contributed in different ways and times to the
establishment [11,33]. The speed of stolonization is, in turn, influenced by growing conditions in the
period following the emergence. These results suggested that a quick establishment can be reached
even with few seedlings. The speed of establishment seemed to be highly affected by cultivars and
their response to temperatures occurring after the emergence.

5. Conclusions

The present study revealed that in northeastern Italy, establishment wise, the seeding of
bermudagrass in March is more favorable than in late May/early June. The former provides a
longer growing season essential to favor limited winter injuries and support a quick recovery in the
spring. March seeding can also be more effective than April seeding. Indeed, anticipating the seeding
in March resulted in an earlier establishment mainly due to the quick lateral spreading of the few
emerged seedlings. Favorable temperatures allow quick soil coverage regardless of the number of
seeds emerged. Among cultivar tested, ‘Jackpot’ performed poorly in both years of investigation
demonstrating weak adaptability to the local environment. Therefore, winter injuries that usually
occur during the first year could be limited by a proper cultivars’ selection based on the speed of
establishment under nonoptimal temperatures.
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